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Annex 1

The menu structure

NB: An option displayed in italic is more suitable for the advanced user.

File Explanation

New Model Closes the current model and opens an empty model.

Open Model... Closes the current model and opens an existing model.

Merge Model... Opens a model and includes this model into the selected atom
or into the current model. Consequently, the existing model is
not deleted.

Save Model Saves the current model under the same file name.

Save Model As... Saves the current model under a new file name. The previous
model remains.

Add Atom to Library... |Loads an atom and places it at the bottom of the library.

Save TreeAtom

Saves the selected atom in the Library Tree to pdir([atoms])
if the workdir is set to pdir({Work]). Else the atom will be
saved in Workdir([Atoms\GroupDir]). An atom can only be
saved if it is not a group atom and it is directly under a group
atom or under the library. When an atom is successfully
saved, a message will be displayed that and where the atom is
saved.

Save Atom As... Displays a window allowing you to select an atom out of the
library. Afterwards, the selected atom can be saved under a
new name.

Import This option allows you to import a 2D/VR (VR=Virtual
Reality) icon or a VR sound. The icon or sound is added to
the lists with icons and sounds that the user can allocate to
an atom.

Print 2D Layout... Prints the 2D window on the standard printer.

Print Setup Allow you to define the settings of the standard printer.

Preferences This option displays a number of tabs to define the standard

settings of Enterprise Dynamics.

Startup Script

Allow you to modify the Start-up Script. This script is
performed each time Enterprise Dynamics is started. The
modifications have to be defined in 4DScript, the
programming language of Enterprise Dynamics.

Exit

Shuts down Enterprise Dynamics.

Model Explanation

Create

Shows the library tree and the model layout window. You can

build your own model by dragging atoms into the model
layout.

Layout window

Shows the model layout window. Atoms can be created in this
window either by dragging atoms from the library or by
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using the Taskbar.

Sublayout window

Shows another layout window, but one hierarchical layer
lower, e.g. the contents of a composition container.

Model Tree Shows the model tree. This ‘model tree’ gives a hierarchical
overview of the atoms displayed in the model.
Library Tree This option shows all the atoms in the library.

Run Control

N Explanation

Displays and activates the Run Control Window which is
used to start, stop and modify the speed of a simulation run.

Clock Displays the clock window.

Run Starts the simulation run.

Stop Stops the simulation run.

Stop and Reset Stops the simulation run and resets the model.

History Allows you to collect data during a single run of the model

which allows you to afterwards generate graphs and reports
from that run from the menu Results|Graphs.

The option ‘general history’ needs to be checked. It is linked
to the simulation via the run control window.

When graphs and reports of a specific atom are requested, the
history of this atom has to be maintained. The easiest way to
achieve this is to select the option ‘All on’. However, this
results in the history collection of all atoms, which can lead
to huge data files!

Summary Report

Results Explanation

The Summary Report displays an overview of the basic
statistics relating to all atoms present in the model, based on
a single run.

NB: For more detailed reports, the Report Atom can be
dragged out into the model.

Graphs

Shows various graphs of atoms such as queues, histograms
and pie charts, based on a single run.

These graphs can only be created if the History option
relating to the atom in question is switched on.

Experimentation Explanation

Experiment Wizard

Displays the Experiment Wizard in which you can define and
run your experiment. At first it guides you in defining your
experiment settings such as the run length and a warm-up
period and secondly the output variables (performance
metrics PFM’s). After defining the experiment you can
choose to start the experiment.

Analyze Experiment
Results

Allow you to display the report of an experiment.
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Tools Explanation

Atom Editor With the Atom Editor, you can adjust the functionality as well
as the appearance of an atom.
This very effective tool allows you to alter the behaviour of
existing atoms and to create your own atoms. The
programming language 4DScript has to be used here.

4DScript Interact A window in which 4DScript can be entered. Direct execution
of the command follows.

Text Editor A simple text editor, the functionality of which can be
compared to MS Notepad.

Debugger... The debugger allows you to analyze your 4DScript code step-
by-step while it is being executed.

CAD Import wizard Add on tool CAD Import wizard.

GUI Builder... GUTI is short for Graphical User Interface: it allows the user

to create his own input fields.

Scenario Manager

The scenario manager assist you in running multiple
simulation runs after each other. In this way you can start a
scenario, go home, and find the results in the morning.

View Atom Labels This option displays all labels of the selected atom (and of all
atoms contained in that atom). Labels are variables and
attributes the user can allocate to an atom.

Autofit The Autofit function analyses a data set and searches for the

best fit probability distribution.

Display Explanation

2D Model Layout Opens the 2D modelling window.

2D Model View Opens the 2D visualization window.
Warning! In this window, you cannot add atoms to the model
or reposition existing ones. For this you must use the Model
Layout window.

2D Model Subview Opens the same window as the 2D Model View option, but
here, only the contents of the selected atom is shown.

2D Background This option allows you to change the background color of

Color... your active 2D modelling window.

3D Model View Opens the 3D visualization window.

3D Model Subview Opens the same window as the 3D Model View option, but
here, only the contents of the selected atom is shown.

3D Background Opens a color selection window. This option allows you to

Color define the background color for the 3D window. This color
will also be used in the VR window.
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Search Explanation

Search Text or Atom Opens the Search window.
TreeAtom in 2D Model | Makes the AnimAtom the TreeAtom.
view

AnimAtom in Treeview | Opens the treeview and makes the TreeAtom the AnimAtom.
Mother of TreeAtom in | Makes the TreeAtom the mother of the selected TreeAtom.
Treeview

Window Explanation

Close all windows Closes all open windows.

4DScript Overview Shows an overview of all 4DScript expressions together with
an explanation of their syntax. You can also open this
window by pressing F2.

Error Monitor Opens a window displaying errors encountered in 4DScript.

Tracer Opens the Tracer window. You can enter 4DScript
expressions in this window.

Layers You can create models on various layers allowing you to lock

certain layers or to hide them. This can be very useful in
large models where atoms are piled on top of each other.

Resources Manager Opens a window in which all available atom icons are
displayed.
Graph Window Opens the most recent graph. It is not possible to produce

new graphs in this window.

Help Menu Explanation

Help Overview Gives you access to the complete manuals, consisting of the 3
following menu sub-units.

Quickstart These documents cover and explain some of the new features
of Enterprise Dynamics.

Tutorials Includes various tutorials to teach you how to work with
Enterprise Dynamics.

Add-ins These add-in help files contain some useful information of
some the additional packages you can obtain of Enterprise
Dynamics.

Example Wizard Opens the Example wizard. The Example Wizard contains
some of the Example models that are included in ED.

About Enterprise Displays information regarding the version in use and about

Dynamics Incontrol Enterprise Dynamics.
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Speed buttons on the Main Toolbar

There are several speed buttons available in the main toolbar. Some of these buttons are for

standard File actions

such as saving your model. Others can be used to show a special window

such as the Model Layout and the Run Control. Most of the buttons are to quickly insert an atom

in the Model Layout.

There are also buttons for tools such as the Autofit tool or a tool to view

the Labels of an atom.

File actions Explanation

Create a new model.

Open model an existing model.

Save the model.

& Ty e

Save library. Asks for a library name and creates an .1br file (in
Pdir([Libs]) if workdir is pdir([Work]), else in WorkDir([Libs])) of the
selected library atom(tree). This includes structuring using group atoms,
creation of progress bar,

Automatically creates a preregister file for all functions used in the
library. Can be used to prevent errors when loading a library.

s

Print the current view of the Model Layout.

Window actions Explanation

Show Model Layout and Library Tree.

H 3

Show Model Layout in which you can build your model.

Show the 2D model view. In this view you can only change the atom
settings and not insert new atoms.

Show the 3D model view.

IR

Show layer window. Create Layers and set the current Layer in the
model. And change the settings of each layer, i.e., set whether atoms are
visible, atoms are resizable, atoms are selectable or set if atoms can be
deleted.

.
o

Show the Library Tree.

Show the Model Tree.

Show the Atom Editor.

Show the Run Control.

Show the Clock.

Show the GUI Builder.

Show the 4DScript Interact window.

Show the 4DScript overview.

Show the text file editor.

Show the Summary Report.

Show the Graph window.

(5[ [ <3| & (] [ |3 (895 T

Show the Help.
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Insert atoms Explanation

Basic modelling

aa Insert a Source atom in the Model.

v Insert a Queue atom in the Model.

+ Insert a Server atom in the Model.

3 Insert a Sink atom in the Model.

i Insert a Container atom in the Model.

a Insert a Node atom in the Model.
Processes

P Insert an Assembler atom in the Model.

W, Insert an Unpack atom in the Model.

uif Insert a Splitter atom in the Model.

-4 Insert a Multiserver atom in the Model.
Product transformation

e Insert a Single transform atom in the Model.

£l Insert a Multiple transform atom in the Model.
Storage

= \ Insert a Warehouse atom in the Model.
Transport

& Insert an Accumulating conveyor atom in the Model.

# Insert a Non-Accumulating conveyor atom in the Model.

a8 Insert a Transporter atom in the Model.

wit Insert a Dispatcher atom in the Model.

i Insert a Destinator atom in the Model.

& Insert a Portal Crane atom in the Model.

i+ Insert a Robot atom in the Model.
Network
Atoms necessary to build a Network for an Advanced Transporter or Operator.

o Insert a Network node atom in the Model.

= Insert a Node Manipulator atom in the Model.

= Insert a Network Controller atom in the Model.
Operators

|5 Insert an Operator atom in the Model.

= Insert a Team atom in the Model.

Ce Insert a Call Operator atom in the Model.

Fe: Insert a Free Operator atom in the Model.
Time

= Insert an Arrival List atom in the Model.

5% Insert a User Events atom in the Model.
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Tools

= Insert a Composition Container atom in the Model.

™ Insert an Empirical Distribution atom in the Model.
Availability

-] Insert an Availability Control atom in the Model.

& Insert a MTBF MTTR availability atom in the Model.

g Insert a Time schedule availability atom in the Model.

Flow control

=] Insert a Lock atom in the Model.
S Insert an Unlock atom in the Model.
2 d Insert a Condition Control atom in the Model.
a3 Insert a Notify Router atom in the Model.
Visualization
ey Insert a Text Box atom in the Model. Insert Static text in the 2D Model
[ail Insert a Bitmap Box atom in the Model. Insert an Image in the Model
Results
i Insert a Monitor atom in the Model.
= Insert a Status indicator atom in the Model.
4] Insert a Status monitor atom in the Model.
ik Insert a Status histogram atom in the Model.
W] Insert a Status monitor stacked bar atom in the Model.
D Insert a generic Circle diagram atom in the Model.
ik Insert a generic Histogram atom in the Model.
Insert a Scatterplot atom in the Model.
Data
B | Insert a Table atom in the Model.

Data atoms to establish a DDE connection with other applications

Insert a Word atom in the Model.

Insert an Excel atom in the Model.

Insert a Database atom in the Model.
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Tools Explanation

Show the Autofit tool.

Show the Label window containing a table with the Labels of the atom
selected in the Model Layout and of the atoms contained in the selected
atom.

Show a window that you can use to add attributes and corresponding
access functions. This form is meant for the expert user.

E B

Debugging tools Explanation

E= Show the Tracer Window.
E= Show the Error Monitor.
i, Show the Watches.

Y Show the Debugger.

Search tools Explanation

%a Find the selected tree atom in Model Layout.

Ta Find the atom selected in the model layout, i.e., the AnimAtom, in the
model tree.

Ma Find the mother atom of the selected tree atom.

Q, Tool to find general text, code or atom in specified area such as the
library or the Model.
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Annex 2 Description of a few atoms

1  The Product atom 11
2 The Source atom 13
3 The Server atom 19
4  The Queue atom 23
5  The Sink atom 25
6 The Container atom 26
7  The Assembler atom 29
8 The Unpack atom 33
9  The MultiService atom 35
10 The Lock atom 37
11 The Unlock atom 39
12 The Corner Transfer Unit Atom 40
13 The Transfer Car Atom 45
14 The RFID-Gate Atom 57
15 The Advanced Vertical Articulated Robot Atom 63
16 The Advanced ASRS Atom 83
17 The Ground Storage Atom 99
18 The Advanced Linear Robot Atom 103
19 The Advanced Scara Robot Atom 125
20 The Corner Transfer Lifter Atom 145
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1 THE PRODUCT ATOM

E| Baseclass - Product18 @

Generaif] Visualization ]

Atam narme: |F'n:u:|uc:t1 g
Dimenzions

o size [m]: 1

' zize [m]: 1

Z size [m]: 1

Help Ok | LCancel ‘ Apply

Picture 1-1: The Product Atom

The Product Atom is used to model the physical flows in Enterprise Dynamics. These flows can
consist of products, goods, documents or persons. The following atom settings can be defined:

General Tab:

* Atom name
The name given to the atom.

o SizeX

The size of the atom in the x direction (length in meters).
o SizeY

The size of the atom in the y direction (width in meters).
o SizeZ

The size of the atom in the z direction (height in meters).

General visualization:

e 2D Icon
The symbol used to represent the Product atom in the 2D window.
e Show 2D Icon

Gives you the possibility to display the 2D Icon. If the option is checked (standard
setting), the icon is displayed.

e 3D lIcon
The symbol used to represent the Product atom in the 3D window.
e Color

The color given to the atom.
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2 THE SOURCE ATOM

ED| Source - Sourcel

|] Yizualization ]

Aborn narme: |Source1

Settings

Inter-arrival time []: 10 j
Timne Hll first product [s]: 10 j
Mumber of products: |1- U rilirnited j
Send bo: |1 j
Triggers

Trigger on creation: 10. Da Mathing ﬂ
Trigger on exit: 0 j

Help Ok, LCancel | Apply |

Picture 2-1: The Source Atom

The Source Atom allows atoms, mostly products, to enter the model at a specified rate

and therefore functions as a product or customer generator. This atom is often the first
element of a model.

The following settings can be adjusted:

General Tab:

® Atom name
The name given to the atom.

e [nter-arrival time
Time between 2 product atom arrivals. This time is measured in seconds and can
be constant, but also defined by a probability distribution. Click on the right
triangle to display the pull down menu featuring a number of possible
probability distributions with parameters and values.

o Time till first product
Arrival time of the first product. After this first arrival the probability
distribution from the inter-arrival time applies.
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Default value is 10 seconds; if you want all the products have the same inter-
arrival time, choose the same expression as used in the inter-arrival time.

®  Number of products
With this option it is possible to limit the entry of products to your model. There
are two options:
1. Unlimited (default)
2. Generate maximum 100 products
With option two you can choose your preferred number of arrivals. This is very
similar to the more general Lock atom.

e Sendto
Displays the number of the output channel through which other atoms (mostly
products) leave this atom. A number between 1 and the total number of the
atom’s output channels has to be displayed here. If the result is 0, sending never
takes place. If an atom is blocked because the input channels of the receiving
channels are closed, the ‘Send to’ statement is re-evaluated only when the
situation changes and sending is allowed.

In the Send to option, the user can thus enter a figure or select one of the
following pre-defined options. In these options, the bold items (shown in blue on
the screen) can be altered by the user:

1: Specific channel: always send to channel 1.

The Product Atom will always be sent to a defined output channel.

2: An open channel (First channel first): search, starting from the first channel,
and send to the first open channel found.

The Product Atom is sent to the first open channel that Enterprise Dynamics
finds. The search starts from the first output channel, then to number two and
SO on.

