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Project Description

Logan, Modular Sterile Cleanroom, 4/26/241

Project Description: 
Design and manufacture an ISO Class 

7 cleanroom and convert the current 

cleanroom into a gowning room.

Importance of the Project: 
Construct a space where faculty and 

students can learn and develop new 

ways to contribute to the human 

healthcare system.

Timothy Becker

David Willy

Anuevas Technologies Inc

Client/Sponsors:

Deliverables:
• Literature Review

• Project Proposal

• Engineering Analysis

• Cost Estimation

• BOM

• Detailed Manufacturing Procedures

• Receipts

• Potential Duplication of room

Success Metrics:

Project objectives, deliverables, customer, and engineering requirements were met. 



Customer and Engineering Requirements

2 Gia, Modular Sterile Cleanroom, 4/26/24

Customer Requirements: 

• CR1: Modular – can be assembled and 

disassembled in a business day with a small crew of 

people

• CR2: Transportable – can be transported in 

sections 

• CR3: Spacious – can hold at least 6 people 

• CR4: Safe – can support the weight of the FFUs

• CR5: ISO Class 7 Compliant – meets particle 

count, airflow, and ceiling coverage requirements.

Engineering Requirements: 

• ER1: Spacious – room area around 192 𝑓𝑡2 (12’ x 

16’)

ER2: Particle Count and Size - 0 𝜇𝑔 of particles 

size > 0.5 μm

• ER3: Airflow - ≥ 90 ft/min, ≥ 60 air changes/hour

• ER4: Ceiling Coverage - ≥ 15%

• ER5: Reynold’s Number - < 1 ∗ 107

• ER6: Deflection – 0in 
Figure 1: QFD



Design Space Research

Michelle, Modular Sterile Cleanroom, 4/26/243

Benchmarking:
Current Cleanroom Design – 

ISO Class 7

Literature Review Topics: 
• ISO Class 7 cleanroom standards

• Cleanroom manufacturing – designs and 

approved contact materials

• FFU functionality

• Material science – aluminum versus steel

• Structural integrity and material connections 

• Thermodynamics – FFU properties in different 

temperatures and humidities

Softwall Cleanroom (Clean 

Air Products) – ISO Class 8-4

Hardwall Cleanroom (Clean Air 

Products) – ISO Class 8-4 

Figure 5: ISO Class 7 Requirements

Figure 3: Softwall Cleanroom

Figure 4: Hardwall Cleanroom

Figure 2: Current Cleanroom



Design Concept Generation
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Figure 6: FFU Black Box Model

Figure 8: FFU and Cleanroom Functional Model 

Figure 7: Cleanroom Black Box Model



Design Concept Selection
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Table 1: Initial Design Morphological Matrix Table 2: Wall Material Selection Criteria

Table 3: Wall Material Selection Criteria



Design Iterations
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Iteration 1: 12’ x 8’ Cleanroom

 

Iteration 2: 12’ x 16’ Cleanroom Iteration 3: 12’ x 16’ Cleanroom with 

Support Beams and Attached 8’ x 6’ 

Gowning Room



Design Validation – Mathematical Modeling
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𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 =
𝐴𝑟𝑒𝑎 𝐹𝐹𝑈𝑠

𝐴𝑟𝑒𝑎 𝐶𝑙𝑒𝑎𝑛𝑟𝑜𝑜𝑚 𝐶𝑒𝑖𝑙𝑖𝑛𝑔

𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒  4 𝐹𝐹𝑈𝑠 =
4(2 ∗ 4)

12 ∗ 16
= 16.67%

Computational Fluid Dynamics Analysis: 

• Determine: # FFUs, % Ceiling Coverage, 

FFU Ceiling Configuration, FFU Speed, 

Polycarbonate Wall Gap Height

Figure 9: CFD Ansys Simulation Staggered Fans

Cost Analysis

Material Cost ($)

Aluminum 

Square Tubing

T-Slot Steel Square 

Tubing

2,676.87 4,020.56 747.17

Polycarbonate Vinyl 2,515.13 450

Cost Estimate of Powder coating: $5,969.79

Cost Estimate for Welding: $30 - $50 per 

hour to make 200+ welds.

Cost Analysis: 

• Determine: Materials

Table 4: Cost Analysis



Design Validation – Mathematical Modeling

8 Aaron & Logan, Modular Sterile Cleanroom, 4/26/24

Polycarbonate SolidWorks Simulation:

• Analyze: Force on bolts from weight of 

sheets to determine bolt placement.

