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# # 5670987921 : MAJOR INDUSTRIAL ENGINEERING
KEYWORDS: CLEAN ROOM CLASS/AIR CHANGE RATE/FILTER EFFICIENCY/LINEAR
PROGRAMMING
APINAN CHUADCHUM: An air filter selection supporting system for a clean
room. ADVISOR: ASSOC. PROF. DR.WIPAWEE THARMMAPHORNPHILAS, 88

Pp.

Nowadays many industries need to design a clean room in a working area to
control dust and contamination. Using a clean room leads to higher cost in term of filter
investment to treat dust and power consumption during operation. Currently, designers
use guidelines from many institutes such as the Institute of Environmental Sciences and
Technology (IEST) and Food and Drug Administration (FDA) to design a clean
room. However, these two institutes specify only guidelines of minimum air change rates
for each specific level of cleanliness without recommending proper filter series for each
air change rate. Clean room designers normally select filters that follow the guidelines
based upon their skills and experiences. Many designers may select filter series which
are over specification or low cost that leads to higher energy consumption cost during
operation to increase the air change rate. This thesis proposes a linear programing model
that selects proper filter series and determine air change rate to minimize the total cost
based on the requirement of air quality from user. The solution from the program can
reduce cost approximately 20% comparing to selecting filters based on skills and
experiences. The owners or contractors can also use this program to consider the
alternatives to reduce cost if the clean room regulation is changed. Atthe same time, this

program provides a better understanding of a clean room design.

Department: Industrial Engineering Student's Signature
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3.4.1 NMUUAIRTBIAILLT
I = iR2eduELNIRIBNALRY i = 1, ..., 71
] = FANDILHUNIANANNIATEAUNAN j = 1, ..., m

K = LsnmmLLﬁJummmmmxﬁuqq k=1,..,1

3.4.2 NMuuAsaLlsAnaLnla
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. Xi = ff«J’)muummimmnvﬂLU@\muW%L@@ﬂZﬂutéﬁmz%um l
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YY, =
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j
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1, mn@enusiunsasszauge K
ZZk =

0, au
o A =amusavlunisuaniagueinia (sagalu)
14 1 4 o o o Al
o EnergyCostl - duyuaasa Wihaniiassesinauasenia (umsiatl)
4 1] 1 1 % o dl [ 1 =
o EnergyCost2 - FuyuaausiNanA WA 8 1iedu1anuaausnAsan g e

] 1
WELNTANEINIA (LU9sIB L)
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1) FunuaedwNunIesaInAusacaia luannisivuag
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e Pcost; =ﬁuwu4Lﬁjun5@qu7@\75fu i (mwm'ﬂéum'@fl)
e Mcost; =AU UUAUNTONTZALNAN | (mmf@%um’@f/)
o Hcosty =Auyuununseassaigs k (uvwm'@éum'@f/)
2) 12 ANBAINYBNUEUN TR INIABAAST A IUANN 179897
e Peff;= UssAvBnmusunsese I Ailesi i
o Meff;= tsz@v5nImnsesainiAazidenIzALNaN j
o Hef fi.= Use@ndnmusiunsesenmaasidenszaiigs k
3) WNAUANATENTBILAHUNTEIBINA MLAAZERA TUdNN19Taain
e PpressureDrop ;= UsaAANASeNLEN SN AT IR | (1ana)
o MpressureDrop;= undusnAsenuLuNIaI0INIAILIBEATALNAN | (LaAA)
e HpressureDrop,= undusnaienusunsasamaazidanszaugs k (Uania)
4) ANAINITA UNITFLERTIANNITIANYDIURIUN TONUFIA L TTIA
o Pflow; =sammsluaiiarunsosy fsesusiunseqssaisi | @nuaiyasewund)
e Mflow =smmnslnaiianansait lfvesusunseeseiinan J (gnurarinmsie
1477)
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4) danvunann 1Eau
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= ¥ o

