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• Partnered with Zachary Lerner
• -Partnered with NAU Biomechatronics
• -Develop Ankle Exoskeleton
• -Focus on structure of system (not motor)
• -Aid in walking motion
• -Commonly going to be used for Cerebral Palsy
• -previous trial “did not observe a significant group-level 

benefit relative to walking without the device. However, 
[they] did observe a marked benefit for [their] more 
impaired participants”[1]

• We intend to reiterate parts of their design (bracket, 
chain to cable, pulley)

Project Description 
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• Black Box Model

Functional Decomposition

Avila, 2



• Functional Model, Red Box is Team's Focus

Functional Decomposition
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Concept Generation 
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• F=388N (From 
force calculation 
on Slide 7)

• Fx = 
388Ncos(45)
• 274.357N

• Fy = 388Nsin(45)
• 274.357N

• The bracket with 
the highest 
surface area on 
the tube will better 
disperse the force

Engineering Calculations
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• Assuming a 45º 
of from the 
cable pulling 
downward on 
the bracket

• There will be a 
positive 
moment on the 
attachment 
point



• Calculating Shearing force at attachment point to bracket

• F=Torque/ Radius
• Torque= 3.5 NM
• Radius of gear= .009M
• F= 388 N  Acting Upwards on the connection

Engineering Calculations
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Using a Bolt/Rivet or epoxy

• Fy=388sin(45)=274 N
• factory of safety= 2
• Using trial and error
• Bolt d=9 mm
• Shearing  force of bolt= 

8.61 N/mm^2
• Ultimate allowable stress of 

aluminum is 155 N/mm^2
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• Epoxy Shear strength  = 6.89-
137 MPa



Cable Tension
• Given:T1= 25 Nm
• Define module for 

radius
• F1=T/1R1
• T2=F1*R2
• T3=T2
• F2=T3/R3
• T(ankle)=F2*R4
• 83.4Nm>80.6Nm
• 70 kg patient
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• Circular cross sections are stronger than square cross sections 
because they evenly distribute force and are also lighter

Ideal Cross Section

• Tubing has a 
larger moment 
of inertia than 
solid shafts, so 
it requires 
more torque to 
produce the 
same angle of 
twist
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Concept Evaluation: Pugh Chart
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Decision Matrix

• Design 1
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CAD Model
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Schedule
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Schedule
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• The team is currently behind 
schedule



• Current Budget is 4000 dollars
• $2000  per leg

• Our Current Expense are 0
• Estimated budget based

• Based on previous projects final design is 1,646 dollars
• Our largest expense will be our motor ≈ $773 and Gearbox ≈ $300+
• We can expect our final design to be around that value, while the rest of the 

money will go toward prototyping.

Fundraising is 400 dollars and will discuss with Lerner

Budget

Green, 14



Bill of Materials
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Any Questions?



Thank you
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