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LCD Model

S E (Processon)
Setup time(use operators)

Process time-Value by case

e “Queue” is needed before “Processor”. To save space, some
“Queue” objects are not shown in the figure.

Com
Process time
Input port

Use Robot to transport
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omponent ist
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Flow->Use ASRSvehicle
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LCD (liquid crystal display, & &%)

e Goal: Evaluate the bottlenecks of the system
e LCD: Description

e Source; Item: (1) Inter-arrival time follows Normal(mean 5, std 2); (2)set Itemtype and color.

e Processor
~Thin Film (&f&): Setup time: 3 min, need operator; Process times (ItemType-1: 2; ltemType-2: 4)
—Photolithography (&%): (1) Process time: 40% of parts: 3, and 60%: 4 ; (2) need operator.
-Etching (81%)): (1) Process time: 10. Max items in the same process: 3,
=Strip (JE£): (1) Process time: uniform (5, 8). ; (2) at the end of this process combine 5 items with

1 pallet (CombinedParts).

e MultiProcessor: Wash (3&3%t); (1) 2 Process times: 1st ~ uniform(2,6), 2nd ~ uniform(10,20); (2)

Separate CombinedParts after Wash process.

Combiner (&1/#28): (1)Process time: 2; (2) Combine 5 items with 1 pallet. (3) need Robot to move

Separator (1 &28): Process time 3 min.

Operators (fF2£8) : There are 3 operators.

Dispatcher (Jk Tg8) : Using first available to dispatch jobs for operators.

Source; Pallets: There are only 25 pallets in the system, so pallets should be reused.

Transporter (#Z38): To transport pallets, 5 pallets at a time.

Racks (51&): On second floor, and use ASRSvehicle to move ItemType-i to Racki,i =1, 2,.

Robot: Help to transport items from Combiner to wash.

Elevator, Recorder, Visual Tool, Network Node

Note: (1) Setup or process times listed above is for each item. (2) Time unit: minutes.

(3) New objects learned today are marked in red.
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Define bottlenecks of the system

e The largest queue length
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Define bottlenecks of the system

e The largest queue length

e The largest wait time
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Define bottlenecks of the system

e The largest queue length

e The largest wait time

e The largest utilization
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Define bottlenecks of the system

The largest queue length

The largest wait time

The largest utilization
Others...
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Define bottlenecks of the system

The largest queue length

The largest wait time

The largest utilization
Others...
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LCD Model in Flexsim

Initial Pallet Quey

R
comuin!: \Zw"!“""" Wash
‘Combiner Queue X A

Robot

=  First Floor
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Source

e Source — Triggers — OnCreation — Set Item
Type and Color
T source soperies I ke

’l Source I i

source | Flow | Triggers |Labels [ General [ Statistics |

OrReset & XS
OnMessage =
onest & X3
|UnCrEaDoﬂ I I XS
| set the rtemtype and Color =
Custom Draw & XS
Involved:  item

Ttem Type: duniform(1,2)
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Thin Film

e Setup Time: 3 (Use Operators for Setup)
e ProcessTime: Case 1:2;Case 2: 4

r
#% Thin Film1 Properties

"
* Thin Fim1 @
Processor | Breskdawns | Flow | Triggers [ Labels [ Genersi [ statistis |
Maximum Content .00 [V Convey Items Across Processor Length
||| setupTime 3 - IQ
| Use Operator(s) for Setup | Number of Operators 1.00
[7] Use Setup Operator{s) for both Sebup and Process
ProcessTime  Values By Case
Case Function  getitemtypeitem)
Setup Cases
Pick Operator
Case Default Time 2
Case 2 Time 4
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S
Photolithography Queue

e Type 1 item goes to Photolithography1 machine.
e Type 2 item goes to Photolithography2 machine.

——

=

‘ Photolithegraphy Queue @

Queue | Flow | Triggers. | Labels. | General | Statistics

 Photolithography Queue Properties

Output
|sendToort  values By Case | B =
[|Use Transport | Case Function  getitemtype(tem) | =
Priciity Setup Cases E
[Mreevaluate Se]  Case Default Part 1
Case 2 port 2
Any Part E
it EVPUH Anything
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Photolithography

u
* |Photoithography

D

Processor | Breakdowns | Flow | Triggers | Labels | General | Statitics|

Maximum Content

[#] Convey Ttems Across Processor Lenath

Setup Time: |u

v|g

["]use Operator(s) for Setup

/] Use Setup Operator(s) for both Setup and Process

Mumber of Operators | 1,00

Process Time |By Probability

==

[#]Use Operator (s) for Process  Mumber of Operator:

Pick Operator ‘centerob]ict(mrrent, 1)

Vg s
Pnonty Preempuon
e Flexsim 9 By Probability &&= NIAST 5
o F
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Dispatcher

e Use"A” to connect Dispatcher — operators.([BEF~8248/%)
e Use”S” to connect Dispatcher and Thin Film. (for setup)
e Use"S" to connect Dispatcher and Photolithography. (for process)

e Check “General — Ports” to see input, output,
and central ports.

