Process Simulation in manufacturing
Tutorials step-by-step with a case study
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Tutorial 1

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

Important Concepts:

» Objects’ properties

» Objects” Statistics

 Objects’interconnections

* Arrival Style (i.e. Interarrival
time)

 Processing time

Production orders Finish

Processor?

www.digifof.org



Tutorial 1

» Drag and drop the module Queue
e Set the maximum content 1000 and the

www.digifof.org

flow to First available

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

#% Queuel Properties — O et

‘ |Queue1 | 1 gh

Queue Flow  Triggers Labels General

Qutput

Send To Part First available - it f
] Use Transport
0.00 no preempt

[ ]Reevaluate Sendto on Downstream Availability

Imput

[ Jpul

#% Queuel Properties

| @

‘ | Queuel

Queue  Flow  Triggers Labels General

Maximum Content | 1000

[uro

Batching
[]rerform Batching

Flush contents between batches

Visual

Item Placement

Stack inside Queue w
Stack Base 7 0.10
g tg 1 b Apply

Cance




Tutorial 1

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

-

 Drag and drop two modules Processor ,_
* |Pru:u:essu:ur1 |® Pl

’ Set the process time = 100 and the ﬂOW Processor  Breskdowns Flow  Triggers Labels General
to First available for both the processors

Setup Time o - Ef ‘,‘
[J use operator(s) for Setup 1
#% Processorl Properties - O ot
Lge Setup Opera ) for etup and Proce
[ -
* | Processorl | {i} ﬂr Process Time | 100 =
[J use operator(s) for Process 1
Processor Breakdowns Flow  Triggers Labels General
Output
R
Send To Port First available -5 2 0.00 no preempt
[Juse Transport

0.00 no preempt

[Jreevaluate Sendto on Downstream Availability

Input

el

0 T:g 41 |pr Apply Cancel

www.digifof.org 4



Tutorial 1

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

» Drag and drop the module Sink T -
(o 1 ‘ | Finish @ @

* Rename It FInISh Sink  Flow  Triggers Labels General
o =« Apply Cancel

www.digifof.org 5



Tutorial 1

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

» Connect the objects using the icon i the toolbox

Processor]

Queuel
Sourcel

Processor?

www.digifof.org 6



Tutorial 1

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

« Click on the black arrow at the “Run Time” tab, and define a Stop Time of 5000.
 Run the model with the Run Button and check for errors.

nTime: | 0,00 to 500000

www.digifof.org



Tutorial 2
DIGIFOF

Important Concepts:

* Task executers
(transportation)

Production orders

Processor?

www.digifof.org 8



Tutorial 2
DIGIFOF

* In the model created from tutorial 1, drag and drop two Operators

i

Processorl [

Operator? ‘

#

Sourcel

Processor?

www.digifof.org



Tutorial 2
DIGIFOF

 Set the new properties for the flow 2. In the flow settings of the Queue, set the
from the Queue to the Processors transport Object connected to a center

. port
1. Use the option Connected center ports to _J
connect the Queue with the Operator 1 & == @ ¢

Queue Flow  Triggers Labels General

#% Queuel Properties — O X

Output
Send To Port First available - & /f
22 v(22~ H ~ H ~ 5;.:; 3DP i Tools lﬂ Excel T:E Tree B Saipt ‘qll Dashboards 3 Use Transport | Object connec ted to a center port ' = S J‘
[ 42 Connec t Objects A D - Object Connected to a Center Port ’ V
5. ConnectCenterPorts S [Jreeve Center Port By Case
B2 Extended Connect D By Global Table Lookup
Input Object Name By Global Table Lookup |
s ~ Cpul Direct Reference |
Use List » |
By Mame

Conditicnal Transport

Tagged Resource

Task Sequence Example_1

Coordinated Task Sequence Example_1
Coordinated Task Sequence Example_2

Task Executer as Flowitem

AStar: Task Executer as Flowitem
(7] tg Multiple Transport Options Cancel

Free Operators

ProcessFlow: Use Task Sequence Sub Flow

AGV: Move Item via AGV

www.digifof.org 10




Tutorial 2

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

» Set the new properties for the flow fr3m the Processors to Finish the Queue

— Select Use transport and click the icon

— Now select in the model the “Operator 2" and check the updated settings for the transport

#% Processor? Properties

| D o

Qutput

Send To Port First available

Use Transport |model(). find("Cperator2?)

[Jreevaluate Sendto on Downstream Availability

Input

Ceull

www.digifof.org

ori

-

-

_\ﬂ—_ssuﬂ model (). find("Cperator27) ‘

- Click to apply Finish

Processor?
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DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* Run the model with the Run Button and check for errors

[ reset P Run [l Stop Bl Step Run Time: |1ssz.4s to 5000,00 | w  Run Speed: | D
Library x T ode
[

B
V| |
-| Fixed Resources ~
* Source
‘ Queue
= Processor
o sink
ﬁ Combiner
‘ Separator

& MultiProcessor

fRack
g BasicFR .
Bl e el Production orders
GL -=I:I Dispatcher
iy TaskExecuter
% Operator
("g Transporter
LUJ_ Elevator

,/"E Robot

Processor?
2 Crane

Operator1 . ‘
- Finish

. Operator2

www.digifof.org 12



Tutorial 3
DIGIFOF

Important Concepts:

Queuet * Product properties (i.e.,

I [ type, color)
Production orders pz1 . h » Scalation of production
perator.

& (i.e. Multiple processors’
. Operator3

Production orders pz2 typeS)

m22

www.digifof.org 13



Tutorial 3
DIGIFOF

 From the model created in tutorial 2 - select all the elements of the model holding
“Shift” and dragging the cursor around them.

 Copy-paste them, Control + C, Control + V
* Rename the objects accordingly. s S

Sink1

www.digifof.org 14



Tutorial 3

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

 Change the processing times (i.e M11 = M12, M21 = M22).

www.digifof.org

Setup Time

Process Time

#% M11 Properties

— O x

* | M11 | @ &

Processor  Breakdowns Flow

Maximum Content Convey Items Across Processor Length

@ s 44 |

Triggers Labels General

M

[Juse Operator(s) for Setup
Use Setup Operator(s) for both Setup and Process

50

[Juse Operator(s) for Process

no preempt

sosy Cance

Processor

Setup Time

Process Time

o = 4

# M21 Properties

* [M21 | @

Breakdowns Flow Triggers Labels

Maximurn Content Convey Items Across Processor Length

General

- g7

[Juse Operator(s) for Setup
Use Setup Operator(s) for both Setup and Process
30
[Juse Operator(s) for Process

0.00 no preempt

oy Concel
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Tutorial 3

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

 Copy-paste the source object of the model and change the names accordingly.

* Define their respective inter-arrival time.

www.digifof.org

Production orders pz1

Production orders pz2

Arrival Style Inter-Arrival Time

FlowItem Class Box

Arrival at time 0

Inter-Arrivaltime | exponential(d, 20, 0)

Arrival Style

FlowItem Class

Arrival at time

Inter-Arrivaltime

Inter-Arrival Time

Box

0

exponential(d, 15, 0)

O x
| @ o
~gS
O X
@ o
~ S/
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Tutorial 3
DIGIFOF

» (o to the “Triggers” tab at the source object 1, click on the green plus sign and then
“On Creation”.

* Then, click on the green plus sign (at the right of “On Creation”, then on “Data” and

#% Production orders pz1 Properties — O x

’ | Production orders pz1 | @ ﬂr

Source Flow  Triggers  |abels General

On Creation | aE K E X "
Data Set Label

Set Label Table Value

Set Mame

| D o

Control
Visual
Lists
Code Snippet Set ltern Type and Color

Set ltermn Type

Set ltern Type by Percentage

Set Tracked Variable

Write to GlobalTable

Add Row and Data to GlebalTable

Increment Yalue

=
www.digifof.org 17




Tutorial 3

* On the Set Label window change the Label to “type” and the value to 1.