3: An open channel (Last channel first): search, starting from the last channel,
and send to the first open channel found.

The product is sent to the first open channel Enterprise Dynamics comes
across, starting from last channel to the one before and so forth.

4: A random open channel: choose a random channel from all the open output
channels.

Enterprise Dynamics selects a random channel from all open channels. With
long simulation runs, it results in equal utilizations of e.g. a group of servers.

5: By percentage: 90% of products go to channel 1, the remaining percentage
go to channel 2.

A definite percentage of the products is sent to a specific channel and the rest
to another channel. The user can define the channels and the percentage.

6: By atom name: if the atom name of the Ist atom in the queue matches
AtomName then send to channel 1 else 2.

The atoms are forwarded on the basis of their names. If the name
corresponds to the name the user entered, the products are sent to channel 1
and otherwise to channel 2. The user can adjust the channel numbers and the
atom names.

7: By label value (direct): the channel number is written directly on the label
named LabelName of the 1st atom in the queue. If the label value is O then
send to channel 1.

The atoms are forwarded on the basis of a label value. The user has defined a
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name for the label. The value of the variable corresponds to the output
channel’s value. If the value is 0, a pre-defined exit is used. Note that
searching for a label not present on the atom results in the value 0 as well.

8: By label value (conditional): if the value on the label named LabelName of
the 1st atom in the queue is < the value 1 then send to channel 1 else 2.
Here too, the value of a specified label determines the choice of the output
channel. If the value of the atom is lower than 1, the atom is sent to channel
1, otherwise to channel 2. All values and comparisons (lower than, higher
than, equal to) can be edited.

9: By label text: if the text on the label named LabelName of the 1st atom in the
queue matches text then send to channel 1 else 2.
When the value of a defined label is equal to a specific text, the atom is sent
to channel 1, otherwise to channel 2. The text and the channel numbers are
editable.

10: Conditional statement: If 1 is > than 0 then send to channel 1 else send to
channel 2.
If a specific value is higher than another value, the atom is sent to channel 1,
otherwise to channel 2. The comparisons and channel numbers can be edited.

11: By icon name: if the icon name of the Ist atom in the queue matches
IconName then send to channel 1 else 2.
If the name of the atom icon corresponds to a defined name, the atom is sent
to channel 1, otherwise to channel 2. The icon names and channel numbers
can be specified.

12: By icon number: if the icon number of the Ist atom in the queue is = the
value 1 then send to channel 1 else 2.
If the atom’s icon number is equal to 1, the atom is sent to channel 1,
otherwise to channel 2. The comparisons and channel numbers can be
defined.

13: Round robin: all output channels are used in rotation. If channel is closed,
then wait till open.
All output channels are used consecutively. If a channel is not open,
Enterprise Dynamics waits until it becomes open.

14: Lowest queue: Send to the channel connected to the atom with the lowest
queue.
The atom is sent to the output channel with the shortest queue. In the case of
equal queues, the output channel with the lowest number is chosen.

15: Largest queue: Send to the channel connected to the atom with the largest
queue.
The atom is sent to the output channel with the longest queue. In the case of
equal queues, the output channel with the highest number is chosen.

16: Lookup table: Send to the channel specified in row 1 column 2 of global
table named tablel .
Sends the atom to the channel defined in row 1 and column 2 of a table. The
row and column numbers, as well as the table name, can be specified.
Note that the table must be present in the model as a separate atom!

17: Round robin if available: all output channels are used in rotation if channel
is available. If channel is closed, then next available channel is chosen.
All channels are used consecutively, but when the channel required is closed,
the next available channel is selected.
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18: Matching icon number or empty: Sends to a queue containing products of
same icon. If no icons match, then sends to first empty queue starting with
last output channel.

Forwards atoms so that they always arrive in a queue containing atoms with
the same icon number. If a queue containing atoms with the same icon
number is not found, ED searches for the first empty queue, starting from the
queue connected to the last output channel.

19: Lowest queue of next two atoms: Sends to the output channel connected to
the lowest queue, where lowest queue takes into account the next TWO
atoms.

Enterprise Dynamics evaluates the total queue for each atom connected to an
output channel, and the atom connected to that atom. It then sends the next
atom to the channel connected to the queue with the lowest contents. For
example, an atom can be sent to 3 different queues, each of which is
followed by a server. This option prevents the products from being sent to a
queue where the server is already in action, while the other servers are
available.

20: By user: enter your own 4DScript expression resulting in a value between 1
and the number of channels: 1. You can press the small button for the
4DScript editor.

The user writes a 4DScript code that results in the output channel. Clicking
on the small square button by the text will open the 4DScript editor.

21: Random channel: randomly choose a channel. If the channel is open then
send to it, otherwise choose again when any channel opens.

Enterprise Dynamics chooses a random channel. If this channel is open, the
product is sent to that channel. However, if it is closed, choose again when
another channel opens.

e Trigger on Creation
The command in this field is performed when an atom enters the model. The
user can define their own 4DScript expression, or pick from one of the following

options:
1: Assign label: products are assigned a label named LabelName with a value
of 1.

The products are assigned a label with a specific name and a definite value.
The label name and the value can be defined.

2: Auto Name: a counter is added to the end of each product's name.
A counter is added to the product’s name. The first product is called for
example Product] and the second Product2.

3: Random icons: products are assigned a random icon number between 2 and
6.
A random icon is allocated to each product. The icon number lies between
two defined values.

4: Set Size: product dimensions are set to: X= 50 cm, Y= 40 cm, Z= 30 cm.
The product’s dimensions change according to the entered values.

5: Random Size: product dimensions are randomly set within the following
ranges: X= 50 to 100 cm, Y= 50 to 100 cm, Z= 50 to 100 cm.
The product’s dimensions change according to random values inside defined
ranges.
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6: Set Color: products are set to the colorpurple.

A product’s color changes into the color defined by the user. Note that in
4DScript, the selected color has to be prefixed by the word “color”. So
colorpurple is the command for purple. Instead of the command colorpurple,
you can also enter the color number.

7: Random color: products are assigned a random color.

The products are given a random color.

8: Random Size and Color: products are assigned a random color and its
dimensions are randomly set within the following ranges: X=50 to 100 cm,
Y=15010 100 cm, Z= 50 to 100 cm.

The products get a random color as well as a random size (within defined
ranges).

9: OQutline: display the products as a simple outline, not its icon.

A product’s icon is not visible any more, only its outline is.

10: Do Nothing.

Nothing happens. This is the standard setting.

o Trigger on Exit
The command in this field is executed when a product is leaving the atom. You
can either use your own 4DScript command, or one of the pre-defined
expressions. The question marks indicate where the user must enter a value.

The possible pre-defined expressions in the Trigger on Exit field are:

1: setlabel([?],2,i).
With this 4DScript command, a label is added to the atom leaving the
Source. The code is: setlabel([label name], value, i).

Example
To allocate a label “complete” with the value 1 to the product, use the following

code: setlabel([complete], 1, i).

The letter i refers to the involved atom. This is the atom undergoing the process of
leaving the Source. If a label had to be placed on the Source itself, the i could be
replaced by a c (of current).

Example
Setlabel([cycletime], Uniform(25,45), i) defines a label "cycletime” on the product

with a value from a uniform distribution of between 25 and 45 seconds. This result
can later be used as cycle time for a server, for instance.

2. set(Name(i),[?]).
Changes the name of the atom leaving the Source. The ‘?” must be replaced
by the name chosen for the atom.

3. set(Icon(i),?).
Changes the atom’s icon into the icon with the number ‘?’.

4: set(Icon(i), IconByName([?])).
Changes the icon into the icon with the name ‘?’.

5: set(Color(i), ColorYellow).
Changes the atom’s color into the defined color. In Enterprise Dynamics, the
colors must be specified either by their number or with the prefix “color”
followed by the color in question, for example ColorRed.
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6: setsize(?,?2,2,i).
Changes the atom’s dimensions according to the defined sizes (x,y,z).

7. setloc(?,2,2)i).
Gives the atom a new location, as defined in the command (X,y,z).

8: FreeOperators(AtomByName([Team], Model), i).
Allows the Operator atoms to be re-used. Replace ‘Team’ by the name of the
Team atom. This option is only for advanced users.

9: if(=(2,2),2,2).
A conditional comparison. For example, entering the following code gives:
If(=(thesis1,thesis2),commandi,command2)

If thesis1 and thesis2 are equal, command]1 will be executed, otherwise
command?2. Command?2 can also be omitted.

10: if(=(label([?],i),?),2,?).
A conditional comparison, in which a label’s value is considered.

Example

With the following command, if the label ‘Reject’ has the value 1, we can color all
rejected products red and all approved products green:

if(Label([Reject], i) = 1, Color(i) := ColorRed, Color(i), ColorGreen).

11: iffCompareText(Name(i),[?]),?,2).
A conditional comparison, in which the atom’s name is used. Its functioning
is otherwise the same as option 10.

Vizualization tab:

e Jcon
The symbol used to represent the Source atom in the 2D window.

For a more detailed explanation relating to 4DScript commands, we refer you to Annex
3 or the help files included in Enterprise Dynamics.
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3 THE SERVER ATOM

E| Server - Server.? @

l S pecific ] Wizualization ]

Atom narme: |Sewer2

Sethngs

Setup time [3]: |U j
Cycletime [=]: negexp[3] j
Send to: |1 j
Input strateqy: |,£-.,n_|,| inpLtchannel ﬂ
Triggers

Trigger on entry: 0 ﬂ
Trigger on exit; 0 j
Trigger an end of setup: 1] ﬂ

Help Ok Cancel | Apply |

Picture 3-1: The Server Atom

The Server is used to model operations taking a certain amount of time such as the
processing of a product by a machine or a customer’s settlement at a cash desk. As a
result, the Server can represent a machine, a counter, an assistant or another type of
processing place or device. As well as cycle times, other parameters can be defined such
as setup times or the simultaneous processing of several products.

The following values are editable:
General tab:

® Atom name
The name given to the atom.

e Setup time
Time needed before the actual processing starts. For example: cleaning of
machines, adjusting settings for new products, etc.
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Clicking on the triangle opens a series of options, including one that allows the
settings to be defined for each product, or for products of a different type only.
In addition to using these options, the user can also create his own 4DScript.

e  (Cycletime
The time needed to process the product. By clicking on the arrow, a list of pre-
defined 4DScript commands appears.
Important: in the case of a grouped processing of products (batch processing),
the cycle time refers to the whole batch and not to each individual product.
Further, the processing starts only when the batch is complete.

e Sendto

Displays the channel to which the products have to be sent.
For more details: see the ‘Send to’ explanation of the Source atom.

e [nput strategy
Regulates the access to an atom from previous atoms via their output channels to
this specific atom. The input strategy has several roles: it can open one or more
channels and it can define the order in which products will be accepted from the
available channels.

You can compare input strategy to the sequencing of traffic lights, where some
traffic lights are switched from ‘red’ to ‘green’ for one or several minor roads,
irrespective of the actual traffic, and where the processing priority of these minor
roads is defined.

Warning: the first three input strategies open all input channels and the last two
open one input channel each time!

1:  Any inputchannel.
When activated, this strategy opens all input channels of an atom. If more
than one of the atoms that are connected via the input channel can be sent,
the atom arriving through lowest number input channel will have priority.
While products keep entering through the first channel, the other channels
will be blocked.

2: Largest queue.
When activated, this strategy opens all input channels of an atom. If more
than one of the atoms that are connected via the input channel can send, the
atom with the longest queue or largest contents will have priority. Note that
in the case of several equally long queues, the input channel with the lowest
number is chosen.

3:  Longest waiting.
When activated, this strategy opens all input channels of an atom. If more
than one of the atoms that are connected via the input channel can send, the
atom with the highest average waiting time will have priority. In the case of
several atoms with an equal waiting time, the input channel with the lowest
number is always chosen. Note that it does not mean that the queues get
approximately equally long, as is the case in the previous option.
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4: Round robin.
This strategy first opens the first input channel and then waits for a product
to be sent through this input channel. In the second cycle, it is the turn of the
second input channel etc. When the products have run through the last input
channel, the procedure is resumed with the first one.
Important remark: this strategy becomes active after the first product! So, in
case of three input channels this strategy gives x,2,3, 1,2,3, 1,2,3 where x can
be 1,2 or 3!

5: Channel 1.
In this case, you can enter a specific input channel through which all
products must enter. If 1 is entered, the products may only enter through
input channel 1. Note that this rule does not apply to the first product
entering as all channels are open initially.

e Trigger on Entry
The command entered in this field is performed when a product enters the
Server.
For more details: see the ‘Trigger on Exit’ explanation of the Source.

o Trigger on Exit
The command entered in this field is performed when a product leaves the
Server.
For more details: see the ‘Trigger on Exit’ explanation of the Source.

o Trigger on end of setup
A rule that determines what kind of action needs to be executed at the end of the
server setup time. There are a number of rules predefined (see also Trigger on
entry and exit), but you can also create your own rule via a 4DScript expression.

Specific Tab:

e Batch (B)
The batch size can be entered here. The standard setting is 1.

® Batch rule

To set up the batches. There are 3 options:

1: Bin, I out (the first).
As soon as the number of products that have entered the Server is equal to
the batch size, the product at the front is forwarded to the next atom. The
other products disappear.

2: Bin, B out.
As soon as the number of products that have entered the Server is equal to
the batch size, the products are forwarded to the next atom. The Server re-
admits products only when all products of the batch have left the Server.

3: 1 in, B out (copies of in).
Each time a product enters the Server, as many products as defined in the
Batch input field leave the atom. The products are all copies of the atom that
entered the Server. The Server re-admits a product only when all other
products have left the atom.
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® Busy time
When this option is checked, the time taken into consideration in the “Mean
Time Between Failure” options is only the time that the Server is actually in use,
and not the total simulation time.

e MITTF
This abbreviation stands for Mean Time To Failure, that is the average time
elapsing between the end of a repair and the beginning of next failure. This
average time between two Server failures can be defined in the input field. The
time must be entered in seconds.

e MTTR
This abbreviation stands for Mean Time To Repair. The average time needed to
fix the Server can be defined in the input field.

e MCBF
Abbreviation for Mean Cycles Between Failure. The average number of cycles
between two failures can be entered in the input field. In MCBF, there is not a
definite time between two failures but a definite number of batches.
NB: When both fields MTBF and MCBEF are filled in, failures will be generated
by both definitions.

o  MTTR for cycles
This Mean Time To Repair input field applies to failures defined by MCBF.

e Trigger on Breakdown
The command entered in this field is performed at the start of the Breakdown

period of the Server.
For more details: see the ‘Trigger on Exit’ explanation of the Source.

e Trigger on Repair
The command entered in this field is performed at the start of the Repair period
of the Server. For more details: see the ‘Trigger on Exit' explanation of the Source.

Visualization Tab:

e Jcon
The symbol used to represent the Server atom in the 2D window.

e 3D lIcon
The symbol used to represent the Server atom in the 3D window.

o  Main color

e  Second color
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4 THE QUEUE ATOM

E| Queue - Queue3 @

3 Wisualization ]

Atom name: |E!ueu33
Settings
Capacity: |'I 0
Send ho: |1 j
Hueve discipline: [Fifa [First In First Dut) ~]
InpLt shrateoy: |-"3~n}' inputchannel j
Triggers
Trigger an entry: 0 j
Trigger on exit: 0 j

Help Ok | LCancel | Apply |

Picture 4-1: The Queue Atom

When the next atom is occupied, the Queue atom places products in a queue. The
following settings can be adjusted:

General tab:

* Atom name
The name given to the atom.

e Capacity
The Queue’s capacity. When as many products are present in the queue as
defined in the capacity input field, no new products can be placed in the queue.

e Send to
Displays the output channel to which the products have to be sent.
For more details: see the Send to explanation of the Source atom.