W.M.Song £28% Tsing Hua Univ. FEAS Flexsim: LCD with more Objects 2015.10.28 10/36




Operator

e Click B 6B# — Edit — Set Object Reset position

Edit Copy
View Paste
s & V\e‘\-tv Settings e
rai Bl Obiect Groups Set Object Reset Position
BE Model Views
Modeling Utilities ¥ | Show Name
Explore Tree ¥ ShowPorts
Properties v Show 3D Shape
v Show 2D Shape
¥ | Show Content
00, 0.0, 13855.30] Seale [0.40, 0.58, 1.78] State: ide Record Stats (History) —
Protected ;
Designate This Node (s0)
Add to User Library
with more Objects
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Recorder

Library

Source
P uee
i Processor
@ sk

!Cumbmar
g Separator

¥ MultiProcessor

g Conueyor

Operator

Transparter

|| Elevator
Robot
Crane

11
W. M. Song &8

Discrete Objects ¥

7% Recorder36 Properties

=B =

h—’ Recorder36

[Recorder Itm\put Labels | General

IType of Data: |Standard Data -

Capture Standard Data

Display backaround

ObjectName:  |Etching

7]

Data to copture:
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Pallet Source

e Source —> Flowltem Class — Pallet
e Source —> Arrival Style — Arrival Schedule

’ |Pallet Source

Source |Flow | Triggers | Labels | General | Statistics

Arrival Style

Arrival Schedule

~
Flowltem Class

humber of Arrivals Refresh Arrivals | []Repeat Schedule/Sequence
Number of Labels [0 | | Refresh Labels | |

AddTable toMTEIL |
[ArrivalTime |ItemMame [TtemType [Quantity |
Arrival L 0.00 Product Loo| 2s.0d
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Combiner
e Combiner — ProcessTimes

#% Combiner Propertiss =& = |

' Combiner @

ProcessTimes |Breakdowns | Combiner | Flow | Triggers [ Labels | General | statstics |

SetpTime 0 -2

[ Use Operator(s) for Setup Nurnber of GOperatars

[7] Use Setup Operator(s) for both Setup and Process

Process Time 2 -

[Cluse Operator (s) for Process’  Murnber of Opsrators | 1,00 |

Pick Opetstor [ centerobject(current, 1) ~ \

Friority [0.00 | Presmption | no preempt -
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Combiner —Conti.

e Combiner — Components List —> From Input Port 2
e Initial Pallet Queue 27t Combiner &) Input Port 1.

e

»
|

@

ProcessTimes | Breakdowns | Combiner | Fow | Triggers [ Labels [ General | statistics

[ combine Mo [pack

-]

Recyrla To (0o Not Recyde Ttems

|| Convey Items Acress Combiner Length

Components List

[ Target Quantity

From Input Port 2

5.00

’ |Combiner23

|®

| ProcessTimes | Breakdowns | Combiner | Flow

Appearance
30 Shape | fs3dProcessor|Combiner, 3ds.

Shope Facrs. &t | [ et |

Dot [

30 Texture |
Color [=]
P e

Position, Rotation, and Size:

Triggers | Labels | General | statstics

Flogs
Show Name
Show Ports
Show 2D Shape:
Show 30 Shape
Show Contents
[IScale Contents
[protected

x [5200 w [000
v [100 7Y [000
2 oo | &z [o00
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Combiner and Robot

Use Robot to transport items from Combiner.(Use "S” to connect Combiner
and Robot.)

{ 'ﬁ cmbigi; Prope_;rizj- EL

' Combiner a

E I [ combiner |[Flow | Triggers [ Labels | Generai [ statistics|
Output
Send To Port First available - _\3
UseTransoort centerobject{current, 1) | -8
Priority 0.00 Presmption | no preempt -

[] Reevaluate Sendto on Downstream Avaiability

Input

W. M. Song 28 Tsing Hua Univ. j



————
Wash

e Use MultiProcessor for Wash process.
e Process 1: Process Time: uniform(2, 6, 0)
e Process 2: Process Time: uniform(10, 20, 0)

75 Wash Properties [E=YEE)

& Wash @

MuitProcessor |Flow | Triggers | Labels | General | Statistics |

[Trstrocss ] racesariame. processt

[ Deleteprosmss | [0 ocomime  unfom(@, 6, 0) e
e
Process2. Operators.