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

« Click on the green plus sign in the bottom left corner of the Set label window, click on
“Visual” then “Set Color By Case” and finally change the value to item.type

#% Production crders pz1 Properties

0 | Production orders pz1

Source Flow  Triggers  Labels General

On Creation
Set Label
Object |item - f
Label “type” - /f
Value 1 - /f
o
www.digifof.org

#% Production orders pz1 Properties

- O ped

’ | Production orders pz1

| @ &

Source Flow  Triggers  |abels General

On Creation I ‘
Set Label

CObject | item
Label “type”
Value 1

Data

Control

Visual

Lists

Code Snippet

ol e

4 aratori
-/
-/

Set Location

Set Rotaticn, Size, or Location
Update Locations of Object
Set Color By Case

Set Object Color

Change ltem's Mame Display
Change 3D Shape

#% Production orders pz1 Properties

. | Production orders pzl | @ ﬂr

Source Flow  Triggers |abels General

On Creation - >~
Set Label ~
Object |item - /f
Label “type” - Jf

Value 1 - /f

4 | 5et an object's color (optionally, by value) P!
Value item. type - /'
Object item - /

ael | A

Color.byMumber(value) |+ /



Tutorial 3

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

 Repeat this process for the other Source object changing the value of the Set Label

to 2.

www.digifof.org

#% Production orders pz1 Properties —

’ | Production orders pz1

Source  Flow
f.'i -

On Creation

| @ o

Triggers

Labelzs  General

4
Set Label
Object | item - /f
Label  |"type” i

F |

Value 1 - /f

Set an object's color (optionally, by value)
Value item. type - /0
Object item - J‘
ar| | X

Color.byMumber(value) |+ /

#% Production orders pz2 Properties —

| @ o

’ | Production orders pz2

Source Flow  Triggers  Labels General

g -

On Creation 2
Set Label
Object | item - *
Label "type” - f
Value 2 - f

4 | 5t an object's color (optionally, by value)

Value item. type - }
Object item - ;
e K

Color.byMumber{valug) |+ j

19



Tutorial 3
DIGIFOF

* Define the connections among objects.
* Run the model to check for errors.

M22

www.digifof.org 20



Tutorial 4
DIGIFOF

Important Concepts:

* Task executers
coordination (i.e.
Dispatcher)

* |tem List

* Global Tables (i.e.,

Production orders p‘
tord
Process time, Process

h‘ Proe

= * Job-shop production
sequencing
« Warehousing (i.e. Rack)

Production orders pz1

. Operator1

www.digifof.org 21



Tutorial 4
DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

 From the model developed in tutorial 3, we will first eliminate the “Sink™ object, and

drag and drop a “Rack” fixed resource from the Library and define its properties.

-] General Properties

| Rack1 | Tab

- |~ 2

X ¥ z
[f]| 14,29

(7 | 0.00

‘.‘v | 18.00

oo |2 Qago 21D

2200 [ 600

www.digifof.org
Maore Properties

#% Rackl Properties — O X

‘ﬁ |Rack1 |®ﬂr

Rack  SizeTable Flow  Triggers Labels General

Visuals

[IFloor Storage
[JExtend Columns

[IMark shelves that have called a transporter

[JHide Floor

Shelf tilt amount Picking /Placing ¥ Offset
Column Spacing Opadty 1.00

Logic
Place inBay |Random Bay - &
Place in Level Random Level - &
Minimum Dwell Tme | By Expression - ff 153 Vf
Maximum Content

@ k= 44 (4 Apply Cancel

# Rackl Properties

O >

| @ o

ﬁ |Rack1

Rack  SizeTable Flow

Basic

Advanced

S | X
Bay 2
Bay 3
Bay 4
Bay 5
Bay &

O 1z 44 >

Triggers Labels General

Mumber of Bays |:I Mumber of Levels |:|

Width of Bays 3.00

Height of Levels

Apply Basic Settings

Bay 1
Bay Width 3.00

Level Location 0.00

Lewvel Heights G allPal

Levell
Level2
Level3
Level4
Levels
Levels

[

aoly | [ox ]

Cancel

22



Tutorial 4
DIGIFOF

* At the Toolbox, click on the green plus sign and then on Global Table.

* In Quick Properties, change the name of the Global Table to “Steps”. Modify Rows to
3 and Columns to 2, and then on the table change the names of the column and
rows headings.

 Select all the cells of the table, press the secondary click and choose Assign data —
Assign String Data, and finally introduce the processing sequence in the table.

Quick Properties wr 25 Model (TTEREED
.Jj‘ @ ) Table | Pzi pz2
= = Ia Stepl 0 [1]
- v[ o = [ ] 25 vodel /D
..... | StEpS v| Step3 ] - ez
] Global Table . - ndo bl = |F' 5
(5 TimeTable Rows Colurnns Redo Ctrl+Y e - -
Y Y Copy Ctrl+C
% MTBF MTTR | 3 ‘ = | 2 | S . _— Step2 M2 M1
ﬂﬁ Dashboard Step3 Finish Finish
[]use Bund & 4 & O P
§i Group
1 Process Flow > On Reset
i+ Global List > ‘ |....j > B T B sy
lﬂ) Statistics > Aszign Data
__Eﬂ Flowltem ¥ —i— Madel 3 gEEg
Visual > Pzl |Pz2
Connectivity > Stepl

T e hssignBundle Data
A E Conveyor System ? Step2 0 Assign Tracked Variable Data




Tutorial 4
DIGIFOF

 For all involved fixed resources in the processing sequence, we define at the
“Labels” tab the respective operation:

— Queue1: go to the “Labels” tab, click on the green plus sign, write “operation” in the left cell and
“M1" in the right one.

— Queue2: go to the “Labels” tab, click on the green plus sign, write “operation” in the left cell and
‘M2" in the right one.

— Rack1: go to the “Labels” tab, click on the green plus sign, write “operation” in the left cell and
“Finish” in the right one.

#5 Queuel Properties - O X #% Queue? Properties - 0 X #5 Rackl Properties - O X
; ‘Queuel ‘ 1 g ; |Queue2 | 1 g kﬁ ‘Ral:kl ‘ 1 g
Queue Flow Triggers Labels General Queue Flow Triggers Llabels General Rack SizeTable Flow Triggers Labels General
w5 X ||t ¥ X[t~ X[t
| |
operation M1 operation M2 operation Finish
24




Tutorial 4

and Dispatcher 2.
 Using the

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

 Drag and drop two “Dispatchers” task executers from the Library and name them Dispatcher 1

and link Dispatcher 2 to both operators for machines type 2.
* In the properties define the Pass to as “Shortest distance if available”.

oduction orders pz1

uction orders pz2

Queu perator. . Operatord
m22

Dispatcher1 Dispatcher2

www.digifof.org

tyf‘:’ of connection, link the Dispatcher 1 to both operators for machines type 1,

#% Dispatcherl Properties —

‘ | Dispatcher 1

Dispatcher Triggers Labels General

Pass To Pass to the object dosest to the destination if available

Queue Strateqy |Sort by TaskSequence Priority

-

| @ o

25



Tutorial 4

IIIIIIIIIIIIIIIIIIIIII

* In both Source objects at the “Triggers” tab we incorporate a new label (as explained in
tutorial 3) named “Row” with a Value equal to 1.

#% Production orders pz1 Properties — O > #= Production orders pz2 Properties - O X
‘ | Production orders pz1 | 1 gh ‘ | Production orders pz2 | 1) g
Source Flow  TrOQers  Labels General Source Flow  Triggers |abels General

Eilli i I:'.'i -
On Creation I x )
H Set Label On Creati .
o | |}( nLreation I;; |5EtLE||:IE| |>< X
| Set Color By Case |}( ..
= | Set Calor By Case |}(
4 Set Label X 4 e
Set Label
Object |item - y;f
Object | item - /
Label Row” - y,f
Label Row” -
Value |1 -’
Value 1 - /
.
o

www.digifof.org 26



Tutorial 4
DIGIFOF
* Inthe Toolbox, select “Global List” and then “ltem List".

* Inthe Item List properties, click on the green plus sign and create 2 Label Fields and 1
Expression Field.

* At the first Label field write “type”, and in the second write “Row”.

« At the Expression Field write “step” with the following Expression:
gettablestr("Steps”, getlabel(value,"Row"), getlabel(value, "type"))

Toolbox ® w ] Steps '] Proce #% List Properties — O pd
JJh il I | TtemList1
£ ¥ I:I Q Fields

=] Global Table Back Orders  General

(5} Time Table L i

® MTBFMTTR Label Field | type | [(oynamic 3
ﬂﬂ Dazhboard

g4 Group Labe! Field | Row | [Joynamic %
+1  Process Flow

& Global List Fixed Resource List Expression Field | step | Ooynamic X

Item List Expression gettablestr("5teps”, getlabel{value, "Row”), getlabe| » 5] ‘Jf

Task Sequence List
Task Executer List

|{_i; Statistics

_'En Flowltern

Visual

W S e T W S

Connectivity General List

www.digifof.org ~ ) 27




Tutorial 4

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* Inboth Source objects, go to the “Flow” tab and then in the Output window select Send to Port

as: Use List — Push to Item List, and select the recently created ltemList1

www.digifof.org

#< Production orders pz1 Properties — O >
’ | Production orders pz1 | L gh
Source Flow  Triggers Labels General
Qutput
SendToPort  |Push to ItemList1 g F A
[ Juse Transport First Available
By Expressicn |
Cueue Size »
[ ]Reevaluate Sendi
Randem >
Round Robin ¥ E
Use List : -] Pull from Fixed Rescurce List
Port By Case Push to [tem List

Conditienal Port

By Global Table Lockup
Matching ltem Types
By Tirne of Day

M Bladk Dalaars Bmmn

tor?

