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Introduction

Plant Simulation Assembly is a library for modeling, simulating and evaluating assembly areas.

In version 9 of Plant Simulation the library was divided into several libraries which can be managed by the library man-
ager. Each of these libraries can be used separately in your simulation model and can be added at every time. Also the
documentation was divided into several separate documentations according to the library objects.

The assembly library consists of the following libraries.
o Assembly

* Personnel

*  Finite State Machine

* Kanban

* Transport

o Assembly Line

All of these libraries are integrated into the Assembly License and can be used together or in any combination of the
libraries.

The Assembly library

This library contains all objects for
* Material flow

* Controls

* Rework

» Skids

¢ Evaluation

* Random numbers

< JIT

These objects will be described in more detail in the following chapters.

The Personnel library

The following objects are part of the library
ServicePool
ServiceStation

Use these objects to simulate staff members. This librarty has its own documentation.

The Finite State Machine

The following objects are in this library
* FSM Control

e State

Introduction 1



The Transport library

* Signal_Connector
e Actor Control

¢ Sensor Control

Use these objects to create state machines which will react on events of the material flow and will chenge its state accord-
ing to the event signal. This library has its own documentation.

The Transport library

The following objects are part of the Transport library
* Logistic

e Shelf

* Transporter

Use these objects for modelling inbound logistics. The transport of the parts can be simulated just by increasing and de-
creasing the numbers. It is also possible to simulate the transport of the parts to get information about the utilization.
This library has its own documentation.

The Kanban library

In carlier versions this library was a part of the assembly library. The objects of this library are now replaced by the objects
of the Kanban library in the core system. The objects are described in the Plant Simulation reference manual.

The Assembly Line library

The followng objects are part of the assembly line library
AssyWork

AssyTrack

AssyLIneChart

AssemblyExplorer

ProductionplanManager

Using these objects enables you to simulate assembly processes where the parts are moving along a track. This library has
its own documentation.

Starting Plant Simulation Assembly

First start Plant Simulation. Use the library manager to load the libraries you will need for creating your simulation model.
It is possible to add other libraries to your class library at any point in time using the library manager.

Updating Existing Models

Simulation models using older versions of the assembly library can be updated using the library manager. Select the library
you want to update and select the version you want to use. See also the Plant Simulation Reference Manual for this.

Where to Get Help

We do not describe the built -in objects, such as the A#tributeExplorer and the ExperimentManager, in this manual. You find
information about them in the Plant Simulation Reference Manual or in the Plant Simulation Step-by-Step Help. The
libraries Personnel and FSM have their own documentation.
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How to Get in Touch with Us

How to Get in Touch with Us

You will always find the current version of the assembly library on our customer page on the Plant Simulation Homepage:

www.emplant.de/support/plant/

Select Customer Support and enter your password. Select AOLs and then select assembly. You always find the most cur-
rent version at this location. If you have a maintenance contract, you can download it from here.

The Library Modules

MaterialFlow

|+ B [ B 1/ o

You will graphically and interactively create the production structure with the material flow objects of the application ob-

@
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1

ject library Plant Simulation Assembly. When modeling you can use the built-in Plant Simulation objects as well as the
objects from this folders. You can also connect these material flow objects with Workplaces and with Workers. Use the
ShiftCalendar to define the availability of workers and machines.

This folder contains these objects:

*  Processing and Assembly according to attributes, Blackbox

* SourceNormal, usage-oriented Sonrce

o Sink

o Assembly and Dismantle according to attributes

* Assembly on an assembly line with corresponding evaluations
* Distributor according to attributes

We will describe the objects in detail in the chapters below.

Controls

'_" HE! * Eaa
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You can use the object Sequence to define variants of the parts to be produced, while the objects Cycle and ProtectiveCircuit
influence the course of production.

o SectionCtrl

* Cycle and ProtectiveCircuit
* AssemblyLine

o Sequence

Rework

EEHIF*"‘TI J,
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You can use the objects from this folder to model quality control and rework stations. It contains these objects:

* Objects for modeling rework stations

* Quality control or discharge station respectively

Introduction 3
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The Library Modules

* Definition of error symptoms and frequencies

k j‘j‘ j‘l‘j ﬁl‘
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This module contains all objects for loading and unloading loading equipment, such as skids or AGVS. The library con-
tains these objects:

Skids

* Load for loading any type of loading equipment.
* Unload for unloading any type of loading equipment.

* Transfer for transferring products from one transport circle to another transport circle.

Just in Time (JIT)

ek

You can control the creation of parts depending on the selected stations with the Just in Time module. You can do this
with the objects:

* Source]IT for creating the parts controlled by the object JIT.
* JIT for controlling the parts to be created.

Evaluation

B A tELE o L tia

You can show the results of the simulation runs, such as the utilization of resources, the fill levels of buffers, etc. graph-
ically in state charts and histograms. You can also write the results to a table.

A SO OB Tl T T R o

You can do this with the objects:
o Stats

o Checkpoint

*  DParts statistics

* Histogram, StateChart

* TpHPltter

* SinkEvaluation

PartsAndOrders/MyObjects

The folder PartsAndOrders contains pre-defined MUs, which you can either use as we defined them or use them as a tem-
plate for your own, project-specific MUs. You can place these project-specific MUs into the folder MyObjects.

RS

RandomNumbers

4 Introduction



The Library Modules

For setting-up your models and for executing simulation runs, we provide these objects:
* Discrete empirical distribution

* Managing Random Number Streams (RandMgr)

Introduction



The Library Modules
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Material Flow Objects

When using these objects, keep in mind that you cannot change the structure of the model or individual parameters of
the objects while your model is running. You have to restart the simulation run each time you make a change.

Many of the material flow objects are modeled in a Frame. The processing stations within these Frames always have the
name workplace.

All material flow objects offer the built-in distributions which Plant Simulation provides. The Plant Simulation Help and
What's This help describe how to enter the parameters of the individual distributions.

SourceN (Source Normal) »

This type of Source can create parts in different ways:
* It produces parts of a single type as long as it is not blocked.

* It produces the number of parts, such as S&ids or Containers, of a single type. After it finished producing the amount of
Skids, the SourceN switches to passive mode.

* It produces patts of a sequence type as long as it is not blocked. The type is determined by a sequence element. The
sequence element itself is determined by the associated Sequence object. The SourceN is not intended to model failures
and pauses. We recommend to handle these events in a station which is located after the SourelN in the sequence of
stations.

* It produces parts of a VariantGenerator as long as it is not blocked.

Name, Label

These text boxes contain the name or the label of the object respectively.

Source Type

Select how the SourcelN produces patts from this drop-down list. Depending on what you select, Plant Simulation Assem-
bly activates or deactivates the associated dialog items.

You can select:
* Fixed Entity adjustable: The SourceN produces constantly a certain part type

* Number adjustable: The Source produces the number of parts you specify. Once the parts are produced, the SourceN
stops producing parts.

* Entity is defined by Sequence: A Seguence object defines the parts to be produced.
* Entity is defined by VariantGenerator: A VariantGenerator defines the parts to be produced.

Below we will describe the parameters for the different settings.

Material Flow Objects 7



SourceN (Source Normal) Setting “Fixed Entity adjustable”

Setting “Fixed Entity adjustable”

SourceN1

Mame: Sourcen
Label
Source Type | Fixed entity adjustable v

Entity | SequenceMariants ]

Entity [object] ApplicationObjects, Assemk

Entity Type [string] carbody

[ JReset statistic of MU
Iron Mo, [integer] -1

[ ]Get Production Flan

Intervall of creation 10,0000

a4 ] I Abbrachen ] IUbernehmen

Entity

Enter the MU class of which you would like to create instances. You can also drag an MU onto the object SourceN and
drop it there. In general you should only use MUs from the folder Parts.AndOrders as we already defined all required at-
tributes for the MUs stored there.

Part type

Enter the part type of the part into this text box. The part type Entitytype is the MU attribute which is, for example, ac-
cessed during a type-dependent assezzbly. This part type is also use as the name of the produced MU.

Reset statistic of MU

If this checkbox will be set, the statistic values of the MU will be reset as soon as the MU leaves the SoxrcelN object. This
will have effect on the lifetime of the MU.

Note: This will result in modified values for the value of statAvgLifetime of the MU.

Icon No

The produced MU can have several icons. Enter the number of the icon to be displayed after the SourceIN created the MU.
When you enter -1, the MU uses the default icon.

Get Production Plan

Use this check box to set if the production plan manager, the Part Manager, is to read the production plan for the produced
parts. The production plan which is attached to the part as a customized attributes is only used by the objects Assen-
blyLine, (Assy_Work) and AssyAttr. You will define the format of the production plan in the Part Manager.

8 Material Flow Objects



Setting “Number adjustable” SourceN (Source Normal)

Part Manager

Enter the path to the associated PartManager into this text box. The PartManager assigns the produced parts their produc-
tion plan, provided you selected the check box Get Production Plan.

Note: This entry is only used in connection with the production line and not anywhere else.

Interval of creation

Enter the interval for creating the MUs to be produced into this text box. The SourcelN attempts to move MUs to the
succeeding stations in this time interval. The SourceN can only keep this interval when it is not blocked by the succeeding
station.

Setting "Number adjustable”

You will, as a rule, use this setting to create a certain number of Skzds.

SourceN1

Mame: Sourcen
Label
Source Type | Mumber adjustable [

Entity | SequenceMariants ]

Entity [object] ApplicationObjects, Assemk
Entity Type [string] carbody
MNurnber of Entities 100

Capacity of Skids/Dollies 1
[ JReset statistic of MU
Iron Mo, [integer] -1

[ ]Get Production Flan

Intervall of creation 10,0000

a4 ] I Abbrachen ] IUbernehmen

Entity

Enter the MU class of which you would like to create instances.

Part type

Enter the part type of the part into this text box. The part type Enfitytype is the MU attribute which is, for example, ac-
cessed during a type-dependent assezzbly.

Number of Entities

Enter the number of the parts to be produced into this text box. After the parts have been produced, the SozrceN becomes
passive.

Material Flow Objects 9



4

SourceN (Source Normal) Setting “Part defined by Sequence

Capacity of Skids/Dollies

Enter the capacity of the S&ids here. If you did not define a S&id or a Transporter as an MU class in the text box Entity, this
value will not be used.

Setting “"Part defined by Sequence”

When you select this setting, the SourelN will be connected with an object of type Seguence, which provides it with a se-
quence of different parts, which you can define.

SourceN1
Mame: | I50urcel‘~.| |
Label | |
Source Type |F'art defined by sequence v |

Entity lSequenceNariantﬁ ]

Resst statistic of MU

Icon Mo, [integer] | -1 |

[ ]Get Production Flan

Intervall of creation | 0.0000 |

I a4 ] I Abbrachen ] IUbernehmen]

Sequence [object]
Enter the Sequence object into this text box which controls the SourcelN.

You can either enter the name of the Seguence object into the text box or you can drag it over the icon of the SourceN and
drop it there.
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Setting “Part defined by variant generator” SourceN (Source Normal)

SourceN1 §|
Mame: I5Durce|'~.l
Label
Source Type | Part defined by sequence v

Entity ~Sequence/Variants

Sequence [object] ~ Sequence
Wit tirme offset
Tirne Offset [time] 0.0000

Ref, Source [ohject]

a4 ] I Abbrachen ] IUbernehmen

With Time Offset

Use this check box to synchronize the points in time at which two sequential objects of type SourcelN produce patts. 1f,
for example, you want the pre-assembly line to start working 2 hours before the main assembly line, you will enter the
main assembly SourcelN as the Reference Source into the pre-assembly SourcelN and enter an Offset of -2:00:00.

Time-Offset [time]

Enter the time offset as compared to the Reference Source into this text box. Positive values mean, that the SoxrceN produces
parts at a later point in time than the Reference Sonrce.

Ref. Source [object]
Enter the Source object from which the SourcelN gets the points in time for creating MUs into this text box.

You can either enter the name of the Reference Source object into the text box or you can drag it over the icon of the
SourceN and drop it there.

Setting "“Part defined by variant generator”

When you select this setting, the SourcelN will be connected with an object of type 1 ariantGenerator, which provides it with
a sequence of different parts, which you can define.

Material Flow Objects 11



Sink

Attributes of the Object

Variant generator

SourceN1
Marme: | Sourcel |
Label | |
Source Type |Part defined by variant generatar v |

Entity ~Sequence/Variants l

Yarinat generator

[Jwith time offset

| ~Mariants |

a4 ] I Abbrachen ] IUbernehmen

Enter the VariantGenerator object into this text box which controls the SourcelN.

You can either enter the name of the VariantGenerator object into the text box or you can drag it over the icon of the

SourceN and drop it there.

Attributes of the Object

objType: SourceN

Sink 2!

This object immediately destroys incoming parts. The Sizk calculates the statistics data using the arrival times and the part
type. The parts are destroyed immediately, without any processing time. The Siz£ is not intended for modeling failures
or pauses. These should be handled in a station before the sink.

12
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Name, Label Sink

Sink @
Mame Sirk.
Label

Statistics l Typedep. Data] File: ]

Tatal Mumber 1925
Throughput / h 53,90
Average Throughput Time 300,00

whork Time per Day [time] 8:00:00.0000

Throughput / d 479.25

QK. | Cancel | Apply

Name, Label

These text boxes contain the name and the label respectively of the object.

Tab Statistics

Total number

Is the number of parts which arrived at the Sink.

Throughput/h

Mean throughput of parts per hour which arrived at the Sizk.

Average Throughput Time

Average throughput time of arriving parts over all part types.

Work Time per Day

Enter the working time per day into this text box. This value is only used for calculating the value Throughput/d and does
not otherwise influence the simulation model.

Throughput/d

Throughput of parts per work day. For calculating it the program uses the time you entered for Work Time per Day. The
throughput per hour is multiplied with the Working time per day.

Note: All displayed values are reset at a statistics start.

When you click Apply, the program updates the values in the dialog window.

Material Flow Objects 13



Sink

Tab Type-dependent Data

Tab Type-dependent Data

Mame Sink
Label

Statistics  Tvpedep. Data l File ]

EntityType Mumber | Awvg. Throughput time StdDev Throughput Time
Ay 1154 3:00.0000 0.0000
EE 770 3:00.0000 0.0000
< >
QK | Cancel | Apply |

This tab shows the statistics values for each part type. The overview provides these values:

» EntityType: Type, i.e. name of the part.

* Number: The amount of parts of this type.

* Avg. Throughput Time: Average throughput time of parts of this type.

 StdDev Throughput Time: Standard deviation of the throughput time.

* min Throughput Time: Minimal value of the throughput time.

* max Throughput Time: Maximal value of the throughput time.

* Avg throughput / h: Mean throughput per hout.

 StdDev Throughput / h: Standard deviation of the mean throughput.

* min Throughput / h: Minimal value of the throughput.

* max Throughput / h: Maximal value of the throughput.

Tab File

On this tab you can select to save the individual values in tables or not.

Be aware that these tables might be of considerable size.

Register Results

Mame Sink
Label

Statistics] Typedep. Data  File l

[v¥ Reqister Results

v Throughput / h Table
[¥ Single Entity Stats Table
QK Cancel Apply

Use this check box to set if you want to save the results or if you do not want to save them.

14
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Attributes of the Object Usage-oriented Source (SourceUse)

Throughput/h

Select this check box to set if you want to save the throughput for each individual hour in a table or not.

Table: Throughput/h

This table records the throughput per hour of parts.

Single Entity Stats

If you want to protocol the times and type data of the individual parts in a table, select the check box Single Entity Stats.

Note: Be aware that recording the part statistics requires large amounts of RAM.

Table: Single Entity Stats

The table shows this data of the destroyed parts:
* DPart type

* Starting point in time of the part

* Finishing point in time of the part

Attributes of the Object
objType: Sink

typestat: This table contains all type dependent statistical values.

string | integar |time |time |time fime real A
1 2 3 4 5] 5] 7
stringEntity Type  Murnber Avg, Throughput tirme  |Std. dev, throughput time  Min, throughput time Max, throughput time |Avg, throughput per hour
1 arbod 100 20,0000 0.0000 20,0000 20,0000 u]
2 -
< >
| | | |
59&1 Elea Eea rl%a | i
string|Avg, throughput per hour  |Std. dev, throughput per b [Min, throughput per hour — [Max, throughput per hour
1 0 ] u] u]
2 |
< >
Table TypeStat

The meaning of the values was defined at Tab Type-dependent Data, described on page 14

Methods of the Object

Usage: <path>.statistic (<table>);
<path>.statistic(<table path>);

This method returns the values from the tab TypeStat and writes them into a table. You can pass the name of a table or
an object of type table. Plant Simulation automatically formats the table.

