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Overview about the libraries of
material flow equipment

The libraries Plant Simulation AGVS (Automated Guided Vehicle System), Plant Simulation Conveyor, Plant Simulation
EOM (Electric Overhead Monorail) and Plant Simulation HBW (High Bay Warchouse) are a set of libraires to model
material flow systems. The purpose of these transport and storage systems is to support a production system, which can
model by the Plant Simulation Shop Light. The material flow in a production system is described by order lists and pro-
duction plans. Of course, you can also use your own modeling of a production system supposed the MUs are equipped
with the needed attributes. If you want to consider the perfromance of the material flow system without the connection
to a production system, you can use local routing tables. Routing tables determines the next destination of a MU at a
station of the material flow. It is also possible to model the connection between different transport systems

Any parameters or controlling rules necessary may be defined in dialog boxes. It was developed with the simulation pro-
gram Plant Simulation and requires an Plant Simulation Professional License, Plant Simulation Standard License or Plant
Simulation Application License. Using the application object template requires knowledge of Plant Simulation..

Note: This application object template should fully cover most modeling tasks requiring AGV systems. However, be-
cause of the template’s flexibility and general applicability, the application objects and their interrelations often are
fairly complex. Therefore, any adaptation of the application object template will require an in-depth knowledge
of its internal functionality. Prior to using it for a project, you should check whether the existing functionality
meets the requirements of the project. If adaptations are necessary, we recommend checking the cost benefit ratio
carefully. In any case, the application object template will be helpful for quickly creating prototypes and as a ref-
erence for your own application object templates.

For the automatic registration of all building blocks there is the object Assistant.

Every application object offers a user interface providing dialog boxes, pop up menus, and data input lists. All application
objects are open for individual modifications. Examples for the application of the libraries are contained in the category
Free Libraries of the example collection.

Overview about the libraries of material flow equipment 1
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AGVS

Plant Simulation AGVS is a set of application objects to model automated guided vehicle systems (AGVS).

Any parts to be transported will be moved by the shortest way to the destination. The Plant Simulation AGVS application
object template may be combined with other application object templates, such as Plant Simulation conveyor for the
modeling of conveyor belts systems.

A track system is assigned to a transport manager AGL’S Manager . In a simulation model there can be some track systems.
The manager provides automatic destination determination and some vehicle and order disposition rules.

For the modeling of the track system the following application objects are provided

o AGV'S docking station (transfer to a processing station of a produktion system)

* AGUVS track (modelling of the track system by polygons, consisting of stright line segments and circle segments.)
* AGVS straight (standardized straight line segment)

o AGUS curve (standardized 90°-curve segment)

e AGV'S branch (branch in in 2 or 3 directions)

* AGVS junction (junction from 2 or 3 directions)

* AGVS crossing (crosiing of 2 tracks)

* AGV'S Put in (transfer of parts into the conveyor system)

* AGV'S Put ont (take out of parts)

* AGVS Interface (transfer to other transport systems)

o AGV'S blockline (definition of regions, in which only one vehicle is allowed.)

» AGVS terminal line (entry of a track subsystem, in which the vehicle can move backwards.)
For the automatic registration of all building blocks there is the object Assistant.

Every application object offers a user interface providing dialog boxes, pop up menus, and data input lists. All application
objects are open for individual modifications. Examples for the application of the libraties are contained in the category
Free Libraries of the example collection.

Sample Model

Let us suppose we have to design an AGVS.

A model with local routing tables

The model AssemblyLineWithAG1/S shows an application of the routing tables in the objects agvs_dock_Station and
agys_Putln. With the help of the routing tables you are able the model the material flow without the usage of a production
control and without programming methods.

AGVS 3



Sample Model An example with a production system
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The routing table determines the next destination.

Open the routing table on the tab Destination of the objects c_Putln.

An example with a production system

The company’s production line consists of a lathe, a milling machine, a planer, quality control, and shipping, called dis-
patch in our model. For this task, a layout has be created similar to that shown below:

4 AGVS



An example with a production system Sample Model
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Production layout with an AGVS

First, create a new frame and insert the objects ProductionManager and AGV'S_manager. Insert the objects of the transpor-
tation system according to the screenshot above. If you turn on the frame’s grid then application objects are automatically
connected if the distance between them is less than 3 pixels. For the modelling of track, consisting of straight line seg-
ments and Circular arces, you use the object agvs_track.

The station type (such as lathe, milling machine, etc.) must be entered for each work station. Then, the operations the
station are able to execute are defined (double click on the station, then click on the button Open next to available oper-
ations).

After creating the layout, check if all application objects are connected. If that is the case, the operations plan and the
customer orders for the parts to be produced have to be created.

To accomplish this, open the application object ProductionManager. After clicking on the button Master, the following table
will appear:

ghring table
stiing entitutype operationzplan
1 part Flan
2

TableFile masterData of the ProductionManager
Define the part type (in our example pars). Selecting the cell in the column OperationsPlan_I. and pressing the key F2 opens
the operations plan for the corresponding entity type. Define the sequence of production steps by entering the operations
the part should pass through.

AGVS 3



Rules for Assigning Vehicles An example with a production system

zhring tirme hirme real
. 2 3 4

stnng - - ——

0 operation zetup ime processing hme factar
1 prepare 2.0000 2.0000 1.00
2 rmill 3.0000 2.0000 1.00
3 turn 30000 2.0000 1.00
4 check, 3.0000 2.0000 1.00
5 dizpatch 3.0000 2.0000 1.00

TableFile masterDatal[1,1]

Then, enter the number of parts. Use the button Orders in the dialog of the ProductionManager. A table will be opened
where you enter the type of the part and the desired quantity.

Finally, define the number of AGVs in the application object AGVS_manager.

To automatically register all tracks and stations please insert the object ASS1. Before you start the assistant 4551 press
the button Reset. All actions of the assistant are registered in the consol. After using the assistant you can remove this
object from your model.

Clicking on the buttons Reset and Start in the EventController, will move the AGVs and execute the orders.

Use the object 1VehUt#/ for evaluating the statistics of the vehicles (for instance utilization). Activate the object chart in
VehUtil to display the current utilization.

The example described above is automatically constructed by method AGV Seurves in the frame .Models. Transport. build-
DEMO which are contained in the category Free Libraries of the example collection.

Rules for Assighing Vehicles

When a part needs to be transported, the following will happen: First a new destination is determined. Then, it is passed
on to the docking station. When the part enters the docking station, it tells the AGV/S_manager that it wants to be trans-
ported and therefore needs an AGV. The part is registered in the demand list TransportOrderL in the AGVS_manager and
then the AGLS_manager tries to start a transport order (method #yToStartTransOrder).

If an AGV is available, an order is assigned and this AGV is marked as occupied.

If no AGV is available, the order remains in a demand list until an AGV is available. As soon as an AGV notifies the
AGVS_manager that it is available, the AG/S_manager checks if there are still orders to be fulfilled. If so, an order is cho-
sen depending on the user-defined disposition rules for orders.

If there is no order to be fulfilled, the AGV registers that it is available and is ready to fulfill new orders. The AGV drives
to the next station with an available place. This place is reserved for that AGV. When the vehicle gets an order, the res-
ervation will be canceled.

When a part needs to be transported from one station to another, it asks the AGVS_manager for an AGV. The
AGVS_manager then chooses an AGV.

Choices for choosing an AGV are:
¢ Longest Waiting Time

Shortest Waiting Time

Shortest Distance

Random Choice
Available Dispatch

6 AGVS



Longest Waiting Time Rules for Assigning Orders

Longest Waiting Time

Using this rule, the AGV that registered first at the AGVS_manager, and therefore has been waiting the longest, is selected.
The AGVs are assigned according to the First-In-First-Out (FIFO) rule.

Shortest Waiting Time

AGVs are assigned according to the Last-In-First-Out (LIFO) rule. That means the AGV that registered last with the
AGVS_manager is assigned first.

Shortest Distance

The AGYV that has to cover the shortest distance to the destination and is available is chosen.

Randomized Choice

An available AGV is randomly chosen by a uniform distribution.

Free Dispatch

Three choices are offered:

1. Minimum Ultilization

The AGV with the lowest utilization is assigned.

2. Maximum Velocity

The AGV capable of the highest velocity is assigned.
3. Maximum Battery Charge

The AGV with the highest battery charge is assigned.

Rules for Assigning Orders

When an AGV registers as available and there are still orders to be fulfilled, the assignment of the AGVs to the orders
follows different rules:

Longest Waiting Time

The order waiting the longest is assigned to the AGV (FIFO principle).

Shortest Distance (not yet implemented)

The order with the shortest distance to the location of the AGV is assigned.

Random Choice

An order is assigned to the AGV based on a uniform distribution.

AGVS 7



Description of the Application Objects Tracks

Description of the Application Objects

In this chapter, the objects of the application object template are described in detail. First, the functionality, followed by
the parameters that may be changed by the user. Application objects having the same or a similar functionality are de-
scribed only once.

For each object, a dialog for changing parameters is provided. In addition, all dialogs of length-oriented objects contain
an input field for setting the length of the application object. Double-clicking the application object opens its dialog.

Tracks

The objects described here are tracks on which AGVs move in one or in two directions. For each connected track system
an AGVS_manager must be assigned. Therefore, the dialog of the tracks contains an input element for the responsible
manager. A manager handles all vehicles which can move on a connected track subsystem.

Building blocks AGVS_track

Icons: |

Functionality:

You are able to model the track for the vehicles consisting of straight line segments and circular. arces.
User interface:

AGYS Polygon [ x|

Reszponsible manager: agvs_manager

Select manager |

v Specify the lenath by the lagout

Lenath [cm| I'I R42 477798:

[~ Mare glawly in bend

Speed in bend [m/s] I'I .2
B azic object: Open |

Ok | Abbrechenl Ubemehmenl

Dialog of a track object AGVS_track

Building blocks AGVS_straight and AGVS_bend

— 7

Icons:

Functionality:

Use these objects, to model straights or tracks with 90 degree angles. An entering AGV will move according to the default
behavior, i.e. it will move to each of successors in turn.

8 AGVS



Tracks Description of the Application Objects

User interface:

AGYS curve B2

Fesponzible manager: agvs_manager]

Select manager |

Lenath [cm) 100
Speed in bend [m/s] I'I
ak | Abbrechen | [Ubermehmen |

Dialog of the object AGL'S_bend

Branches AGVS_br2 and AGVS_br3

Icons: =L‘ %I‘ZK

Functionality:

These application objects are used to model branches into two or three directions. When branching, an AGV has to de-
cide in which direction it should move. For this reason, the AGV searches in the sign lists 7g57g7* the destination and
moves to the corresponding direction.

The sign lists 757gn* must be filled either manually or by using the assistant AS5S1.

An entering AGV searches the sign lists for its destination. As soon as the destination is found, the AGV is moved in the
corresponding direction. If the destination is not found, the AGV moves straight on.

User interface:

AGYS branch 3 B3

Responzible manager. agvs_manaager]

Select manager |

Length [cm] 200

ak. | Abbrechenl Ubemehmenl

Dialog of the objects AGL'S_br*

Junctions AGVS_junction2 and AGVS_junction3

-
Icons: =$ _'['

Functionality:

These application objects are used for modeling junctions from two (AGVS_junction2) or three (AGVS_junction3) direc-
tions.

Entering AGVs are moved by using the system’s default behavior. The AGV entering first has priority.

AGVS 9



Description of the Application Objects Tracks

User Interface:

Fiesponzible manager: agvs_manager]

Select manager |

Lenath [cm] 200

ok, | Abbrechenl Uhernehmenl

Dialog of the objects AGVS_junction*

The object AGVS_crossing and AGVS_ cross

i
Icons: _ ” ?

Functionality:

An entering AGV can only be moved straight on in the object agys_crossing. Therefore, do not use this application object
to model curves. In addition a right bend is possible in the object agrs_cross if the vehicle enters in one direction.

An AGVs blocks the object, such that the AGVcannot crash.

User interface:

AGYS Crossing [ x|

Fiesponzible manager: agvs_manager]

Select manager |

Length [crm) oo

Ok, | Abbrechenl Uhernehmenl

Dialog of the object AGL'S_crossing
The length you entered in the dialog is both: Length and width of the crossing.

The U-turn AGVS_U_turn

Awa
20

Icon:

Functionality:

You can model U-truns in your track system. The object is not allowed in a terminal line, that is, the AGVs can only drive
in directions of movement shown in the icon. Be aware that only one AGV can turn around on the object AGLS_U_turn.
The AGVs cannot touch each other on the upper and lower tracks, so that several AGVs can be located on these tracks.

10 AGVS



Interface to other transport systems Description of the Application Objects

User interface:

Responzible manager: agws_manager]

Select manager |

Length [m] |25—
Wwidth (m) [
Speed in bend [m/s] 075

1] 4 | Abbrechen | Ubernehmenl

Dialog of the object AGTVS_U_turn
Interface to other transport systems

AGVS_interface

Icon: ﬁ

Functionality:

The application object AGV/S_interface is used to connect the AGVS with other material flow systems, such as a conveyor
or an electric overhead monorail. The connection of two AGV systems is demonstrated in the frame DEMO_IF.

Note: An AGLS_interface cannot serve as a docking station!

When the AGVS_interface is the destination of an AGV, it is loaded or unloaded and moved on to its successor. An un-

loaded partis moved to the corresponding interface of the other material flow system and generates a request for a vehicle
in that AGVS.

User interface:

AGYS interface E

Fesponzible manager: agvs_manager2

Select manager |

Length [cm] 200

ak. | Abbrechenl Ubemehmenl

Dialog of the object AGL/S_interface

AGVS 11



Description of the Application Objects Other Stations

Other Stations

AGVS_station

—

Icon:

Functionality:

The application object AGV'S_station is used to model stations in the system. You may define more than one
AGVS_station within a system. Note that the number of AGVs inserted into the system (See the dialog of the object
AGVS_manager) must be smaller than the entire capacity of all stations.

If the destination of the AGV is the AGVS_station, the AGV is moved from the course to a waiting track and registered
as available. Blocked blocklines are set to available.

If an AGV in the waiting track receives an order, it is moved from the waiting track to the course without checking if
there is another AGV on the track.

User interface:

Fiesponsible manager: agvs_manager?

Select manager |

Lenath [cm] 200
Speed in bend [m/s] I'I
Ok | Abbrechen | Ubernehmen |

Dialog of the object AGV'S_station

Enter the length of the application object here and the maximum number of AGVs allowed to enter the AGVS_station
here.

