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Design 
3D plaque 

The team chose to sand cast a plaque that reads “TRUST ME I AM AN ENGINEER” 
using aluminum cans and aluminum ingots (Appendix A, Figure A1). The negative space inside 
the sand casting mold was created using a 3D printed plaque. The plaque was designed in 
AutoCAD and scaled to be printed with a width, length, and thickness of 5 inches, 8 inches, and 
0.3 inches, respectively. There were two issues with the final 3D printed plaque. The first was 
that the plaque had a slightly curved bottom as opposed to the intended flat bottom. This is due 
to a combination of how the extruded plastic cooled, the thickness of the plaque, and the 
instability of the  edges of the plaque in comparison to the stability of the middle where the 
words and gears were located. The second issue can be attributed to the precision of the 3D 
printer. The additive manufacturing equipment that the University of Georgia supplies to its 
students is hardly top-of-the-line. The design on the plaque was relatively intricate and some of 
the tolerances of the MakerBot were too large to capture every detail. Upon completion, the 
plaque was submitted to Dr. Davis to serve as an ornamental tablet commemorating the 
instruction of manufacturing principles to a classroom of future engineers.  

Kiln 

Following the creation of the 3D printed plaque, the team needed to construct a kiln that 
would be able to melt the aluminum cans for the casting process (Appendix A, Figure A2). The 
kiln was constructed using materials bought from a local home improvement store and online 
vendors. The materials included: plaster of Paris, sand, a metal bucket, two handles for the lid of 
the kiln, a steel pipe, and a crucible. The body of the kiln was constructed first. A one-to-one 
ratio of plaster of Paris and sand were added to the bucket until it was ¾ full. Following that, the 
team added water to the sand/plaster mixture and the solution was mixed thoroughly. After five 
minutes, the mixture started to solidify. A smaller plastic bucket was inserted into the middle of 
the mixture during solidification to create a hole for the coals and crucible to sit during the 
aluminum melting process. To ensure that the kiln would reach high enough temperatures to melt 
blocks of aluminum, the team drilled a hole into the side of the kiln body to serve as an air 
supply port. The hole was created to fit a steel pipe that was found in the machine shop. The idea 
of this air supply port was that during the melting process, a hair dryer would blow air through 
the steel pipe (keeping a distance away from the kiln so that the plastic casing of the hair dryer 
would not melt) heating the furnace above the temperature of the coals alone. The lid for the kiln 
was constructed using the same ratio of plaster and sand. Before this mixture solidified, the 
handles were inserted. A hole was drilled out of the center of the lid to allow for the addition of 
aluminum cans and ingots during the melting process.  

 

 



Sand Casting Frame 

The housing for the sand casting had two major considerations that needed to be 
examined before its construction: the tolerances between each side of the cast and the wooden 
housing wall, and the amount of casting sand available to the team. The minimum distance 
between the casted object and the housing wall is significant for cooling reasons. The gap 
between the newly casted plaque and the wooden wall of the mold allowed uniform heat 
dissipation from the molten aluminum through the sand and helped to prevent hot spots within 
the mold. During the design of the frame, a minimum 1.5 inch gap around the perimeter of the 
3D printed plaque was accounted for (Appendix A, Figure A3). The space between the mold and 
the edges of the frame also provided a buffer to minimize the burning of the wood. 

The second limitation the team needed to account for was the amount of casting sand that 
was available for use. Another group had purchased only ten pounds of casting sand and the 
teams decided to collaborate and share materials. Therefore, the size of the wooden frame for the 
mold was limited by the amount of sand on hand. The housing was constructed first by joining 
four pieces of 2x4s and then cutting the entire housing in half to create the cope and the drag (14 
in x 10 in x 1.5 in). A base was applied on the bottom of drag to add structural support and to 
provide a flat surface to pack the sand effectively. Lastly, four guide pegs were cut and 
connected to the opposite corners of the housing, with two pegs on each of the corners 
(Appendix A, Figure A4). This allowed the cope to be guided precisely onto the drag, the cope 
and drag to be securely fastened, and the mold halves to line up in order to minimize flash. 

Fabrication 

Safety  

The utmost concern of the team throughout the casting process was safety. Pure 
aluminum melts at around 660℃ (~1220℉) so the danger of working with the molten metal is 
significant and the team took the necessary precautions. All team members wore long pants and 
closed-toed shoes, the person who poured the aluminum from the crucible wore thick 
heat-resistant gloves, and the kiln was manned with tongs that were two feet long. Additionally, 
a large bucket of water was kept by the fire during the duration of the melting process in case of 
any emergency. 

Melting Aluminum 

The process of melting the aluminum cans and ingots required the following items: fire 
pit with coals, kiln with the pipe and hair dryer, tongs, and aluminum supply. After beginning the 
fire with wood and coals, the kiln was set up by placing the crucible inside and situating the 
hairdryer at the end of the steel pipe. Coals were placed along the outside of the crucible to melt 
the aluminum. Used soda cans and the aluminum ingots were added to the crucible through the 
hole in the top of the lid of the kiln. The team member wearing the gloves would periodically 
remove the lid in order stir the crucible and add more coals to maintain the high temperatures 



(Appendix A, Figure A5). Before attempting to pour into the mold, some of the slag was 
skimmed off of the top of the crucible using the tongs. 