We described the contents of the individual columns above.

Usage-oriented Source (SourceUse) &

The object SourceUse, which is usage-oriented, creates parts whose type depends on the occupation of the succeeding line.
The succeeding lines are located between the Sozrce and the respective system border, which you enter into column border

Material Flow Objects 15



Usage-oriented Source (SourceUse) Object Name

in the table for defining the part types and the system borders. The part type, which you entered into the column Type
will be used as the identifier for the MU. This part will then be transferred to the respective succeeding line.

SourceUsel ' x|

Source Usage-Oriented

Ohiject Mame ISDurceUse

Entity [object] I.ApplicationObjects.Assembly.F

Entity Types. System Barders Define |

lcan Mo, [integer] |'1

oK | Cancel | Apply

Object Name

This text box shows the name of the object.

Entity

The Source creates the object from the object library which you enter here.

Entity Types, System Borders

Enter the succeeding lines into the column successor into this table. The program automatically enters all objects con-
nected with the SourceUse into this column.

?bject | %tring | %bject | ytege‘ -
stringjsuccessor Type border no
1 |t Ja ~55 o
2 |~53 B ~.B2 o
3
; |

For each succeeding line which starts with the object, which you entered into the column successor, you have to enter
the part type into the column type. Enter the respective system border for the succeeding lines into the column border.
If you do not enter a succeeding line, the program uses the direct successor of the SourceUse as system border. The column
no is used for internal purposes.

Take care to enter the respective object workplace when you enter the stations. When you enter a relative path, remember
that the path starts with /ocation, as the entry starts within the object SourceUse.

Icon No

Enter the number of the icon to be displayed after the Source created the MU. When you enter -1, the MU uses the default
icon.

Course of Action

The source SourceUse alternatively creates parts for the defined lines. When doing so, the program makes sure that the
same number of parts are located on each line. Provided a part exits the line at the system botder, the SourceUse creates
this part anew.
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Attributes of the Object SingleprocAttr

Attributes of the Object

objType: SourceUse

SingleprocAttr =

The object SingleprocAttr processes parts depending on the attributes of these parts. You can define which attributes of
the parts on the SingleprocAtir are accessed. In addition, you can also define a set-up matrix.

SingleprocAttrl x|

Singleproc with attr. dep. proctimes

Ohject Mame
Aunsailability
MTTR [sec]
Froctimes Open

[~ Process Load

LT

[~ 'with Setup hdatrix Tiahle

oK | Cancel | Apply

Object Name

This text box shows the name of the object.

Availability

Enter the availability of the station into this text box.

MTTR

Enter the mean time to repair into this text box.

Processing times (Proctimes)

You define the attribute-dependent processing times of the parts in a table.

ﬁtring |%tring m atring %tril -
stringproctime distribut proctirme parameter entityType
1 7S B
2 normal 1:20.0000, 20,0000, 20,0000, 3:00,.0000 BB
3 |const 30 CcC
4

= |—|_IL|
| | Mz

Here you define the processing times depending on the attributes of the parts. Enter the distribution function you want

to use for the processing time into the column proctime distribution. Define the associated parameters in the column proc-
time parameters. The parameters of the individual distribution functions are described in the Plant Simulation Help. The
column EntityType defines the part type for which this setting applies. You can also enter all as the EntityType. This
way you can create a default setting and you only have to define the exceptions from this default. In addition to the part
type you can define any number of additional attributes.

Material Flow Objects 17



DistributorType Process Load

Note: When you do not enter anything into the cells in the first column (proctime distribution), the processing time is
constant.

When entering the parameters for the distribution, you do not have to enter the random number stream.

Process Load

Use this check box to set if the part which is directly located on the SingleprocAttr will be processed or if the parts which
are located on a workpiece carrier, which is located on the SingleprocAttr, will be processed.

The processing time is determined according to what you select here. If several parts are located on the workpiece cartier,
the program calculates the sum of the individual processing times.

With Set-up Matrix

Use this check box to set, if the set-up time will be defined in a matrix. In this matrix you define the times for setting up
from one part type to processing the succeeding part types.

%tring tlime |gme |%r -
string|old / new typ |limo coupe
1 |limo 0.0000 2:30.0000
2 |coupe 1:40.0000  |0.0000
3
J | [

Note: The station will not set up for the first part, which the station processes, as no preceding part can be determined
from the set-up matrix.

Attributes of the Object
objType: SingleprocAttr

DistributorType &

This object distributes the incoming MUs according to the settings you selected for the attributes to its successors.

DistributorType1
Distributor
MNarne: Distributor Type

Strearm, Mu, Sigma, Lower Bound, Upper Bound
Processing time | Mormal | |3, 107, 0010, 0, 10:00

Availability 99.6 MTTR [sec] |300.2

I a4 ] I Abbrachen ] IUbernehmen

Name:

This text box shows the name of the object.

18 Material Flow Objects



Processing Time OverflowBuffer

Processing Time

Select one of the distributions from the drop-down list and enter the parameters which this distribution requires. Plant
Simulation shows which parameters the distributions require above the text box.

Settings

The successors of the distribution object will automatically be entered into the column successor, provided the object is
already connected with the succeeding stations. Press button Define to open the table of the successors.

SLICCESs0or Entity Type
|~.SinklWarkplace  |Teil_A
~Sinkz Miorkplace  Teil B
~Sink3.Miorkplace  Teil_C

Enter the attributes which the DistributorType access into the column indexes 2 to n. Then, enter the values into the cells
of the columns, which the part attributes may take. In the example above, we only entered the part attribute EntityType,
which means that the DistributorType only accesses this attribute. In this case additional part attributes are not relevant for
transferring the MUs.

If different part types are to be transferred to the same successor, you have to enter the successor into the column suc-
cessor the respective number of times.

To define a default behavior enter all into the column EntityType. Then, the program first checks if a unique successor
is defined for the attribute combinations of the MU. If this is not the case, the program searches for all in a second step
to use the default transfer strategy. If it does not find the entry all either, the MU will be transferred according to the last
entry in the table to prevent blocking of the model.

Attributes of the Object

objType: DistributorType
Methods of the object

Statistic

Usage: <path>.statistic (<table>)
<path>.statistic(<table_path>)

This method returns the values from the tab Statistics and writes them into a table. You can pass the name of a table or
an object of type table. Plant Simulation automatically formats the table.

OverflowBuffer ‘="

This object is a buffer with an OverflowBuffer in parallel. In addition to the Buffer proper, which is located within the line,
you can set if the OverflowBuffer has a fixed size as well as how this side buffer is accessed.

As soon as the Bujfer within the line is all filled up and the part, which wants to move, cannot be transferred to the suc-
cessor, this part will be moved to the OverflowBuffer.

Parts will be fed back from the overflow buffer into the line, as soon as the successor can accept it and the Baxjfer in line
cannot deliver a part.
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OverflowBuffer Object Name

OverflowBuffer1 3

Buffer with Extra Capacity
Object Mame OverflowB uffer
Buffer in Line Open

Iv Extra Capacity extendable
Capacity of Side Buffer 10
Extra Capacity Protocol Open

Access Strategy Side Buffer ™ FIFD ¢ LIFD

QK | Cancel | Apply

Object Name

This text box shows the name of the object.

Buffer in Line

You will parameterize the Buffer, which is located within the line, directly in the object workplace.

Extra Capacity Extendable

If you want the overflow buffer to extend its capacity, select this check box. Then the overflow buffer extends its capacity
as soon as it is full.

Capacity of Side Buffer

If the capacity of the side buffer is not extendable, enter a fixed Capacity here. If the capacity of the side buffer is extend-
able, you can enter the initial capacity here.

Access Strategy Side Buffer

Here you can set the release from stock behavior of the side buffer:
* First in First out: The part which has been stored the longest in the side buffer is moved first (Quexne).
* Last in First out: The part which has been transferred to the side buffer last is moved first ($zack).

Extra Capacity Protocol

The program enters statistics data for all part which have been in the side buffer into a table.

88 . ApplicationObjects.Assembly.Models.Demo.OverflowBuffer. OverflowBuffer.BufferProtocol FX|

ik
partlD | tupe | arrival | leave | duration -~
117717  Entity 20034074071 00:18:00.0000 2003407401 00:44:58 2966 26:58.2966
2| 7718 Enntity 2003/01/01 00:19:00.0000 | 2003/01/01 02:05:09.8004 1:46:09.8004
3| 7719 Enntity 2003/01/01 00:20:00.0000 | 2003/01/01 02:06:09.8004 1:46:09.8004
417720 Enntity 2003/01/01 00:21:00.0000 | 2003/01/01 02:07:09.8004 1:46:09.8004
RIFFM F rtitu SO0 A0 A0-22-00 N000 | 2A03A01 401 N-Ne-09 Annd | 1-4F-N9 fNNd ¥
QK Cancel Apply

It fills these columns at run time:
* partID: ID of the part.
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Attributes of the Object

Assembly

* type: Part type.

* arrival: Arrival time of the patt in the side buffer.

* leave: Exit time of the part from the side buffer.

* duration: Dwelling time of the part in the side buffer.

Attributes of the Object

objType: OverflowBuffer

Assembly &

You can use this object to model the assembly of several parts. The assembly can depend on the part type or not depend

on it.

The Assembly station has a main entrance at which the main part enters the station and several side entrances at which

mounting parts enter. The main part will be transferred, the mounting parts will be destroyed. For this reason, the main

entrance has to be connected. The station workplace represents the Assembly station proper, into which you enter the times.

As long as the assembly time is running, the entrances are blocked and no new parts may enter the station. The side en-

trances will only be opened when a main part is located in the station.

When connecting the predecessor with the entrances of the assembly station, make sure that the main part enters through
the Main entrance, which is connected with the workplace.

Note: Itisimperative that the direct predecessors of the Assemzbly station are material flow objects, as the Assembly station

directly influences the behavior of the objects preceding it. A FlowContro/ object may never be the predecessor of

the Assembly station.

The same is true for an Buffer not being allowed as a predecessor of the Assembly station, as it does not allow ac-

cessing its contents. If you need to model a buffer, use the PlaceBuffer.

Assembly1

MName:

Availability

Assembly type

Processing time

X

Assembly

!-Iﬂsse rﬁlﬁly

DOD HH: MM S5, 300K

Const || 108

99.9 MTTR [sec] | 323.5

C' not type dependent

(@) type dependent

a4 ] I Abbrachen ] IUbernehmen

Name:

This text box shows the name of the object.

Material Flow Objects
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AssemblyType Processing Time

Processing Time

Select one of the distributions from the drop-down list and enter the parameters which this distribution requires. Plant
Simulation shows which parameters the distributions require above the text box.

Availability, MTTR

Enter the availability and the mean time to repair into these text boxes.

Assembly Type

Select the respective radio button to set if the assembly depends on the type of the part or if it does not depend on it.

Not type-dependent

Each side entrance may only be connected with a single side line. As soon as a main part is located on the station one of
each of the mounting parts is attached.

Type-dependent

The side lines which provide the different mounting parts are attached to each side entrance. When the main part of a
certain type enters the station, the side lines only allow parts of a certain type to enter. For this the station checks the
custom attribute EntityType, it does not check the name of the part.

Note: If one side line only is attached to a side entrance, the Assembly station does not run the type check and thus allows
each and every part of the sideline to enter.

Main parts entering the assembly station are MUs of type Lino and Coupe. Both types of main parts each require
a left door and a right door as mounting parts. When a part of type Limo enters the station, it requests a part of
type Limo from Sidel. It also requests a part of type Limo from Side2. When a part of type Coupe enters the station,
it requests a part of type Coupe from Sidel. It also requests a part of type Coupe from Side2.

Extend Entrances

To add more side entrances, insert additional objects of type SingleProc. Set the processing time of the new stations to 0.
Now connect the new single processing stations.

Attributes of the Object

objType: Assembly

AssemblyType

The object AssemblyType is an assembly station based on the built-in object Montage. In the AssemblyType you can
enter which and how many mounting parts are to be attached to a main part.
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Object Name

AssemblyType

& AssemblyTypel

Type Dependent Assembly

Ohject name [AssemblyTypel

Times |Settings| Failuresl Statisticsl

DDD:HH:MM:EE 20

Processing time IKDnSt d |1:4D

Setup time IKonst d ID

oK Cancel

Apply

Object Name

This text box shows the name of the object.

Tab Times

Enter the assembly time and the set-up time.

Tab Settings

& AssemblyTypel

Type Dependent Assembly

Ohject name [AssemblyTypel

Times Settings |Fai|ures| Statisticsl

Fredecessar main part |1

Open assembly table I

oK Cancel

Apply

Predecessor main part

Enter the number of the predecessor which delivers the main part.

Material Flow Objects
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AssemblyType

Tab Failures

Open Assembly Table

Click this button to open table in which you define the assembly process. Plant Simulation automatically sets the column
headers 1..n of this table. Enter the allowed part types of the main part into column 0. Enter the number of parts from

the respective predecessor which are required for the main part into the respective cells.

%tring ilnteger | i2nteger | i3nteger | ytega -
string|Entity Type SingleProcl  |SingleProc2  |SingleProc3
1 |a 1 2
2 B
3 C 2 1

4
ol

M4

In our example the assembly of a part of type A required 1 part from predecessor Singleprocl, 2 parts from predecessor

Singleproc2 and 1 patt from predecessor Singleproc3.

Tab Failures

Define the failures of the object on this tab.

& AssemblyTypel

Type Dependent Assembly

Object name IASSemnyType

Timesl Settings Failures |Statistics|

Awailability 100

MTTR IU

oK

Cancel

Apply

Availability

Enter the availability of the object into this text box.

MTTR

Enter the mean time to repair of the object into this text box.

Tab Statistics

This tab shows these values in a table:
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Attributes of the Object

Dismantle

& AssemblyTypel

Type Dependent Assembly

Object name IASSemnyType

Timesl Settingsl Failures Statistics |

FPredecessor YWaiting Time MNumber Pai
>SingleProc 0.0000 100
SingleProci 1590:18:30:33.5318 110
SingleProc2 1590:19:30:28.9157 140
SingleProc3 1590:21:47:21.3988 160
< bl
oK | Cancel | Apply

Predecessor: is the name of the preceding object.

Waiting Time: is the waiting time for the required mounting parts from the predecessor.

Number Parts: is the number of parts from this predecessot.

Attributes of the Object

proctime: is the assembly time.
setupTime: is the set-up time

objType: AssemblyType
Methods of the Object

Statistic

Usage: <path>.statistic (<table>)
<path>.statistic(<table path>)

This method returns the values from the tab Statistics and writes them into a table. You can pass the name of a table or

an object of type table. Plant Simulation automatically formats the table.

Dismantle 2

The Dismantle station creates several copies from a part and sends one each to an exit. The Dismantle station can only pro-

cess additional parts when all parts have been transferred successfully.

Material Flow Objects
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Dismantle Name:

Dismantle1

Dismantle
Mame: ismantls
Label:

Settings lProcessing times ] Failures ]

[ pisassemble loaded parts

[Joelete main part
Dismantle behavior

(O serve all successors

(%) Serve defined skations

Statios of disassembled parts

Start condition
O Ak once

(%) &5 soon as stations are available

[ OF H Cancel ][ Apply

Connect the Dismantle station with one predecessor and any number of successors.

Name:

This text box shows the name of the object.

Disassemble Loaded Parts

You can use this check box to set, if the parts are expected on a S&zd. Accordingly the parts will be dismantled, i.e. the
mounting parts will be created and transferred to the successor.

When you clear the check box, the Dismantle station expects the parts directly and treats them accordingly.

Dismantle Behavior

A part can be dismantled in two different ways. Both variants transfer the main part to the successor. The parts to be
dismantled are created as follows.

Serve Each Successor

Here the program creates a single part on each succeeding material flow object.