Blockline Control AGVS_blocklineCtrl

Icons: —ir— ==

Functionality:
If blocklines are used in a subsystem, a subsystem is partitioned into regions. In each region at most one AGV is allowed.
Note: Using blocklines within terminal lines is not allowed!

An AGV can move into a region by passing more then one blockline element. If such a building block is entered all en-
trances of the region are closed (shown with a red icon) and all entrances of the previous region are opened (shown green).
The recognition of the regions can be done by the assistant ASS1.

12 AGVS



Other Stations Description of the Application Objects

User interface:

AGYS blockline control

Fesponzible manager: agvs_manager]

Select manager |

Length [cm] 200

0k, | .t’-‘«t-breu:henl Ubernehmenl

Dialog of the object AGVS_blocklineCtrl

Use blocklines to introduce bottlenecks into the system. This is only possible if the number of AGVs is greater or equal
to the number of inserted blocklines.

track 1

bottleneck

track 2

Definition of a bottleneck

A bottleneck is a place where the distance between two tracks is so small that two AGVs cannot pass each other at the
same time. Therefore, one of the two tracks has to be blocked.

Terminal Line Branch AGVS_tl_br
:;

Functionality:

The application object AGVS_#/_brwas created as an entrance to a terminal line (the abbreviation stands for AGVS ter-
minal line branch). When terminal lines are used, you have to place them here, otherwise the terminal line will not be
detected.

The direction of an entering AGV is checked. If the destination is not on the terminal line, the AGV will be sent straight
ahead. Otherwise, the terminal line will be checked to see if another AGV is already in the terminal line. If the destination
is on the terminal line and there is no other AGV in the terminal line, the AGV will be sent onto the terminal line.

Icon:

AGVS 13



Description of the Application Objects Other Stations

User interface:

AGYS terminal line

Fiesponsible manager: agvs_manager?

Select manager |

Lenath [cm] 200

ok, | Abbrechenl Uhernehmenl

Dialog of the object AGVS_#_br

Docking station AGVS_dock_station

Icon: :ﬁ

Functionality:

A docking station is a destination for an AGV. The destination station of the part is attached to the docking station, that
is the destination of the AGV. Therefore it has to be known which docking station is connected with which station. The
assignment docking station - station is managed by the application object AGV'S_manager.

The modeled docking station may be used in normal track paths and terminal lines.

The destination of the AGV entered is checked. If the destination is the docking station, the AGV is loaded or unloaded
and moved on to its successor. The unloaded part is passed to the station and is processed.

When a part is unloaded, a check is performed whether another part needs to be transported. If the AGV is available,
this new part is loaded.

User interface:

General | Destinations I

Fespongible manager: agvs_manager]

Select manager |

Length [m] |2

()8 | Abbrechenl Ubemehmenl

The tab General of the Dialog of the object AGV'S_dock_station
Enter the length of the object and the responsible manager here.

If the next destination is not determined by a production system, then you can define the destination by local routing
tables according to the type or the value of a customized attribute of the part. On the tab Destination you can define
whether the destination is determined by the type or by an attribute. The type is given by the customized attribute ensity-
Type (string). If there is no such attribute then the type is determined by the name of the part.
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Other Stations Description of the Application Objects

General Destinations |

Dretermination of destinations by:

[+ Local routing table Drestinations |

& of the type of the MUs

7 of customized attribute of the MU

I arme of the attritute: I

The tab Destination of the Dialog cv_dockingStation

The button Destination opens the routing table, in which you can assign the destinations.

Object AGVS_Putln

Icon: ::TE[

Functionality:

The part to be processed (object pard) is passed to the transport system. The part lead to the transport order. For instance,
this object can connect with a source.

For an arriving AGV the object checks whether the transport order is equal to the part, waiting for transportation. If yes
then the part is loaded. The functionality of the local routing table is described in the chapter about the docking station.

User interface:

General | Destinations I

Fespongible manager: agvs_manager

Select manager |

Length [m] |1

()8 | Abbrechenl Ubemehmenl

The tab General of the dialog of AGVS_Putln

Object AGVS_PutOut

Symbol: :Elzl

Functionality:
As the docking station the Put out object is a destination for an AGV. The object can connect with a drain.

For an arriving AGV the object checks whether the destination of the loaded part is equal to the object. If yes the AGV
is unloaded. The Put out object is connected with an object which is a destination of the transported part. The assignment
of the destination of parts and AGVs is done in the AGVS_manager.
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Description of the Application Objects Transport Manager

User Interface:
The dialog of agrs_PutOut is similar to the dialog of agvs_straight.

Transport Manager

The AGV'S_manager is used to manage the AGVs and the track sections of a subsystem, on which the AGVs can move.

AGVS_manager

Icon:

Functionality:

The CardFile rgAnnounce contains all tracks of the subsystem. The TableFile 7g4ssignl. contains the assignments of the
vehicle destination (such as docking stations, interfaces) and the workstations. This table file can be opened by a corre-
sponding button. Furthermore all station ate registered. These registrations are performed by the assistant 4551

First, the number of AGVs to be moved in the subsystem may be set. Another possibility is to define what should happen
after a reset. If the pop-up menu is set to TRUE, all movable units on all objects are removed after a reset. This is the
default setting. If a restart is required after an error, the pop-up menu has to be set to FALSE.

User interface:

AGYS manager

MNumber of 4G4s IT List of wehicles |

[V AGYS reset
Agzzighment of destinations: Open |
Order disposition: IIDngest waiting tirme j
Wehicle disposition: Ifree dizpatch j
Select by: I mirimurn utiization j
Ok | Abbrechen | [bemehmen |

Dialog of the object AGL'S_manager

All settings will take effect after a Reset and an Init of the system.

Statistical Evaluation

The object VehUtil

Icon: EEERTE

Functionality:

The statistics of the vehicles, such as the utilization, are evaluated by this object. It has to be placed into the frame con-
taining the AGVS_manager.
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Movable Units Description of the Application Objects

User Interface:

¥ehicle Utilization

Aszsigned manager: 'agvs_manager?'

Tranzport Manager: Choose
List of Yehicles: Open
Utilization of vehicles: Show

()8 | Abbrechen | Ubemehmenl

Dialog of the object 1VehUz/
Movable Units

Vehicle AGV

I
wn: BRllEE
Double-clicking on an AGV opens a dialog where you may adjust the velocity of the AGV.

* The following attributes are available:

* origSpeed is used in the object agrs_bend. After passing the bend the speed of the vehicle is set to the original value,

datatype speed
e transpor/Order. The part to be transported is stored. This ensures that the AGV load the right part, datatype object.

* vd_propersy. This string attribute is necessary for the control of the AGV at stations. Possible entries are "" and "in-

Queue". The entry "inQueue" means that the AGV has entered the station but is not in first position. Therefore, it
is not possible to assign an order to this AGV, datatype s#ring

Part

Icons: - T o
The application object Part is the part transported and processed in the system.
* The following attributes are required:
* globDestination. This attribute contains the destination, like a working station.
* locDestination. The path of the destination in a subsystem of transportation, which is reachable by the used vehicle

* EntityType. This optional attribute stores the type of part. The routing plan depends on this type.
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Conveyor

Introduction

Conveyor systems, such as conveyor belts may be modeled using the application object template Plant Simulation Con-
veyor. Therefore, the real layout has to be transformed to a model. Any parts to be conveyed will be moved by the short-
est way to the destination. The Plant SimulationConveyor application object template may be combined with other
application object templates, such as Plant Simulation AGVS for the modeling of automated guided vehicle systems.

A closed track system is assigned to a transport manager Conveyor Manager . In a simulation modell there can be some track
systems.

For the modeling of the track system the following application objects are provided
* Conveyor docking station (transfer to a processing station of a produktion system)

* Conveyor track (modelling of the track system by polygons, consisting of stright line segments and circle segments)
*  Conveyor straight (standardized straight line segment)

* Conveyor curve (standardized 90°-curve segment)

* Conveyor branch (branch in in 2 or 3 directions)

* Conveyor junction (junction from 2 or 3 directions)

* Conveyor crossing (crosiing of 2 tracks)

* Conveyor Batchline (generation of groups of parts)

* Conveyor put in (transfer of parts into the conveyor system)

* Conveyor put out (take out of parts)

* Conveyor Interface (transfer to other transport systems)

For the automatic registration of all building blocks there is the object Assistant.

Every application object offers a user interface providing dialog boxes, pop up menus, and data input lists. All application
objects are open for individual modifications. Examples for the application are contained in the category Free Libraries of
the example collection.

Examples

Examples for the application are contained in the category Free Libraries of the example collection.

Simple Examples

The model ConvSyst represents a shop floor where the sequence of all processing steps is defined in the processing station
ProcStation. The next destination point of the part is specified in the customized attribute globDestination. The construction
of the model is described briefly.
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Examples A model with local routing tables

B8 B E-J ﬂ
processing skation 2
7
\T Conﬁgure all conveyors
delivery
[4]

processing skation 1

Configure BatchLine

[+ I”III HF+E |

-
\i/ Batch Line
E3

Figure 1:First application of Plant Simulation Conveyor

First of all, you have to create an empty frame. Any kind of conveyor system always consists of a central control
cw_Manager and several transport elements. The transport elements are placed according to the layout of your system. To
ensure an optimized simulation runtime you should try to construct the model with as few transport elements as possible.
For this purpose you should use the objects cv_zrack.

For this model we will need processing stations that produce and destroy parts. To build them we use the basic objects
Source or Drain (Processing Station with a Source inserted). The pop-up menu Time of Generation is set to deliveryTable,
which is shown in Processing Station with a Source inserted. The attribute table (column five) contains the setting of the
attribute globDestination of the MU (movable unit).

delivery time [MU number  |name  |attributes
1:00.0000  |.MUzpat |3 wave  |attr
1100000 |MUzpat |4 gorew  |attr

Delivery table of the source
In the attribute list of the delivery table (column 5) the attribute globDestination is generated and set.

The processing is done in the processing stations. The next destination has to be assigned in the exit control exContro/ of
the processing station, which are customized attributes of the processing stations.

is

do
@.globDestination := drain;
@.move;

end;

The simulation run may be started. Then they are transported to the first processing station. Next, the parts are trans-
ported to the cv_batchline whete three parts may be gathered. Afterwards the patts are transported to the second processing
station and then to the drain, where they are destroyed.

A model with local routing tables

The model AssemblyLineWithConv shows an application of the routing tables in the objects cw_dockingStation and cv_Putln.
With the help of the routing tables you are able the model the material flow without the usage of a production control
and without programming methods.
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An example with a production system Examples

T OAﬂ

Conkainer

P12

Das Modell AssenmbhyLineWithCony

Whenever a part is entered into the conveyor system the next destination point of the part is determined by the part type
or by the value of a customized attribute.

atrlng ?b]ect
string | T¥p der BEs Machste Bearbeitungsstation
1. m root.E1
2 T2 root.E2
3

Figure 1:The routing table determines the next destination.

Open the routing table on the tab Destination of the objects c_Putln.

An example with a production system

When various parts with several operations plans and order lists exist, the manufacturing process must be organized in a
flexible way. In other words, the determination of the part’s destination cannot be realized anymore as demonstrated in
the examples above. In this chapter we are going to develop a model of a production site step by step. This production
site manufactures several different parts. It consists of a conveyor system, a receiving section, a lathe, a drilling machine
and a dispatch station (see Layout of a Production with a Conveyor System).

N 2

Attribute all Conveyar

@l E turn
Production Manager % E

*
1 11
* N E | ) +

3] BL,
E deliver ;
+ +
B

4 Attribute Batchline Convew

+|
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+ [+ [ + | EI | + + +
T 1T
+ At
[ ]
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mil [aaa] -
. +
+ 11 = (| ¥ + +

batchline

Layout of a Production with a Conveyor System

First, the central control ProductionManager and cv_Manager are inserted in an empty frame. In the dialog of the Szation you
will enter the type of the station (e.g. lathe, drilling machine). Now you have to define the list of operations for each type
of station by double-clicking on the icon of the szation and clicking the button Open. After the model is constructed, you
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Description of the Application Objects Conveyor Objects

should test for any unconnected objects. Finally, the parts to be manufactured and the routing plans are defined: Open
the application object ProductionManager by double-clicking on its icon. A dialog box will open. Click on the button Master
data to open the following table:

atrlng tlable
string |entitvtvpe operationsplan
1 |screw Flan
L2 |wave Flan

Table masterdatal of the ProductionManager

Here the type of the part is defined (in our example: part and partT). Select the cell in the column gperationsplan and press
F2 to open another subtable containing the operation plan. The operation plan defines the sequence of operations the
corresponding part has to pass through.

?tring | Lime | gme | [‘eal
skring |operation sekup time processing kirme Factor
1 |deliver 5:00,0000 1:00,0000 1.00
Ldrill 5:00,0000 1:00.0000 1.00
_ 3 |tun 5:00,0000 1:00.0000 1.00
4 |mil 5:00,0000 1:00.0000 1.00
_ 5 |dispatch 5:00,0000 1:00,0000 1.00

The operations plan masterdatal[1,1]
Click on the button Orders in the dialog of the production control to display another table.

skring | skring | integer | datetime | datetime
1 3 4 S
shring |orderio  entitytype number release date due date
1 |al Wave 3 1997/0412 12:00:00,0000 1997/04/12 14:00:00,0000
z |92 SCrE 5 1997/04/12 12:30:00,0000 1997/04/12 14:00:00,0000

Costumer orders

Enter order number, type of part (here part and part7) and number of parts to be manufactured here. Now, the function-
ality and fitness for use may be tested separately. The stations are connected with the application objects c_Putln,
cv_PutOut and cv_dockingStation.

The modeling of the described production without a transport system can be done by executing the method workshop in

the folder buildDEMOS. This method will built a corresponding production model, in which you can check the function-
ality separately.

Description of the Application Objects

This chapter describes the functionality and the user interfaces in detail. Each application object offers a dialog box for
modifying parameters. Modifications are stored by clicking on the buttons OK or Apply. When the length of the track ob-

jects is changed a new registration by the assistant is necessaty. By the context menu entry Open the frame of the appli-
cation object is opened.

Conveyor Objects

The following application objects are used to model conveyor elements not equipped with a lifting or turning facility.
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Conveyor Objects Description of the Application Objects

Object cv_Track

Icon: ﬂ

Functionality:

The objects desctibed here are tracks of the conveyor. For each connected track system a c_manager must be assigned.
Therefore, the dialog of the tracks contains an input element for the responsible manager. A manager handles all vehicles
which can move on a connected track subsystem.

