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Aim of the lecture

To introduce objects usage and functionalities of the following groups:
Material Flow,
Resources,

Information Flow.
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Structure of the lecture

Standard objects of group “Material Flow”
Conveyor, AngularConverter, Converter.
Turntable, Turnplate.

Track, TwoLineTrack.
FlowControl.
Cycle.

Standard objects of group “Resources”
Workplace, FootPath, WorkerPool, Worker, Exporter, Broker.
ShiftCalendar.
LockoutZone.

Standard objects of group “Information Flow”
Method, Variable.
DataTable.

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023



Standard Objects of Plant Simulation

Conveyor

=

Icon
Conveyor can transport MUS.

Capacity — user-defined (3).

Length-oriented object.

The transport time is given by conveyor’s length size and speed (1).
In addition, acceleration or deceleration can be set.

Selection of “Accumulating” (2) allows MUs to be closely behind
each otherin case of a blockade.

Capacity -1 is default, the capacity is determined by length of
conveyor and by the length of transported MUs. The capacity can
be limited by specified amount of MUs.
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Models.Model2.Conveyor

SKODA AUTO University

Mavigate  View Tools Tabs Help
Name: | Conveyor ‘ O [ Failed || Entrance locked O
Label: | [0 |Planned  ~ | |[]Extlocked O
Attributes ITimes Failures Controls Exit Statistics Curve Energy Cc 4 P
Length: 2 Om [+ Accumulating O o
Width: O m [] Automatic stop O
Speed: 0 mfs [| Backwards
Time: 0:02
[] Acceleration O ele W m/s2
Capacity: -1 [
MU distance type: |Gap - O MU distance: Om

B o |
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AngularConverter

|COn ﬁl % Meodels.Model2. AngularConverter
_l MNavigate  View Tools Tabs Help
CapaC|ty - 1 MName: ‘RHQUWCUWEVTEF O Failed Entrance locked O
. . Lakel: [0 |Planned - Exit locked O
The object represents the corner station, where the change from
|Ong|tUd|na| to |atera| movement |S taklng place I,‘-‘\ttributes ITimes Failures Controls Exit Statistics Curve Energy Ccd P
H ; . Entry length: 1 O m
In object “Attributes” there can be defined: Exitlength: : -
) . . Width: 1 O m
Conveyor’s length to the turning point.
Entry speed: 1 O mfs
Conveyor’s length from the turning point. Bt speed: ' B mrs
Automatic stop O
Conveyor’s speed to the turning point.
Conveyor’s speed from the turning point.
Conveyor’s length of the object must be >= length of MUs! Bl - por
ancel pply
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Converter
Icon _Il Models.Model2.Converter
— Mavigate View Tools Tabs Help
CapaC|ty - 1 MName: ‘COHVE‘TTEI’ O Failed Entrance locked O
B . i Label: [0 |Planned - Exit locked O
Represent handling table. Part, which comes on conveyor, continues:
IAttributes ITimes Failures Controls Statistics Curve Energy Costs 14 W
to the left, U
elgtive convertng point ror
tO the rlght, Length: 1 O m length: 0.5 O [0..1]
Width: 1 O m width: 0.5 O [o..1]
in straight direction. Speed: ! O ms
Capacity: -1 O
Strategy (1) can be set as: Automatic stop O
“ . « . . . ol Strategy: Default Exit - [|I
Straight” — MU is going straight. — T
“MU Attribute®- direction is based on the MU attributes.
“MU Name"— direction is based on MU names. D e Apply

“‘Method” — own strategy definition based on a method (SimTalk).
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Turntable

Icon

Capacity — 1.

Turntable represents an object, which distributes MU into other
connected objects of material flow.

The exact direction, where loading on and unloading from the
turntable is going, can be defined.

