Carnegie Mellon University
Mechanical Engineering

Engineering Design I: Skills and Methods
24-370 Project 2

Final Report
Jackson Wood [jacksonw]
Shawn Krishnan [shawnakk]
Junhan Chen [junhanch]

December 9th, 2022



Table of Contents

N 10181100 F: 1y 3
Early Ideation..........c.ooiiiiiii e 4
Developed Ideation...........o.uiiiiiiii e 5
SHIESS ANALYSIS. .. u ettt e 6
Prototype in CAD ..o 7
Testing with FEA ... ..o e, 10
Manufacturing and Drawing.............ooiiiiiiiiiii i 13
Continuous ImMprovement. ..........oouuiiiiiiiii i e, 15
BUA@et. .. i 16
Authors Editors

Summary: Shawn

Early Ideation Shawn

Developed Ideation Author: Junhan
Stress Analysis Author: Junhan
Prototype in CAD: Jackson

Testing with FEA: Jackson
Manufacturing and Drawing: Jackson
Continuous Improvement: Junhan

Budget: Junhan

Summary: Shawn

Early Ideation Shawn

Developed Ideation Author: Junhan
Stress Analysis Author: Junhan
Prototype in CAD: Jackson

Testing with FEA: Jackson
Manufacturing and Drawing: Jackson
Continuous Improvement: Junhan

Budget: Junhan




Summary

Our product is an arm attachment to aid in reducing the stress required to turn a vise grip.
After conducting a AAPD preliminary survey on patients that suffered from wrist tendonitis as
well as mild-cerebral palsy we were able to gain insight on mechanical devices that could be
used to aid them in their work. The survey showed us that patients found a lot of difficulty using
equipment that places large forces and torques on their wrist and would prefer for the stresses to
be placed elsewhere. We conducted further research and found that the patients would be
comfortable with those stresses being placed on their forearm from their wrist. meets the
demands of our customers and will be a helpful addition to their daily work.

Our target population specified that the most important aspect of the design would be to
reduce pain on the wrist as well as completing the task in a reasonable amount of time. Our final
design dramatically reduces the force output on the wrist and in addition is faster than the
human-time spent tightening a vice. The gear box is also an integral part of our design as it is
what allows us to meet the required torque output for the task of tightening the vice-grip. Finally,
the light weight of the device ensures that the product is comfortable to use and does not add
extra unnecessary stress on the user.



Our product is engineered to reduce the stress on your wrist when completing the task of
tightening a vise grip. By integrating a high-torque motor to a wearable brace we are able to
reduce both the pain, and time it takes for tendonitis and cerebral palsy users to tighten a vise.

The Arm Attachable Vise Assistant uses a gearbox to maximize the torque output of a
motor that helps turn a vise by spinning a specially designed handle that users can wear and
activate with ease. Our device also has a high factor of safety and is very unlikely to fail in any
mode of failure.

The USD Price of our product would be $300



Early Ideation

Our two earliest ideas consisted of different ways to mount the motor onto a body part
that would be unlikely to be affected by tendonitis, and especially away from the wrist. The idea
of connecting the motor horizontally to the forearm, as well as the two-prong clip were the most
impactful changes included in our product because they drastically improved functionality. We
also plan to include a harness, and 3D-Printed brace to house the motor and electronic

components which will also make useability improve for the user. In terms of our mathematical
requirements we used the thought-experiment of requiring the motor to output a torque of 40 1bs
at a distance of 6 inches away which would result in a required output torque of at least 30 N-m
while having a minimum speed of 6 rpm. Ensuring that our product would be relatively light,
comfortable to use, and efficient would be the 3 most important aspects of our design.



