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NoDiggity V2

Overall goal was to dig a 30m long horizontal tunnel of 0.5m diameter. | 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

Meain Drive Torque Calculation
Utilizing the findings of Hu's 2011 paper* we can split up our

torque contributions as seen below.

Torque Contribution Torque (kNm)
Tl (Front) 1.169910308
T2 (Lateral) 0.5114362

T3 (Back) 0.389970103
TS5 (Opening Shear) 0.13847143
T6 (Agitating torgue) 0.2662796

Total Torque 2.476067639%

Using a FOS of 2 we get a recommended
Torque of ~5 kNm

Key System Metrics: [ﬁossi Group motor: HB3 132 S 4, Rossi
Group planetary gear reducer: EP R 3EL)

Estimated Output Torque: 4780 Nm
MNorminal Output Speed: 8.1-11.9 rpm

Mass: 221 kg

Improved design:
Overall structural
analysis shown for
, various failure
b- modes.

Effective reduction ratio: 142.56-209.44
Gearmotor configured for expected axial/thrust loads
from manufacturer.
Coupling:
e  Customn machined keyway
two-piece coupling (Stafford)
e 316 Stainless Steel
{for corrosion protection)
s 6 screws on each side
s Holding Torque: 3723 Nm
i e:

s Assuming AlSI 4340 242 HR steel with a Young's
modulus a plate thickness of of 33mm would be
needed to support the system. Considering a safety
factor of 1.5, a plate thickness of 49.5mm (50mm)
would be desirable.

s  Mounting Strategy: Weld ring plate to outer body
casing to create a flange mounting system for plate to
be bolted to. This allows for removal of plate to make

other components accessible.

Added: lifting

N T points, alignment
Initial Design - Started off <~ Outer shel peice to achieve
with main physics Shell Separaton concentrictiy and
requirement of torque better torque
needed. Accordingly, oy removal hose cutous 8168 maunt stuctur o transfer, switched

sourced sized a gearmotor

+ custom coupling system

that fits into CAD modeled
outer structure.

gearmotor

out gearmotor
based on updated
assumptions.

m1

A

1 |Torsional Shear

2 Applied Torque (Nm)

1 Shalt Radius (m)

4 Weld thickness (m)

& Polar momant of inertia (m*4)
& FOS

T Torgional shear stress (Nim*2)

% Mormal Shear

0 Appliod Forco (N)

" Weld area (m*2)

12 Normal shear siress (N/m*2)

1 Filler matorial roquired max stress (psi)

& Online model (wi safety factor)
" Weld fillet radius (m)
"5 Filler matarial raquired max stress (psi)

0 ER 4340 max stress (psi}
n FOS
s

2

2700

0.0508
0.00635
0000006274
&
108311612.5

265748.0
0.001170
227008227 4
365548574
0.003175

4305369067

168,000

T = Shear Stress, MPa (psi)
M, = Torque N-m (Ibf-in)
D = Diameter, m (in)

h = Size of Weld, m (in)
m=3.14157 (Pl)

J=2na(r+a/2)3
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Drawings - Large plates

were sent out for waterjet/

|‘-i-uz.:-.

Motor Mounting Plate

No Diggity - Penn Hyperloop

[aeEr 111

TRev

CNC cutting. Rest were mac

In—house.

ates
aser

nined

This. and oihes “assembly plan” documents Cover amy overal 3ssembly thal imvofes more than
one component. INdRidUAl Components will e covensd in machinng plans

TBM

@

Preq wih cutieshesd + cutters, extended Shaft wih key + welded aigrement pece, ouier
STV WHN COtBULS. CRAMDE pULTORENET (S in 58 DL wikded logeiner and It ine
Back cnc cut part + long sheel St also welded to chamber and going thiu the plate hole
+ two nozzhe alached and pipe put thicugh the feo holes), al offwr parts that go n bm

Take: back-outer structure pipe. 'wekd molor mounling plate in apgropriate location
Ipictured o e FIp SYUCRTE SUCH Tt plate 5 3 e botiom verticaly {pictured 1o

Hight). Prace b  WARBENEES, Kt Bt SRR Erans i with betts
hanging from the motor Aange Boles. Rotate try hand unii bolts abgn and go hiough the
plate, GDUDE UL 0N the Iower Side of he plate

el

Takie: 0| CUMET STUCTUNE Do, PEICE LOANHNGY Mk CRAMSET MK 1 1N Jpprosrate
focation (krlerally) (pichure to The oMl Place pipe horzontally akegside the back ouler
Dipe Wilh the Cutouts. Ralwy I (pICuTid o NG, make he pae ga Bxough e botiom
ke in g mtr mount plate. Make CK wels for Chamie pialy-pies interace
Sparans fron] and back culnr sinschuens, fully wiskd cnamie plate

S

Assembly and Machining Plans generated:
Test Plans were skipped due to lack of funding
early enough into our process.

