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Project Description

« Design and build a fully powered hip prosthesis

« Enable controlled motion for patients with total hip
disarticulation

« Use a high-performance motor to replicate natural hip torgue
and ROM

« Maintain lightweight construction for improved comfort and
usability

Clients: Dr. Dante Archangeli and Dr. Reza Razavian, NAU
Mechanical Engineering Faculty

Otto bock Helix 3D - Industry Standard



Design Requirements

Quality Function Deployment

Project title: Mechanical Hip Prosthetic + Correlation:
Aiden Camisa, Victoria Lyan,
Team Members: -
Matthew Martinez, Quinn O'Neill + + * :
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1: low, 5: high runcrionalRequirEments (Fo b e 100 degrees Leg can . Cuntrul.methud Competitive evaluation (1: low, 5: high)
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Design Description

Function:

« Motor receives signal [Raspberry Pi]

* Motor drives shaft necessary amount of
torque to goal rotation

* Shaft rotates, handles load with bearing,
and creates motion in sagittal plane

* Motor is back-driven in gait, system
restarts

Sub-Assemblies:
* Motor Shaft - Shaft adapter — Bearing
e Shaft adapter - Reducer bushing - Pylon




Motor Analysis

What We Know
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Other Activities Analyzed

« Ramp Ascent/Descent
e Stair Ascent/Descent
* Sit-to-Stand



Motor Analysis

» Specifications from CubeMars

* Plugged into previous equation
* Analyzed in MATLAB

Metric / Spec AK80-64 (KV80) AKEQ0-8 (KV35)

Torgue constant k;(N-m/A) 0.136 0.272

Resistance R(Q) 0.220 0.164

Motor inertia J,,, (kg-m?) 5.645x107° 3.377x107*

Internal gear ratio 64:1 8:1

KV (rpom/V) 80 35

Voltage limit (system) 48 V 48V

Peak current limit (motor) 19 A 72 A

Continuous current limit (RMS) 7T A 21 A

Weight (g) 850 1400




Motor Gear Ratio | Peak RMS Max Max Power
Current (A) | Current (A) | Voltage (V) | (W)

AKB0-64 8.44 3.63 20.775 81.28
KV80

Motor Analysis

AKE908 1 30.477 13.84 7.66 13'7.96
KV35

CubeMars AK80-64 vs AKE90-8: Hip Joint Motor Comparison
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Electrical Sub Assembly

Main Parts

 Motor AK80-64

* Raspberry Pi 4b

 CAN bus hat

* Aegis Lithium lon Battery
 LabVIEW interface

Eb!ﬂ n &JU'

Function

 CAN bus works to connect to motor and Pi
* Pi works as brain for the device.

 Motor moves the shaft in desired direction.

— W36

- Mowk & Pesboord




Engineering Calculations - Shaft Design

What shaft material will best support the necessary load of walking?

Parameters: Von Mises Stress:

e d=20mm

* Tp=48Nx*m , 32K:M, 32K;T,

« M,=176 kN *m 0'q= (g )+ 30—z )"

« S,(AL) =270 MPa | S,;(AL) = 110 MPa

« S, (Ti) =480 MPa | S,,(Ti) = 550 MPa

° Ta = Mm = O O—’ _ (3 me)Z + 3(32KfS m)z
m td3 nd3

Aluminum (6061) | Titanium (Grade 4) Based on these results, Grade 4 Titanium

would be the best material solution.

g, 336.25 MPa 340.71 MPa
O'm 0382 MPa 0425 MPa Further adjustments could include
0 s 336 29 MPa 34075 MP3 shoulder design / filet grooves on shaft to

Improve stress distribution.



Engineering Calculations - Battery

Pt E bat needed JE"Lh'rmm

Wh Al THOTIE Ahpocr —
g (W) Ab vV ek = DoD

Assumptions (From the motor Equations:  Ebatnecded =

analysis
y ) 1) Energy of the battery: Energy in W-h needed to run for time

Maxes

2)  Nominal pack capacity: Amp hours of capacity needed by the battery.
« Voltage =305V

3) Pack Capacity accounting for DoD: Takes in account of the depth of discharge
« Peak Motor Current = 8.44 A

. RMS Motor current = 3 6A Energy of Battery Ah (nominal) Ah (DoD)

30 min 57.08 1.87 2.34
« Implied electrical power = 102.70 W 1 hour 114.17 374 468
. n=090 4 hours 456 67 1497 18
« Depth of Discharge = 80% (Lithium-ion Choice

Battery) We decided on the Aegis 24V 10Ah Lithium-lon battery pack.