Developed Ideation

a. In our early ideation stage, we debated between whether or not we wanted the turning
device attached to the arm. An attachable arm device ensures ease of portability and
allows for better interfacing with the user. However, someone with tendonitis may not be
able to support the weight of it if it becomes too heavy. After extensive research into
different motors, batteries, and control boards, we concluded that we can create a
well-functioning device that’s under 2 pounds. Thus, we settled on an arm attachment for
our vise turning device. We also performed some testing on vises in order to determine
just how much torque we needed from our motor. We made initial assumptions that we
would need 30 N-m in order to fully tighten the vise. This became a topic of concern due
to a lot of the motors we found either not satisfying this torque requirement or not being
cost and weight viable. However, while performing a few tests with a 40 Ib weight, we
found that a vise can be tightened reasonably well with a torque of just 40 1b-in which is
only about 4.5 N-m. Our chosen motor has a max torque output of approximately 46 1b-in
at 27 RPM. We theoretically could choose a higher torque motor with a lower RPM, but
quality of use is also important to use, and we wouldn’t want someone using our product
to have to wait a long time for a vise to turn and unturn.
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Stress Analysis

We are most concerned with the teeth on the disk snapping off when pushing against the
handle. Thus, we calculated the factor of safety for shear and bending. We assumed that the force
acts on a single point that is about half the diameter of the handle and that the teeth are
rectangular rods fixed at one end.
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Power starts from our lipo battery mounted to the lid of the box. The battery plugs into a connector on our
speed controller board. The speed controller board also has a potentiometer and switch for controlling
speed and direction of the motor. The speed controller outputs power to the motor causing the claw to
turn. The fingers of the claw push against the handle of the vice causing the vice to close. The whole
assembly is strapped to the user's arm through slits in the box. The straps resist the moment from the
turning motor and keep the whole assembly stationary.
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Testing with FEA

Our design involves the transfer of torque from our motor to the vice handle. Because the motor
and vice will be collinear and our claw is symmetric around the central axis. we are equally susceptible to
failure in all orientations.

For our FEA we chose a position where the vice handle is nearly vertical and applied our max
stall torque to the center of the claw while keeping two of the claw fingers fixed. This produced a max
stress of 5.184 KSI which is FOS of about 14.4. This value is very similar to FOS =15.03 which we found
from hand calculations. Both FEA and hand calculations show that bending stress will be the greatest
failure point for the part. In addition, FEA shows the stress concentrations around the motor axel that we
could not observe from the hand calculations. Overall we trust the FEA to give us a better overall
understanding of the stress concentrations and failure locations of the part.

von Mises (ksi)
5.184e+00
._ 4.666e+00
_ 4.147e+00
. 3.629e+00
- 3.110e+00
_ 2.592e+00
_ 2.074e+00
_ 1.555e+00
1.037e+00
5.184e-01

9.513e-06
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We also chose to inspect the stress at the mounting points for the motor. Using simple hand
calculations we found the forces at each bolt hole. We then fixed the slots where the arm straps will be fed
through and ran the FEA. We found a max stress of 3.126 which is a FOS of 2.5. This simulation was
conducted under the worst conditions including weak 3d print quality and max motor torque.

von Mises (ksi)

3.126e+01

_ 2.813e+01
_ 2.501e+01
_ 2.188e+01
- 1.875e+01
- 1.563e+01
- 1.250e+01
~ 9.377e+00

_ 6.251e+00

I 3.126e+00
4.824e-12




Manufacturing and Drawing
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a. The 3 components of our subsystem to be considered are the motor, the motor box, and

the turning appendage (disk with teeth).

Since we are buying the motor, we don’t have to consider the material that we make it out
of. For the motor box and turning appendage, we want to have it fabricated out of ABS
plastic. It is cost-effective, lightweight, and meets our strength requirements as
determined by our FEA and hand calculations.

Again as stated before, the motor is bought and doesn’t need to be manufactured. As for
the remaining 2 components, we want them to be manufactured through injection
molding. We chose this process due to its compatibility with plastic and low cost per part.
From the calculations done below along with the table found online, each motor box
comes out to $3.87 and each claw is $3.65. If we were to sell 10000 units in one year, the
total manufacturing cost comes out to $75200. However, it is worth noting that with
higher volume productions, the price per part will be cheaper.