4. Onthe cutterhead side, placa the thinnes ring in and weld 1o muck chamber piates sl
Maybe 1o the inside of the puter 7ipa oo

5 Put coupler onto motor shaft lcosely, Bring front section in, align the muck line and pass

the ges ling traugh the motor mounting plate holes. do nat fully push the stnuchures into
ach other (see image below. It iessing the muck e only.). Come in with me sxtended

shaftfrom inside the muck chamber uri shat goes fully int coupler. Tighten coupler,
push the two sections all the way iogather, duct tape it

6. Lift up cutterhead using gantry crane. align using alignment toc and put the four bolts in
7. Done
8 Di imvolves head off, siding the off sightty, undo

coupier, take extenced shaft off, skde ron stuctsre off fully, take nut off of mator
mounting plate, fig back stucture vertically and pull motor out.

For Bl OF Sbove, we are yel 1o consader Seasbilty of NG 4nd fOLALNG and pushing sections of
‘stoed around

PPropl Launch Structure

Parts that should be complsted and obtained by this point: Back Plate, 3 periodic
support plates. 4 launch raling bars. thrust plate and 4 small suppor plates for the back
plate. The approprate screwjack and molor must also be purchased

~

Thee taunch railing will first be assembled by aligning 2 launch railing bars and welding
them into a langer raiing fine. This should be done twice 1o produce a total t 2 longer
Baunich raing bars

w

The launch railing bars should then be weided to the periodic support plates. The first
plate can be placed fial on the ground and the launch raling bars placed vertically in the
‘slots, statiized and then wekded. Then, fhe structure is tumedd in the comect orentation
{as seen below), after which each additional plate is siid along the launch rading bars to
the appropriate location and held in place, and then welded. This creates the launch rail
sinueture.

A~~~

4. The back plate structure s then assembled. The 4 small plate supports are wekded fo the

barck piate, holding them flush against @ il surisce and welding along the joints.
Destances from fhe comer pieces can be measured and held in place while weiding
{lateral position Accuracy is not exaclly required since they jisst need 19 go undes the
concrete blocks.

5. The back plate structure must then be weided 1o the lsunch rading structure. (not sure
hirw to slabiize this but maybe holding everyihing fush to the ground and using some
sort of MOF jig?)

6. Screwjack must be skded into the back piate hole using a gantry crane and aligned with
the balt holes for the base of the screwjack. and then be bolied info place. (likely need
some sort of stooitable for the motor 1o rest on, Might nat be 3 huge ssue but could help
with kiseging i in place. )

-

Thrust Plate must be heid (can likely be heid by 2 pecpla) and aligned 1o the top plate
Moles on e screwjack and then be bolted info place.
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Excavation Systems - NoDiggity V2 - Penn Hyperloop Site Layout

o St

Manufacturing + Assembly at Nextfab
(makeshift workspace for the machine)
Learnt and applied flux-core MIG Welding up to

1/4" thickness on Mild Steel.

Launch Setup

A

v

i

s =% e

1.Redquirl —
aExcavat setup day todig
pit (589" ax % 57 ar s, Morded

at warliost possible time as soon as site

V1o move pabists.
t to pit
masdayThursday

.Required from
a.Tolghandler

propaslsion

dl it to be dug 0 meters from
start point, Same dimensions as start pit

Retrieval Plans

@ Retrieval pit is dug for our
max possible dig length of 1
meters. Once tbhm surfaces, all
pipes/wires will be
disconnected, removable eye
bolts will be screwed into the
top and lifted out.

® In the event of machine
failure before finishing dig,
excavator will be required to
dig to the depth of tunnel
crown, team will dig around
the pit to reveal full TEM for
lifting.