Serve Defined Stations

For this setting you enter into a table which and how many parts are created on which material flow object.

table | string | s
1 2 3
string [dismantle plan  Entity Type
1 |dp lirne
2 |dp Coupe
3 |dp pickup

Enter this data into the columns:

* dismantle plan: This column contains the subtable with the dismantle plan.
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Dismantle plan Dismantle

* Column 2 to n: Enter the names of the attributes into the column indexes and the associated values of the attributes
into the cells of the columns. The Dismantle station determines the dismantle plan according to the combination of
attributes you selected.

Dismantle plan

?b]ect gb]ect gtrlng Ll‘ﬂteger
string |skation entity bype number
1 |eesp3 ApplicationObjects, Assembly Partsand |P_1_1 1
2 |eespd ApplicationObjects, Assembly, Partsand |P_1_2 1

Enter this data into these columns:

* station: Enter the names of the material flow objects on which the MUs are to be created into the cells of this column.
* entity: Enter the MU class of which you would like to create instances.

* type: Enter the associated part type into the cells of this column.

¢ number: Enter the associated number into the cells of this column.

Start Condition

These radio buttons are active only, when you selected the radio button Serve defined stations.
* Immediately: the parts are created as soon as this is possible.

* As soon as the stations are available: the parts are created only when all stations are available and thus all parts can be

created. Make sure that the succeeding stations have enough capacity to take in the parts, otherwise model might be
blocked.

Dismantle1

Dismantle
Mame: ismantls
Label:

Settings  Processing kimes lFaiIures]

DDD:HH:MM: 55, XxkR

Dismantle kime Const | | 010

OF H Cancel ][ Apply

Dismantle Time

Select one of the distributions from the drop-down list and enter the parameters which this distribution requires. Plant
Simulation shows which parameters the distributions require above the text box.
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Blackbox

Availability, MTTR

Dismantle1

Dismantle

Settings ] Processing times  Failures l

Availability 100

MTTR [sec] D

OF H Cancel ][ Apply

Availability, MTTR

Enter the availability and the mean time to repair into these text boxes.

Attributes of the Object

objType: Dismantle

Blackbox %

You can use the BlackBox to mix the sequence of MUs. Define a distribution for the dwelling time of the MUs. MUs can
pass each other in the BlackBox. As soon as an MU enters the BlackBox, the program rolls the dice for setting the dwell-
ing time according to the settings you chose. After the dwelling time has elapsed, the MU exit the BlackBox again.

When you define a constant dwelling time, the sequence of MUs remains the same.

Blackbox1 @

Black Box

MName: | Blackbox |

Capacity

Strearm, Mu, Sigma, Lower Bound, Upper Bound

Processing time | Maormal v | 12, 1:00, 0:20, 0, 5:33:20

Availability MTTR [sec] |5:23.50

I a4 ] I Abbrachen ] IUbernehmen
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Name: AssemblyAttr

Name:

This text box shows the name of the object.

Capacity

Enter the capacity of the BlackBox into this text box. The stations are arranged in parallel.

Processing Time

Select one of the distributions from the drop-down list and enter the parameters which this distribution requires. Plant
Simulation shows which parameters the distributions require above the text box.

Availability, MTTR

Enter the availability and the mean time to repair into these text boxes.

Attributes of the Object

objType: Blackbox

AssemblyAttr &

This assembly station processes parts independent of their attributes, Each part can have any number of attributes. You
can select in the object which assembly plan applies to which part type.

An assembly plan may consist of any number of sequential and/or parallel operations. For each operation you can specify
the processing time as well as the parts to be used.

AssemblyAttr1 @

Attribute Depending Azsembly

Object Mame Azzembludt

Settings l Evaluation ]

Awailability 100

MTTR 0
Azzembly Plans Open
Aszzembly Pert Charts Dizplay

™ Use Setup Matrix

Servicepool

QK | Cancel | Apply

Object Name

This text box shows the name of the object.
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AssemblyAttr

Tab Settings

Tab Settings

Availability, MTTR

Enter the availability and the mean failure time into these text boxes.

Assembly Plans

Click Open to open the table into which you enter the assembly plans. Here you define the assembly plans for the different
part types and attribute combinations.

: .Models.test.attrDepissy. AssemblyAttr.assemblyPlans

Datei

Bearbeiten Format  Mavigieren  Ansicht  Extras 7
) 2 B = +
EdE | Ba | $BE 02wk |

|x

tiable Elme gtrlng gtrlng EtrlngA

Stri|aszembly plan pazs through time | type cd

1 Ill—ﬂ 10.0000 coupe

2 |= 10.0000 lirmo a

3 |= 10.0000 lirnc b

4 |z 20,0000 cabrio

5 |« lima C

5]
J st

|Bereit

Enter the part attributes which the AssenblyAttraccesses into the column indexes 4 to n. Then, enter the values into the
cells of the columns, which the part attributes may take. In our example above we entered the part attributes type and
cd, which means that the AssenblyAttr only accesses these two attributes. In this case additional part attributes are not

relevant for determining the assembly plan.

Enter the assembly plan for the various value combinations into column 1.

Enter an identifier of your choice into the column assembly plan to create a subtable. You can open this subtable by press-

ing F2.

Any parts for which you did not enter an assembly plan into the first column, will use up the time you enter into the

column pass through time.

42 Models.test.attrDepAssy.Assemblyattr.assemblyPlans[1,1]

Datei Bearbeiten Format  gnsicht  Extras 7

o y = +
2EdS | @O e | 2 |
Mote: - without part list means no part requests, only time consumption ;l
- proctime parameter without seed stream number!
[
= |l
tahle | Strim sStrin tahle |tahle table —
1 Z = 3 4 4 5 ] ’E I—
strilpartlist  |proctime distr |proctime parameter zervices  [fsm predecessors
1 [« uniform 15.25 |
2 = REQERD 305 ®
3 const 20 ®
4 [« 10 ®
5 [« 10 "
. =
Bereit &
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Tab Settings AssemblyAttr

The assembly plan can consist of several operations which are processed sequentially one after the other or in parallel to
each other. Each row in this table defines an operation. Define the sequence of operations in the column predecessors.
Enter which operations have to be finished before the operation itself starts into the subtable.

Enter the duration of an operation into the cells in columns 2 and 3. Enter the distribution into the column proctime distr.
Enter the corresponding parameters, without the seed stream, into the column proctime parameter. When you do not
enter anything into the column proctime distr, Plant Simulation Assembly uses the setting const.

An operation may require these elements:
¢ Parts which are attached.
* Services which are ordered from a Servicepool.

* Final State Machines which are requested.

Column part list

Enter the parts which are to be used by this operation into this subtable.

A .Models.test.attrDepAssy.AssemblyAttr.assemblyPlans[1,11[1,1]1 =]

Datei Bearbeiten Format  Ansicht  Extras @
u ; = +
EHE  sm@0O Ewm | |
= |
obhiject string integ -
1 & 3 ﬁ =
3tri|zupplying station part type nurnber B
1 |~ Buifer lima 1
2 | .Singleprach lirrio 1
3
|
Bereik 5

Enter this data into the columns:

* supplying station: Enter the objects from which the object Assenzbly.Attr pulls the parts. In addition to the material flow
objects, you can also enter the objects Logistics or Shelf. In both cases parts are attached which the tables in these ob-
jects manage.

* part type: Enter the part type which is to be used into the cells in this column.

* number: Enter the number of parts into the cells of this column.

Column services

Enter the services or resources used for attaching the parts into this subtable. Enter an identifier of your choice to create
this subtable.

" Models.test.attrD... =] E3

Datei Bearbeiten  Format
Ansicht  Extras 7

EES  4mOO

table -
1

St ialermatives

1 |a

Z |a

z |l 1 s
A
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AssemblyAttr Tab Settings

* alternatives: Enter an identifier of your choice into the cells of this column to create this subtable. Each cell in this

table contains an alternative group.

" .Models.test.attrDepAssy.Asse... =] [E3

Datei Bearbeiten Formak  Ansicht  Exkras
?

CEdE | ymOOEwm |

= |l
?trlng 2:|:.nt|2|;>|er il
SCEd|services armaunt
1 |aszemble 1
4
=l
A

¢ services: Enter the names of the services into the cells of this column. The station then orders these services from the

ServicePool.

* amount: Enter how often this service is requested into these cells.

Column fsm
Enter the Finite State Machines (FSM) which are required for executing the operation into these cells.

The station AssemblyAttr and the finite state machines communicate via signals. As soon as an FSM is required, you re-
quest it with a signal, which you can define. As soon as an F'SM is available, it sends a signal saying so. After the operation
is finished, the AssemblyAttrlets the FSM know this. Then the FSM can take on other tasks.

Create the subtable into which you enter the FSMs and the signals by entering an identifier of your choice into these cells.

A7 Models.test.attrDepAssy.AssemblyAttr.assemblyPlans[1,1][5,1]
Datei EBearbeiten Format  Ansicht  Extras 7

=== %EE“@*:EHE'|= |

= |
?bJECt gtrlng gtrlng ﬁtrlng ﬁ ﬂ
stri|finite state machine start zighal request signal  [finish zsignal
1 |~ Hurman ineedyou iamhere youarefree
2 |Ta2d2 iy iah waf
; -
Eereit L

Enter this data into these columns:
» finite state machine: Enter the paths to the FSMs into the cells of this column. You can also employ drag and drop.
* start signal: This is the signal which the AssenblyAttr sends to the FSM as soon as it needs it.

* request signal: This is the signal for which the AssemblyAttrwaits. As long as it does not receive this signal, the operation
cannot be started. Note that the FSM sends the signal.

* finish signal: This is the signal which the AssenblyAttr sends to the FSM as soon as the operation is finished.

Assembly Chart

Click Display to show the assembly plans you defined above. Note that you cannot change the plans in the chart.
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Tab Settings AssemblyAttr

__4-Models.test.attrDepiAssy.AssemblyAttr.PertChart =] B3

Bearbeiten Mavigieren Objekie  Swmbole  Ansicht  Extras 7
C
@:\.@

AT L | Owamw | O

|Bereit s

The AssemblyAttr creates an object for each assembly plan which shows the assembly plan as a chart in a Frame. Double-
click an object to open the subframes.

"=, Models.test.attrDepAssy.Assemblyattr.PertChart.p_1 =] E3

Bearbeiten Mavigieren Objekie Symbole  Ansicht  Extras 2
AT EE | Qwmmw | 0 | loNeH& |

Assembly Pert Chart - Changes must be done in the table!

== =1 = =1
=1 2 4 =5

|Bereit 2

Each operation of the assembly plan is represented by an object. The sequence of operations is visualized by the connec-
tions between the objects.

Servicepool
Enter the path to the associated Servicepool into this text box. This Servicepool assigns the services to the AssemblyAttr.

You can either enter the name of the Servicepool object into the text box or you can drag it over the icon of the Servicepoo!
and drop it there.

The Servicepool is then required when services are requested in the assembly plans.

With Set-up Matrix

Use this check box to set, if the set-up time will be defined in a matrix.

" .Models.test.singleProcAttr_demo.51.SetupMatrix  [E[=] B3

Datei Bearbeiten Format  Mavigieren  Ansicht  Extras 7

=== | ﬁ| $ B 2@ E mp |

= |l
| gt,ring Eime gime gime ﬂ
stri|type lirma coupe
1 |limo 10:00.0000
Z  |coupe 5:00.0000
3
g -
| | _’l_l

|Bereit 5

Enter the predecessor types into the row index (column 0) and the successor types into the column index (row 0).

Note: The set-up times are determined depending on the part attribute Enzitytype. So that the set-up will start at all, the
parts have to have different names which is a standard functionality of Plant Simulation.
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AssemblyAttr

Tab Evaluation

AssemblyAttr1

Object Mame

¥ Save Results

Settings  Evaluation l

Iv Occupation Time of Main Parts

¥ ‘waiting on Assembly Parts

Statiztics File [string]

Attribute Depending Assembly

Azzembluditr

Open

Open

testfile. bt

X

()3 Cancel

Apply

Tab Evaluation

In addition to the dwelling times of the main parts the AssemblyAttr can also record the waiting times for mounting parts.

dwelling time Main Parts

Select this check box to record the dwelling time of the main part on the AssemblyAttr station.

Note: Be aware that recording the dwelling times of the main parts requires large amounts of RAM.

.Models.test.attrDepAssy. AssemblyAttr.Evaluation.Dccupation

Datei

Bearbeiten  Format

Mavigieren  Ansicht

Extras 7

EES | Hd stnB0 B 2 |
= |
| §tring E,ime g,ime gime 3
atri part entry time exit tine duration
1 [ApplicationDbjects. MyQbjects. limo:1 4:00.0000 E:57.2035 2572035
z2  |ApplicationDbjects. MyObjects.limo: 3 E:57.2035 14:00.1838 7.02.9803
3 |ApplicationObjects MyObjects. cabrio:1 17:00.1838 18221642 1:21.9804
4 | ApplicationObjects. My0bjectz. cabrio:3 18221642 200234309 2012667
5 |ApplicationDbjects. MyObjects. limo:5 21:23.4309 21:43.4309 20,0000
& |.ApplicationObjects MyObjects. limao: 7 21:43.4309 22034309 20,0000 Ll
|Bereit o

Enter this data into the columns:

* part: Shows the path of the part.

* entry time: Shows the entry time of the part into the Assembly.Atr station.

* exit time: Shows the exit time of the part from the AssemblyAttr station.

* duration: Shows the dwelling time of the part in the Assenzbly.Atr station.

Waiting Times for Mounting Parts

Select this check box to record the waiting times for mounting parts of the Assenbly.Attr station.

Note: Be aware that recording the waiting times of the main parts requires large amounts of RAM.
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Attributes of the Object AssemblyAttr

Models.test.attrDepassy AssemblyAttr Evaluation.CumWaitForParts2D

Datei Eearbeiten Format  Mavigieren  Ansicht  Extras 7

EHS | A0 sR@g-Ewm | @
= |
sString string |integer |real intedtime rime € ime -
1 2 3 4 5 [ 7 I—
Stri supplying station part type | number of ev | Zage waiting | weaiting | waiting duration | waiting mu |waiting delta
1 | Models test atrDeptzsy L ogistics partuyz 181 2060 45| F03:361123| 4048025 21701918 |
2 | Models test atrDepdssy L ogistics limo a0 .00
3 | Models test atrDepdesy Buffer limo 270 0.0on 1 1.2584 1.2584 0.0000
4 | Models.test atrDepdizsy SingleProch  (coupe 180 .00 1 1.2584 1.2584 0.0000
2 [
|Bereit A

Enter this data into the columns:

* supplying station: Path of the station which supplied the mounting part.

* part type: Part type of the mounting part.

* number of ev: Number of times the mounting part was used.

* Y%age waiting: Percentage of the waiting time in relation to the statistics processing time.
* waiting: Number of times the object was waiting.

* waiting duration: Summed up waiting time.

* waiting mu: Mean waiting time.

* waiting delta: Standard deviation of the waiting time.

Save Results

Select this check box to save the results of the statistics at the end of the simulation experiment to disk. This makes sense
when you want the ExperimentManager to execute several simulation runs and you do not want to overwrite the statistics
of the individual simulation run.

Statistics File

Enter the name of the statistics file into this text box.

Attributes of the Object
objType: AssemblyAttr
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AssemblyAttr Attributes of the Object
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2

Controls

The application object library Assembly provides a number of objects to control the flow of materials. You can, among
others, define protective circuits, synchronize material flows or define product sequences.

N
Sequence :*

The Sequence provides a sequence of variants which, for example, the Source objects access. The object SourceN produces
parts according to the sequence defined in the Seguence object.

Sequence1 §|
L.
MName sequence

Label

Sequence l Entity ]

Sequence Cyclical

Use Mixpercentage

Sequence List

a4 l I Abbrachen l IUbernehmen

Name, Label

These text boxes contain the name or the label of the object respectively.

Tab Sequence

Sequence Cyclical

Select this check box to set if the sequence of the variant list will be created repeatedly. Clear it to create it once only.

Use Mixed Percentage

Select this check box to take the percentages of the respective vatiants into account when generating the sequence list.
Clear it to create the sequence in a fixed cyclic sequence.

When you select the check box Use Mixed Percentage, the sequence of the sequence list to be generated in not defined
in a fixed manner. The settings for the percentages of the variants (column mixpercentage), as well as the respective num-
ber, which you enter for creating a batch of a variant (column Batchsize), are taken into account when generating the se-
quence list.
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Sequence Tab Sequence

When you do not select Use mixed percentage the variant in the column Variant will be generated with the number you
entered into the column Batchsize when generating the sequence list. The percentages you entered into the column Mix-
percentage will be ignored.

