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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).
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Ball Screw——__

oncrete support blockﬁ\,\ /,,»—Fixed Ball nut

Designed force reaction and torque reaction into the
structure

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

1/2" Steel Plate—

Learnt and performed weld shear calculations for key joints \—4ft. LBeam
Conducted bolt shear analysis at fastened joints Propulsion Method: SFU1605 Ball Screw Linear Actuator
 Maximum Thrust Force: >1600 Ibf

Identified and sourced metal from local vendors at discount " Motor Type: NEMA23 DC Stepper Motors

rates and <1week lead times.  Torque Reaction Method: Slotting into I-Beam Webs and Ground
Screws

Attempted force teSting to characterize ball screw . Thrust Reaction Method: Four Concrete Bunker Blocks on 2” thick
steel plates

movement as an actuator (with help of controls team)

PROPULSION
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Runtime: 9m 24s

0.0065233 Max
0.0057985
0.0050737
Phase A: Structure Testing 0.0043489
Objectiv 0.0036241
a e
To assembie the propulsion stands in their entirety. Thas will mvolve welding and dnilling 0002699
vancus ocdered comp and also certam at nextfab, The 0.0021744
structure must be able to be assembled when requared and immediately connected to an 0.001449
and flrther tes
appeopente test setup and motor testing 0.0007241
b. Safety

n

I-Beams ase heavy, keep them on stable surfaces and not slanted surfaces.
General castion 10 be exercised when using heavy machmery at Nextfab.
No safety concerns when assembling parts with fasteners

. Materials Required

Al required components to be ordered for the structure with quantity and sizeng where
applicable have been detailed in the propulsion BOM (below).

Nextfab equipment is required 10:

Bend steel plates - Metal Stock Bender

Drill boles imto the [-beam, Stee! plates - Drll Press

TIG-weld vanous components (described below) - TIG Welder

Bandsaw to cut threaded rod

Cut steel sheet mto ring - CNC Mall

Tapping mto steel sheet - Tap

All other assembly steps aze to be done by hand/ using basic tools avaslable ia-bouse

O

d. Steps

1. Steel Plates (2.75" x 3" plates) for Clip angles 10 be bent using the Metal Stock
Bender at Nextfab across its length by 90 degrees (two sections of 2.75" x 1.5

4. Drill 6 MS holes in each Main I-Beam using a deill press. Drawing below for
position of boles.

7. Weld all tie-down rmgs to the I-Beams as shown below. Position: centered from
both sides, flush to the top of the [-Beam.

8. Cut threaded rods to 16 6™ paeces.

9. Use the ONC Mill to cut mio the aluminum sheet to make a ring of outer duameter
20" and inner diameter 10”

10.Tap 4 sets of 4 M4 holes 17 deep mto 4 symmetrical edges of the sheet to moun
the motoes. Each set of 4 boles need to be exactly 47.14 mm apart from each other
in 2 square orientaticn.

each

2. Remaming Steel Plates to be used as Connection Plates have M8 boles drilled ca
all 4 comers using Dl Press at Nextfab. Position: Center to be 0.8 away from
two edges at every comer

3. 3 M8 Holes drilled mto cne side of each Clip Angle using Drill Press at Nextfab.
Position: drawing below.

5. Weld every connection plate to the edge of the flat side of both sides of the 4
Side I-Beams. Rishu will weld at NextFab

6. Weld 4 comnection plates to the other side of every side I- Beam. Connection
plate to be centered. [lhustrated below for reference.

