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Project Description

• Clients work in Bioengineering 
Devices Lab in treatment of brain 
aneurysms in the circle of Willis

• Design, build, and test a robotic 
system that can translate and rotate a 
catheter into a benchtop vessel 
model remotely

• Allows testing of catheters in 
presence of x-rays

• Sponsor: Dr. Becker Figure 1. Top: Machine Solutions (MSI) IDTE Catheter 
Roller, Bottom: BDL Circle of Willis Model [1]
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Functional Flow Model
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Concept Generation: Translation
• Rollers found to be best through SOTA research- Extrusion based design

• Rollers(Square design)

• Four rollers in system – one motor / three free(all same diameter)

• Advantages: Fewer distinct parts

• Disadvantages: Larger overall system – more expensive design 

• Rollers(Triangle design)

• Four rollers in system – one large motor / three smaller free rollers

• Advantages: Compact system

• Disadvantages: High force/velocity on rollers

• Distance between rollers variable through manual input
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Figure 3: Design B 

Figure 2. Design A 



Concept Generation: Translation

Base(40x80mm)
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Figure 7. Design B – 
Side View 

Figure 6. Design B – 
Front view

Figure 5: Design A -
Side view

Figure 4. Design A -
Front view 



Calculations: Translation Design A

Motor

F = C
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Figure 8. Design A - Moment Diagram 



Calculations: Translation Design B

r= R/3

F = C
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Figure 9. Design B - Moment Diagram 



Calculations: Translation Compare

In conclusion:
- Both designs give similar effects on the motor

- Comparing advantages and disadvantages from 
above, both have important design aspects. 

- Advice from Client
- Design A would perform better under criteria
- Design B will be considered if future 

adjustments needed
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Figure 10. Design A Calculations(MATLAB) Figure 11. Design B Calculations(MATLAB) 

Assumptions: Ignore friction torques



Concept Generation Rotation
Design A Design B
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Figure 12. Roller Rotator Figure 13. Friction plane rotator



Concept Generation: Rotation
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Wheel rotation:
• Two rollers are preset clamped onto the catheter
• One roller is driven by a motor and will deliver 

torque to rotate the catheter
• The second roller is passive and will rotate freely. 
• Pros:

• Simplistic design
• Direct torque

• Cons:
• Little adjustability
• Passive friction
• Possible contact issues

Figure 14. Force sketch of roller rotator



Concept Generation: Rotation
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• Two plates clamp down on the catheter
• The top plate can translate left to right causing a torque 

on the catheter causing rotation
• One motor and a lead screw at the top will translate 

the top friction plate
• The top plate assembly will be on a platform that can 

raise and lower with the help of two motors
• Pros:

• Uniform rotation on the catheter
• Better clamping
• Had been done before

• Cons:
• More complicated assembly

Figure 15. Force sketch of friction plane



Calculations: Rotation
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Calculation: Rotation
Constant accelerations were generated to iteratively calculate the torques at 
different ‘operating times,’ which is the time it takes to complete a full 
rotation of the catheter.
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Figure 16. excel sheet calculations for torque



Concept Generation: Sensors

Load Cells RPM Sensors
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Figure 17. Load Cells for Translation and Rotation Figure 18. RPM Sensors for Translation and Rotation 



Calculations: Sensors

Figure 19. Hoop Stress Variables [2]
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Morphological Matrix
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Subsystems  1  2 
A.

Translation 
A2 
 
 
 

B. 
Rotation   

 
 
 

C. 
Sensors

  C2 
 
 
 

• Combinations
• Design 1: A1, B1, C2

• Design 2: A2, B1, C2

• From evaluation, We will be 
moving forward with design 1



Concept Evaluation: Translation
• Design A Drawing (dimensioned) • Design A Isometric View

Josh P    18

Figure 20. Design A (SOLIDWORKS) 



Concept Evaluation: Rotation
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Figure 22. Rotation Design (SOLIDWORKS) 



Schedule
TASK ASSIGNED TO PROGRESS START END
Course Deliverables        

Presentation 1 Slides All 100% 9/9/24 9/13/24

Presentation 1 Practice All 100% 9/13/24 9/15/24

Presentation 1 Revisions All 100% 9/16/24 9/18/24

Presentation 2 Slides All 35% 9/26/24 10/3/24

Presentation 2 Practice All 0% 10/4/24 10/6/24

Presentation 2 Revisions All 0% 10/7/24 10/9/24

Report 1 All 0% 10/4/24 10/18/24

Website Development 1 All 15% 10/17/24 10/24/24

Analytical Analysis Memo All 0% 10/18/24 11/1/24

Presentation 3 Slides All 0% 10/24/24 10/31/24

Presentation 3 Practice All 0% 11/1/24 11/3/24

Presentation 3 Revisions All 0% 11/4/24 11/6/24

Prototype 1 Demo All 5% 10/19/24 11/10/24

Report 2 All 0% 11/12/24 11/26/24

Final CAD All 0% 11/18/24 12/2/24

Final BOM All 0% 11/18/24 12/2/24

Prototype 2 Demo All 0% 11/10/24 12/1/24

Project Management All 0% 11/25/24 12/5/24

Website Development 2 All 0% 11/29/24 12/6/24
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Schedule
TASK ASSIGNED TO PROGRESS START END
Course Deliverables        

Presentation 1 Slides All 100% 9/9/24 9/13/24

Presentation 1 Practice All 100% 9/13/24 9/15/24

Presentation 1 Revisions All 100% 9/16/24 9/18/24

Presentation 2 Slides All 45% 9/26/24 10/3/24

Presentation 2 Practice All 0% 10/4/24 10/6/24

Presentation 2 Revisions All 0% 10/7/24 10/9/24

Report 1 All 0% 10/4/24 10/18/24

Website Development 1 All 15% 10/17/24 10/24/24

Analytical Analysis Memo All 0% 10/18/24 11/1/24

Presentation 3 Slides All 0% 10/24/24 10/31/24

Presentation 3 Practice All 0% 11/1/24 11/3/24

Presentation 3 Revisions All 0% 11/4/24 11/6/24

Prototype 1 Demo All 5% 10/19/24 11/10/24

Report 2 All 0% 11/12/24 11/26/24

Final CAD All 0% 11/18/24 12/2/24

Final BOM All 0% 11/18/24 12/2/24

Prototype 2 Demo All 0% 11/10/24 12/1/24

Project Management All 0% 11/25/24 12/5/24

Website Development 2 All 0% 11/29/24 12/6/24

Oct 21, 2024 Oct 28, 2024 Nov 4, 2024 Nov 11, 2024 Nov 18, 2024 Nov 25, 2024 Dec 2, 2024
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Budget

Figure 23. Budget breakdown by percentage
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Bill of Materials
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