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PROJECT DESCRIPTION

Description 
• The team will utilize 3D printing and the wax casting method to create a tube 

that simulates what occurs in an artery when an aneurysm ruptures. 

Goal 
• Design a working model of a brain aneurysm that is predictable and measurable. 

Importance 
• A working model could provide information on brain aneurysms and be a way to test 

products that could potentially prevent or fix aneurysms. 

Sponsor 
• Dr. Dou
• Budget of $1000
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SCHEDULE
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Figure 1: Gantt Chart
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SCHEDULE

AM

Table 1: Team’s Projected Schedule
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BUDGET

AOV

Figure 2: Budget List
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BACKGROUND AND BENCHMARKING

AMKono Aneurysm Model

Figure 3: Aneurysm Model cast In Silicone

Figure 4: Catheter Placement 
Figure 5: Coil Flow Diverter Placement 
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BACKGROUND AND BENCHMARKING

Ryan Aneurysm Model AM

Figure 6: Skull Model

Figure 7: Clipping

Figures 8 & 9: Vessel and 
Aneurysm casts
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BACKGROUND AND BENCHMARKING

Sugiu Aneurysm Model AM

Figure 10: Hard Model Figure 11: Soft Model
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BACKGROUND AND BENCHMARKING

Becker Flow Model CA9



CUSTOMER AND ENGINEERING REQUIREMENTS

Customer Requirements
• Cost

• Budget of $1000
• Predictability of Rupture

• See-through 
• Inlet and outlet for data collection

• Idealized Model
• Easily Measured

• Patient Models
• Low Labor

• Easy to produce and clean
• Multiple Iterations
• Complete Products by 12/15

CA

Figure 13: Patient Specific (Left) and Wax Casted Idealized (Right) aneurysm 
models [13]
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CUSTOMER AND ENGINEERING REQUIREMENTS

Engineering Requirements

– Dimensional Accuracy

• Within 0.15mm for small (<5mm)

• Within 0.25mm for medium (5-10mm)

• Within 0.35mm for large (10-25mm)

• Within 0.4mm for giant (>25mm)

– Repeatability

• Model consistency

– Material Similarity to Human

• Wax casting vs Resin Printing

– Material Cost and Availability

– Easy to Manufacture

CA

Figure 14: Example of a Resin 8k Printer Provided by Dr. Dou’s Lab
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PROJECT QFD

CA

Figure 15: Project QFD
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LITERATURE REVIEW

• Flow Simulation in Intracranial Aneurysms [1]

This source provided sketches and pictures of existing flow simulators as well as a detailed description of the effects of 
an aneurysm rupture on the cardiovascular system.

• Computational Fluid Dynamics in Brain Aneurysm [2]

This source discusses the two types of brain aneurysms, saccular and fusiform, and provides information on the fluid 
dynamic equations for each of the types. The source also mentions the use of patient specific CFD models in order to 
assess if a patient has a higher risk of developing a brain aneurysm. 

• Engineering additive manufacturing and molding techniques to create lifelike willis circle simulators with aneurysms 
for training neurosurgeons [3]

This source describes the method of using 3D printing as a way to create a willis circle that is has lifelike dimensions and 
elasticity while also being clear in order to help train neurosurgeons.

AOV13
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LITERATURE REVIEW

• "Brain aneurysm - Symptoms and causes" - Mayo Clinic [8] 

Provides information on what a brain aneurysm is.

• "Endovascular Coiling" - John Hopkins Medicine [4]

Provides information on a technique used to prevent aneurysm rupture.

• Rapid Manufacturing An Industrial Revolution for the Digital Age [9]

Provides guideline for additive manufacturing.
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LITERATURE REVIEW

• Advanced 3D printed model of middle cerebral artery aneurysms for neurosurgery simulation [13] 

This article depicts a simple wax-casting method to create a vascular model with a defined aneurysm neck w/ evacuation 
points.

• Engineering a 3D human intracranial aneurysm model using liquid-assisted injection molding and tuned hydrogels [14] 

This study developed a three-dimensional intracranial aneurysm model using a modified liquid-assisted injection molding 
technique with Gelatin Methacryloyl hydrogel.

• Definitions of intracranial aneurysm size and morphology [15] 

Discusses the differences in standard sizing for aneurysm models, agreeing that the Japanese standard should be followed, 
and wide neck aneurysms are standard for evaluation. 
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MATHEMATICAL MODEL

Figure 15: Vascular Model 
Repository [12] 

0199_H_CERE_CAComputational Fluid Dynamics & Finite Element 
Analysis (SolidWorks or LabVIEW)

AM

Equation 1: Navier-Stokes [10]
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MATHEMATICAL MODEL

Power for Pump 

P = power 
Q = flow rate
g = gravity
h = head of the pump
ρ = density of fluid 
η = efficiency

AOV

Equation 2: Pump Power
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MATHEMATICAL MODEL
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• Mean Arterial Pressure

𝑀𝐴𝑃 =
𝑆𝐵𝑃 + 2 × 𝐻𝐵𝑃

3
SBP = Systolic Blood Pressure
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Figure 15: Idealized Blood Flow



ANEURYSM GEOMETRY

Figure 16: Ideal Model Figure 17: Patient Specific Model 

18 AM



[1] Á. Ugron, “Flow Simulation in Intracranial Aneurysms,” ProQuest Dissertations & Theses, 2015.

[2] D. M. Sforza, C. M. Putman, and J. R. Cebral, “Computational fluid dynamics in brain aneurysms,” International journal for numerical methods in 

biomedical engineering, vol. 28, no. 6–7, pp. 801–808, 2012, doi: 10.1002/cnm.1481.