M -_ -
#% Viash Properties ==

| & \Wash @

MultProcessor |Flow | Triggers | Labels | General | statistis |
Process Name.  Process2

ProcessTime  uniform(10, 20, 0) -8

Number of
Operators

0.00

Pick Operator  centerobject{current, 1) ~ B8
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Separator

' |separator21 | ® ' |separator21 | ®

ProcessTimes | Breakdonns | Separator | Flow | Triggers | Labels | General | tatistics

ProcessTimes | Breakdonns | Separator |Flow | Triggers | Labels | General | Statistics

seupTme |

/8 (® Unpack O split Canvey Items Acrass Separator Length
[[Juse Operator(s) for Setup Humber of Operaters | 1,00 Spit/Unpack Quantity | Entre Contents Vg
W] Use Setup Operator(s) for both Setup and Process [ p— Pt
Process Time |3 v|g |

[ Juse Operator (s) for Pracess  umber of Operarors 1,00

Pick Gperator  centerobject{current, 1) =

Priarity |0.00 Preemption no preempt

with more Objects



Separator

Pallet Queue 27t Separator & Output Port 1.

| e ng o) S

S

ProcessTmes | Ereakdowns | Separator [ Fow | Triggers | Labels | General [statstics

@

Appearance
Shape Factors
Dshape

3D Texture ***

Visuals/Animations

3D Shape  fu3d\Processor\Separator, 3ds

oo ..

Flags
Shaw Name:

Scale Contents

X 3100

Y 3100

z 0.00

Input Ports
Central Ports.
Outpt Parts

1: Pallet Queue
2 Conveyor

ith more Objects




Pallet Queue

e Target Batch Size: 5
e Max Wait Time: 0 (no maximum wait time, queue will wait indefinitely)

#% Pallet Queue Properties. ‘ ="

’ Pallet Queus @

Queue [Flow | Triagers [ Labels | General [ statistics

Maximum Content  1000.00
Lifo

\| | | =
Perform Batching

TargetBatchSize 5.0

Max Wait Time 0.00

Flush contents between batches
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Pallet Queue and Transporter

e Use Transporter to transport items from Pallet Queue.(Use S to connect

Pallet Queue and Transporter.)
e Transporter Capacity : 5

‘ T —

Output
Send Ta Port First avallable

Pallet Properti o T E——
PR Follet Qiseue: Propeting o Transporter Properties.

[E=iECiC <}

@ Transporter
8

Transporter | Breaks | Colision | Triggers | Labels | General | Statistics |

@

Lift Speed: 10,00

I Use Transport  centerobiect{current, 1)

Priority 0.00 Presmption  [no preemy

7| Reevaluate Sendto on Downstream Availabiity

Tt

Capadity  5.00 Acceleration 350.00

" Deceleration 35000

MaxSpeed  60.00

Rotate while traveling

W.M.Song 280 Tsing Hua Univ. BEKXE Flexsim: LCD with more Objects

Do Transporter Animations

Fiip Threshold 180.00

[Travel offsets for load/urload tasks
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Conveyor

Conveyor — Layout

[=]@] = ]|

1
. Conveyor Propertes k. E=E=—

#% Conveyor Properties

Y’ Conveyor

Conveyer | Lovout | photo Eyes [ Flow | Triggers | Labels | General | statistics ff Converyor @
Conveyor | Layout [photo Eves | Flow | Triggers [ Labels | General | statisics |

@ Edtorview () Table View Initel ZRotation 0.00

Initial ZRotation 0.00

@ Editor View

Section Name  secton 1

i =y s

Length  20.00
Type  |Straight -

Angle  |30.00 E I
— o Lengh 6.0

e p

Layout | Photo Eyes | Flow | Triggers | Labels | General | Statistics

@ Editor View () Table View Initial ZRotation 0,00

&=

e — QE™ [Crosty ) [ ] [conedl ]
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Transporter and NetworkNode

e Drag 2 NetworkNode near Pallet Queue(NN1) and Initial Pallet
Queue(NN2).

e Use"A"to connect NNT — NN2, NN1 — Pallet Queue, NN2 — Initial
Pallet Queue, Transporter — NN1.

| Pallet Source

Separator Quelig

Initial Pallgt

cig%

. Separator

W. M. Song &8
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Transporter and NetworkNode
BiRE, SEINEMERRES, B MRIZERE Curved, IR MERE.