&

28



Tutorial 4
DIGIFOF

* In both Queues in the “Flow” tab, select the Output properties as Sent to Port: First available,
click on “Use Transport” and sample  the correspond.’~y Dispatcher from the model.
 For the Input properties, select Use List — Pull from ltem List, and select the ltemList1. Define

the “Query” as:
WHERE step == Puller.operation ORDER BY Row DESC

www.digifof.org

Use List
Pull Best ltem

Push to Fixed Rescurce List
Pull from Item List

—

#% Queuel Propert — O X
O == @ &
Input
Queue Flow  Trigg Labels G
Output F'|_||| Strategy | Pull from ItemList1 v = 3
Send To Port First available 5/0
[#]Use Transport | model(). find(Dispatcher 17) 3 /‘ Puill Requirement List - :l
Priarity Preemption |no preempt v ItemListl -
[reevaluate Sendto on Downstream Avaiability
Query
Input k I WHERE step == Puller.operation ORDER BY Row C| s
[APull Strategy  |Pull from ItemlList1 e {
) perator2
Pull Requirement | Pull Anything By Expression - & ¥
Any Port |
Round Rebin
Round Rebin if Available

29



Tutorial 4
DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* Use the same “Query” in the Rack1 Object Pull Strategy.

#% Rackl Properties — O >

‘ﬁ | Rack | (@D

Rack SizeTable Flow  Triggers Labels General

' Output
|

Send To Port First available - & /
1
- |:| Use Transport

0.00 no preempt
[ ]Reevaluate Sendto on Downstream Availability
Input
Pull Strategy |Pull from ItemList1 v & 5
Pull Requirement | List - 5
ItemListl -

i Query

WHERE step == Puller.operation ORDER BY Row [| gja

www.digifof.org 30



Tutorial 4
DIGIFO

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* Inall processors, at the “Flow” tab we select as in the Source Objects Output properties to Push
to ItemList1 using the corresponding Dispatcher as Transport.

| #< M11 Properties — O w #% M22 Properties — O ot

www.digifof.org

- [ D¢ | | =g [ ¢

Processor Breakdownz Flow  Triggers Labele General
QOutput
Send Tao Port Push to TtemList1

Use Transport |model(). find(Dispatcher17)

F‘riu:uritg.-' Preemption |no preempt

[ ]reevaluate Sendto on Downstream Availability

Input

[ Pul

- -V

Processor Breakdowns Flow  Triggers Labels General
Output
Send To Port Push to ItemList1

Use Transport |model(). find( Tispatcher2”)

F‘ril:uritg.r Preemption |no preempt

[ ]Reevaluate Sendto on Downstream Availability

Input

el

~E 8/




Tutorial 4

DIGITAL DESIGN SKILLS FOR
RIES OF THE FUTURE

« In all processors, at the “Triggers” tab, click on the green plus sign and select “On Process
Finish”. Define a Label “Row” with the updated value equal to the following command:

www.digifof.org

getlabel(item, "Row") + 1

| #< M22 Properties —

* | M22

Processor Breakdowns Flow  Triggers  |abels General

g -

On Process Finish

Set Label
Object |item - f
Label Row” - f

Value |getiabel(item, Row)+1 |+ #

32



Tutorial 4
DIGIFOF

« At the Toolbox, click on the green plus sign and then on Global Table.

* In Quick Properties, change the name of the Global Table to “ProcessTimes”. Modify Rows to 2
and Columns to 2, and then on the table change the names of the column and rows headings.

 Select all the cells of the table, press the secondary click and choose Assign data — Assign Number
Data, and finally introduce the processing times in the table.

Toolbaox *

i W

#- v J@

] Global Table == Model _:I Steps | ProcessTimes

() Time Table

& MTBF MTTR M1 | M2 |
ﬂﬁ Dashboard Pzl 50 20
i Group Pz2 30 10

*1 Process Flow

I~ Global List

Iﬂ, Statistics

Zn Flowltem

Visual

Connectivity

WOW W W W W W

www.digifof.org ‘S Conveyor System

33



Tutorial 4
DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* In all processors, at the “Processor” tab in the Process Time select “By Global Table Lookup”.

 Change the table name to “ProcessTimes’, the Row to item.type, and the Column to the
respective machine type (i.e. 1, or 2).

#5 M22 Properties — O *

* | M22 | @

Processor  Breakdowns Flow

#% MZ22 Properties - O * #% M11 Properties

— O *
Triggers Labels General

[ .
*' |M22 | @ o * [Pz
Maximurn Content I:l Convey Items Across Processor Length

Processor  Breakdowns Flow  Triggers Labels General
Setup Time a - =5 Jf

Maximum Content Convey Items Across Processor Length
[Juse operator(s) for Setup

| D &

Processor  Breakdowns Flow  Triggers Labels General

Maximum Content I:I Convey Items Across Processor Length
Setup Time

IUse Setup Operator(s) for both Set

0 - & f Setup Time > & f
th Setup and Process
[JUse Operator(s) for Setup 1 [Juse Cperator(s) for Setup 1
Process Time  |Using Global Lookup Table ( table ) v B S Jf Use Setup Operator(s) for both Setup and Process Use Setup Operator(s) for both Setup and Process
Statistical Distribution » - =
D Us - Process Time  |Using Global Lookup Table ( ProcessTimes ) v B E ‘f Process Time  |Using Global Lookup Table { ProcessTimes ) A = f
Values By Case
Table ProcessTimes" - Table “ProcessTimes” -
By Global Table Lockup
Row item. type - Row item. type
By Percentage d on e i
Lo Column |2 - Cal 1
Periodic Rates » i amn o
_ T PrEEmpT Ty PrEEmpT
By Time of Day
Batch Processing

Different Time for Mth ltem

ProcessFlow: Execute Sub Flow

Trniviygniviivi y
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Tutorial 4
DIGIFOF

* Verify the connections among objects.
* Run the model to check for errors.

Dispatcher1 Dispatcher2 L

www.digifof.org 35



Tutorial 5

DIGIFOF

Important Concepts:

* Performance Measurement
(i.e., Dashboard).

 Machine Failures (i.e., MTBF,
MTTR).

 Group of Resources

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

Finished Products
m2 1
70
G0
50
40
30
20
10
hE
830 AM 845 AM 9:00 AM 9:15 AM
Staytime
Object Current Min Avg Object Min Max  Average
Queuel | 337.00 | 0.00 | 337.00 | 162.96 Queuel | 2.36 | 3480.91 | 1601.30
Queue2 | 130.00 | 0.00 | 130.00 | B2.87 Queue2 | 1.98 | 1398.65 | 750.86
Machines Type 1 Machines Type 2
Idle ®Processing  Waiting fortransport Idle WProcessing ~ Waiting for transport

M Breakdown

www.digifof.org

M Breakdown

Utilization: 36%

Financial Analysis

Totals €80.890,41
Fixed €4 400,00
Time €0,00
State Fixed €0,00
State Time £€76.490 41

Flowitems Fixed  €0,00
Flowitems Time  €0,00
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Tutorial 5
DIGIFOF

* From the model developed in tutorial 4, we click on “Dashboards” then “Add a
dashboard”. A Dashboard window should open as shown bellow.

File Edit Wiew Build Execute Statistics Debug Help

A = At Qe v H - 53 i Tools |%]Excel T8 Tree B Scripi( @l Dashboards )} Process Flow =00 S

[ Reset P Run [l Stop B Step Run Time: ||:|.|:n:| to 5000.00 Add a dashboard [ | 850  |w

Library b4 Steps ProcessTimes > X Dashboard
P!