o CustomerPressureDrop = usisunnasaxgigaiignaimug (L1ama)
o CustomerFlow = gasmaluazesainiaiignanivuau (gnuiarWasaui)
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o InternalGenerate =1fixnuunizludasiifingu (@unimsiagnuiAtynse
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¥ v U d, ¥ 1 5
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e RoomSize =1w1nraviedluviiag (gnuiarivem)
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o FanCoefficiency =isz@nsnmanssnusimzaasasieig nviua vy 1.22
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n m l
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i=1 j=1 k=1
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18 Tudauaasfiuyuiiundsnuiniunalnenssaindnaaeinaeiniwngaauainnig
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X UnitPowerCost X WorkingTime
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6A;0 X RoomSize X 1.7 X FanCoef ficiency
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l
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AuA (19) AekaulITiA189LNUNIa9RNNATEALAUNAZIARNAZHANWINAY 1 1NBLAEN
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n m
EnergyCost2 = (Z XX; X PpressureDrop ; + 2 YY; X MpressureDrop
i=1 j=1
- X RoomSize X 1.7 X FanCoef ficiency

60
+ ), Foi x HpressureDrop ) = = 000 X 60 X 60

l
k=1

X UnitPowerCost X WorkingTime
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g9 2 ﬁ\?mubl:ﬁ\l@qﬂq?ﬂquﬂqWWLVN’]ZQNVIWWQQW’]N?;‘]JLLUUﬂqﬁuﬁﬂq?Lﬁ]\ﬁL@uvLm HLUEU

AslilFugluinaasnisnivuadaudssndulalulfasa iy

3.4.6 WU aasRudle v
3.4.6.1 NMNUALERTAIFLLT
I = mmmmLLsiummmmmﬁymﬁu i=1,...,n
] = FAUAUEUNIANANNIAILALUNAN j = 1, ..., m
K = wnaeaiaunsesenidssauga k = 0, ...,

(flu 0 lunsaildinnsldtinuniunsesaviaanszAuge ugLuuuiug)

3.4.6.2 NNUUARLLIARALLA

1, wn@denuiunseessaAudu i

WHUNIBNTEALNAN |
o VY= | o
ik uazuNuNseesEaugs k

0, au

o EnergyCost2 : duyudiusneamna Wihauiasiainusauanaseu
= ] 1Al
@fymE/i/mu,wummmn’;ﬁ(mwm7J)

3.4.6.3 WNHAT
1) ﬁunummuﬂummmmﬂLLﬁiaxmﬁmlumuﬂﬁﬁLﬂﬁumﬁﬂ
£ 1 dlg/ 2 . 1 : 1 Al
e Pcost; =AUNULALNTANILANAY 1 (U meaTusaLl)

£ 1 o . 1 Qg/ 1 Al
o Mcost; =AUNUUNLNIANIZALNAN | (U msaTusaLl)
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o Hcost) =Aunuusunsavszaugs k (umsiatusial))
1 o | = 1 1
2) AMLINAUANATEN DAL URULNLN T lulsazg uLL
o Pressure Drop j, =WNAUANATONGALIBIUAWNTEN IWUsAAZFMLIL
WEUNIBIUENT [, WHLNIDIATRLATTALINGN J, UHUNTedsTALIge k
(Lhana)
3) ANAINNTD IUN1ITUARTIANNIFIANTBSLNUN TR AR LT T
o ~ o Yo . o o . -
o Pflow: gnsn1sluaniainisoiulavesusunseassausiy L (gnuiarins
1 =
BIRUIN)
o Mflow ; =8azinzlvanainisasuldvequsiunseeszauna j (gnuiar
Wes1a14797)
o Hflow, =8nnisluanainisniulavesuriunseassiugs k @nueivnse
W)
4) dszAnsnmaeuiunsasluisazatuuy
o Effiji =Usc@nBnIM89n19n709709UA1NTEN IuUAAZI ML