Transporter

Passing

NonPassing

No_Connection

Separator Queire
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Transporter and NetworkNode

o WENRIAREE
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VisualTool for Background Color

r =
#4 VisualTool34 Properties. T=aran
VisualTool34 @
Display | Triggers | Labels | General | statistics |
Appearance Flags
3 30 Shape @ [Z] show Name:
W T Pallet Spurce m——
] Bevator 3 Shape Factors
Robot oy show 20 Shape
> Cran s 5 ) =
[Fri e - = ape.
o] s PHotolithggraphy1 30 Texture == @ Show Contents
Netvoridiode o Colr | [ seale Contents

@ Trafficcontrol

& ]
visusis/anim || IS T WNEEN | [T Protected

Pnsmm,kn: |
X 300 | =] sx 7.00 1
¥ 16.00

Y 16.00
| —

z 000 = RZ 0.00 2] sz 050

I Ports

Thin Film Queu|

g BasiFR
| BasicConveyor

Properties

BEKX 2015.10.28
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VisualTool for Text

# VisualTool First Floer Propertics

T —

Text

Text Display First Floar’

Dshepe ==

3D Texture ===

[Tsxtswze 10,00 TextThickness 1,00

= [EI WSS ~ VisualToo! First Floor Properties [EEREC |

<> e
[§og  VeuslToolFrstFicor @ \Narg  ViusiTool First Foor @
Display | Triggers | Labels | General | Statistics Display | Triggers | Labels| General | statistics.
[Fiuminous — [T]o Select Appearance Fiags

30 shy [T]5how Name
Silboard Modz (o Bilboard - % )@

Shape Factors

[I5cale Contents
[TProtectsd

(o ) [ox ) [(Gd ]

h more Objects
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Rack

Drag 2 Rack (for 2 itemtype), and put an ASRSvehicle between them.
Drag 1 Queue(Rack Queue) nearby the ASRSvehicle, and connect them
with ”S’ then connect Rack Queue and Racks with "A’

Drag 1 Queue(Elevator Queue) and 1 Conveyor, connect them with "A’
Drag 1 Elevator between Elevator Queue and conveyor, connect Elevator
and Elevator Queue with “S”

#5 Rackl Properties. =&

Racki @

[ Roc_| Sectale [ Fow_[Trgpes | Lol Genera [ sttt

Aepearance Flgs
Dswpe L@ @sentene
Shape Factors [_at ] [ Reset Blpewra
(¥]show 20 Shepe
D5 BB o sue
Dee B0
o I | lscale Contents
Viuakanmatos (iood ) (5w ] [(£ar] = [leromecsd
Positon, Rotaton, and Sze | Conyeyor2 Rack Queue.

X 8100 < rx om0 2 s w00

v e.00 2] rr 000 2 st 200

z 000 [g]] =z 000 tfsz w00

ports

1 Rack Queve.

Cental Ports levator Queue

Second Floor
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Rack

e Change the Z position to 10.(Second Floor)

7~ VisualTool1 Propgrief
| -
Vsualool 27

#3 ASRSvehicle28 Properties

4 ARSvehckzs

Shape Factors [_Edi]
2D shape

Visuals Arimatons [ Log.

D Texture

Color

Positon, Rotation, and Sizf

X s2.00

#4 Rackl Properties (==
ASRSvehde
| a Racki ®
D shape
#% Rack2 Properties @] % |
Shape Factol | | Rack | SizeT:
2D Shape. Appearance | e )
30 she
Do o 75 Pk Gueus Properied P ==
Color Shape Factor | [Rack | SieTa
Valgacun || 20 Shaoe sopearance) ‘ e
postion, Ratd ||| P Textre D Shepe |
« w00 |||| coor || sveracd| [ouee
v met | Visuals/Anin 2 Shape Appearance
il e D Shape  Fs3d\Queue\Queve. 3ds
X 4700 | Color R
Ports
= Wl v 2w | Visuals/Arim | D shape ===
F&?m Por =
Output or Positon, Rofg || P TR
%m0 (|| coor [ClScale Contents
Propertel |
Nl e [lProtected
Central Port{
@ [F [« uputportd | || [Z 000 ]| || Positon, Rotation, andsize
RX 0.00
Propert
RY 000
Rz 0.0

h more Objects
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Rack Queue

e Rack Queue — Send to Port — Value By Case

-
‘ Rack Queue (63
Qg'e Flow | Triggers | Labels | General | Statistics
I cutput
Send To Part Values By Case
[#] Use Transport | Case Function getitemtype(item)
Bty Setup Cases
["Reevaluate S5enl  Case Default Port 1
input Case 2 Port 2
[Elpull straiegy  |Any Part -
[m] = =
W. M. Song 28 Tsing Hua Univ. FEAZ2
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Experiment