The rotation of the turntable is in both directions.
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= Models.Model2 Turntable

Mavigate View Tools Tabs Help

SKODA AUTO University

Mame: ‘ TUI’I"ItEIblE'|

| O [ ]Failed

[ "] Entrance locked O

Label: ‘

| [0 |Planned = | |[ ] Ext locked O

Attributes § Times  Failures  Controls
|

Exit Statistics Curve Energy Ccd P

Length: [ m Entry Angle Table O
Width: O m Exit Angle Table O
Rotation point: [ m

Conveyor speed: O m/s [ Automatic stop O
Rotation time per 90°: | 0:04 [

Rotate when:

|Cnmp|etely entered -

["] Go to default position O

MU leaves backwards depends on:

o

o Jm-

B = | o
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Turnplate
|COn O -] Meodels.Model2.Turnplate ? X
MNavigate  View Tools Tabs Help
CapaCIty - 1 Mame: ‘Turnplate| | O Failed Entrance locked O

Label: [ |Planned - Exit locked [l

Turnplate represents an object, which rotates regularly.

IAttributes ITimes Failures Controls Exit Statistics Curve Energy Ccd P

It is not possible to define a direction of loading on and unloading

Length: 1 m
from the turnplate. It rotates only in predefined angles. This device Wiih: : E -
Is typical for logistics companies. They use this principal to scan speed: 1 B m/s [ Automatic stop o
barcodes for goods identification. Rotation time per 90°: | 0:04 0
Strategy: Angle - O
Only one direction of rotation is possible. Angle: % O e
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Track
lcon S =~ Models.Model2.Track
Mavigate View Tools Help
CapaC|ty - User-deflned Name: ‘Tracld O Failed Entrance locked [l

Label: [ |Planned - Exit locked [l

Length-oriented object.

Imtributes ITimes Failures Controls Exit Statistics Curve User-definei < F

It is one way communication, which is used for movement of

“ » Length: 2 O m
Transporter” type. widh: 03 O m
Its typical usage is in automatic supply systems for assembly lines Copacty: * a

. . . Backward destination list - O
and warehouses, i.e. AGV (Automated Guide Vehicle) or FTS carts e m

(Fahrerlose Transportsysteme).

The distance, which an object must travel is given by track’s length,
transporter's (MU‘s) length and transporter‘s speed.
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TwoLineTrack
E Models.Model2. TwolaneTrack
lcon =
H = Mavigate Wiew Tools Tabs Help
Capacity — user-defined. Name: | TwoLaneTrac I= ) Failed

Labet | =
Attributes §f Failures Controls A Controls B Statistics  Curve  User-define 4 F

Length-oriented object.

From the functional point of view, the object is identical to the “Track” Lane A Lane B

with the difference that we can ensure two-way traffic here. Length: Oom || Lengin _Jmm
[ | Entrance locked O || Entrance locked O
[ Exit locked O [ Exit locked O

Width: O m Destination list A:‘ ‘ |
Track pitch: O m Destination list B: | - @

|Right—handTraFﬁc O

Capacity: O

o

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023 10



Standard Objects of Plant Simulation .‘

SKODA AUTO University
FlowControl
|COn &b Models.Model2.FlowControl ? X
MNavigate  View Tools Help
Zero capacity. Name: | FlowControl o
. . . . . . Label: O
It controls behavior on entries and exits in the branching and merging | |
pOIntS Of the materlal ﬂOW Exit Strategyl Entry STra‘tegyI User-defined
Strategy: [ | Blocking O
It has several predefined strategies for entry and exit — tabs “Exit [cyciic o=
Strategy“ and “Entry Strategy*”:
Mext aimed successor: -
B o |
11

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023



Standard Objects of Plant Simulation .‘

SKODA AUTO University

FlowControl (Exit Strategy)

lcon @ & Models.Model2.FlowControl 7 X
Mavigate View Tools  Help

Strategies for entry/exit (1) — tabs “Exit Strategy“/“Entry Strategy*: Name: | FlowControl O
1] H7; . “ ) Label: O
Cyclic® —in the order, “one by one”.
IE;:it Strategyl Entry Strategy  User-defined
“Start at successor 1* — the transfer attempt always starts at srategy. Blocking -
successor 1. qum ak
“ “ Start at successor 1
Random® — randomly. Random
Percentage
. . . . Cyclic sequence
“Percentage” — the selection is random, but in a specified Leost recently used
percentage rate. pethod
MU Name
“Cyclic sequence® — the selection is based on the given order To all successors
R R Assignment
of predecessors, which is constantly repeated. ee— o Apply

“Least recently used® — MU is passed to the successor waiting for the longest time.