When you clear the check box Sequence cyclical the program does not evaluate the column mixpercentage. The program
processes the variant table once only and creates the defined MUs. When you select the check box Sequence cyclical you
can, in addition, use the mixed percentage for defining the MU sequence.

When you clear the check box Use mixed percentage, the program creates the MUs, which you defined in the variant
table, in the sequence defined in the table. It creates the number of MUs, which you entered into the cells of the column
Batchsize. Once all MUs of the variant table have been created, the program starts processing the table again, starting in
row 1.

When you select Use mixed percentage, Plant Simulation Assembly creates the MUs with the percentages you defined. It
produces them in the batches which you entered into the cells of the column Batchsize.

Variants Table

88 . ApplicationObjects.Assembly.Models.Demo.SourceSequence.Sequence. Variants

File Edit Format Mavigate “iew Toolz Help

= EEHS0HA %Bo g Ema
I" skring skring real table integer real real integer real -
il 7 3 4 S & 7 9 10 r
string | variant equipment length  attribute batchsize  mixpercentage cumulated created so Far % so far
1 A4 4 60,00 60,00 1164 60,0309437
z |BB 5 40,00 100,00 775 399690562
v

¢ variant: Enter the names of the variants into the cells in this column.
* equipment: You can, but you do not have to, enter the part attribute equipment into the cells of this column.
* length: You can, but you do not have to, enter the length of the part into the cells of this column.

* attributes: In the cells of this column you can set additional type-specific attributes in a subtable. Create the subtable
by entering an identifier of your choice into the cell.

* batchsize: Enter the number of parts of a vatiant which will be entered into the sequence list. The value has to be great-
er than 0.

* mixpercentage: When you want to fill the sequence list using a frequency distribution, enter the respective percentages
into the cells of the column mixpercentage. Enter the how many variants of the same type are to be produced in se-
quence into the cells of the column batchsize.

Note: After the initialization (init) of the simulation model you can check if the column cumulated has been filled in cor-
rectly. The value in last row has to be 100. The table Sequence List contains the first variants of the created se-
quence. Note that you cannot edit this table, it just serves for checking the settings you selected.

* created so far: The cells in this column record how many MUs of this variant have been created so far.

* % so far: The cells in this column calculate the percentage of total amount of created MUs. After a certain burn in
phase this value should about match the value in the column Mixpercentage.

Sequence List

The Sequence List shows the sequence of the part types which the object Seguence produced. Note that the program only
shows this information. You cannot edit the values.
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Tab Entity

Sequence

Tab Entity

Sequence

M ame
Label

Sequence  Entity l

Change Entity

Entity [object]

Sequence
|

Type depending -

|
-

0K

Cancel Apply

Change Entity

Select from this drop-down list if the connected sequential Soxrces will create instances of different MU classes or if they

will always produce instances of the same MU class.

Sequence  Entity l

Change Entity

Entity [object]

Type depending =
Tupe depending

Length depending
Mo

* Type-dependent: The names of the MU classes determine the variants in the variant list. Note that for each variant an
MU class with the same name has to be present in the class library of the AOL. You can define the icons of the MUs
in the sequential Sources. For this setting you can assign variant-specific icons to various MU classes. You can, for ex-
ample, use variant-specific icon operational and waiting for each variant. If the program does not find the correspond-
ing MUs in the folder MyObjects, it will automatically create the MUs in this folder.

* Length-dependent: The lengths of the variants determine the MU classes. Click Open and enter the MU classes into

the table LengthEntity_Mapping:

_Final_assyp Sequence.LengthEntity___.

Datei
Extraz 7

edE 40 s

Bearbeiten  Format  Aktion  Einstellungen

= B3

{0 *E i

Bl

1{ ezl gb Ject il
2Lk illength_threzhold ety
1 400 .COLpe_car
2 500 liro_car
3 =

%

Enter the threshold values into the cells in the column length_threshold up to which the MU classes, which you enter

into the column entity, will be used.

Controls
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SectionCtrl Object Name

* No: Enter the name of the MU class into the text box Entity. The Sources always create instances of the same MU class
for the variants.

Entity

Enter the MU class of which you would like the sequential Sources to create instances.

F=—H
SectionCtrl
You can use this object to make sure that only a certain amount of MUs is located in the area which you define.

SectionCtrl1 @

Section Control
Object Mame SectionChl
First Station [object] ~.5l

Last Station [object] ~.52

Allowed Mumber [integer] 1
Delay Time [real] 1

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

First Station

Enter the first station of the section into this text box. Depending on the number of MUs which you want to allow in
this section the entrance of this station is temporarily closed.

Last Station

Enter the last station of the section into this text box. Depending on the number of MUs which you want to allow in this
section the first station is opened again, when the MU exits the last station.

Note: When you enter a relative path, remember that the path starts with /ocation, as the entry starts within the object
SectionCtrl. The program automatically adds .werkplace to the path of the object if this is required.

You can also drag the stations onto the SectionCtr/ and drop them there. This action opens this dialog:

eM-Plant

?/I First: Station of section?
e

Yes Mo | Cancel |

Click Yes to enter this station as the First station. Click No to enter this station as the last station.

Allowed Number

Enter the maximum number of MUs which may be located within this section.
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Delay Time ProtectiveCircuit

Delay Time

Enter the Delay time for opening the entrance of the first station. Enter the time in seconds.

ProtectiveCircuit

This object allows you to combine a number of stations into a protective circuit.

ProtectiveCircuit1

Pratective Circuit
Object Mame ProtectiveCircuit
Stations List Open

Behavior at Failure % Finish Cpcle

" Disrupt at once

QK. Cancel Apply

Object Name

This text box shows the name of the object.

Stations List

Enter the station which you would like to combine into a ProfectiveCircuit into the Stations List.

Note: The program checks the entries of the table after you close it. It transforms absolute paths into relative paths and,
if required, adds .workplace to the name of the station. This enables dragging stations over the table and dropping
them there. You can also drag the stations over the icon of the ProfectiveCircuit and drop it there.

The stations do not necessarily have to follow each other in the sequence of stations.

Behavior on Failures

With these radio buttons you can set how failures are transmitted.

* Finish Cycle: The ProtectiveCircuit closes the entrance of the succeeding station, so that each station has to finish its
cycle. Closing the entrance also affects the objects which follow the ProzectiveCircuit in the sequence of stations. When
the last station is connected with its successors with Connectors, their entrance will be closed when a failure occuts.
When you enter an exit control (front activated) into the last station, instead of connecting it with a Connector, the pro-
gram adds a waituntil instruction to the method. You can define failures for each individual station which is part of the
ProtectiveCircuit.

* Disrupt at once: All stations which ate part of the ProfectiveCircuif will be disrupted at once. Here the failure of a single
station controls the disruption, i.e. you may only define failute parameters for a single station which is part of the Pro-
tectiveCircudt.

Cycle =

You can use the object Cyele to synchronize the transfer of parts. A Cyele object can synchronize a group of material flow
objects. The section to be synchronized may not contain any objects of type Buffer.
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Cycle Object Name

You can insert any number of Cycle objects into your simulation model.

Note that all station to be synchronized have to be connected with Connectors.

Cycle
Object Mame ,Ech:Ie—
First Station [object] ~.3pd
Last Station [object] ~.zph
First Station W
Empty Cycle " allowed

* nat allowed
QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

First Station

Enter the first station of the line to be synchronized into this text box.

Last Station

Enter the last station of the line to be synchronized into this text box.

Note: When you enter a relative path, remember that the path starts with Jocation, as the entry starts within the object
Cycle. The program automatically adds .worgplace to the path of the object.

You can also drag both stations onto the object Cye/e and drop them there. This action opens this dialog:

eM-Plant

\:\.’/ First Station of the cycle line?

Yes Mo | Cancel |

Click Yes to enter this station as the First station. Click No to enter this station as the last station.

Behavior of the First Station

Always open

At Failure

Cloged during cycle

You can select from this drop-down list how the first station behaves during the cycle.

* Always open: During the cycle parts may be transferred to the first station This implicates though that all stations of
the synchronized line have to wait until the first station has processed a patt.

* Closed at failure: During the cycle parts may be transferred to the first station as long as no station of the synchronized
line is failed or paused. The entrance of the first station will be closed as soon as a station is failed or paused. In general
the behavior described above applies.

* Closed during cycle: During the cycle no parts may be transferred to the first station While synchronizing the entrance
of the first station will be opened and any part ready to exit the predecessor will be transferred into the first station.
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Empty Cycle AssemblyLine

Empty Cycle

Use these radio buttons to set if empty cycles are permitted or not permitted. You can only select this setting when the
first station is not closed during the cycle. When the first station is closed during the cycle, empty cycles are always per-
mitted.

Note: Note that you cannot use the object Cycle with these objects:

ParallelProc, Assembly station, DismantleStation, Buffer, PlaceBuffer and Line as well as the Assembly objects Blackbox,
DistributorType, Dismantle, SourceN and Sink.

AssemblyLine &

You can combine several work stations to an assembly line with the object AssemblyLine. We attached special importance
to modeling the behavior of the Workers on this line. We assume that a Worker may not only work at the station he is
assigned to but also at the preceding station and at the succeeding station. You can define the portion of this preparatory
work and subsequent work in percent of the cycle time for each station (and thus in percent of the length of the station)
in the table Lower Bound and Upper Bound on the tab Settings.

Tab Settings

Aszzembly Line

Settings l Times ] Failures] Statistics]

Iv Rigid Corveyor
First Station [object] -

Last Station [object] ~53
Line-Cycle Time [real] 55
Lower Bound and Upper Bound Open

QK | Cancel | Apply

Rigid Conveyor

Select this check box to define the conveyor as a rigid one. Clear it to make it an accumulating conveyor.

First Station

Enter the first station of the AssemblyLine into this text box.

Last Station

Enter the first station of the AssemblyLine into this text box.

Note: When you enter a relative path, remember that the path starts with /Jocation, as the entry starts within the object
AssemblyLine. The program automatically adds .workplace to the path of the object.

You can also drag both stations onto the object AssemblyLine and drop them there. This action opens this dialog:
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AssemblyLine Tab Times

eM-Plant

\_?/ First Station of the assembly line?

Yes Mo | Cancel |

Click Yes to enter this station as the First station. Click No to enter this station as the last station.

Line Cycle Time

Enter the cycle time, i.e. the speed of the conveyor, into this text box.

Lower Bound and Upper Bound

Click Open to open the table Stations. Enter the stations which constitute the conveyor section. You can enter lower
bound and the upper bound for each individual station.

B8 . ApplicationObjects.Assembly.Models.Demo.attrDe. .. [Z”'E
File Edit Format Mavigate “iew Tools Help
=2 E& 0A &E& 0 *E iy #4

I"~.52

ohject real real -
1 2 3
string | station lowerBound upperBound
1 fs2 10,00 20.00
z |~53 10,00 20,00
il v

Note that the program automatically enters the first station and the last station into this table. Enter the preparatory work

factor, which is a percentage based on the processing time into the cells of the column LowerBound. Enter the subsequent
work factor into the column UpperBound.

Assemblyl.ine1
Aszzembly Line
Settings  Times l Failures ] Statistics ]
Frocess Time |Mean Time for Each Station j
Mean Process Time [zec]
E quipment Attribute
Frocess Times Table Open
Fill
QK Cancel Apply

Processing Time

You can define the processing times in four levels of detail:

Depending on Attributes
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Tab Times AssemblyLine

Setting “All Stations Alike”

AssemblyLine1
Assembly Line
Settings Processing times ]Failures ] Statistics
Processing time |AII Stations Alike v |
Average processing time | 60 |
Equiprment attributes | |
Ok ] I Cancel ] I Apply ]

All stations use the same processing time.

Average Processing Time: Enter the mean processing time for all stations into this text box.

Setting "Mean Time for Each Station”

Assemblyl ine1

Assembly Line

Settings Processing times ]Failures | statistics

Processing time |Mean Titne for Each Station hd |

Average processing time | |

Equiprment attributes | |

Processing time

T TR T

Click Open and enter a specific processing time for each station into the table Processing times table. In addition you can
define for each station if the processing time is constant or determined by an empirical distribution.

ohject strin real
DJ g =] |2 | A

string|station discr. distribution  |proctime [s]
1 |*.ApplicationObjects. Test_Maodelle. AssyBelt. atrDepassy_beltl.52

2 |* ApplicationObjects, Test_Modelle. AssyBelt. atrDepassy_beltl 53

* ApplicationObjects, Test_Modelle, AssyBelt. atrDepassy_beltl.S4

3
4

Processing Times Table: Click Fill to automatically enter the stations from the table Lower Bound and Upper Bound into
the Process Times Table.
e station: The program automatically enters the names of the stations from the table Lower Bound and Upper Bound.
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AssemblyLine Tab Times

* discr. distribution: You can enter the name of the distribution object (Distr or Distr_Rejf) into the cells of this column.
These objects are located on the top-level Frame of the model. They contain a discrete empirical distribution. When
you do not enter anything, the program interprets the value you entered as the proctime as a constant value.

* proctime: Enter the processing time into the cells of this column. When you enter a distribution into the cells discr.
distribution, the program interprets the value in the column proctime as the mean value of this distribution. Note that
you enter seconds here.

Setting "Depending on Type and Equipment”

AssemblyLine1

Assembly Line
Settings Processing times ]Failures | statistics
Processing fime Depending on Type and Equiprr ¥ |
. | ; .. G
. ..é.c.{u.i[.:n.rh.éﬁﬂ e ————
Processing time

o]
b

J [ cancsl || appy ]

The processing times on the stations of the conveyor section depend on the part type, i.c. the attribute Entitytype of the
MU, and on the attribute Equipment. The attribute equipment determines which MU attribute will be used for selecting
the equipment type in this conveyor section. Enter the processing times into the Processing times table.

Processing Times Table

sirin table
B i | it
string|type proctimes [s]
1 |limo 1
2 |coupe 2
e b

Enter the part types into the cells of the column #pe. If different types have the same processing times, you can enter
them into a single cell. Separate them with commas.

Once you have entered the values you want into the cells of the column Entitytype clicking the button Fi// automatically
enters data into the cells of the column proctimes. The program creates this subtable in the column proctimes in each row
of the Processing times table.

Bbject ﬁtring | 5eal | geal | aeal A
string station discr. distributi|  default
1 |~s2 25.00
2 |~54 28.00
3 [~53 26.00
4 v
< >

* station: The program automatically enters the stations into the cells of this column, which you entered into the stations
table.
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Tab Times AssemblyLine

» discr. distribution: You can enter the name of a distribution object into the cells of this column. This object is located
on the top-level Frame of the model. It contains a discrete empirical distribution. When you do not enter anything, the
program interprets the value you entered into the column default or as the equipment type as a constant value.

* Default: Enter the processing time into the cells of this column, provided the processing time for all equipment types
is the same for this station. In this case you do not have to fill in the following columns.

Settings "Depending on Attributes

Here the processing times at the stations of the line section depend on attributes which you define.

Assembly Line

Settings Processing times ]Failures | statistics

Processing time
Average processing time
Equiprment attributes

Processing time

T TR T

Processing Times : Click Fill to automatically enter the stations, which you entered into the table Lower Bound and Upper
Bound into the Process Times Table.

Bb ject Eable | A
string|station proctimes
1 |~s2 1
2 |~53 =
3 |54 3
4 v

e station: The program automatically enters the names of the stations from the table Lower Bound and Upper Bound.

» proctime: Enter an identifier of your choice into the cells of this column to create a subtable. Then enter the attributes
and the associated processing times into this subtable.

ﬁtring |%tring m atring |%tring | A
stringjproctime distribution  |proctime parameter  EntityType
1  fonst |25 lima
2 |uniform 20,23 coupe
3 .
< >

Enter these values into the subtable:

* proctime distribution: Enter any of the distribution functions which eM-Plant provides into these cells. When you do
not enter anything, the program uses a constant processing time.

* proctime parameter: Enter the parameters of the distribution function into these cells. When you selected a constant
processing times, enter this time here.