User Interface:

You are able to model the track consisting of straight line segments and circular. arces.

Conveyor track [ %]

Fiespongible manager: cv_Manager

Select manager |

[ Specify the length by the lapout
Length [cm] 300

Welocity: [m/z) |1

V¥ Accumulating

Basic object: Open |

()8 | Abbrechenl Ubemehmenl

Dialog cv_track

Objects cv_Straight and cv_Bend

=T
Icons: Jﬂ-
Functionality:

These two application objects represent a straight and a curved element of a material flow system. To minimize run-time
we recommend to use as few as possible application objects cv_S#raight. For this reason, the size of transport elements
may be varied. To accomplish this, press the Shift key and the left mouse button, keep them depressed and drag the
mouse.

User Interface:

You may define length, transport velocity and operation mode.

Conveyor straight [ %]
Fiespongible manager: cv_Manager

Select manager |

Length [cm] 100

Welocity: [m/z) |1

V¥ Accumulating

()8 | Abbrechenl Ubemehmenl

Dialog cv_Straight
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Description of the Application Objects Conveyor Elements with Lifting or Turning Facilities

Conveyor Elements with Lifting or Turning Facilities

Lifting or turning facilities are integrated into various conveyor elements, e.g. cv_DockingStation and cv_Interface. To model
these elements, you have to define the positioning time and the reset time for lifting or turning facilities. The positioning
time is needed for processing the current part and the reset time specifies the time that has to pass before a new part may
be loaded. Lifting or turning facilities are fully operational if the length of the facilities is at least of the length of a single
part and if the succeeding objects are conveyor elements.

Branches cv_br2 and cv_br3

:ﬁz
N m
Icons:

Functionality:

Lifting or turning tables may be modeled by a branching station. A single part may be moved either straight forward or
sideways. It is not possible to connect a station with a branch. For this purpose the objects cv_PutOut and cv_Putln are
provided.

User Interface:

You may modify: length, velocity, positioning time and reset time.

Conveyor branch 2 E2

Fiesponzible manager: cv_hanager

Select manager |

Length [cm] 1580

Yelocity [més) ID.E
Pisitioning time [£] |1
Reset time [s] |2

ak Abbrechen | Ubemehmenl

Dialog cv_br2

Objects cv_junction2 and cv_junction3

i Eﬁ:
CImm -
Icons:

Functionality:

This object represents a lifting or turning table able to load parts from two different directions.

User Interface:

The following parameters may be adjusted: table length, velocity, positioning time and reset time. The dialog box of
cv_junction? is similar to that of ev_br2 (see Dialog cv_junction2). It is not possible to connect a station with a junction.
For this purpose the objects cv_PutOut and cv_Putln are provided.
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Conveyor Elements with Lifting or Turning Facilities Description of the Application Objects

Conveyor junction 2

Fiespongible manager: cv_Manager

Select manager |

Length [cm] 140

Welocity [mdz] ID.B
Pasitioning time [s] IBD
Fieset time [s] ISD

()8 | Abbrechenl Ubemehmenl

Dialog c¢v_junction2

Object cv_crossing

Icon:

Functionality:

This object represents a lifting or turning table which may be used as a crossing conveyor element. However, a part cannot
change its direction with this element.

User Interface:

You may modify: length, entrance velocity, positioning time and reset time. You may also set the preferred direction of
movement.

Conveyor crossing E

Rezponzible manager: cv_tanager

Select manager |

Length [cm]) 110

Welocity [mi's) I‘I a8
Reset time [s] |2

¥ Prefened direction [red]

0K, | Abbrechenl Ubernehmenl

Dialog cv_crossing

The time needed for passing the crossing element is determined by the length and the conveying velocity of the following
conveyor element.

Object cv_batchline

Icon: Ie==lt

Functionality:

This application object organizes a batch of parts. A user-defined number of parts is collected and then this batch is sent
to the next conveyor element. It is also possible to define a queuing duration. After this period of time the parts are sent
to the next conveyor element. The beginning of the queuing duration may be specified separately. For example, the user
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Description of the Application Objects Conveyor Elements with Lifting or Turning Facilities

defines a batch size of five parts and activates the queuing duration after the third part. If there are no further parts en-
tering the ¢v_batchline element within the specified duration time, only three parts will be sent to the next conveyor ele-
ment. If there is a part arriving the duration time will be started again. However, if there are not more than two parts in
this element they will never be sent away, and consequently, they will never reach their destination.

User Interface:
You may define the length, batch size, maximum queuing time, queuing time start and the transport velocity of this ele-
ment.

The length of the batch-line and the length of the individual parts determine the number of parts to be placed on the
batchline.

Conveyor Batchline [ %]

Fiespongible manager: cv_Manager

Select manager |

Length [cm] 500

Welocity [mdz] ID.?
Batch size [Mumber of parts]: |4

b aximal queleing time [s]: 240

Start queueing time

after no kL3 |1

[~ Enter during emptying

()8 | Abbrechenl Ubemehmenl

Dialog cv_batchline

Object cv_dockingStation

Icon: o

Functionality:

This object represents a lifting or turning table which must be connected with a Station. A Station can be a frame or a
sequence of basic objects. In the Station there must be basic object, which are able to perform the processing, like Sin-
gleProc, ParallelProc, drain, assembly and disassembly. The docking station can only connected with objects, which can
take movable elements.

cv_dockingstation contains a loading and an unloading table. Both may operate independently. Even if the part is not being
processed by the connected station it will be loaded onto the lifting table of cv_dockingstation. The time needed to do this
is determined by the velocity and length of the conveyor element LiffTablel ¢ft and LiffTableRight contained in the appli-
cation object cv_dockingstation.

If one of the turning tables is turned then the position time is necessary. The time to put in or put out a part is determined
by the length and the velocity of the objects ConveyorBelt_PartOIn and ConveyorBelt_PartOut. After such an action the reser
time is needed. After this the next part can be transported. If a part is transported straight on the docking station then no
position time and reset time is necessary. The time needed to do this is determined by the length and velocity of LiffTableRigh,
LiftTablel eft and conveyorBelt_Center.

User Interface:

You may modify: length, entrance velocity, positioning time, reset time.
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Conveyor Elements with Lifting or Turning Facilities Description of the Application Objects

A conveyor element is inserted between the unloading and loading table. The user may adjust length and velocity of this
conveyor element.

Conveyor Docking station

General | Destinations I

Fiespongible manager: cv_Manager

Select manager |
Length [m] |45—
Welocity [mdz] |D4—
Positioning time IW
Reset time IW

Length of the conveyars |4.5
Entrance velocity [m/s) ID.4

()8 | Abbrechenl Ubemehmenl

The tab General of the dialog cv_dockingStation

If the next destination is not determined by a production system, then you can define the destination by local routing
tables according to the type or the value of a customized attribute of the part. On the tab Destination you can define
whether the destination is determined by the type or by a attribute. The type is given by the customized attribute entityType
(string). If there is no such attribute then the type is determined by the name of the part.

General Destinations |

Dretermination of destinations by:

[+ Local routing table Drestinations |

& of the type of the MUs

7 of customized attribute of the MU

I arme of the attritute: I

The tab Destination of the Dialog cv_dockingStation

The button Destination opens the routing table, in which you can assign the destinations.

Object cv_PutlIn

+ |

Icon: *

Functionality:

This object represents a lifting or turning table that has to be connected with a station that produces parts, e.g. source.

In order to put this element into operation the reses fime is needed. The time used for loading a part is determined by the

velocity and length of the conveyor object. The table together with the loaded part is now moved to unload the part. This
is part of the positioning time.
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Description of the Application Objects Interface to other Transport Systems

User Interface:

General | Destinations I

Fiespongible manager: cv_Manager

Select manager |
Length [m] |12—
Welocity [mdz] I‘IS—
Pasitioning time [s] I?aﬂ—
Fieset time [s] ISD—

()8 | Abbrechenl Ubemehmenl

The tab General of the Dialog c¢v_Putin

As in the object c¢v_dockingStation you can determined the next destinations for the patts by local routing tables on the
tab Destination.

Object cv_PutOut

-
Icon: o
Functionality:

This object represents a lifting or turning table which has to be connected with a station that receives parts, e.g. drain.

A part to be dispatched is moved on the table. Then the table is turned and the part is leaving the table. Finally, the table
returns to its starting position.

This application object is similar to the object e_br2 except that cv_PutOut may be defined as destination for any part. If
a part has registered cv_PutOut as destination, it will automatically take the shortest possible way to reach this application
object.

User Interface:

You may modify: length, entrance velocity, positioning time and reset time of the table. The dialog of e_Pu/Out is similar
to the dialog of cv_straight.

Interface to other Transport Systems
Object cv_interface

| ET|
L] ]
Icon:
This application object represents an interface to another material flow system. The material flow system to be connected
may be a model, either from the application object templates eM-Plant Conveyor or from eM-Plant_ AGVS (Automated
Guided Vehicle System).
Functionality:

The functionality is similar to the docking station cv_dockingStation.
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The Conveyor Control Description of the Application Objects

User Interface:

The following parameters of the tables may be adjusted: length, entrance velocity, positioning time and reset time. Ad-
justable parameters of the conveyor belt are: length, velocity and operation mode.

The dialog of cv_interface is similar to the dialog of cv_dockingStation.

The Conveyor Control

Object cv_Manager

o B

Functionality:

The application object cv_Manager provides lists with current data for all available objects, interfaces and destinations pos-
sible. Any changes made by the user are recorded and managed by cv_Manager. Let us say that cv_dockingStation is connected
with Station and that both objects are registered in a destination list.

User Interface:

You may define the reset behavior of the model: Either all parts are deleted or not. You may also set whether a new ini-
tialization takes place after modifications.

Conveyor manager [ %]
¥ Delete MUs by reset
Fegistered belts: Open

Agsignment of destinations: Open

i

ak. Abbrechen | Ubemehmenl

Dialog cv_Manager

The object Part

Icon: m

The application object part represents the items to be manufactured. Each part to be transported must have the attributes
globDestination and locDestination. Die Assignment of the local and global destination can be checked in the transport man-
ager cv_Manager.

globDestinatiorr:

This attribute contains the path to the next working station. Datatype: object.

LocDestination:
It determines a local destination in the transport system of the part, like a docking station. Datatype: object.
EntityType:

This optional attribute determines the kind of part. It is evaluated by the local routing tables.Datatype: sring.
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EOM

Introduction

The application object template Plant Simulation EOM (Electric Overhead Monorail) has been developed to reproduce
a discontinuous feeding system by using an electric overhead monorail (EOM) system. To model a transport system and
the real-life behavior of an Electric Overhead Monorail you to will have to create the layout in Plant Simulation using the
objects provided: straight, curve, loading and unloading station and switch. Enter parameters specific to your needs and
needed to control your system, into tables and global variables of the objects inserted into your models. You also have
to enter the number of vehicles required for filling the transport orders as well as their placement within the system. The
transport matrix provides another convenient way of simulating throughput. It allows you to define the material flow by
any number of loading stations to any number of unloading stations.

The application object template Electric Overbead Monorail has been developed with Plant Simulation and requires an Plant
Simulation development license and knowledge in Plant Simulation.

Sample Model

The model EOMsystem provides a sample of a manufacturing chain where parts that are produced are passed through a
number of processing stations according to a pre-defined schedule. The material flow system is realized by the elements
of the application object template Electric Overhead Monorail. The production control determines the next target for

the vehicles. The time it takes to move from station to station is realistically duplicated by traveling speed and by block-
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Figure 1:Layout of a production chain using the Electric Overhead Monorail
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EOM Objects

The model consists of the following components:

* The production control ProdMgr (customer orders, production schedules of the parts, order registration).
* The processing station Station for processing parts.

* Objects of the Electric Overhead Monorail for modeling the transport route.

* The EOM dispatch station EOMcontro/ for managing vehicles and parts.

The following paragraphs will give a short description of the course of proceedings:

In the production control ProdMgryou use a schedule and an order list to define which part will be loaded when and where
and will be processed in which way. All processing stations are controlled by the ProdMgr.

The empty vehicles are fed into the system by the vehicle source. The source produces vehicles circulating in the system
as well as vehicles waiting in buffers, and in loading and unloading stations.

The loading and unloading station represent the interfaces between the processing stations and the feeding system. An
allocation of the processing station to the docking station is only necessary for the unloading stations, as the processed
parts are assigned their next processing station according to the production plan by the ProdMgr. You have to set the al-
location of the stations to the docking station in a table of the EOMcontrol.

How to create a model and which parameters have to be set for the individual objects is described below. You find a
detailed description of all objects in chapters 4 and 5.

The following chapter describes the steps for creating the model depicted in Layout of a production chain using the Elec-
tric Overhead Monorail. The completed model EOMexample is located in the object library.

EOM Objects

Before inserting objects often used routing elements are parametrized in the object library: the length was set to 5 m, the
capacity of all objects, except the buffer route in empty vehicle buffers, is 1. The length of the objects is identical with
the blocking route. You, the user have to enter all additional values into lists, tables and global variables (green in the
objects).

Loading Stations

The entrance buffers of loading stations ate connected with the exit buffers of the respective processing station via a con-
nector. The global variable /vadtime holds the time it takes to load a vehicle. The list S#azionsI. holds the entries of preceding
frames where available empty vehicles are requested by processed parts. If available vehicles without a transport order
are to be stopped when passing the station and be put in a waiting status, the global variable veh_wait has to be set to
TRUE.

ohject
1 EOkzvztem EOMunload]
2 E0Mayztem WEHBuUer

List StationsL of loading station 1

Unloading Stations

The exit buffers of unloading stations are connected with the entrance buffers of the processing stations via a connector.
The EOMcontrol performs the logic allocation of unloading and processing stations. The variable wnloadtine holds the time
it takes to unload a vehicle. To make the vehicle stop at the station after unloading, the variable ves_swait in the unloading
station is set to TRUE. The list StazionsL. contains the succeeding loading stations where continuing vehicles after unload-
ing search for workpieces to be picked up. The buffer list B#fferL. holds the nearest buffer.
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abject
1 EMzpstem EOMload?
bject
E0Mspstem EOMloadd i
Ekzpztem EOMdock 4 1 | B0 zpztem WEHbBUfer?