Nl BasicFR Ll

www.digifof.org 37



Tutorial 5
DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* Double click inside the Dashboard white window to open the available

templates. Select “WIP By Type Vs Time” inside the WIP Templates, and set
the values as follows:

-] Charts ~
2% Time Plot Jﬂ Histogram
#< Time Plot — O >
BE Gantt Chart @& Pie Chart
Jﬂ Bar Chart T Table chart #= Time Plot - ] x -
35 Box Pt v | Finished Products
0x Plo
> | Finished Products
—| W IP Templates ﬁ” | . .
% e i Options  Settings  Colors  Advanced
WIP WIP N .
Options  Settings Colors  Advanced .
25 WIP Vs Time T Average WP Y Axis Range Full Range ~
Jﬂ Average WIP T Composite WIP Entrance ObjEl:tS T
s composite wip £ Composite WIP Vs Time = ] f >( * |3 # e —
Jﬂ WIP By Type Radkl 100.00
g Throughput l:l Time Window Seconds
T Throughput Per Hour Jﬂ Throughput Per Hour
Throughput Per Hour Composite Throughput
o T Show Legend
Jﬂ Compasite Throughput T Compasite Throughput Per Hour
Jﬂ Composite Throughput Per Hour £ Composite Throughput Per Hour Exit ObJECtS Draw SWIE Line il
T Throughput By Type Jﬂ Throughput By Type ':‘lla /' )( ﬁ u' ﬁ 9 Font Size | |
T Throughput Per Hour By Type jﬂ Throughput Per Hour By Type " .
9@ Throughput Per Hour By Type Title Font Size | |
-] Staytime Templates Axis Title Font Size | |
T Staytime Jﬂ Staytime % Asds Tit
? XS e | |
% Staytime Per Hour % Staytime
i staytime Histogram T composite Staytime Y Axis Tite | |
Jﬂ Composite Staytime ﬁ@ Composite Staytime Per Hour
% Composite Staytime Jﬂ Composite Staytime Histogram TYDE Label type |
T Staytime By Type jﬂ Staytime By Type Value Type Mumber e
9@ Staytime Per Hour By Type ﬁ@ Staytime By Type
. - Q Apply Cancel
Jﬂ Staytime By Type Histogram =e Item Trace Gantt
-] State Templates 0 Apply Cancel '
@ state Fie @& cComposite State Pie
Iz state Rar ll= Comnasite State Rar
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 Adjust the dimensions and location of the new plot in the Dashboard window with

your cursor and black squares that delimit the plot.

 Click Reset and Run your model to see how the plot shows changes in real time.
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o Select Queue1, and click te  button at the “Content” statistics tab in the
Quick Properties of the selected Queuen.

* Pin it to the Dashboard selection the Content option. A Content text table
should appear in the Dashboard as shown bellow.

!

Operatori

(]

Queuel

www.digifof.org

Quick Properties >
—| Statistics } L]
- i
. -
Throughput «
Input Qutput State | empty | [
0.00 0.00 Throughput o
Input Output
Content . @ | 0.00 " 0.00 |
Curr Miry Max Ay o B
0.00 0.00 0.00 0.00 Pt N .«
Staytime } Content J Pin to Dashboard ¥
Min Max Awg Content vs Time )
0.00 0.00 0.00 ) ) Pin to Mew Dashboard ¥ Cnntent
||:|.|:||:| || 0.00 || 0.00 | Object Current Min Max Avg
Queue 0.00 | 0.00 | 0.00 | Q.00
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* Double click on the recently crea}gd Queue1 Content table, and click on the

“...” button to open its properties. Then “sample” from the 3D model Queue2
and click ok.

* Resetth del and the Content Table should be updated h bell
esSel (ne moael ana the vontent i1abie snou € updated as snown peliow.
#% Statistics Collector Properties — O X
P Ii,lQ uuuuuuuuuuu | [~]Enabled
T | nnnnnnnnnnnnnnnnnnnnnnnnn ding  Genera
Rows
Data  setf
s Row Creation Mode | Enumerate Rows ~ | Row Value®
DDDDDDDDD ELEEiLiE Enum Rows *Row values that are arrays will create multiple rows
dud [~lobj = 5 ( 5
rrrrrrr +*\Z
o b
[IMan it
Eav Content
- Object Current Min Max Avg
I | ol Queue 0.00 | 0.00 | 0.00 | 0.00
I I ":.“:“5 Queue2 0.00 | 0.00 | 0.00 | 0.00
H Object
rrrrrrr
l Min
| Max
Avg
we Ay || ok || Canee e | ay [ ox ]| canc ! 41




Tutorial 5

 Repeat this exact procedure but now for the “StayTime” statistic of your
Queues. Reset and Run your model, observe how this tables update in real

time.

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

Object
Clueue
Clueue?

Content
Current Min Max Avyg
124.00 | 0.00 | 125.00 | 58.04
61.00 | 0.00 | 6200 | 25489

Staytime
Object Min Max Average
Queuet | 236 | 119255 | BESTY
Queue? | 1.98 | 58147 | 33570

Quick Properties

—| Statistics o
State | empty =
Throughput o
Input Output

0.00 0.00
Content of
Curr Mir Max Anvg
0.00 0.00 0.00 0.00
Staytime @
Miry Max Avg

0.00 0.00 0.00

www.digifof.org
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* In the Toolbox, select the “Group” option. Create one group for each tyquof
machine (name the groups accordingly), incorporating the respective
members, sampling from the 3D model, into the groups.

Toolbox w Group Properties n . Group Properties n

é_]. i g4 | Machines1 v| (2] g4 | Machines2 w | (7]
—I 'ﬂ' Members Members

Global Table g~ || A5 X|[t]¥ M & o~ || X||E| X1 $ M &

: M1l M21
Time Table M12 M2

MTEF MTTR
Dashboard I I
Group

Process Flow
Global List

:

Statistics

S VR o

Yisual

Connectivity

b
¥
*
Flowltem »
b
¥
*

‘H Conwveyor System
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* |n the Toolbox, select the “MTBF MTTR” option. Incorporate the members by
looking into the groups or by dlrectly sampling from the 3D model.

&~ MTBF/MTTR. Parameters Window — O X &= MTEF/MTTR Pararmeters Window — O x
Toolbox X % Name | MTEFMTTR1 | Enabled % Name | MTBFMTTR1 v] Henabled
ﬂ C? g Members  Functions  Breakdowns Members  Functions Breakdowns
@&EDv[ ]
=1 Global Table |ﬂ'||ﬁﬂ||tﬁllfﬁl—“|
(5 TimeTable Yl | m%
@ MTEF MTTR + §Hf Machines1 M22
+ §Hf Machines2
ﬂ" Dashboard
§ii  Group
1  Process Flow b
[* Global List »
|{_i, Statistics *
2= Flowltem 3
Visual »
Connectivity b
‘S  Conveyor System Clear Select
f I
(203 Apply oK Cancel ok Apply Cancel
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* At the “functions” and “breakdowns” tabs, insert the respective properties as

shown below.

Members

#= MTBF/MTTR Parameters Window

— O >

% MName | MTBEMTTR 1

v | Enabled

First Failure Time

Up Time

Down Time

Down Function

Resume Function

0On Break Down

0On Repair

o

Functions

Breakdowns

exponential(0, 500, 1) hd ff‘ =
exponential(0, 500, 1) - 5
uniform(50, 100, 1) & &
Stop Object M=
Resume Ohject A ff' =)
| X 8
| | X 8

Apply Cancel

: % MName |MTBFM'I'I'R1

www.digifof.org
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-

w | Enabled

Members Functions Breakdowns

Down State breakdown S

Break down members individually Apply MTEF to a set of states

States to Choose From
idle A
busy
blocked
generating
empty
collecting
releasing
waiting for operator
waiting for transport =<
breakdown
scheduled down
conveying
travel empty
travel loaded
offset travel empty
offset travel loaded
lnading
unloading
down v

States Applied to MTBF

0Cessing

| & Apply OK Cancel

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE
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* Double click at the “Dashboard” window to open the available templates, within
the “State Templates” select “Composite State Pie”.