3. Run the motors at the various RPMs as described in the Independent Variable AST2.50
section above. Note down observed force values ard Steel 1
) B1477,
Custom Size - 6
inches
[ ] [ ]
Bill of (Assembly) Materials: Tension Cable 304 Stainle: $34 1 (4 included) $34 [r—
Wire Cat
Electronics
Fasteners MS Bolt $13.74 40 (2 packs of 27.
- — T le 25)
Category Name Unit Cost Quantity Total Cost Lead Time
T T T Fastener Nut MS Nut $9.67 40 (1 pack of $9.67 L apm L
o S . : - . = ensu re Vla I It 0 Structu re a n aSSOCIate
in
[ T T T Fastener Nut MS Larger Nut S11.58 40(1 pack of 50) $11.58 [
Motor drivers DMS42T $28 1 $28 <1 week
r T 1 1 Pikes + Rope Ground Anchor 528 1(4 sets $28
’ Ball Screw + SFU 1605 $75 4 $300 ~1 week with Rope of fnoladed)
1 1 1 A: Static Structural
’ Coupler 10mm to § mm $3.6 4 S14.4 2 weeks Sheet Metal for Clip | 0.25" Carbon Steel $9.78 8 $78.24 Equivalent Stress
T T T Angles Plate A36 Hot - ) M
Power ; s18 1 s18 <1 week Rl e Ty‘?e. Equivalent (von-Mises) Stress
Distribution xk 6'x6" Unit: Pa
Power 525 1 25 <1 week - - -
Sheet Metal for 025" Carbon Steel $3.07 8 $24.56 gaa . ,
Distribution | | | Coanection Plates Plate A36 Hot Runtime: 9m 24s
TOTAL $489.4 Rolled ousiom st2s
COST Zir 3.0551e8 Max
Clip Angle 2.7156e8
Structy Manufactured in Nextfab Machine Shop by Rishu - Minimal Cost
o i 2.3762¢8
Connection Plate 3
= = T 2.0367¢
Category Name Unit Cost | Quantity Total Cost Tie-downs $12.56 12 $150.72 1.6573¢8
Main I-Be S6x1251b 4
in I-Beam Sexlask sitase 306 1.35788
- - = = Threaded Rod $16.46 3 1m long rods $49.38
13 m:&:{mxwxmuﬁmmmu. Attach the motox 10 the coupler to (16 sets to be cut 1.0184¢8
the bottoes of each ball screw Aftach motoes 10 the tipped boles usmng the 1 1 out)
Breaded rods 3o MA mats 6.7691e7
Beam BI612S, Nut $3.81 1 pack of 100 $3.81 330457
¢ Independent Variables Castom size - 475 | = AEF
Phase B: Out of Box Testing e e [ [ | | Nut $7.14 2 packs of 50 $14.28 Min
a. Test Objective KN SV Suuchy SCIN B S Side I-Beam $4x7.71b(4.00 $18.09 4 $7236 Thrust Ring* $1250 1 $1250
High level obyectrves are 1o establish the fanctionality of the Tk.ﬂm"m-evnhm&wuﬂvmmhm"‘ff Below are exch — a2 2000 ‘
(k) NEMAS il o€ the gl and power lines, Bex pupote nd bow Bey xre connecied
(x4) DMS42T metor drivers - - There are very few safety risks associated with this stage of e test However, the -
Power dusributica bock Name Purpose Ceanection Sollowng precasticas shoubd be tikes when e system 1 enerpared
Stgnal growsd block =
Soamy defective products can be idestified and retarned ASAP Ao B | CHRES B BRPEU R | o M [repr—
No hands-oa contact with componcsts
The foliowing specific obgectsies et be met PWR+, PWR 24V power supply for the Power Dstnbeios Block
The DMS42T drrvers must send accurate and unaform comemtation ugmals 0 the DMs2T termmals £ Maseriaks Required
NEMALS motors while not exceeding 40 degrees celsass (mavximum allowable UL+ DIRe Sigpal by plas o 0 Astieins UNO e Tecasy (st
valee 28 specified m e dxtahect) DMSA2T foe specifymng macrocoatroller) Assesshly Mageruls
The motor shafts must sotate and change drection Without the motor bodses motor deecticn and pulies
exceedng 130 degrees celias (macmum allowable vabie as specified :n the r 1
s iy PUL-, DIR: Signal grosnd pins Sagnal Geousd Block [ Name Description |
The wires conmected 10 e distridution blocks must be safficiently rigad such that Sermmals NEMA Motors (x4 Stepper motoes

they will nct lose costact durng operaton

Since dig tisme is ~10 mimutes, 2 30 misute test for driver aad metor fusctiosality should
sulfice. To complete the specified objective, this test inchade
Accelenation
Deceleraten
Direction changing

b Outcomes / Dependent Variable

‘ariable adue Comstraints
.

NEMA2) temperatire (C)

130C max }\lnm allowable valse as specified

DMSAT temperature (C) | 40C max

Maxsues allowable vadse 2s specified m

Power Dustribution Block

Signal Distribstios Block

The AccelSrepper lbeary will be used foe proprammisg The sequence of commnds thut
will be sent 80 the NEMA 23's for festing can be found & part (g)

4. Data Gathering

Supplies 2V for the four
DMS42Ts

Creates a common sigaal
prownd for all the DIR- 04
PUL- pins

Usstream 24V Full Bestge
Recuifies sapplies 24V 10 e
four DMSA2Ts i paealle]

Al four pasies of e
DMS42T"s PUL- and DIR:
s are conected to the
Asdsino Uno's ground pia

M4 Stepper drivers that coatrol the NEMA 235
Dsmridestes the 24V supply powes (foe

epemeasn rectifier) 1o all the DMS42Ts in
paallel

PUL- piss, requiring caly cse ground pia
wied on the Ardumo

222" MDF board For mousting the DMSA2Ts, Power

Disribution Block, 2nd Segeal Grousd block

3 Seoen screws Mounts the DMS42T, Power Distnibetion
Bilock, and Signal Geound block 1o MDF
board

9 AWG copper wire Coemects 24V sugply 10 the Power

Dusmritutscn Block sspply termanal

3l Grosnd Bleck Creates 2 unsfied ground for all the DIR- and




