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Background

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:

" ‘
\

Timothy Becker Aneuvas Technologies Inc

o Purpose of Cleanroom:
o Manufacturing of medical devices In a sterile environment
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Black Box and Functional Model
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Figure 1: FFU Black Box Model Figure 2: Cleanroom Black Box Model
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Figure 3: Functional Model
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Concept Generation: Morphological Matrix

Table 1: Morphological Matrix :
o Subfunctions:

e e 2 Frame Connections

Material Connections
Wall/Ceiling Material
Fan Number/Location
Frame Size

Material Magnets
Connections

O N

Wall/Ceiling All Polycarbonate Hard Wall Vinyl Walls with
Material = o . g _ Polycarbonate Ceiling

Iy

| A

Fan 1 Centered Fan 2 Off-Center Fans 2 Comner Fans
Number/Locations

]
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Frame Connections:

-Connections between frames

-Must be able to handle Shear and
Flexural forces

-Must be easy to assemble and disassemble

Material Yield Strength |Tensile Strength |Modulus of Elasticity | Default Price | Machining/Extra price
6005A - 761" | 10x 106 > 18perlb

Telescoping Nylon | 450000 a__ | 0
28 x 106 12 35

Joint Screw 28 12 3.5
10x 1076 5to 30 3to 20

80/20 T Slots
(Usd) | (Usd)
Figure 4: Spec Sheet for Frame Connections

Stainless steel|
6005A - T61 |
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1
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sguare Tubing Nylon
Connectors

“T-Slots (80/20)

Screwed Joints

-Wery modular
-Inexpensive

-Allows strong structure

stability

-WVery modular
-Allows many
connection types

- Strong connections
between frames

-Creates permanent
fixtures

-No extra components
required

- Allows for strong
connections

-Inexpenzive
-Partz are replaceable
- Can be

azzembled/dizazsembled

easily.

Table 2: Frame Connections Advantages/Disadvantages

-Requires altering frame
-require specific design for
different types of
connections

-wegk connection material
for yield and shear strength

-Expensive

- Bequires many
compenents for
connections

-Not effective against
external forces

-Does not allow moduolarity
-Expensive

“Quality of wield can affect
stability

-Requires milling for frame
and joint

-Takes up space which
effects other parts

-Fequire many components
for connections




Frame Connections:

Shear Flow Calculation

V% Q)
I %t

Tmax —

Q = (48in)*(1.5in)*(44.25in) = 3186in>

100lbs = 3.02lb f
Vmax = 3.02lbf

= 3. , =3 . e e
I = “’1;‘30 int — 48;3“ int = 6523.75in?

Figure 5: Surface area of frame with Centre of Gravity

Tmax = Max Torsion Q = 1st Moment Area

= .
t = 1-;?'” — 0.751n Vmax = Max Shear t = Width Across Section

| = Moment of Inertia
Tmax = 1.96psi
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Frame Connections:

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
/. Stability: How stable the
frame can be.

Table 3: Frame Connections Decision Matrix

"V Square tubing Conneutor 'V Screw Joints

Select rite ei S _. Weighted
e 90016 Score

L s e I R
CECER N N | B
N T I N IR ISR
efoence |5 |3 | | 3 | w | v | o |
Swllquty |5 [ | o |3 T s | 1 [ e ]
EeorGe | 5 | e | w |5 | wm e | w
o | o | B | s | 8 | zs || w | 21

wl w

Wl w| w|] w
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Material Connections:

Table 6: Material Connections Advantages/Disadvantages

I B Magnets - Inexpensive - Adhesive connection
degrades over time
- Material connections are how the walls e asie sk on rame
- Shifting of vinyl/

will be attached to the frame polycarbonate panels could

cause disconnection

= H ard Wal I We i g ht: 9 . 5 I bS .. Adhesive - Inexpensive - Particulation

. - Off-gases
- SOft Wal I We I g ht - 9 7 5 I bS - - Strength degrades over time
- ' =B - Shifting of
{ vinyl/polycarbonate panels
could cause disconnection
- Colleets particulates

- High modularity — - Only works with t-slots.
easy to assemble and Would have to modify other
disassemble frame material to

- Strong connection accommodate

- Inexpensive -Could cause tearing of
- Strong connection vinyl/eracking of

- High modularity — polycarbonate panels
easy to assemble and

disassemble
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Material Connections:

Criteria
1. Durability: life
expectancy In years

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

P Durability hard-walled (years)

2. Modularity: ease of [ ra—rr—
:
changing Seal Tightness (in"3/s . R P

configuration/assembly Stengtofmegrt(

Strength and durability of Adhesives[5]
Strength of Aluminum/screws[4]

3 ) Strength - Strength Table 7: Decision Matrix for Material Connections

of connection in Ibs [ [Magmes [ Adueswe

Selection Criteria Weight Score Weighted | Score Weighted Weighted Weighted
= - (%0) Score Score Score Score
4. Seal Tightness: gas (. ————— R E
loss In IN"3/s CSwengn 201 Jos
. Seal Tightaes -
5. Aesthetic: Acsthetics 0 1 Joi |

SUbjeCtIVG and Slotted connections would best fit the criteria, however, require
unmeasurable the use of 80/20 T-slots in the "Frame connection" subfunction

Logan Bennett, 10-9-23, Modular Sterile Manufacturing Clean Room
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W II M t - | Table 8: Wall Material Advantages/Disadvantages
a aterial.

Vinyl Soft Wall/Ceiling - Inexpensive - Contains VOCS
: S - Increased air
Soft Wall Vs Hard Wall Materials s leskage
- O_ff-gassmg: release of a 1% A o ——
dissolved, trapped, or absorbed T pabattinusts
gas in a material N o=
- VO CS VOIa_tI Ie Org anIC : Pely'carbenete Hard -Client preferred - More expensive
Wall/Ceiling - Less air leakage
Compounds I | Lo iba
1“ appearance
. l
Cost Analysis: ‘ - ;
- -y
- Vinyl: ~$200 .y

- Polycarbonate for 10x10 and
12x8: $1774.49

Gia Neve, 10-9-23, Modular Sterile Manufacturing Clean Room
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Wall Material:
Vinyl Longevity:

T ~ = .

o

Figures 6-8: Current Vinyl Cleanroom
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Wall Material:

Criteria;

1. Cost: price of all wall material
for 10x10 or 12x8 configuration

2. Customer Preference

3. VOCS Table 9: Frame Size Decision Matrix
"Hard Wall (Polycarbonate) | Soft Wall (Vinyl)

4. Longevity

Weighted Score

“!—'i:-
I £ RN LR R L
_-I-
vos w3 foa |1 foa
A N EX LS N L
R T S— R —
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Table 11: Frame Size Advantages/Disadvantages

m e
r a e S I Z e . - Direct customer -Unevenly spaced

request support beams will
- Total area of 100 require additional
square feet of floor | material cutting

Cost Analysis: spc

Table 10: Frame Cost Analysis

Cost Breakdown
10x10

- Evenly spaced bars | - Less total area - 96
will require no square feet of floor
material cutting space

- Uses same matenal

requirements as

10x10

- Symmetrical

design requires less
assembly time

- Framing: 80/20 Aluminum Square tubing

- Connectors: Estos Nylon injection molding
connectors

- Wall Material: Eplastics 1/16th inch 48"x
96" poly carbonate sheets

O Prices include Tax and Shipping estimations

13 Gia Neve, 10-9-23, Modular Sterile Manufacturing Clean Room
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Fan Number:

Table 13: Fan Number/Location Concept Variants

Fan Number/Location Advantages Disadvantages

1 Centered Fan

2 Off-Center Fans

2 Corner Fans

- Less expensive
- Less turbulent air
flow

- Meets ISO7 filter fan
umit ceiling coverage
requirement

- Most stable ceiling
frame configuration
- Less turbulent air
flow

- Meets ISO7 filter fan
umit ceiling coverage
requirement

- Does not meet ISO7
filter fan umt ceiling
coverage requirement

- More expensive than 1
fan

- More expensive than 1
fan

- Less stable ceiling
frame configuration

- More turbulent air
flow

Recommended Ar Changes and Ceiling Coverage

50
Class

iSO
IS0 2
IS03
1SO 4
1505
ISO 6
1507
ISO 8

Air Changes
Per Hour

500-750
S00-750
500-750
400-750
240-600
150-240
60-150
560

Ceidling
Coverage

B0-100%
80-100%
60-100%
S0-90%
35-70%
25-40°%
15-25%
$-15%

Figure 9: 1ISO Ceiling Coverage Requirements

Ceiling Coverage =

Ceiling Coverage 1 Fan =

Ceiling Coverage 2 Fans =

Michelle Borzick, 10-9-23, Modular Sterile Manufacturing Clean Room

Area FFUs

Area Cleanroom Ceiling

— 0
Toxg -~ 5:33%

(L 16.67%
12x8 7



Fan Locations:

- Ansys Fluent CFD Analysis:
- Reynold's Number Outputs:
o Centered Fans: 3441.3 (Transitional flow)
o Cornered Fans: 3703.6 (Turbulent flow)

Veloci
Streamline 1

4.574e-01

3.490e-01 3.43%e-01

| I. ] ~ = ol .:_'_'__ i
2.342e-01 ' Sagf il [/ 2.304e-01

! ‘ )
1.194e-01 | 1.170e-01

4.603e-03 3.495e-03

Figure 10: 2 Centered Fans Streamline Simulation Figure 11: 2 Cornered Fans Streamline Simulation
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Fan Number and Location:

L =225in
Structural Load Analysis:
¢ = 1.5in
2 Centered Fans 2 Cornered Fans v a1
Material Moment of Max bending Factor of Safety Material Moment of Max bending Factor of Safety Hax
geometry mertia (in"4) stress (ps1) geometry inertia(in"4) stress (psi) 5 Mc
max 1‘[

212 2
Tolot S ma = 39669psi
Tolof T Vg = 5005

Figure 12: Centered Fan Load Analysis Figure 13: Cornered Fan Load Analysis

41

Maximum Number of Particles in Air

Particle Count Analysis:

Whisper Flow Filter Specifications: - S ——
- MERV 7 Pre-Filter: 50% efficiency at 3um | as o B S By

- HEPAFilter: 99.99% efficiency at 0.3um  I—GEEEE T fn

Figure 14: Cleanroom Particle Count Requirements

Michelle Borzick, 10-9-23, Modular Sterile Manufacturing Clean Room
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Fan Number and Location:

Criteria:

1.

Cost: price of FFU In
dollars

Flow Distribution: type of
flow (Reynolds Number)
Structural Load: Max
bending stress and Factor
of Safety

Particle count: um

Table 14: Fan Number/Location Decision Matrix

|| |2FansOff-Center

2 Fans Cornered

Selection Criteria Weight Score Weighted Weighted
(% Score Score
2 o1

Flow Distribution 3 [105 |
Structural Load
3 12 12
275 | |26

Michelle Borzick, 10-9-23, Modular Sterile Manufacturing Clean Roon
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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 1SO class
7 standards, centered to keep
transitional flow

Figure 15: CAD Top View

Figure 16: Isometric View

Gia Neve, 10-9-23, Modular Sterile Manufacturing Clean Room



Schedule:

Oct 9, 2023
ASSIGNED TO PROGRESS  START
Concept Evaluation - Charts 9/19/23
Concept Evaluation - Design Summary 9/19/23
Concept Evaluation - CAD 9/19/23
Schedule - Gantt Chart 9/19/23
Budget GM9/23
Bill of Materials 919123
Report 1
Executive Summary
round
Requirements
Research Within D
Design Concepts

Conclusion

Prototype 1

3D Printed Components

Mon-30 Printed Components

Figure 17: Gantt Chart

19 Michelle Borzick, 10-9-23, Modular Sterile Manufacturing Clean Room
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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)

Gia Neve, 10-9-23, Modular Sterile Manufacturing Clean Room
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BOM

Table 15: Bill of Materials

| fpatw  lpatName [ty [Description  [Functions  |Material |Dimensions [costperunit  [TotalCost |tinktocostestimate
| i|Auminumsquaretubing [ 29|Framematerial | [Aluminum |1.5"15"-46"

- Aluminum sguare tubing _ L5"x L.5"-87"

- i sgua i Frame material _ 22 50.49 per inc 51,661.14 https://8020.net/9700.html

http_u._.*'_.f estoconnectors.c
ame connector am ylon/B 5 66! /product/5323150/
- -

https://estoconnectars.c
/product/532150/
https://estoconnectors.c
/product/533150/
https://estoconnectars.c
/produc

frame and 6x8

Polycarbonate |1/16"x48"x96"

Filters airw Poweder

. Covers 12x8

the room coated steel 52
&

__-______

Gia Neve, 10-9-23, Modular Sterile Manufacturing Clean Room
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THANK YOU!
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