 Double click on the plot that appears to open its properties, at the Objects
window click on the sign and the choose “Groups” + “Machines1”

www.digifof.org

9{3 Composite Staytime
T Staytime By Type

¢ Staytime Per Hour By Type
Jﬂ Staytime By Type Histogram

-] State Templates

Jﬂ Composite Staytime Histogram

Jﬂ Staytime By Type
P Staytime By Type

%n:l': Item Trace Gantt

Q@ sttePe <

& Composite Stai2Pie

Uy state Bar

BE State Gantt

—| Zone Templates
T Zone Statistics

Jﬂ Zone Statistics
£ Zone Stats

Jﬂ Composite State Bar
Composite State F

T Zone Partition Statistics
Jﬂ Zone Partition Statistics
= Zone Partition Stats

#% Pie Chart

- O X

@ | Composite State Pie

Options  Settings Advanced

Objects

A x[rle

Select Objects

Groups

# @

States
o

Analysis |1.-'isible| Colar

Utilization Display | Utilization

L2
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* When an object is selected, the list of states appears on the window bellow. By
clicking on the color bar for each state you can modify them as you whish.
Note: make it a visual aid (e.g. blocked = red, processing = blue, or green).

 Change the name of the plot to “Machines Type 1"

#% Pie Chart - O >

‘ | Machines Type 1 |

Options  Settings Advance d
Objects i
e ——— e Machines Type 1
Group: Machines1
State:
a4 tate Profile | Default

Display Name Analysis | ll'isible| Color | ilization: 0.0%

www.digifof.org
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Repeat all this process again for Machines Type 2, reset the model and run |t

to see how the plots react in real time.

www.digifof.org

Machines Type 1

Idle ®mProcessing Waiting for transport

W Breakdown

tilization: 66%

Machines T[y

Idle MProcessing Waiting urtranspnrt

W Breakdown

tilization: 36%

\
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* Double click on the “Dashboard” white window to select the “Financial
Analysis”.
 Add both machines groups as object members.

| =
B ST LANTT
-] Zone Templates | $ |Financia| Analysis
T zone Statistics T zone Partition Statistics ] Objects  General
Jﬂ Zone Statistics Jﬂ Zone Partition Statistics f(E)xlit 82 A
1 up: Machines 1
{#% Zone Stats % Zone Partition Stats | | Group: Machines2
- General i 0.0000 0.0000
< S Financial Analysis D T Date and Time Display
T Model Documentation |Finan|:ial Arialysis l_ |
-] Model Input
A Static Text Dynamic Text
ab| | Edit Checkbox
I
(7] Apply Cancel
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 Select one by one the Machines Groups to make their cost properties

DIGIFO

IIIIIIIIIIIIIIIIIIIIII
FACTORIES OF THE FUTURE

available, then add the Fixed and States-based cost values as shown bellow.
At the general tab change the Currency to “Euros”.

#% Financial Analysis Properties

O

pd

$ | Financial Analysis

Object Values

FlowItems

Fixed | 1000.0000

Amount Per Time | 0.0000 i

2
e

|| X

J

Default State Profl
States  Default State Profle

L~

N breakd

www.digifof.org

#= Financial Analysis Properties

— O *
$ |Finan|:ia| Analysis
Objects  Genera |
# Xt/ KNS
rou|
Object Values
Fixed | 1200.0000 Amount Per Time | 0.0000 E- A
FlowItems ||
States  Default State Profile o |
State Amount Per Entry | Amount Per Time |
idle 3
processing 0 5]
breakdow 0 7 i
o Apply Cancel
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« Reset and run the simulation to observe how the cost behaviour is depicted as
the operation of the machines progresses.

Financial Analysis
Totals €80.890,41

Fixed €4 400,00
Time €0,00
State Fixed €0.00
State Time €76.490 41

Flowitems Fixed €000
Flowitems Time  €0,00
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1 #% Simulation Experiment Control — O *
Scenarios  Performance Measures  Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced I')
Variables | o |« | %] (4 | & Scenarios |qpa| || |4 | = Choose default reset scenario: | Mone v Im po rta nt Conce pts .
Variable Scenario 1 |Scenario 2 |Scenario 3 | Scenario 4 | Scenario 5
Mum. Operators 1fMr TEs in Team /Dispatcheri 1 2 3 4 5
Mum. Cperators2 Mr TEs in Team /Dispatcher2 1 2 3 5 ° DGSIgn Of Experlments

#5 Performance Measure Results — O *

Performance Measures  Dashboard Statistics  Console Output

Finished Products ~ | Replications Flot w Data Box Plot [_] Mean  20% Confidence #% Peformance Measure Results - D K

Finished Products Performance Measures  Dashboard Statistics  Console Qutput

160 . . % % Finished Products v | Data Summary v MeanBasedon |90% Confidence
E

140 - ? Finished Products

10 - Mean (90% Confidence) Sample StdDev Min Max
o Scenario1 884 < 907 < 930 40 840 9.0
100 Scenario2 1321 < 1356 < 1391 6.1 1240 1410
I Scenario 3 1463 < 1492 < 1521 50 1400 1560
oL Scenario4 1496 < 1525 < 1554 5.0 146.0 1620
B 25%-50% -75% I Min -Max Scenariod 1496 < 1525 =< 1554 9.0 146.0 162.0
9 Report Preferences Generate Report - Close
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* From the model developed in tutorial 5, we click on “Statistics” to open the
Experimenter window.

#% Simulation Experiment Control - O s
Scenarios  Performance Measures  Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced @
Variables | 5@ |+ | X [ | Scenarios |mga| K| |4m| | = Choose default reset scenario: | None ~

File Edit Wiew Build Execute Statistics Debug Help

A = 3| &2 ~ B2 ~ /& Experimenter... & Excel
<] Reset D Run [l Stop ] 5+ Repeat Random Streams
e X B § ExperFit

B i
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» \We add a “Number of Task Executers” variable at the “Scenario” tab by clicking on
the green plus sign — black arrow.

 \We name the variable: Num. Operators1 choosing the team “Dispatcher1”
* We repeat this for Operators 2, selection its corresponding dispatcher.

#% Simulation Experiment Control

#% Simulation Experiment Control - O x . . . . .. -
Scenarios  Performance Measures  Experiment Run - Optimizer Design  Optimizer Run - Optimizer

Scenarios  Performance Measures  ExperimentRun  Optimizer Design  Optimizer Run  Optimizer Results  Advanced 0

Variables @ r iR ARE S Scenarios |qal | X |dm| = Choose default reset scenario: | Mone ~ Variables "Hla |v 7~ 1? -'j' SCENaErios "Hla ~ - = ct

+ Sample | Variable Mame || | |

Object Variable

Object Label Choose Team | [Dispatcherl w
Model Layout

Mumber of Task Executers
Mumber of Objects in Group
Enable Time Table

Enable MTBF MTTR

Global Variable -~
Global Table Value

Process Flow Variable Scenarios  performance Measures  Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced

T2 Choose From Tree Variables (g |« | |3 |14 | § Scenarios || (K| |4m| (= Choose default reset scenz

Variable Scenario 1
Mum. Operators 1fMr TEs in Team /Dispatcher1
Mum. Operators2 [Mr TEs in Team [Dispatcher2
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* \We define the scenarios by clicking on the green plus button and entering the
respective number of operators.

Fa
Scenarios  Performance Measures Experiment Run  Optimizer Design  Optimizer Run ~ Optimizer Results  Advanced 'ﬂ'
Variables [ga |« | | & &/ |§ Scenarios Al = Choose default reset scenario: | Mone W
Variahble | Add a scenario i Scenario 1 [Scenario 2 |Scenario 3 | Scenario 4 | Scenario 5
Mum. Operators 1fMr TEs in Team /Dispatcher 1 1 2 3 4 5
Mum. Operators2 'Mr TEs in Team [Dispatcher2 1 2 3 4 5
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* In the Performance Measurement tab, click on the green plus sign to add a
“Standard Performance Measure”.

« Name the measure as “Finished Products” and select the “Statistic by individual
object” — object = /Rack 1 and Statistic = Input.

