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Main Report



2. Summary

Description:
a V-shaped bracket angled at approximately 45 degrees. The arm widths on the bracket were
minimized to circumnavigate the forbidden zone allowing for greater vertical loading.

Reasoning:

The main reason for my design was to limit stresses due to bending and to create as much axial
stress as possible. As a former student of Professor Steif’s class of Stress Analysis, I've come
to recognize axial stress as the best possible stress. My design as a result is meant to
circumnavigate the geometric restrictions (i.e forbidden zone) while also producing uniformly
axial stress across the bracket.

Part Estimations:

Mass: Density * Volume = (1.19*1,000)*.147 * 10® m3®= 1.75 grams

Factor of Safety: 4.5-5

Failure Load: 120

Prediction of Failure Mode: Bending failure at fillet intersection of bracket arm and peg hole.



3. Simple Models, Free Body Diagrams, and Simple Failure Analysis

(See Next Page)
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Excel sheet of different geometry values calculated:

A B C D E
1 |8 (degrees) t{thickness ofarm) D (vertical distance from bottom edge to peg hole center) Avoidance
2 30 0.105932203 0.124752681 0.324753
& 35 0.09234358 0.200799086 0.400799
4 40 0.082400626 0.292447265 0.492447
S 45 0.074905379 0.402966102 0.602966
4] 50 0.069142335 0.538259031 0.738259
7 55 0.064659671 0.708198269 0.908198
8 60 0.061159986 0.929618099 1.129618
g
10
11
12
13
14
15
16

17



4. Detailed Modeling and Analysis of Final Design

Top:

von Mises [psi]
3.52de+03
3.231e+03
2.937e+03
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9.300e-05

3.937e-32



4. Detailed Modeling and Analysis of Final Design (Con.)

My original design included a bracket with a 30 degree angle off the horizontal. Although
it worked, in my FEA analysis | saw signs of bending stresses along the arms which | could not
easily model in my simplified analysis. So in my new and final design, | wanted to increase the
angle with the horizontal as much as possible to reduce bending stresses and increase axial
stresses. | developed a formula which | derived in 3d which calculates the most optimized
geometric variables for a given angle and F.0.S. | have also included an excel spreadsheet of
optimized geometric calculations for angles between 30 and 60 degrees. | was only able to run
FEA analysis on 3 angles, 30, 37, and 45 degrees.

When | ran my FEA analysis, the assumptions | made in my simplified analysis proved to
be tremendously accurate in predicting stresses. By assuming the angle of the bracket was
great enough that axial stresses were greater than bending stress (so | could model my bracket
as 2 pinned two-force members), | was able to accurately predict actual stresses. This is evident
by my F.0.S which | designed to be 5 and based on my FEA results was actually around 4.5
which is fairly close!

In reality, the angle | chose could have risen up to 60 degrees but as you’ll see in my
excel calculations, as the angle increases, the geometric parameters start to exponentially
increase creating a design that can no longer be modeled as a 2 force member and for mass
purposes is not feasible.



5. Manufacturing Report

Notes:
File attached is a pdf file.
Laser cutting Settings:

- Laser Printer: Epilog Mini #1:
- Speed: 10%

- Power: 90%

- Frequency: 5000 hz

Part contains numerous fillets of diameter 0.1in around center so maximum power should be
100.



6. (Supporting Notes)

(See Next Page)
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