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NoDiggity V2

Overall goal was to dig a 30m long horizontal tunnel of 0.om 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).
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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) 0.51143¢2
T3 (Back) 0.389970103
TS5 (Opening Shear) 0.13847143
Té (Agitating torgue) 0.2662796

Total Torque 2.476067639

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

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

Mounting Plate:

Estimated Output Torque: 4780 Nm
MNorminal Output Speed: 8.1-11.9 rpm
Mass: 221 kg

Effective reduction ratio: 142.56-209.44
Gearmotor configured for expected axial/thrust loads

from manufacturer.

Assuming AIS| 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.

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.

Improved design:
Overall structural
analysis shown for
various failure

}- modes.

Custom machined keyway
two-piece coupling (Stafford)
316 Stainless Steel

(for corrosion protection)

6 screws on each side
Holding Torque: 3723 Nm

Added: lifting

B e points, alignment

Initial Design - Started off <~ Outer shell peice to achieve

with main physics Shell Separation concentrictiy and
requirement of torque better torque

needed. Accordingly, ey N g ot s o transfer, switched

sourced sized a gearmotor

+ custom coupling system

that fits into CAD modeled
outer structure.

gearmotor

out gearmotor
based on updated
assumptions.
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2700
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0.00635
0.000006274
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108311612.5

265748.0
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36554.85T4
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4305369067
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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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Digaity Yperioop Assembly and Machining Plans generated:

Test Plans were skipped due to lack of funding
early enough into our process.
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= R — . Parts that should be compileted and obtained by this point: Back Plate, 3 periodic
This and othes “assembly plan” documents. Cover any overall assembly that invoives more than 4. On the cutterhead side, place the thinner ring in and weld 1o muck chamber plates sl e ohoton; 4 heurich sl bt Gk pleds a4 il shwben o k0 bk

‘-j 3 6. Screwjack must be sided into the back plate hole using a gantry crane and aligned with
one component. Indiidual components will e covered In machining plans I’ J Wi ing & gantry gy
d Maybe to the inside of the outer pipe too. plate. The appropriate screwjack and molor must alss be purchased the bt holes for the base of the serewgack, and then be bolied into place. (likely need
o ‘some sort of stoolable for the mator 1o rest an. Might nat be 3 huga lssue but could help
2. The launch railing will first be assembled by aligning 2 launch railing bars and welding with keeping it in place.)
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e T UL QTS | Plates wekied hogeiher and I taunch raiing bars. 7. Thrust Plate must be heid (can likely be held by 2 pecple) and algned 1o the top plate
back £ Cut part + long Steel Stes also wekded 1o chamber and going i e plate hoke ket s i orelack o thar b e inko o
- 3 + two nozzk: attached and pipe put thcugh the tee holes), &l cther parts that go in tbm == ’ ;
- = " - n = . = L - = NOTE: TGP & BOTTOM HOLE LOCATIONS 3. The launch railing bars should then be weided to the periodic support plates. The first
ARE SYMMETRIC: 2. Take back-guter struchure pipe, weld melor mounting plate in appropriate location plate can be piaced flat on te ground and the Lunch railing bars placed vertically in the
{pictured 13 efl). Fiip SUCre 5uCh Tt plate 5 af e botiom verbcally {pictured o slats, stabilzed and then wekded. Then, the stnucture is tumed in the comect arentation
LEET AND BIGHT ARE ALSO SYMMETRIC ). FRACE B hws workbenches, Kwer moliss Lrsieg Gantry rans in with boits {35 58an below), after which each additional plate Is slid along the launch rading bars to
i N . hanging from the: molor flange holes. Riotate by hand until boits align and go thugh the the appropriate location and held in place, and then welded. This creates the launch il
plat, doubile nut on the kower Side of the plate stucture.
P = 5. Put cougler onto motor shat loosely. Bring front secton in, align the muck line and pass
S 08 = PROECT the ges line through the moter mounting plate holes, do not fully push the struchures inte
r H H = #ach othar (see image below. It missing the muck ine only). Come in with the sxended
No Dlgglty Penn H ype rlcop shaft from inside the muck chamber untl shaft goes fully into coupler. Tighten coupler,
TME push the two sections all the way togather, duct tape it
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CRAWN  Mehel Vemarly 127307024 | SCALE 156 [wei [seEET 101 back piate, holding them flush against 3 flat surtace and weking along the joints.
5 . Distances Hofm the comer pieces can be measured and held in place while welding
{lateral position AcCUracy is not exactly required since they just need to go under the
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7. Done.
i 8. Disassembly invalves taking cutterhead off, sliding the front structure off slightly, undo
r coupser, take extended shaft off. skde front struchare off fully, take nut aff of matar
mounting plate, fig back structure vertically and pull molor out.
/,? T\\ For all of abave, we are yel to consider feasibilty of Efting and otating and pushing sections of 5. The back plate structure must then be welded 1o the launch raling structire, (not sure
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—T R sort of MOF jig7)
L [ 3 3 . . . | 7 | . Propl Launch Structure
1 &
= . =
—_1 "
L Maenal a36 Sesl
Pan Veght ~ 1ig
Mote: Al thmusgh hol
# T H H 1 H H
5 H ., H H
- i ' ' g @ i o = e
U 1 HE [ w| | .
i i i V = i
1 i - e 1 ! H
L 7 Suss _l
4 6250 10 14501
L 2875 mn
s iy 7
\ 4 /
A
s ; / 32 °
g o 5
g &
| 16un |
t '
- | — — i
Adeooarder Misie 120117024
g —
Materal 236 Sloel
Part Weight - 10k (mr —
Nede: AN inrough Quter Cutter d
hokes use @ on be 002
1n
T T 3 ¥ T 0 T 7 T T

Drawings - Large plates plates
were sent out for waterjet/ laser
e -remnewes GNC CUTLING. RESt Were machined
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Motor Mounting Plate

Bl 5 In—house.
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[ Section | 3 Launch SEtUQ poection | 2} Ready to mine?: No

Excavation Systems - NoDiggity V2 - Penn Hyperloop Site Layout o Retrieval Plans [ttt incl Points of il

:1] est Risks Both parts are made ronger 434(

professionally TIG- with appropriate 4340 wire.

I

ws

@ Retrieval pit is dug for our
s e max possible dig length of 11
meters. Once tbm surfaces, all
pipes/wires will be
disconnected, removable eye
war| e Lt bolts will be screwed into the
top and lifted cut.

1. Recyuir

aExcavator + op ' ||‘.—|::up;1.:g to dig ® In the event of machine ] 5 -] : 2
pit [*nr=;' ax '_blx !.,-].mn r.'\m,.'.'..'lu.ad!d failure before finishing dig, L Done at comp to minimize cutter damage.
it t 1i i & A% Bite - il " i - a = = .
:p::r,m pomR e s excavator will be required to 2 a5 Sl M SR : 2. Mount motor into TBM structure
t jincks for team to move pallets. dig to the depth of tunnel Will be done on Monday, Tuesday latest
e.Senerator |1Iaf.(-:lnr.-r. to pit crown, team will dig around - - SR ) unt i arhig: nto TEM
jeHacuimd fromTET o Wecnesdou Tivirscay the pit to reveal full TEM for to Molorineuntin : structure weld f; : Will be done on Monday, Tuesday latest
-parat lifting. ) T ) . Spin Test:
b gt 10 e dug 10 meters from o Will be done once TBM is assembied and high power
o P start point, Same dimensions as start pit approved

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