#= Simulation Experiment Control — >
SCenarios Experiment Aun @ Sz Cosian Cebmizae Do Debeizes Coosulbe b chusnssd (2]
:,E ~ R i #= Simulation Experiment Control - O Pt
. . . Scenaripe  Performance Measures Experiment Run  Optimizer Design  Optimizer Run ~ Optimizer Results  Advanced ‘9
Financial Analysis *
Mame Finished Products
Standard Performance Measure e X L ' | |
-
Finished Products Label for f-axis | Value |
Performance Measure 5
Statistic by individual object
#% Simulation Experiment Control - O L
Statistic by group
Scenarios  Performance Measures Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced
1% 5 & Nome [Frished Producs State percentage by individual object
Label for ¥-axis | Value State FIEFCEFItEgE h}r group
Performance Measure |Statistic by individual object - & Label by individual object
Select an object and statistic Label by group
Object | Rackt | 2 Global table value
www.digifof.org saidlc It i 56
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 Create a new variable as explained before, selecting the following properties:

#< Simulation Experiment Control — O *
Scenarips  Performance Measures Experiment Run  Optimizer Design  Optimizer Run Optimizer Results  Advanced ﬂ
et ] P4 i '} Mame | Machines 1 Utilization |

Finished Products

Machines 1 Litlization Label for Y-axis | Value |

Performance Measure _5‘

Statistic by individual object

Statistic by group
State percentage by individual object

State percentage by group — O e
LE oz P TATIIE TR zer Run  Optimizer Results  Advanced 7]
Label by group
Global table value " :
Performance Measure |State percentage by group - fl" =
Select a agroup state
Group Machines 1 W
State 2 - processing e
Aggregation | Total e
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 Repeat previous process now for Machines 2:

#= Simulation Experiment Control — (Il x
Scenarios  Performance Measures Experiment Run  Optimizer Design = Optimizer Fun  Optimizer Results  Advanced g‘
= | P t 'l Name | Machines 2 Utilization |
Finished Products )
Machines 1 Utilization Label for ¥-auis | Value |
Machines 2 Utilization .
Performance Measure |State percentage by group > B &

Select a group state

Group Machines2 o
State 2 - processing w
Agaregation | Total £
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 Define a new measure for both Queues as presented as follows:

www.digifof.org

#= Simulation Experiment Control

Srenarios  Performance Measures

e R ft y

Finished Products
Machines 1 Utlization
Machines 2 Utilization
Queuel Content

Experiment Run  Optimizer Design  Optimizer Run Optimizer Results  Advanced

MName | Queuel Content

Label for Y-axis | Value

Performance Measure |Statistic by individual object

TS

Select an object and statistic

Object | /Queue1

d A

Statistic Average Content

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

#% Simulation Experiment Control

Srenarios  Performance Measures

e it J

Finished Products
Machines 1 Utilization
Machines 2 Utilization

ueuel Content
i'@ﬂ—

Experiment Run  Optimizer Design  Optimizer Run Optimizer Results  Advanced

Mame | Queue2 Content

Label for Y-axis | Value

Performance Measure |Statistic by individual object

-

Select an object and statistic

Ohbject | fQueue?

B4

Statistic Average Content
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* Finally define a “Financial Analysis — Total” Measure:

www.digifof.org
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#% Simulation Experiment Control

Scenarios Performance Measures Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced

P t ' Mame Queue? Content

Financial &nalysis > M1
M2 [ : .
Standard Performance Measure 1l object - & 5
0 M21 1
M2
Total
Average
#% Simulation Experiment Control O >

Scenarios  Performance Measures Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced

e P L] s Properties

Finished Products
Machines 1 Utilization
Machines 2 Utilization
Queuel Content

Queue2 Content
Financial Analysis - Total

DIGITAL DESIGN SKILLS FOR
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* At the Experiment Run tab, define 10 replications per Scenario, with a Run Time of
5000; click on the “Save dashboard data for each replication”.

* Click on “Run the Experiment”.

#% Simulation Experiment Contral — O >

Scenarios  Performance Measurée_ Experiment Run__Qntimizer Design  Optimizer Run Optimizer Results  Advanced [?)
. End Time 2:2%:20&. m = | |mié. 11 abr. 2018 aue dashboard data for each replication
<_Run Experiment __> | | |

Run Time  (_5000.00 Seconds w | []5ave state after each replication

Replications per Scenario m Warmup

| Experiment Status

;

Seconds | [_]Restore original state after each replication

#% Simulation Experiment Contro — O =
Scenarios  Performance Measures Experiment Run Optimizer Design  Optimizer Run  Optimizer Results  Advanced (7]
. End Time 912320 a. m = | |migé. 11 abr. 2018 -~ Save dashboard data for each replication
Reset Experiment | I |
Run Time 5000.00 Seconds ~ | []save state after each replication

Seconds « | []restore original state after each replication

Replications per Scenario 10.00 Warmup

Experiment Status

Scenaric 5
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* Click on “View Results™ and explore the performance variables and plots to observe
the results of the experiment.

#~ Performance Measure Results - O >

Performance Measures  Dashboard Statistics  Console Output

#% Simulation Experiment Contro —
Scenarios  Performance Measures  Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced {_Finished Products Replications Plot = Data Box Plot |:| Mean 90% Confidence

: EndTime | 9:23:20 3. m 2| |mig. 11 abr. 2018 ~ | []Save dashboard data for e: .=

Reset Experiment | I | ] Finished Products
Run Time 5000.00 Seconds ~ | []5ave state after each replic

Replications per Scenario | 10.00 Warmup Seconds «| [Jrestore original state after

160 *
Experiment Status . * "
) 150 * * *
Scenario 1 * r * *
Scenaric 2 1-4|:| . ® * % . -
Scenaric 3 13['
Scenaric 4 B — * *
) 120
Scenaric §
110
100
* *
*
a0
- —— - . . . .
| & View Resdlts 7| | Export/Merge Results = | []Export results after each replication Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 3
H 25% - 50% - 75% T Min -Max
ﬂ Report Preferences Generate Report - Close
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(o to the Scenarios tab and delete current variables. Create the following ones:

1 #%= Sirmulation Experiment Control

Scenarios  performance Measures  Experiment Run  Optimizer Design  Optimizer Run Optimizer Results  Advanced

Variables r ALK AN

Scenarios |cga| || | 4m = Choose default reset scenario:

Maone

a

X
o

& Sample
Object Variable
Ohbject Label
Model Layout

www.digifof.org

Mumber of Task Executers

Murnber of Objects in Group

Enable Time Table #% Simulation Experiment Control — O >

Enable MTBF MTTR Scenarios  Performance Measures  Experiment Run - Optimizer Design = Optimizer Run  Optimizer Results  Advanced

Global Variable

Global Table Value Varigbles | g |+ | | 3¢ (&% |} Scenarios |mal | 4@ = Choose default reset scenario: | None o

Variable Scenario 1 [Scenario 2 |Scenario 3 | Scenario 4 | Scenario 5 |

Mum. Machines 1 [Mr Objects in Machines1 1 2 3 4 5
Mum. Machines 2 [Mr Objects in Machines2 1 2 3 4 g
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* Reset and Run again the Experiment and explore the results.

& Performance Measure Results — O # Performance Measure Results — (| =
Performance Measures  Dashboard Statistics  Console Output Performance Measures  Dashboard Statistics  Console Output
J | Finished Products ~ | | Replications Plat v| [lpata [#]Box Plot [JMean 20% Confidence Machines 1 Utiization ~ | | Replications Plot ~| [|Data [+]Box Plot [ |Mean 80% Confidence
Finished Products Machines 1 Utilization
350 4
= 2T
300 70 —
| = 68 " f—T
I 250 66 .
* * *
| 200 e, N~
62
| 60 * *
+*
| 150 — 58 . %
100 26
o4
50| +** B e 52
a0
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario o Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
H 25% -50%-75% T Min - Max H 25% -50%:-75% L Min - Max
(7] Report Preferences Generate Report - Close (7] Report Preferences Generate Report - Close
www.digifof.org 64



Tutorial 6
DIGIFOF

At the “View” tab in the main toolbar click on.

At the “Model Layout” click on “Add Layout” and then on “Set’.

* Inyou 3D Model move the “Queues” and the “Rack” for the operators to travel more
distance; then select “Add Layout” and then on “Set’.

File Edit  View Build Execute Statistics Debug H B L I

A = [ #  Model View (3] k3 =l ﬁ:x:ﬂ Groups
[¥Reset T8 Model Tree \00 i Machines1
Toolbox  [] Model Control GUI = Hj Machines2
5% 7 7] Start Page = |i| Statistics Collectors
g v| 7 Open Default Workspace I%I Queue 1Content
StatisticsCollector 1
- i —_
&) £ Track 4 Drag-Drop Library 3, Queueistaytime
Mode 5 Toolbox |l| Queue1Content Model Layouts %
= Conv E WView SEttlrlgS- IL Queue 15taytime 1 >
O = . . ayou e
= = C "¢ Quick Properties a Experimenter W !
" %% Edit Selected Objects Add Layout | Delete Layout
== T 44 Find Obj od Model Layouts ® et
z in jects
=) [] Globa . Model Layouts | Layout 1 hd
715 ek Measure / Convert & Add Layout || Delete Layout
L -
=hy Em Media Files =
=] [t Globz o
- LIt B Animations and Components
WWWdIngOfOI'g =) gl Dashl Current Database Table is| 65
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* In the Experimenter create a “Model Layout” variable and define the Scenarios as
follows.