Lists StationsL and BufferL of unloading station 2

Docking station

The combined loading and unloading station EOMdock4 has been connected to processing station 4. It has the same func-
tionality as loading and unloading stations. You have to set the variables loadtime and unloadtime. Additionally you have to
fill out the lists "EHSzationsL. (for requesting available empty vehicles) and CARGOS ationsL. (for searching for waiting
parts). The variable veh_swait has been set to FALSE in this object, so that vehicles unloaded here continue on their way.

Arriving empty vehicles will pass this station without stopping. Before continuing, unloaded vehicles search for an empty
vehicle buffer to call on in the buffer list Bujferl..

object _lcul:uiect
1

1 EOMayztem WVEHbBuUferd 1 E0Mzpzten EOMload3
E0Mayztem WEHBuUfE 2 Bk zyztern EUMMload]
E0Mzyztem EOMunload] 3 B0 zyztern EOMload?

Lists VEHStationsL and CARGOStationsL of Dockstation4
EOMcontrol

The EOMcontrol contains the table ST ATattachL, that allocates processing stations to unloading stations. This is necessary
because the ProdMgr assigns the parts to be processed the name GlobDestName of the station as next target while the ve-
hicles of the application object template use the names of the unloading stations LocDestNameUnload. The EOMcontrol also

contains the frame CARGOinput for feeding the parts via a transport matrix. This frame is not discussed here, as it is not
used in the sample model.

Ebiect ohject
Etring GlobD ezt ame LocD ezt amellnload
1 EUMzpztem. Station] EUMzpztem EOMunloadl
2 E Ok zpstem. Station: E Ok apztem EOMunloads
3 E Ok zpgtem. Stations E Ok zpgtem EOMunload3
4 E0Mzyztem Stabond EOMzpztermn EOMdockd

Table STATattachL of the EOMcontrol
Straights and Curves

As all parameters of the objects EOMeurve and EOMstraight have already been set in the object library, you do not have
to enter anything when inserting them into a frame. Differing lengths, also representing blockages, may naturally set anew

any time in the model. As vehicles move slower in curves than on straights you may enter the curve speed via the cus-
tomized attribute #Curve.

Branching

For branching operations fill out the destination list Des#I_ and the route table WayDatal .. The destination list contains all
local destinations that may be reached via the corresponding fork. Enter the length of the routes and the blocking times
for prematurely unblocking the route for the corresponding routes. Once the blocking time has passed, the entrance ob-
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ject of the fork is unblocked and vehicles may enter before this vehicle has reached the end of its blocking route, i.e. the
end of the exit object. The blocking route control is discussed in Chapter 3.

ohject
1

EOM apstem EOMdockd
E0Mapztem EOMIoad3
EOMapztem EOMunloads
E Ok apstem WVEHBufer
E Ok zpztem EORMIoadl
EOMzpztemn EOMunload]

o M = L 3 =

Destination list DestL of the fork EOMbranch?2

ghring real time
) 1 2
string Foute diztance Blockingtime
1 wal_In-wan okl B (1.0
5 way_in-way_ oot B .0000
3

Routing table WayDataL of the fork EOMbranch2
Junctions

For junctions you also have to fill out the table WayDatal.. In addition to the values known from branching, junctions
have the additional parameter priority to set right of way rules. By default priorities for both routes are set to 1, the highest
priority available, to realize the FIFO rule (first-in-first-out). To assign the right of way to a certain vehicle when several

vehicles want to enter, you have to set the priority of the other route to a value greater than 1, i.e. lower the priority for
that route.

glring real time integer
. 1 2
Etnng Foute diztance blockingtime | prionity
1 way_inT-wap ot ] [1.00o0 1
2 Way_inZ-wap ot [ [1.00an 1

Routing table WayDataL of the junction EOMjoin23
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Switches

As switches are a combination of forks and junctions, you have to fill out the destination lists DeszI_ and the routing tables
WayDatal..

object
1 EOMayztem WYEHbBuUferd
2 E0Mzpztem EOMdock

Destination list DestL of the switch EOMswitch?2

glring [leal gme inteqger
Etring Houte diztance blockingtime prioriy
1 wal il -way_out] a 1.0 1
2 wap_inT -way_outd 10 [ 1
3 way_n2-way_out] 10 0.0000 1
4 way_ing-way_straight B [ ]
5 way_straight-way_out? 5 [ 1

Destination list WayDataL of the switch EOMswitch2
Buffer

The buffer way_buff differs from all other routing elements by its unlimited capacity, described by the entry -1. The num-
ber of vehicles staying on a buffer depends on the length of the buffer and the stack length of the vehicles, defined by
the customized attribute stacklength. As the length of the buffer in our sample model is 10 m, we insert the routing ele-
ment »ay being 5 m long besides way_straight to compensate for the length.

You always have to fill out two lists in buffer objects: the list Buffer]. holds an entry for the buffer that is going to be the
target when the active buffer is occupied. Enter the succeeding loading stations into the list SzationsL.. As soon as a vehicle
reaches the frontmost buffer position, the program checks if a part is ready to be moved on is located in one of these

stations. In the object way_straight the attribute prio2way_out has been set to 2, so that a vehicle may always leave the buffer
as it has been assigned a transport order.

ohject
1 EOk zpztem EOMIoad]
bject
. 5 E0Mzysten EOMI0ads
1 | E0Mzyztem YEHbuUferd 3 E0Mazyztemn EOMdockd

BufferL and StationsL of the empty vehicle buffer VEHbuffer1
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Vehicle Source

The table I'EH/ablel in the 1Vehicle Source has been filled in with the vehicles to be fed into the system. Besides creating
a varying number of vehicles in both buffers, the source feeds 6 circulating vehicles into the system every 15 seconds.
Note that in front of loading and unloading stations only a single vehicle may be waiting.

object object integer
. 2 3
Etnng W_ZOLICE w_typ W_FIm
1 Ok gpstemn WEHInpLt weh h
= E0Mzpztem YEHBUFerT weh ]
3 E Uk zpztem VEHBuUers weh K]
4 E Ok zpztem EORMIoadl weh 1
5 E0Mapstem EOMdockd weh 1
3

Vehicle source VEHtableL in the object VEHinput

Vehicle Parameters

The application object template contains the vehicle that is derived in any number by the source and fed into the system.
Before simulation start the following parameters were set:

* length of vehicle: 1 m
* speed of vehicle on straights: 1 m/s
e stack length stacklength of the vehicles in buffers: 3 m

* speed of vehicle vCurve in curves: 0.5 m/s

Inserting the Object Protocol

Errors that occurred during the simulation run are written to message, warning and error lists. These lists are kept by the
object Protocol.

Now that we chose all necessary settings, let us start the model via the EventController.

Note: To limit the complexity of the model not all objects provided were used.

Basic Course of Events

The following chapters describe the functioning of the Electric Overbead Monorail.

Disposition of Vehicles

The interaction between available EOM vehicles and freights to be transported is the main subject of the material flow
system Electric Overbead Monorail. It is of secondary importance if transport orders to be processed are assigned by the
production control ProdMgr or by a transport matrix. The only difference is that the ProdMgr may cause the parts to be
transported to several processing stations in sequence, as the transport matrix just moves the parts from a source station
to a destination station and are then destroyed. The request of vehicles and the search for waiting parts is executed by
lists that are created in the corresponding object and are to be filled in by the user.

An EOMuehicle may have the following states of loading and disposition, marked by different colors:
a)loaded
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* having transport order, on its way to the destination (unloading station) gray
b)not loaded

* circulating in the system without destination - green

* circulating in the system with the destination "next available buffer" - green

* waiting in a loading or unloading station - blue

* finished, ready to leave buffer - red

* assigned location in buffer - red

* having transport order, on its way to the destination (loading station) - yellow

To fulfill the existing transport order, the application object template Electric Overhead Monorail provides the following
strategies:

* A part ready to be picked up is going to be moved to the entrance buffer of aloading station and requests an available
empty vehicle. All available empty vehicles are registered in a vehicle list in the EOMcontrol. When no empty vehicle
is found, the processed part is registered in the EOMcontro/ in a parts list. To limit the space where empty vehicles
are searched, the loading stations have and additional list where you may enter the neighboring stations. Initially only
these stations are searched. Only no empty vehicle was detected there, the remaining stations are searched.

* Empty vehicles that are waiting search for processed parts that are registered in a parts list of the EOMcontrol. Once
a part is located, its entry is removed from the list and the vehicle move to the corresponding loading station. If the
vehicle's search was in vain, it will be registered in the vehicle list of the EOMcontrol. To limit the search for parts to
be picked up, these objects also have a stations list, where you enter the loading stations that have priority during a
search.

* A part ready to be picked up is loaded onto a circulating empty vehicle without a transport order that happens to
pass the loading station. The part is loaded and transported to the next destination of the vehicle. Any existing trans-
port order for a vehicle issued by the part will be deleted.

* Loaded vehicles transport the parts to the corresponding unloading stations and pass them on to the exit buffer of
the station. Depending on the chosen settings, the vehicle either stops after unloading or looks for a part to be picked
up. If it did not find a transport order, it will move into an empty vehicle buffer (provided the buffer list was filled
in) or circulates in the system and moves into the next available buffer. Circulating vehicles may also be put in waiting
mode by setting a variable in front of the loading station.

You may define different loading and unloading times for all loading processes.

Event: part is looking for a vehicle

After processing has been finished in the processing station, a part is assigned a new destination according to the produc-
tion plan and is passed on to the entrance buffer part_avail of the associated loading station EOM/vad>x/EOMdockx. Once
there, the objects (VEHbuffer, EOMunload, EOM/oad, or EOMdock) entered in the list StationsL/ VVEHStationsL. are
searched in sequence for available empty vehicles. If no vehicle has been found in the entered station or the station list
Stations. does not contain an entry, the transport order is passed to the EOMcontrol via the list EOMcontrol. V' EHavailablel.
and extended to the entire system. After a successful search the vehicle is ordered and its entry is deleted from the list
that holds all available vehicles: EOMcontrol.1’EHavailablel .. The variable in the loading object veh_required is set to the
ordered vehicle for test reasons. If the waiting part has already been picked up by a circulating vehicle before the ordered
vehicle arrived, the order is canceled by this vatiable and the vehicle is set to "free". The vatiable is also reset when the
vehicle called arrives. Before continuing the user-defined loading time /oadtime is taken into consideration.

As the list Szationsl. is processed in sequence, first the buffers and unloading stations located before the loading station
are entered, to keep the distances traveled as short as possible.
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If StationsL. does not contain an entry or if no empty vehicle was found, the waiting part is entered into the list EOMcon-
trol. CARGOwaitingl.

ohject
1

1 EOMzuztern EOMunload?
B0k zuztern EOMunload]
E0Mayztern VEHBuiferT

List StationsL of a loading station

Event: vehicle is looking for an order

Vehicles located at the first buffer position in VVEHbufferx.way_buff or those just unloaded in the unloading station EO-
Munioad/ EOMdock (and which should not stay in a waiting position, defined by the global vatiable ve)_wait), independent-
ly seatch for a new transport order. These object also contain a list StationsI./ CARGOS tationsL., whete you enter the
neighboring loading stations of type EOM/vad or EOMdock. According to the sequence entered the stations are searched
for parts to be picked up. After a successful search the global vatiable vel_reguired in the destination object is set to the
searching vehicle that is on its way to pick up the part. If the waiting freight has already been picked up by a circulating
vehicle, the order is canceled by this vatiable and the vehicle is set to "free" again. The variable is also reset after the ot-
dered vehicle has arrived and the part has been loaded.

If the search in the entered stations turned out to be without success, the list EOMcontrol. CARGOmwaitingl. is used to au-
tomatically search the entire system for the parts that have been waiting the longest (FIFO rule, i.e. independent of their
location). The entry of any part found is deleted. Enter the neighboring loading stations in the list to realize the shortest
transport routes possible.

If there is no waiting part in the entire system, a vehicle located in a buffer I"EHbufferx is entered into the vehicle list
EOMeontrol.V EHavailablel.. A vehicle in an unloading station searches for a buffer it may target in the list Bafferl. Is the
buffer entered here, them it will become the next target of the vehicle. Otherwise the vehicle starts to circulate in the
system and is going to look for the next available buffer by itself. When a circulating vehicle passes a loading or docking
station where the variable ve/_wait is set to TRUE, the vehicle remains at that station in waiting status and is going to be
registered with the EOMcontro/in the list of all available vehicles (EOMcontrol. 1’ EHavailableL). 1t stays at the station until
it is unloaded there, is requested by another station or is going to be moved on by a succeeding vehicle.

object
1 EOMzystem EOMdackd _I'I't'IEDt
2 EOMzypstem EOMIoad3 1 | EOMzystem. YEH Dulfer]

Lists StationsL and BufferL of an empty vehicle buffer

Event: circulating vehicle takes on a waiting part

Whenever a circulating empty vehicle passes a loading station or when a vehicle is on its way to a buffer, it checks if a
waiting part is located in the entrance buffer of the loading station part_avail. It then moves to pick up this part. The vari-
able veh_required now checks if the part has already ordered an empty vehicle from a buffer or from another station. If this
is the case the vehicle ordered is set to "free" again. If the waiting part did not order a vehicle, it is going to be registered
in EOMcontrol. CARGOmwaitingl ..

Event: loaded vehicle passes on freight

At unloading stations EOMunivad/ EOMdock loaded vehicles compate their target with the cutrent location. When they
are the same, they pass their freight to the exit buffer parz_unload of the station. The time it take to unload is set by you
in the vatiable wnloadtime. 1f the variable vel_wait is set to TRUE, the unloaded vehicle remains in waiting status and is
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registered in the vehicle list EOMcontrol. V' EHavailable. Here, it may be requested by parts ready to be transported or it
may be moved on by arriving vehicles. If the vehicle is not supposed to stop after unloading, it searches for a new trans-
port order by itself, moves on to a buffer or circulates in the system.

Block Sections

To prevent vehicles from colliding/ piling up, the Electric Overbead Monorail uses the railway blocking principle. A block sec-
tion is defined as an area, where a single vehicle may stay. For this reason the track of the entire system is made up of
segments, each of which may represent a block section. The length of the basic object Track is the length of the block
section. For safety reasons, the railway blocking always keeps at least one block section free between moving trains: a
vehicle only releases the entrance the preceding block section when it has reached the end of its own block section and
is ready to enter the next piece of track. It does not matter if this vehicle may move on immediately or if it is blocked by
a vehicle in front of it, as only one vehicle may stay on a block section at any one time. The vehicle that reaches the end
of a block section triggers the release of the section it has left and the blocking of the section it entered.

