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PROJECT DESCRIPTION

« Background:
o Forms from a weakening of arterial walls

o Pressure + weak walls = ballooning in the walls and
aneurysm formation

« Aneurysm rupture >>Hemorrhagic stroke >>

DEATH

«  Approximately 500,000 people die each year from brain
aneurysm ruptures

«  Qverview:

o Model an aneurysm rupture using various
manufacturing methods
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Quality Function Deployment

Project title: Aneurysm Rupture Model
Project leader: Anna Mellin : -
Date: 9/7/24-5/12/25 Little Correlation Negative

Relationships:
9 3 1
Desired direction of improvement (1°,0,.) T NE Strong Moderate Weak
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Low Labor Cleaning
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Technical importance score
Importance %
Priorities rank
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UPDATED ENGINEERING REQUIREMENTS

MODEL COMPLEXITY
High complexity desired

Strong relationships with Patient Model and Cost considerations
PREDICTION QUALITY

Rupture prediction is incredibly important for this project

USER FRIENDLINESS

Essential to ensure ease of use and accessibility
Influences cost and model complexity

COST OF MATERIALS

Efforts to minimize material costs, balancing functionality with budget constraints
Linked primarily to Cost and Low Labor Cleaning requirements
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FLOW CHART OF SYSTEM

Cycle Repeats until

Rupture

Switch Pump On
| N |
O
Fluid Begins Flow
IR A

Fluid Passes Through

Intake Flow Sensor

Flow into Aneurysm

S——

i

—

Flow is Captured by
High Speed Camera

Data is Recorded in
LabView

;
Fluid Passes through
Output Flow Sensor

k 4

Fluid Flows Back into

Tank
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POSITIVE AND NEGATIVE MOLD DESIGN PROCESS

Th|Cke|’]ed Core pjk SOLIDWORKS File Edit View Insert Tools Window

1. Loading stl file into MeshInspector or MeshMixer 5 M E s H f@ e e e s s
2. Select entire body not including supports INSPECTOR |

3. Extrude body by 0.75mm o

4. Repeat step 2 with supports and extrude by 0.2mm 7 N Pt

5. Save as Stl file s S

MESHMIXER it
Negative Cast
1. Load thickened core model as "solid body" into
SolidWorks and create assembly
2. Click "Insert Components" >> "New Part"
3. Draw shape around core and extrude until half the
part is immersed.
4. Click on surrounding shape, then "Insert" >>
"Features" >> "Cavity" and click on core
5. Repeat steps 2-4 for the other half of the negative.
o If making an asymmetrical part, click on core
and other negative part during repeated step 4.

[=2)

vecoe/9/et

A Mellin




D E S I G N ITEM NO. PART DESCRIPTION | QUANTITY
DESCRIPTION EINEEAR

WATER
CONTAINER

PUMP

F U L L HOT WATER BATH

FLOW SENSOR

ASSEMBLY VessELHOLDER

WVESSEL

A-B, IDEAL AND
PATIENT SPECIFIC

A-D MOLDS FOR
NEGATIVE MOLD IDEAL AND
PATIENT SPECIFIC

1 (FORTOP,
BOTTOM)

TUBING 3

BLOOD MIMIC 1

HIGH SPEED
CAMERA
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DESIGN
DESCRIPTION

IDEAL MOLD

(o]

L C
SECTION c-c

UNLESS OTHERWISE SPEC IFIED!
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DIMENSIONS AREIN NCHES DRAWN
TOLERANCES:
FRACTIONAL:
ANGULAR: MACH2 BEND *

TWOFACEDEENAL s EHG AP Subassembly for
THREE PLA CE DECIMAL * MFG APPR Ededhzed M0|d
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DESIGN
DESCRIPTION

PATIENT
SPECIFIC #39
MOLD

H%Q@
L
SECTION a-a

PROFRIETART AND CONFDENTIAL
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2
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TOLERANCING PER
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FHEH
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DRAWN
CHECKED
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TITLE:
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ENGINEERING CALCULATIONS
FLUID ANALYSIS OF BLOOD MIMIC

kg

m3

. m
- Density= p=1, ~1060

. . F
.« Viscosity= pu :ﬁm 23—41 « 103 mPa- s

- Shearrate :E
y

«  Du Nouy Ring test (surface tension} ~ 42 — 60 mN/m
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ENGINEERING CALCULATIONS

Barlows Formula for Theoretical Burst Pressure

P=(2*S*t)/D

P = Burst pressure
S = material tensile strength
t = wall thickness

D = outside diameter

mm/hg = millimeters of mercury

Burst pressure = 7.53 psi = 380 mm/hg
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VELOCITY DISTRIBUTION AND PROFILE

« This calculation serves to find stagnation zones (areas of low velocity) and inflow jets (areas of high
velocity) inside the aneurysm.