#% Simulation Experiment Control — O =

Scenarios  performance Measures Experiment Run  Optimizer Design  Optimizer Run - Optimizer Results  Advanced 'ﬂ'

Variables [oaiv| K| 1t | § Scenarios |cga| || | 4w |=p Choose default reset scenario: | Mone w
— JF Sample |
Ohbject Variable

Object Label

Model Layout

Mumber of Task Executers

Mumber of Objects in Group
Enable Time Table
Enable MTEF MTTR

1 #=% Simulation Experiment Control — O >
Scenarios  Performance Measures  Experiment Run  Optimizer Design  Optimizer Run Optimizer Results  Advanced 0
Variables | o |+ | |5¢€| ||| Scenarios |cga| || | 4w | = Choose default reset scenario: | Mone w
Variable Scenario 1 | Scenario 2
] Variable 1 Model Layout Layout 1 Layout 2
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* Reset and Run again the Experiment and explore the results.

#% Performance Measure Results — O A #% Performance Measure Results — O b
Performance Measures  Dashboard Statistics  Console Output Performance Measures  Dashboard Statistice  Console Qutput
| |Finished Products ~ | |Replications Plot ~ Data Box Plot []Mean | 90% Confidence Queuel Content | |Replications Plot = Data Box Plot []Mean | 809 Confidence
Finished Products Queuel Content
i * . b * T . *
140 . 180
L 2 b 1
| 130
. 170 *
| 120 .
160 + == . .
110 . * A * .
100 150 .
Qo ——* ¥ 140
* * * * *
80 |
. . 130 .
70 - - - -
Scenario 1 Scenario 2 Scenario 1 Scenario 2
H 25% - 50% - 75% T Min - Max H 25% - 50% - 75% T Min - Max
(7] Report Preferences Generate Report - Close o9 Report Preferences Generate Report - Close
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Tutorial 7 — Advanced Topics

£ Model v x TSubFlon 2

- @ Start Sub Flow

7 Custom Code: Close Totes
£ Custom Code: Close Processor

#s Load Full Tote

& Unload Full Tote

ve 1ravel to Computer

(3 Delay: Register
i Custom Code: Open Totes
§ Custom Code: Open Processor

@ Finish

: o Computer
& (L
”_ II|I|I|Illlllllllllllllllllllll\ \|||ll||l = SUbFl i
5 SubFlow_
Operator1

Combinerf | @ Start Sub Flow |
#% Load
#% Unload
we 1ravel
| @ Finish

—

Processori
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DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

Important Concepts:

« Combiner
 Conveyor
» Sub Process Flows
- —Operator
Sequence

* |tems properties
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 From the Library, drag and drop 2 Sources, 1 Sink, 1 Processor, 1 Queue, 1
Equipment, 1 Straight Conveyor, and 1 Curved Conveyor.

www.digifof.org

Library =
g Library | § Toolbox

'

W Lombiner W Separator ~
& MultiProcessor F Rack

W BasicFR

—| Task Executers
] Dispatcher ﬁ TaskExecuter

L Operator “j Transporter
|.'J.! Elevator (E;- Robot

;:*" Crane * ASR.Swehide
™ BasicTE

—| Travel Networks
_r,” MetworkMode @Trafﬁn:l:nnh'nl
—| Conveyors

= Straight Conve: Cuw@

™y Join Conveyors éI‘;z» Decision Point
[ station 3 | Photo Eye
8§ Motor Merge Controlle

-] Visual

A Text A Billboard
Flane == Slide

B/ Shape . Background
y Walls

+| A* Navigation

~-| People
Location ¥ siaff

.&, Transport

h MultiLocation ',.[E‘.'n."'.u'aiﬁngLinE
+| AGV
+| Fluid
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» Place and name the objects as presented in following image. Make Connections type “A’
betweeri ne Source1-Processor1-Combiner1-Straight Conveyor/Curved Conveyor-Sink, and
between Source2-Queue1-Combiner1. NOTE: make the connection between Queue1-
Combiner1 before Processor1-Combiner1.

« Make connections type “S” between Source 2 — Operator1, Queue1 — Operator1, Processor1 —
Operator1, and Combiner 1 — Operator1.

\
" 4
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Define Source1 Properties as shown bellow —

DIGIFOF

IIIIIIIIIIIIIIIIIIIIII

leave the rest as default.

* |n the Flowltem Class click on “Go to Flowltem Bin”, select the box ltem and
change its dimensions as shown (i.e. 0.3, 0.3, 0.3)

www.digifof.org

g/

| @ &

| @ &

Source Flow  Triggers Labels General

Arrival Style

Inter-Arrival Time

FlowItem Class

Box

[ arrival at time g =

Inter-Arrivaltime c

Box
Cylinder
Sphere

G T FlowItem Bin...

45 Mode FETTORTENER
d B (X[t 8

Cylinder

Sphere
Plane
Circle
Pallet
Tote

-
}‘L

-| General Properties

|Eh:ux | Tat
‘| fa3d\General\Box, 3ds | f
_ /
z
E||:|15 2015 [Sfo00 |2
Gloo  [fooo  [Hooo |2
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 Define Source2 Arrival Style as shown bellow — leave the rest as default.

 Define Queue1 Properties as shown bellow, i.e. Use Transport — Leave the rest
as default.

#% Spource? Properties - O x — O *
. |5|:|ur|:E2 | @D o | @ o
I

Source  Flow  Triggers Labels General Queue Flow  Triggers Labels General

<[ Arrival Style Arrival Schedule Output
[ ——— First available

< FlowltemClass Tote v, Send To Port - g 2
I ——

Transp.:.rt current centerObjects[1] - D
[ ]Repeat Schedule/Sequence
Priority | 0.00 Preemption | no preempt i

Arrivals _ = Labels EI =
- Ig [ ]Reevaluate Sendto on Downstream Availability

// ArrivalTime |ItemNamE |Quan ]
]
f Arrivall 0 Product 10 Input
Pl
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* Define Processor1 properties as shown bellow — leave the rest as default.
 Define Combiner 1 properties as shown bellow — leave the rest as default.

#= Processorl Properties - O *
.
* | Processor 1 | .
Processor  Breakdowns Flow  Triggers Labels General
Maximum Content |:| Convey Items Across Processor Length
Setup Time o > &f f
[JUse Operator(s) for Setup 1

|Use Setup Operator(s) for both Setup and Process

Process Time |8 -

5 7

[[Juse Operator(s) for Process 1

no preempt

www.digifof.org

#% Combinerl Properties

-

ProcessTimes

Setup Time

Process Time

Pick Operator

— O x

|Cnmbiner1 | q gh
Breakdowns Combiner Flow  Triggers Labels General
i} - 5 f
[JUse Operator(s) for Setup 1

|Jse Setup Operator(s) for both Setup and Process

10

Use Operator(s) for Process

current.centerOhjects[1]

Priority

-V
Mumber of Operators

= =T

Preemption |no preempt ~

T

#% Combiner] Properties — O *

=

| Combiner 1

| @ @

ProcessTimes EBreakdowns Combiner  Flow  Triggers Labels General

Combine Mode | Pack ~
Do Mot Recyde Items

[]corvey Items Across Combiner Length

Components List é

Target Quantity |
From Input Port 2 ]
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» At the General Properties, modify the Combiner 1 visual appearance as shown
bellow.

+| Statistics .
-| General Properties

| Caombiner 1 | Tab

Comp | fs3d\Processor\Combiner , 3ds | -

i

X ¥ 7
@)t [fos7 [ oo E
.;_ﬁ|n.nn |; 0.00 |:||:|.n|:| |:
2'| 2,00 |j 2,00 |:| 1,00 |:

Combiner1

More Properties
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At the main toolbar select the Process Flow and then “Add a Sub Flow”.
* At the Quick Properties change its name to “SubFlow_1".

File Edit View Build Execute Statistics Debug Help
= = | R v Qe v Wl v N - #5 3D i Tools |%&]Excel T8 Tree B Script gl Dashb@il Process FID =00 e S

| = # 1+ Adda General Process Flow

|Klreset [p rRun [l Stop 2] Step Run Time: | 0.00

Library w0 w B Add a Fixed Resource Process Flow »
— = I t— Add a Task Executer Process Flow > P

i3 Add a Sub Flow

Quick Properties
—| Process Flow Properties

Process Flow Mame
b | SubFlow 1 A

Image
modules\ProcessFlow\hitmaps \subflow j =

Theme

www.digifof.org 75



Tutorial 7

DIGIFOF

* While being in the Process Flow window, at the Library drag and drop 1 Start, 1
Finish, 1 Load, 1 Unload, and 1 Travel. Place them all within the same group as

shown bellow and change the “Start” name accordingly.