* Following columns: Enter the part attributes which the Assemblyline accesses into the cells of columns 4 to n. Then,
enter the values into the cells of the columns, which the part attributes may take.
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AssemblyLine

Tab Failures

Note: When entering the parameters for the distribution, you do not have to enter the random number stream.

Tab Failures

Assemblyl.ine1

Aszzembly Line

Settings] Times Failures l Statistics]

v with diser, Distribution
Dizcr. emp. Distribution [string]
Available Distributions Open

Seed Stream [integer] 100

()3 Cancel

Apply

With Discrete Distribution

Select this check box to use the discrete empirical distributions which you entered into the Processing Times Table. Clear
it to use a constant processing time. This way you can switch to constant processing times without having to delete the
discrete empirical distributions which you entered before.

Discrete Empirical Distribution

Enter the name of the discrete empirical distribution. It is assumed that this object is located on the topmost Frame of

your model.

Available Distributions

This list contains the names of the distributions which you can enter into the column discr. distribution. Note that the

program automatically updates the list, when you insert or delete distribution objects.

Random Number Stream

Enter the random number stream into this text box.

Tab Statistics

Assemblyl.ine1

Aszzembly Line

Settings] Times ] Failures  Statistics l

Mumber of Line Stops i}

Fesultz Table Open

()8 Cancel

Apply
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Course of Action AssemblyLine

Number of Line Stops

This value shows how often the line was stopped.

Results Table

Click Open to view the values relating to line stops which Plant Simulation assembly recorded.

88 . ApplicationObjects.Assembly.Models.Demo.attrDepAssy._belt.Assemblyline.ResultTable

File Edit Format Mavigate “iew Tools Help
o o L = + S
= =& itd & E T *E mp & =9
I"Total
skring integer real real real real -
1 2 3 4 5 6
string |Station stops Iin Value Max Yalue Mean Value Standarddeviati
1 |T0ta| o 0,00 0,00 0,00 0,00
z WOID o 0,00 0,00 0,00 0,00
3 e

* station: This column shows which stations caused the line to stop.

* number: This column shows how often this station caused the line to stop.

* min_value: This column shows the shortest duration of a line stop this station caused.
* max_value: This column shows the longest duration of a line stop this station caused.
» mean_value: This column shows the mean duration of a line stop this station caused.

» standarddeviation: This column shows the associated standard deviation.

Course of Action

Plant Simulation Assembly calculates how often the Worker worked during this cycle for each station (worker cycle dis-
tribution). When this time is greater than the line speed, the exceeding time will be added as penalty time. When this time
is shorter, the time will be subtracted.

When the failure time exceeds the permitted value (exceeding factor times cycle time), the line or the station (accumulat-

ing) respectively have to be stopped for the entire failure time. When you use a rigid conveyor all attributes called Upper-

Bound will be reset. Failures and pauses of individual stations within the line section are also propagated to all stations.

To prevent the Worker from doing preliminary work, enter 0 as the LowerBound. To enforce that the job is done within

the length of the station, set the UpperBound to 0.

Note: When employing discrete empirical distributions, you can only use instances of the object class .Distr_Reference in
which the distributed times relate to a reference value. To accomplish this, insert the object Distr_Reference into the
topmost Frame of your model and point to this distribution with the instance name of the distribution object with-
in the object AssemblyLine.

Attributes of the Object

objType: AssemblyLine
Methods of the object

Statistic

Usage: <path>.statistic (<table>)
<path>.statistic(<table path>)
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AssemblyLine Methods of the object

This method returns the values from the tab Statistics and writes them into a table. You can pass the name of a table or
an object of type table. Plant Simulation automatically formats the table.
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3

Moving Objects

The moving objects (MUs) of Plant Simulation Assembly are located in the folder PartsAndOrders. We defined the at-
tributes which all objects of the library require for these MUs.

Note: If your modeling needs require MUs with special attributes ot special icons, we recommend to copy the MU class
which most closely matches your needs and modify these. This ensures that all required attributes exist. You can
place these MUs into the folder MyObyects.

E|[:I FarsAndOrders
w1 Skid

# entity
carbody
L dolly

The MUs are treated according to their internal class name. This mainly applies for the MUs S&id, Carbody and Dolly. For
these MUs we assume that they transport parts and that the transported parts are to be processed. In particular Skids,
Carbody and DolJy usually just pass through the stations. On some stations the processing time depends on the number of
parts which a S&id, Carbody or Dolly transports.

Entity

The Entity represents the moving object (MU) which travels through the model during a simulation run. It has all the
attributes which the objects in the application object library require. If you need to, you can define additional custom
attributes.

Carbody/Dolly

The Carbody/ Dolly represents a transport element, which has a drive of its own and which moves through the model on
objects of type Track. It has all the attributes which the objects in the application object library require. As opposed to
the Ewntity, the Carbody has a capacity it uses to load and transport patts/entities. If you need to, you can define additional
custom attributes.

Skid

The Skid represents a passive transport element without a drive of its own. The S4:d can load parts. One might compare
it with a palette. You can use it to model any type of loading equipment. You can define the capacity of the S&zd with its
XDim and its YDin.

Note: Compare the setting Fixed Entity adjustable in the object SourceN. Compare the objects Load, Unload and Transfer.
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Skid
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4

Rework

In this chapter we describe the objects which you can use for modeling manufacturing errors, quality control and retouch-
ing. You can define rework in two different levels of detail.

When modeling rough retouching you just enter the percentage of parts which have to be retouched. When modeling
detailed retouching you can, for each processing station, define the possible defect, the frequency with which this defect
occurs and the duration of the repair job.

RetouchArea &

You can model retouch jobs in two ways with the object RetuchArea:

* You enter a certain percentage which is to be treated as rework. Then, the object itself creates the defects which have

to be treated accordingly.
* Enter defects which the object can fix. The object Def Retouch creates these defects.
Defective parts will either be repaired or replaced with new parts of the same type.

In addition you can enter a percentage which will be treated as rejects and be completely removed from the line. Alter-
natively you can define a combination of defects which lead to the part being scrapped.

RetouchAreal @

Retouch

Mame Retoucharea

ettings l Replacement Mode] Scrap ] Failures] Statistics]

Mumber of Retouch Station |4
Drefault time [2] 45

QK Cancel Apply

Name

This text box shows the name of the object.

Tab Settings

Number of Retouch Stations

Enter the number of retouch stations into this text box.
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RetouchArea Tab Replacement Mode

Default Time

When the MU does not have a defect, which can be fixed in this object, the program assigns the time you enter as the
default time as dwelling time.

Tab Replacement Mode

RetouchAreal @ RetouchAreal @

Retouch Retouch
Mame W Mame W
Settings  Replacement Mode l Scrap ] Failures] Statistics] Settings  Replacement Mode l Scrap ] Failures] Statistics]
™ Repair Defects of Def_Retouch Iv¥ Repair Defects of Def_Retouch
Retouch because Define
Fiepair time Drefine

Fetouch Rate [%] 10
Dizcrete emp. distr.

™ Replace At Once v Replace At Once
Feeding-in Time Drefine
Altributes of Alternatives Define
QK | Cancel | Apply | QK Cancel Apply

Repair Defects Created by Def_Retouch

With this check box you can set the behavior described above. When you select the check box, the defects created by the
object Def Retouch will be repaired. When you clear the check box, you can use the object independent of the object
Def Retouch. Depending on what you select the program activates or deactivates additional dialog items.

Compare the description of the object RefouchArea in the user guide.

Retouch Because (Defects)

Click Define and enter which of the previously allocated retouch reasons will be processed in the object. When you leave
the list empty each and every of the retouch reasons for the affected MU will be processed. This list is independent of
the list which only causes parts with certain error symptoms to leave the line, compare the object SingleprocRetouch.

Note: Remember that you already defined the times for the retouch jobs in the object Def” Retouch, compare
Def_Retouch, described on page 60. If several retouch jobs are performed on an MU, the program sums up the
times.

Repair Time
Click Define to open a dialog in which you define the repair time. Note that you only have to enter data when the object
is not to process any of the retouch reasons defined in DefRetonch.

Retouch Rate

Enter the scrap rate in percent into this text box. This percentage of parts will leave the line. Note that you only have to
enter data when the object is not to process any of the retouch reasons defined in DefRetouch.
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Tab Scrap RetouchArea

Discrete empirical distribution

Enter the name of a distribution object into this text box. This object is located on the top-level Frame of the model. It
contains a discrete empirical distribution. Note that you only have to enter data when the object is not to process any of
the retouch reasons defined in DefRetonch.

Replace at Once

You can use this check box to set if a part which has been removed from the line to be retouched is to be replaced by an
identical part or if the removed part is to be repaired and then fed back into the line.

Feeding-in Time
Enter the allocated time for feeding the MU back into the line in the dialog of the [ariable which opens.

Attributes of Alternatives

If a part removed from the line is to be replaced by an identical part at once, you can enter the custom attributes which
will be used for the type definition into this list.

Tab Scrap

Retouch

Mame

Settings] Feplacement Mode  Scrap ]Failures] Statistics]

+ Percentage scrap rate
Scrap Rate [%] ,2—
Fand Mo. Stream [integer] ,50—
Femaoval Time Scrap [s] ,‘15—

" Scrap defined by defects

| e

QK Cancel Apply

Scrap Rate Percentage

Select this radio button if you want to define the percentage of scrap parts which cannot be repaired. Enter values into
the text boxes below.

Scrap Rate

Enter the percentage of the retouched parts which is removed from the line as scrap.

Random Number Stream

Enter the random number stream into this text box.

Removal Time Scrap

Enter into this text box how long it takes to recognize scrap parts and how long it take to remove them from the line.
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RetouchArea

Tab Scrap

RetouchAreal @

Retouch

Mame Retoucharea

Settings | Replacement Mode  Scrap ]Failures] Statistics]

" Percentage scrap rate

e
—
e

+ Scrap defined by defects

Open list of defects

()8 Cancel

Apply

Scrap Rate Defined by Defects
Next to defining the scrap rate by entering the percentage of the retouched parts, you can also define the scrap rate by

combining a number of defects. When you select this radio button, you can click the button Open List of Defects and enter
the defects which lead to scrapping this part.

Note: You can only select this setting when you selected the check box Repair Defects of Def_Retouch on the tab Re-

placement Mode.

w" .ApplicationObjects.Assembly.Models... E|@|FX|
File Edit Format Mavigate “iew Tools Help

BES A &me 0k

| defect_1&defect_3fdefect 5

skring
1

1 I\:Iefect_l&defect_S&deFect_S

7

The individual rows within this table denote the alternatives (OR operation). Within a row you will enter an AND oper-
ation, defects linked with &. In the example above a part will be treated as scrap when it shows defecz_1 AND defect 3
AND defect 5. All other combinations of defects will be retouched and the parts will not be treated as scrap.
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Tab Failures RetouchArea

Tab Failures

RetouchAreal

Retouch
Mame
Settings HeplacementMode] Scrap Fa“UTESlStatistics]
Awailability 95
MTTR 300
Qg | Cancel | Apply |

Enter the Availability in percent and the MTTR in seconds into the respective text boxes.

Tab Statistics

RetouchAreal

Retouch

Mame

Settings HeplacementMode] Scrap ] Failures  Statistics

Retouched Parts 1]

Scrapped Parts 1]

QK. Cancel Apply

Retouched Parts

This values shows the number of retouched parts.

Scrapped Parts
This values shows the number of scrapped parts.

Attributes of the Object

objType: RetouchArea
statAvgRepairTime: The mean value of the repair time
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SingleprocRetouch Methods of the Object

statStdDevrepairTime: The standard deviation of the repair time.
number: the number of parts which are reworked.

scraped: the number of parts which are scraped.

Methods of the Object

Usage: <path>.statistic (<table>);
<path>.statistic(<table path>);

This method returns the statistical values of the retouchArea in a table. The content of the table is shown in the followin
g
picture

integer integer time time time time
fi=s |2 s |3 |4 |5 |5 G
stringMo. of parts reworked Mo, of parts scraped  |Avg, rework time  |Std. dev, rework time  |Min, rework time  [Mas rework time
1 470 |252 4:59,1235 6:05.4737 1:00.0000 59:00.,0000
2
.
a
< >

You can pass the name of a table or an object of type table. Plant Simulation automatically formats the table.
Description of the individual columns above:

No. of parts reworked: the number of parts which are reworked at this station

No. of parts scraped: the number of parts which are scraped at this station

Avg. rework time: the mean value of the rework time

Std. dev. rework time: the standard deviation of the rework time

Min. rework time: the minimum value of the rework time

Max. rework time: the maximum value of the rework time

SingleprocRetouch

You can use this single processing station to remove parts to be retouched from the line and to feed them back into it
once they have been retouched. You can, for example, use it to model a quality assurance station.

The station has two successors. The first one receives parts without defects, the second one the defective part which have
to be reworked. This way you can model a quality assurance station. The station also has two entrances to feed retouched
parts from the retouch area back into the line. When the parts are fed back into the line from the retouch station, the
program does not check again if the part has additional defects.

When you connect the object with its predecessors and with its successors Plant Simulation opens a dialog in which you
can select the respective entrances/exits.
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Name: SingleprocRetouch

SingleprocRetouch1

Feeding out or in 1o Retouch

Marme: FingleprocRetouch

Retouch because

DOD :HH: MM S5, 3300

Passing time Const w | | 10.0000
Feeding out Const | | 15.0000
Feeding-in Time | Const | | 25.0000
oK ] I Abbrechen ] IUbernehmen

Name:

This text box shows the name of the object.

Retouch Because (Defects)

Click Define to open a list into which you enter the reasons why this part is to be removed from the line. In our example
only parts will be removed which have at least one of the two defects defect_1 or defect_2. All other parts are transferred
from station to station along the line. If you want to remove all defective parts from the line, you can enter all as the

reason.

&' . ApplicationObject... EJ@][‘S_?I

File Edit Format Mavigate “iew Tools
=EHE &
I"defect_l
shrirn 5
i g
1 I\:Iefect_l
2 defect_3
v

Passing Through Time

This time accrues, when parts come from the line and enter the line, i.e. when they are passed through only.

Feeding Out to Retouch Time

This time accrues, when parts come from the line and are moved to the retouch area, i.c. they are removed from the line.

Feeding In from Retouch

This time accrues, when parts come from the retouch area and enter the line, i.e. they are fed back into the line.

Attributes of the Object

objType: SingleprocRetouch
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Def_Retouch Object Name

Def Retouch =

In the object Def Refouch you can set at a single location which stations within the flow of materials cause retouching of
MUs and which defects occur. The object marks the MUs in a way so that the objects SingleprocRetonch and RetouchArea
recognize and retouch them. In addition at this time the required time for the respective repair will be calculated.

When parts are located on the Skids, these parts will be treated accordingly. Empty Skids are not marked for reworking,.
If several parts are located on a Skid, all parts on this Skid are marked for reworking.

ef_Retouchi @

Define Retouch

Object Mame Def_Retouch

W Active

Stations and Rewark Define
Fand Mo. Stream [integer] 42

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

Active

Use this check box to activate or deactivate the object.

Stations and Rework

Click Define and enter the stations which create the defective parts as well as additional information about the defects.

ohject table -
1 2
string |station retouch because
1 F.spl reason
2 espd reason
5 ~spd reason
v

Enter the paths to the station which create defective patts into the cells of the column station Enter an identifier of your
choice into the cells of the column retouch because. This creates a subtable. Enter the reasons which led to retouching,
as well as the frequency and a distribution for the accruing retouch times.

skring real skring skring real integer real -
1 2 3 4 S & 7
string reason frequency | distribution distribution pararmeter cumulated | created il now %
1 hefect 1 [40.00 25 40.00
2 \defect_2 40,00 35 80,00
v

» reason: Enter the names of the retouch reasons (defects) into the cells of this column. These names have to be identical
with the names which are uses in the object RetouchArea and SingleProcRefonch which do the actual retouching. You can
enter any name of your choice.

* frequency: Enter the frequency with which the individual defects occur here.

Enter the associated retouch time into the next two columns:
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Attributes of the Object

Def Retouch

* distribution: Enter the distribution for the retouch time here. Note that you can use any of the distribution functions

which eM-Plant supports.

» distribution parameter: Enter the associated parameters of the distribution into these cells. Plant Simulation Assembly
executes a method after closing the table, which checks the used distributions and the parameters for their plausibility.