[3] P.-C. Chen et al., “Engineering additive manufacturing and molding techniques to create lifelike willis’ circle simulators with aneurysms for 

training neurosurgeons,” Polymers, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7761873/ (accessed Sep. 9, 2024).

[4]ochxlxzwiz, “electric circuits 11th edition nilsson pdf.” Zenodo, Jun. 10, 2024, doi: 10.5281/ZENODO.12364277.

[5]H. E. A. Baieth, “Physical parameters of blood as a non - newtonian fluid,” International journal of biomedical scienceௗ: IJBS, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3614720/ (accessed Sep. 9, 2024).

[6] “Blood flow - CFD simulation CFD software tutorial,” Blood Flow CFD Simulation Software, https://help.sim-flow.com/tutorials/blood-flow
(accessed Sep. 16, 2024). 
[7]M. R. Harreld, “Brain aneurysm blood flow: Modeling, simulation, VR visualization,” ProQuest Dissertations & Theses

Works Cited 

AOV19



[8] “Endovascular Coiling,” John Hopkins Medicine, 2019.

[9] “Flow Diversion with Stents for Brain Aneurysms,” www.hopkinsmedicine.org, Dec. 28, 2022.

[10] J. R. Ryan, K. K. Almefty, P. Nakaji, and D. H. Frakes, “Cerebral Aneurysm Clipping Surgery Simulation Using Patient-Specific 3D Printing and 

Silicone Casting,” World Neurosurgery, vol. 88, pp. 175–181, Apr. 201.

[11] Kono K, Shintani A, Okada H, Terada T. Preoperative simulations of endovascular treatment for a cerebral aneurysm using a patient-specific 

vascular silicone model. Neurol Med Chir (Tokyo). 2013;53(5):347-51. doi: 10.2176/nmc.53.347. PMID: 23708228.

[12] Mayo Clinic, “Brain aneurysm - Symptoms and causes,” Mayo Clinic, Mar. 07, 2023.

[13] N. Hopkinson, Richard Hague, and Philip Dickens, Rapid Manufacturing An Industrial Revolution for the Digital Age. The Atrium, Southern 

Gate, Chichester, West Sussex PO19 8SQ England: John Wiley & Sons, Ltd, 2006.

[14] R. Fox, A. McDonald, and J. Mitchell, Fox and McDonald’s Introduction to Fluid Mechanics, 10th ed. 111 River Street Hoboken, NJ: John Wiley 

& Sons, 2020.

[15] Sugiu K, Martin JB, Jean B, Gailloud P, Mandai S, Rufenacht DA. Artificial cerebral aneurysm model for medical testing, training, and research. 

Neurol Med Chir (Tokyo). 2003 Feb;43(2):69-72; discussion 73. doi: 10.2176/nmc.43.69. PMID: 12627882.

[16] “Vascular Model Repository,” Vascularmodel.com, 2024.

Works Cited 

AM20



[17] R. G. Nagassa, P. G. McMenamin, J. W. Adams, M. R. Quayle, and J. V. Rosenfeld, “Advanced 3D printed model of middle cerebral artery aneurysms for 

neurosurgery simulation,” 3D Printing in Medicine, vol. 5, no. 1, Aug. 2019, doi: https://doi.org/10.1186/s41205-019-0048-9.

[18] K. W. Yong, M. Janmaleki, M. Pachenari, A. P. Mitha, A. Sanati-Nezhad, and A. Sen, “Engineering a 3D human intracranial aneurysm model using liquid-

assisted injection molding and tuned hydrogels,” Acta Biomaterialia, vol. 136, pp. 266–278, Dec. 2021, doi: https://doi.org/10.1016/j.actbio.2021.09.022.

[19] W. C. Merritt, H. F. Berns, A. F. Ducruet, and T. A. Becker, “Definitions of intracranial aneurysm size and morphology: A call for standardization,” Surgical 

Neurology International, vol. 12, p. 506, Oct. 2021, doi: https://doi.org/10.25259/SNI_576_2021.

[20] M. S. Pravdivtseva et al., “3D‐printed, patient‐specific intracranial aneurysm models: From clinical data to flow experiments with endovascular devices,” 

Medical Physics, vol. 48, no. 4, pp. 1469–1484, Feb. 2021, doi: https://doi.org/10.1002/mp.14714.

[21] J. R. Cebral et al., “Aneurysm Rupture Following Treatment with Flow-Diverting Stents: Computational Hemodynamics Analysis of Treatment,” American 

Journal of Neuroradiology, vol. 32, no. 1, pp. 27–33, Nov. 2010, doi: https://doi.org/10.3174/ajnr.a2398

[22] L.-D. Jou and M. E. Mawad, “Analysis of Intra-Aneurysmal Flow for Cerebral Aneurysms with Cerebral Angiography,” American Journal of 

Neuroradiology, vol. 33, no. 9, pp. 1679–1684, May 2012, doi: https://doi.org/10.3174/ajnr.a3057.

[23] C. Karmonik, G. Benndorf, R. Klucznik, H. Haykal and C. M. Strother, "Wall Shear Stress Variations in Basilar Tip Aneurysms investigated with 

Computational Fluid Dynamics," 2006 International Conference of the IEEE Engineering in Medicine and Biology Society, New York, NY, USA, 2006, pp. 

3214-3217, doi: 10.1109/IEMBS.2006.259689. 

Works Cited 

CA21



THANK YOU


