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Project Description

• Clients work in Bioengineering 
Devices Lab in treatment of clots and 
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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Customer Requirements

• Translation and rotation of catheter
• Pre-programmed or controlled remotely
• Measure data instantaneously
• Emergency stop system
• Level the introducer and system to prevent kinking
• Force measurement equipment easy to replace
• Mechanism to prevent load cell damage
• Easy to disassemble/reassemble, transport case
• Force and distance calibrations and testing
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Engineering Requirements

• Translation of catheter at least 2 ft
• Rotation of catheter at least 360 degrees
• Remote controlled from at least 10 ft away
• Sampling rate frequency between 5-30 Hz
• Handle catheter sizes between 2-15 French
• Measure push resistance force between 0.1-10 N
• Measure displacement of catheter with resolution of at least 0.1 mm
• System noise/tolerance less than ± 0.05 N
• Total size under 1 cubic foot
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Design Requirements
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Design Requirements
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Design Description - Translation
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Design Description - Translation
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Design Description - Translation
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Design Description - Translation
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Design Description - Rotation
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Design Description - Rotation
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Design Description - Rotation
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Design Description - Rotation
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Design Description - Rotation
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Design Description - Rotation
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Engineering Calculations

Translation Component Motor Selection:

Nema 17 5:1 planetary gear w/ 25mm 
drive roller

S = r * ((pi)/180) * deg.

Direct Drive: 0.39mm/step > 0.1mm/step

0.39/0.1 = 3.9:1  = 4:1 gives 0.098mm/step

5:1 gear ratio: 0.079mm/step GOOD 
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Rotation Component Motor Selection:

Nema 11 w/ 30 mm drive roller 

Need: 360 (deg) of motion

Aim for: 0.5 (deg)/step

Smallest catheter: 0.7 mm

Ratio: 30/0.7 = 1:43

0.5/43 = 0.012 (deg)/step

1.8/0.012 = 150 sub step

 

128 sub step closest

1.8/128 = 0.014 (deg)/step

0.014 * 43 = 0.6 (deg)/step GOOD

 



Engineering Calculations

I = 0.88 + 0.98 + 0.5 = 2.36 A | Power Supply: 12 V 2.36 A 
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NEMA 11: 6.2 V, 0.68 A

Driver: DVR8434

4.5 V – 48 V, 2A

VREF = IMAX * 1.32

VREF = 0.68 * 1.32 = 0.90 V

Default: 128 sub step

PE = 0.8

Arduino: 12 V input 500mA

Nema 11: P = I * V * 2

P = 6.2 * 0.68 * 2 = 8.4 W

8.4 / 0.8 = 10.5 W

I = P/V -> 10.5/12 = 0.88 A

Nema 17: P = 2.8 * 1.68 * 2 = 9.4 W

9.4 / 0.8 = 11.8 W

I = 11.8/12 = 0.98 A

NEMA 17: 2.8 V, 1.68 A 

Driver: A4988 

8 – 35 V, 2 A. 

VREF = IMAX(8*RCS) 

For full step IMAX * 1.4 (40% higher)

IMAX = 1.68 * 1.4 = 2.4 A (20%>rated) 

VREF = 2.4(8*0.068) = 1.3 V



Engineering Calculations

• Idle rollers were selected at ¾”(19.05mm)

• Material chosen for the rollers is urethane rubber with a hardness of 55A

• Selected because:
• Abrasion resistant

• Absorbent to vibrations

• High stress resistance

• Hardness high enough to grip catheter

Josh P 19

Coefficient of friction for urethane[2]



Design Validation
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Part # and Functions Potential Failure 
Mode

Potential Effect(s) of 
Failure

Potential Causes and Mechanisms of 
Failure RPN Recommended Action

Motor water ingress
stop operation, electrical 
hazard environmental conditions 40 shield component

Motor high-cycle fatigue stop operation material/component issues, fatigue 42 replace component every 5 years

Roller fretting wear misalignment material/component issues, tolerances 24 replace component every 5 years

Roller surface fatigue wear slipping material/component issues, fatigue 24 replace component every 5 years

Shaft high-cycle fatigue fracture material/component issues, cracking 42 replace component every 5 years

Sensor water ingress emergency stop disabled environmental conditions 40 shield component

Remote Control connection loss stop operation environmental conditions 140 ensure stable connection conditions
           

Torque Plate fretting wear misalignment material/component issues, tolerances 24 replace component every 5 years

Torque Plate surface fatigue wear slipping material/component issues, fatigue 24 replace component every 5 years

Lead Screw fretting wear misalignment material/component issues, tolerances 24 replace component every 5 years

Lead Screw high-cycle fatigue fracture material/component issues, cracking 42 replace component every 5 years



Schedule
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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 100% 9/26/24 10/3/24

Presentation 2 Practice All 100% 10/4/24 10/6/24

Presentation 2 Revisions All 100% 10/7/24 10/9/24

Report 1 All 100% 10/4/24 10/20/24

Website Development 1 All 100% 10/17/24 10/24/24

Analytical Analysis Memo All 100% 10/18/24 11/1/24

Presentation 3 Slides All 100% 10/24/24 10/31/24

Presentation 3 Practice All 100% 11/1/24 11/3/24

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

Prototype 1 Demo All 20% 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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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 100% 9/26/24 10/3/24

Presentation 2 Practice All 100% 10/4/24 10/6/24

Presentation 2 Revisions All 100% 10/7/24 10/9/24

Report 1 All 100% 10/4/24 10/20/24

Website Development 1 All 100% 10/17/24 10/24/24

Analytical Analysis Memo All 100% 10/18/24 11/1/24

Presentation 3 Slides All 100% 10/24/24 10/31/24

Presentation 3 Practice All 100% 11/1/24 11/3/24

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

Prototype 1 Demo All 20% 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



Budget - Current
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Budget - Expected
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Questions?


