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Chosen Solution
For this project, the chosen solution is to reverse engineer the device received, shown as Figure 1, which happens to be different from the patent, while considering areas of improvement. 
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Figure 1: Handheld Egg Cracker Ordered from Amazon

Currently the device only meets a few of the design requirements shown in Table 1. It can crack a chicken egg and is accessible for most people. It is undetermined if the current device is safe for food use, but it is reasonable to assume so considering the marketing.

Table 1: Design Criteria for Final Prototype
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The device was not listed as dishwasher safe and is unable to crack other types of eggs, so these are areas for improvement. By reverse engineering a device that already meets some of the requirements, the focus can be on the remaining criteria and making the prototype as efficient as possible.

Engineering Design
Different forces must be considered when examining the effectiveness of the design. The forces and distance values are represented in Figure 1. The force to press up on the handle (Fin) will be considered in calculations to determine the other unknowns. The spring constants for the compression spring (kc) and the extension spring (ke) are known as well as the distance the compression spring (xc) and extension spring (xe) can stretch. Hooke’s Law can then be used to find the forces of the compression spring (Fc) and extension spring (Fe) (Giuliodori 2009). 
.
F=kx 
Equation 1: Hooke’s Law
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Figure 2: Force Diagram for Egg Separator

Using the moment equation at the fulcrum, the force applied to the egg (Fout) from the bottom handle will be calculated. Using this force, the force of the egg on the center piece (Fcenter) can be calculated. Figure 2 shows the force diagram as the egg separates. Fcenter can be calculated by using the angle (θ) between the x-axis and the Fout, as well as the distance between the fulcrum and endpoint (s) as well as the distance between the fulcrum and spring (y). Now, the separating force (Fsep) can be first found by dividing Fcenter by two and taking the angle into account when it cracks.

M=Fd
Equation 2: Moment Equation
With this separating force, a simulation can be made and the effectiveness can be determined. If the force is not effective, the design can be evaluated, and the force can be reevaluated based on the new design. The final separating force and initial force will be used in the final report to assess the success or failure of the final design.

The spring constants must be determined using the spring itself and these calculations can be found in Table 2 and Table 3. This was completed for both the compression and tension springs. The compression and tension spring constant can be found with Equation 3 (Budynas).

Equation 3: Compression and Tension k Constant

Table 2: Compression Spring Calculations
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Table 3: Tension Spring Calculations
[image: ]
Tables 2 and 3 show the calculations for the spring constants for the compression and tension spring. The values are based off of the springs from the original design. This information is necessary to find the force applied to the handle in order to break the eggshell. Also, the information can be used to determine the necessary parts to order for the design.
Design
The design being built is based on the device displayed in Figure 1. Once received, this was completely disassembled, and each individual part was measured thoroughly. Figure 2 shows this step. This was done so that each component could be built in SolidWorks.
[image: ] [image: ]
Figure 3: Disassembled Device and Sample Measurements

Once measured, different teammates took home different pieces to create individual CAD model. These components have now been compiled into an assembly shown as Figure 3. The mates to allow the assembly to move and function properly are currently in progress and the FEA and stress analysis will be completed as soon as the final assembly is finished.
[image: ]
Figure 4: SolidWorks Prototype Assembly

The individual pieces have all been sent to the 3D printer and are in the process of being printed. The current printed pieces are shown below as Figure 4. 
[image: ]
Figure 5: Individual 3D Printed Pieces
These components will be assembled in the following week to create the first iteration of the prototype. Once this iteration is complete, it will be evaluated for areas of improvement such as ill-fitting joints and print errors. These changes will then be made to the CAD models and reprinted.
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Priority Requirement Metric Target Value, Justification
Range, or pass
fail
Non- Crack a chicken Force Over 10 lbs Client
negotiable egg produced Satisfaction
(Sutantoetal.,,
2025)
Non- Safe for food use FDA Pass/Fail Safety
Negotiable approved ABS Filament: | (National
Adwire PROis | Sanitation
FDA approved | Foundation)
Non- Accessible for Requires the | Pass/Fail Client
negotiable most people. same Satisfaction
movements
asthe
original
Negotiable Safe in hot FDA Pass/Fail Safety
water/Dishwasher | approved (Formlabs, n.d.)
safe
Negotiable Environmentally EZCracker Prototype Sustainability
friendly Plastic Plastic Volume
Volume=~7|< 7in"3
in"3 Plastic Weight
Weight =~ <4-50z
10 oz (of just
plastic ~
4.19 0z
based on
density of
ABS plastic)
Negotiable Crack alltypes of | Size Adjustable Client
eggs from 1.62into | Satisfaction

1.86in
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Compression Spring

X 0.20000 in

K | 27.5873 Wffin
N_c (closed) 2

N_t 7

d 0.0320 in

D 0.2012 in

G (music wire) 12000000 psi
N-A 5

preload force  5.5174601
A 0.031794
k/A 867.68756 psi
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Tension Spring

X 0.25400 in

K 118.77988 bf/in
N_c (closed) 2

Nt 7

d 0.0330 in

D 0.23730 in

G (music wire) 11850000 psi
N-A 5