The retouch reasons are considered to be cumulative and not as alternatives, i.e. when you define several retouch reasons
for a station, the program always selects a single one. For this reason take care that the cumulated value in column 5 of
the table does not exceed the value 100%.

The following columns only serve for informational purposes:

* cumulated: Shows the sum of the frequencies taken from the column frequency.

* Created until now: Shows the number of created defects.

Attributes of the Object

objType: Def_Retouch

Methods of the Object

Usage: <path>.statistic (<table>);
<path>.statistic(<table path>);

This method returns the statistical values of the Def_Retouch in a table. The table will be formatted by Plant Simulation.
The content of the table is shown in the following picture

ﬁtring |%tring |59a| |£1teger |%eal
string|Station Rework reason Frequency  |[Created til now % of parts

1 F1 reasonl 10 1281 40, 7702100572884
2 |SP1 reason2 15 1861 59,2207890427117
3 |spz reasona 25 3168 100
4 |SP3 reasond 15 1839 60.1373446697188
S5 |SP3 reasons 10 1219 329.86265532302812
5]

Description of the column values:

Station name: name of the station where the defect occurs

Rework reason: a namof the defect

Frequency: the frequency the defect occuts at this station

Created till now: number of parts marked with this defect

% of parts: the percentage of parts marked with this defect.

Note: The values of frequency and % of parts should be nearly the same.

Rework
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Def_Retouch Methods of the Object
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S5
Skids

In this chapter we describe the objects which are required when using workpiece carriers. They encompass objects for
loading and unloading workpiece carriers as well as objects for transferring workpiece carriers from one circle to the next.

Note: The object Load, Unload and Transfer could be replaced by the basic object TransferStation. But keep in mind that
the transferStation has an other timing as the objects descriped here.

Load =

You can use the object Load to load workpieces onto Skids (workpiece carriers). First the workpiece carrier has to be lo-
cated in the station before the workpieces themselves can enter the station. You can define a capacity for the Skids, com-
pare the setting Number adjustable in the SoureN. This way Skids can transport more than one part. The Skids can be
loaded depending on the type. Then a Load station only loads a certain type of part. Other types of skids will just be passed
through. The same holds true for occupied Skids. The object Load can accommodate one workpiece and one Skd.

Load1

Load
Mame: "oad
Label:

Settings lProcessing times ] Failures ]

[Load Type Dependent

MNumber of Load 3

[ Adapt: Skid Length

OF H Cancel ][ Apply

Name:

This text box shows the name of the object.

Load Depending on the Type

Select this check box to only load a certain type of S&id. Clear it to load all types of Skids.

Skid Type

Enter the S&id type which you want to load in this station. This text box is active only, when you selected the check box
Load depending on type.
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Load Number of Load

Number of Load

Enter the number of parts which you want to load onto the workpiece carrier. Naturally you have to make sure that the
workpiece cartier provides the respective capacity.

Adapt Skid Length

Select this check box to adapt the length of the workpiece carrier to the length of the part. This is required when the
workpiece carriers are located on a length-oriented material flow object and the loaded part is longer than the workpiece
carrier. The part thus protrudes the workpiece carrier. To ensure that eM-Plant can exactly calculate the length, we rec-
ommend to adjust the length of the S4id to the length of the part.

Rel. Skid Length

Enter the difference in size between the workpiece carriers and the workpiece into this text box. Enter a positive value
to make the S4:d longer than the workpiece. You can also use the value you enter here to model the safety distance be-
tween two workpiece carriers. Note that the text box is active only when you select the check box Adapt skid length.

i L.D.a‘.j. L

Label:

Settings  Processing kimes lFaiIures]

DDD:HH:MM: 55, XxkR

Entrance Time Kaonst

Loading Time Konst

OF H Cancel ][ Apply

Entrance Time

Enter the entrance time the skid uses to enter the station.
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Loading Time Unload

Loading Time

Enter the loading time the skid uses to be loaded

Load

Mame: "oad
Label:

Settings ] Processing times  Failures

Availability 100

MTTR [sec] o

OF H Cancel ][ Apply

Availability, MTTR

Enter the values for the Availability and the MTTR into the respective text boxes.

Attributes of the Object

objType: Load
Methods of the object

Statistic

Usage: <path>.statistic (<table>)
<path>.statistic(<table_path>)

Unload =

You can use this object to unload workpieces from the S&id. After successfully unloading it, the now empty Skidis moved
on. Empty Skids are passed through. A loaded S4&éd can only exit the object when either all workpieces or the defined
number have been unloaded. When the unloaded workpieces are blocked this also blocks the Skid to be unloaded.

You can also select to only unload certain S&id types.
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Unload

Name:

Name:

unload1

Unload

By Unl.oa.d.. RS

Label:

Settings lProcessing times ] Failures ]

[Jtype dependent

MNumber of Unload 2 |

Move skid after unloading is finished

OF H Cancel ][ Apply

This text box shows the name of the object.

Type-dependent

Select this check box to make unloading the S4id depend on the part types. Click Open and enter the part type and the
number of parts to be unloaded into the settings table.

Settings

This button is active only, when you select the check box Type-dependent.

Enter the part type and the number of parts to be unloaded into the settings table

Enter the part type into the column type. Enter the number of parts of this type to be unloaded.

Number of Parts to be Unloaded

This button is active only, when you clear the check box Type-dependent.

Enter the amount of part to be unloaded from the workpiece carrier.
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Entrance Time

Unload

unloadi 3

Unload

Settings  Processing kimes lFaiIures]

DOC:HH:MM: S5, Rk
Entrance Time |C0nst v| | oo |
Unload time |C0nst v| | 0:15 |
OF ] [ Cancel ] [ Apply

Entrance Time

Enter the entrance time the skid uses to enter the station.

Unloading Time

Enter the entrance time the skid uses to be unloaded.

unloadi 3

Unload

Settings ] Processing times  Failures l

Availability 100

MTTR [sec] D

OF H Cancel ][ Apply

Availability, MTTR

Enter the values for the Availability and the MTTR into the respective text boxes.

Attributes of the Object

objType: Unload

Skids
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Transfer Methods of the object

Methods of the object

Statistic

Usage: <path>.statistic(<table>)
<path>.statistic(<table path>)

Transfer 2

You can use this object to transfer parts from one workpiece carrier to another workpiece carrier which goes on a second
tour through the line or section. Then the first empty workpiece carrier is passed on. Empty Skids are passed through.
Parts are only transferred, when both workpiece carriers have entered the Transfer station in their entirety. The program
ensures that only workpiece carrier each of each workpiece carrier cycle is located in the object Transfer. The workpiece
carriers of both cycles can have different capacities. In this case one workpiece carrier exits the station as soon as it is
empty and the other as soon as it is completely loaded.

transfer1

Transfer
Mame: frransfer
Label:

Settings lTimes ] Failures ]

MNumber of Transfer 2

[ adapt: Skid Length

OF H Cancel ][ Apply

Name:

This text box shows the name of the object.

Number of Transfers

Enter how many parts are to be transferred into this text box. As a rule this is the number of parts the S&id to be loaded
can carty.

Adapt Skid Length

Select this check box to adapt the length of the workpiece carrier to the length of the part. This is required when the
workpiece carriers are located on length-oriented material flow object and the length of the workpiece carrier together
with the workpiece depend on the size of the workpiece.

68 Skids



Rel. Skid Length

Transfer

Rel. Skid Length

Enter the difference in size between the workpiece carriers and the workpiece into this text box. Enter a positive value
to make the S4:d longer than the workpiece. You can also use the value you enter here to model the safety distance be-

tween two workpiece cartiers.

transfer1

Transfer

Mame: frransfer
Label:

Settings  Times lFaiIures]

DOD:HH:MM: S5, Kk

Entrance Time, occu, Skid | Const | | 010

Transfer Time Const w| | D25

Entrance Time empty Skid | Const | | D15

Exit Time, occu, Skid Const | | D20

OF ] [ Cancel ] [ Apply

Entrance Time Full Skid

Enter the entrance time the skid uses to enter the station.

Transfer Time

Enter the unloading time of the full skid.

Exit Time Full Skid

Enter the exit time of the loaded skid.

Entrance Time Empty Skid

Enter the entrance time of the empty skid.

Skids
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Transfer Availability, MTTR

transfer1

Transfer

Settings ] Times  Failures l

Availability 100

MTTR [sec] D

OF H Cancel ][ Apply

Availability, MTTR

Enter the values for the Availability and the MTTR into the respective text boxes.

Attributes of the Object

objType: Transfer
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Tools

The objects described in this chapter serve for managing random number streams and for defining empirical distribu-
tions.

RandMgr ¥

This object manages the random number streams for all user-defined objects.

This ensures that all objects which you define use different random number streams and that they keep these even when
you modify the structure of the model.

Random Number, Manager @

Management of the Random Mumber Streams

Usage of random numbers: Open

Fieorganize: Start

QK | Cancel | Apply |

The object autonomously manages the random number streams. Click Open to view which object uses which stream.

The table lists the methods and object which were assigned random number streams by the RandMgr. Depending on how
many streams an object needs, the table contains a different number of columns.

Existing assignments of streams to objects remain unchanged when other objects are added or deleted. This ensures that
the random behavior of an object remains independent of any structural changes to your model.

atrlng |{1teger ?teger gteger Ll‘ﬂteger gﬂteger gﬂteger ?teger gteger gﬂteger i

string |Method Stream

1 .ApplicationObjects, Assembl |A 1

2 .ApplicationObjects, Assembl 2

3 ApplicationObjects, Assembl |3 4

4 .ApplicationObjects, Assembl 5

5 .ApplicationObjects, Assembl &
£ >

Reorganize

Click Start to re-assign streams to objects. This makes sense, when you deleted a number of objects and want to re-assign
streams which the now deleted objects used.

Attributes of the Object

objType: RandMgr

Methods of the Object

Usage: <path>.getRandomStream(<obj>, <number>) : integer;

This method returns the number of the random number stream to the calling method (obj). The argument number sets
which stream is used for this object. This makes sense then, when you need several different streams within a single
method.
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Distr Object Name

Distr 4

You can use the distribution object to model processing times with the discrete empirical distribution it contains. Note
that you have to insert the object Distr into the top-level Frame, the root Frame, of your model.

Empirical distribution @

Discrete empirical distribution:

Chject name: Distr

Distribution:

a4 ] I Abbrachen ] IUbernehmen]

Object Name

This text box shows the name of the object.

Distribution
Click Open and enter the discrete empirical distribution into the table that opens.
real real integer -
1 2 3
string |Frequency Frequency [%] Random value
1 26,09 &0
z 35.23 150
3 16.67 300
4 7.63 420
5 4,21 540
f 2,39 GE0 v

Enter the Frequency into the first column and the associated Value into the third column. The program norms the fre-
quencies to 100% after you close the table.

Course of Action

To determine a frequency value, the program takes the value from the column Frequency and returns the associated value
from the third column as result.

Usage

To use the empirical distribution, select Formula in the drop-down lists for the time of a built-in object and enter
<path_to_distribution™.calcite as the processing time or as the formula.

Attributes of the Object

objType: Distr

Methods of the Object

Usage: <path>.calcDistr (<stream>): real
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Object Name DistrReference

DistrReference A°

This distribution object realizes a discrete empirical distribution. Note that you have to insert the object Dis#r_Reference
into the top-level Frame, the root Frame, of your model. You can use the object, when staffers work at stations and the
processing times/cycle times fluctuate.

If you want to use the object, you have to enter a formula a the processing time.

As opposed to the object Distr the times in the distribution table refer to a reference value. When using this distribution
a new reference value and the index of the random number stream are passed. First the program calculates a value from
the distribution table according to the frequencies. The result of this calculation is then the new reference value multiplied
with the quotient of the calculated value and the original reference value.

Retutn value = new reference value * (calculated value/original reference value)
You can thus use the object to model a shift of a known empirical distribution towards a new reference value. You will
use this object when an empirical distribution in respect of a reference value is known, and when you want to use this
same distribution but in respect of another reference value.

Example: Suppose that the reference value is 60. When a mean value of 55 is passed and a
value of 72 is calculated according to the defined frequencies, the return value
yields: 55* (72/60) = 66

Empirical distribution g|

Discrete emp. distribution with reference value
Object name: Distr_Refere
Distribution:
Reference value [real]: 60

a4 ] I Abbrachen ] IUbernehmen ]

Object Name

This text box shows the name of the object.

Distribution
Click Open and enter the discrete empirical distribution into the table that opens.
real real integer -
1 2 3
string |Frequency Frequency [%] Random value
1 26,09 &0
z 35.23 150
3 16.67 300
4 7.63 420
5 4,21 540
f 2,39 GE0 v

Enter the frequency of the value into the column Frequency. Enter the respective value into the column Random Value.
Note that the values in the table refer to the reference value.
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DistrReference Reference Value

Reference Value

Enter the reference value of the distribution into this text box.

Usage

If you want to use this discrete empirical distribution, select Formula as the Processing time and enter the method call
caleDistr(stream, value) into the text box of the processing time. Stream designates the index of the random number stream
and Value designates the respective reference value for which the time is to be calculated.

| Formel LI Iro at.distr_reference calcDistr{ 2. 60)

Attributes of the Object

objType: Distr_Reference

Methods of the Object

Usage: <path>.calcDistr (<stream>,<RefValue>) : real
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Evaluations

Plant Simulation Assembly provides graphical and numerical objects for evaluating your simulation runs.

Be aware that the results of numerical evaluations are available only at the end of a simulation run.

Statistics (Stats) -+

You can use the object S7ats to centrally collect and manage the statistics of the material flow objects. In general you can
choose between two types of statistics:

Progression statistics and frequency/histogram statistics. You define both in a table.
* Station statistics, which you define in the stations table.

Note: The results tables are filled only at the end of a simulation run. Enter the point in time at which the simulation
run ends in the text box End on the tab Settings of the EventController.

When you use the ExperimentManager for executing several simulation runs, the program saves the results tables at
the end of the individual simulation runs to disk.

Progress and Frequency Statistics

Settings l Station Statistics] Hesults]

Wwhich Values Define

Fesult: Value Progress Open

Fesult: Histogram Data Open

QK | Cancel | Apply |

Depending on which statistics you would like to record you have to, according to the type, enter a row into either the
definition table or into the station table.

Progression and Frequency Statistics

The object can collect and process these values:

* Number of parts on the station. How long ate how many parts located on the station.

* In-between arrival times of the parts at the respective station. Absolute points in time when the parts arrive.
* Interval between the arrival times of the parts at the respective station.

* Throughput times. Time intervals between creation of the parts until they arrive at the respective station.

Evaluations 75



Statistics (Stats) Tab Settings

Tab Settings

Which Values Define

skring ohject skring boolear real skring integer real real -
1 2 3 4 5 3 7 g
string narme ohject method active sample_Interval{sec comment step_widt | min_step | max_step
1 kzuffer ~ Buffer  number of parts true 300,00 numl of the buffer 1 0.00 10,00
2 |53_at 503 absolute arrival times true absolute arrival time o 0.00 0.00
3 53_ba 503 interval between arrivals true intervall between arr 30 0.00 300,00
4 |53_tpt 503 throughput times true throughput kime 30 0.00 300,00
i v

The following columns of the definition table are filled in independent of the value type:
* name: The Histogram data table shows the name you enter here.

* object: Enter the path to the object whose statistics you want to record. (Enter the name of the respective built-in ob-
ject here.)

* Method: Click in the cell in the column method and select which value will be collected for the object from the drop-
down list:

rumbier of parts

absolute arrival times
interval between arrivals
throughput times

* number of parts: Number of parts on the station.

* absolute arrival time: In-between arrival times of the parts at the respective station.

* interval between arrivals: Interval between the arrivals of the parts at the respective station.
* throughput time: Throughput times.

* active: In these cells you can activate or deactivate statistics collection without having to change any of the other set-
tings in this row.

» sample interval: This is the interval for gathering data. You only need to enter a value, when you selected number of
parts as the Method.

e comment: Enter any explanatory text here.
* step_width: Step size
* min_step: Minimal step

e max_step: Maximal step

Result: Value Progress

This table records all values which you defined in the definition table.

