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Project Description

Client:
W.L. Gore & Associates, Inc.
Medical Division

Project Scope:
The scope of this project is to design, build, and test a 
replicable (12 count) model of calcified lesions in the 
Peripheral Arterial System for deployment of peripheral 
vascular interventional devices under simulated use 
conditions, using non-biologic materials.

Significance of the Project:
Vascular intervention devices are crucial for treating 
peripheral arterial disease(s) by restoring blood flow, reducing 
symptoms, and preventing severe complications through 
intervention care.

Figure 1 – Gore Logo
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Project Description

Peripheral Arterial Disease:
Narrowing of arteries that reduces blood flow to 
the limbs. Caused by buildup of plaque (fat and 
cholesterol) on inner arterial walls.

Calcified Lesion:
A buildup of calcium-based mineral deposits in 
arterial plaque, hardening artery walls.
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Figure 2 – Peripheral Artery System



Design Requirements
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Customer Requirements:
• Replicability

• Product can be manufactured by Gore
• Models simulated use conditions

• Accurately models vessel and lesion
• Non-Biological materials

• Entirely synthetic model
• OSHA/ANSI compliance

• For safety when operating
• Visualization of deployment

• For demonstration purposes
• Durability

• Able to be used for many tests
• Ergonomic for intended use

Engineering Requirements:
• Vessel properties

• Synthetic vessel to have same elasticity 
and strength as biological lesion

• Vessel dimensions
• Synthetic vessel dimensions to fit stent

• Lesion properties
• Synthetic lesion to have same hardness 

and adhesion to wall as biological lesion 
• Lesion dimensions

• Accurately represent lesion shape
• Fluid properties

• Accurately represent blood
• Engineering standard compliance

• Product must be safe
• Manufacturing cost

• Under total budget of $3,000



Design Requirements: QFD
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Design Description
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System:
Calcified Lesion Vessel 
Simulation Model
Components:
1. Blood Substitute

simulates blood
2. Power/Pump System

produces flow
3. Tubing

directs flow
4. Connectors

connects system
5. Blood Vessel Model

simulates femoral artery
6. Calcified Lesion Model

simulates calcification

Hierarchy:
• Power/Pump System

>Arduino Kit
>>Circuitry

>Motor
>Pulsatile pump
>Tubing
>Connector
>Reservoir

• Calcified Lesion Vessel
>Blood Vessel Model

>>Femoral artery
>Calcified Lesion ModelPipe Flow Diagram



Design Description: Current State of Design
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Vessel:
8 inch
7 inch
6 inch

Lesion:
Large
Medium
Small



Design Description
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Circuit Diagram for Pressure Transducers



• Used engineering calculations to determine which PAD states to model.
• Performed A/B test to determine statistical significance of each factor 

influencing stent expansion (intended use of model).
• From EuroIntervention study: 133 operations on calcified lesions [13]

o Calcified lesion thickness, length, and degree of vessel occlusion recorded
o State of stent expansion recorded

• Concluded that calcified lesion thickness >0.5 mm, length >5 mm, and 
degree of vessel occlusion >50% are statistically significant predictors of 
incomplete stent expansion.

• The CVM will represent mild, moderate, and severe PAD states, based on 
these critical values, to represent its full range of simulated use conditions.

9

Engineering Calculations: Calcified Lesions
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Minimum adhesion strength due to 
blood flow:

𝑃𝑚𝑖𝑛 = 𝐹/𝐴

𝐹 = (1/2)𝑄𝜌𝑣
𝐴 = (1/2)𝜋𝑑𝐿

𝑄 = 8.183 × 10−6 𝑚3/𝑠
𝜌 = 1060 𝑘𝑔/𝑚3

𝑣 = 0.2894 𝑚/𝑠
𝑑 = 0.006 𝑚
𝐿 = 0.050 𝑚

• Assume maximum volumetric flow 
rate of blood in femoral artery

• Assume calcified lesion is perfect 
half-cylinder of 6 mm diameter and 
5 mm length

• Assume calcified lesion does not 
significantly obstruct blood flow

𝑃𝑚𝑖𝑛 = 26.63 𝑃𝑎

Engineering Calculations: Calcified Lesions

[2]

[3]
[4]

[5]
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Part specifications for material 
hardness:
• 3D printer filament (TPU)

• Shore 90A ≈ Shore 39D [6]

• Fired Ceramic
• Mohs 4 ≈ Shore 44D [7]

• Steel (304)
• HB 215 ≈ Shore 33D [8]

• Target
• HV 274 ≈ Shore 39D [9]

Engineering Calculations: Calcified Lesions

11

Conversions provided by
• plantech.com
• www.efunda.com
• www.carbidepot.com

3D printer filament was selected as 
the lesion material, in part because it 
offers the most accurate hardness to 
the target value.
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Engineering Calculations: Blood Vessel

Yield Strength 
The stress level where the blood vessel wall begins 
to deform plastically (no return).

