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Context

Cornell MAE 4340
Innovative Product Design via Digital Manufacturing



Context | 7 Person Project

Business:
- Market Analysis/Bass Model Forecasting
- Mock Financial Executive Summary
- Mass Production/Unit cost estimates

Human Centered Design:
- User Interviews/Empathy Fieldwork
- Competitor Product Analysis
- Conjoint Analysis
- Analytical Hierarchy Process Matrix

Mechatronic Design:
- Mechanical Design (CAD)

- Electrical Circuit Design

- Manufacturing/Assembly



User Interviews



Brainstorming



Problem Discovery

Food service workers find it extremely inconvenient to constantly 
sanitize tables after every use and cumbersome to flip “safe to use” 

cards over and over.



v0 Prototype | Early Prototyping



Common Table Sizes



Requirements & Priority

Takeaway 
(Highest Priority Requirements)

1. Adaptability to table size
2. Maximizing Cleaning Area
3. Minimizing Profile and Size



Design Brainstorm



Design Choice

Pros Cons
Lack of table size 
adaptability

Large {Product 
Size]-[Area 
Cleaned] Ratio

Simple mechanical 
design

Simple 
Maintenance

Pros Cons
Electromechanically 
complex

Power consumption

Slow to clean

Reliability concerns 
(drop, water/dust 
proofing, theft,  etc.)

Table Size 
Adaptability

Smallest [Product 
Size]-[Area 
Cleaned] ratio

Pros Cons
Mechanically 
complex

Difficult 
maintenance

Table Size 
Adaptability

Small [Product 
Size]-[Area 
Cleaned] Ratio

Fast to clean



Product Vision/Concept | Key Features 
Minimal ID

- White cylinder
- Button on top to actuate cleaning motion
- Easily removable cap on top

Stationary Sweep
- Extension of wiper to edge of a table
- Extension can be programmed for square or circular
- Sits in the middle of table and sweeps in circular 

motion

Disinfectant Deployment
- Equipped with internal disinfectant supply
- Tube passing through black wiper deploys disinfectant



Product Vision/Concept | Functional Decomposition 



Rotation (Sweep)

Base plate
- Remains static w.r.t. table

- Adhered to table via VHB Pads

- Secures device in the center of table

Internal Gear Mechanism
- Motor attached to top enclosure

- Spur gear on motor interfaces with internal 
gear



Rotation (Sweep) | Details

Point of Contact
- Contact only at the perimeter of the base plate

- Minimizes friction, while distributing load

Centering & Mounting
- Press fit axle in bottom plate

- Interfaces with through hole on wiper storage 
component keeping rotating assembly centered



Rotation (Sweep) | Motor Assembly

Supported motor mount
- Cantilever mount coming off of wiper storage component

- Important that spur gear meshes -> triangular laser-cut 
support to minimize bending

Motor axle - Gear Connection
- Aluminum motor hub with a d shaft + worm screw (prevent 

slipping of gear on axle)

- Counterbored holes in spur gear to securely attach to the 
spur gear to motor hub



Rotation (Sweep) | Motor Selection

Reaction force between spur gear and 
internal gear can be determined by 
calculating total frictional force acting 
against rotation.

Operating Motor Torque: 0.295 N*m



Rotation (Sweep) | Motor Selection

Extrapolation for 0.295N*m=3 kg*cm
39 RPM

7 teeth spur gear, 44 Teeth Internal Gear
44/7=6.286rotations

6.286 rotations / (39 RPM) = 0.16min

=9.6s to sweep table



Wiper | Brainstorm

Considerations
- Serviceability
- Lateral rigidity
- Carry/deploy disinfectant



Wiper

Cable Carrier Design
- Internal space allowing for passage of a disinfectant hose

- “Rolls up” but is laterally rigid

Sponge
- Velcroed on

- Provide cleaning interface between 
table and wiper

- Can be easily removed and replaced 
for servicing purposes



Housing | Wiper Storage

Compact
- Minimize space taken up by the wiper while maximizing 

cleaning range of device by coiling cable

Deployable
- Curved turns to prevent catching during deploying and 

retracting

- Continuous path to ensure wiper can retract well

- Exit at the bottom where wiper is deployed onto table



Housing | Design Iteration



Housing | ID
Outer cylindrical cover

- Mounting holes to the wiper storage

- Sits on top of base plate

- Groove for disinfectant spray hose

Removable cover
- Sits on top of cylindrical cover



Wiper Deployment | Motor Assembly

Motorized deployment
- Motor drives sprocket gear

- Driven at the bottom of the enclosure near the exit of 
the enclosure

- Attaches to aluminum motor hub & acrylic plastic wiper 
storage housing

Sprocket
- Designed to mesh into cable carrier grooves

- Interfaces with an aluminum motor hub



Wiper Deployment | Motor Selection

Initially Motor choice
- Utilized low torque motor available in lab

- Axle adapter to lengthen motor axle and attach to the 
Sprocket

- Lasercut, standoff supported motor mount

Conservative Motor Choice
- Frictional forces from chain links is significantly lower 

than the frictional forces experienced by sweep motor

- Weight of single chain element is 9.25g



Disinfectant Storage

Water Bottle
- Zip Tied Water Bottle to dynamic top assembly

- Stores disinfectant, and can be easily filled 

Waterproofing
- All electronic components (besides the pump) on the 

opposite side of wiper storage from water bottle

- Avoid failure from leaks in bottle



Disinfectant Deployment

Pump

- 6-12V DC Diaphragm Pump, Max flow rate of 1.8L/min

- Mounted with OTS mount to holes in the wiper storage

Hose

- Wrapped around rotating enclosure, spraying 
omnidirectionally as device sweeps

- Original passage through cable carrier too complex



Finite Element Analysis
Small Loads Expected

Worst case scenario: 
Impeding Object with Frictional Force > 
Sweep Motor Stall Torque

Conservative force on link: 47.218N = 
10.77 lbf



Finite Element Analysis
Max Principal Stress: 
4272.1 psi = 29.1 MPa

Yield Stress of Polycarbonate: 80 MPa

Factor of Safety: 2.74

Max Deformation: 0.68mm



Mechanical Design | 
Summary



Electronics
***Was not my direct contribution***

1. Arduino

2. Motors + encoders

3. Pump

4. Push button actuation

5. 9V battery



Final Prototype Assembly

Laser-cut Wiper Housing

3D Printed Outer Casing

Electronics mounted securely
to housing

Detergent container mounted

Disinfectant hose connects to 
container and wraps around



Final Functional Demonstration

https://docs.google.com/file/d/12atNhTjioFoYgml7xINFZO7Vny8NjB8D/preview


Areas of Improvement

Access Hatch
Screwable
Actuation
Water proof

Wiper + Storage
Smaller Profile
More compact coil
Servicing Method

Adjustability
Rectangular Tables
“Setup Mode”

Hose
Pass through wiper
Reeling mechanism



Thank you.
Questions?