“Most recently used” — MU is passed to the successor waiting for the longest time.
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FlowControl (Exit Strategy)

lcon @ & Models.Model2.FlowControl 7 X
Mavigate View Tools  Help

Strategies for entry/exit (1) — tabs “Exit Strategy“/“Entry Strategy*: Name: | FlowControl O
“ “ . . Label: [
Method" — the successor is determined by a method.

. . . IE;:it Strategyl Entry Strategy  User-defined
“Selection” — e.g., based on min./max. content, min./max. srategy. Blocking -
amount of entered MUs, the shortest/the longest processing qum . ID
tlme etC Start at successor 1

Random
« « . , Percentage
MU Name® — assigned based on MU’s name. Cydic sequence
Most recently used
‘MU Attribute® — assigned based on MU’s attribute. pethod
MU Name
“To all successors* — creates a copy of MU and passes it To allsuccessors

.Assignment l

Cancel Apply

on each of successors.

“ Assignment“~ successor is not defined, but the MU'’s attributes are changing, when
it is passed on (usually to a single successor).

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023 =
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Cycle

e
LI

Capacity is defined by the number of involved objects.

Icon

Object is used for synchronization of MUs” movement between
stations in the line.

The line bounded by this object is defined between entry station
“First station® and exit station “Last station”.

Parts can move inside of line only when:
All stations finished the processing.
None of stations are in a failure.
None of stations are in a pause.

None of stations are out of the work schedule plan.

E1 Models.Model2.Cycle

Mavigate View Tools Help

=4

SKODA AUTO University

Name: | Cycle O
Label: O
I.i‘\ttributes I User-defined

V| AdtiveiH]

First station:
Last station:
+| Empty cycle allowed

| Part can only enter on cycle

Cancel

O

Apply

Object “Cycle” can be composed of objects “Station” and “AssemblyStation”.

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023
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Modeling of worker’s labor

Range of services

K‘u "y Verification of service options
AN
Exporter Exporter\ 2%
(service no.1) (service no.2) "7 m e \"

A\N

Broker

A
**., Gathering service requests
.
.
.

Ensuring of services

|y |
v 1€ N © {5

Station3

FootPath

. emand of services
Demand of serwvices

WorkerPool

@ WorkPlace
\;
[ g

Station2

Demand of services
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Workplace
Lo Models.Model2. Workplace ? x
J
Icon @ Navigate View Tools Help
Object of the group “Resources”. Name: | Workplac I=
. . y . . Label: O
The object defines the worker’s workspace and assigns it to the | |
material flow objects (1) (Station, ParallelStation, ...). [ouies Jrimes Contros “User-eined
List below the option (2) “Supported Services” defines types of
services, which will be ensured by the workplace. [ Worker stays here after completing the job O
. . . Capacity: 1 O
The option (3) ensures that worker will stay on the particular

workplace after finishing his/her activities (will not return to the © ModelsModel2 Workplace X
“ » Mavigate  View Tools Help
Workerpool”).
Name: ‘Workplace{ ‘ O a

Options “Loading time” (4) and “Unloading time” (5) define the Label: | I 5
necessary time that worker needs to pick-up the part from the prreys o Formrrte v
workplace or to place it.

Loading time: Const = |0 O

Unloading time: Const =0 O

16
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Footpath
Models.Model2.FootPath ? x
Icon - Navigate View Tools Help
The object defines a path, which is used for movement of “Workers” Name: [ FootPath I=
between individual “Workplaces”. Label | o
It is the length-oriented object. The path and width length can be [ Jcune vser-ceines
defined via the option (1).
ption (1) o =
The options in the tab “Curve” are for setting of: q width: O m
. . . Models.Model2 FootPath ?
Graphics — length, color, animation range (2). : . — .
Navigate View Tools Help
Options in category (3) allow: Name: | FootPath I=
. . Label: ‘ ‘ O
Rotate graphics of moving MU. =
Attributes ICur\.reI User-defined j
To adopt the length of the object according to its size - MiAdve D
|n the “Frame”. 2 |v| Rotate movables [
Pen width: O [+ Transfer length [
Graphics transparency. Calor -0 | OTensgeret @
Pen color: O Base height: O m
“Segments” allow manual size adjustment of “FoothPath”. Midiine stye: = 17
Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023 Animate every x-th pixcl 0 .
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WorkerPool
o0
Icon °|° Mavigate View Tools Help
"Workers” are generated in the space defined by the object. These Name: [WorkerPoo I=
are waiting in the time when none of orders is available. Label O |Planned -
The option "Creation Table” (1) ensures generating and assigning of [ciiouies ] statstis “Contrls “User-defines