®  Queue discipline
The way products are arranged in the queue. The following options are possible:
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1: First in first out.
The atoms are put in the queue according to their order of entry.

2: Last in first out.
The entering atoms are placed at the front of the queue. Consequently, the
products leave the queue in reverse of their order of entry.

3: Random.
This queue discipline places the incoming products in a random spot in the
queue

4: Sort by Label Ascending.
The products with the lowest value for a specific label are placed at the front
of the queue.
Warning!: if the products are not sorted properly, the cause might be a space
before or after the label name.

5: Sort by Label Descending.
The products with the highest value for a specific label are placed at the front
of the queue.
Warning!: if the products are not sorted properly, the cause might be a space
before or after the label name.

6: User defined.
The products are placed in the queue according to a position defined by the
user.

e [nput Strategy

This input window can be used for indicating which input channel is to be used.
For more details: see the ‘Input Strategy’ of the Server atom.

e Trigger on Entry
The command entered in this field is performed when a product enters the

Queue atom.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

o Trigger on Exit
The command entered in this field is performed when a product leaves the

Queue atom.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

Visualization tab:

e Jcon
The symbol used to represent the Queue atom in the 2D window.

e 3D lIcon
The symbol used to represent the Queue atom in the 3D window.
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5 THE SINK ATOM

ED| Sink - Sink4

a|l Wizualization l

Akom name: |5if"k4

Triggers

Trigger an entry: 0 j

Help Ok Cancel | Apply |

Picture 5-1: The Sink Atom

This atom allows products to leave the model. The following settings can be adjusted:

General Tab:

® Atom name
The name given to the atom.

e Trigger on Entry
The command entered in this field is executed as soon as a product enters the

Sink.

Visualization Tab:

e Jcon
The symbol used to represent the Sink atom in the 2D window.

e 3D Icon
The 3D icon that is used to represent the Sink atom in the 3D window.
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6 THE CONTAINER ATOM

E| Baseclass - Container6 @

|l Vizualization ]

Akom name: |En:nntainer5

Container sizes

# zize [m]; |1 A

Y zize [m]; |1 A

£ zize [m]; |':'-1 ]
Storage sizes

# size [m]; | 11
' size [m]; | 11
£ zize [m]; | 1
Fit to storage: [

Help ak. Cancel Apply

Picture 6-1: The Container Atom

The Container atom is created especially for storing or stacking other atoms, such as boxes or
pallets. For the Container atom, a number of standard options, such as special 3D icons, have
been designed for improved visualization. Moreover, the size of a product can automatically be
adjusted to the size of the Container. In principle, the Container atom, like the Product atom, is
placed in the model via a source (or via the Arrival list atom). Using an Assembler atom,
products can then be put in the Container.

General Tab:

® Atom name
The name given to the atom.

e (Container X size
The size of the container measured in the x direction (length).
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e (Container Y size
The size of the container measured in the y direction (width).

e Container Z size
The size of the container measured in the z direction (height).

e Storage X size
Lists the size (in the x direction) required for storing an arriving product.
Entering more space than actually required by the product results in empty
spaces between the products.

e Storage Y size
Lists the size (in the y direction) required for storing an arriving product.
Entering more space than actually required by the product results in gaps
between the individual products.

e Storage Z size
Lists the size (in the z direction) required for storing an arriving product.
Entering more space than actually required by the product (see Product atom)
results in gaps between the products.

e Fit to storage
Checking this option adjusts the size of a product such that it exactly matches
the pre-defined storage size.

Warning!

There are 3 types of sizes: the size of the product (see Product atom), the size of the
container and the storage size. The storage size allows (visual) adjusting of the
packing method.

Example:

A pallet, Container with a Container size of 1x1x0.15, will stack a product sized
1x1x1 4 high if the Assembler places 4 products on a pallet.

But when Fit to Storage is selected with a storage size of 0.5x0.5x0.5, it will neatly
place 4 boxes on one layer!

Visualization Tab:

e Color
The color given to the atom.

e 2D lIcon
The symbol used to represent the Container atom in the 2D window.

e 3D lIcon
The symbol used to represent the Container atom in the 3D window.
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7 THE ASSEMBLER ATOM

E| Assembler - Assembler?7 @

l Channels ] Wizualization ]

Atorn name: |.-'-‘n.$$em|:uler?

Settings

Cycletime [z]: loanarmall10.2] ﬂ
Send to: |‘I ﬂ

Columnn reference b.o.m.: | 1

Digplay contents: v

Fack contents: v

Triggers

Trigger on entry chr, 1: 0 j

Trigger on entry chr, 2-n; 0 j

Trigger on exit: 0 j

Mizcellaneous

Edit table
Help Ok LCancel Apply

Picture 7-1: The Assembler atom

This atom merges atoms from several sources. Atoms placed into another atom can
remain stored or be destroyed. Besides simulating real assembly work, this atom is also
very useful for packing products in boxes or on pallets, and even for compiling orders.

The pallet, box or order always enters via the first input channel, while the products
enter via the other channels. Depending on the settings, these products are destroyed or
placed in the atom that has entered via the first input channel.

General tab:

® Atom name
The name given to the atom.
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e  (Cycletime
The time needed to combine the products. This time is measured from the
moment when all the atoms required have entered the Assembler, and refers to
the whole assembly operation and not to each individual product! Clicking on
the arrow opens a number of pre-defined 4DScript expressions.

e Send to
Indicates to which exit channel the products are sent. For more details: see the
‘Send to’ explanation of the Source atom.

e  Column reference b.o.m.
Indicates what column from the b.o.m. will be used. The user can enter a figure,
but also a 4DScript command that produces a figure. This field is evaluated
when the first atom arrives via input channel 1 and defines which column will be
used when the other atoms enter the Assembler.

Bill of Material

The Assembler atom also has a bill-of-material (b.o.m.) table, (visible by
clicking the “edit Table” button). The b.o.m. lists, by input channel, how many
atoms are required for assembling the end product.

This b.o.m. has a number of rows and columns. The number of columns matches
the number of input channels. Although the default setting is 1, the user can
define the number of columns himself.

This means that a separate column can be created for each product type that is
assembled. When a product enters via the first input channel, the user defines
which column in the b.o.m. is used for the rest of the arriving atoms.

® Display contents
Checking this option displays the contents of the Assembler.

® Pack contents
Checking this option, the atoms (read: products) are placed in the atom that
entered via channel 1 (read: main product or Container). If this option is not
checked, all atoms that did not enter via channel 1 will be destroyed.

e Entry Trigger channel 1
The command entered in this field is performed when a product enters the

Assembler via the first input channel.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

e FEntry Trigger channel 2..n
The command entered in this field is executed when a product enters the

Assembler via one of the other input channels (i.e. not via channel 1).
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.
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o Trigger on exit
The command in this field is executed when a product leaves the Assembler.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

Visualization tab:

e Jcon
The symbol that represents the Assembler atom in the 2D window.
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8 THE UNPACK ATOM

4 Vizualization ]

Alam namme:; |L|n|:ua|:k8

Sethngs

Cycletime [z]: 0 j
Unpack quantity: cantent{first(c]) j
| put strakegy: 1. &y inputchannel j
Triggers

Trigger an entry: 0 j
Trigger an exit [products): 0 j
Trigger on exit [packing]: 0 j
Help 1] 3 | LCancel | Apply |

Picture 8-1: The Unpack atom

The Unpack atom is used for removing products from a Container atom. After unpacking, the
Container atom is sent via the second output channel and the products via the first output
channel.

General tab:

* Atom name
The name given to the atom.

e  (Cycletime
The time needed to unpack the container. This time is measured from the
moment the container enters the atom and refers to the ‘unloading time’ per
container (and not to that of each individual product). Clicking on the arrow will
open a number of pre-defined 4DScript expressions.
For more details: see the ‘Cycletime’ explanation of the Server atom.

e Unpack quantity
Defines the number of atoms that will be unpacked. When this number is
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reached, the container is sent through. The default setting

content (first (c) ) ensures that all products are removed from the
container. The 3 other pre-defined options are:

duniform(1,10)

label([?],first(c))

if(=(7,7),2,7

o [nput strategy
This field may be used for indicating which input channel should be used.
For more details: see the ‘Input strategy’ of the Server atom.

o Trigger on entry
The command entered in this field is performed when a container enters the

Unpack atom.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

e EXxit trigger products
The command entered in this field is performed when a product leaves the
Unpack atom.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

e [Exit trigger packaging
The command entered in this field is performed when a container leaves the
Unpack atom.
For more details: see the ‘Trigger on Exit’ explanation of the Source atom.

Visualization tab:

o Jcon
The symbol used to represent the Unpack atom in the 2D window.
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9 THE MULTISERVICE ATOM

ED| MultiService - MultiService9

ral l Wisualization |

Akom name: |Multi5 erviced

Sethngs

Capacity: 10

Cycletirne [z]: negexp(30] ﬂ
Input strateqy: |.-'-‘-.n_I,I inpLtcharinel j
Send to: |1 j
Triggers

Trigger on entry: 0 j
Trigger on exit 0 ﬂ

Help Ok LCancel | Apply |

Picture 9-1: The MultiService atom

The MultiService atom has the same basic functions as several individual Server atoms.
Where the Server atom can process only one product at a time, the MultiService atom
allows the simultaneous processing of several products. The settings options are not as
elaborate as those of the normal server, but all basic functions are available.

General tab:

® Atom name
The name given to the atom.
e  Capacity
Lists the number of products that can be processed simultaneously.

For the options below, we refer you to the description of the Server atom:

Cycletime

Input strategy
Send to

Trigger on Entry
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e Trigger on Exit

Visualization tab:

o Jcon
The symbol used to represent the MultiService atom in the 2D window.

e 2D display

T
1

h

e way in which the products are displayed in the atom in 2D:

Standard display
The products in the MultiService atom are not visible, but a text display
indicates how many products are present.

© Move left right

The products are visible and move from the left to the right.

© Move right left

The products are visible and move from the right to the left.

+ Level vertical

Instead of the products, a colored area is visible which increases in height
when more products enter the MultiService atom.

- Level horizontal

Instead of the products, a colored area is visible which scrolls to the right
when more products enter the MultiService atom.

Line up content

The products are visible and displayed one underneath the other.
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10 THE LOCK ATOM

ED| Lock - Lock10 X

: Wizualization ]

Akam name: ||-':"3k~1 a
Settings
Lock level: | 1

Continues evaluation: [

B atchwize cantral; [

Help ak Cancel Apply

Picture 10-1: The Lock atom

When the Lock atom alone is used, it functions as a gateway that lets only the number of
products indicated in the Lock level through.

When the Lock atom is used in combination with the Unlock atom, it serves to control the
maximum number of products in a certain part of the model. The amount of work in process in
the model delimitated by Lock and Unlock can then be no more than the so-called Lock level.

Due to the connection between the two, the Unlock atom is described below.

General tab:

® Atom name
The name given to the atom.

e Lock level
When the number of atoms between Lock and Unlock reaches the specific level
entered in this field, the input of the Lock closes, thereby blocking access.
When Unlock is not added, the input closes without reopening.

e Continues evaluation
When this option is checked, the field Lock level is evaluated every time when a

product enters the Lock atom, instead of being evaluated only after a model
reset.
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Only when the field Lock level contains a 4DScript command (and not only a
number) may it be necessary to activate this option.

® Batchwise control
When the Lock level is reached, access via the Lock is blocked and reopened

only after all products in the channel have disappeared via the Unlock atom.
This creates a form of batch processing with the Lock level as batch size.

Visualization tab:

o Jcon
The symbol used to represent the Lock atom in the 2D window.
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11 THE UNLOCK ATOM

This atom has no settings and is used only in combination with the Lock atom. Each

time when a product leaves the Unlock atom, the Lock atom allows a new product to
enter the system (unless the “Batchwise control” option is activated); in that case all

products must first have passed through the Unlock atom).

In the example below, the Lock and Unlock atom control the quantity of products on the
conveyor. See how both atoms are placed in the product route “in a normal way' and
how they are connected via their second output or input channel respectively.

The Unlock atom has no window that needs filling in. A Lock atom can be connected
with several Unlock atoms.

EE| hig del Layout

Cperations  Zelection  Wiew  Modes

Lock Unlock

wiorld (21,73, 10,22) Scale 15.68

Picture 11-1: Model view with a lock and an Unlock atom
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12 THE CORNER TRANSFER UNIT ATOM

E Corner Transfer Unit - Corner Transfer Unit3 (3w

General | Specific | Visualization

Abom hanme: Comer Transfer Unit3

Settingz

Input shrategy: 1. Ay inputchannel -

Send ho: 1 -

Trigaers

Trigaer an entry: I -
. _ 0 -

Trigger on exit:

| Help [ Ok ] | Cancel || Apply

Picture 12-1: The Corner Transfer Unit atom

A Corner Transfer Unit is an intersection between conveyors of any kind. Unlike the
Turntable Unit Atom it does not rotate incoming goods into transport direction before
forwarding them to an outgoing conveyor. Products keep their orientation when turning
left, right or moving straight ahead. The number of possible changes of transport
directions is limited. Products can turn left around a corner of -90 degrees, turn right
around a corner of 90 degrees or go straight ahead. Often a turn around a corner is not
possible without a transfer time to slow down speed, change the drive mechanism and
speed up into the new direction. There is a minimum of one input and a maximum of
three inputs. The number of outputs is at least one but has a maximum of three. To
control more than one input, an input strategy is required. More than one outputs requires
a strategy too.

Note: This atom is part of ED Logistics. ED Logistics edition also has a Turntable Unit
atom that rotates incoming goods into transport direction before forwarding them to an
outgoing conveyor.

® Atom name
The name given to the atom.
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e [nput strategy
A rule that determines how Product atoms may be let into the inbound atom of
the Corner Transfer Unit. There are a number of rules predefined (see also Input
strategy), but you can also create your own rule via a 4DScript expression.

e Sendto
A rule that determines to which output channel a Product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.

e Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
atom exits the inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

m Corner Transfer Unit - Corner Transfer Unit3 (3w

Specific | Visualization

Phuzsical zettings

Flace withaut movernent: [
Speed [mdz]: 1
Transfer time [z]: 0
Tranzfer time ahead: [E
Tranzpart height [r]: 1

Fotation [0° - 457 0

Ratation zettings

Atafit rakations: Edit ratations

[ Hep [ ok | [ cancal | [ apew |

Picture 12-2: The specific parameters

® Place without movement
If this box is checked the Corner Transfer Unit will create no input movement.
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Instead incoming products will be placed immediately in the center of the atom.
This functionality may be helpful if the Corner Transfer Units receives goods
from an atom of the transportation section like the Portal Crane atom or a Robot
atom.

e Speed [m/s]
The speed for the input movement of the products to the center of the Corner
Transfer Unit. The speed for the output movement is controlled by the atom
connected to the output channels.

e Transfer time [s]
Time to slow down speed, change the drive mechanism and speed up into the
new direction when turning around a corner.

e Transfer time ahead
If this box is checked the transfer time is also necessary for straight on going
products.

e Transport height [m]
The length of the leg supports of the conveyor (in meters).