-Mechanical Properties – Femoral Artery [20]
d = 7 to 8 mm (outer diameter) 

r = 3.5 to 4 mm (radius)

p = 200 mmHg (peripheral arterial diseased)

t = 1 mm (wall thickness)

Yield strength of filament: 0.8MPa = 800kPa
We will design our vessel to not exceed the hoop 
stress value of 93.45kPa for this will ensure no 
plastic deformation of the vessel. 

• Hoop Stress (Circumferential) [22]
p = internal pressure
t = wall thickness
r = inside radius
Dm = mean diameter
σ = hoop stress

Dm = O.d. - t = 8mm – 1mm = 7mm

σ = p*Dm /(2*t)
σ = [(26.7kPa)*(0.007m)] /(2*0.001m)

σ = 93,450 Pa or 93.45kPa
(σ)axial = 46,725 Pa or 46.73 kPa
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Engineering Calculation: Filament
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Volume:

𝑆𝑜𝑙𝑖𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 =
𝑑2𝜋𝐿

4
=

82 ∗ 𝜋 ∗ 12.4

4
= 623.29 𝑚𝑚3 

𝐼𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 =
𝑑2𝜋𝐿

4
=

62 ∗ 𝜋 ∗ 12.4

4
= 350.601 𝑚𝑚3 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐻𝑜𝑙𝑙𝑜𝑤 𝑚𝑜𝑑𝑒𝑙 = 𝑆𝑜𝑙𝑖𝑑 𝑉𝑜𝑙𝑢𝑚𝑒 − 𝐼𝑛𝑛𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒
= 623.29 − 350.601 = 272.69 𝑚𝑚3 

Filament Required:

𝑉𝑜𝑙𝑢𝑚𝑒 = 𝐹𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝐿𝑒𝑛𝑔𝑡ℎ ∗
𝐹𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2

2

∗ 𝜋

272.69 𝑚𝑚3 = 𝐹𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝐿𝑒𝑛𝑡ℎ ∗
1.75

2

2

∗ 𝜋

𝐹𝑖𝑙𝑎𝑚𝑒𝑛𝑡 𝐿𝑒𝑛𝑔𝑡ℎ = 113.37 𝑚𝑚 𝑜𝑟 0.11337 𝑚

New Calculations Coming Up

Uncertainty

Differential Pressure

Flow Rate



Design Validation: FMEA



Design Validation: FMEA
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Design Validation: Testing Procedures
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Calcified Lesion Dimensions:
• Distance and angle measurements – length, thickness, degree of vessel 

occlusion
• Calipers, protractor

Calcified Lesion Properties:
• Durometer hardness test – hardness

• Shore A durometer; ASTM D2240 [10]

• Overlap shear strength test – adhesion strength
• Universal testing machine & software, load cell, side-action grips; ASTM D1002 [11] 

(unrealistic with this budget)
• May need to rely on product’s technical data sheet



Design Validation: Testing Procedures
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Fluid Properties:
• Density - divide mass by volume

• Scale and volumetric flask

• Viscosity – ball drop test
• Graduated cylinder and timer. The tame for the ball to drop through the fluid is run 

through an equation to find the viscosity

• Pressure and flow rate
• This data is collected by sensors within the model, so testing will involve running the 

system to see what the pressure and flow rate will be and adjusting the pump 
accordingly



Design Validation: Testing Procedures
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Overall Model Testing:
• Pressure transducers

• Placed on either end of the vessel model to determine the pressure drop

• Flow sensors:
• Connected to inlet and outlet of the vessel ranges to measure the flow change with the 

lesion inserted in the vessel
• The flow sensor will be measuring flow rates directly from the pump and then during 

testing will be measuring outlet of vessel for differential calculations

• Thermocouple
• Temperature will be monitored through a thermocouple. This ensures that viscosity 

remains consistent



Schedule: Gantt Chart
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Forecast: 
• Final Deliverables

1. 1st Demo

2. Report – 2

3. 2nd Demo

4. Final Design

Currently: 
• ON schedule



BOM and Budget
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Cost estimates provided by www.amazon.com

Bill of Materials

Budget



Fundraising
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Cost estimates provided by www.amazon.com

Donors GoFundMe



Thank You!
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