workers, speed and shift mode. Workers: Creation Table | [ |
Optlons (2) deflne Get job orders in the pool only O
Workers can work remotely O
The order can be assigned only in “Workerpool” (worker has to Travel mode: | Walk along foatpaths 0
roker: Broker
return to WorkerPool) or elsewhere. Zh:t o E
Worker can work remotely (e.g. if the workplace is occupied by Farts buffer - |8
another worker). .
Cancel Apply

Method of transferring the worker to the workplace with/without
using “FootPath”.

. 18
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WorkerPool

I C O n 9' 0 Models.Model2. WorkerPool

0'0 Mavigate View Tools Help

Options (3) assign:

Name: |WorkerPooI | O

Label: | 'O |Planned -

“Broker” to the given “Workerpool”.

Statistics Controls  User-defined
“Shift calendar”.
Workers: | CreationTable | [
“PartsBuffer” is the place, where a worker can leave a part in ] et job orders inthe pool only -
case the shift is over. [] worksrs can work ramotely =
Travel mode: | Walk along footpaths -m
Broker: Broker - O
e shift calendar: | - o
Parts buffer: | ‘ o

B o [ v ]

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023 9
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Worker

lcon #’;
It represents mobile object, which is able to work on the object “WorkPlace”.
It is possible to use it for objects:
Station.
ParallelStation.
AssemblyStation.
DismatleStation.
Worker is located in “Workerpool” in the time, when he/she is not working.

Worker moves via “Footpath” between “Workplace” or straight.

It is possible to set his/her speed on “Footpath”, number of parts he/she is able to carry (Capacity) etc.

< , 20
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Exporter

L. Models.Model2.Exporter ? X
|C0n K‘N MNawvigate  View Tools Help
The object represents export service. It cooperates with “Broker”, Name: [Exporter = Failed
tab ,Importer” and tab ,Failure Importer” in objects Station, Label O |Planned
ParallelStation, AssemblyStation and DismantleStation. [t Controls Sttt User-deies
Exporter offers service, which is provided to Importers. A T Services

Fail services

The option “Priority” (1) sets preferences of individual exporters. Broker: | Broker - o |

Higher values has the preference.
“Capacity” (2) defines the maximal number of exported services.

“‘Broker” (3) represents a Broker, which should provide the service.

The button “Services” (4) allows to choose a service, which will be Cancel Apply
provided by Exporter. The exporter performs the services based on
the list in the table.

When the box “Fail services” (5) is activated, it allows to pause work of exporter by failures. New requirements

cannot be satisfied during the failure. 51
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Broker
a H B8 Models.Model2.Broker ol x
Icon .Q MNawvigate  View Tools Help
The object represents a go-between for offered and demanded Name: | Broker =
services. Label. | o
Each “Broker” can cooperate with several Exporters, who offer Controls | Statistics _User-defined
services, and can accept demands from several importers, who 8 Importer request: - 0
need services. R L

The options (1) and (2) represent possibilities of assigning custom
strategies to importers and exporters via method.

B e |
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ShiftCalendar

it Models.Model2.ShiftCalendar

Icon
] File  Mavigate View Tools Help
Object defines a shift calendar to individual objects. Name: | ShiftCalendar] I= Vatve [
Label: ‘ | O

It is possible to define:

Shift Times § Calendar Resources User-defined Format

Number of shifts (1) shift | From| To|Mo |Tu |W.|Th |Fr |Sa |Su | Pauses ID
) 1|shift-1 I 6:00 14:00']7 [w [ |_|9:00-9:15; 12:00-12:1
Their range (2) 2 |shift-2 | 14:00] 22:00 v [v |[ | f18:00-18:30; 20:30-2

Working days and free days (3).
Breaks (4).