® Rotation [+/- 45°]
At default the conveyor is positioned from left to right in your screen. However
you can also rotate the conveyor to display the flow of atoms over the conveyor
matches reality.

Note: Due to the layout of the Corner Transfer Unit atom rotation is limited +/- 45°
because any other rotation can be modeled by turning left or right.

® Autofit rotations
If this box is checked the Corner Transfer Unit tries to detect the rotation of
atoms connected to input and output channels OnReset. The Corner Transfer
Unit needs to know the rotation of connected atoms to calculate the rotation of
passing products.

Note: However not all kinds of atoms may be detected by the auto fit functionality.
Therefore it can be switched of in order to edit the table of rotations by hand.

e Edit rotations
Click this button to edit the rotation around self of atoms connected to the
Corner Transfer Unit. Edit the motion flags for the input and output motion
directions. Edit 1 for positive x/y directions and -1 for negative x/y directions.

Note: The number of rows is updated OnReset according to the number of input and
output channels. Channels not connected to an atom cause an error message to prevent

user from unexpected behavior later on.

Note: Set only 1 motion flag for each row, either an motion along x-axis or along y-axis.
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Example: Connect a Source with an 90 ° rotated Accumulating Conveyor. The conveyor leads
into a Corner Transfer Unit atom. The Products are sent on to another Accumulating Conveyor
with a rotation of 0°, before they are destroyed in a Sink.

m Model Layout ==

Operations  Selection  View Modes

A
sourced

World (7.57, 3.11) Scale 39.11

Picture 12-3: 2D Model Layout example

Set x-motion flag to 0 and y-motion flag to 1 for Products coming from an input (with rotation 90°
around self) to move in. Set x-motion flag to 1 and y-motion flag to 0° for Products going to an
output (with rotation 0° around self) to move out.

m Table of Corner Transfer Unit3 El@
File Edit Wiew
Dimenzions
Bows: 2 Colurnrs: 4 Set
channel atomnarne |ru:utatiu:unas |:-: mationflag |I,I mationflag |
dg 1 |Accumulating Conveporl 30 0 L
oc 1 Accumulating Convepor |0 1 I

Picture 12-4: The table of rotations settings

If you select the ‘Autofit rotations’ Checkbox in the GUI of the Corner Transfer Unit atom, the
table is filled automatically. The result of the edits is visible in the 2D Model Layout. White arrows
show the calculated transport directions.
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Motion flags

|wortd (15.57, 8.06) ; [Scale96.87 ' \

Picture 12-5: Motion flags
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13 THE TRANSFER CAR ATOM

m Transfer Car-Controller = [ [3]
General |Transfer car | Transfer station | Transfer strategies|
General
Akorm narne:; TranzsferCarController]
Ratation [7]: 1]
Length [m]: a0
Width [m]: 1

[ ok | [ cancel | [ sppy |

Picture 13-1: The Transfer Car atom

A Transfer Car system is a rail bound single or double track vehicle for fast and
reasonable linear transport and/or to combine multiple input and output locations of
material flow. Especially for longer distances Transfer Cars are used instead of conveyors
for example to connect the inbounds of several warehouse aisles. The Transfer Car
system consists of the Car on rails, the connected Stations and a Controller to coordinate
the behavior of the system. The Car itself can have one or more storage units to carry
more than one Product at the same time for example to swap Products at a particular
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station. Products have to be conveyed from the input station to the storage units and after
the linear transport movement they have to be conveyed to the output station as well.
Sometimes there are altitude differences between input and output station. In this case the
Car has to compensate the vertical distance. Each transportation direction has its own
behavior regarding acceleration, maximum speed and deceleration. The Stations are
located on the left and right side along the rails. A Station can consist of one or more
ports. Each port can be separately served by the Car. There are 3 types of ports. Pick-
ports are intended to absorb incoming Products. Place-ports are designated to deliver
Products to the car. Pick-and-Place-ports can do both. The Controller coordinates
interaction between loading, transportation and unloading taking into account all
predefined strategy.

Important: The Transfer Car system is made of several sub atoms not intended to be
dragged into the model. Drag the TransferCarController atom into your model, to open
the GUI with all the edit fields to build or rebuild a complete Transfer Car system.

* Atom name
The name given to the atom.

® Rotation [°]
At default the Transfer Car system is positioned from left to right in your screen.
However you can also rotate the atom to display the flow of atoms over the
Transfer Car system matches reality.

e Length [m]
The length of the rail systems (x-axis) to connect all the Stations within the
range of the Transfer Car.

e Width [m]
The width of the rail system also defines the y-dimension of the Transfer Car.
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m Transfer Car-Controller =N Eol <)

General | Transfer car | Tranzher station I Tranzfer strategies|

Single transfer car [1)

M arne; TC-1

Imitial #-location [m]; 10
Initial tranzport height [r]: na

b ation sequence: [Mave firzt and lift at lozation V]
Ma. of storage units:

tfidth of storage unit [m]: 1

30 lcon: [Fh:ull COmyYEyOr -

Check ar modify current sethings

R ebuild transfer carz I [ Wigw tranzfer car table

ok | [ cancel | [ sy |

Picture 13-2: The Transfer Car parameters

e Name
The name of the Transfer Car.

e [nitial x-location [m]
The initial position of the car along the rails on start of simulation.

® [nitial transport height [m]
The initial vertical transport height of the car on start of simulation.

® Motion sequence
A rule that determines how the Transfer Car atom coordinates the movements of
lifting and driving. There are 2 strategies available: 2D:
1: Move left right
The products are visible and move from the left to the right.
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2: Move first and lift at location
Move and lift together.

® No. of storage units
A Transfer Car can have up to three Storage units in order to move several
Products at the same time.

Note: The strategies to control a Transfer Car system are more complex if the Transfer
Car has more than one Storage unit, as you have to control the interaction between the
several storage units.

e Width of storage unit [m]
The x-dimension of every Storage unit. Defines together with the width [m] of
the rail system and the No. of storage units the x-dimension of the Transfer Car.

e 3D lIcon
A 3D icon that can be used to visualize the Transfer Car atom in 3D. Change
this icon to switch between simple box, roll conveyor, belt conveyor or chain
conveyor.

® Rebuild transfer cars
Click this button to rebuild the Transfer Car and all storage units with the
parameters of the edit fields.

e View transfer car table
Click on this button to view the table with the detailed parameters of all Transfer
Cars.

Note: Because of the high number of Transfer Car parameters some of them are defined
on a separate Transfer Car GUI.

® View dataset
Click on this button to edit detailed parameters of the Transfer Car on a separate
Transfer Car GUIL
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Transfer Car [3m]

Empty drive
Speed [m/z] 1 ﬂ
Acceleration [mds] 1 ﬂ
Deceleration [més] 1 ﬂ
Loaded drive
Speed [m/z] 1 ﬂ
Acceleration [mds] 1 ﬂ
Deceleration [més] 1 ﬂ

Convey speed

Speed [m/z] 1 j
Acceleration [mds] 1 j
Deceleration [mds] 1 j

YWertical drive

Speed [m/z] 1 j
Acceleration [mes] 1 j
Deceleration [mds] 1 j

]S Cancel | Apply |

Picture 13-3: The detailed Transfer Car dataset

The following additional parameters can be changed on page General of the detailed
Transfer Car GUI:

e Description
A describing text.

o Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the Transfer Car atom. There are a number of rules predefined (see
also Trigger on entry and exit), but you can also create your own rule via a
4DScript expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
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atom exits the Transfer Car atom. There are a number of rules predefined (see
also Trigger on entry and exit), but you can also create your own rule via a
4DScript expression.

The following additional parameters can be changed on page Transfer Car of the detailed

Transfer Car GUI:
e D
The index of the Car.

The following additional parameters can be changed on page Speed of the detailed
Transfer Car GUI:

e Empty Drive
Speed [m/s], Acceleration [m/s?] and Deceleration [m/s?] of empty Transfer Car
along rails direction.

e [Loaded Drive
Speed [m/s], Acceleration [m/s?] and Deceleration [m/s?] of loaded Transfer Car
along rails direction.

e (Convey Drive
Speed [m/s], Acceleration [m/s?] and Deceleration [m/s?] of Transfer Car when
loading or unloading goods from or to Stations.

e  Vertical Drive
Speed [m/s], Acceleration [m/s?] and Deceleration [m/s?] of Transfer Car when
balancing altitude differences between input and output station.

The following additional parameters can be changed on page Visualization of the detailed
Transfer Car GUI:

e Color
The color of the Transfer Car.
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General

Mo, aof transfer stationz;

Single transfer station [1]

Length of port [m];

m Transfer Car-Controller

| General | Transfer car| Tranzfer station | Transfer strategies|

M arme: T5-1

#-location [m): 2
Fouting [ID]: 1 [ Delete dataset ]
Mo, of parts:

Wfidth of port [m]: 1

Port tope: [F'iu:k and place v]
Position: [ Lp - ]
30 lzok: [Fh:ull CoOrEyar v]

L

=5 |EoR|Ex5

’ >3 l ’ 3 l

Check or modify curent zettings

’ |lpdate trangfer stations Wigw tranzfer station table l

| |
’ R ebuild transfer stations l ’ Yiew tranzfer station port table l

[

ok | | Cancel | | sppb |

Picture 13-4: The Transfer Station parameters

® No. of transfer stations

The Transfer Car system can have up to 20 Stations.

Note: Use the arrow buttons to switch between the parameters of every individual

Station.

e Name

The name of the Transfer Station.

e  X-location [m]

The position of the Station along the rail track.

Annexes Tutorial ED

51



® Routing [ID]
The index of the Station that is used to define the sequence of transportation
inside the Routing plan on page Transfer strategies.

® No. of ports
Each Station can have up to 6 Ports with an individual Port ID from 1 to 6.

e Length of port [m]
The size on the x-axis.

e Width of port [m]
The size on the y-axis.

e Port type
There are 3 types of ports. Pick-Ports are intended to absorb incoming Products.
Place-Ports are designated to deliver Products to the car. Pick-and-Place-Ports
can do both.

e Position
Select up to place a Station on the left side of the rail track. Select down to place
a Station on the right side of the rail track.

e 3D lIcon
A 3D icon that can be used to visualize the Station atom in 3D. Change this icon
to switch between simple box, roll conveyor, belt conveyor or chain conveyor.

e Delete dataset
Click on this button to remove a whole Station with all Ports from the Transfer
Car system.

® Rebuild transfer stations
Click this button to update parameters of the Transfer Stations with all Ports
according to the parameters of the edit fields.

®  Rebuild transfer stations
Click this button to rebuild the Transfer Stations with all Ports according to the
parameters of the edit fields.

e View transfer station table
Click on this button to view the table with the detailed parameters of all Transfer
Stations.

e View transfer station port table
Click on this button to view the table with the detailed parameters of all Transfer
Stations and the assigned Ports.

Note: Because of the high number of Station parameters some of them are defined on a
separate Transfer Station GUIL
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® View dataset
Click on this button to edit detailed parameters of the Station on a separate
Transfer Station GUIL

Transfer Station @
GE”ETEI" Tranzfer station | Speed | Wizualization |
Settingz
M ame: |TS-'I
Deszcriptian: |5tatin:|r'| 1
Length of part [m]: |'I
‘width of port [m]: I
Height of part [rn]: |'|
Triggers
Trigger on entry: 0 ﬂ
Trigger on exit: 0 ﬂ
Send to: 1 ﬂ
Ok | Cancel | Apply |

Picture 13-5: The detailed Transfer Station dataset

The following additional parameters can be changed on page General of the detailed
Transfer Station GUI:

e Description
A describing text.

®  Height of port [m]
The size on the z-axis.

e Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the Station atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

Annexes Tutorial ED 53



o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
atom exits the Station atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

e Sendto
A rule that determines to which output channel a Product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.

The following additional parameters can be changed on page Transfer station of the
detailed Transfer Station GUI:

e  Station [ID]
An information about the index of the Station (read only).

e Port [ID]
An information about the index of the Port (read only).

e Direction at entry
Determines the offset location and the direction of the input movement for
incoming Products. There are 7 strategies available:

Product enters from the top.

Product enters from the bottom.

Product enters from the left.

Product enters from the right.

Make entry direction dependent on income channel:

Choose between several entry channels:

By user: Enter your own 4DScript expression:

N R

® Direction at exit
Determines the direction of the output movement for outgoing Products. There
are 7 strategies available:

. Product exits at the top.

Product exits at the bottom.

Product exits at the left.

Product exits at the right.

Make exit direction dependent on income channel:

Choose between several exit channels:

By user: Enter your own 4DScript expression:

NN

The following additional parameters can be changed on page Speed of the detailed
Transfer Station GUI:

e (Convey
Speed [m/s], Acceleration [m/s?] and Deceleration [m/s?] of Transfer Stations
when loading or unloading Products from or to external connections.
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The following additional parameters can be changed on page Visualization of the detailed
Transfer Station GUI:

e Color
The color of the Transfer Station.

m Transfer Car-Controller = [ [3]
| General | Transfer carl Tranzfer statiu:un| Transter shrategies |
System type
[F'ush guztem v]

Order zequence

1. By longest waiting [order sequenc

Contral system

[ Routing plan |
[ Dispatch arders |
[ Finished orders |
[ Control bansfer station |
[ Cantrol transfer car |

[ ok | [ cancel | [ sppy |

Picture 13-6: The Transfer strategies

o System type
The Transfer Car system can be controlled as Push system or Pull system.

If you select Push system, the Controller evaluates incoming Product with a
Label ProductTypelD' to identify the Station (row) inside the Routing plan
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table. Be sure that the Routing plan has all information about the sequence of
Stations for each product type.

m Table of ReutingPlan o[- e
File Edit View
Dimensions

Rows: g Columnz; 5 Set

Product type id |F'mduct narme |ND of Stations |I|:f| 1 |ID 2 |ID 3 |
LA 1 2

OO | = [T O | D P | —
[=n RS B I O R L
I mmoeamm
[ TR N R e L ]
[N SRR R T L g I
EoRE Ry B S TE ]

Picture 13-7: The Routing Plan (push mode)

If you select Pull system, the Controller is awaiting calls from the Place-
Stations, before he is searching for Products ready for transportation. For more
information see the "Transfer Car Pull' Model in the 'Examples' directory of your
Enterprise Dynamics program directory.

® Order sequence
Define how the sequence of orders (transportation tasks) is executed by the
Transfer Car. Choose a predefined strategy or define your own strategy.

® Routing plan
Click this button to edit the product-specific sequence of Stations.

® Dispatch orders
Click this button to view all open orders.

o Finished orders
Click this button to view all finished orders.

e (Control transfer station
Click this button to view the table of the Transfer Station Controller.

e (Control transfer car
Click this button to view the table of the Transfer Car Controller.
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14 THE RFID-GATE ATOM

L] RFID-Gate = oR|>x2

General | Seftings I M etwark | Wisualization

Ataon name:; RFID-Gate9

Phyzical zettings

Length [m]: 1
Width [r]: 3
Height [m]: 2
Floor level [m]: i}
Rotation []: 0
Triggers
Trigger on entry: 0 -
Trigger on exit: 0 -

" Hep [ ok | [ concel | [ appb |

Picture 14-1: The RFID-Gate atom

This atom can be connected to a network (Network Nodes) and work as a station, where
Tags can be manipulated. Tags are treated as Labels. The RFID-Gate atom consists of 3
different working modes; it can read, write and read and write Labels. All 3 modes can be
used simultaneously. The user can specify several Labels and operation in the GUI table.
When an Advanced Transporter atom passes the RFID-Gate, the values of the Labels are
written to the result table. The table can be found in the GUI.
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Important: Before an RFID-Gate can be connected to a Network, you have to chose
whether the path through the Gate is bidirectional or unidirectional.

