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Los Alamos National Laboratory’s (LANL) mission is to solve national security challenges through 
simultaneous excellence. The Department of Energy funds the facility but LANL is managed by Triad 
National LLC. This company is made up of the nonprofit Battelle Memorial Institute, the Texas A&M 
University System and the University of California University System. Even though they primarily 
research nuclear weapons, other fields housed in the facilities as well. This research facilities house a 
nanotechnology center, electron microscopy lab, explosives center, high magnetic field laboratory, and 
a unique proton radiography center. They are trailblazers in science, technology and engineering for 
the entire nation.

Currently, document-based systems engineering (DBSE) product life cycles at LANL are corrupted by three 
scenarios; product definition change, missed change impact, and copy-paste propagation. The three scenarios 
are based on data that is changed in one step of the product process but not changed in the others. These 
errors can be avoided by utilizing a digital thread that links all steps of the product life cycle together. These 
steps can be defined as dimensions in the CAD data, physical analysis in Matlab, and manufacturing 
information. Transforming LANL from a DBSE to a model-based systems engineering (MBSE) will improve 
transparency by not only introducing and encouraging a constant feedback loop, but also reduce error 
likelihood thus increasing efficiency and reducing development costs. Like how JavaScript is a programming 
language, MBSE uses a modeling language called SysML to enable engineers to create and maintain blocks that 
encompass software, hardware, data, process and concepts. A system is defined by four components described 
as the four pillars of SysML. They are Requirements, Structure, Behavior, and Parameters. This project explores 
MBSE by designing a simple system like a blaster through the lens of MBSE and the SysML pillars. A digital 
thread is utilized in order to avoid the three previously stated complications. There are two deliverables at the 
end; the physical, 3D printed system and the Cameo model that fits within the digital thread. 
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As stated in Figure 1, the Cameo software 
package is a critical part of the final design of 
the capstone project. Cameo fulfills the four 
pillars of SysML (Structure, Behavior, 
Requirements, Parameters) which is critical to 
the purpose of the project. Figure 3 
showcases the Behavior pillar with the title 
connections between part blocks. The 
purpose of Figure 3 is to communicate and 
visual the relationships between parts. The 
other two boxes within the figure are State 
Machine diagrams which also show the 
behavior of individual parts. These are all very 
important elements of Cameo, but Cameo is 
not the entire digital thread. The digital thread 
consists of information flowing from Creo into 
Cameo, then from Cameo into Matlab and 
Abaqus and then the validation results finally 
being released. Without Cameo and the 
model, the data would be housed in multiple 
place and lead to errors depending on where 
the user looked. 

The blaster design underwent many 
changes using both traditional 
engineering techniques and 
implementing the digital thread 
process. The original intent was to use 
a pneumatic design to propel the ball. 
When this was found to be inadequate, 
a hybrid pneumatic/kinetic revision was 
made. After performance was tested, 
the digital thread process was used to 
make changes to the blaster. Figure 4: Comparison of Different Setups on Mean Distance 

Figure 5: Tukey Comparison of Different Setups on Mean Distance  

Figure 6: Tukey Comparison of Different Plungers on Force

Figure 2: Exploded View of Final Blaster Design 

Figure 3: Internal Block Diagram for Blaster

Table 1: Requirement Matrix

Figure 1: Draft Connections between Software 

Table 2: FMEA

To measure the distance that the ball travelled, along 
with the exit velocity of the pneumatic gun, we 
implemented the following test set up as seen in Figure 
6. We Tested each iteration of the gun 30 times and 
marked off where it was landing on the carbon paper as 
well as recording the exit velocity for each shot.

To measure the force exerted by the slug directly out 
of the barrel a test, which can be seen in Figure 7, was 
set up using a force plate. Through this test, the 
exerted force was calculated by taking the absolute 
value of the difference between the initial and final 
output in newtons. The 1.5-inch, 1.75-inch, and 2-inch 
slugs were each tested thirty times. 

Figure 7: Force Plate Testing Setup

Figure 6: Overall Distance Testing Setup
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