Assignment of calendar to specific object can be done in the tab
“Controls” of the object by moving the calendar into text box
“ShiftCalendar”, or in opposite way, by moving the object onto the | e || ey

ShiftCalendar.

The object then works only at selected times.
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LockoutZone

B Models.Model2.LockoutZone ? x
Icon MNawvigate  View Tools Help
The object groups several individual objects. In case of one Name: [LockoutZone I= Zadve [
machine’s failure the others stop as well. Label O
In case of a failure, on all stations the option “Stopped” — TRUE is [ Controls] Objects _ Statistics _ User-defined
activated. Stop: g

Resume: - | O

“Stop” (1) is user-defined method, which is started at the beginning
Of a fa”ure (Stopped = TRU E) I Stop mode: Stop immediately - DI
“‘Resume” (2) is user-defined method, which is started at the end
of a failure (Stopped = FALSE).
“Stop mode” (3) can be set to immediate stop or to stop at the
moment, when the service is available. T cence Apoly

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023 24
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Method

cons M| M) M| ML

Objects of the group “Information Flow”.
Zero capacity.

Methods are short parts of program, comparable to procedures or functions in programming languages Basic, Pascal
or C++. The programming language “SimTalk” used in Plant Simulation was developed from the programming language
“Eiffel” and it is very similar to other programming languages.

A method is made up from standard methods, key words, assignments and control structures. The list of methods
applicable to an object and suggestible attributes can be displayed in context menu = Show Attributes and Methods.

In addition, any number of attributes can be defined and affected.

Object “Method” is fully integrated into the object-oriented concept of Plant Simulation. The compiler processes source
code during the simulation run (some methods are processed on the beginning of the simulation run — “Init”, some of
them at the end of the simulation run — “EndSim” and some of them reset the variables — “Reset”).

More information in lectures with the topic of SimTalk methods and language.

. . . % , 25
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Variable (data types)

lcon  n=1
Data types defines ranges of data values, which are in objects as parameters, input data or variables.

By default, Plant Simulation offers the following data types:

boolean TRUE or FALSE

integer 0,1,2,...

real, length, weight, speed, money number with float decimal point

string sequence of characters

date date with the format (rrrr/mm/dd)

time time with the format (hh:mm:ss.ssss)

datetime date and time with format (rrrr/mm/dd hh:mm:ss.ssss)
list, stack, queue list with the one column (queue - FIFO, stack - LIFO)
table table with more columns

object link to the object

. . . % , 26
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DataTable

EB .Models.Model2.DataTable

Icon

Object of the group “Information Flow”.

Zero capacity.

It is a list of values, which contains two or more rows. It’s typical
a possibility of individual access to it, i.e., we can address exactly
the requirements based on column or row index.

wo (e [~ e |w | | [ | =

—
(=1

—
=

i
ra

Rows and columns can be changed, added and deleted during the
simulation run.

=
w

—
-

—
wn
4

Embedded tables can be created by the system of tables,
so multidimensional variable can be created (multidimensional field).

Table can be formatted according its use.

It is possible to define a number of columns and rows, to assign data type and allowed range of values for individual
columns, different access rights, provide the table with column and row index for higher table transparency etc.
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DataTable (inheritance)

Icon

After inserting the table into the frame from the Toolbox, format inheritance — “Inherit Format “, or content inheritance —
“Inherit Contents” in the menu, or comment inheritance — “Inherit Comment® (1) can be activated/deactivated.

Afterwards, it is possible to change the format (2), e.g. change of default data type of all columns — String.

File Home Debugger Window List Q Find a Command 1
-J-- - - - - (T —
Wimport | SHSS 22 AEE e h == F Sm= 5’— (
HExpor‘l R b - - II] HEB 1 F-- B U
o Print - Find Replace Go Insert  Insert Formula | Column Row  Edit Inherit  Inherit Inherit Recompute | Comment Highlight
%8 Print To Row Column Index Index Format § Format Contents | Commentl Formulas Empty Cells
File Find Edit Format Inheritance View Tools
Toolbox

Material Flow Fluids Resources | Information Flow | User Interface  Mobile Units  User Objects Tools

YV EEEET AT LA

string string string string string string string
1 2 & 4 i} 7

(=T IR = VO (W T Y-S (VT (N C T Y
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DataTable (column and row index)

Icon

For better clarity it is better to activate a column or row index (“Column Index”, “Row Index”) (1). This makes it possible to
fill row and column headers.