[Section | 2]
Cutterhead & Main Drive

Biggest Risks

d facing up,
CAGE.

Ready to mine?: No

Paints of Failur

stronger 4340
ad with appropriate 4340 wire.

Mount motor into TBM structure
Will be done on Monday, Tuesday latest

Will be done on Monday, Tuesday latest

Spin Test:

Will be done once TEM is assembled and high power
pproved

Evaluated mining readiness across mechanical systems to
present to overseeing organization (Boring Company)
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NoDigeity 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. | 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, | 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).



Propulsion Systemn - NoDiggity V1 - Penn Hyperloop

Ball Screw ——_

oncrete support block—, I__.-—Fi:-{ed Ball nut

Designed force reaction and torque reaction into the
structure

y—Drive plate

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

1/2" Steel Plate—

Learnt and performed weld shear calculations for key joints ‘ st Lseam
Conducted bolt shear anaIySiS at fastened jOintS o Propulsion Method: SFU1605 Ball Screw Linear Actuator
o Maximum Thrust Force: >1600 Ibf

Identified and sourced metal from local vendors at discount 5 Mtor Tyne: NEWAZS BC Staprar Matdrs

rates and <1 WGEk |ead timeS_ o Torque Reaction Method: Slotting into I-Beam Webs and Ground
Screws

Attem ptEd force teSting to characterize ball screw o Thrust Reaction Method: Four Concrete Bunker Blocks on '2” thick
steel plates

movement as an actuator (with help of controls team)

PROPULSION




Propulsion System - NoDiggity V1 - Penn Hyperloop

Phase Az Structare Testing

a

"

i

Objective

To assemble the propulsion stands in their entirety. This will ivolve welding 2nd drilling
warious oedered and also £ certam comp # nextfab. The
strgctune must be able to be assembled when requared and mumediately connected 1o 38
appropriate test semup and motor fimther testing

Safety

E-Beams ase heavy, keep them ca stable surfaces and ot shasted narfaces
General castion 1o be exercised when asing heanvy machmery an Nexifub.
Wi safiety concems when assembliag pats with fastensrs

= Maseriak Required

Al required components 1o be codered for the struchuse with quantity 24 smng where
spplicable have been detailed in the propulsion BOM (below).

Nextfab quipment is sequired fo-

Bend steed plates - Metal Siock Bender

Dl Beoles imtos the T-beam, Seced plates - Drill Press

. TIG-weld vafsous components (descrbed below) - TIG Welde

Bandsaw to cut threaded rod

. Cut sieel sheet info ring - CNC Ml

Tapgang ants steel sheet - Tap

Al gthier aszembly steps aze 1o be done by hand nsing basic tools availshle in-bouse

R e

Steps

1. Steel Plates (2757 % 37 plates) for Chip angles to be bent wsing the Metal Stock
Bender 2t Nextfab across its bemgth by 90 degrees (two sections of 2.757x 1.57
each

2 Remaiming Steel Plates to be used 25 Cosmection Plates have M3 boles drilled ca
all 4 comers using Dwill Press at Nextfab, Position: Center to be 0.8” away from
fwo cdges at every cormer.

3. 3 M Heles drilled o one side of each Clip Angle usmng Dridl Press at Nexefib
Position; drawing below.

Assembly Plans, Test Pl

system

13 Thresed s bl sesews tirceigh 51l the ball sirs. ATisch the Ssotar b the couples to

the bormoe o each ball sercir. Amtach moo v fhe pged boles win the
threadad rods mmd M4 mits

Phune B: Out of Bex Testing

4. Tos Ohjeszhie

High

eved cpeetiies e i establish the fonctenly ef the
{34) MEMALS torppe moton

= (k) DAIT motor drrvens

Powes deribistion Blod
Stgral greed black

S0 any defective producty can be idmtifind aod petarmed ASAR

Th faiflowisg ipecific shiectsyes mem be

The DIM34IT s acrarate o the
WEMALS mators while not rucoeding 40 degroes oehass (maxmu illowatie
valer a8 specified m e dsnhort)

The ssace st pet 2otire s chisepe Seteston wallsotst e St beidsss
excooding 130 degrocs cehiu (mucmem allowabic value as apocificd i the

e sl

The s commertrd i e dustrumos biocks tmant be sfficiersly sopad such that
ey ll 504 L 0T dersng ogertase