Atom Name
The name of the atom.

Length [m]
The length of the atom in meters.

Width [m]
The width of the atom in meters.

Height [m]
The height of the atom in meters.

Floor level [m]
Helpful if the level of transport is not equal to the floor level.

Rotation [°]
The atom can be rotated into transport direction to match the flow of the
connected Network Nodes.

Trigger on entry

Determines what kind of action needs to be executed when a Advanced
Transporter atom enters the RFID-Gate. There are a number of rules predefined
(see also Trigger on exit), but you can also create your own rule via a 4DScript
expression.

Trigger on exit

Determines what kind of action needs to be executed when a Advanced
Transporter atom exits the RFID-Gate. There are a number of rules predefined
(see also Trigger on entry), but you can also create your own rule via a 4DScript
expression.
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] RFID-Gate [ | =]
General | Settings | M etwork | Yizualization
Table
Murmber of rows: 3
Labels
M arne: D
Reference: Product -
Mode: Eead -
W alue: 0
< £ ’ b ] ’ x| ]
Tag name Reference |M|:u:|e |Value |
1 Froduct - 1]
2 Group Product - ]
3 Timestamp Transporker M round(T ine]
’ Show results ] ’ |Ipdate ]
o] (=) (]

Picture 14-2: The RFID-Gate label settings

®  Number of rows
Define the number of operations that needs to be performed in the RFID-Gate.
Each operation has an individual row to define the Label of the specific
operation.

® Name
The name of the Label (Tag) that you want to define.

® Reference
The operation can refer to the Advanced Transporter or to the transported
Product. If the Advanced Transporter carries more than one Product, the desired
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operation is performed on all Products inside the Transporter. If the reference is
the Transporter, the Label will be read from or written to the Transporter. If the
reference is the Product, the Label will be read from or written to all Products
carried by the Transporter.

* Mode
The RFID-Gate can work in different modes. There are 3 modes available:
1: Read mode only,
2: Write mode only,
3: Read and write mode
Means that the Labels are read out and then rewritten.

* Value
If the Label has to be written, you can specify the desired value of the Label
here. Expressions are allowed.

Important: The content of the above field should appear immediately in the GUI table.
If this is not the case, choose the ‘Reference’ or the ‘Mode’ again.

e ‘Forward’ and ‘Backward’ Buttons
Click this buttons to switch between the table rows. The marker will go up or
down according to the selected action.

®  ‘Show Results’ Button
If a Label is read out, its content is written to the result table. Click this button to
open the table.

‘Update’ Button
When the user adds, deletes or edits an operation, this button has to be clicked to
apply the changes to the results table. This button cleans the results table from old
result values (previous runs) as well.
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IZ] RFID-Gate [F=5|E= 2

| Gereral | Settings| Metwark |"-.fisualizati|:|n

Metwork Settings

Connection Mode; [ bidirectional -

Metwark 1D 1
Speed entry node [mds]; 0.4

Speed exit node [mds): 1]

Mode position

¥-Pozition entry node [m]: 4

#-Position exit node [m);

—_

Lock node positiors:

[ ok | [ cancel | [ appb |

Picture 14-3: The RFID-Gate network settings

e (Connection Mode
Choose whether the RFID-Gate can be passed in two directions (bidirectional)
or one way only (unidirectional).

Note: The RFID-Gate will perform its operations if the Advanced Transporter enters
through the entry node. No operation will be performed if the Advanced Transporter
enters the RFID-Gate from the exit node.

e  Network ID
This is the ID of the Network where the RFID-Gate is connected to.
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® Speed entry node [m/s]
This is the speed limit for the Advanced Transporter if it enters through the entry
node.

® Speed exit node [m/s]
This is the speed limit for the Advanced Transporter if it enters through the exit
node.

e X-Position entry node [m/s]
This is the position of the entry node on the x-axis. This is measured relative to
the RFID-Gate.

e X-Position exit node [m/s]
This is the position of the exit node on the x-axis. This is measured relative to
the RFID-Gate.

m Maodel Layout E=nEom=<=|

Operations  Selection  View Modes

rNetwork Controller9

controlling network 1

i%&rc ed

Waorld (871, 2.16) Scale 29,29

Picture 14-4: The RFID-Gate 2D Model Layout
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15 THE ADVANCED VERTICAL ARTICULATED ROBOT ATOM

m Advanced Vertical Articulated Robot - Advanced Verti.. [éj

Leneral | Size | Load I Speed | Routines | Tasks | "v"isualizatiun|

Atorm name: Advanced Vertical Articulated Bobatl

Coordinate zystem

Offzet [x] of coordinate spstem [m]: 1]
Offzet [w] of coordinate spstem [m]: 1]
Offzet [z] of coordinate system [m]: 1]

Tool default positior

Start pogition [#] of tool [m]: 1]

Start position [v] of toal [m]: 1]

Start pogition (2] of tool [m]: g

Triggers

Trigger on enty: 405 0 -

Trigger on exit; 405 0 -

Trigger on reset; 405 0 -
Help ‘ [ Ok l I LCancel ‘ I Apply

Picture 15-1: The Advanced Vertical Articulated Robot atom

An Vertical Articulated Robot is a handling tool for any kind of pick-, place- and motion-
tasks. The sphere of action is limited by the length of robot arms. A layout of at least 5
axis are necessary to reach any destination within the sphere of action. Motions are
defined based on a world coordinate system. The destinations of the Tool are defined
with xyz-coordinates. Any kind of action like loading, unloading, moving, delays are
defined within Routines. Those Routines are stored with global references, so they can be
used by other Vertical Articulated Robots as well. Every kind of command has its
specific parameters like load time or speed to define the behaviour of the robot. There are
two ways to define routine motion commands. First one is to move the tool of the robot
by hand and then get the coordinates in order to teach the command into the routine.
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Second one is the other way around when the robot is assigned to drive to user edited
coordinates. If the destination has been reached successfully, the coordinates can be
integrated into an motion command. Routines can be assigned to tasks. Routine execution
is triggered if there is a task available. Strategies can be defined to decide which routine
has to be executed, for what kind of task. If a Routine has been started it executes all
commands in sequence before it becomes idle again. Due to high level of danger
Advanced Vertical Articulated Robot systems are driven without human interference.

Important: There a two ways to use the Advanced Vertical Articulated Robot. For any
kind of pick and place tasks, the robot channels have to be connected to previous and
following atoms to make it part of the material flow. Motion without material handling
do not need channel connections, but the Routines need to be started by external call.

o Atom Name
The name of the atom.

o  Offset (x/y/z) of coordinate system [m]
All motions of Advanced Vertical Articulated Robot are determined based on
the origin of its coordinate system. Per default it is located in the rotation center
of the robot socket at z-level zero. Edit offsets to shift that point to a more
comfortable location, before starting routine definition.

Note: It can be helpful to lock the position of the robot to protect it from unintended
dislocation.

e Start position (x/y/z) of tool [m]
Default position of the tool center relating to the coordinate system. The position
is set on reset.

Note: Choose a start position that can be reached according to robot geometry and sizes.

o Trigger on entry
Determines what kind of action needs to be executed when a Product atom
enters the Advanced Vertical Articulated Robot atom. There are a number of
rules predefined (see also Trigger on exit), but you can also create your own rule
via a 4DScript expression.

Note: The trigger on entry is executed from the Tool sub-atom, not from the Advanced
Vertical Articulated Robot atom itself.

e Trigger on exit
Determines what kind of action needs to be executed when a Product atom exits
the Advanced Vertical Articulated Robot atom. There are a number of rules
predefined (see also Trigger on entry), but you can also create your own rule via
a 4DScript expression.

Note: The trigger on exit is executed from the Tool sub-atom, not from the Advanced
Vertical Articulated Robot atom itself.
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e Trigger on reset
Determines what kind of action needs to be executed when the Advanced
Vertical Articulated Robot atom is reset. There are a number of rules predefined
(see also Trigger on entry and exit), but you can also create your own rule via a
4DScript expression.

Note: The trigger on reset is executed from the Tool sub-atom, not from the Advanced
Vertical Articulated Robot atom itself.

r b
m Advanced Vertical Articulated Robot - Advanced Verti.. ﬁ

General | Size | Load I Speed | Routines | Tazks | "v"isualizatiun|

Lenath [=] /

main arm [m]:

Length [x]
kol arm [mn];
Height [z]
zocket [m]:
2

Lock robat position:

Help ] [ Ok H Cancel H Apply

Picture 15-2: The Advanced Vertical Articulated Robot size parameters

The layout of robots is defined by number/kind of articulated joints and the length of
arms. The Advanced Vertical Articulated Robot atom has 5 axis. Starting with a
horizontally rotating socket there are two vertical main arms of equal length, followed by
another vertical Tool arm that finally can be rotated around its vertical centre.
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® Height (7) of socket [m]
The z-location of the first joint of the main arm.

e Length (x) of main arm [m]
Define the main sphere of action.

e Length (x) of tool arm [m]
Determines the sphere of action in detail.

® Lock robot position

If this box is checked the position of the robot is locked to protect it from
unintended dislocation.

ﬁ Advanced Vertical Articulated Robot - Advanced Verti.. ﬁ

General | Size | Load | Speed | Fioutines | Tasks | ‘»-"isualizatiu:un|

Urlaad selectionmule: 1. FIFD - first i first out. -

Raouting default loadhmes

IJze default loadtimes:
Load time [z]: 4050
Inload time [z]: 40510

Set location on load

Location [] of picked atar [m]; 4ns 0 -
Location [y] of picked atar [m]; 4ns 0 -
Location [2] of picked atarm [m]; 405 1-25ize(i) -

Set ratation on load

R otation [x] of picked atom [7];

408 0 -
Rotation [y] of picked atom [7]; 405 0 -
Rotation [z) of picked atom [7]; 405 0 -

Help ] [ ak H Cancel H Apply

L.

Picture 15-3: The Advanced Vertical Articulated Robot load parameters
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e Unload selectionrule
This option lets unload the picked atoms in a specified sequence. The internal
queue of the Advanced Vertical Articulated Robot is sorted in the selected
sequence before unloading. Default is first in first out (FIFO). There are 6
strategies available.

FIFO --> first in first out

LIFO --> last in first out

Label minimum (picked atoms)

Label maximum (picked atoms)

Icon index minimum (picked atoms)

Icon index maximum (picked atoms)

SR

Note: Picked atoms are stored in the sub-atom Tool of Advanced Vertical Articulated
Robot.

e Use default load times
If this box is checked the default load and unload times are directly assigned to
Routine edit fields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
un- and load times.

e [oad time [s]
The default time (s) that is needed to load something to Advanced Vertical
Articulated Robot. Assigned to the Routine load command when checkbox use
default load times is checked.

®  Unload time [s]
The default time (s) that is needed to unload something from Advanced Vertical
Articulated Robot. Assigned to the Routine unload command when checkbox
use default load times is checked.

® Location (x/y/z) of picked atom [m]
For picked atoms you can define location offsets for each individual x, y, and z.

® Rotation (x/y/z) of picked atom [m]
For picked atoms you can define rotation offsets around each axis individual x,
y, and z.
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[ m Advanced Vertical Articulated Robet - Advanced Verti... ﬁ1
| General | Size | Load | Speed | Routines | Tazks | "v"isualizatiun|
R outing default speed parameters
|Jze default speed parameters:
Acceleration [mds]: 405 1 -
Max. speed [ms]: 405 1 -
Deceleration [md=]: 405 1 -
End speed [mis]: 405 0 -
Help ] [ Ok l ’ LCancel ] ’ Apply

Picture 15-4: The Advanced Vertical Articulated Robot speed parameters

o Use default speed parameters
If this box is checked the default speed parameters are directly assigned to
routine edit fields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
speed definitions.

e Acceleration [m/s?]
Acceleration of Tool center in relation to origin of coordinate system.

®  Max. speed [m/s]
Maximum speed of Tool center in relation to origin of coordinate system.

e Deceleration [m/s?]
Deceleration of Tool center in relation to origin of coordinate system.
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e FEnd speed [m/s]
End speed of Tool center in relation to origin of coordinate system.

Note: The Advanced Vertical Articulated Robot uses the ‘MovingTo’ command to define
the motions between the origin of the coordinate system and the center of the Tool. In
‘MovingTo’ the acceleration and deceleration are leading. The end speed will be tried to
reach, but when this is impossible the end speed is the last speed taking acceleration and
deceleration into account.

[ m Advanced Vertical Articulated Robot - Advanced Verti.. ﬁw
| General | Size | Load I Speed | Fh:uutinesl Tasks |‘»-"isualizati|:|n|
T azk zelection rule
1. FIFQ - first in first out. -
Help ] [ Ok, ] ’ Cancel ] ’ Apply

Picture 15-5: The Advanced Vertical Articulated Robot task parameters

Tasks are calls to the Advanced Vertical Articulated Robot to execute a specified
Routine. There are two ways to create a Task. Pick and place Task are created every time
an atom connected to an input channel of the robot causes an IcReady. Motion Tasks are
created if there is an external call created with the
‘Advanced_Vertical_Articulated_Robot_create_motion_task’ command. If the robot is
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busy, the Tasks are stored until the robot is idle again. The Tasks selection rule
determines what Tasks has to be done next.

® Task selection rule
This option lets execute the Tasks in a specified sequence. The internal queue of
the Advanced Vertical Articulated Robot is sorted in the selected sequence
before choosing the next Tasks to execute. Default is first in first out (FIFO).
There are 10 strategies available:

1: FIFO
First in first out
2: LIFO

Last in first out
3: Content minimum
Atoms in the container with the smallest content first
4: Content maximum
Atoms in the container with the largest content first
5: IC minimum
Lowest input channel of robot first
6: IC Maximum
Highest input channel of robot first
7: Label minimum (atom)
The atom with the lowest value on label first
8: Label maximum (atom)
The atom with the highest value on label first
9: Label minimum (container)
Atoms in the container with the lowest value on label first
10: Label maximum (container)
Atoms in the container with the highest value on label first
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[ & Advanced Vertical Articulated Robot - Advanced Verti... (S |
| General | Size | Load | Speed| Routines | Tasks | Visualization |
Settings
| Newmutne |
| Copproutne |
| Delete routine |
| Fenameroutine |
| Edtiouine |
Examples
| Create pick example routine | | Info |
| Create motion example routine | | Info |
| Fun motion example routine |
Help ] [ Ok H Cancel H Apply

Picture 15-6: The Advanced Vertical Articulated Robot routine parameters

Routines are sub atoms of the Advanced Vertical Articulated Robot. Storing all
information about repeatable sequences into tables, the behaviour becomes reproducible
in order to execute frequently necessary actions like motions, loading, unloading or
waiting.

e New Routine
Click this button to create a new Routine. You will be asked to enter a Routine
name. If the Routine has been created successfully, you are asked to edit
commands to the Routine table by using the edit commands GUL

e Copy Routine
Click this button to copy a existing Routine with all its commands. Select the
sample Routine via atom selector. If selection was successful, you will be asked
to enter a different Routine name. If the Routine has been created successfully,
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you are asked to edit Commands to the Routine table by using the edit routines
GUL

e Delete Routine
Click this button to delete a existing Routine with all its table-stored Commands.

Note: The global reference to the Routine will be unregistered too. Ensure, that the
Routine is not needed by any other Advanced Vertical Articulated Robot.

