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NoDiggity V2
Overall goal was to dig a 30m long horizontal tunnel of 0.5m diameter. I was the
Cutterhead and Main Drive systems RE (responsible engineer) for a system that
generated 2.2 kNm of torque. Was the de facto mechanical-side team lead and
coordinated between the propulsion system, soil removal and ground conditioning
systems, to ensure delivery on the machine.

Not mentioned in this portfolio are the numerous hours (~50% of my time) spent
planning the logistics of moving and testing ops, organizing a temporary build
space, and fighting with school management for recognition, and fundraising talks. 

Official dig length of 1.5m to win Rookie Award with smallest team and simplest
TBM design (as per judges). 



Excavation Systems  - NoDiggity V2 - Penn Hyperloop

Initial Design - Started off
with main physics

requirement of torque
needed. Accordingly,

sourced sized a gearmotor
+  custom coupling system
that fits into CAD modeled

outer structure.

Improved design:
Overall structural

analysis shown for
various failure

modes. 

Added: lifting
points, alignment
peice to achieve

concentrictiy and
better torque

transfer, switched
out gearmotor

based on updated
assumptions.



Excavation Systems  - NoDiggity V2 - Penn Hyperloop

Drawings - Large plates plates
were sent out for waterjet/ laser

CNC cutting. Rest were machined
in-house.

Assembly and Machining Plans generated: 
(Test Plans were skipped due to lack of funding

early enough into our process.)



Excavation Systems  - NoDiggity V2 - Penn Hyperloop

Manufacturing + Assembly at Nextfab
(makeshift workspace for the machine)

Learnt and applied flux-core MIG Welding up to
1/4" thickness on Mild Steel.

Coordinated site prep, lifting ops,
troubleshooting dig/ demo day failures

Evaluated mining readiness across mechanical systems to
present to overseeing organization (Boring Company)



NoDiggity V1
Founding member of what came to be the Penn Hyperloop team later. Our goal
was to dig a 1 meter hole with a 0.5 meter diameter in Bastrop, Texas soil. I was
the Propulsion System RE (responsible engineer) - an independent on-ground
structure that would push the TBM vertically downwards as it excavated.

In addition, as 1 of 3 mechanical team members, I assisted in the machining of
custom gearmotor keys, forming the machine’s outer shell, and troubleshooting
a host of competition safety related requirements.

Aggressive 2 month design phase + 3 week construction phase to win 1
place in our Digging Mini-Event at NaBC ‘24 (for the Boring Company).

st



Propulsion System - NoDiggity V1 - Penn Hyperloop

Designed force reaction and torque reaction into the
structure

Switched from traditionally preferred linear actuators to ball
screws to make a 5x cost reduction in this system.

Learnt and performed weld shear calculations for key joints

Conducted bolt shear analysis at fastened joints

Identified and sourced metal from local vendors at discount
rates and <1 week lead times.

Attempted force testing to characterize ball screw
movement as an actuator (with help of controls team)



Propulsion System - NoDiggity V1 - Penn Hyperloop

ANSYS FEA - Stress and Deformation analysis to
ensure viability of structure and associated FOS.Assembly  Plans, Test Plans and

BOM’s generated for owned
system



Stirling Engine
Model

Designed on Solidworks and made using aluminum,
brass, stainless steel. This working modeal was my
introduction to manufacturing methods, the
Machinist’s Handbook, and GD&T.



CAD Render - Solidworks assembly  of parts
(designed from drawings) with working gear mates

Stirling Engine Model - UPenn MEAM Curriculum

Inital Sketch of Design Idea

DXF drawings generated for outside vendors

Used 3-axis Prototrak Vertical Mill
with CNC capabilities (toolpaths
generated using Mastercam)
Used horizontal lathe for drilling,
boring and tapping operations on
cylindrical parts.
Assembled engine ran at ~950 rpm
powered by butane torch lighter



Stirling Engine Model - UPenn MEAM Curriculum

Tolerance Stackup -
Exercise in GD&T to find

max allowed deviation from
Perfect Radius and Perfect

Center positioning

Drawings - Solidworks drawings for parts and assemblies



Undergraduate
Lab Projects

Trained in the traditional engineering and experimentation methodology
through structured lab projects as a Mechanical Engineering
undergraduate. Key projects include: Seige machine, Kinematics
Launcher, Bridge, and Bottle Rocket.

Made use of the school’s Rapid Prototyping Lab to laser cut MDF, Acryclic
and FDM 3D printers to extrude small PLA structures.



Seige Machine

MEAM 1010: Intro to Mechanical Design MEAM 2470:  Mechanical Engineering Lab 1
Bridge Project

Designed and built wide-span suspension bridge with
21″ MDF towers; FEA validated tower safety factor of 1.91
under 25 N load.
Modeled cable sag via parabolic arc-length integration,
calculated required pre-load cut length (75.7″) and
hanger tensions (20–25 N range).
Derived tension–elongation model from MTS tensile
tests to predict cable stretch; total elongation measured
at 4.7″.
Implemented bowline knots + cleated loops for secure
cable anchoring; optimized for cost.
Final bridge passed test with 7.5″ sag clearance (vs. 6″
minimum), validating calculations and fabrication.

Inspired by spring-loaded
crossbows
Utilized press fits for crossbow to
attach to the large structure
Fastener t-slot joints at the
edges of the large structure
Fastener lap joints on the
crossbow itself
Iterated on base design to
manage reaction force
generated by elastic rubber
bands 



Launcher Project

MEAM 2480: Mechanical Engineering Lab 2 MEAM 2480:  Mechanical Engineering Lab 2

Model Rocket Project

Designed and manufactured adjustable slingshot-style launcher
in SolidWorks; tunable angle (0–40°) and variable pullback
energy.
Iteratively improved design (track extension, kicker mechanism,
structural backplate) to reduce friction and stabilize launches.
Built Python model of projectile motion with drag; optimized
launch angle and energy via numerical simulation.
Calibrated model with experimental testing; derived correction
multipliers for angle (0.66) and pullback (2.65).
Validated energy transfer with onboard acceleration sensors;
achieved >5 m launch distance.

Designed and fabricated a pressurized water–butane rocket with 3D-printed
PLA nosecone (optimized 0.08″ wall thickness) and MDF fins (sealed for water
resistance) to minimize drag and maximize stability.
Conducted 7+ experimental launches across varied angles (40–75°) and fill
volumes (100–750 mL), recording trajectory outcomes under different wind
conditions.
Simulated two-phase flight (thrust + coasting) using ideal gas law, Antoine
equation for butane vapor pressure, and drag modeling, implemented in
Python.
Applied OpenRocket aerodynamic modeling to determine center of pressure
(6.76″) and center of mass (5.33″) for static stability margin analysis.
Optimized launch parameters via brute-force grid search over angle and water
fill volume;  trade off accuracy vs. robustness for demo day.