0.00652 33 Max
QOIS TS
Q0maTIT
00043459
Qomda
000289373
Q0021744
Q0014496
QO00T24M

0 Wiy

7. Weld all tie-down rmgs to the I-Beams & shown below. Podition: centered from
‘both sides, flugh to the top of the [-Beam

4. Drill 6 ME hodes in each Main [-Besm vsing 2 deill press. Drawing below for
pesitzon of boles

[ (S8
8, Cut threaded rods to 16 67 pieces.
9, Use the CNC Mill to cut isito the Slunsinim sheet to make 3 ring of outer diasacter
0" and mner diameter 107
10.Tap 4 sets of 4 M4 holes 1 deep mio 4 symmetsical edges of the sheet to moun
Side I-Beama. Rt will weld at NextFab the motors. Each e of 4 holes need to be exactly 47.14 mm apart from each other
6. 'Weld 4 comnection plates to the other side of every side - Beam. Connection Ml 3 e eepenation.
plate o be comered. [Thastrated below for reference T : i Tt

5. Weld every conbectson plate to the edge of the fal sade of both sades ol the 4

Simcr g fime v - 10 e, 2 30 mimste best for deiver amd mator foactiosality theubd
weifice. T compicte the specidind objective. thm et mchode
Aceelenition
Decelerstion
Dhmection changisg

B Ombcemis | Dependint Varlible

| variabae Valwe Conurane: | Eeason

| WEMAD tromprranane () | 190 Macimmn aliowable valae as specified i
duhert

| MY prmpermere (G} | 40C max ALosmmees allowatle vikie 1 specified m

Thae

e by il e iad e pograsmsg The saguence of fommai th

will be sert o the NEMA 23 for hertzng cxn be fouseal 2 puet (1)

. Data Gathering

wied o6 the Ardaan

| 22" MDF board For mousting the DASACTS, Power
DH=ihetion Ellock, and Sepmd Geound block
{3 5 scvewn Momnts the DAESIT. Powe Divtribaston

Boock. and Signal Geound biodk 10 MDF
board

| 9 AWG copper mue

Cismerss 14V sugply 15 the Powes
Thsmsilartion Bl spply tevssins

3. Run the motors at the various RPMs as described in the Independent Variable
section above. Note down observed force values. & 1 Seel |
Beam BI477,
Custom Size - 6
u u
S < [ ANSYS FEA - Stress and Deformation analysis to
_—
Fasteners 513.74 40 (2 packs of
25)
Category Name Unit Cost Quantity Tatal Cost Lead Time
Fastener Nut ME Mut £9.67 40(1 pack of £9.67 u agn u
- S O o = ensure viability or structure and assoclate
5 Fastener Nut S11.58 401 pack of 50} 511.58 u
Motor drivers DMS42T 528 | 528 <1 weak
Pikes + Rope 528 1 {4 sets £28
Ball Screw + SFLI 1605 575 4 3300 ~1 week ineluded)
i s Static Structural -
Coupler 10mem f0 8 mun $3.6 4 Sid4 2 weeks Sheet Metal for Clip | 0.25" Carbon Stecl 59.78 8 $78.24 Equivalent Stress
’ Power P sis i sis < 1 week Zhres aammios e Type: Equivalent (von-Mises) Stress
Distribution | Disire Block P Uit Py
e S 25 ! 3i3 = Lmveck Sheet Metal for | 0.25° Carbon Steel $3.07 8 $24.56 Runti
LA — Connection Plates Plate A36 Hot unti
TOTAL 5480.4 Rolled custom size
CORT: 2753 3.0551e8 Max
Sane in Nextfab Machine Shop by Rishu - Minimal C £:71368
Struscture in Nextinl chine Shop ishu - Minimal Cost &
Connection Plate 237628
; z ™ 200678
Category Name Unit Cost Quantity Total Cost Tis-dowme $12.56 12 S150.72 165738
Main I-B: 4
SLese 517826 §713.04 1.35 n‘:‘es
R 3 Threaded Rod S16.46 3 I'm long rods 54938
eqern (16 3¢t to be cut 1.0184e8
out) 6759187
e Independent Variable Nut M4 Mut $3.81 1 pack of 100 5381
The kst of coevrel Fd 8t bt &5 Nut M4 Bigger Nut ST.14 2 packs of 50 $14.28
TNE St YEICKT O S DX e Side I-Beam 515.09 4 $72.36 Thrust Ring* Alumimn 6061 s1250 1 $1250
Thee motor thatty are spue by wng e fous aigeal png on the DMS4IT. Below ane each Flate
S the 3l and e b, e prgose, 55 bk They e Conisd Fpe—,
These aee very fesw Kafkey eishs hscetinned with s stage of fhe test Howeves, e
Hame Parpens Sallerieg precetons shoukd be ks whes The Syilem o enstprsd.
Motor Wires (A+. A-. B, B-) | Comeratate the stepper moter
sl Sadety ghases wam
o b0 comtact erifh compenesty
PR, PWER- 24V powen wapphy for the et
MY - £ Msseriah Required
PUL+, DR Sl g e e Asthsins UNO a0 Teesay (st
DAS2T R speciiysmg prr——r Assezhly Materials
motor disection and pulses
FUL-, DIR- Sugmal prowid s Segmal Ground Block Description
Mumisais T
s ikt ik [ | oy e B i oo Uit A P8 i s T
fous DAES4ITa 1 goeallel P —— ey
Sigral Dstribstios Block Corzies 3 commen sigmal All fout g of e Fpbcear ievtiticg) by sil i TRECD T i
ground for all the DIR-20d | DIMEAT s PUL- and DR pazillel
i b e e Creats 3 unified grownd fod all the DIR; and
Aatung Una's ground pe | PUL- pm, rreminng suly oac
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Stirling Kngine
Vodel