® Rename Routine
Click this button to rename an existing Routine. You will be asked to enter a
new Routine name.

® Create pick example Routine
Click this button to create a Pick Routine example with the name
‘Routine_pick_example’. If the Routine has been created successfully, you are
asked to edit Commands to the Routine table by using the edit commands GUI.

Warning!: Pick example Routine only works if input channel 1 of tool is connected to
pick atom and output channel 1 of Tool is connected to place atom.

® Rename Routine
Click this button to rename an existing Routine. You will be asked to enter a
new Routine name.

e (Create motion example Routine
Click this button to create a Motion Routine example with the name
‘Routine_motion_example’. If the Routine has been created successfully, you

are asked to edit Commands to the Routine table by using the edit commands
GUL

®  Run motion example Routine
Click this button to run the ‘Routine_motion_example’ Routine.

e FEdit Routine
Click this button to select the Routine you want to edit via atom selector. If
selection was successfully, you are able to edit Commands to the Routine table
by using the Advanced Vertical Articulated Robot Edit Routines GUI.
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[ m Edit routines Iﬁ1

Defing selection rules | Edit commands I Teach in | Define relative parameters|

Pick zelection rile

2. By input channel: Atom to be picked iz waiting at channel 1. -

Place selection rule

2. By output channel: Destination atom connected to output channel 11z -

3] (e ) o

Picture 15-7: The selection rule definition at the routine editor

Any kind of action like loading, unloading, moving, delays are defined within Routines.
The Advanced Vertical Articulated Robot Edit Routines GUI is the tool to apply, insert,
copy, delete and edit Routine Commands. It is also possible to define selection rules for
the Routines, so the Robot is able to select the Routine that fits best to the current Task.
The Teach In functionality allows to create motions in an easy way.

Note: Some of the parameters used for the Edit Routines GUI are defined within the
Advanced Vertical Articulated Robot GUIL.

® Pick selection rule
Determines the Pick condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 16 strategies available.

No pick restriction or motion routine

By input channel

By pick atom name

By pick icon name

By pick icon number

AN O
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By pick label value (direct)
By pick label value (conditional)
By pick label text

By pick location (direct)

1 0 By pick location (conditional)
11: By pick size (direct)

12: By pick size (conditional)

13: By pick content (direct)

14: By pick content (conditional)
15: Conditional statement

16: By user

SRR

Note: Choose a Pick selection rule if there is more than one Routine available and the
selection criteria can be found via input channel connection. The Pick selection rule can
be combined with a Place selection rule to define advanced strategies.

® Place selection rule
Determines the Place condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 11 strategies available.

No place restriction or motion routine

By output channel

By output channel fail safe

By place location (direct)

By place location (conditional)

By place size (direct)

By place size (conditional)

By place content (direct)

By place content (conditional)

]0 Conditional statement

11: By user

\?90.\.19\9.‘.\99!\95

Note: Choose a Place selection rule if there is more than one Routine available and the
selection criteria can be found via output channel connection. The Place selection rule
can be combined with a Pick selection rule to define advanced strategies.
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m Edit routines ﬁ
| Define selection ules | Edit commands | Teach in | Define relative parameters|
Selected command: MoveTo
Select command
@ Move to Comment [sting]: 0
(71 Stop
) Delay D estination [=]: 0
' - e D estination [w]: 0
1 Unload
(71 Trigger D estination [z2): 0
(70 % it _ 1
® End Acceleration [mds]:
tax. zpeed [mds): 1
’ Get pogition ]
D eceleration [mds); 1
’ Set pozition ]
End speed [mds]: 0
’ Apply command ]
T ool arm deflection [°]: 0
’ Ingert command ]
Deflection zpeed [*/2]: 10
’ Copy command ]
T ool arm rotation [*]: 0
’ Delete command ]
R otation zpeed [*/s]: 10
e

Picture 15-8: The Advanced Vertical Articulated Robot command editor

o Select command
Select between the predefined kinds of Commands to define robot behaviour.
There are 8 predefined Commands available:

1:

2:

Move to

Defines any kind of robot motion
Stop

Stops any kind of robot motion

: Delay

Makes the robot waiting for a specific time

- Load

Executes picking of incoming products

Unload

Executes placing of outgoing products

Trigger

Allows the execution of 4DScript code

Wait

Let the robot wait for an external trigger to continue
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8: End
Finishes a routine

Choose a Command to edit the necessary parameters. The number and kind of parameters
depends on the type of selected Command.

Move to command:

o  Comment
Comment the Commands to make the Routines more readable.

e Destination (x/y/z)
Tool center destination according to the origin of the coordinate system.

e Acceleration [m/s?]
The tool centre acceleration to reach the destination.

®  Max. speed [m/s]
The tool centre maximum speed to reach the destination.

e Deceleration [m/s?]
The tool centre deceleration to reach the destination.

e End speed [m/s]
The Tool centre end speed to reach the destination.

®  Tool arm deflection [°]
Absolute deflection of the tool arm at the destination.

® Deflection speed [“/s]
The deflection speed to reach the absolute Tool arm deflection.

e  Tool arm rotation [°]
Absolute rotation of the Tool arm at the destination.

® Rotation speed [“/s]
The rotation speed to reach the absolute Tool arm rotation.

Note: You are able to edit detailed speed parameters, if the default speed parameters
checkboxes is selected at the Advanced Vertical Articulated Robot GUI.

Note: The Advanced Vertical Articulated Robot uses the ‘MovingTo’ Command to
define the motions between the origin of the coordinate system and the centre of the Tool.
In ‘MovingTo’ the acceleration and deceleration are leading. The end speed will be tried
to reach, but when this is impossible the end speed is the last speed taking acceleration
and deceleration into account.
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Note: You can get the current position of the Tool into the edit fields by click on the Get
position button.

Note: You can set the position of the Tool according to the edit fields by click on the Set
position button.

Stop command:

o  Comment
Comment the Commands to make the Routines more readable.

Delay command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The delay before the Routines is continued with the next command (row).

Load command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The load time of the atom to be picked.

e  Channel [index]
The input channel of the robot, where the atom is waiting.

Note: You are able to edit detailed load parameters, if the default load parameters
checkboxes is selected at the Advanced Vertical Articulated Robot GUI.

Unload command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The unload time of the atom to be placed.

o  Channel [index]
The output channel of the robot, where the atom has to be sent to.

Note: You are able to edit detailed unload parameters, if the default load parameters
checkboxes is selected at the Advanced Vertical Articulated Robot GUIL

Trigger command:
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o  (Comment
Comment the Commands to make the Routines more readable.

e Trigger [4DScript]
The code that has to be executed before the Routine is continued with the next
Command. Select between the predefined Commands defined in the kernel
function ‘getTriggerEnterExit’ or enter your own 4DScript code.

Wait command:

o  (Comment
Comment the Commands to make the Routines more readable.

® Awaited message [string]
The text message that has to arrive in the OnMessage event handler of the
Advanced Vertical Articulated Robot before the Routine is continued with the
next Command.

End command:
If you select the End Command no parameters can be changed, but another row is added
to the Routine in order to set a flag, that that there will be no further Commands. The

Robot is set to status Idle and it searches for other Tasks available.

There are four buttons to apply, insert, copy and delete Commands. On click you are
asked to edit the row index of the Command that you want to apply, insert, copy or

delete.
m Table of Routine_pick_example =B (]
File Edit View
Dirmenzions
Bows: 7 Columns:; 19 Set
0 Rowlndex|{1 Command | 2 ldentitier |3 Comrment |4 #-Destination |5 -Destination | £ Z-Destination
1 Movelo i1 bowve to pick position 1] -4 5
2 Load i Load at pick pogition -
3 MoveTo 1 tiove to default position |1 1 2
i toveTo 1 bove to place position | -2 3 5
al Unload a Unload at place pogition
G MoveTo 1 tiove to default position |1 1 1
7 end a8
4 F

Picture 15-9: Routine example (pick and place)
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[ m Edit routines ﬁ1

| Define selection rules | Edit -:u:umman-:ls| Teach in | Define relative parameters|
Coordinates step zize [mdclick]: 1
Angles step size [*Aclick): 10
kain arm
. ‘ L+ [,
| [ee]
Tool arm
’ Deflection - ] ’ Deflection + ]
Tool
’ Raotatior - ] ’ Rotation + ]
’ Teach in
o) Cow ) o

Picture 15-10: Routine teach panel (move to command)

The Teach In functionality allows to create motion commands in an easy way.

e Coordinates step size [m/click]
On click of main arm buttons the tool position will move according to the
coordinates step size.

® Angles step size [“/click]
On click of tool arm buttons the tool deflection will rotate according to the
angles step size. On click of tool buttons the tool will rotate according to the
angles step size.

e Teach in button
On click all motion parameters are updated into the edit fields of the Edit
Command page and the destination is stored to the active routine as Move to
Command.
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[ m Edit routines ﬁ1

| [efine selection rules | Edit commands I Teach in | Define relative parameters |_

Relative destinationz

Relative destination [x] 1. Mo relative value. -
R elative destination [v]: 2. Conditional row statement: | the ¢
R elative destination [z]: 3. Conditional content statement: IFH -
R elative tool ratation [ 4. Conditional pick. label walue: If the -

3] (e ) o

Picture 15-11: Relative destinations panel

® Relative destination (x)
The tool relative x destination.

® Relative destination (y)
The tool relative x destination.

® Relative destination (z)
The tool relative x destination.

® Relative tool rotation [°]
Relative rotation of the tool arm at the destination.

There are 5 predefined relative value definitions available:

1: No relative value — the parameters from the Routines table are used on any

account
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Conditional row statement — cases are defined based on the current row
index of the active Routine

Conditional content statement - cases are defined based on the current
content of the tool

Conditional pick label value statement - cases are defined based on Label
values of Products waiting at input channel of the tool

User defined statement — define your own statement using 4DScript

m Model Layout

Operations  Selection

World (39.03, 23.47)

[F=1 Ho =

View Modes

Rotine Rowtine _pick _example
Time (roine) 18645 5

Command (ndex) @ 3

Descripeion : Mo bo defauk pastion
Time (zommand) : 541 5

Scale5114  Atorn 234: Source? at (41.00, 25.00, 0.00] Size (2.40, 2.00, 5.00) Layer: Main

Picture 15-12: 2D Layout of a running pick example
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16 THE ADVANCED ASRS ATOM

[Z] Advanced ASRS - Advanced ASRSS [
General | Storage | Inbound I CDutbound | b otion | Load I Fick | Flace | Yizualization

'ﬂ'tum nanme: .":".I:lV-EIr'lI:Ed n‘I:"-SF‘SE

Aliaz

Create alias:

|22 atom name; ]

Aliaz name: ASRS5E

Trigger=

Trigaer an rezet; 4050

Hep | | FRebuid | | ok | | Cancel | | dppy

Picture 16-1: The Advanced ASRS atom

An ASRS is arail bound single track vehicle to store and retrieval goods of warehouse
racks. Commonly used layout contains one locations for Inbound, one storage and
retrieval machine (SRM) with up to 2 High Rise Racks on the sides and one location for
Outbound. There are parameters to edit size, position and layout of all elements.

Annexes Tutorial ED 83



The SRM is made of 3 atoms. The SRM atom itself uses the rail track to move along aisle
(x-axis) to the assigned column of the Racks. The Hoist atom is lifting up to the allocated
row of the rack (z-axis). The Shuttle atom reaches into the racks to store or retrieve the
goods (y-axis). Each axis has its own parameters to control acceleration, maximum speed
and deceleration. Detailed load times can be defined for every transfer point inside the
system. Due to high level of automation ASRS systems are driven without human
interference, but controlled by strategies for Inbound, movement and Outbound of goods.

Important: The Advanced ASRS layout is based on rows and columns of warehouse
racks coordinate system. Use rows and columns to define the dimension of Racks. Also
use coordinates to define Inbound and Outbound position.

Note: This atom is part of ED Logistics. However ED Logistics also has a single
Warehouse atom to model non automated storage systems.

o Artom Name
The name of the atom.

Note: There are 2 ways to access the ASRS’s values from another atom. The first
possibility is to connect an atom to the ASRS’s central channel.

Suppose you connected output channel 1 of an atom XYZ to the ASRS, then you can
refer to ASRS from XYZ as follows: Out(1, ¢).

Since ASRS’s are referenced from many atoms this is not a comfortable way to get or set
the required data. You can have the ASRS automatically create 4DScript functions
(aliases) to be able to access the data directly without any channel connections.

Example:

If you name the ASRS MyASRS, and you check the box Create Alias 3 4DScript
functions will be created: MyASRS, SetMyASRS, and RefMyASRS. You can now use
these functions to access the table from another atom without connecting channels.

MyASRS is used to obtain a cell value. SetMyASRS is used to set a table value, and
RefMyASRS is used to refer to the table atom itself.

o Trigger on reset
A rule that determines what kind of action needs to be executed when the ASRS
atom is reset. There are a number of rules predefined (see also Trigger on entry
and exit), but you can also create your own rule via a 4DScript expression.
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| [ Advanced ASRS - Advanced ASRSS =)
General | Storage |In|:u:uun|:| | I:Iutl:u:uunl:ll b ction | Load | Fick. | Flace I"-.J'isualizatiun

High Rize Racks
Location
(71 1. Bath sides of SFRM
@ 2. Left side of SRM anly
(71 3. Right side of SR anly
£ location [m]: 0
R atatian [*]; 0
Dirmenzions
Murmber of rows:; 10
Murmber of colums; a0
Sizez
Height [z] of bin locations [m]: 1
Width [x] af bin lozations [m]; 1
Depth [w] of bin lozations [m]: 1
Width [w] of SRk aizle [m]; 1
R estrictions
Edit -1 for non available bin locations: ’ Edit left rack. ] ’Eu:lit right rau:kl

Hep | | FRebwid | | ok | | Cancel | | gy |

Picture 16-2: The Advanced ASRS storage parameters

e Location
The layout of the High Rise Racks. Select between left or right High Rise Rack
or define High Rise Racks on both sides of the SRM atom.

e Zlocation [m]
The z-location of the ASRS.

® Rotation [°]
At default the ASRS is positioned from left to right in your screen. However you
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can also rotate the atom to display the flow of atoms over the ASRS matches
reality.

Dimensions:

e Nrofrows
Number of bin locations in vertical direction (z) in each High Rise Rack.

e Nr of columns
Number of bin locations in horizontal direction (x) in each High Rise Rack.

Sizes:

® Height (z) of bin locations (m)
The z-size of all bin locations inside each High Rise Rack. Determines (together
with nr of rows) the total height of High Rise Racks.

e Width (x) of bin locations (m)
The x-size of all bin locations inside each High Rise Rack. Determines (together
with nr of columns) the total length of High Rise Racks.

e Depth (y) of bin locations (m)
The y-size of all bin locations inside each High Rise Rack. Determines the total
depth of High Rise Racks.

o  Width (y) of SRM aisle (m)
The y-size of the aisle between the High Rise Racks. Determines the space for
SRM movement.

e Restrictions
Due to constructional limitations (pillars, passages, etc.) it is frequently not
possible to use all bin locations of the High Rise Racks. Edit -1 into the cells of
the High Rise Rack’s table to disable place strategies to assign goods to those
bin locations.