?trlng Iést gtrlng -
shring name lisk cornment
1 l:uuFFer listz1 nurmtU of the buffer
2 |53_at listz2 absolute arrival time
3 53_ba list23 intervall between arrival time
4 |53_tpt list24 throughput kime =

The lists in the second column contains the individual values.
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Result: Histogram Data

Statistics (Stats)

rleal A
.00
2 0,00
3 000
4 |0.00
5 000
6 In.nn bt
-
Result: Histogram Data
?trlng rzeal gtrlng ‘s‘trlng gtrlng gtrlng ;trlng gtrlng gtrlng ?torlng ?tlrlng ?tzrlng ?tsflng
string [name meant'alue
1
2
3 |buffer skep_0 S1-1 S52-2 S3-3 54 -4 S5-5 S6 - 6 57-7 SE-8 59-9 skep_me
4 3.51 16,435 34,600 4,544 5.882 4,152 4,325 3.979 6,401 3,506 1,384 13,540
5
6 |deacivated
7
g
9 53_ba step_0 S51-30 531 -60 561 -90 591 -120 5121 -150 5151 - 180 5181 - 210 5211 -240 5241 - 270 S271-2
10 §9.52 91.624 0,312 0.416 0.416 0.624 0.520 0.676 0,205 0.520
11
1z 53_tpt step_0 S51-30 531 -60 561 -90 591 -120 5121 -150 5151 - 180 5181 - 210 5211 -240 5241 - 270 S271-2
13 572,49 31.576 3.276 0,936
£ >

This table records the processed data at the end of the simulation run.

* name: This column shows the name which you entered into the definition table.

* meanValue: This column shows the mean value of all values in this row.

 step_0, S1-1, ...: Percentage within this step.

» max_step: These columns show the percentage exceeding the maximal step.

Example: We want to use these parameters:
step_width=>50, min_step=0, max_step=300
These settings create these steps:
stepl: 0
step2: 1 - 50
step3: 51 - 100
step4: 101 - 150 and so on until 300

Evaluations
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Statistics (Stats) Tab Stations Statistics

Tab Stations Statistics
- x

Progresz and Frequency Statistics

Settings  Station Statistics l Hesults]

which Stations Define

Fiesult: Statistics Open

¥ Save Statistics above

Statistics File [string] stats

ak | Cancel | Apply |

You can selectively collect the standard statistics of the material flow objects of the model. Just enter the names of the
objects into the stations table for which standard statistics is collected.

Which Stations

Press button Define to open the station table.

strin object booled strin
T |2 ! |3 ‘14 2 2
string|name object active \comment
1 |5P1 ~,5pl frue  |Station 1
2 5Pz ~,5p2 frue  |Station 2
3 .

* name: Enter a name of your choice for the row.

* object: Enter the path to the object for which you would like to record standard statistics. (Enter the name of the re-
spective built-in object here.)

* active: In these cells you can activate or deactivate statistics collection without having to change any of the other set-
tings in this row.

* comment: Enter any explanatory text here.

Result: Statistics

The program writes the standard statistics of the objects, which you entered into the stations table, to this table at the end
of the simulation run.

sltring ‘ Eme ‘ gme ‘ yteger ‘ i5nteger |‘i5nteger |ijr,1teger |g1teger |g1teger |ri%al |E.3].a| -
stringMame Zeit StartiR) Eingaenge Ausgaenge [Inhalt worbelegun Min_Inh Max_Inh % _RelBel %_RelbelUB
1 |sP1 10:00:00:0 0.0000 g711 8710 1 o o 1 99.99 99.99
2 5Pz 10:00:00:0 |0.0000 8710 g709 1 o o 1 87.83 88.01 b
< >

Save the Above Statistics

You can use this check box to save or to not save the statistics at the end of the simulation run.

Statistics File

Enter the name of the statistics file into this text box. For histogram data the program automatically adds the suffix ./zs.
For the standard statistics file it adds .zzas.
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Tab Results PartsStats

Tab Results

Progresz and Frequency Statistics

Settings] Station Statistics  Results l

Result Pratocol Table | Method |

Result File tesults. bkt

QK Cancel Apply

Result Protocol

At the end of the simulation run the program saves a results file, named results.txt, to disk. You can save values to this
file, such as individual statistics values of critical stations.

Click Table and enter the respective object into the column object. Enter the attribute or the method of the object whose
value you would like to record into the column Attribute.

You will, most likely, use some or all of these statistics methods: statNunln, statNumOut, statW aitingPortion, statW orkingPor-
tion, statFailPortion, statBlockingPortion, statPausingPortion, statEmptyPortion, statNumMU, statRelativeOccupation, statRelativeOccn-
pation]R.

The statistics methods are described in the eM-Plant Help.

Results File

Enter the name of the results file into this text box.

tx B
PartsStats t &

The object PartsStats collects different statistics of the parts. You can attach it to any material flow object.

The object can record these values:

* Absolute Throughput

* Throughput per hout/per day

* Average Throughput Time

* Resource utilization, i.e. Production, Transport, Storage, until now.

* Recording of the throughput for individual hours/days.
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PartsStats

Object Name

PartStats1 @

Object Mame

Sequence Object [object]

Parts Statistics

PartsStats

Settings l Part Statistics] Statistics] Save Hesults]

Resource [object] ~.zpd

—

0K

Cancel

Apply

Object Name

This text box shows the name of the object.

Tab Settings

Resource

Enter the name of the resource at which you would like to gather the parts statistics.

Tab Part Statistics

PartStats1 @

Object Mame

Tatal Mumber

Throughput / h

Parts Statistics

PartsStats

Settings  Part Statistics l Statistics] Save Hesults]

1913
4012765357 44681

Average Throughput Time  9:32.4911

Update ¥ alues

oKk |

Cancel

Apply

This tab shows the part statistics of the selected resource.

» Total Number: Number of part which passed the watched station.

* Throughput/h: Throughput of parts per work day.

* Average Throughput Time: Average throughput time of the entering parts.

Note: All displayed values are reset at a statistics start.

80
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Update Values PartsStats

Update Values

Click Update Values to update the shown values.
Tab Statistics

PartStats1 E]

Parts Statistics

Object Mame Parts5tats

Settings] Part Statistics  Statistics l Save Hesults]

™ Resource Type Occupation

* Chat " Plat

¥ Throughput / h Table Chart

™ Single Days

™ Single Entity Stats

ak Cancel Apply

Resource Type Occupation

With this check box you can set if you want to record the resource occupancy of the parts until now. Remember that you
can select the resource types Production, Transport or Storage in the dialogs of the material flow objects. In addition we
record if a part was processed or moved on a resource, if the part waited because it was blocked or because the material

flow object was failed or paused.

The program writes the results into a table or shows them in a Char.

atring rleal rzeal raeal
string Production | Transport Storage
1 Process ] 31.44 0.00 45.65
z - |Waiting g.69 0,00 7.75
3 Failure 4,54 0.00 1.90
4 Pause 0.00 0.00 0.00

The column indexes of this table contains the resource types, the row indexes the states of the objects. In our example
above the parts were located 15.98% of the statistics collection time on resources of type Production and were processed.

Froducion
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PartsStats Tab Statistics

This chart shows the same values as the table shows as a graphic.

The plotted graphic above shows the occupancy of the resource types along the time axis.

% .ApplicationObjects.Assembly.Models.Demo.PartStats.PartsStat... [

Resourcetypes
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Throughput/h

Select this check box to set if you want to save the throughput for each individual hour in a table or not.

Table: Throughput/h
This table records the throughput per hour of patts.
Single Days

Select this check box to set if you want to record for each day how many parts of which type passed the watched station.
The values are written to a table and can be visualized in a chart.

atrlng |{1teger ?teger gteger Ll‘ﬂteger g G
string |Types day 1 day 2 day3  day4
1 Total Cumulated | 1919 2869 3873
2 | Total per day 1028 391 950 1004
3 pickup 513 447 473 502
4 limo 310 265 285 302
5 coupe 205 179 192 200 1
(=] |
< | B

Create a column for each day. The first row shows the cumulated number of parts which passed through the watched

station. The second row shows the number of parts per day. From row 3 on the program records the number of parts
per day for each part type which passed through the watched resource.
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Tab Save Results PartsStats

H BN
| |
|| ||
|| ||
| ||
|| ||
|| ||
|| ||
|| ||

The chart show the individual work days as stacked columns.

Single Entity Stats

If you want to protocol the times and type data of the individual parts in a table, select the check box Single Entity Stats.

Note: Be aware that recording the part statistics requires large amounts of RAM.

Table: Single Entity Stats

The table shows this information about the destroyed parts:
e Part type

* Sequence type

* Starting point in time of the part

* Finishing point in time of the part

Tab Save Results

Interval

Enter the display interval used for updating the display of the chart into this text box.

PartStats1

Parts Statistics

Object Mame Parts5tats

Settings] PartStatistics] Statistics  Save Results l

Dizplay Intervall [time] 10:00.0000

¥ Save Results

Statistics File [string] shats. tat

QK Cancel Apply
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StateChart Object Name

Save Results

Select this check box to save the results of the statistics at the end of the simulation experiment to disk.

Statistics File

Enter the name of the statistics file into this text box.

StateChart =

The object StateChart shows in a state chart how long the selected stations were in one of these states:
* Waiting: The station is waiting and is empty.
* Working: The station is working.

* Blocked: The station is occupied, but does not work any longer as the part cannot be moved on because the successor
cannot take in any parts.

» Disrupted: The station is failed.

* Pause: The station is paused.

StateChart1

State Chart
Object Mame W
Resources
Interval [time] W
State Chart Dizplay

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

Resources
Click Open and enter the stations whose values you would like to record into the table that opens.
?bject ~
1 Sp2
2 ~spd
3 v

Note: The program checks the entries of the table after you close it. It transforms absolute paths into relative paths and,
if required, adds .workplace to the name of the station. This enables dragging stations over the table and dropping
them there. You can also drag the stations over the icon of the StateChart and drop it there.

Interval

Enter the display interval used for updating the display of the chart into this text box.
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State Chart Display

Histogram

State Chart Display

Click Display to open a chart which shows the recorded values as a histogram.

P stateChart

EEX

Note: This object requires a large amount of your computers resources. We thus recommend to only use it if you are

going to show the values in the Chart. Only use the object to show a histogram of complex objects. If you want

to just show a histogram of the built-in objects, you can use the built-in object Chart.

Note: Only use the object to show a histogram of complex objects. If you want to just show a histogram of the built-in

objects, you can use the built-in object Chart.

Histogram ==

The object Histogram shows in a histogram which parts stayed for how long on a station.

Histogram1

Histogram

MName: | Histogram

Resource [ohiject] | ~ Buffer

Mode | Time sequence ] Results ]

Made (sample (@) Watch
| |
a4 ] I Abbrachen ] IUbernehmen

Name:

This text box shows the name of the object.
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Histogram Resource

Resource

Enter the object whose values you want to show into this text box.

Note: If required, the program automatically appends .workplace. You can also drag the station over the icon of the His-
togram and drop it there.

Mode

Use these radio buttons to set if data will be recorded in Watch or in Sample mode. In Watch mode each change of the
occupancy is recorded immediately. The histogram is accurate. In Sample mode the object only records the occupancy
during the interval which you enter. Sample mode has the advantages, that it uses up less processing time when the inter-
val is reasonable. It also records the resource occupancy in fixed intervals.

The disadvantage of Sample Mode is: Peak occupancy between two sampled points in time are not recorded. The histo-
gram thus becomes less accurate.

Tab Sample Mode

Histogram1

Histogram

Mame: | Histogram |

Resource [ohiject] | ~ Buffer |

Mode | Time sequence ] Results ]

Made (sample (@) Watch
| |

a4 ] I Abbrachen ] IUbernehmen

Interval
Enter the interval used for recording the occupancy of the resources into this text box.

This text box is active only when you select Sample mode.

Histogram Display

Click Display to open a chart which shows the recorded values as a histogram.
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Tab Sample Mode

Histogram

+ histoChart

an £

-_————————————

I[= E3

a0 +

Percentage
o
=]

E

0

1 2 3 4
Humber oflill  hkantalue of Socupaton: 1.7

Note: This object requires a large amount of your computers resources. We thus recommend to only use it if you are

going to show the values in the Chart.

Histogram1

Histogram
MName:

Resource [ohiject]

Made

Histogram

| Histogram |

| ~ Buffer |

Mode | Time sequence ] Results ]

(sample (@) Watch
| |

a4 ] I Abbrachen ] IUbernehmen

With Time Series

Use this check box to set if the resource allocation will also be displayed along the time axis. This text box is active only

when you select Sample mode.

Interval TimeSequence

Enter the interval which the TimeSequence uses for recording the resource occupancy into this text box.

Plot
Click Display to show the TimeSequence Chart.
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Histogram

Display Interval

Time sequence

— Vet

occupation

Display Interval

Enter the display interval used for updating the display of the chart into this text box.

Tab Results

Histogram/1 @

Hiztogram
Object Mame
Fesource [object]

Mode " Sample

™ Save Results

Histogram
~ Buffer

(* ‘watch

Sample Mode] Time Sequence Hesults l

e

()3 Cancel

Apply

Save Results

Select this check box to save the results of the statistics at the end of the simulation experiment to disk.

Statistics File

Enter the name of the statistics file into this text box.
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Object Name HistogramArea

Tt
HistogramArea ==

The HistogramArea records the occupancy of several stations and shows it in a histogram. The functionality of the Histo-
gramArea is pretty much the same as that of the Histogram. The main difference is that you can record values of several
material flow objects at the same time.

HistogramArea

Histogram Area

Object Mame Histogramérea

Arera Definition l Mode ] Time Sequence] Hesults]

Wwatch (* Fram 'Start' to ‘Finsh' Area
™ All Selected Stations

Start Resources | Finizh Resources

PVESEY

QK Cancel Apply

Object Name

This text box shows the name of the object.

Tab Area Definition

Watch

You can use these check boxes to set how to define the stations whose data the Histogram.Area records.
* All Selected Stations: For this setting the program watches all stations which you enter into a list.

* From Start to Finish Area: For this setting the program watches the area between the Start and the Finish resources
which you defined. To receive a correct evaluation of the occupancy, you have to make sure that you enter all stations
into the start list, across which parts enter the area to be watched. Also make sure to enter all resources from which
parts exit the area, into the Finish Resources list. This setting is especially helpful if you want to evaluate the occupancy
of longer lines. In this case you only have to enter the one Start resource and the one Finish resource and watch it later.

Start Resources
This button is active only when you select Watch mode and the radio button From Start to Finish Area.

Click Define and enter all stations into this list across which parts enter the area to be watched.

End Resources
This button is active only when you select Watch mode and the radio button From Start to Finish Area.

Enter all stations into this list across which parts exit the area to be watched.
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HistogramArea Tab Mode

Resources
This dialog item is active only when you select Watch mode and the radio button All Selected Stations.

Click Define and enter the resources, whose values you would like to view, into the table that opens. When you insert
Frames, which contain material flow objects, the HistogramArea considers all of these material flow objects.

Note: If required, the program automatically appends .wor&place. You can also drag the station over the icon of the His-
togram and drop it there.

Tab Mode

HistogramArea

Histogram Area

Object Mame

&irera Definition Mode | Time Sequence] Hesults]

Mode * Sample

" ‘watch
Interval [time] 10:00.0000
Dizplay Histogram

Qg Cancel Apply

Mode

This dialog item is active only when you select Watch mode and the radio button All Selected Stations. When you select
Watch mode and the radio button From Start to Finish Area, the program naturally employs Watch mode.

Use these radio buttons to set if data will be recorded in Watch or in Sample mode. In Watch mode each change of the
occupancy is recorded immediately. The histogram is accurate. In Sample mode the object only records the occupancy
during the interval which you enter. Sample mode has the advantages, that it uses up less processing time when the inter-
val is reasonable. It also records the resource occupancy in fixed intervals.

Interval

Enter the interval used for recording the occupancy of the resources into this text box.

This text box is active only when you select Sample mode.

Histogram Display
Click Show Histogram to open the Chart which shows the recorded vales.

Note: This object requires a large amount of your computers resources. We thus recommend to only use it if you are
going to show the values in the Chart.

90 Evaluations



Tab TimeSequence HistogramArea

Tab TimeSequence

HistogramArea1

Histogram Area

Mame: | :—Hsmgra marea

Area ] Mode Time sequence lResuIts]

[W]wiith time series

Interval time sequence [time] | 10,0000 |

Plot Display

Display intervall [time] 10:00.0000 |

a4 ] I Abbrachen ] IUbernehmen

With Time Series

Use this check box to set if the resource allocation will also be displayed along the time axis. This text box is active only
when you select Sample mode.