The block section strategy is realized in all objects, except for the stacking of vehicles in buffers and the passing through
branches, switches and junctions in the track. Branch, switch and junction represent entrances of block sections, but you
may define different track lengths, blocking times and priorities.

Track Clearing Strategy

As mentioned above, vehicles may stay in unloading stations (EOMunload), in loading stations (EOM/vad) or in combined
stations (EOMdock) according to the variable veh_swait until they are requested by a part. As a waiting vehicle would block
all succeeding vehicles, we have introduced the global track clearing strategy veh_clear in the object EOMeontrol. For each
blockage a blocked vehicle checks the status of the blocking vehicle. If the blocking vehicle itself is blocked, it means that
either a blockage occurred or the vehicle is loaded or unloaded. If on the other hand the vehicle is waiting, the track clearing
strategy takes effect, and sends the waiting vehicle on its way and deletes its entry from the list EOMcontrol. 1 EHavailablel .

Buffers

When reaching the buffer entrance object way_in circulating vehicles and vehicles with any buffer (VEHbuffer) as target
check the occupancy of the buffer track way_buff, where the empty vehicles are lined up according to the stacking distance.
The stacking distance stacklength is a customized attribute of the vehicles that has to be set by the you when using buffers.
The occupied buffer length in these objects is checked by the global variable occul_ength. Set the length of the entire buffer
in the track object of way_buff.

All vehicles that are located in first position of a buffer, which did not find a transport order when arriving, are registered
in the EOMcontrol. V' EHavailableL.. They only leave their position when they are requested by a part to be transported.
When a vehicle cannot leave immediately after an order because the exit object way_out is occupied at the moment by a
passing vehicle or has been deactivated, the vehicle waits for this object to be released. If the transport order is deleted
during this waiting time because a circulating vehicle loaded the part that issued the order, the vehicle remains in the buff-
er and is going to be registered again as being available.

When a vehicle cannot enter a buffer because it is occupied already, the list Bufferl in the objects I"EHbuffer is searched
for a new buffer. When a buffer is found there, it is going to be the new target of the vehicle. If no buffer is found, the
vehicle will circulate in the system and searches for an empty buffer by itself.

The straight buffer passage consists of the objects way and way_straight, where blocking applies. If you are going to length-
en the straight piece of the buffer track proper way_buff by inserting block sections, you have to insert them between the
existing objects way and way_straight.
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Switches and Confluences

Switches and confluences share the characteristic that vehicles coming from different directions intend to enter the same
object at the same time or need that object as a point of intersection until the end of the entire block section. The FIFO
rule prevents two vehicles from entering at the same time. The vehicle arriving first reserves all objects it need for con-
tinuing on its way. When the vehicle cannot enter immediately because of a reservation or a blocking, the exit control
way_inx_oCtrl of the entrance object way_inx the vehicle passed through is entered into the table WaifL. of the targeted
exit object way_ount. Whenever an exit object is activated anew (which is triggered by an arriving object at the end of the
succeeding block section) the program executes the control waiting the longest in the waiting list WazZL.. This causes all
waiting vehicles to be channeled through the switches one after the other.

To realize right of way rules, you may set a priority attribute in the track table WayDatal. for switches and confluences.
By default the attribute is set to 1. When arriving vehicles have identical priorities, the FIFO rule applies. When they have
different priorities, the controls to be executed are entered into the table Waitl according to their priority and are going
to be executed after activating the exit object one by one. The valuel stands for the highest priority.

For switches and confluences you have to set the attributes for the priority and the track length of all pieces of track to
pass through. During the simulation run the track length of the targeted exit way_out you entered is used. In curves the
program automatically switches to curve speed. Enter a time for each track after which the object is released in the column
blockingtime of the table WayDatal .. This time starts when the vehicle exits its entrance object. Any succeeding vehicle may
enter the entrance object at an earlier point in time. A vehicle arriving from a different direction may pass the crossing
point on its way to another exit. Setting the blocking time to the default value 0 means that normal blocking behavior
applies. The entrance object is only released, when the vehicle reaches the end of its block section. Enter the track length
of the entrances directly into the objects.

glring [leal gme integer
string Foute diztance Blockingtime priarity
1 way_inT-wap_out] o b L0100 1
2 wan_inT -way_out? 10 3. 000 1
3 way_inZ-wap_out] 10 2.0000 2
4 wWan_inZ-way_outd 17 100000 el

Table WayDataL of a switch object

Pile-ups in Front of Confluences

To increase throughput while passing confluences (which is especially important for jobs where time is of the essence)
vehicles coming from the same direction are grouped. This prevents switches from having to change directions continu-
ally for vehicles coming from several directions. Use the object EOMjoinG to model this kind of behavior: it allows vehi-
cles piled up to pass in a pile until there is a gap or the number of vehicles you entered is reached. A pile run is triggered
by a blocked vehicle on one of the entrance tracks (way_in1 or way_in2) whose controls are executed after activating the
exit object way_ont. The program checks if another vehicle arrived after the blocked vehicle. Then the entrance objects
these vehicles passed through are released before reaching the block sections according to the release time freeifgroup taken
from the table Freeifgroupl. as is the case for normal confluences. Opposed to that the predecessor is checked for a vehicle
ready to leave as soon as the previous one is released, and the vehicle ready to leave is assigned to the vehicle pile. Now
we have the problem that new vehicles may advance continually because the driving speed across the switch may be re-
duced considerably in the curve or the track length across the switch may be considerably longer than in the entrance
object. To prevent this, you may limit the size of the pile by using the variable group_smax. You may set the release time
for pile driving for each track object separately. When crossing the exit objects, the pile state is going to be canceled.

If pile driving is not set, this object works as a normal confluence with two additional block sections in front of the en-
trances and after the exit. You set the pieces of track across the switch (the length of the track way_ou?), the blocking times
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for the normal blocking behavior and the priorities in the table WayDatal.. Set the track lengths of all tracks directly in
the objects.

Etring Elime
Etring Building block freeifgroup
1 ETR 20000
5 vay_inl_gpl 3.0000
3 way_inl_gpd 3.0000
4 wap_ing 3.0000
K wan_inZ_gpT 3.0000
5 way_InZ_gpZ 3.0000
2 way_ouk 3.0000
3 vay_out_gpl 3.0000
3 wal_out_gpe 3.0000

Table FreeifgroupL in a pile object

Switches

The application object template Electric Overbead Monorail realizes branching tracks in two or three different directions.
Enter the targets to be reached by the pieces of branching track in the target list Desl. Enter the length of the exits and
the blocking times in the table WayDatal , enter the length of the entrance in the object itself. The entrance object way is
deacivated after the exit of the vehicle until it reaches the targeted exit object way_ousx or until the blocking time elapses.
Then it is activated again.

Lifting Stations

Lifting stations are branching stations in a vertical direction after the vehicles have to share the lifter. Arriving vehicles
use the lifting bridge either to pass a block section or to be lifted to a different level. During lifting the corresponding
other entrance tracks are blocked. Enter the exit control of the blocked entrance track into the waiting list Waitl accord-
ingly. As soon as the lift is available again, it is going to be requested by the blocked vehicle and reserved. When vehicles
arrive at both entrances during lifting, a user-defined right of way regulation from the table RightofWayL. determines who
is going to be served first. The program compates pairs of targeted tracks of the waiting vehicles in this table and then
decides who may order preferred depending on the current position of the lifting bridge and the priority. If two or more
vehicles have the same priority, the FIFO rule is used. Otherwise the value 1 stands for the highest priority. Set the length
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of all tracks directly in the objects. The lifting time /ff_time, and any waiting position of the lifter that may have to be
targeted are set by the global variable /4f# waitPos.

zhring integer integer

Etring Route lift_ir_bottormPoz lift_ir_topFo=
1 wat_inB-way_outB 1 1

2 way_nT -wap_outT 1 1

3

4 way_inE-way_outB 1 1

5 wa_inT -way_outE 1 1

B

7 way_inE-wap_outT 1 1

g way_nT -wap_outT 1 1

q

10 way_inE-wap_outT 1 1

11 way_inT -way outB 1 1

RightofWayL in a lifting station

Feeding of Vehicles

The application object 'EHinput is used for feeding empty vehicles into the transporter system. Empty vehicles may ei-
ther be created in the buffer objects, in the loading and unloading stations, in front of the combined docking station in

waiting position, or may be fed into the system as circulating vehicles without a target definition by the source VEHinput.
The vehicles in the buffer are lined up according to the stack distance set in sfacklength, while a single waiting vehicle is

created in front of the passing stations.

Loading of Orders

Instead of using a combination of production control and processing stations, you may also use the object CARGOznput
to define the transports to be made. In a transport matrix the loading stations represent the sources where the orders are
loaded, while the unloading stations represent the drains, where the parts are destroyed after unloading. The sources form
the row index, while the drains form the column index. If you do not intend to use the matrix you created, because you
want to use the production control, to have to set the global vatiable watrix_flag to FALSE. The part to be loaded is de-
fined by the variable cargo. Enter the number of transports per hour.

In the loading station the transports are passed to part_avail via the object cargo_sonrce and cargo_enter taking the processing
times in ProcTimel. into account. In part_avail they are taken over by the vehicles. The object CARGOinput may either be
inserted in the EOMcontrol or directly in the model.
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object inteqer integer
) 1
able E0Mtest EOMdock] EOMiest EOMdocks
1 B0k test EORMdock] b
9 EO0Rtest EOMdock:? 1
3 E0Mtest EOMdock3 17
4 EO0ktest EOMdockd 5

Transport matrix TransportM in CARGOinput for loading orders

The Transport System Electric Overhead Monorail

Use the application object Plant Simulation EOM to comfortably reproduce any conveyor system in Plant Simulation.

When developing the objects we aimed at creating as flexible a basis for modeling a transport system as possible.. Regard-
ing the functionality proper, we attempted to keep the objects as basic and simple as possible. Basic processes that are
identical for many tasks are already implemented, so that you only have to model details specific to your system.

The objects ProdMgr and station enable you to model a production system using order lists and working plans. The work
pieces are represented by the object part. This object is part of the transport system and of the production. It is described
in chapter 5.

Description of Objects Vehicles Travel On

Vehicles travel on the objects described here. For all of them the features described above, such as blocking and clearing
strategies, etc., apply, so that they will not be described here again. We will describe though actions the user has to take,
such as entering the length for all track elements. For some objects (switch, confluence and branching) you set the length
of the exits employing the track table WayDatal , as these require additional data. The capacity of the track objects is al-
ways 1, except for the buffer track way_buff, and may not be changed.

——
Straight - EOMstraight

Use this object to model straight track elements. The length entered here always corresponds to a single block section, as
it only accepts a single vehicle You may model four different directions with it. You recognize the original object by a dot
in the top left corner.

Curve - EOMcurve

Use this object to reproduce curves in a track system. As curves are normally passed with a slower speed, the curve speed
is reduced by the customized attribute »Curve in the entrance control way_iCtr/. In the exit control way_oCtrl the speed is
then reset to its original value #OrZ. You may model four different directions with it. You recognize the original object by
a dot in the top left corner.
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Branch - EOMbranch2 / EOMbranch3 :

Use this object to model branching operations in two or three directions. For the program to be able to recognize all
destinations to be targeted by the vehicles using the corresponding exits, you have to enter them with their absolute path
into the destination lists DeszL.. Enter the lengths of the block sections that have to be traversed, into the track table Way-
Datal , and the blocking times for prematurely releasing the entrance object way_in.

ohject

EOMzuztem EOMdock 4
E0Mapsten EOMIoad3

E UM zpztem EUMunloads
B0k zuztern WEHbBuffer
EOMzpstern EOMIoad]

E UM zuztemn EUMunload]

L= B ) B T

Destination list DestL for branches

zhring real tirme
1 2

Foute diztance Blockingtinne

zhrirg
1]

1 wWat_in-wal_ ot h 0000
7 vay_in-wan_outs B 40000

Track table WayDataL for a branch going in two directions

Confluence - EOMjoin2 / EOMjoin3 :

Use these objects to model joining operations from two or three directions. When several vehicles arrive at the same time
from different directions, the vehicle arriving first takes priority (FIFO rule). When a certain direction should take priority
after a blockage, the priority rule applies . Enter the parameters into the track table WayDatal .

glring real time integer
. 1 2
string Houte diztance blockingtime pricrity
1 way_inT-way ot 4 B 000 1
= way_In2-wan_out 12 B, 0000 ]

Track table WayDatalL for a confluence from two directions

F
Pile - EOMjoinG "i—

In the object EOMjoinG groups of vehicles (piles) are formed. This prevents the system from having to switch directions
constantly in confluence objects. Fill out the track table WayDatal. for a normal passage without piles. Enter the release
times of the individual objects into the table Freejfgroupl. for the passage of piles. This enables groups of vehicles to pass
through the entire object quickly and shortens the waiting time of the succeeding vehicle. You may enter a different re-
lease time for each track object.
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Etring Elime
Etring Building Block: freeifaroup
1 way_ind A.uooo
5 vaay_inT_gpT 20000
3 way_inl_gps 20000
1 way_ing 20000
£ waay_inZ_gpl 20000
g way_Ind_gpe =Ll
2 ETG 20000
q vaay_out_gpT 20000
g way_out_gpe 2.0

Table FreeifgroupL in a pile object

+L+
Lifting station - EOMIift '

Provided the lifting bridge is free, vehicles may enter a lifting station immediately after arriving. According to their des-
tination, which is compared with the entries in the destination list DeszL, they will continue straight on or are lifted to a
different level. Any vehicles arriving while the lifting bridge is occupied are blocked and entered into the waiting list Wairl
according to their priority. After the lifting bridge has been released, it is going to be requested by and reserved the vehicle
with the highest priority. You will have to fill out the right of way table RightofWayl. (depending on the current position
of the lifting bridge and two possible track combinations). Additional parameters you have to enter are the lifting time
lift_time and the waiting position of the lifting bridge /fz_waitPos when it is resting. When you do not set this variable, the
lifting bridge remains in the position it held when the last vehicle left it.

ztring integer integer

Eltring Foute [ift_in_battomFos [ift_in_topFo=
1 wan_inH-way_outh 1 &

7 vay_InT -way_outT ] 1

3

4 wan_inB-way_outh 1 ¢

5 vay_inT -way_outhB ] 1

B

7 way_InE -wan_outT 1 ]

g vay_inT -wap_outT ] 1

9

10 way_InE -wan_outT 1 ]

11 vay_inT -way_outhB ] 1

Table RightofWayL in a lifting station
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Switches - EOMswitchl ... EOMswitchb5

N XZ 373t ot

In general, the same rules apply for the switch object as do for confluences, with the difference that the priority for en-
tering in case of two exit objects may be set differently. You may thus set the priority for each entrance object way_in in
relation to each exit object way_out via the table WayDatal .

