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Team D5 Ladder Safety
Retrofit Safety Attachment for Extension Ladders

Team Members: Matthew Collado, Thomas Gioioso, William Hao, Jake Kallenos, Stone 
Schwartz, Maya Yakovee 

Rope Tension Required 
● Slipping backwards: 340 lbf worst case 

scenario 
● Tipping sideways: 1500 lbf worst case 

scenario. 45 degrees: 184 lbf

Clamp Design Optimization 
● Objective: Minimize bolt tension forces 

required to prevent slipping
● Design Variables: height (h), thickness (L1), 

distance from bolt to clamp (L2)
● Best Results: tallest, medium distance hole, 

thinnest

Sideway tipping Backwards sliding 

Manufacturing Decisions
● Clamp body: CNC machining for tight 

tolerances and complex geometries
● Screws: Thread rolling or machining for 

durable threads capable of many cycles

Fit Testing

Slip Testing 

Suction Cup
● 220 lbf (max safety limit) > 184 lbf 

(equal and opposite rope tension): 
adequate. 

● Safety Factor = 220 lbf / 184 lbf = 1.2 

Material Selections
● Clamp body: 6061 Aluminum Alloy
● Screws: Alloy steel provide high tensile 

strength and wear resistance
● Rope: Static climbing rope has high 

strength and very low stretch
● Suction Cup: Heavy duty rubber cup 

provide better sealing and repeated use.

● Screw 1 
tension: 
307 lbf

● Screw 2 
tension: 
196 lbf

● Screw 1 tip 
friction: 
264 lbf

● Screw 2 tip 
friction: 
169 lbf

Tip Testing 

Load Testing

Slip Testing

Load Testing

Tip Testing

Applied 
Force

Suction cup 
proved more 

limiting than stake 

**AI GENERATED IMAGE USING OUR PRODUCTS**

4.2 inch
 Per Final CAD

**AI GENERATED IMAGE USING OUR DSM MATRIX**

Future Attachments 

Tool Bucket Carrying Strap

Source from: VEVOR Glass Suction 
Cup, 8" 615 lbs Load Capacity. 


