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Project Description

• Stroke is the leading cause of upper limb disability.

• Survivors often lose mobility in one arm, limiting daily activities.

• Goal: develop a waist-mounted robotic arm that
• Offers active gravity compensation

• Remains lightweight, low-profile, and energy efficient

• Enables the arm to rest naturally by the user’s side.

• Client: Dr. Zach Lerner, Associate Professor of Mechanical Engineering, 
NAU.

• Sponsorship: W.L Gore

Project Description
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Design Requirements
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Customer Requirements

• Comfortability

• Range of Motion

• Safety

• Cost for Consumer

• Durability

• Ease of Use

• Low-Profile

Engineering Requirements

• Degrees of Freedom (3)

• Quality of Components (<$1400)

• Quality of Materials (<$1000)

• Manufacturing Costs (<$1000)

• Torque Speed (70 deg/s)

• Battery Life (approx. 8 hours)

• Weight (< 2 kgs)



Design Requirements QFD
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Functional Decomposition
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bncgAssist Arm Movement

bncgDetect Joint Angles and 
Position

bncgCompute Torque and 
Velocity

bncgProcess and Control 
Motion

bncgSense User Intent

bncgInterpret Motion or 
Intent Signal

bncgDetect Motion Beyond 
Limits

bncgStop System from 
Further Motion

bncg
Manage Power 

Distribution from Battery

bncgRelay Information to 
Motors

bncgActuate Arm 
Mechanism

bncgDrive Motors to Move 
Joints and Links

bncgCoordinate Joints for 
Smooth Motion

bncgEnsure Saftey

bncgMonitor Torque Limits



Top Level Design Model
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Top Level Design Function:

• Hinge subassembly at the hip to 
manually control DoF

• 1st motor & joint subassembly
o Motor mount stabilizes 

motor during actuation. This 
actuation articulates the first 
link

• 2nd motor & joint subassembly
o This second motor and link 

extends the reach of the 
arm and determines the 
final position of the arm.

• Ultimate control of the end 
effector

*Refer to page 1 for functions and page 2 for enlarged model



Subassembly Model 1 – Joint 

Lamca 7*Refer to page 1 for functions and page 3 for enlarged model

Joint Subassembly Function:

• Motor mount (right) holds 
motor with 5 screws to stabilize

• The motors extruded pins 
locate into holes on the inner 
wall of the next mount (left) 
and secured by 6 screws

• As the motor operates, the 
right-side mount stays static 
and the left mount articulates 
the link (not pictured)



Subassembly 2 Model - Hinge
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Hinge Subassembly Function:

• Hinge subassembly is fixed to 
the waist belt (not pictured) via 
the belt clip

• 1st motor mount slides onto 
the hinge shaft

• At the use moves their arms 
orientation from in front to the 
side, the hinge will pivot 
around the shaft, controlling 
this DoF



What is the time that the two battery can last for the motors while being used?

Battery Given was HRB 1800mAh 6S 22.2V 50C LiPo Battery by our client.

The motor we our using is the AK 45-36 motor which has a rated voltage and current were found from

𝑅𝑢𝑛 𝑇𝑖𝑚𝑒 =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∙ 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑡𝑜𝑟𝑠 ∙ (𝑅𝑎𝑡𝑒𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∙ 𝑅𝑎𝑡𝑒𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡)

𝑅𝑢𝑛 𝑇𝑖𝑚𝑒 =
22.2 𝑉 ∙ 3.6 𝐴ℎ

2 ∙ (24 𝑉 ∙ 2 𝐴)
≈ 49 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

Battery Run Time Calculation
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• Arm (shoulder flexion) velocity 
• Shoulder flexion from hanging straight down 

(0 degrees) to straight forward (90 degrees)
• Average shoulder to elbow length: 330mm 

(13in)

• Average angular velocity: 𝑤𝑎𝑣𝑔 =
∆ 𝜃

𝑇𝑖𝑚𝑒 𝑡

• Using ∆ 𝜃 = 90 degrees and time 1.28 
seconds.

• 𝑤𝑎𝑣𝑔 =
∆ 𝜃

𝑇𝑖𝑚𝑒 𝑡
= 1.227

𝑟𝑎𝑑

𝑠

• Linear velocity (elbow): 𝑣 =  𝑤𝑎𝑣𝑔 ∗ 𝑟 =

0.405
𝑚

𝑠

Engineering Calculations
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Engineering Calculations – Arm 
Position (inverse Kinematics)
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Engineering Calcs (IK)
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Motor Mount Shear

• What is the minimum thickness for the 
motor mount to withstand maximum 
shear?

• t must be larger than 3.5 mm to withstand maximum 
shear stress.
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• Bending on the hinge 
shaft due to the torque 
of the arm

• Calculated the sum of 
moments from each 
component at 
maximum extension 
from the body

• Modeled custom PLA 
material in SolidWorks 
to achieve a realistic 
analysis

• FoS was found to be 
around 50.

FEA – Hinge Shaft
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FEA – Hinge Shaft Simulation Results

Simulation Results:
Maximum Stress: 9.8*10^5 N/m^2
Maximum Deformation: 0.019 mm
Factor of Safety: >50

Lamca 15*Refer to page 3 & 5 for visualization of the hinge and its purpose in the design

[2] Material properties of PLA



Bill of Materials

Item Price

2 AK45-36 motor (purchased) $371.80

3D filament (purchased) $35.99

Battery (purchased) $67.12

Waist belt (purchased) $107.74

Hinge $15
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FMEA
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FMEA
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Future Testing:
• Impact Test

• Measure the arms ability to withstand an impact using a wall or other 
natural environment

• Weight
• Measure the weight of the arm using a scale to maintain a reasonable 

weight

• Battery Endurance Test
• Measure how long the battery can last with motors in use and not in 

use

• Mobility test
• Device to see if all degrees of freedom are met

• Activity Test
• Space to perform various everyday activities and evaluate the arms 

effectiveness

Testing Procedures
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• Funding from W.L Gore: $4000

• NAU 5% processing fee: -$200

• Fundraising (at least %10): $400

• Total Est. Budget: $4200

• We have an estimate of $3675 for total 
cost of possible items. The team will 
have a remaining balance of $525. We 
will need to fundraise more to begin 
prototyping.

Budget
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Expenses

Category Items(s) Cost

Tools and materials: 3D printer Parts $100

3D printer Filament $35.99

Manufacturing: $300

Parts: Motors $371.80

Battery $67.12

Miscellaneous Parts $700

Prototyping: 1st $1200

2nd $900

TOTAL: $3674.91



• Need to accumulate 10% of the $4,000 budget for a minimum of $400 total

• In talks with multiple companies regarding sponsorships, services, or cash 
donations

• We plan to fundraise the entire 10% by the time of testing of prototype 1

Fundraising
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August September October November December

wk1 wk2 wk3 wk4 wk5 wk6 wk7 wk8 wk9 wk10 wk11 wk12 wk13 wk14 wk15 wk16

Requirements/ 
research

Equations

Presentation 1

Conceptual designs

Fundraising

Presentation 2

Begin modelling

Testing prototype 1

Presentation 3

1st Prototype Demo

Begin prototype 2

Testing for Prototype 2

2nd Prototype Demo

Schedule 
Plan duration Actual Start Completed Beyond Completion
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Thank you
And

Any Questions?
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