Use the blocking variable blockingtime (data type Zime) to release the blocked entrance object before the vehicle arrives at
the end of the block section at the exit object. When using a blocking time you of course have to take into account that
the time entered is shorter than the required driving time. Enter all destinations being targeted by the vehicles via the
corresponding exits into the destination list DeszL.

B
Buffer - VEHbuffer -

Unused empty vehicles are kept in readiness in the buffer object. All arriving empty vehicles without destination or with
the local buffer as destination, will enter way_buff; provided buffer capacity is adequate, and will be lined up there accord-
ing to their stack distance. Once a vehicle moves up to the first buffer position, it will search the loading stations you
entered into the list SzationsL for freight to be picked up. As the buffer exit may be viewed as a confluence from two
directions, you may enter priorities. Set the customized attributes prio2way_out in the track object way_buff and way_straight
according to their priority.

A vehicle that may not enter the buffer because it is full, will search for an alternative buffer in the buffer list BujferL..
Once the vehicle finds a buffer it will become its new destination. If you did not enter anything into the list, the vehicle
will circulate in the installation and search for another buffer independently.

abject
1 EOMspstem EDMdockd abiect
3 E UM zpztern EUMloads 1 B zvztern, VEHDuUker]

Stationslist StationsL and buffer list BufferL

Source Vehicle - VEHinput 1

Within the object I"EHinput the vehicle table IVEH¢ablel. is of special interest, as the entries there set how many vehicles
are created. The variable »_#)p stands for the vehicle, »_num for the number. Vehicles circulating in the system are created
in the source, if the path of IVEHinput was entered in the column »_source. Besides creating circulating vehicles, any num-
ber of stacked empty vehicles may be created in any number of buffers of type "EHbuffer. Or a single waiting vehicle

may be created in front of a loading, unloading or docking station. You always have to enter the absolute path in v_source.
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abject abject integer
Etring W_zOuIce w_top W_rLmm
1 E Lk zpgtem, WE Hinput weh b
2 E Ok zpgtem WEHBUFer weh 2
3 EOMzpstem WEHbBuers weh 3
4 E Lk zpgtem B UMMload] weh 1
5 EOkzvztem EOMdock 4 weh 1
G

Table VEHtableL for creating vehicles

L
Loading station - EOMload #

After processing has been completed in a processing station or when using a transport matrix, the parts are moved into
the entrance buffer part_avail of the loading station. The loading station uses the list SzazionsL to request an available ve-
hicle. Enter the paths of the preceding buffer I"EHbufferx or of the loading, unloading and docking stations EOM/oad,
EOMunload, EOMdock. This ensures that any vehicle requested from there has as short a track to drive as possible.

If this is not important, you may also leave the list empty, as the program will automatically search for an available vehicle
in the entire system according to the list 'EHavailable in EOMcontrol. The entries in StationsL are searched in sequence
by the method part_avail_oCtrl.

ohject

1
1 EOMapstem EOMunload?
2 E Uk zpgtem B UMunload]
3 E Ok zpztem WEHBUerT

list StationsL for the search of driving course

Use the global variable /vadtime in each station to set the time used for loading. Requested vehicles are registered in the
variable vel_required.

1]
Unloading station - EOMunload @&

After reaching their destination, loaded vehicles pass their freight to the exit buffer part_unload of the station. For this, the
program takes the user-defined unloading time #nloadtime into consideration. Provided the global variable veh_wait has

been set to TRUE, the vehicle remains in front of the station after unloading and is going to be registered in EOMeon-
trol. V' EHavailablel .

A vehicle continuing on its way uses the list SzazionsL. to search for waiting parts. Enter the paths of the succeeding loading
stations into the list. This ensures that for empty travels as short a track as possible is chosen. When no part to be picked

up is located at these stations, the search is automatically extended to all stations within the system vial the CARGOwaiting
in the EOMcontrol.
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object
1 E0Mapzten EOMunload?
9 E Uk zpztem. EUMunload]
3 E Ok zuztern WVEHBuerT

List StationsL of an unloading station for searching parts

If no part is found, the empty vehicle searches the list BujferL. for an empty vehicle buffer. Here, you may set the next
buffer to be targeted. If this list does not contain any entries, the vehicle circulates with the destination of the highest
frame.

ohject

1 | E Ok zpstem WEHBuffer

List BufferL for assigning buffers

U+L
Docking station - EOMdock B |

The station EOMdock combines the features of a loading and an unloading station. For disposition strategies the same
rules apply as for the single processing stations. Thus the docking station may be connected to a processing station. You
may also use it as a source or a drain for a transport matrix. In EOMdock parts ready to be transported search for available
vehicles and unloaded vehicles search for waiting parts. The list SZazionsL. has been replaced by the lists VEHSationsL
and CARGOSationsL, where you enter the stations to be searched. The list ByfferL is used for the drive of an unloaded
vehicle to the empty vehicles buffer. Set loading and unloading times by the global variable ladtime and unloadtime.

_Inl:-iec:t object
1 EQrzpstern VEHBUFerZ 1 E0Mzpstemn EOMIoad3
2 EOMaypstern YEHBUfer 2 EOMazystern EOMIoad]
EOMzpstem EOMunload] 3 EOMzystern EOMIoad?

Lists VEHStationsL and CARGOStationsL of a docking station

WORK
Work Bench Operation - EOMwork HBmil

During work bench operation a work piece is either processed while hanging on the vehicle or it is unloaded, processed
and reloaded onto the same waiting vehicle. Advancing vehicles are blocked during that time. Set the handling times via
the global variables u#nloadtine, worktine and loadtine. When workpieces are processed while hanging on the vehicle, the
loading times have to be set to 0. The work bench cannot destroy work pieces. So, enter the next destination into the
variable nexLocDest. The work piece is passed on to another workbench until an unloading or docking station is entered
as next target, where it will be unloaded and destroyed.

The object EOMwork cannot be used in conjunction with a production control.

Managing Vehicles

The object EOMcontro/ manages available vehicles and waiting parts that cannot be assigned in the individual stations.
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o]
EOM Control - EOMcontrol <"

The EOMcontrol keeps list that are processed by the interface methods. Enter the processing, the loading and unloading
and the docking stations into the table ST ATattachl..

The method veh_setParams is called whenever the status of a vehicle changes.. Parameters, such as destination, disposition
status and active icon have to be set anew.

The clearing method veb_clear in the EOMcontrol is activated by each vehicle as soon as it meets with a blocked object. If
the blockage is caused by a vehicle waiting in front of a station, this vehicle is forced to move on.

» VEHavailablel. List of vehicles available to take on a transport order. These vehicles are either waiting in first position
to leave a buffer or are in waiting position in the object way in a loading, unloading or docking station. This list is used
by the methods veb_require, veh_register and veh_unregister.

* CARGOwaitingl List registering all parts waiting to be transported. This list is used by the methods cargo_reguire,
cargo_register and cargo_unregister.

» ST ATattachLIn this table the assignment of the processing stations GlobDestName and the stations LocDestNameUnload
via the method stat_glob2/oc is performed. Each processing station inserted into the system has to be assigned.

Ebiect object
Etring GlobDestM ame LocDesthamelnload
1 Bk zpgtem. Station B0k zvztemn. EUkMunload]
2 E0Mayztem Station E0Mepzten EOMunload?
7 EOk zpstem Stationsd EO0Mzpztem EOMunloads
4 EOk zpgtem Stationd EO0Mzpztem EOMdockd

Table STATattachL for assigning stations

* CARGOinputAlternatively to the production control EOMcontro/ this frame is used to define the transport orders via a
transport matrix. The loading stations represent the sources and the unloading stations the drains where the patts are
destroyed after unloading. Use the customized attribute place to mark the part to be destroyed. When loading the part
via the EOMcontrol the value of the attribute is always 0, when loading it via the transport matrix it is not equal 0. The
unit of the orders to be loaded is transports per hour.

object integer integer
Sbie E UM zvztern, EUMunload] E Lk zpgtem, EUMunloads
1 E Ok zpgtem £ OMload] 14
2 E0Mzyztemn EOMloadZ 20
7 Ok zpstem EUMloads 1 1u
4 EOkzvgtem EOMdock 4 12

Matrix TransportM in CARGOinput for loading orders

Vehicle - veh *

The vehicle zeh transports the parts (work pieces) through the system according to the pending transport orders runs on
the pieces of track while considering the blocking and clearing algorithms. Length and driving speed are user-defined.
The following customized attributes were introduced for fine-tuning the control and management of the vehicles:
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vOri:

This attribute holds the original driving speed for straight pieces of track (speed).

vCurve: (user-defined)
This attribute holds the speed for passing through curves (speed).

stackLength: (user-defined)

This attribute holds the stack length for stacking vehicles in buffers. When entering a buffer, the length of the vehicle is
set to this value in the entrance control way_buff_iCtrl and reset to the original value when leaving the buffer in the exit
control way_out_iCtrl (length).

fd_dispoStatus:

According to its active driving and loading status, a vehicle is in one of the following disposition times (s#g).
* “free“unloaded circulating in the system

* “hasOrder“on its way to pick up a part

* “loaded“loaded on its way to an unloading station

* “loading*“vehicle is being loaded

* “waiting“unloaded waiting in front of an unloading station

* “working“waiting while a part is being processed on a work bench

* “inBuffer“unloaded, waiting in an empty vehicle buffer

ILoc:

This attribute registers the entrance object way_in that was passed in switches and confluences. This enables the en-
trance object to be released after exiting or after blockage times (p object; clearRef).

This attribute also holds a reference to the clearing method veh_clear in the EOM control EOMcontrol. This method
recognizes waiting vehicles in front of unloading stations and sends them on when needed (obyecs).

group:
This attribute serves to mark a vehicle as part of a group when moving in a pile (boolean).

Course of Events Across Objects

The following chapters describe the course of events across objects.

Reset and Init

Clicking on Reset in the EventController resets the model into its initial state: all MUs in all objects of the application object
template are deleted, and all dynamically entered information in lists, tables and global variables are removed.

In the objects of the Electric Overbead Monorail this applies to all entries made during simulation into the lists of the available
vehicles and waiting freight. Also reset are all variables needed for controls.

In the production control ProdMgr this applies to free capacities and states of stations, to the lists of available stations and
to the lists of parts waiting for an operation. The table containing the production orders is also deleted and created anew
according to the settings in the table OrderL. In the station the contents of all NwData objects and of the results tables are
deleted.

During initialization the model is set into a state allowing it to be run: the attributes of the objects are initialized with the
user-defined entries, and the creation of vehicles and transport orders is started. In the ProdMgr the method we_startOrder
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is initialized, enabling the loading of parts according to the transport order list. During initialization the stations report
their free capacity and the state avai/ to the corresponding ProdMgr.

Assigning Destinations

As soon as a work piece has been processed completely, it is moved into the exit buffer of the station. There the entrance
control sz_PartReady calls the method we_nextDestination, to determine a new destination for the part. The ProdMgr deter-
mines the next processing step (operation) to be taken using the working plans of the part type and the its position in the
working plan.

Once the processing step is determined, a station has to be picked that is able to execute it and is available. For this the
ProdMgr uses the table OperationL. to find all station types able to execute the processing steps. The table SzafTypel. lists all
available stations for all station types. Using this information, a list of all station able to perform the task is generated.
This list then calls the method MD_S#atChoose, that picks a station.

The selected station is then reserved by the ProdMgrvia the method ws_occupyStation: the free capacity of the station is
reduced by 1 and the station us removed from the list of available stations in S7a/Typel.. The address of the station is then
transmitted to the calling station as the new destination for the part.

If no station was available for the required processing step (operation) the part is registered as waiting for the correspond-
ing processing step in the table Operationl.. Non_avail is returned to the requesting station, so that the part is kept there
until a new destination has been determined.

The list of reserved parts is worked of as soon as a station registers with the production control as being available via the
method we_S7ationFree. This is the case when a part has been completely processed in the station. In case parts are waiting
for a processing step (operation) the station that registered as free can execute, a list of waiting parts is generated and a
part is selected.
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HBW

Introduction

Plant Simulation HBW is a set of Application Objects used to model High Bay Warechouses (HBW) efficiently. Plant Sim-
ulation HBW was developed on the basis of Plant Simulation and requires an Plant Simulation Development License to
be used. This manual assumes the reader has a basic familiarity with Plant Simulation.

Please note that this Application Object Template should fully cover most modeling tasks in a high bay warchouse envi-
ronment. However, because of their flexibility and generality, the Application Objects and their interrelationships with
each other are often fairly complex. Therefore, any adaptation of the Application Object Template will require a good
knowledge of its internal functionality. Thus, prior to using this Application Object Template for a project, one should
check whether the current functionality fulfills the requirements of the project. If adaptations must be made to the tem-
plate, we recommend checking the ratio of the benefits to the effort required carefully. In any case, an Application Object
Template will be helpful for creating prototypes rapidly and as acting as a reference for your own Application Object
Templates.

Plant Simulation HBW offers three possible alternatives. They are distinguished by their degree of detail:

Alternative 1:

Modeling of a HBW as a black box without considering single aisles. Storage and retrieval times can be defined: The fol-
lowing Application Objects are provided:

WarehouseUT

* warehouse capacity
* storage locations

* behavior when there is a surplus or lack of components

Alternative 2:

Modeling of a HBW including warechouse management and aisles with storage and retrieval units, but no storage loca-
tions. The storage locations needed to determine the cycle time are simulated by a random generator. The following Ap-
plication Objects are provided:

Warehouse Manager
* list of components
* statistical evaluation

* aisle loading

Aisle

e aisle:
* number of floors and columns
* grid of floors and columns

* storage position in a x/y coordinate system
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* rack serving unit:
* velocity in x- and y-direction
* acceleration in x- and y-direction

* positioning and handing-over time

Alternative 3:

Modeling of a HBW, including aisles with storage and retrieval units, as well as storage locations. Storage areas of A, B
and C articles can be defined. The following Application Objects are provided:

Warehouse Management for ABC articles
* list of components (A, B, C)
* statistical evaluation

* aisle loading (A, B, C)

Aisle for ABC article

e aisle:
¢ number of floors and columns
* grid of floors and columns
* storage locations in a x/y coordinate system

* storage areas of A, B and C articles

* rack serving unit:
* velocity in x- and y-direction
* acceleration in x- and y-direction
* positioning and handing-over time

Every Application Object offers interfaces providing dialog boxes, Popup menus and input data lists. A description of
the functionality and the interactions of all Application Objects can be found. Help functions will assist the user. Every
Application Object is ready for user-defined adjustments. Examples are also included.