Frame Structure Ansys Simulation: 

• Analyze: Maximum stress, strain, and 

deflection of ceiling beams from FFU weight.

Figure 12: Structural Ansys Simulation

Figure 11: Ansys Simulation, Bolt Placement Force

Figure 10: Ansys Simulation, Force on Bolts



Failure Modes and Effects Analysis
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Table 5: FMEA



Initial Prototyping 

10 Logan, Modular Sterile Cleanroom, 4/26/24

Virtual Prototype 1: 

Goal: Determine if 

support structures are 

needed to support 

FFU weights 

Virtual Prototype 2: 

Goal: Determine how 

many bolts are needed 

to support 

polycarbonate sheets 

Physical Prototype 1: 

Goal: Determine if 

gasketing material is 

needed on 

polycarbonate sheets

Physical Prototype 2: 

Goal: Determine FFU 

speed setting and wall 

gap height

Figure 13: Structural Ansys Simulation

Figure 14: Solidworks Simulation

Figure 15: Gasket prototype

Figure 16: Velocity testing 



Manufacturing Process
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Aluminum Beam Manufacturing:

Gia, Modular Sterile Cleanroom, 4/26/24

Steel Beam Manufacturing:

Figure 17: Vertical Mill

Figure 18: Hole Configuration Figure 19: Drill Press

Figure 20: Ceiling Hole Drilling



Manufacturing Process

12

Polycarbonate Sheet Manufacturing:

Logan, Modular Sterile Cleanroom, 4/26/24

Figure 22: Wall Cutting Figure 23: Drilling Sheet to Ceiling 

Frame

Figure 21: Wall Drilling
Figure 24: Cutting Aluminum



Manufacturing Process

13

Support Beam Manufacturing:

Aaron, Modular Sterile Cleanroom, 4/26/24

Figure 25: Center Support Head

Figure 27: Drilling Holes into Truss

Figure 28: Truss Placement

Figure 26: Support Beam Trimming



Testing Summary
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Experiment/Test Relevant DRs Testing Equipment 

Needed

Goal of Test

Deflection CR4 (Safe) Tape measure Determine Support Beam 

Configuration

Particle Count CR5 (ISO Class 7 Compliant), 

ER2 (Particle Count and Size)

Aerosol mass monitor, 

sterile gloves, hair net, shoe 

covers, ethanol solution

Determine if the particle 

count and size is within 

acceptable range

Airflow CR5 (ISO Class 7 Compliant), 

ER3 (Airflow), ER5 (Reynold’s 

Number)

Hot wire anemometer Determine average 

velocities, air changes per 

hour, and if the cleanroom is 

laminar/transitional

Area CR3 (Spacious), ER1 

(Spacious), ER4 (Ceiling 

Coverage)

Tape measure Determine the cleanroom's 

ability to accommodate at 

least 6 people and the 

percentage ceiling coverage. 

Modularity CR1 (Modular), 

CR2 (Transportable)

Instruction manual, rubber 

mallet, ¼” torque wrench, 

ladder, timer

Determine assembly and 

disassembly time

Table 6: Test Summary



Deflection Testing
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Goal: Determine Support 

Beam Configuration

Deflection

Point

No Support

Beams

Support

Beam

Config 1

Support

Beam

Config 2

Support

Beam

Config 3

Support

Beam

Config 4

1 88.6" 89.4" 90.0" 88.8" 90.1"

2 88.6" 89.5" 90.0" 88.8" 90.1"

3 88.6" 90.0" 88.9" 90.0" 90.0"

4 88.6" 90.0" 88.9" 90.0" 90.0"

5 88.5" 89.5" 90.0" 88.8" 90.1"

6 88.9" 89.5" 90.0" 88.8" 90.1"

Average     

Beam       

Height

88.63" 89.65" 89.63" 89.2" 90.07"

Average    

Deflection
1.37” 0.35” 0.37” 0.8” - 0.07”

Table 7: Deflection Testing Results

Figure 29: Deflection Points and Support Beam Configuration

Figure 30: Deflection Point Testing



Particle Count Testing

16 Gia, Modular Sterile Cleanroom, 4/26/24

Figure 31: Particle Count Measurement

Goal: Determine if the 

particle count and size is 

within acceptable range

Location Height 

(ft)

Aerosol 

Mass 

(𝝁𝒈)

Average Aerosol 

Mass (𝝁𝒈)

Corner 1 0 0.0 0.0

2 0.0

4 0.0

6 0.0

Corner 2 0 0.0 0.0

2 0.0

4 0.0

6 0.0

Corner 3 0 0.0 0.0

2 0.0

4 0.0

6 0.0

Corner 4 0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 1

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 2

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Location Height 

(ft)