URUNTENTIRING T, UHUNTENASBEIATALING N |, WAUNIDTLALGS K (%)

5) danvumg e

o CustomerPressure =AUNAUANATINGIAATIGN

q

¥

MMveN (U1amn1a)

CustomerFlow =A1fin1uen1anIe sy @nuiainmsianuli)

o CustomerClass =ALI89BNASOIANGNAININUANT (BLNIAGE
anuIATY)
o InternalGenerate =6m1n19nnayN1ARUIL UL (B3NS
anuArmsata i)
¥ E 1 d‘ ¥ 1 [
o Smau =ANNTNTUIERLATIN IuTTUL (@1NIASRYNLATE)
e RoomSize =vuinveaiaylunidag (@nuaaArine)

6) ANIUUALNBNITATWIDL

o EnergyCostl =sunuaasarlWihanmassesinanasainia (umsatl)
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o A=BmrnruamiaguiiuiaeiniAludeeisuun (rausada i)

o o

e EnergyEfficiencyRaito =1ss@VBnwnaIATaNaANaNLEY (1 I dms

1 o

siagnunArinmsiawli) mvua iy 0.8 [7]
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e FanCoefficiency =1se@VBNNANTIOULIATANANANIENY Nvua Iy
1.22 1]

e FanEfficiency =1/sz@nsnmuainasiAsavasauitig nvun Iy
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e UnitPowerCost =viaga1 Wi wansenladnsdalue) nrvualfiviany 3

. . o’/ o o’/ 1Al o Y o
o  WorkingTime =521 (Talussiatl) nrvualsnyinniy 7,120
3.4.6.4 nuuaReTUAT N rNne:

Minimize Z =Suaayuizuuinevusunsesuasauyulun1sanidunis luamaaan
Wi (wnsiell)

l
_ Zn: i z Customer Flow  Peost. + Customer Flow
Y. Pflow, costi Mflow;
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X Mcost; + e X Hcostk> X Yijx + EnergyCostl

+ EnergyCost2
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1) ATNANNWNARNNERNIINITEANLLAEIWANNA [7]

A
EnergyCostl = 20 X RoomSize X EnergyEf ficiencyRaito

X UnitPowerCost X WorkingTime
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2) ANTWANUAIYIRLAINUINAUANATANGTYLAE [7]
l
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1) UpIAUANATONGIY AL BNA AT [HIAUTIgNAINIILAN
!
Z Yijk X PressureDrop;j, < CustomerPressureDrop
i=1j=1k=0
(23)

nuuA (23) m@muhm@mmml,l,mmumnm@mmmﬁ aNAINIVLA
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aunsnAuanslifasie b1

PressureDrop;j,= PpressureDrop; + MpressureDrop ; + HpressureDrop

TnadAnsaunusiasldifiundngnAninuaun
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Objective Function

Minimize Z =
n m l

CustomerFlow CustomerFlow
X Mcostj

X Pcost;
Pflow; costi + Mflow;
CustomerFlow
HflOWk
+ EnergyCost2

i=1 j=1 k=0

X Hcostk> X Yijx + EnergyCostl
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UnitPowerCost X WorkingTime

n m I
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3.5.1 dayardmndenivunvesyldan
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Type of Efficiency Air Flow Pressure Drop Price
Filter Dust Spot (ft3/min) (Pascal) (THB)
(%)
Yk Peff; Pflow, PpressureDrop; Pcost;
Meff; Mflow MpressureDrop ; Mcost;
j j
Hef f Hflow, HpressureDrop Heosty,
Pre- 20-25 2,000 17 200
Filter 25-30 2,000 28 210
30-35 2,000 38 230
Medium 50-60 1,000 40 1,900
Filter 60-70 1,000 40 2,000
70-80 1,000 40 2,100
80-90 1,000 78 2,200
90-95 1,000 95 2,400
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>95 1,000 145 2,600