Example

In order to describe the functionality and the working methods of the warehouse Application Object, we will construct
an easy simulation model of a warchouse with three aisles that are equipped with a rack serving unit. The task is to con-
sider the influence of the number of different types of patts stored, the frequency of storing and retrieval demands, and
the geometric properties of the three aisles.

This chapter describes the construction steps of the desired model and the performance of the corresponding simulation.
The entire model is presented in the Object Template, and is found under the name WarehouseModel. A possible realization
of the described model is given in The developed model.
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£ Models.HBW.WarehouseModel E]@
© Edit Mavigate Objects Icons View Tools Help
| % Sew L TTEERJ/ a5 PH&
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first Aisle

statistics
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second Aisle

Eeel mr ] M
I] I

third Aisle chart

X

AttributeEsxplorer

The developed model

First, a new frame is generated and possibly renamed to (for instance) WarehouseModel. After it has been opened, an Event-
Controller and a Application Object WhMgr, a soutce, a drain and two flow control building blocks are inserted. To reg-
ister all aisles please insert the assistant 4557 and start it. It is desired that the source produces infinitely many parts of
random type in intervals of one minutes.

object real string table

1 2 3 4 . . .

=10 Frequencies MHarne Attributes ?tnng ?teger Eoulean jt"ng
hiode B.00 Fart1 attr / Marme of Attribute

hode 200 FartZ St type 1

hode 7.0 Fart3 attr EntityType part
node ] Fartd atfr curlcon TwpZ
hiode 400 Farts attr

_node h.og Fartk attr

The frequencies table Objecttypes of the basic building block source

We choose in the Popup menu Time of Generation Interval Adjustable and in the Popup menu MU-Selection Random. In
order to set the frequency of the parts a table file is inserted and formated as shown in The frequencies table Objecttypes
of the basic building block source. The source will produce parts with attributes #pe and EntityType, initialize these at-
tributes and set the prepared icon for the parts. If all 60 prepared parts will be used it is recommended to fill the TableFile
Olbyjecttypes by using a method. Please cf. the method fi// in the frame WarehouseModel.

So far, a simulation model with only a ‘storing’ function is possible. To test the warechouse with all its features, retrievals
are initiated using a generator. Therefore, a generator is inserted (from the Object Template) in the model and a method
retrievals is written. Now the generator is opened and the method retrieve is assigned to the interval control. For example,
if we want the first retrieval to start 10 minutes after the beginning of the simulation, S7z7# must be set to const 10:00.00.
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The duration between retrievals can be set in the dialog box #nferval. For example, if the time is 10 seconds, the user should
set const 10.00 in the interval dialog box. Finally, the user should press the button Apply and OK. Finally, we write the
method retrievals:

is
type : integer;
do
type := floor(z uniform(1l,1,61));
WhMgr.RetrievalDemand("part"+to_str(type));
end;

If information about the movement, waiting and handing-over times of the rack serving unit is desired, the Application
Object IntStat is inserted into the model. Every 10 minutes, the statistical data of the rack serving unit is updated in the
WhMgrand in each aisle. The corresponding tables can be opened in the aisles’ dialog boxes and the WhMgr.

The capacity of the aisles can be defined by changing the number of floors and columns. For this purpose, the menu Ais/e
Data in the dialog box of the aisle is opened. The third and the fourth item determine the distances between the floors
and the columns, respectively. Finally, the X- and the Y-coordinates of the storing and the retrieval position can be set.
In the menu Rack Serving Unit Data, the X- and the Y-components of the maximum velocity and acceleration of the RSU
(rack serving unit) are inserted. The X-direction is the horizontal direction and the Y-direction is the vertical one. Note
that all physical data must be inserted in the units shown in brackets.

Description of the Application Objects

All Application Objects have dialog boxes where the user can adjust all the settings necessary for their use. In every dialog
box, there is a button Help which provides some help for each Application Object and its parameters. Note that tables
with statistical data for the RSU and information about stored parts (in the case of the second and third detailed model
versions) are available using the dialog boxes.

WarehouseUT

The Application Object WarehouseUT has an entrance and an exit. The capacity of the warehouse, the storing and the
retrieval behavior, and the processing times of the storage and the retrieval locations are adjustable. There is no differen-
tiation between aisles or articles. The duration times for storage and retrieval are defined by procTine at the storingPlace and
the retrievalPlace.

=
WHARE
HOWSE

Icon:

User interface

For a retrieval of an object, the method RetrievalDemand can be used. The object type must be defined as a parameter (of
data type: string).
The parameters for the storage locations, retrieval locations, and warehouse capacity can be set in the dialog box.

You can also adjust the behavior of the Application Object if the warehouse is full and a storing order comes in. The user
can choose whether the dimension of the warehouse is increased or an error message is printed. It is also possible to set
the behavior for the case of a retrieval where the desired object type is not stored in the warehouse. In this case, the com-
puter can give an error message or create a new object for the desired type.
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B Warehousel T

Warehouse capacity [100

Storing location Open

Retrieval lacation Open |

If warehouse is full Ie"m message j

I ordered type not stared Ienor message j

Application object Open | Help |
0k | Cancel | Apply |

The dialog box of WarehouseUT

Functionality

An object reaching the storage location will be entered in the TableFile Objectlist when it moves into the warehouse. This
table contains a QueucFile for every stored type.

If storage is impossible, the dimension of the warehouse increases or an error message is printed depending on the setting
in the user dialog box. If éncrease dimension is chosen the capacity of the warehouse will be increased without limit or until
the user sets Error Message in the dialog box.

On receiving a retrieval demand, a check is made to see if the retrieval location is free. If so, the desired part is added to
the retrieval list. Otherwise, a check is made to see if the part type is entered in the Objectlist and is therefore stored in the
warehouse.

If the ordered part is stored, then the first object in the QueueFile for that type is taken out of the Obyectlist and moved
to the retrieval location. That means, the part that has the been stored the longest will be retrieved. If the QueueFile be-
comes empty, the part type is removed from the Objectlist.

If the desired part type is not stored in the warehouse, a new object is created on the retrieval location or an error message
is printed. This behavior depends on the settings in the dialog box. If an object leaves the retrieval location and there is
still an order in the retrieval list, then the first order is taken out and the corresponding object will be retrieved or created.

The Warehouse Manager WhMgr

In the other alternatives, individual aisles are designated. A Warehouse Manager (abbreviated by WhMgr) manages the
storage and retrieval of the warehouse aisles. Each aisle is equipped with a rack serving unit (abbreviated by RSU). The
Warehouse Manager provides information about the stored patts, the occupancy of the aisles and the moving, waiting
and handing-over time of the rack serving units for each aisle. For this purpose, it is necessary to know the mechanical
parameter of the rack serving unit and the geometric data for the aisles. This data must be entered by the user.

The Warehouse Manager manages a warechouse that consists of aisles of the type Ais/. A high bay warehouse is mapped
by exactly one WhMgrand at least one Aisle.
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HEL
Icon:

User interface

For a retrieval of an object, the method Re#rievalDemand can be used. The object type must be defined as a parameter (of
type = string).

The method MinUsedAisle returns the aisle number that contains the fewest objects.

The method MaxUsedAisle returns the aisle number that contains the most objects.

The method MaxEntitylnW arebouse returns the type of object stored most frequently in the warchouse.

These three results are given by pressing the button AisleOccupation in the dialog box.

Furthermore, the user can open the TableFile S72#_Tab containing status times of the RSU for each aisle and the actual
MU _Iist

WarehouseM anager [ 7]
MU Open
Statistics Display
Aigle occupation Open
&pplication objsct e | Help |
Ok Caticel | Apply |

The dialog box of the Warehouse Manager WhMgr

Functionality

The WhMgr manages the aisles of the warehouse and the stored objects. Retrieval orders are taken and sent to the aisles.

The stored objects ate entered in the TableFile MU_/ist. An entry exists for each object type stored in the warehouse. This
list contains references to other tables in which the objects of a given type are stored with comments about storage time
and aisle. The user can order a retrieval by calling the method Re#rieva/Demand. The type of the object is passed as a pa-
rameter in string form. If this type of object is stored in the warchouse, it is entered in the OrderBuffer in an aisle.

If the desired type is not stored in the warehouse, the object is created (the aisle from which it is retrieved is selected at
random) or an error message is printed. This behavior depends on the setting in the dialog box for the aisle.

The Aisle

The Application Object Aisk describes an aisle without management of single locations. The geometry of the aisle, move-
ment values for the RSU and the storing and the retrieval behavior are adjustable. Note that the button OpenAO opens
the network for the Application Object.
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The Aisle Description of the Application Objects

Icons:

User interface

The user can determine the behavior for storage and retrieval in the dialog box.

Data aisle St

Data Rack Serving Unit Bt

Statigtics Open

If warehouse is full Ienor P—— j

If ordered type not stored Ienor meszage -
Application object Open | Help |

oK | Cancel | Spply |
The dialog box of Aisle

The statistical data of the RSU can be shown. While pressing the button Data of the Aisle, a further dialog box is opened
(see Description of the Aisle geometry) in which the geometric data of the aisle can be entered (number of floors and
columns, X- and Y-position of the storage and retrieval locations and the distances between the floors and columns de-
noted by FloorGrid and ColumnGrid, respectively).

= Aisle_Layout
Murnber of Floors E
Murnber of colurns [10
Flaor grid [m] 11
Caoluran grid [m] [1
Staring location ¥ [m] [0
Staring location ¥ [m] [0
Retrieval location ¥ [m] [0
Retrieval location v [m] [0
[ [a]4 ] [ Cancel l [ Apply ]

Description of the Aisle geometry
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Description of the Application Objects The Warehouse Manager WhMgr_ABC

To change the data of the rack serving unit (RSU), the user must press the corresponding button. In this dialog box, (see
The dialog box of the RSU) the velocity, acceleration in X- and Y-direction and positioning time and handing-over times
of the RSU can be entered.

Functionality

The Application Object Aisle takes incoming objects to the storage location. If the RSU is free, it gets the object and
moves it directly to the location in the warehouse. To calculate the movement time of the RSU, the storage location in
the warchouse is determined at random.

A retrieval demand is only accepted if the retrieval location is not occupied. If this location is free, the RSU moves to the
part’s storage location and performs the retrieval. Note that the storage location of the part is not known and is also cho-
sen at random.

= RsU

welocity % [mfs] [1

welocity ¥ [mfs] [1

Acceleration X [mysZ] [1

Acceleration ¥ [mysZ] [1

Positioning time [s] B

Handing-over time [s] | 1z
[ oK ] l Cancel ] [ Apphy ]
The dialog box of the RSU

To determine the movement time of the RSU, it is assumed that the RSU moves diagonally, which means the longer of
the two movement times (X- or Y-direction movements), is taken as the overall movement time. The positioning time is
added to this value. Note that ‘positioning time’ is defined as the time taken to ‘fine tune and home in’ on the final position
of a location.

The Warehouse Manager WhMgr_ABC

HEL)
Icon:

User interface
WhMgr_ABC is an extension of WhMgr. This new Application Object has all properties of the Warehouse Manager -
Mgras explained eatlier.

For a given type of objects, the methods Arz_distribMin and Art_distrMax return the number of the aisle(s) in which the
minimum or maximum number of objects are stored, respectively. If there is more than one aisle with the same (minimum
or maximum) number of objects, the resulting aisle is chosen at random.

The methods #s_A_article and is_B_articl detect if a given part belongs to the article class .4 or B, respectively.
The dialog box is the same as the box of WhMgr (see The dialog box of WarehouseUT).

Functionality

Please see the corresponding section of the WhMgr.
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Aisle_ABC Description of the Application Objects

Aisle_ABC

The Application Object Aisle_ABC is an extension of Aisle. The user is able to manage the storage of objects according
to the locations they were stored and the kinds of the articles denoted by A, B and C. The so-called ABC distribution is
a well known method for articles with distinct properties, such as shelf life. Articles of type A are the most often stored
or retrieved, type B the second most and type C the third most. Therefore, the storage locations of type A-articles are
chosen nearest to the entrance or exit of the warehouse such that storage and retrieval can be performed quickly (see The
storage area for A, B and C-articles).

I]] |l
—

m
Icons: E—

HBL

User interface
The data of the aisle and the RSU can be adjusted in the dialog box.

Furthermore, the user can define the limits for storing A and B articles. C articles are stored as a matter of priority in the
remaining locations. The user has to check if the following relationships are fulfilled:

0 < limit A_X < limit B_X < NumberColumns,
0 < limit_A_Y < limit_B_Y < NumberFloots
NumberLevels
C-region
limit B'Y
B-region
limit A Y
A-region
Entrance,
Exit
limit A X NumberColumns

The storage area for A, B and C-articles

Since the dialog boxes of the Application Objects .Aisk and Aisle_ABC are the same, no further explanations are given.
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Description of the Application Objects

Aisle_ABC

Functionality

Aisle_ABC

Data aizle
Data Rack Serving Uit

Statishics

If warehouze iz full

IF the ordered type not stored Icreate part

Application object

0Ok

Set |
Set |
Open |

[ 7] %]

Iincrease dimengzion

Iincrease bath

Open

Help

| Cancel |

Apply

The dialog box of Aisle. ABC

The Application Object takes incoming parts to the storage locations. If an unfinished order exists for that type, the RSU
gets the object and moves it directly to the retrieval location. Otherwise, the RSU gets the object (if free) and moves it to

the storage location.

The storage location is chosen according to the given ABC-distribution. The search starts in the first column from top

to bottom or alternately in both rows in the required region. If an object does not find a storage location in its designated
region, it can then be stored in the other regions.