The column and row index is marked by the black border and it always has the label 0, i.e. zero column or zero row (2).

Home Debugger Window Find a Command

- -——-— - - -——-— - - - =] ——- - - - - | ——
import | S=s (0S5 :I.— - ! r = B ¥ [V_j = cl==
Do - | F22 222 | HZ2| E i Vx? ==lr== FL] =1 H[eA - (e
o Print - Find Replace Go Insert  Insert So Formula Inherit  Inherit Inherit Recompute | Comment Data Highlight Jpe
=9 Print To Row Column | Ascending Descending Format Contents | Comment | Formulas Type | Empty Cells | Object
File Find Edit For Inheritance / Tools
Toolbox

Material Flow Fluids Resources | Information Flow | User Interface Mobile Units User Objects Tools

\MeEISSEIELY REE

string string string string string string string
0 il 2 2 4 3 (1]
string I

1

~ | e [ (w2
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DataTable (table dimensions)

Icon

For changes related to the whole table, e.g. its dimensions, it is
necessary to mark the whole table by the left-upper corner of the
table — by clicking there the whole table, without headers, will be

marked (will become blue).

In menu “Format...” there can be the most important table formats:

dimension — number of rows, columns (if we
want to limit it for some reason),

settings — alignment, font color and font size,
background color,

permissions — reading / writing access.

Computer Simulation of Logistics Processes, SAU, Jan Fabry, 21/03/2023
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e e e O
Q 3 g
@ ﬁ ‘a x == x el
string string -
|1 2 3
string Open Object F2
1 ":; Insert Row
2 |||f. Insert Column
3 Remove Row
4 Remaove Column
2 Format...
6 -
7 425 Find... Ctrl+F
8 Sort As ling
9 Sort De ling
10
11
12
; v
Settings  Permissions ID\menslun IData Type ISettlngsI Permissions Dimension Data Type »
|
Column width: Font color: Iil
Background color:
["] Column index belongs to contents
Range: |{1.1}--{*,”} ‘ Range ‘{1,1}--{".”} |
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DataTable (data type)

Icon

LLLLL
L
e
N g
=l
=l
[4s]
=
Ty
-~
|
=
=
=1
=)
>
-]

Data type of column can be changed if we will mark the header |
and in menu “Format...” there we set the requested type, then — -

Insert Column

confirm the changes via “Apply“ and close the menu via “OK". Remove Column

I Format... I

Avallable data types (1) — boolean, integer, real, string, object, table, | — eyl I
list, stack, queue, time, money, length, weight, speed, acceleration, I |

Sort Ascending

data and datetime. B Sort Descending

For data types integer, real, length, weight, speed, acceleration,
money and string it is possible to limit data inserting in dialog via
Format string (2) (character sequence format) (e.g. A - only letters,
C — only capital letters and numbers, N — only numbers.

Format string “-15.2” for data type real means that number can have 15 digits in
total and 2 digits of them are after the decimal point, the sign “-” means that
negative numbers are possible).
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DataTable (embedded table)

Icon

If we choose data type “Table” for a column, we are inserting another
table into the table — embedded table.

This embedded table can be formatted in the tab Table Format.

Each row of that column represents another table. If the option
Common format is activated, all of the embedded tables in particular
column will have the same format.

=4

SKODA AUTO University

List Format

Settings  Permissions Dimension | Data Type §l Contents 4 b

Data type: Table

+| Common format

Cancel

Embedded table can be opened through context menu (via right-clicking select List Fomat ;
command menu) or via F2 button, in case the cursor is in the particular row and Setings _permissions_Dimension _Data ype [[Comem ]« »

that cell is not empty (just to write “x”).
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Edit Format View Tools

string |string |string |[string |string |[string |string | &
1 2 2 4 5 ]
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Thank you for attention

Jan Fabry

Department of Production, Logistics and Quality Management
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