HEPA& 98 1,050 320 5,200
ULPA 99.99 1,050 350 7,600
| 99.997 1,050 370 6,000
Filter 99.999 1,050 390 6,500
99.9995 1,050 410 7,000

99.99995 1050 430 7,500

99.999995 1,050 450 8,000
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3.6 N5 UTUSHNTNATUIUATNLLUINARY

walitdesanisldaudmiugld aldseandldlsunsy Excel Solver lunnsuian
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A B EK EL EMEN EO EP EQ ER ES ET EU EVEWEX EY EZ FA FB FC FD FE FF FG _FH FI FJ FK FL FM

Mm ¢ N Y N Q - N M T 1 O N Q 0 N M T VBV O N QO

18 00 0O0OOUOT O OODOU® OO OUOOT® OO OOUOTOUOO OO0

19 Objective IVIIN s s o s s sson 305 s s e 7 56736 736 6796 TEES TS 216 TIPS 4 086 WS

20 RHS Requirment

21 Pressure Drop | o« = = w ow M @ @ wm o m ow oW ow om om oW omom oW @ @ 506 <= 600 Pascal

25 Particle 859 <= 1,000 Particle/ft3

26 Filter select 1 == 1

44 DVs
45 Z-Value
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3.6.2 nuaas il disnmalaanas

-

Solver Parameters

Set Objective: SC847

To: ) Max @ Min ) Value Of: 0

By Changing Variable Cells:
S5544:5FF544

Subject to the Constraints:

SFGS21 <= 600 -
SFGS22:5FG524 == SFIS22:5F1524

SFG525 <= 1000

SFGS2E =1 Change
55544:5FF544 = binary

Delete

|I Reset All

- Load/5ave

Make Unconstrained Variables Non-Negative

I IIII & & E

Select a Solving Method: Simplex LP IZ| Options
Solving Method
Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP

Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.

| e -
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Solver Parameters A l

Set Target Cell:

=)
Equal To: f: IO I
By Changing Cells: ‘ :
| Options I

| $5844:$FF$44 g - [ [ guess
s;pjecttou\eCoqtrairnts:
$FGS$21 <= 1000 | / a

$FG$22:5FGS24 >= $FI$22:$F1524
| |sFGs25 <= 10000
SFGS26 =1
$5$44:5FF$44 = bﬁa\rv

‘ Set up the parameters for the model.

' Determine the manimum value for the sum of coat in cell C47

' by changing the number of units to build in cells S44:FF44.

Solverok setcell:=~Range("C47"), maxminvali=2, _
bychange:~Range ("S44:FF44")

‘ Add the constraint for the model. The constraint is that the
* Preesur Drop and Particle Count and Select only one

' FG2ic~ri2i

t FG22:24>%F122:24

' FG2S<erI2s

¢ FG26~rI26

Solveridd CellRef:=Range("FG21"), Relation:=l, _
FormulaText:=Range ("FI21%)

SolverAdd CellRef:=Range("FG22:¥G24"), Relation:=3, _
FormulaText:=Range ("FI22:FI24%)

SolverAdd CellRef:=Range ("FG25"), Relation:=i, _

FormulaText:~Range (*FI25%)

ScrolArea
StandardWidth 8.38
Visble -1 - xiSheetVe
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UserForml

Clean room dass

Supply Concentrate 1000000

Pressure Drop (Pa) 1000
Internal Generate 300000
Partide

Room Size (WxDxH) ft | 80 |8° |9

Data Add

Optimize Select

Close Program
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Clean room class
Air change rate
Filter Efficiency
Air Flow
Pressure Drop
Turbulent
Unidirectional
Air Handling Unit
Make up Air Unit

Linear Programming
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Sub Min_Cost()
Dim count As Integer
Dim bool As Boolean
Dim intCount As Integer
intCount =0

bool = True

'Reset Initial Air Change
If Cells(16, 1).Value > Cells(7, 2).Value / (Cells(9, 2).Value - 0.0005) + 1 Then
Cells(16, 1).Value = Cells(7, 2).Value / (Cells(9, 2).Value - 0.0005) - 1
End If
If Cells(16, 1).Value < Cells(7, 2).Value / (Cells(9, 2).Value - 0.0005) + 1 Then
Cells(16, 1).Value = Cells(7, 2).Value / (Cells(9, 2).Value - 0.0005) - 1
End If
Do While bool
'Reset Constrain
SolverReset

" Set up the parameters for the model.