Aerosol 

Mass (𝝁𝒈)
Average Aerosol 

Mass (𝝁𝒈)
Center 

Quadrant 3

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 4

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 5

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 6

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 7

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Center 

Quadrant 8

0 0.0 0.0

2 0.0

4 0.0

6 0.0

Cleanroom Total Average Aerosol Mass (𝝁𝒈) 0.0

Table 8: Particle Count Testing Results



Airflow Testing
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Table 9: Airflow Results

Figure 32: Anemometer

Measurement

Location

Minimum

Velocity

(ft/min)

Maximum

Velocity

(ft/min)

Average

Velocity

(ft/min)

Air Changes per 

Hour

Reynold’s

Number

FFU 1 63 69 66 54 7.13 *104

FFU 2 53 56 54.5 44 5.89 * 104

FFU 3 68 74 71 58 7.67 * 104

FFU 4 71 77 74 61 8.00 * 104

Outlet 1 105 114 109.5 89 1.18 * 105

Outlet 2 93 111 102 83 1.10 * 105

Outlet 3 92 104 98 80 1.06 * 105

Outlet 4 113 118 115.5 94 1.25 * 105

Outlet 5 126 136 131 107 1.42 * 105

Outlet 6 105 118 111.5 91 1.21 * 105

Outlet 7 119 127 123 100 1.33 * 105

Outlet 8 119 124 121.5 99 1.31 * 105

Outlet 9 108 114 111 90 1.20 * 105

Outlet 10 113 118 115.5 94 1.25 * 105

Outlet 11 108 111 109.5 89 1.18 * 105

Outlet 12 94 98 96 78 1.04 * 105

Cleanroom Averages: 100.6 81.6 1.09 * 𝟏𝟎𝟓

Goal: Determine average velocities, air 

changes per hour, and if the cleanroom is 

laminar/transitional

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
Σ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠

𝐴𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 ∗ 𝑂𝑢𝑡𝑙𝑒𝑡 𝐴𝑟𝑒𝑎 ∗ 60

𝐶𝑙𝑒𝑎𝑛𝑟𝑜𝑜𝑚 𝑉𝑜𝑙𝑢𝑚𝑒

𝑅𝑒𝑦𝑛𝑜𝑙𝑑′𝑠 #

=
𝜌𝑉𝐿

𝜇



Area Testing
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Table 10: Area Results

Cleanroom FFU

Length 15.75 3.88

Width 11.77 1.88

Area 185.4 7.29

Ceiling Coverage 

(%)

15.7%

𝐴 = 𝐿 ∗ 𝑊 

𝐶𝑒𝑖𝑙𝑖𝑛𝑔 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 =
𝐴𝑟𝑒𝑎 𝐹𝐹𝑈𝑠

𝐴𝑟𝑒𝑎 𝐶𝑙𝑒𝑎𝑛𝑟𝑜𝑜𝑚 𝐶𝑒𝑖𝑙𝑖𝑛𝑔

Goal: Determine the cleanroom's ability to 

accommodate at least 6 people and the 

percentage ceiling coverage. 

Figure 33: Area Testing



Modularity Testing
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Figure 34: Ceiling Quadrants

Goal: Determine the pressure difference 

inside and outside the cleanroom.
Assembly 

Part

# People 

Required

Assembly Time 

(Hrs)

Disassembly 

Time (Hrs)

Perimeter 1 0.5 1.0

18ft Wall 1 2 0.5 1.0

18ft Wall 2 2 0.5 1.0

12ft Wall 1 2 0.25 0.5

12ft Wall 2 2 0.25 0.5

Ceiling 

Quadrants

3 1.5 3.0

Polycarbonate 

Ceiling

3 1.0 1.0

Polycarbonate 

Walls

2 1.5 1.5

Vinyl Door 1 0.25 0.25

FFUs 4 1.0 1.0

Total Assembly Time: 7.25 10.75

Table 11: Modularity Results



Specification Sheet
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Customer Requirement CR Met? (✓ or X) Client Acceptable? (✓ or X) 

Modular ✓ ✓

Transportable ✓ ✓

Spacious ✓ ✓

Safe ✓ ✓

ISO Class 7 Compliant ✓ ✓

Engineering 

Requirement

Target Tolerance Measured/ 

Calculated Value

ER Met? 

(✓ or X) 

Client Acceptable? 