-

T hisle_Layout_ABC

:

Murnbey of Floors
Murnbet of colurmns
Flaar arid [ma]
Colurnn grid [rm]
Skoring location ¥ [

Storing location ¥ [m]

Retriewval location ¥ [m]
Retrieval location ¥ [m]
MMax. column Far A-parts
Max. floar for A-parts

MMax. column For B-parts

Max. floar for B-parts

[22

[ ok

] [ Cancel

I

Apply

]

The search for a storage location is performed as follows:

The dialog box of Aisle_ABC for storing A-B-C-articles
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for A-article for B-article for C-article
first A-region B-region C-region
then B-region C-region B-region
last C-region A-region A-region

Applications and Testmodels

Extensions and Restrictions

It is possible to combine the warehouse Application Object with other Application Objects. Note that the parts which

should be stored in the warehouse must have an attribute EnzityType of the data type string.

If a retrieval demand comes in which is not realizable, then a part for the type of object is generated (depending on the

settings by the user in the dialog box). Such objects are marked in red during the animation. In order to generate the de-
sired objects for special applications, the method Re#rieva/Demand must be modified.

Test Models

Executing the methods Buz/dUT, BuildAisle and BuildAisle_ABC the models Test_UT, Test_Aisle und Test_Aiste_ABC are
built up. An Application Object WarehouseUT or an Aisle is connected with a source and a drain. To retrieve a part, the
method Re#rievals must be modified and started by the user. It is interesting to observe the MU_Lisz together with the
corresponding queues in the Warehouse Manager WhMgr and the OrderBuffer in the Aisle.

The table containing the status times of the rack serving unit (RSU) is designed as follows:

Eltring I:Iime | gme | gme | Srime | Eme
skring last event time vaaiting handing-owver occupied  |available
1 |kotal £5:49,0000 |9:1?.|:I|:I|:Il:l g:24.0000 4:51,0000 3:17.0000
2 |kransfer 25:41.0000 0.0000 12,0000 12,0000 g.0000
3 |provisional 10,0000 10,0000
4 10:00,0000 | 3:44,0000 3112,0000 1:53,0000 1:11,0000
g 20:00.0000 7:06,0000 6:531.0000 35:44.0000 2:39.0000

The statistics table of a aisle

The status times of the RSU belonging to an aisle are registered in columns 2 through 5. The time of the last change to
the table is inserted in position (1,1). Under it, the time of the previous change is given. For any given row, the /ast event
time (column 1) equals the sum of times in the remainder of that row. From the row marked provisional and down, the
status times of the RSU for the aisle are stored in 10 minute intervals. (Figure 10 shows that between 25:32 and 25:44,
the RSU had a handing-over time of 12 seconds.)

Demonstration Model

In the model WarehouseModel, three aisles are connected to build a warehouse. To retrieve parts, the method rezrieve is writ-
ten. The Generator calls this method in time intervals of 10 seconds. At a given simulation time, the MU_Lis#in the control
Application Object has the following three items:
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Demonstration Model

entitptype aigle list
pellow tahle:1
areen table22
black table23

The MU _List contains all stored parts.

For instance, the entry /able21 shown in The MU_List contains all stored parts., which contains all stored type yellow, can
be expanded to the table shown in A table of the MU_List entry [2,1] (i .e. table21). Note that the parts are arranged
according to their storage time:

aizle gharing time gtored part

Models W arehouzebodel Aizle 2:32.0000 MUz part: 724
Models W arehouzet odel Aizle 08,7000 MUz part: 728
Models W arehouzebodel Aizle 15:33.0000 MUz part: 764
Models W arehouset odel Aizle3 17:14.0000 MUz part: 763
Models W arehouzeModel Aizle3 20:18.6000 MUz part: 781
Models W arehouset odel Aizle3 22131000 MUz part: 734
Models W arehouzebodel Aizle 25:44.0000 Uz part: 795
Models W arehouset odel Aizle3 27:11.0000 MUz part: 801

A table of the MU List entry [2,1] (i .e. table21)

The Diagram building block shows the number of stored parts in the aisles dependent on the simulation time. Of course,
it is possible to represent other simulation parameters.

All status times of the RSU for each aisle are summarized in the statistics table in IWhMgr. Note that the data is collected
every 10 minutes (see The statistics table of the Warehouse Manager).

Note that the data of the RSU for the first aisle is contained in The statistics table of a aisle.

time aizle waiting|  handing-over occLpied empty
10:00.0000 Aizlel g:02.0000 1:12.0000 27.0000 19.0000
10:00.0000 Aizled 3:714.0000 0.0000 275000 18,5000
10:00.0000 Azl E:42.4000 0.0000 Z12.8000 1:05.0000
20:00.0000 Aizlel 16:05.0000 &24.0000 49,0000 420000
20:00.0000 Ajzled 18:11.6000 0.0000 53,1000 49,3000
20:00.0000 Azl 12:09.2000 0.0000 4:34.6000 2161000

The statistics table of the Warehouse Manager
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Production control

Object ProductionManager

Icon:

Functionality:

The ProductionManager controls the sequence of production steps for each part type. An operations plan for the production
of each part is stored. A list containing all operations for the stations should help to create the operations plans. The ot-
ders for the parts, together with the quantity and earliest start date, also have to be entered.

Clicking on the button Master will open the following TableFile:

glring table
Etring enftitytype operationzplan
1 part Plan
2
TableFile masterDatalL

The first column contains the type of patt to be created. The second column contains the name of the corresponding
operations plan. After opening the table for the operations plan (such as prodSch) by double clicking on the entry, the
sequence of operations for the workflow has to be determined. It is possible to define set-up time and processing times
for each operation. The station (see Figure 18) has to be defined in the dialog to show whether the processing time is
patt, station, or factor specific. Part specific processing times have to be entered into the operations plan contained in the
ProductionManager. 1f the processing time depends on a factor (for instance, the time for milling a piece of wood could
depend on its length), this factor can then also be entered.

Clicking on the button Orders in the dialog of the ProductionManager will open the following TableFile. Enter part types
and quantities here.

glring glring integer datetime datetime
"
Enng arderto entitytype number release date due date
1 0215 part B 195710401 00:00 | 199710402 00:00

TableFile OrderL with one order

User interface:

Production Manager

Maszter data Open |
Cuistorer arder Orders |
Operation list Open |

Ok, | Abbrechenl Uhernehmenl

Dialog of the ProductionManager
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Workplace Station

Workplace Station

[
Icons: o=l

The application object Szation is used to simulate different stations. All stations are registered and managed by the Produc-
tionManager. Set-up times and processing times may be chosen to be part-, station-, or factor-specific. In this application
object, parts are processed one by one.

Functionality:

When a part enters the station, it will stay in the single processing station sezzp_place for the set-up time and stay in the
single processing station Work for the processing time. After these periods of time, a new destination for the part is de-
termined and it is passed to the transport system. If there is no transport system then the part is directly sent to the next
processing station.

User interface:

After inserting this application object, an data entry field will be opened where the type of station has to be defined. Then,
the operations the station is able to execute have to be defined. You accomplish this by clicking on the button Open.
Note that stations of the same type have an equal number of sets of operations. The operations lists are updated auto-
matically. Naturally, the operations entered have to be contained in the operations plan.

The values (capacity, processing time) of the entrance and exit buffers may be adapted to your needs by clicking on the
corresponding buttons in the dialog.

i Work station [ x|

Stationname station]
Stationtype turning lathe
Available operations Open

Lizt of operations Diigplay

iy

Entrance buffer values Set
Exit buffer values Set
Processing station values Set

Set-up and proceszing time

I factor specific - I
Set-up factar [gimTimefactor] |2. Qooa

Tirne Factor [#simTime/factar] 4.0000
¥ Disruption Interval

Cruration

U

Ok | Abbrechenl Ubernehmen

Dialog of the object station

The Station also allows the simulation of disruptions. When the Checkbox is chosen, Duration and Interval may be ad-
justed. Duration and Interval of disruptions may also follow any of a number of available statistical distributions.
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The object Part

Set-up and Processing Time

To meet the needs of set up operations, the application object S#ation contains the object setup_place. Set-up times are need-
ed for changing the part type, the order or the operating step. Set-up times are either specified in the routing plan or in
the station. There are three possibilities to define set up and processing times:

* input in the operations plan
* input in the dialog of the application object Station
* input in the dialog of the basic object.

The dialog of the application object S7ation allows the user to define the set-up and processing time as follows: according
to the operations plan (part specific), to the station (station specific) or depending on factors (factor specific). If the user chooses
the mode station specific, two additional input options for set-up and processing time are opened. In this case the set-up
and processing time do not depend on the type of part or the current operation. If the user chooses the mode factor specific
two additional input options will also be displayed. Here the time factor and the set-up factor must be entered.

Set-up and processing time

Istation specific "I
Set-up time |3.DUEIU
Frocessing time IE.DDDD

A portion of the Dialog of the station object

Simulation Disruptions

Machine down time may be modeled by a disruption by employing the object work which is part in the application object
Station. If a station is disrupted it cannot proceed with processing parts until the disruption is eliminated. To set a dis-
ruption the dialog of the station has two buttons, Inferval and Duration.

The object Part

Icons: - ==
The application object Part is the part transported and processed in the system.
* The following attributes are required:

* GlobDestination. When using interfaces, a path to the destination of the other system is entered. Otherwise, a local
destination is stored.

* Local. The station served last is stored here.

e OperationsPlanPos. The current position of the operations plan is stored here.

* OperationsPlan. The operations plan for the part is stored here.

* EntityType. This stores the type of part. The routing plan depends on this type.
* DestDeterminated. This stores whether a destination was detected or not.

* LocDestination. The path to the station in the current network is stored. If using an interface, the reachable interface
is stored here.

* ProdCosts. The costs of production for the part may be stored here.
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Support for Modeling

The Assistant ASSI

Icon: %

If a new AGVS is built then the destination lists must be filled. This is important for the determination of the driving
direction of the AGV in branches. Furthermore distances between certain building blocks are needed for disposition
rules.

e

== Assistant in "TwoAGVS'

=

. Track registration in AGYS

ra

. Belt registration

(2]

. Skation regiskration

. Terminal lines contral in AEWS

£

o

. Registerline in AGYS

(=2l

. Registerline conwvewar

-l

. Assignments
8. Block lines in AGYS
9, Terminal lines in AGYs

10, Warehouse registration

Assignments of the manager:
Assistant:

[ [a]'4 H Cancel l[ Apply ]

The Assistant ASSI
The assistant performs the following function automatically:
* The registration of tracks and responsible manager
* The registration of all work stations in the ProductionManager
* Recognition of terminal lines
* Generating the sign lists in branches (register line)
* Recognition of the connection between transport- and production system
* Determining the regions defined by blocklines and their entrances
* Generating the sign lists in branches in terminal lines

If the layout or the length of a track are changed then the distances and the destination lists must be newly constructed.
Such changes are recognized by the system.

Application of Transport System Interfaces

Using the Application Object Libraries Plant Simulation_AGVS and Plant Simulation_conveyor, complex systems with
different kinds of transport methods may be modeled. Material flow between the transport systems is realized by the in-
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terface application objects such as Cy_interface or AGV'S_interface. In order to model a transport system with two AGVS,
two objects AGLS_manager are inserted that controls the AGVs in each subsystem. Compare the following screenshot

for a design of the model:
= B e

production manager

]

Production El TE warehouse system
ko
Ll L1

I
e

Design of a transport system with a AGVS and a conveyor system

To define the assignment of the track subsystem and the responsible manager please press the button Reset in the Assis-
tant ASSL. Insert into an arbitrary track the desired manager. The assistant assigns all connected tracks the this manager.

The TableFile 7g4ssignl shown in The TableFile rgAssignl. of AGVS_manager illustrates the assignment of workstations
to the destination in the track subsystem. The local destinations are track elements which can be reached in the track sys-

tem of AGV/S_manager. For instance, a part should be transported to the work station szation_A_T then the AGV can
directly drive to the docking station Dock_A_T.

BE .Models.Integration.agys_manager.rgAssignlL E
Models |ntegration. station_&_T

destinations local destination
1| .Modelz Integration. station_&_T Models Integration. Dock_&_T
2| .Modelz.Integration. station_a_D Models Integration. Dock_4&_D
3| .Modelz.Integration. station_Cy_F Muodels. Integration. agvs_interface
4 ModelzIntegration. station_Cw_D Models.Intearation. agvs_interface

ak. I .t’-‘«bbrechenl [bermehmen

The TableFile rgdssignL of AGVS manager
The part destination station_Cy_D can only reach by the interface agvs_interface.

Application of Transport System Interfaces

Using the Application Object Templates eM-Plant _AGVS and eM-Plant _conveyor, complex systems with different
kinds of transport methods may be modeled. Material flow between the transport systems is realized by the interface ap-
plication objects such as cv_snterface or AGV Sinterface. In order to model a transport system with two conveyor systems,

two objects ConveyorManager are inserted that controls the Conveyors in each subsystem. Compare the following screen-
shot for a design of the model:
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IIIl ﬁ) CVE
production manager warehouse syskem production system Configure all corrveyars

2 N I 2 + S
- EQpEIsnry O
A NN
[+
C =+ = +) + +
Warehouse Processing

for receiving and dispatching drill and mill

Model of a Conveyor System containing two Submodels
To define the assignment of the belt subsystem and the responsible manager please press the button Reset in the Assistant
ASSI. Insert into an arbitrary belt the desired manager. The assistant assigns all connected belts to this manager.
The TableFile rgAssignl. shown in The TableFile rgAssignl. of cv_manager?2 illustrates the assignment of work stations
to the destination in the belt subsystem. The local destinations are elements which can be reached in the subsystem of
cv_manager2. For instance, a part should be transported to the work station station22 then the part can directly go to the
docking station agus_dock_station22.

object

object
shriny — —
1] . destinations local destination
1 JInterface. station 1 JInterface. cv_interface
o interface. station21 interface.cv_dockingStation21
7 Anterface. statlion22 interface.cv_dockingStation22

The TableFile rgAssignL of cv_manager?2
The part destination station1 can only reach by the interface cv_interfacel.
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About Siemens PLM Software

Siemens PLM Software, a division of Siemens Automation and Drives (A&D), is a leading global
provider of product lifecycle management (PLM) software and services with 4.6 million licensed
seats and 51,000 customers worldwide. Headquartered in Plano, Texas, Siemens PLM Software's
open enterprise solutions enable a world where organizations and their partners collaborate
through Global Innovation Networks to deliver world-class products and services. For more

information on Siemens PLM Software products and services, visit wwwi.siemens.com/plm.
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