Note: Capacity of High Rise Racks is calculated without disabled bin locations. Place
strategies consider the bowdlerized capacity when calculation the fill level of a High Rise
Rack.
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[Z] Advanced ASRS - Advanced ASRS5 [
| General I Stl:urage| Inbound I:Iutl:u:uunl:ll b ction | Load | Fick. | Flace I"-.J'isualizatiun
—Location
@ 1. Left side of aizle
(71 2. Right zide of aizle
—Pogition
Fow: 1
Colurnn: 1]
—Setting
Input strateqy: Any inputchannel -
—Trigger
Trigger on entry; 405 0 -
Trigger on exit: 405 0 -
Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-3: The Advanced ASRS inbound parameters

e Location
The location of the Inbound atom. Select between left or right side of the aisle.

Position:
®* Row
Locations in vertical direction (z) based on the coordinate system of the High
Rise Racks.
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e Column
Locations in horizontal direction (x) based on the coordinate system of the High
Rise Racks.

e [nput strategy
A rule that determines how Product atoms may be let into the Inbound atom of
the ASRS. There are a number of rules predefined (see also Input strategy), but
you can also create your own rule via a 4DScript expression.

o Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the Inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
atom exits the Inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.
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[&] Advanced ASRS - Advanced ASRSS [
| General I Storage I InI:u:uunl:I| Outbound |M|:nti|:un | Load | Fick. | Flace I"-.J'isualizatiun
Location
(711, Left side af aigle
@ 2. Right side of aisle
Pozitiorn
Fow: 1
Colurnn: 1]
S ettingz
Send to: 2. An open channel [First channel first] sec -
Trigaers
Trigger on entry; 405 0 -
Trigger on exit: 405 0 -
Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-4: The Advanced ASRS outbound parameters

e Location
The location of the Outbound atom. Select between left or right side of the aisle.

Position:
* Row
Locations in vertical direction (z) based on the coordinate system of the High
Rise Racks.
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e Column
Locations in horizontal direction (x) based on the coordinate system of the High
Rise Racks.

e Sendto
A rule that determines to which output channel a Product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.

e Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the Outbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
atom exits the Outbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.
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[ @ Advanced ASRS - Advanced ASRSS Iﬁw
| General I Storage I Inbound | I:Iutl:u:uunl:l| Muotion | Load | Fick. | Flace I Yizualization

Strategy

@ 1. Ahways lift while driving

(71 2. Mever lift while driving

(71 3. When empty lift while driving, when loaded never lift while driving

SHM

Speed [m/z]: 4nNs 2 -

Acceleration [rmes2): 405 2 -

Deceleration [mss2): 405 2 -

Huoizt

Speed [mds]: 405 1 -

Acceleration [rmes2): 405 1 -

Deceleration [mss2): 405 1 -

Shuttle

Speed [m/s]: 405 05 -

Acceleration [mss=] 405 0.5 -

Deceleration [m/s=]: 405 0.5 -
Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-5: The Advanced ASRS motion parameters

® Motion strategy
A rule that determines how the SRM atom is coordinates the movements of
lifting and driving. There are 3 strategies available:
1: Always lift while driving
2: Never lift while driving
3: When empty lift while driving, when loaded never lift while driving

e SRM
The speed, the acceleration and the deceleration can be defined for x-direction.
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® Hoist
The speed, the acceleration and the deceleration can be defined for z-direction.

o  Shuttle
The speed, the acceleration and the deceleration can be defined for y-direction.

[&] Advanced ASRS - Advanced ASRSS [

| General I Storage I Inbound | Cutbound | Ml:util:un| Load | Fick. | Flace I Yizualization

Strategy
Order

(711, Inbound and Outbound alternately (if both is possible]
(71 2. Inbound prefered (if both iz possible)

(7 3. Duthound prefered [iF both iz possible]

(71 4. Inbound anly [rever rall out)

(71 5. Outbound only [never roll in)

@ B. Conditional staterment defined by label

(7 7. Duthound prefered [external callz only)

Labels
Condition: 5 By content: If the fill level of all racks i < -

Time
Load time from inbound [=]; 40510
Inload time to rack [=]: 40510
Load time from rack [z]: 40510
[Inload time to outbound []; 40510

Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-6: The Advanced ASRS load parameters
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® Order strategy
A rule that determines the interaction between Inbound and Outbound of
products. There are 6 strategies available:

Inbound and Outbound alternately (if both is possible)

Inbound preferred (if both is possible)

Outbound preferred (if both is possible)

Inbound only (never roll out)

Outbound only (never roll in)

Conditional statement defined by label

SR

e Condition
Label to be executed when order strategy nr 6 is the active strategy. There are a

number of rules predefined, but you can also create your own rule via a 4DScript
expression.

Endurance:

e [Load Time
The time (s) that is needed to load something from Inbound to SRM.

e  Unload Time
The time (s) that is needed to unload something from SRM to High Rise Racks.

e Load Time
The time (s) that is needed to load something from High Rise Racks to SRM.

e  Unload Time
The time (s) that is needed to unload something from SRM to Outbound.

Annexes Tutorial ED 93



[&] Advanced ASRS - Advanced ASRSS [

| General I Storage I Inbound | Cutbound | b ction | Load | Fick. | Flace I Yizualization

Strategy

(71 1. Random occupied bin location [of all racks)

(71 2. Random occupied bin location [of rack with lower fill level)

(71 3. Mearest occupied bin location to row 1 and column 1 (of all racks)
(71 4. Farthest occupied bin location to row 1 and column 1 [of all racks)
(71 B, Longest waiting product ¢/ Firzt in first oot

(71 B. Shortest waiting product / Last in first aut

@ 7. Bir location [rack, row and column) is defined by label

(71 8. External call [Meszage to ASRS with pointer of assigned product]

Labels
Fiack: 4: Mati=FIFD: Search far the atam with the -
Fow: 405 MatnxGetRow -
Colurnr: 405 MatnzGetColumn -
b anual outhound trigger
Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-7: The Advanced ASRS pick parameters

® Pick strategy

A rule that determines the Outbound action of ASRS by selecting the Product

(and its location) for the next roll out movement. There are 8 strategies

available:

1: Random occupied bin location (of all High Rise Racks)

2: Random occupied bin location (of High Rise Racks with lower fill level)

3: Nearest occupied bin location to row 1 and column 1 (of all High Rise
Racks)
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R

Farthest occupied bin location to row 1 and column 1 (of all High Rise
Racks)

5: Longest waiting product / First in first out
6: Shortest waiting product / Last in first out
7: Bin location (High Rise Rack, row and column) is defined by label
8: External call (Message to ASRS with pointer of assigned product)
Labels:
®* Rack

Label to be executed when order strategy nr 7 is the active strategy. There are a
number of rules predefined to select the index of the High Rise Rack, but you
can also create your own rule via a 4DScript expression.

Note: The result of the rule to select a rack has always to be an index between 1 and 2.
The left High Rise Rack is always assigned by index 1. The right High Rise Rack is
always assigned by index 2. Be sure that the resulting index refers to an existing High
Rise Rack.

* Row
Label to be executed when order strategy nr 7 or 8 is the active strategy. There
are a number of rules predefined to select the index of the row, but you can also
create your own rule via a 4DScript expression.

e Column
Label to be executed when order strategy nr 7 or 8 is the active strategy. There
are a number of rules predefined to select the index of the column, but you can
also create your own rule via a 4DScript expression.

Note: The result of the rule to select a row or column has always to be > 0 and within the
dimensions of your High Rise Racks. Be sure that the resulting index of row and column
refers to a non assigned/occupied bin location. Occupied bin locations of the High Rise
Rack tables always contain the pointer of the assigned product.

®  Manual outbound trigger
Often picking commands are coming from external controller and not from the
ASRS itself. When pick strategy nr 8 is the active strategy, ASRS picking is
triggered by external messages containing the pointer of the product that has to
be rolled out. The button is doing the same as an external controller and sends a
message to the ASRS with the pointer of the next product to roll out. Helpful to
test ASRS functionality before external controller has been implemented.
Furthermore it contains a helpful syntax example for getting started with
external product search.
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[&] Advanced ASRS - Advanced ASRSS [

| General I Storage I Inbound | I:Iutl:u:uunl:ll b ction | Load | Fick. | Flace |"-.J'isuali2ati|:|n

Strategy

(71 1. Bandom free positan [of all racks)

(71 2. Bandom free positan [of rack with lower fill level)

(71 3. Mearest free postion to row 1 and column 1 [of all racks]

(71 4. Farthest free postion o row 1 and colurnn 1 [of all racks)

@ 5. Clozest free postion to row and colurin defined by label [of all racks)

(71 B. Define rack, row and colurmn directly by label [user defined search)

Labels
R ack: Rda
F o 405 1 -
Colurn: 405 1 -
Hep | | FRebuid | | ok | | cCancel | | ppy

Picture 16-8: The Advanced ASRS place parameters

® Place strategy
A rule that determines the Inbound action of ASRS by selecting the bin location
(High Rise Rack, row and column) for incoming products. There are 6 strategies
available:

1:

Random free position (of all High Rise Racks)

2: Random free position inside (of High Rise Rack with lower fill level)
3:
4-

Nearest free position to row 1 and column 1 (of all High Rise Racks)
Farthest free position to row I and column 1 (of all High Rise Racks)
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5: Closest free position to row and column defined by label (of all High Rise

Racks)
6. Define High Rise Rack, row and column directly by label (user defined
search)
Labels:
®* Rack

Label to be executed when order strategy nr 5 is the active strategy. There are a
number of rules predefined to select the index of the High Rise Rack, but you
can also create your own rule via a 4DScript expression.

Note: The result of the rule to select a High Rise Rack has always to be an index between
1 and 2. The left High Rise Rack is always assigned by index 1. The right High Rise
Rack is always assigned by index 2. Be sure that the resulting index refers to an existing
High Rise Rack.

* Row
Label to be executed when order strategy nr 5 or 6 is the active strategy. There
are a number of rules predefined to select the index of the row, but you can also
create your own rule via a 4DScript expression.

e Column
Label to be executed when order strategy nr 5 or 6 is the active strategy. There
are a number of rules predefined to select the index of the column, but you can
also create your own rule via a 4DScript expression.

Note: The result of the rule to select a row or column has always to be > 0 and within the
dimensions of your High Rise Racks. Be sure that the resulting index of row and column
refers to a non assigned/occupied and available (not -1) bin location. Non occupied bin
location of the High Rise Rack tables always has the value 0.
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il Model Layout [F=3[EOH =X

Operations  Selection  View Meodes

Advanced ASRS4

World (47.21, 24.42) Scale 47.60

Picture 16-9: The Advanced ASRS 2D Model Layout
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17 THE GROUND STORAGE ATOM

m Ground Storage - Ground Storagel (]
General | Miscellaneous | Visualization
Atam name; Ground Staragel
Additional
Send ta; 1 -
Imput ztrategy: Arp inputchanrel -
Product to send: first(c]
Gueus discipline: Fifo [Firgt Ir First Qo) -
Triggers
Trigaer an entn: 0 -
Trigger an exit: 0 -
Help [ Ok l | Cancel | | Apply

Picture 17-1: The Ground Storage atom

The Ground Storage atom stores product atoms that enter at a specific location. If the
Ground Storage is full its input is closed. Each storing position (a storing position is
treated as a cell in the internal table) can contain one product. Specific storing positions
can be deactivated to simulate e.g. columns in a building. Just click on the button 'Edit
Table' and write '-1' in the cell which you want to deactivate. Storing positions are
represented as cells in that table. If the Ground Storage has output channels, products are
sent out. You can specify which product to send out.

o Atom Name
The name of the atom.

e Sendto
A rule that determines to which output channel a product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.
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e [nput strategy
A rule that determines to which output channel a product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.

® Product to send
When the Ground Storage is ready to send a new product, this code will be
evaluated to see which product should be send. The sequence of the products
depends on the Queue Discipline.

®  Queue Discipline
When a product enters, this code will specify the way products are ranked in the
Ground Storage. This is not related to the place (row and column) of the product
in the warehouse.

e Trigger on entry
A rule that determines what kind of action needs to be executed when a product
atom enters the Ground Storage atom. There are a number of rules predefined
(see also Trigger on entry and exit), but you can also create your own rule by
writing a 4DScript expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a product
atom exits the Ground Storage atom. There are a number of rules predefined (see
also Trigger on entry and exit), but you can also create your own rule using
4DScript.

Annexes Tutorial ED 100



m Ground Storage - Ground Storagel (3w
Miscellaneous | visualization

Settingz
Search cincular:
Put in row: label[[romw].i] -
Fut i colurnn: label[[calurnn].i] -
Murnber of rows: 10
Murnber of colurins: 10

E dit table

[ Hep | [ ok || cancal || ppy

Picture 17-2: The Ground Storage bin location parameters

e Search circular
The collision check can be turned on and off here. When a product enters the
atom and the check is on, it is checked if the desired storing place is free. If it is
full, it is checked in increasing circles around the desired storing place if a free
one can be found. If the check is off and the desired storing place is full, the next
free storing place is taken. If you want to have a nicer visualization, you can
make the collision check before the product enters the Ground Storage atom.
You have to call the function
'GroundStorage__SearchForAFreeStoragePlace(AtomByName([Ground
Storagel], Model), i)' on the atom that is connected to the 'Ground Storage'. The
function expects the labels row' and 'column' on the product (i). They need to be
set before you call the function.

e [mportant
If you use the above function, checking or un-checking the Control 'Search
circular' has no effect. This is because the collision check happens in the
function and the function is called before the product enters the 'Ground
Storage'.

e Putinrow
It can be defined in which row an incoming product should be placed with a
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value or an expression here. If this row is completely full, the next row is
chosen. If the value is 0, the search for an empty storing place (cell) starts
always with row 1.

® Putin column
It can be defined in which column an incoming product should be placed. Values
or expressions are allowed here. If this column is completely full, the next
column is chosen. If the value is 0, the search for an empty storing place (cell)
starts always with column 1.

®  Number of rows
This is the number of locations in vertical direction in your Ground Storage.

®  Number of columns
This is the number of locations in horizontal direction in your Ground Storage.

e FEdit table
This will open a window with a table in which you can view the content of the
Ground Storage. The ID numbers of the atoms in the Ground Storage are
displayed in the table. You can deactivate storing places by writing -1 in the
cells.

m Model Layout EI@

Operations  Selection  View Modes

M T
ouurce?2

World (41.08, 23.81) Scale 32.74

Picture 17-3: The Ground Storage 2D Model Layout
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18 THE ADVANCED LINEAR ROBOT ATOM

E Advanced Linear Robot - Advanced Linear Robotl ﬁ

General |Size | Load | Speedl Routines | Tasks | ‘-.-’isualizatiu:un|

Atam name; Advanced Linear Robat]

Coordinate spsten

Offzet [x] of coordinate system [m: 0
Offzet [v] of coordinate system [m; 0
Offzet [2] of coordinate system [m: 0

T ool default pozition

Start pozition =] of tool [m]: 1

Start pozition [v] of boal [rm]: 1

Start pozition (2] of tool [m]: 1

Triggers

Trigaer an entry: 405 0 -

Trigger an exit: 405 0 -

Trigaer on reset; 405 0 -
Help ] [ [n] 3 ] ’ Cancel ] [ Apply

Picture 18-1: The Advanced Linear Robot atom

An Linear Robot is a handling tool for any kind of pick-, place- and motion- tasks. The
sphere of action is limited by the length, width and height of workspace. Motions are
defined based on a world coordinate system. The destinations of the Grabber (tool) are
defined with xyz-coordinates. Any kind of action, like loading, unloading, moving and
delays are defined within Routines. Those Routines are stored with global references, so
they can be used by other Linear Robots as well. Every kind of command has its specific
parameters like load time or speed to define the behaviour of the robot. There are two
ways to define routine motion commands. First one is to move the tool of the robot by
hand and then get the coordinates in order to teach the command into the routine. Second
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one is the other way around when the robot is assigned to drive to user edited
coordinates. If the destination has been reached successfully, the coordinates can be
integrated into a motion command. Routines can be assigned to tasks. Routine execution
is triggered if there is a task available. Strategies can be defined to decide which routine
has to be executed, for what kind of task. If a Routine has been started it executes all
commands in sequence before it becomes idle again. Due to high level of danger
Advanced Linear Robot (ALR) systems are driven without human interference.