Velocity is highest in the center and slows near vessel walls.

v(t) = Vnax(1— =) Vmax = 01297 [1]

r = 0.0045m (finding stagnation zone close to wall,
measured from center)
R = 0.005m (10mm diameter vessel)

(0.0045m)?
(0.005m)?

m
v(t) = 0.129?(1
m
v(t) = 0.02451?
v(t) K Vpmax

v(t) is significantly lower than the maximum velocity within the aneurysm, indicating a stagnation zone.
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DESIGN VALIDATION
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TESTING PROCEDURE

Set up:

Attach aneurysm model to pump system.

Set pump to systolic pressure of 120 mmHg and a diastolic of 80
mmHg.

Observe aneurysm for physical deformities when hooked up
(unwanted) and adjust as needed.

Observe flow rates with Transonic Systems inc. Flowmeter.
Record data with National Instruments DAQ.
Analyze data in LabView.

Use highspeed camera to record the flow profile within aneurysm.

Testing:

Construct aneurysm with weak spot and observe rupture with regular
120/80 mmHg blood pressure and with higher pressures (130/80)

Observe behavior with aneurysm set in brain tissue mimic.

Potentially observe in environment that mimics activity (moving base).

‘7 NATIONAL
P¥ INSTRUMENTS

AOn Ovd

SET-UP/TEST

VOLUME FLOW.
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SCHEDULE

Cerebral Aneurysm Rupture Project Schedule
Morthern Arizona University Team F24t0825_02

Project Start Date 8/26/2024 (Monday) Display Wesk Week 9 Week 10 Week 11 Week 12 Week 13 Week 14 Week 15 Week 16
Project Lead Anma Mellin 21 Dl 2024 28 Oct 2024 4 Nov 2024 11 Nov 2024 18 Now 2024 25 MNov 2024 2 Dec 2024 9 Dec 2024
21| 22| 23] 24| 26| 26| 27 28] 28 3031 1| 2 B @ 1011|1213 14[15 16 17|18 18|20 21|22 23 24/ 25 25 27|28, 28(30 1| 2 | 3| & 5| 6| 7|6 @ |10/ 11) 12 a1

TASK START END Fls|SiMm T|/WT/F s|s FIS{S|MTW 3 | S M T (W T F|S[5/MTWT|FSSMTWTFSSIM
Hardware Model Mon 82624 Thu 1212/24
Develop Casting model Wed 0111724 Sun 1110024
Obtain Core Models Wed 811724 Wed 31824
Add suppons to models Thu 51924 Tue 0/24/24
Create model negatives Thu@izd  Tue 224/24

Creale Silicone Casting model Mon 110424 Wead 11113724

Perfect Casting moded and rapid
praduce

Learn Resin Printer Fri @13524 Fri 9f13/24

Mon 11711/24  Wed 10825

vcoc/9/ct

Preview Backer's: Model Mon BME24 Maon 2NE24
Deveiop 30 Printed model Thu 95624  Tue 10/1524
Create Hollow Modet Thu 1924 Tue B24/24
Perfect 30 Printed mode Tug 10524  Thu 1212724

Deesign Aneurysm holder Wed 10/30V24  Thu 11/0724
Research Brain tissus mimic Wed 1030024 Thu 11107724
Resaarch Biood mimic Wad 10/30724 Thiu 11507724
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BUDGET

3D Printer Dr.Dou (Pheatt Award)| $271.25

$500
Towl | | $7135

Expected Future Expenses $200
Total Left For Budget After Expected Expenses $60
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~

vecoe/9/et

A Ortiz-Velazquez




NEW PART

Printing Process
1. Load files into Chitubox
2. Select printer (Mars 4)
3. Adjust settings to resin type
o ELEGOO ABS-Like 3.0 Grey
* Bottom Exposure: 25-30 s
* Normal Exposure: 2.8-3.2 s
* Layer Height: 0.05 mm
« /Liftingdistance: 2 +3 mm
« Z Lifting speed: 75 + 230 mm/min
» 7 Retract speed: 230+75 mm/min
* Resttime afterretract: 0.5s
Curing Process
1. Wash for 3 minutes in Isopropyl Alcohol using Mercury Plus
2. Cure for 3 minutes (check for hardness)
3. Repeat step 2 if still soft

chitubox

A Mellin



THANK YOU
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