" Determine the manimum value for the sum of cost in cell C47

" by changing the number of units to build in cells S44:FF44.

Solverok setcell:=Range("C47"), maxminval:=2, _

bychange:=Range("S44:FF44")

" Add the constraint for the model. The constraint is that the
" Preesure Drop and Particle Count and Select only one
'FG21<=FI21

'FG22:24>=FI22:24

"FG25<=FI25

'FG26=FI26
SolverAdd CellRef:=Range("FG21"), Relation:=1,

FormulaText:=Range("FI21")



SolverAdd CellRef:=Range("FG22:FG24"), Relation:=3, _
FormulaText:=Range("FI22:F124")

SolverAdd CellRef:=Range("FG25"), Relation:=1, _
FormulaText:=Range("FI25")

SolverAdd CellRef:=Range("FG26"), Relation:=2, _
FormulaText:=Range("FI26")

SolverAdd CellRef:=Range("S44:FF44"), Relation:=5, _
FormulaText:="binary"

" Do not display the Solver Results dialog box.

SolverSolve UserFinish:=True

" Finish and keep the final results.

SolverFinish KeepFinal:=1

'Input Z Value

Cells(48 + intCount, 3).Value = Cells(47, 3).Value

Cells(48 + intCount, 2).Value = Cells(16, 1).Value

Cells(16, 1).Value = Cells(16, 1).Value + 1

count=0

Do While count <= 144

If Cells(46, 19 + count).Value <> 0 Then

Cells(48 + intCount, 4).Value = Cells(46, 19 + count).Value

End If

count = count + 1

Loop

intCount = intCount + 1

If intCount = 50 Then

bool = False

End If

Loop

End Sub
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Private Sub Min()
Run "Module1"
End Sub

Private Sub ClassBox1_Change()
End Sub

Private Sub ClassBox1_Click()
End Sub

Private Sub CommandButton1_Click()

Cells(9, 2).Value = ClassBox1.Text

Cells(8, 2).Value = txtSupply.Text

Cells(3, 2).Value = txtPressure.Text

Cells(7, 2).Value = txtGenerate.Text

Cells(12, 2).Value = txtW.Text * txtD.Text * txtH.Text
Cells(4, 5).Value = txtH.Text

End Sub

Private Sub CommandButton2_Click()
Dim count As Integer
Dim bool As Boolean

Dim intCount As Integer

intCount =0

bool = True

'Reset Initial Air Change

If Cells(9, 2).Value < 1000 Then

Cells(16, 1).Value = 72 * 60 * Cells(3, 5).Value / Cells(4, 5).Value

End If



If Cells(9, 2).Value > 100 Then
If Cells(16, 1).Value > Cells(7, 2).Value / (Cells(9, 2).Value - Cells(25, 161).Value *
Cells(8, 2).Value) + 1 Then
Cells(16, 1).Value = Cells(7, 2).Value / (Cells(9, 2).Value - Cells(25, 161).Value *
Cells(8, 2).Value)
End If
If Cells(16, 1).Value < Cells(7, 2).Value / (Cells(9, 2).Value - Cells(25, 161).Value *
Cells(8, 2).Value) + 1 Then
Cells(16, 1).Value = Cells(7, 2).Value / (Cells(9, 2).Value - Cells(25, 161).Value *
Cells(8, 2).Value)
End If
End If
'Flow Calculate
Cells(4, 2).Value = Cells(16, 1).Value * Cells(12, 2).Value / 60
Do While bool
'Reset Constrain
SolverReset
" Set up the parameters for the model.
" Determine the manimum value for the sum of cost in cell C47
" by changing the number of units to build in cells S44:FF44.
Solverok setcell:=Range("C47"), maxminval:=2, _
bychange:=Range("S44:FF44")
" Add the constraint for the model. The constraint is that the
" Preesur Drop and Particle Count and Select only one
"FG21<=FI21
'FG22:24>=F[22:24
"FG25<=FI25
'FG26=FI26