(✓ or X)  

Spacious 192 𝑓𝑡2 ±10𝑓𝑡2 185.4 𝑓𝑡2 ✓ ✓

Particle Count 0 𝜇𝑔 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑠𝑖𝑧𝑒

> 0.5 μm

N/A 0 𝜇𝑔 ✓ ✓

Airflow > 90𝑓𝑡/𝑚𝑖𝑛, 

> 60 𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠

N/A 100.6 𝑓𝑡/𝑚𝑖𝑛, 

911 𝑎𝑖𝑟 𝑐ℎ𝑎𝑛𝑔𝑒𝑠

✓ ✓

Ceiling Coverage > 15% N/A 15.7% ✓ ✓

Reynold’s Number < 1 ∗ 107 N/A 1 ∗ 105 ✓ ✓

Table 12: Customer Requirement Specification Sheet

Table 13: Customer Requirement Specification Sheet



Final Design and Hardware
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12’ x 16’ cleanroom with aluminum square tubing and nylon 

connector frame with polycarbonate walls and ceiling. Full 

vertical and horizontal support integration.

Figure 36: Support Structure

Figure 37: Cleanroom Aluminum Beam Structure

Figure 35: Cleanroom Polycarbonate Structure



Final Design and Hardware
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8' x 6' gowning 

room with powder 

coated steel frame, 

welded 

connections, and 

polycarbonate 

walls

Figure 38: Gowning Room CAD

Figure 39: Gowning Room Polycarbonate Structure



Final Design and Hardware

23 Aaron, Modular Sterile Cleanroom, 4/26/24

Figure 40: Final CAD Design Figure 41: Final Build



Budget

24

Description Cost($)

Cleanroom Materials 6,063.44

Gowning Room Materials 732.70

Hardware/Reimbursements 389.78

FFUS 5,360.37

Total 12,646.42

Gia, Modular Sterile Cleanroom, 4/26/24

Original Budget: 10K

Additional Fundraising: 2K

Final Budget: 19K

Figure 42: Gantt Chart

Table 14: Simplified Breakdown of All Purchased Materials



Purchasing 
BOM 1

25 Gia, Modular Sterile Cleanroom, 4/26/24

Figure 43: Purchasing BOM



Purchasing 
BOM 2

26 Gia, Modular Sterile Cleanroom, 4/26/24

Figure 44: Purchasing BOM



Purchasing 
BOM 3

27 Gia, Modular Sterile Cleanroom, 4/26/24

Figure 45: Purchasing BOM



Manufacturing
BOM 1

28 Gia, Modular Sterile Cleanroom, 4/26/24Figure 46: Manufacturing BOM



Manufacturing
BOM 2

29 Gia, Modular Sterile Cleanroom, 4/26/24

Figure 47: Manufacturing BOM



Future Works
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What we would do if we could start 

over:

• Utilize Aluminum T-Slots

• Integrate supports into design decision 

making

• Manufacture in a more efficient manor

What we would change given more 

time:

• Construct real Door hinges/Mechanisms

• Implement back up power capabilities

• Conduct surface contamination tests 

after certification process



THANK YOU!


	Slide 1: Adaptive Sterile Modular ISO Class 7 Biomedical Manufacturing Cleanroom     Logan Bennett Michelle Borzick Gia Neve Aaron Reynoza 
	Slide 2: Project Description
	Slide 3: Customer and Engineering Requirements
	Slide 4: Design Space Research
	Slide 5: Design Concept Generation
	Slide 6: Design Concept Selection
	Slide 7: Design Iterations
	Slide 8: Design Validation – Mathematical Modeling
	Slide 9: Design Validation – Mathematical Modeling
	Slide 10: Failure Modes and Effects Analysis
	Slide 11: Initial Prototyping 
	Slide 12: Manufacturing Process
	Slide 13: Manufacturing Process
	Slide 14: Manufacturing Process
	Slide 15: Testing Summary
	Slide 16: Deflection Testing
	Slide 17: Particle Count Testing
	Slide 18: Airflow Testing
	Slide 19: Area Testing
	Slide 20: Modularity Testing
	Slide 21: Specification Sheet
	Slide 22: Final Design and Hardware
	Slide 23: Final Design and Hardware
	Slide 24: Final Design and Hardware
	Slide 25: Budget
	Slide 26: Purchasing BOM 1
	Slide 27: Purchasing BOM 2
	Slide 28: Purchasing BOM 3
	Slide 29: Manufacturing BOM 1
	Slide 30: Manufacturing BOM 2
	Slide 31: Future Works
	Slide 32: THANK YOU!