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.




Stirling Engine Model - UPenn MEAM Curriculum

— — e Used 3-axis Prototrak Vertical Mill
e — T with CNC capabilities (toolpaths
] | generated using Mastercam)

~© . S~y e Usedhorizontal lathe for drilling,

|
[
¥
|
|
|
|

[Tl
|
|

j . —— boring and tapping operations on
TS —— cylindrical parts.
W TR - e » Assembled engine ran at ~950 rpm

Inital Sketch of Design Idea powered by butane torch lighter

- - -
TS % %S

Layer
W A
perties =¥ =@ 5% 4 =

CAD Render - Solidworks assembly of parts e m—
(designed from drawings) with working gear mates DXF drawings generated for outside vendors
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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.



MEAM 1010: Intro to Mechanical Design

Seige Machine

MEAM 2470: Mechanical Engineering Lab 1
Bridge Project

L]
L]
L]
L |
L]
L]
L
L]

VA B A A AV A AV By

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
at4.7”.

e |Implemented bowline knots + cleated loops for secure

e |nspired by spring-loaded
crossbows

e Utilized press fits for crossbow to
attach to the large structure

e Fastener t-slot joints at the
edges of the large structure

e Fastener lap joints on the
crossbow itself

e [terated on base design to

manage reaction force L
enerated by elastic rubber cable anchoring; optimized for cost.
gands e Final bridge passed test with 7.5” sag clearance (vs. 6”

minimum), validating calculations and fabrication.



MEAM 248(: Mechanical Engineering Lab 2

Launcher Project

MEAM 2480: Mechanical Engineering Lab 2
Model Rocket Project

e 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.

e Conducted 7+ experimental launches across varied angles (40—75°) and fill
volumes (100—750 mL), recording trajectory outcomes under different wind
conditions.

e Simulated two—phase flight (thrust + coasting) using ideal gas law, Antoine
equation for butane vapor pressure, and drag modeling, implemented in
Python.

e Applied OpenRocket aerodynamic modeling to determine center of pressure
(6.76”) and center of mass (5.33”) for static stability margin analysis.

e QOptimized launch parameters via brute—force grid search over angle and water
fill volume; trade off accuracy vs. robustness for demo day.

e Designed and manufactured adjustable slingshot-style launcher
in SolidWorks; tunable angle (0—40°) and variable pullback
energy.

e |teratively improved design (track extension, kicker mechanism,
structural backplate) to reduce friction and stabilize launches.

e Built Python model of projectile motion with drag; optimized
launch angle and energy via numerical simulation.

o (Calibrated model with experimental testing; derived correction
multipliers for angle (0.66) and pullback (2.65).

e \/alidated energy transfer with onboard acceleration sensors;
achieved >5 m launch distance.