#% Simulation Experiment Control

Scenarios | Performance Measures |mtm | Mumdl

[E e

Photolithography Queue E(w)
Photolithography Queue E(L)

Thin Film Queue E(4W)
Label for Y-axis Value

Performance Measure - Statistic by individual object

ith more Objects




Experiment Results-E(LQ)

e Run Experiment to time 4000, warmup time: 3000, replication: 500

= Performance Measure Results T I [ [~ =[] =]
T i Quese £ <) [ootasumnay___~] veanaseton [3 Conierce 0 Queue Q) <) [ostaSumnary <] veanzasedn Contdence
Thin Film Queue E(L) Strip Queue E(L)
Mean (90% Confidence) Sample Standard Deviation Min Max Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 003 < 003 < 003 0.01 001 008 Scenario1 002 < 002 < 002 001 001 0.04
% Performance Measure Results (=lE] = Jfe [=[=@] %
[Protitegepny Queseel) <) [ostaSumnary <] veanzasedn Contdence (e <) ooty ] Memnseseson Conderce
Photolithography Queue E(L) Wash Queue E(L)
Mean (90% Confidence) Sample Standard Deviation Min Max Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 003 < 003 < 004 001 001 0.06 Scenario1 002 < 002 < 002 001 0 008
# Performance Measure Results [=lE[ =
[Erpuecen) <) [ostaSumnary <] veanzasedn Contdence
Etching Queue E(L)
Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 002 < 002 < 002 001 0 004
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Experiment Results-E(WQ

75 Performance Measure Results.

. Performance Measure Results.

=y

<) [poasumay <] Memnssedon

i Queue 00 St ueseem) <) (botasumnry__~] enasedon Contdence
Thin Film Queue E(W) Strip Queue E(W)
Mean (90% Confidence) Sample Standard Deviation Min Max Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 015 < 016 < 0.16 005 005 039 Scenario1 012 < 012 < 012 003 004 02
7 Performance Measure Results izl = = |
[Photofthography Queue E(W) <) [patasumary_+| MeanBasedon Contieree (Wom Quese E0) =) [Bein ey <] veansasedon Confidence
Photolithography Queue E(W) Wash Queue E(W)
Mean (90% Confidence) Sample Standard Deviation Min Max Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 017 < 017 < 018 004 007 03 Scenario1 044 < 046 < 048 025 005 196
7 Performance Measure Results el
[Etching Queve ) ~] [osta Summary ] MeanBasedon Confidence:
Etching Queue E(W)
Mean (90% Confidence) Sample Standard Deviation Min Max
Scenario1 009 < 009 < 009 003 003 021
th more Objects 2015.10.28
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Bottlenecks

Queue Length: Queue Wait Time:

Photolithography Wash

[T B Interval Plot of Thin Film E(, Photolithogr, Etching ECGWQ, ...
Interval Plot of Thin Film E, Photolithogr, Etching E(LQ, ... OiEbololit e ML ZEOYO
~ 95% CI for the Mean
95% CI for the Mean
05
0035
04
0.030
03
0.025
027
0020 = -
0.4 .
0015 Thin Film EWQ)_ Photolithogrphy ECWQ) _ Exching E(WQ) SuipEWQ) Wash EWQ)
Thin Film E(LQ) Photolithography E(LQ)  Exching ELLQ) Stip ELQ) Wash ELQ) y
v
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Bottlenecks-conti

Utilization: Etching

74 Dashboard

T-h~-®~ %~

Thin Film
0 processing [l setup [l idle
[ wiating for operator

Thin Film1~ Thin Film2
60.97%  48.37%

¢

[ processing Ol idle

Strip

VisualT ools/Str VisualT 00k5/Strip2
72.72% 55.36%

Photolithography
I processing [ idle [ wiaiting for operator

Photolithography Photolithography2
36.55% 34.8%

[ processing Ol idle

Wash

Etching
[ processing Ol idle

W. M. Song &8
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Discussion

In this lecture note, we learn
e New Flexsim objects

e Performance measures to indicate bottlenecks

e Simulation output Analysis
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