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Objective

The objective is to design a mechanism that can climb a wooden 

utility pole and check its structural integrity 
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Project Background

• FPL is Florida’s largest utility company serving over 5 million 
customer accounts

• FPL’s linemen interact with wooden utility poles daily to 
maintain reliability

• Checking the structural integrity is crucial to keeping linemen 
safe

• A safety incident motivated the development of this project
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Project Guidelines 

Key Goals
• Ascend and descend a wooden utility pole 

• Detect rot within the pole 

• Interface the readings to the linemen 

Targets & Metrics 
• Climb a minimum of 15 feet

• Scan a minimum depth of 8 inches

• Interface readings within 60 seconds 
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Rapid Prototypes

Prototype 1 used a 
bicycle frame structure 

Prototype 2 used a 
simpler geometric 
frame 
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High Fidelity Concepts
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Concept Selection

Binary Pairwise
Evaluation Criteria Hierarchy

1. Rot Detection

2. Ability to Climb

3. OSHA Test Standards

4. Data Interface

5. Portability

6. Modularity

House of Quality
Engineering Characteristics

❖Stability

❖Safety

❖Maneuverability

❖Speed
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Winning Concept

Triangle Climber
• Modularity

• Stability

• Easy to use

• Variable climbing

Clamp
Motor 
Mount

Wheels

Frame

DC motor
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Prototype Three

Motorized Triangle Climber

Revelations found:
• Pinching caused by poor wheel mounting

• Motors were grossly underpowered

• Wheels struggled to maintain contact to 
pole
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Prototype Four
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• 3D printed hourglass wheels to 
increase contact area

• 3D printed bearing mounts that 
attach to the inside of the frame

• Skateboard bearings allow smooth 
rotation of acetal wheel shafts

• Long passive wheel shaft for 
diameter compliance

Mathew Crespo
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Prototype Five

• Utilized prototype four and 
incorporated a lower unit for 
extra stability

• Designed to eliminate pinching 
caused by motor torque

• Provides more area for ground 
penetrating sensor

14

Angelo Mainolfi



Department of Computer & Electrical Engineering

Department of Mechanical Engineering

Shaft Mounting Method

• The hourglass wheel’s unconventional design proposes a 
problem with easily mounting to a motor shaft

• To remedy this, holes were created on each side of the 
hourglass wheel where setscrews will be installed to keep the 
hourglass wheel mounted to the shaft
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• The more friction the driver wheel produces, the less tension 
will be needed to support the robot

• The coefficient of friction must be increased as high as possible 
so the robot will not neutralize on the pole

• A rubber coating was applied to the 3D printed driver wheel

• Coefficient of rubber on wood is 0.95

Wheel Friction Method
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Prototype Five
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Strap Positioning Ideas

• Tension around the robot 
increases the friction on the 
wheels

• This friction is needed to 
translate the whole weight up

• An elastic strap provides tension 
around the robot 

18

Angelo Mainolfi 



Department of Computer & Electrical Engineering

Department of Mechanical Engineering

Tension Strap Path Ideas

Weave wrap 
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Perimeter wrap

Mathew Crespo



Department of Computer & Electrical Engineering

Department of Mechanical Engineering

23.9679
14.5663

71.4761

61.9744

52.4728
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-14.0386
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33.4695

(MPa)

Perimeter Wrap (60lbs tension) 

Frame Analysis One
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Frame Analysis Two
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Weaved Wrap (60lbs tension) 
11.2734
9.54794
7.62252
6.09709
4.37167
2.64624
0.92061
-0.80461
-2.53004
-4.25546
-5.98069

(MPa)
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(mm)
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Wheel Design Modifications
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• To enhance the friction of the wheel, traction 
will be added to the current rubber coated 
wheel design 

• If the traction method proves to be 
unsuccessful, spikes will be imbedded into 
the hourglass wheel
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Future Work 

23

Purchase an elastic 
strap

Reprint new wheels 
in ABS material 

Purchase final motor Order final materials 

Mathew Crespo
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Sources

• https://www.slunglow.org/event/new-show-cap-pie/

• https://journalnow.com/archive/so-metal-the-world-of-metal-detecting-is-changing-and-north-carolina-is-home-
to/article_7bb241c8-ecac-11e6-a1f4-7f1a74729de1.html

• https://www.onlinewebfonts.com/icon/546768

• https://www.flaticon.com
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Appendix 

• The following slides have supporting information 
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Material properties
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Analytical Hierarchy Process - AHP

• Pairwise Matrix

• Normalized Pairwise Matrix

• Criteria Weights

• Weighed Sum Vector

• Consistency Vector
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AHP Chart
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AHP 2
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HOC
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Pugh Chart 1
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Pugh Chart 2
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Project Management
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# Most Important Points

1. The quick brown fox jumps over the lazy dog. 

2. The quick brown fox jumps over the lazy dog. 

3. The quick brown fox jumps over the lazy dog. 

4. The quick brown fox jumps over the lazy dog. 

5. The quick brown fox jumps over the lazy dog. 

6. The quick brown fox jumps over the lazy dog. 
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Lessons Learned
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Reference
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Questions (be sure to design your 
own)
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Backup Slides
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