SolverAdd CellRef:=Range("FG21"), Relation:=1,



FormulaText:=Range("FI21")

SolverAdd CellRef:=Range("FG22:FG24"), Relation:=3, _
FormulaText:=Range("FI22:F124")

SolverAdd CellRef:=Range("FG25"), Relation:=1, _
FormulaText:=Range("FI25")

SolverAdd CellRef:=Range("FG26"), Relation:=2, _
FormulaText:=Range("FI26")

SolverAdd CellRef:=Range("S44:FF44"), Relation:=5, _
FormulaText:="binary"

" Do not display the Solver Results dialog box.

SolverSolve UserFinish:=True

" Finish and keep the final results.

SolverFinish KeepFinal:=1

'Input Z Value
Cells(48 + intCount, 3).Value = Cells(47, 3).Value
Cells(48 + intCount, 2).Value = Cells(16, 1).Value
Cells(48 + intCount, 1).Value = Cells(25, 163).Value
Cells(16, 1).Value = Cells(16, 1).Value + 1
'Flow Varies
Cells(4, 2).Value = Cells(16, 1).Value * Cells(12, 2).Value / 60
count =10
Do While count <= 144
If Cells(46, 19 + count).Value <> 0 Then
Cells(48 + intCount, 4).Value = Cells(46, 19 + count).Value
End If
count = count + 1

Loop

intCount = intCount + 1



If intCount = 50 Then
bool = False

End If

Loop

End Sub

Private Sub CommandButton3_Click()
frmProgram.Hide

End Sub

Private Sub Label4_Click()
End Sub

Private Sub TextBox1_Change()
End Sub

Private Sub UserForm_Click()

End Sub

Private Sub UserForm_lInitialize()
With ClassBox1

Addltem "10"

Addltem "100"

Addltem "1000"

Addltem "10000"

Addltem "100000"

End With

End Sub
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Sub Min()

'Find Min Air Change Rate
Dim CountMin As Integer
Dim CountSeries As Integer
CountMin = 48
CountSeries = 19
Do While CountMin <= 97
If Cells(CountMin, 3).Value = Cells(98, 3).Value Then
Cells(98, 4).Value = Cells(CountMin, 4).Value
Cells(53, 44).Value = Cells(CountMin, 4).Value
Cells(98, 2).Value = Cells(CountMin, 2).Value
Cells(52, 44).Value = Cells(CountMin, 2).Value
Cells(57, 44).Value = Cells(CountMin, 1).Value
End If
CountMin = CountMin + 1
Loop
Do While CountSeries <= 162
If Cells(17, CountSeries).Value = Cells(98, 4).Value Then
‘Series
Cells(61, 44).Value = Cells(27, CountSeries).Value
Cells(62, 44).Value = Cells(30, CountSeries).Value
Cells(63, 44).Value = Cells(36, CountSeries).Value
'Pressure Drop
Cells(61, 53).Value = Cells(28, CountSeries).Value
Cells(62, 53).Value = Cells(31, CountSeries).Value
Cells(63, 53).Value = Cells(37, CountSeries).Value

'"Total pressure



Cells(64, 56).Value = Cells(21, CountSeries).Value
"Total Price
Cells(64, 58).Value = Cells(29, CountSeries).Value * Cells(61, 58).Value +
Cells(32, CountSeries).Value * Cells(62, 58).Value + Cells(38, CountSeries).Value *
Cells(63, 58).Value
End If
CountSeries = CountSeries + 1
Loop
End Sub
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