
 Using 3D imaging software and 
investment casting techniques, a 
University of Alabama senior design 
group created a full-scale replica of an 

Archaeological Research at Moundville, 
Alabama. The hilt was 3D printed 
and investment cast in three pieces. A 

the sword hilt. The project received much 

the American Foundry Society casting 
competition in Birmingham, Alabama. It 
is currently displayed at the University 

of Alabama’s Museum of 
Natural History. 
 The team of four 

Michael Rose, Maggie 
Saylor and Daniel Massie—
approached the Moundville 
Archaeological Museum 
with the idea of creating a 
replica of an 18th century 
British Hanger rapier in the 
collection. The sword was 

supplied 
to both the 
British Navy 
and infantry 
and likely 
traded or 
gifted to a 
member of 
the Creek 
Indians in the 
early to mid-
1700s. 
    The 
sword’s blade 
was deeply 
corroded, 
but was 
photographed 
before 
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it disintegrated, as shown in Figure 1. 
The students were asked to cast their 
replica of the surviving hilt from detailed 
photographs, since the hilt was also fragile 
and not allowed to be handled. The replica 
that the students were to create would 
allow for further research and display of 
the artifact without damaging it.

Determining an Approach
 The work required for this project was 
broken up into the six main stages shown 
in Figure 2. Before they began their 

materials they would use for 3D printing 
and casting. Originally, the students 
believed that it would be easiest to 3D 
print the models in a material that could 
be dissolved out. However, after realizing 
they would need several castings of each 
part to ensure the best possible product, 
they determined that a reusable plastic 
model would be best, as each part would 

this decision, they then determined what 
method of casting they would use. 
 After a series of conversations with 
Laurentiu Nastac, University of Alabama 
casting and Fluent ANSYS modeling 
professor, the students determined that the 
best possible results would be yielded with 
a lost wax form of investment casting. 
 This model would later be revised to 

the main steps remained. For example, 
all the pieces of the hilt had to be cast 
individually, instead of in the tree 
formation that the students had originally 

that they had planned for would be 
replaced with a higher quality, harder 
ceramic slurry. 
 In developing their work plan, the group 
chose not to have a team leader, instead 
dividing their responsibilities according to 

Figure 1. Photograph of the 18th century 
British Hanger rapier to be replicated.

Figure 2. Work breakdown structure.
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each person’s skills and talents. The project’s organization 
chart is presented in Table 1.

3D Model and Printing
 Since the students were not able to use the artifacts 
themselves to create their molds, they took advantage 
of computer modeling software. Ultimately, the project 
required a combination of different software models in 

Examples of various models from these programs are 
presented in Figures 3, 4, 5, and 6.
 After modeling, the hilt replica was 3D-printed in the 
University of Alabama’s engineering library, with special 
permission secured to address the university’s weapons 
policy. The actual print time was approximately 15 hours, 
with the predicted time being more than 20 hours. The 
support materials, (the white material seen in Figures 7 and 
8), were dissolved away in a chemical solution.
 The students then created silicone molds from their 
3D-printed plastic models, as illustrated in Figures 9, 10, 
11 and 12. They constructed boxes from clay and wood in 
which they placed the plastic models. Then, silicone was 
poured over them and left to dry for six hours to create 
molds. These silicone molds were used to create wax 
models of each half of the hilt. The wax molds were then 
hollowed.

Casting, Blade Creation, and Assembly

sprues attached to the models in a variety of ways in order 

Figure 3. Blender model (set 
to bronze)

Figure 4. Split model 
made using Meshlab and 
NetFABB. 

Figure 6. Final 3D Model (three 
parts).

Figure 5. AutoCAD 
mirrored model.

Table 1. Senior Design Project Team Responsibilities

Team Member Responsibilities

Spokesperson/Head 
of Communications
Michael Rose

• Management of casting
• Cost analysis
• Management of the commercial and 

advertising aspects
• Organization of budgeting meetings with 

Moundville
• Silicon mold and wax model creation 
• Slurry coating first shift

Head of Resource 
and Project 
Planning
Maggie Saylor

• Initial site visit meeting planning
• Materials investigation
• Casting design investigation
• 3D printing and 3D scanning
• Wax model creation
• Slurry coating second shift

Metalworking and 
Historical Accuracy 
Expert
Danny Massie

• Casting
• Metalworking
• Casting design and bladesmithing 

investigation
• Forging of the blade
• Wax model creation 
• Slurry coating first shift

Head of CAD and 
Computer Modeling
Hanna Hefley

• 3D model creation
• 3D printing and 3D scanning
• Research of 3D processes and materials
• Project documentation
• Wax model creation 
• Slurry coating second shift
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to determine the best possible method of attachment. The 

wax. Finally, metal was poured into the molds and allowed 
to partially cool before being quenched. 
  Using the best alignments, as determined by the 
aluminum test castings, sprues were attached to the 
remaining models. These models were more heavily slurry-
coated than the test model, with two layers of plain slurry, 

Each layer took four hours to dry, requiring the students 
to work in shifts. They stayed overnight in the foundry to 

Figure 7. Hilt body model.   Figure 8. Hilt guard 
model. 

Figure 9. Box setup.

Figure 10. Dry 
silicone mold.

Figure 11. Wax 
molding process. Figure 12. Dry wax molds

Figure 15: Finished replica.

Figure 14. Wire brushed 
bronze castings.

Figure 13. Bronze models 
removed from ceramic shell.       

poured into each mold. The bronze models were removed 
and allowed to partially cool and then quenched in water 

products are presented in Figures 13and 14. 
 The sword’s blade was forged and attached to the bronze 
hilt pieces by team member Daniel Massie and Forrest 
Millsap, resident blacksmith at Sloss Furnaces, a historic 
pig iron manufacturer in Birmingham, Alabama. Their 
work completed replica (Figure 15). 
 This highly successful senior design project was 
achieved through careful planning and seamless 

married history and modern technology, creating a sword 
that can withstand the test of time.
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