Library
Ao Library 4 Toolbox

'

—| Sub Flow

T2 Run Sub FI::n'.r-.'
¥y

—| Token Creation

‘1‘,.; Inter-Arrival Sou g Schedule Source
Date Time Sourc S Event-Triggerec
—| Basic
@ Assign Labels G} Delay

§ Custom Code M, Decide
% Batch ¢ Wait for Event
"t; Create Tokens 1 Sink

www.digifof.org

-| Objects

"T:| Create Object B2 Move Object
".:| Destroy Object

_| Task Sequencﬁ

ﬂ Travel toloc gy Custu:um Task

*  Create Task Sec ﬁ Dispatch Task 5

TSR T

@ Start Sub Flow
a5 Load

#s Unload

e 1ravel

@ Finish
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+ In the Processor1 “Flow” properties, select the “Use Transport” button and the
select the “ProcessFlow: Use Task Sequence Sub Flow” option and change the
properties.

#% Processor] Properties — O > #% Processorl Properties — O ot

-
: P 1 -
* | rocessor | @ o * |PFDCESSDF1 | {D ﬂr

Processor Breakdowns Flow  Triggers Labels  General

Output Processor Breakdowns Flow  Triggers Labels General
Send To Port First available - = ‘f Output
@se Transport |ProcessFlow: Use Task Sequence Sub Flow 13 ‘,‘ Send To Port First available - 5 ‘/'
Object Connected to a Center Port [ V
CJreeval Center Port By Case i UUse Transport |ProcessFlow: Use Task Sequence Sub Flow v 5 E /f
By Global Table Lockup | Owner Object current - j
Input Object Name By Global Table Lookup |
[dpull Direct Reference | [(Jreevaluate SE& SubFlow_1 -
Use List » | Start Sub Flow -
By Mame | Input
Assign Labels to Token [
Conditional Transport 1Pl o [ X
Tagged Resource Label |item Value |item -
Task Sequence Example_1
Coordinated Task Sequence Example_1 Label | port Value |port hd
Coordinated Task Sequence Example_2 3 b
omObject current
Task Executer as Flowitern Label 4 Value h
AStar Task Executer as Flowitem Label |toObject Value |destination -
Multiple Transport Options
Free Operators Label |dispatcher Value | current.centerObjects[1] |
ProcessFlow: Use Task Sequence Sub Flow

Cancel
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* Inthe SubFlow_1 window, select the group and change their Quick Properties as

follows.

www.digifof.org

Quick Properties >
-| Activity Properties

@ | Start Sub Flow A gh
=] gk | Load A gh
Executer [ Task Sequence
|tnken.dispatd‘ner |1r j
Item
|tnken.item |1r f
Station
|tnken.frn:|mDI:qu|:t |1r ﬂf
Wait Until Complete
=l "." Unload A ﬂ,
Executer [ Task Sequence
|tnken.dispatd‘uer |~r f
Item
|l:-:|-:en.item |1r V4
Station
|tnken.b:ul:]|:|ject |1r j

Wait Until Complete

| ey | Travel

Executer / Task Sequence

token.dispatcher

Destination

token. fromObject

Wait Until Complete

| @ | Finish

A gh

Return Value

|N|:|nE

X~

[ ]Deallocate Shared Assets

Token Data to Preserve

Trace Histories
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 (Create a new Sub Flow as explained before and name it SubFlow_2.

* Atthe Library drag and drop the following activities - Place them all within the
same group as shown bellow and change the names accordingly.

Library ¥

Jj Library 5§ Toolbox £ SubFlow_1 T SUbFlow 2

e .

| Sub Flow _,\ @ Start Sub Flow

T RunsubFlow @ Start Custom Code: Close Totes
@ Firish Custom Code: Close Processor

—-| Token Creation

'i"-p Inter-Arrival Sou ;s Schedule Source

Date Time Sn@ggerec
m G} Delay

Custom Code M, Dedide
m Batch & Wait for Event

"t; Create Tokens E Sink
www.digifof.org

a5 Load Full Tote
# Unload Full Tote
e 17avel to Computer
 Delay: Register
Custom Code: Open Totes
Custom Code: Open Processor

@ Finish
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* |n the Combiner1 “Flow” properties, select the “Use Transport” button and the
select the “ProcessFlow: Use Task Sequence Sub Flow” option and change the

properties.

#% Combinerl Properties

‘ r | Combiner 1

ProcessTimes  Breakdowns Combiner  Flow  Triggers  Labels
Output
Send To Port First available

se Transport |ProcessFlow: Use Task Sequence Sub Flow
Object Connected to a Center Port

[Jreevaluz Center Port By Case
By Global Table Lookup
Input Object Mame By Global Table Lookup
[Cpull Direct Reference
Use List
By Name
Conditional Transport
Tagged Resource
Task Sequence Example_1
Coordinated Task Sequence Example_1
Coordinated Task Sequence Example_2
Task Executer as Flowitem
AStar: Task Executer as Flowitern
Multiple Transport Options
Free Operators
Q IEE 4 ProcessFlow: Use Task 5equence Sub Flow

www.digifof.org AGV: Move Item via AGV

General

-

s |

S A
S A

Cancel

#% Combiner] Properties — O >

f; |Cu:um|:uiner1 | 1 gh

ProcessTimes  Breakdowns Combiner Flow  Triggers Labels General
Output
Send To Port First available > & ‘/f

58/

Use Transport |ProcessFlow: Use Task Sequence Sub Flow

Cwner Object current Edit parameters
[Jreevaluate S& SubFlow_2 -
Start Sub Flow - f
Input
Aszign Labels to Token T
Cleul J ok %
Label |item Value |ikem -
Label |port Value | port -
Label |fromObject Value |current -
Label toObject Value |destination -
Label  dispatcher Value |current.centerObjects[1] |

80



Tutorial 7

DIGIFOF

DIGITAL DESIGN SKILLS FOR
FACTORIES OF THE FUTURE

* In the SubFlow_2 window, select the group and change their Quick Properties

as follows.

Quick Properties
~—| Activity Properties

@ | Start Sub Flow |A b
EPE ] | Custom Code: Close Totes | A gh
Custom Code
| . < E X &

The Action will be applied to the Objectif
the Condition is true (non-zero)

A i
Action doseoutput - :| ﬂ

Object madel(). find("Queue1”) - f fl‘ % 2

Jad

Conditon | true

L o

|rn|r=lr1 AEARSTIRAF _| - '
ER= | Custom Code: Close Processor | A ﬂr
Custom Code

\ 4 % oy =)

The Action will be applied to the Object if
the Condition is true {non-zerao)

A &
Object model(). find(Processor17)| + f :| - f
|~
b -

Action doseinput w

f
|
]| Condition  |true
4
|

=l ;." | Load Full Tote | r. ﬂr
Executer [ Task Sequence

|l:|:| ken.dispatcher | - *
Item

|l:|:| ken.item | - *
Station

|l:|:| ken. fromObject | - *
Wait Until Complete

= i | Unload Full Tote | A gl
Executer [ Task Sequence

|I:D ken.dispatcher | - f
Item

|I:D ken.item | - f
Station

|l:0ker|.t0(]bject | - f

Wait Until Complete

= ..'."| Travel to Computer

Executer [ Task Sequence

|I:-:| ken.dispatcher

Destination

|C|:um|:|uter

Wait Until Complete

Eloc)

Delay: Register

Delay Time

[permal(10.0, 2.0, )

R =

B | Custom Code: Open Totes | A ﬂr

Custom Code

| . < F X S
The Action will be applied to the Object if
the Condition is true (non-zera) | AddEdit this trigger's operation

Action openoutput W

[ Ohbject model . find("Queus17) - f f]" % &

Jaé

Condition  |true

Flos
| e ol
ERE] | Custom Code: Open Processor | A ﬂr
Custom Code
X S

The Action will be applied to the Object if
the Condition is true (non-zera) | Add/Edit this trigger's operation
G

Action openinput o

| Ohject model(}. find("Processori”) - f K - f

Condition |true
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* Run the model to check for errors.
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