Creating the Mold 

While half of the team worked to melt the aluminum by the fire, the other half created the 
mold in the wooden frame a safe distance away from the heat. Half of the supply of casting sand 
was packed into the drag and covered with baby powder (an anti-sticking agent) before a team 
member pressed the 3D printed plaque face down halfway into the packed sand. Then, after 
applying another layer of baby powder, the team slid the cope into place on top of the drag and 
packed in the remaining casting sand, making sure to leave a pathway for the molten aluminum 
to fill the mold (the sprue and runner). Delicately, the cope was lifted from the drag and the 3D 
printed plaque was removed leaving the empty mold. Ventilation holes were poked into the cope 
to allow for the escape of air during casting. The casting sand captured more of the details of the 
3D design than the team had predicted. 

Casting and Cooling 

After replacing the cope atop the drag, the entire mold was slowly and carefully carried 
towards the kiln and placed on the ground about four feet away. This distance allowed the team 
member with the tongs to pick up the crucible and simply pivot in order to pour it into the mold. 
When pouring the aluminum, the slag remained inside the crucible meaning that the cast was 
created free from material imperfections. The team allowed the contents of the mold to cool in 
the ambient air for 15 minutes and then removed the aluminum part from the mold with the tongs 
and submerged it in a bucket of cold water to quickly dissipate the heat. Following the 
quenching, the aluminum plaque was cool to the touch while the sand remained too hot to touch 
for another 15 minutes. The detail of the cast product was much more defined than the team had 
thought the process would produce (Appendix A, Figure A6). 

Machining 

In order to remove the sprue and smooth out the rougher edges and surfaces of the 
plaque, a team member’s Dremel was used. The sprue was cut off at the edge of the plaque and 
then, using a sander, some of the corners were sanded down to rounder edges. With more time 
and more sophisticated equipment, the team would have liked to use a tool to sharply define the 
letters in the phrase “TRUST ME I AM AN ENGINEER” and the shape of the gears. In addition, 
a more powerful sander could have completely smoothed the rough surface. 

Knowledge Application 

Additive Manufacturing 

Additive manufacturing was used to create the part that formed the negative mold in the 
sand cast. This manufacturing principle offers extreme form freedom and no product-specific 
parts. The team was able to take advantage of one of the material extrusion Makerbots provided 



to students in the new lab to 3D print the plaque. First, a CAD model of the plaque was made. 
The model was then exported as a Standard Tessellation Language (STL) file and uploaded into 
the Makerbot software. The model was scaled to the proper dimensions before printing began. 
Material extrusion works by extruding a plastic wire through a heated nozzle as the head deposits 
the plastic layer by layer until the part is formed. It was a relatively slow process, taking nine 
hours to complete. The resulting plaque had a poor surface finish (due to the quality of the 
Makerbot) and the bottom had a slight curve due to thickness and how the plastic cooled. There 
was no concern for any material anisotropy since the part was not going to experience any type 
of loading. Overall the process allowed for a suitable plaque to serve its purpose of creating the 
negative space for the sand casting mold. 

Sand Casting 

Sand casting was used to cast the plaque because it offered large form freedom at 
relatively little cost. The most expensive portion of the sand casting process was the casting sand 
which cost around $30 for 10 lb. The team was able to utilize many concepts from the class in 
order to make the cast a success. Each part of the mold was carefully designed and fabricated by 
the team in order to most efficiently cast our part including: the cope, drag, sprue, and ventilation 
holes. The team also wanted to avoid common problems in sand casting such a cold running, 
oxidation, and gas entrapment. To do this, the team positioned the sprue, runner and mold in 
order to fill from the bottom up and poured the molten aluminum slowly to ensure the flow was 
laminar. There were a few aspects of the project that were not detailed in the text or class that the 
team researched. The use of baby powder as an anti-sticking agent was discussed in a few 
instructional videos online and was absolutely essential to the casting process. Since the part cast 
was purely decorative and did not need to support any loads, the porosity, internal stresses, and 
distortion were not concerns. The final aluminum product lost some of the finer details of the 3D 
printed plaque due to either loose packing or simply the imprecise tolerances associated with 
sand casting.  

Machining 

The final sand casted plaque was then machined to sand down imperfect surfaces and 
remove the sprue. Sand casting by nature leaves the product with a rough surface finish and the 
molten aluminum still in the sprue after the mold was filled cooled and hardened still attached to 
the final cast plaque. 

 

 

 

 



Appendix A 

 

Figure A1. The scaled plaque in the Makerbot software before it was printed. 

 

Figure A2. Completed kiln created with Plaster of Paris, sand, and water. 



 

Figure A3. The drag (with the mold already formed)  to show the tolerances along each of the sides. 

 

Figure A4. The drag with the guide pegs on opposite corners. 



 

Figure A5. Melting aluminum ingots in the kiln (no lid). 

 

Figure A6. Aluminum cast plaque after quenching. 


