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Background
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o Description of project: Create a modular ISO Class 7 cleanroom with fan 

filter unit (FFU). Convert current cleanroom into a gowning room.

o Clients/sponsors:

o Purpose of Cleanroom:

o Manufacturing of medical devices in a sterile environment

 

Aneuvas Technologies IncTimothy Becker



Black Box and Functional Model
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Figure 1: FFU Black Box Model Figure 2: Cleanroom Black Box Model

Figure 3: Functional Model



Concept Generation: Morphological Matrix
Subfunctions:

1. Frame Connections

2. Material Connections

3. Wall/Ceiling Material

4. Fan Number/Location

5. Frame Size
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Table 1: Morphological Matrix

[1] - [10]



Frame Connections:
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-Connections between frames

-Must be able to handle Shear and 

Flexural forces

-Must be easy to assemble and disassemble

Figure 4: Spec Sheet for Frame Connections

Table 2: Frame Connections Advantages/Disadvantages



Frame Connections:
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Tmax = Max Torsion

Vmax = Max Shear

I = Moment of Inertia

Shear Flow Calculation

Figure 5: Surface area of frame with Centre of Gravity

Q = 1st Moment Area

•

t = Width Across Section



Frame Connections:
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Selection Criteria:

1. Modularity: How easy it 

is to Assemble, Disassemble

2. Price: Price of connection

3. Yield Strength: Highest 

amount of stress without 

permanent deformation

4. Interference: If 

connections size will interfere 

with others

5. Small Quantity: Number 

of extra parts required for 

connection

6. Ease of use: How easy it 

is to Assemble/Disassemble

7. Stability: How stable the 

frame can be.

Table 3: Frame Connections Decision Matrix



Material Connections:

- Material connections are how the walls 

will be attached to the frame

- Hard wall weight: 9.5lbs

- Soft wall weight: 9.75lbs
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Table 6: Material Connections Advantages/Disadvantages



Material Connections:
- Criteria

1. Durability: life 

expectancy in years

2. Modularity: ease of 

changing 

configuration/assembly

3. Strength: Strength 

of connection in lbs

4. Seal Tightness: gas 

loss in in^3/s

5. Aesthetic: 

subjective and 

unmeasurable
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Slotted connections would best fit the criteria,  however, require 

the use of 80/20 T-slots in the "Frame connection" subfunction

Table 7: Decision Matrix for Material Connections

Table 5: Measurable Criteria per Variant. (Seal tightness not yet tested)

Strength of magnets[3]

Strength and durability of Adhesives[5]

Strength of Aluminum/screws[4]



Wall Material:

Soft Wall Vs Hard Wall Materials

- Off-gassing: release of a 

dissolved, trapped, or absorbed 

gas in a material

- VOCs: Volatile Organic 

Compounds
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Cost Analysis:

- Vinyl: ~$200

- Polycarbonate for 10x10 and 

12x8: $1774.49 

Table 8: Wall Material Advantages/Disadvantages



Wall Material:
Vinyl Longevity:
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Figures 6-8: Current Vinyl Cleanroom 



Wall Material:
Criteria:

1. Cost: price of all wall material 

for 10x10 or 12x8 configuration 

2. Customer Preference

3. VOCS

4. Longevity
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Table 9: Frame Size Decision Matrix



Frame size:

Cost Analysis:
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- Framing: 80/20 Aluminum Square tubing

- Connectors: Estos Nylon injection molding 

connectors

- Wall Material:  Eplastics 1/16th inch 48"x 

96" poly carbonate sheets

❑ Prices include Tax and Shipping estimations

Table 10: Frame Cost Analysis

Table 12: Frame Size Decision Matrix

Table 11: Frame Size Advantages/Disadvantages



Fan Number:
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𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 =
𝐴𝑟𝑒𝑎 𝐹𝐹𝑈𝑠

𝐴𝑟𝑒𝑎 𝐶𝑙𝑒𝑎𝑛𝑟𝑜𝑜𝑚 𝐶𝑒𝑖𝑙𝑖𝑛𝑔

𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 1 𝐹𝑎𝑛 =
2𝑥4

12𝑥8
= 8.33%

𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 2 𝐹𝑎𝑛𝑠 =
2(2𝑥4)

12𝑥8
= 16.67%

Table 13: Fan Number/Location Concept Variants

Figure 9: ISO Ceiling Coverage Requirements



Fan Locations:
- Ansys Fluent CFD Analysis:

- Reynold's Number Outputs:

o Centered Fans: 3441.3 (Transitional flow)

o Cornered Fans: 3703.6 (Turbulent flow)
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Figure 10: 2 Centered Fans Streamline Simulation Figure 11: 2 Cornered Fans Streamline Simulation



Fan Number and Location:
Structural Load Analysis:

Particle Count Analysis:

Whisper Flow Filter Specifications:

- MERV 7 Pre-Filter: 50% efficiency at 3𝜇𝑚
- HEPA Filter: 99.99% efficiency at 0.3𝜇𝑚
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Figure 12: Centered Fan Load Analysis Figure 13: Cornered Fan Load Analysis

Figure 14: Cleanroom Particle Count Requirements



Fan Number and Location:

Criteria: 

1. Cost: price of FFU in 

dollars

2. Flow Distribution: type of 

flow (Reynolds Number)

3. Structural Load: Max 

bending stress and Factor 

of Safety

4. Particle count: 𝜇𝑚
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Table 14: Fan Number/Location Decision Matrix



Final Concept:
- Final Design:

- Square tubing Nylon connections

- 1.5"x1.5" aluminum tube frame

- Walls secured with screws

- Hard polycarbonate walls

- 2 centered fan locations

- The frame and material connections 

provide the strongest and most 

modular design

- Hard polycarbonate walls for 

durability and professional look

- 2 fans are required to meet ISO class 

7 standards, centered to keep 

transitional flow
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Figure 16: Isometric View

Figure 15: CAD Top View



Schedule:
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Figure 17: Gantt Chart



Budget

Current Budget : $5K - $10K

Projected Expenses: $7K

60%- Materials (Aluminum tubing)

20%- FFU

15%- Backup Battery

5%- Prototyping

10% Fundraising: Reach out to other 

departments and teams who will use the 

cleanroom (No Update yet)
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BOM:
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Table 15: Bill of Materials
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THANK YOU!
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