Interval TimeSequence

Enter the interval which the TimeSequence uses for recording the resource occupancy into this text box.

Plot

Click Display to open the Chart which shows the recorded values.

PN TimeSeries |Z| |E| rz|
Plotter

1z I i
I%

H

g B8 g8 8 5 % 5 % 2 2

2 B 8 B 4 B @ 2 8 B

8 2 B B B B 8 2 B B
EEEEEE BB iEE

Display Interval

Enter the display interval used for updating the display of the Char# into this text box.
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NumMUPIlotter Tab Results

Tab Results

HistogramArea

Histogram Area

Object Mame

Arera Definition] Mode ] Time Sequence Hesults l

¥ Save Results

Statiztics File [string]

QK Cancel Apply

Save Results

Select this check box to save the results of the statistics at the end of the simulation experiment to disk.

Statistics File

Enter the name of the statistics file into this text box.

Mors
NumMUPIlotter t::

The NumMUPlotter plots the occupancy of resources, preferably of Bujfers, over time.

NumMuPlotter1 @

Mumber of ML Plotter

Object Mame ,W
Resources Open

Interval [time] W
Scale [real] ,5—

Pen ‘Width [integer] 2
Flotter Dizplay

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

Resources

Click Open and enter the stations whose values you would like to record into the table that opens.

92 Evaluations



Interval TpHPIlotter

Note: The program checks the entries of the table after you close it. It transforms absolute paths into relative paths and,
if required, adds .workplace to the name of the station. This enables dragging stations over the table and dropping
them there. You can also drag the stations over the icon of the NumMUPlotter and drop it there.

Interval

Enter the display interval used for updating the display of the Char# into this text box.

Scale

Enter the scaling factor which the Plotter uses into this text box.

Pen Width
Enter the pen width of the curves which the Plotter shows into this text box.
Display

Click Display to open the Plotter, which shows the recorded values as a histogram.
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)
TpHPlotter 't -1

The TpHPlotter plots the throughput per hour along the time axis. The TpHPlotter visualizes values which the objects of
type Sink record.
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TpHPlotter Object Name

TphPlotter1 3

Throughput per Hour Platter
Object Mame ,'I'pHF'Iotter—
Sinks Open
Interval [time] W
Scale [real] ,‘ID—
Pen width [integer] 2
Flotter Dizplay

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

Drains/Sinks

Click Open and enter the Siz& objects, whose values you would like to record, into the table that opens.

Note: The program checks the entries of the table after you close it. It converts absolute paths into relative paths. This

enables dragging stations over the table and dropping them there. You can also drag the stations over the icon of
the TpHPlotter and drop it there.

?bject -

1 F.Sink

Interval

Enter the display interval used for updating the display of the chart into this text box.

Scale

Enter the scaling factor which the Plotter uses into this text box.

Pen Width

Enter the pen width of the curves which the Plotter shows into this text box.

Display

Click Display to open the Plotter, which shows the recorded values as a histogram.
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Tab Settings Checkpoint

Throughput Plotter

42 s Sink
42
=
=
=
%46
= —
= T P I
45
a4
= o o - o o Y ] B =] =) =] o
@ @ o [ & =] w =] [ =} [ £ ]
o o o o o o o o o o o o o
=} =} =} =} =} =} =} =} =} =} =} =} =}
o o o o o o o o o o o o o
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]

Checkpoint =

You can use the Checkpoint to define check points along a production line. These check points record state values, such
as attributes and times, which will be evaluated at a later point in time. The check point record the points in time when
the MUs atrived at the check point, the MU numbers used to visualize the random mix of MUs, the net time between
the individual check points indicating processing times, and custom attributes which you can define.

Tab Settings

Checkpoint1

Check - Paint

Settings | Staistes |

Stations list Open

MU Attributes Open

Resolution (5] 1
Bound [h] 1
Calendar [object] |

QK Cancel Apply

Stations List

Click Open and enter the stations, at which you would like to establish check points, into the table that opens. Note that
the check points are located at the entrance of the station.

?bject G
1 |espz
2 ~spd .
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Checkpoint Tab Statistics

Note: The program checks the entries of the table after you close it. It transforms absolute paths into relative paths and,
if required, adds .workplace to the name of the station. This enables dragging stations over the table and dropping
them there.

MU Attributes

Click Open and enter the MU attributes which will be recorded at the check points.
Example: Resolution

Define the format of the histogram by entering its Resolution and its Bound.

Enter the step width of the histogram into the text box Resolution. Note that you enter seconds here.

Bound

Enter the maximal value, which the Histogram records into this text box. Note that you enter hours here.

Calendar
Enter the Calendar object, which also contains the shift times of the watched stations, into this text box.

The program uses the Calendar for calculating the net processing times between the individual check points. The object
Checkpoint deducts the pauses of the stations for this.

Tab Statistics

Checkpoint1

Check-Point

Settings Statistics l

Directs
Processing time
Result table

1%

Histogram

a4 ] I Abbrachen ] IUbernehmen

Directs

The program writes the names of all MUs, which passed a check point, into this table It also shows how often an MU
passed a check point. This way you can easily detect which MUs pass through several areas and which parts are directs.
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Tab Statistics Checkpoint

|{1teger | ?teger gteger Ll‘ﬂteger gﬂteger gﬂteger
string |[CP: spZ BE-Mo. Appearance CP: Buffer BE-Mo |Appearance CP: Singleproch |Appearance
1 1 1 1 1 1 1
Z |2 1 2 1 2 1
33 1 3 1 3 1
4 |4 1 4 1 4 1

The table contains two columns for each check point. The first column records the MU number the second the frequency
with which the MU passed this check point. In the example above all MUs were directs. The respective columns appear-
ance thus always show 1. For each resource you entered as a Resouree a pair of columns is created.

Processing Time

For each checkpoint the difference in time of the arrival time will be calculated. Also the difference of the arrival time of
the (n-1)nth part to the n-th part will be calculated. Please keep in mind that the sequence the parts are created must not
be the same at the checkpoint. If a parts will arrive several times at a checkpoint, only the last arriving time ill be calculated.

real | real | real
1 2 3

string |[CP: spZ {netd  |CP: Buffer inet)  |CP: Singleprocattr {net)

1 |en.o 53.70 £4.34
2 |edad 50,43 60,00
3 [s0.00 81.95 60,00
4 [60.00 59.10 73.09

n

Mix

The program writes the numbers of the MU, which pass this check point, into this table. Looking at this table shows the
random mixing of the MU sequence.

integer | integer | integer |
1 2 3

string |[CP: sp2 CP: Buffer CP: SingleprocA
1
2

o

s

w

[

I S T e
T o & (W[

1
2
3
4
&
&

The program records the MU number of each MU which passed the check point. Keep in mind: if a part will arrive several
times at the checkpoint, only the last arrival time will be used.
Histogram

The program shows the processing times divided in classes, which you define, in this table. Define the format of the his-
togram by entering its Resolution and its Bound. Looking at this table shows the variance of the processing times.
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SequenceAnalyzer Tab Statistics

|{1teger ?teger gteger Ll‘ﬂteger gﬂteger gﬂteger ?teger gteger
string [lower < Upper CP: spZ ek, |CP: sp2 bk, CP: Buffer net, |CP: Buffer brt. |CP: Singleproca [CP: Singleproca
1. 10 589 558
2 20
3 0 30
4 a0 40
5_40 S0
6 50 60
7 0 70 462 434
8 |7 80 93 a1
9 a0 90 15 15
RUNN -l 100 2 2
L 100 110
L 110 120

The first two columns show class related information. The following columns show check point related data in two col-
umns each. The first column records the number of net processing times located in the area of the respective class. The
second column of them check point records the number of the gross processing times.

Report Table

During the simulation run this table records all values required to fill in the tables described above. In addition it records
the throughput times from creation to the last check point as net and as gross values. It also writes the values of the MU
attributes which you defined at the check points into the subtables of the Report Table.

ﬁtring |5ea| |5able |aime |Eme |gme |1;:’able |gme |5able |§tDring A
siring|BE BE_Order BE_Statatr  |Leadtime net. Leadtime CP: sp2 BE_Dynatr |CP: Buffer  |BE_Dynatr
ak ) 1 table31 2:00.0000 |table?1 4:00,0000 tahle91
2 |Ah 2 table32 3:00.0000 |table?2 5:00.0000 tableg2
3 |aa 3 table33 4:00.0000 |table?3 5:00,0000 table93
4 |ah 4 table34 5:00.0000 |table74 7000000 tahle0d v
< >

¢ MU: Name of the part.

* BE_Order: MU number at the first check point. This is the ID of the MU.

e BE_StatAttr: This subtable records the static MU attributes.

* Leadtime net.: Net throughput time from the point in time the MU was created to the last check point.
* Leadtime: Gross throughput time from the point in time the MU was created to the last check point.

* CP: <name>: Absolute point in time at which the MU arrived at the check point.

* BE_DynAttr: This subtable records the static MU attributes.

SequenceAnalyzer &

You can use the object SeguenceAnalyzer to compare a sequence of products (string of pearls) with a reference sequence

and to show the differences. Within a production line a given string of peatls oftentimes will be mixed up by stochastic
influences of the producing areas. The SeguenceAnalyzer has to detect the degree of mixing and to provide statistical infor-
mation about the reference sequence. To do so, you first have to select a reference station at which the reference sequence
will be recorded. With a second you define the point at which the comparison sequence will be recorded.
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Tab Statistics SequenceAnalyzer

Area with
stochastical
— O influence on the O
sequence of the
products
Reference station Analyzed Station

The SequenceAnalyzer returns two values: the quality of sequence and the stability of a sequence. Both values appear as
absolute and as relative values. The following example illustrates the importance of these two values.

EventController EI:II S M
TRABRERIE /.Sequer{ceéna[yze.r _resn_at:
\
j_f_.—' |_|—| 2 u%%—*_l"%—* _I'H—*J

Quelle  SP1 P2 5P3  ParalieiProc Sp4 Sps sk

Teile

At the station SP2 arriving MUs are stamped with the number of their sequence of arrival. The station SP4 watches the
sequence of arrival of the MUs at this station. We suppose that between these two stations an area is located, which chang-
es the sequence with stochastic influences. In the model above the Paralle/Proc mixes up the sequence.

The picture below shows the sequence of the arriving products (vehicles). The numbers refer to the original sequence at
the station SP2.

Sequencebreaks \ \ \\ \

10 &—@—2—@

Difference: 1 1 2 -1 4 -2 1 2 1

Stability: X X

{Difference=0)

Quality: X X X X X
(Difference#1)

80% Stability of Sequence
50% Quality of Sequence

It shows that the watched sequence contains five sequence breaks altogether. Using the numbers of the original sequence,
we establish the difference between the successor and the predecessor. For the stability of the sequence we now count

the number of difference values, which are smaller than gero. For the quality of the sequence we count the number of dif-
ference values, which are unequal to zero. A difference value of one means that the products are in the original sequence,
i.e. that it matches the original sequence.

Our example yields a stability value of two and a quality value of five. The quality thus defines the number of sequence
breaks. The stability yields the value of how many products are offset within the sequence compared with the original
sequence. In the example above these are the products 3 and 6.

You can insert the object SequenceAnalyzer anywhere in the model.
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SequenceAnalyzer Tab Stations

Tab Stations

On this tab you can enter the stations for watching the product sequences. You can also define the reference station and
the compared station with drag-and-drop.

SequenceAnalyzerl ﬂ

Sequence Analyzer

Stations | Statistics |

Refernce Statian ”"-sz

Compared Statian I ~.spd

K Cancel Apply

Tab Statistics

This tab shows the recorded and the calculated values.

SequenceAnalyzerl ﬂ

Sequence Analyzer

Stations Statistics

Parts observed 5930
Stability 1845 58.89 %
Quality 4485 24.37 %

Relative Histograrm |
Absolute Histogram |

K Cancel Apply

Watched parts: The number of watched parts. The SeguenceAnalyzer only counts those parts, which passed both watched
points.
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Attributes of the SequenceAnalyzer SequenceAnalyzer

Stability: Defines how many parts in the sequence were offset compared to the original sequence. It shows the number
of sequence offsets, i.e. the number of difference values smaller than 0. The SequenceAnalyzer shows this value as the ab-
solute number of parts as well as as a relative value based on the number of watched parts.

Quality: Defines the number of sequence breaks of the watched sequence compared with the original sequence. The Se-
guenceAnalyzer shows this value as an absolute value as well as a relative value based on the number of watched parts.

Absolute Histogram: Clicking this button opens a histogram, which shows the number and the value of the offset.

% Chart of Inversions ngﬂ
Histogram of Sequence Offset

Mumber of Offset Values

3
Sequence Offset

Note: The chart shows the maximum offset of a product within the sequence. In our example, this is the value 4. Con-
sequently a buffer with the capacity 4 suffices to return the sequence to the original sequence.

Relative Histogram: Clicking this button opens a histogram, which shows how often the offset value occurs based on the

number of watched parts.

% Histogram of Inversions i =
Histogram of Sequence Offset

(o]
=
|

Percentage

Sequence Offset

Attributes of the SequenceAnalyzer

objType: SequenceAnalyzer

Methods of the SequenceAnalyzer

Usage: <path>.statistics (<table>);
<path>.statistics(<table path>);
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SequenceAnalyzer Methods of the SequenceAnalyzer

The method statistics returns the values on the tab Statistics and writes them to the table, which you pass as the argument
<table>, or to the object of type table, which you pass as the argument <table_path>. The table will be correctly format-
ted.
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Just in Time (JIT)

For the just in time objects selected stations control how parts are to be produced.

SourcelIT &

You will use the Source[IT exclusively together with the JIT object, which controls when and how the Sources create parts.

SourceJiT1

Source JIT
Object Mame Sourcel|T
QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

>

Just in Time Control (JIT) =

The object JIT controls the just in time creation of parts in the special JIT sources, compare Source[IT.

This works as follows: When a part enters a station which you define, a JIT source starts creating parts. The JIT sources
create the number of parts, which you enter, independent of the part type.

Just in Time Control

Object Mame JIT

v Type depending

Parts Table Define

QK | Cancel | Apply |

Object Name

This text box shows the name of the object.

Type-dependent

You can use this check box to set if the parts are created depending on the type of the part which initiates the creation
process.

Parts Table

The parts table looks like this:
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Just in Time Control (JIT)

Not Type Dependent

ohject
1]

table
1

string | station

parts

1
z
3

v

* station: Enter the stations into this column which cause the objects of type Source[IT to create parts.

* parts: Enter an identifier of your choice into the cells of this column. This creates a subtable. Enter the part types,
together with the creation lists here, compare below.

table skring
1 2

skring skring
3 4

skring -
S

string |parts type

1
z

3
£

b3

* parts: Enter an identifier of your choice into the cells of this column. This creates a subtable. Enter the creation lists
here, compare below.

* type: Into the columns 2 to n enter the names of the attributes into the column indexes. Enter the values which the
attributes can take into the cells of these columns. Depending on which combination of values fits, the sources create
the parts, which you entered into the column parts during the simulation run.

ohject ohject skring integer -
1 2 3 4

shring | sourcelIT enkity bype number
1
2
3 v

* SourcelIT: Enter the Source[IT objects here, which are going to create additional parts.
¢ entity: Enter the MU class of which you would like to create instances.
* Entitytype: Enter the names of the partt types into the cells of this column.

¢ number: Enter the number of the respective parts.

Not Type Dependent

The patts table looks like this:

ohject
1]

table
1

string | station

parts

1
z
3

v

* station: Enter the stations into this column which cause the objects of type Source[IT to create parts.

* parts: Enter an identifier of your choice into the cells of this column. This creates a subtable. Enter the creation lists

here, compare below.

ohject
1

ohject skring
2 3

integer -
4

shring | sourcelIT

enkity bype

number

1

z
3

v

* SourcelIT: Enter the SourceJIT objects here, which are going to create additional parts.

* entity: Enter the MU class of which you would like to create instances.
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Not Type Dependent Just in Time Control (JIT)

* type: Enter the names of the part types into the cells of this column.

* number: Enter the number of the respective parts.
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