Production volume

Method

Mold

Lead time to final parts

Equipment required

Mold cost

Material cost

Labor costs or outsourcing
cost

Total production cost

Cost per part

LOW-VOLUME PRODUCTION

100

In house mold production and in
house molding

3D printed polymer

1-3 days

3D printer, desktop injection

molding machine*

$100

$0.5 / part

$2.5/ part

$400

$4
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Component | Material Manufacturing | Units per | Cost per | Units per Cost per
Method assembly | assembly | year year
Motor N/A N/A 1 $78 10000 780000
Motor Box | ABS Injection 1 $3.87 10000 38700
plastic Molding
Turning ABS Injection 1 $3.65 10000 36500
Appendage | plastic Molding
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1 board Motor Speed Control 1
12v 27rpm, Cast aluminum gearbox
2 motor e 1
Turns vice handle, ABS plastic,
3 claw Injection Molded !
Electronics box main body, ABS
4 boxBase plastic, Injection Molded !
5 battery 850mah 3s LiPo 1
Electronics Box Lid, ABS plastic,
) boxTop Injection Molded [
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e. We estimate the overall sales price to be about $294. The calculations done are below.
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Continuous Improvement

Overall, our group really enjoyed this project. We believe that it was an improvement
over project 1 as each deliverable and their due dates were made clear. There was also a good
balance between how open-ended our product could be and what was expected in terms of
quality and complexity. Allowing us to work in class was very helpful as it provided us
opportunities to get early feedback and advice on getting started. Having check-in and the Oth
report deliverables also helped us stay on track and ensured we were meeting expectations.
Overall, we believe most of this project can be kept in its current form.

The only minor adjustment we would suggest is to extend the amount of time spent on
this project. We felt a larger portion of the course was dedicated to project 1 yet project 2 is more
reflective of what the goals of this course is as a whole.
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Budget

Vendor Description Link quantity | Unit price | Shipping | Subtotal

Amazon BringSmart 12V | motor 1 29.99 0 29.99
27 rpm motor

Amazon BringSmart board 1 13.39 0 13.39
Motor Control
Board

Amazon Tatu 850 mAh Battery |1 15.71 0 15.71
Battery

Amazon Lipo Battery Charger |1 11.99 0 11.99
Charger

CMU BoxBase 3d Print 1 86.8 0 86.8

CMU BoxTop 3d Print 1 37.2 0 37.2

CMU Claw 3d Print 1 29.72 0 29.72

Total = $224.8

e 3d Printed parts original cost specified based on Xometery at about 40% the cost of CMU
3d printers.


https://www.amazon.com/BRINGSMART-A58SW31ZY-Self-locking-Reversed-Rotating/dp/B072V66C51/ref=sr_1_2_sspa?keywords=high%2Btorque%2Bdc%2Bmotor&qid=1669049410&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/BRINGSMART-A58SW31ZY-Self-locking-Reversed-Rotating/dp/B07BWBQXLF/ref=sr_1_2_sspa?keywords=high%2Btorque%2Bdc%2Bmotor&qid=1669049410&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/dp/B074MG6YGS/ref=pe_386300_440135490_TE_item
https://www.amazon.com/Blomiky-Charger-Airplane-Airsoft-Battery/dp/B082YZ2WRT/ref=pd_lpo_1?pd_rd_w=0QT0A&content-id=amzn1.sym.116f529c-aa4d-4763-b2b6-4d614ec7dc00&pf_rd_p=116f529c-aa4d-4763-b2b6-4d614ec7dc00&pf_rd_r=WQB2KF5930C6VPS5NZ32&pd_rd_wg=wdB1s&pd_rd_r=3d864847-7554-46b4-a692-99a420979dba&pd_rd_i=B082YZ2WRT&psc=1

References:

Figure 1:
- https://formlabs.com/blog/injection-molding-cost/

Figure 2:
- https://rexplastics.com/plastic-injection-molding/the-cost-of-injection-molding-materials

- https://omnexus.specialchem.com/polymer-properties/properties/density
- https://www.istockphoto.com/vector/vise-hand-tool-em503752648-82740465
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