DoD of 100% and n of 90%

We expect to get 1.5 Hours to 2 Hours



—— Engineering Calculations - Bearing

Assumptions:

Sf = 2

E.=1324N

D;= 20mm

The bearing loaded at the
end of shaft, reaction force
located % along the shaft

Reaction Force:
z M=20 z F=20
F, = 1986 N

Allowed force of 6550N via
online research

Bearing Life:
Bearing listings give all the information we need to test
If our bearing is suitable.

LR = 106 C10 == 6550N

To find bearing life we use 2 formulas:
Lp 1

C10 = FD(L_)3 and LD = anD6O
R

Combined to get

1 Cio

— L 3
p 60n, R(FD)

Giving us a lifetime rating of 9965 hours of operation.




esign Validation - FMEA

1. Identify 2. Classify 3. Take action 4. Action results
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modeling

prosthetist




esign Validation - FMEA

1. Identify 2. Classify 3. Take Action 4. Action Results
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Testing Procedures

Engineering Requirements Used

« Range of Motion
« Actuation Torque

- Power Efficiency of the System.

Kinematic Positioning Testing

- Validate ROM by using a motion capture setup to record the position of the
hip

University of Utah Biomechanics Lab
Static Load Testing

- Adding additional load to the device to verify the structural safety

Battery Endurance Testing

« Assess battery life and effects of loss of power



ME476C - ME486C Hip Prosthetic Nov 6, 2025

Tasks 3
Name Begin date End date Predecessors Priority
Create Quality Function Deployment 9/8/25 9/12/25 Normal
S C h e d u le Prepare Budget and Fundraisng Plan 9/15/25 9/17/25 Normal
Design 9/26/25 11/20/25 Normal
Create Functional Decomposition Chart 9/26/25 10/2/25 Normal
r\I:;Iertfc_>rm Concept Generation and Decision 9/26/25 10/6/25 Normal
atrix
Update Engineering Calculations 9/26/25 10/8/25 Normal
Evaluate Specifications 9/26/25 10/8/25 Normal
Create Initial CAD Assembly 10/6/25 10/8/25 Normal
Update Design Requirements 10/20/25 10/30/25 Normal
Define BOM and Perform Cost Analysis 10/22/25 10/23/25 Normal
Dimension Drawings for Fabrication 10/20/25 11/5/25 Normal
Perform Design FMEA 10/22/25 11/5/25 Normal
Create Design Descriptions 10/23/25 11/5/25 Normal
Perform FEA 10/10/25 11/20/25 Normal
® Fabrication 10/24/25 11/13/25 Normal
I Order Materials and Components 10/24/25 10/24/25 6 High
Fabricate Load-Bearing Pylon 11/3/25 11/7/25 17 Normal
Make As-needed Design Modifications 11/3/25 11/12/25 Normal
Attach Sensors and Motors 11/3/25 11/12/25 Normal
Create Socket Connection 11/3/25 11/12/25 Normal
Assemble Parts 11/10/25 11/12/25 Normal
Create and Demonstrate Two Unique 11/13/25 11/13/25 54 Normal
Prototypes
® Testing 11/14/25 11/21/25 25 Normal

Record Mechanical Observations 11/14/25 11/14/25 Normal



Schedule

2025
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Budget Overview

Budget 4500

Fundraising 4550

Expenses 1064.82

Available Balance 7985.18

FUNDRAISING LOG

Date Source Amount (%) Type Notes
Pending i-Corp Aspire Course $£3,000 |Monetary On hold
10/29/2025|NextStep Prosthetics $1,500 |In-Kind Physical Lower Leg
11/5/2025|NextStep Prosthetics $50 |In-Kind 3D Printing

EXPENSE LOG

Item/Purpose Amount ($) Location
10/27/2025|Adapter 3.21|NAU Surplus
10/27/2025|Micro HDMI cable 31.81|BestBuy
Pending AKB80-64 K80 Motor 989.9|CubeMars With driver board
Pending RUBIK Link V2.0 39.9|CubeMars

Budget Allocation

B Budget
B Fundraising

B Expenses



Thank you @
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e https://www.cubemars.com/product/ake90-8-kv35-quasi-direct-drive-actuator.html

« https://www.cubemars.com/product/ak80-64-kv80-robotic-actuator.html
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