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! Overview
1. Introduction

a. Project Background
b. Deliverables

2. Final Design
a. Design Considerations
b. Specialized Systems
c. Data Logging

3. Assembly Prototype
a. Bill of Materials
b. Assembly Process and Prototype

4. Summary and Recommendations

Jessica Nicholson



Introduction



Fi
nd

 m
or

e 
Po

w
er

Po
in

t 
te

m
pl

at
es

 o
n 
pr
ez
en
tr
.c
om

! Project Background
• Corporate Sponsor: GTI Energy
• Polyethylene applied to hydrogen transport pipes
• PENT (Pennsylvania Notch Tensile) Test

• Initiates crack propagation in notched specimen
• Notch made by 0.2 mm thick blade
• Evaluates creep in resins
• Records time to failure: 2,000 - 20,000 hr average

• Critical Components
A. Constant load on end of lever arm
B. Lever arm fulcrum
C. Specimen clamps
D. Time-to-failure indicator
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!

• Current PENT Tester only collects time-to-failure
• Enchanced PENT Design Deliverables:

• Additional Data-Logging
• Displacement
• Visualization of crack propagation
• Time-to-failure

• Replace the current lever weight application system to eliminate the issue of 
a changing moment arm

• ASTM F1473 Test Method for Notch Tensile Test to Measure the 
Resistance to Slow Crack Growth of Polyethylene Pipes and Resins
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! Design Considerations
A. Pneumatic loading
B. Load cell feedback
C. Pulley system replacing lever arm
D. Encoder
E. Specimen Clamp
F. Cross-section camera monitor
G. Aluminum frame with added support
H. Digital Image Correlation (DIC)
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! Final Prototype & Subsystem Test
• Individual subsystem testing:

• Load Cell
• Encoder
• Pneumatic system
• Digital Image Correlation (DIC)

• ASTM F1473 Standard Constriaints:
• Temperature 80°C (+/-0.5°C)
• Time-to-failure (5x at room temp.)
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! A. Pneumatics and B. Load Cell
Pneumatic system:
• Air Retract Cylinder
• Single Acting
• Pressure needed: 80 psi

• P = (Bore Area)✕(Desired Force)
• 2.4 MPa engineering stress (+/-0.5%)
• Unknown friction

S-type Load Cell:
• Measures the tensile load in lbf
• Ensure expected 135 lbf load
• Max load 500 lbf

Alex Torres-Soto   5
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! C. Pulley and D. Encoder
Pulley System:
• Provides constant loading on 

specimen
• Connects pneumatic system and resin 

clamps
Encoder:
• Encoder system records the 

displacement and time-of-failure of 
resin specimen

• Encoder stops time when rotational 
velocity hits certain value

Leotis Davenport   6
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! E. Digital Image Correlation

• Dotted light projects onto 
notched surface

• Dots change position as 
surface cracks form
• Deviates from etched 

reference of dot position
• Stereo camera setup 

captures visual change
• Data is processed into 3D 

map of surface
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! E. Digital Image Correlation
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Our System:
• AMTEL (Advanced Materials 

Testing and Evaluation Lab)
• Dotted light source - Laser Speckle 

Interferometry
• Stereo microscope, one front 

camera and one side camera
• Generates data at time intervals
• Challenges zooming into GTI 

specimen notch
• Insufficient zoom, few pixels of width
• Low depth of field
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! Data Logging
• Deformation

• Encoder with gearing system
• Connected to Arduino/DAQ
• Data can be further analyzed

• Crack Visualization vs Time
• Digital Image Correlation - stereo camera data
• Two visual planes plot dot shifts into 3D map

• Specimen Load
• Pneumatic Rig
• Load monitored via change in voltage
• PID control for pressure regulation 
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PID System

Load Cell

Regulator



Assembly of Prototype



Fi
nd

 m
or

e 
Po

w
er

Po
in

t 
te

m
pl

at
es

 o
n 
pr
ez
en
tr
.c
om

! Bill of Materials
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! Assembly Performance
• Mechanism Frame

• FEA validated to withstand 135 lbf
• Corrosion resistant

• Pulley System
• Allows for smooth motion of chain
• Encoder code validated for measuring/time 

to failure  
• Pneumatic System

• Load cell validated for tensile loading
• Specimen Rig

• Able to firmly grasp material with use of 
buffer material
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! Summary and Recommendations

• Enhanced PENT Design
• Displacement - Arduino
• Time-to-failure - Arduino
• Engineering stress - PID feedback system
• Crack propagation map - Digital Image Correlation

• Future Steps: 
• Integrate design to thermal chamber
• High strength connections
• Enhance visibility of specimen for optical equipment

• Customize clamping and revise position

Karina Herrera  12
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!

Encoder

Shaft Timing 
Pulley

Encoder 
Timing Pulley

Pulley System Shaft

● Maximum specimen 
separation until test 
termination (per print): 0.5 
inches

● Pulses Per Resolution
○ 360

● Resolution without gearing
○ 12.7 mm/360 PPR = 

0.035 mm per pulse
● Resolution with gearing

○ Shaft Pulley no. of teeth: 
60

○ Encoder Pulley no. of 
teeth: 22 

○ New PPR: 360 x (60/22) 
= 980 PPR

○ 12.7 mm/980 PPR = 
0.013 mm per pulse

Belt
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!

DIC - One Camera + AMTEL Setup
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! Finite Element Analysis
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• Applied Load: 150 lbs
• Contraint: Bottom of Frame
• Maximum Stress:17.35 MPa
• Maximum Displacement:

0.1623 mm
• Material Aluminum 

thickness 0.25”
• Yield Strength: 241.32 MPa