Important: There a two ways to use the Advanced Linear Robot. For any kind of pick
and place tasks, the robot channels have to be connected to previous and following atoms
to make it part of the material flow. Motions without material handling do not need
channel connections, but the Routines need to be started by external call.

Note: This atom is part of the ED Logistics version of Enterprise Dynamics. However the
ED Logistics version of Enterprise Dynamics edition also has a more simplified and
therefore faster Robot atom.

o Atom Name
The name of the atom.

e Offset (x/y/z) of coordinate system [m]
All motions of Advanced Linear Robot are determined based on the origin of its
coordinate system. Per default it is located in the rotation center of the robot
socket at z-level zero. Edit offsets to shift that point to a more comfortable
location, before starting routine definition.

Note: It can be helpful to lock the position of the robot to protect it from unintended
dislocation.

e Start position (x/y/z) of tool [m]
Default position of the Grabber center relating to the coordinate system. The
position is set on reset.

Note: Choose a start position that can be reached according to robot geometry and sizes.

e Trigger on entry
Determines what kind of action needs to be executed when a Product atom
enters the Advanced Linear Robot atom. There are a number of rules predefined
(see also Trigger on exit), but you can also create your own rule via a 4DScript
expression.

Note: The trigger on entry is executed from the Grabber sub-atom, not from the
Advanced Linear Robot atom itself.

o Trigger on exit
Determines what kind of action needs to be executed when a Product atom exits
the Advanced Linear Robot atom. There are a number of rules predefined (see
also Trigger on entry), but you can also create your own rule via a 4DScript
expression.
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Note: The trigger on exit is executed from the Grabber sub-atom, not from the Advanced
Linear Robot atom itself.

e Trigger on reset
Determines what kind of action needs to be executed when the Advanced Linear
Robot atom is reset. There are a number of rules predefined (see also Trigger on
entry and exit), but you can also create your own rule via a 4DScript expression.

Note: The trigger on reset is executed from the Grabber sub-atom, not from the
Advanced Linear Robot atom itself.

ﬁ Advanced Linear Robot - Advanced Linear Robotl Iﬁ
General | Size | Load | Speedl Fioutines | Tasks | ‘-.-’isualizatiu:un|

¥ gize [m]: 10
' gize [m]: 10
£ size [m]: g

Ratation [7]: 0

Lock robot position:

Help ] [ [n] 3 ] ’ Cancel ] ’ Apply

Picture 18-2: The Advanced Linear Robot size parameters

Design of robots is defined by the length of slideways. The Advanced Linear Robot atom
has three axis, (x/y/z) and one rotation joint. The Grabber rotates around the vertical axis

(2).
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o Xysize [m]
The length of the main driving slideway (x axis). Also defines the x dimension
of the robot.

o Yysize [m]
The length of the second driving slideway (y axis). Also defines the y dimension
of the robot.

o Zsize [m]
The length of the third driving slideway (z axis). Also defines the height of the
robot.

® Rotation [°]
At default the Advanced Linear Robot is positioned from left to right on your
screen. However you can also rotate the atom to display the flow of atoms over
the Advanced Linear Robot matches reality.

e Lock robot position
If this box is checked the position of the robot is locked to protect it from
unintended dislocation.
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E Advanced Linear Robot - Advanced Linear Robotl ﬁ

General | Size Load | Speedl Routines | Tazks | "-.-"isualizatiu:-n|

Unload selectionmle: 1. FIFD - first in first out. -

R outing default loadtime:s

Usze default loadtimes:
Load time [z]: 4055
Unload time [z]: 4055

Set lozation on load

Location [x] of picked atom [m]: 405 0-#Size(]] /2 -
Location [vw] of picked atom [m]: 405 0-ypSize(]] /2 -
Location (z) of picked atom [m]: 405 il ic(c), -Pal -

Set rotation an load

Faotation [x] of picked atam [*];

4ns 0 -

R aotation [v] of picked atam [*]; 405 0 -
R aotation [z] of picked atam [7]; 405 0 -
Help ] [ O l ’ LCancel ] ’ Apply

Picture 18-3: The Advanced Linear Robot load parameters

e  Unload selectionrule
This option lets unload the picked atoms in a specified sequence. The internal
queue of the Advanced Linear Robot is sorted in the selected sequence before
unloading. Default is first in first out (FIFO). There are 6 strategies available.

FIFO --> first in first out

LIFO --> last in first out

Label minimum (picked atoms)
Label maximum (picked atoms)
Icon index minimum (picked atoms)
Icon index maximum (picked atoms)

SAR T

Note: Picked atoms are stored in the sub-atom Grabber of Advanced Linear Robot.
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e Use default load times
If this box is checked the default load and unload times are directly assigned to
Routine editfields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
un-/loadtimes.

e [oad time [s]
The default time (s) that is needed to load something to Advanced Linear Robot.
Assigned to the Routine load command when checkbox use default load times is
checked.

®  Unload time [s]
The default time (s) that is needed to unload something from Advanced Linear
Robot. Assigned to the Routine unload command when checkbox use default
load times is checked.

® Location (x/y/z) of picked atom [m]
For picked atoms you can define location offsets for each individual x, y, and z.

® Rotation (x/y/z) of picked atom [m]
For picked atoms you can define rotation offsets around each axis individual x,
y, and z.
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i m Advanced Linear Robot - Advanced Linear Robotl Iﬁw
| General I Size | Load | Speed |H|:uutines | Tazks | "-.-"isualizatiu:-n|
R outine default speed parameters
I1ze default speed parameters;
Acceleration [x) [mdE]; 405 1 -
Acceleration [v] [/l 405 1 -
Acceleration [2) [mdE]; 405 1 -
Max. zpeed [x] [ms]: 405 1 -
Max. speed [v] [m/z]: 45 075 -
Max. zpeed [2] [m/s]: 4p5 05 -
Deceleration [x] [ms]; 405 1 -
Deceleration [v] [ms]: 405 1 -
Deceleration [2] [mes]: 405 1 -
End speed [m/s]: 4p5 0 -
Help ] [ O l ’ LCancel ] ’ Apply

Picture 18-4: The Advanced Linear Robot speed parameters

o Use default speed parameters
If this box is checked the default speed parameters are directly assigned to
routine editfields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
speed definitions.

® Acceleration (x/y/z) [m/s?]
Acceleration of Grabber center in relation to origin of coordinate system.

®  Max. speed (x/y/z) [m/s]
Maximum speed of Grabber center in relation to origin of coordinate system.

® Deceleration (x/y/z) [m/s?]
Deceleration of Grabber center in relation to origin of coordinate system.
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e FEnd speed [m/s]
End speed of Grabber center in relation to origin of coordinate system.

Note: The Advanced Linear Robot uses the ‘MovingTo’ command to define the motions
between the origin of the coordinate system and the center of the Grabber. In ‘MovingTo’
the acceleration and deceleration are leading. The end speed will be tried to reach, but
when this is impossible the end speed is the last speed taking acceleration and
deceleration into account.

E Advanced Linear Robot - Advanced Linear Robotl Iﬁ

| General I Size | Load | Speedl Fh:uutines| Taszks |‘-.-’isualizati|:un|

T azk zelection rile

1. FIFQ - first in first out, -

Hep | | ok || Concel || pply

Picture 18-5: The Advanced Linear Robot task parameters

Note: Tasks are calls to the Advanced Linear Robot to execute a specified Routine. There
are two ways to create a Task. Pick and place Task (material handling) are created every
time an atom connected to an input channel of the robot causes an IcReady. Motion Tasks
(welding, painting, etc.) are created if there is an external call created with the
‘Advanced_Linear_Robot_create_motion_task‘ command. If the robot is busy, the Tasks
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are stored until the robot is idle again. The Tasks selection rule determines what Tasks
has to be done next.

o Task selection rule
This option lets execute the Tasks in a specified sequence. The internal queue of
the Advanced Linear Robot is sorted in the selected sequence before choosing
the next Tasks to execute. Default is first in first out (FIFO). There are 10
strategies available.

FIFO --> first in first out

LIFO --> last in first out

Content minimum --> atoms in the container with the smallest content first
Content maximum --> atoms in the container with the largest content first
IC minimum --> lowest input channel of robot first

IC Maximum --> highest input channel of robot first

Label minimum (atom) --> the atom with the lowest value on label first
Label maximum (atom) --> the atom with the highest value on label first
Label minimum (container) --> atoms in the container with the lowest value
on label first

10: Label maximum (container) --> atoms in the container with the highest value
on label first

VoKW
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[ Advanced Linear Robot - Advanced Linear Robotl  SHES |
| General | Size | Load | Speed| Routines | Tasks | Wisualization|
Settings
| MNewoutine |
| Copproine |
| Delteroutine |
| FRenamerouine |
| Edtouine |
Examples
| Create pick example routine | | Info |
| Cieate motion example roufine | | Inio |
| Fun mation example routine |
Help ] [ Ok H Cancel H apply

Picture 18-6: The Advanced Linear Robot routine parameters

Note: Routines are sub atoms of the Advanced Linear Robot. Storing all information
about repeatable sequences into tables, the behaviour becomes reproducible in order to
execute frequently necessary actions like motions, loading, unloading or waiting.

® New Routine
Click this button to create a new Routine. You will be asked to enter a Routine
name. If the Routine has been created successfully, you are asked to edit
commands to the Routine table by using the edit commands GUI.

Note: The global reference to the Routine will be registered too. Be sure, that the Routine
is not already defined for any other Advanced Linear Robot.

e Copy Routine
Click this button to copy a existing Routine with all its commands. Select the
sample Routine via atom selector. If selection was successful, you will be asked
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to enter a different Routine name. If the Routine has been created successfully,
you are asked to edit Commands to the Routine table by using the edit routines
GUL

® Delete Routine
Click this button to delete a existing Routine with all its table-stored Commands.

Note: The global reference to the Routine will be unregistered too. Be sure, that the
Routine is not needed by any other Advanced Linear Robot.

e Edit Routine
Click this button to select the Routine you want to edit via atom selector. If
selection was successfully, you are able to edit Commands to the Routine table
by using the Advanced Linear Robot Edit Routines GUI.

e Create pick example Routine
Click this button to create a Pick Routine example with the name
‘Routine_pick_example‘. If the Routine has been created successfully, you are
asked to edit Commands to the Routine table by using the edit commands GUI.

Warning!: Pick example Routine only works if input channel 1 of tool is connected to
pick atom and output channel 1 of sub-atom Grabber is connected to place atom.

e (Create motion example Routine
Click this button to create a Motion Routine example with the name
‘Routine_motion_example‘. If the Routine has been created successfully, you
are asked to edit Commands to the Routine table by using the edit commands
GUL

®  Run motion example Routine
Click this button to run the ‘Routine_motion_example* routine.

e Edit Routine
Click this button to select the Routine you want to edit via atom selector. If
selection was successfully, you are able to edit Commands to the Routine table
by using the Advanced Linear Robot Edit Routines GUL
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[ m Edit routines Iﬁ1

Defing selection rules | Edit commands I Teach in | Define relative parameters|

Pick zelection rile

2. By input channel: Atom to be picked iz waiting at channel 1. -

Place selection rule

2. By output channel: Destination atom connected to output channel 11z -

3] (e ) o

Picture 18-7: The selection rule definition at the routine editor

Any kind of action like loading, unloading, moving, delays are defined within Routines.
The Advanced Linear Robot Edit Routines GUI is the tool to apply, insert, copy, delete
and edit Routine Commands. It is also possible to define selection rules for the Routines,
so the Robot is able to select the Routine that fits best to the current Task. The Teach In
functionality allows to create motions in an easy way.

Note: Some of the parameters used for the Edit Routines GUI are defined within the
Advanced Linear Robot GUL

® Pick selection rule
Determines the Pick condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 16 strategies available.

No pick restriction or motion routine

By input channel

By pick atom name

By pick icon name

By pick icon number

By pick label value (direct)
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7: By pick label value (conditional)
8: By pick label text

9: By pick location (direct)

10: By pick location (conditional)
11: By pick size (direct)

12: By pick size (conditional)

13: By pick content (direct)

14: By pick content (conditional)
15: Conditional statement

16: By user

Note: Choose a Pick selection rule if there is more than one Routine available and the
selection criteria can be found via input channel connection. The Pick selection rule can
be combined with a Place selection rule to define advanced strategies.

® Place selection rule
Determines the Place condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 11 strategies available.

No place restriction or motion routine

By output channel

By output channel fail safe

By place location (direct)

By place location (conditional)

By place size (direct)

By place size (conditional)

By place content (direct)

. By place content (conditional)

10: Conditional statement

11: By user

N

Note: Choose a Place selection rule if there is more than one Routine available and the
selection criteria can be found via output channel connection. The Place selection rule
can be combined with a Pick selection rule to define advanced strategies.
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m Edit routines ﬁ
| Define selection ules | Edit commands | Teach in | Define relative parameters|
Select command Selected command: MoveTo
@ Maove to _ 0
©) Stap Comment [ztring]:
() Delay D estination [x): 5
() Load
) Unload Destination [w): 4.7
' - ) Trigger D estination [2]: 25
0 W ait
) End Accelerstion [mds (11 w1 =]
Max speed [mds]  [x] 1 [v] 0.75 (2] 0.5
’ et position ]
Deceleration [m/gl () 1 (w1 [z ]
’ Set position ]
End speed [wz] [mss]: 0
’ Apply command ]
T ool ratation [*]; 0
’ Ingert cornmand ]
R atation zpeed [*/2]: 10
’ Copy command ]
’ Delete cormmmand ]
() (o] o

Picture 18-8: The Advanced Linear Robot command editor

o Select command
Select between the predefined kinds of Commands to define robot behavior.
There are 8 predefined Commands available:

1:

2:

Move to

Defines any kind of robot motion
Stop

Stops any kind of robot motion

: Delay

Makes the robot waiting for a specific time

- Load

Executes picking of incoming products

Unload

Executes placing of outgoing products

Trigger

Allows the execution of 4DScript code

Wait

Let the robot wait for an external trigger to continue
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8: End
Finishes a routine

Choose a Command to edit the necessary parameters. The number and kind of parameters
depends on the type of selected Command.

Move to command:

o  Comment
Comment the Commands to make the Routines more readable.

e Destination (x/y/z)
Tool center destination according to the origin of the coordinate system.

e Acceleration [m/s?]
The tool centre acceleration to reach the destination.

®  Max. speed [m/s]
The tool centre maximum speed to reach the destination.

e Deceleration [m/s?]
The tool centre deceleration to reach the destination.

e End speed [m/s]
The Tool centre end speed to reach the destination.

®  Tool arm deflection [°]
Absolute deflection of the tool arm at the destination.

® Deflection speed [“/s]
The deflection speed to reach the absolute Tool arm deflection.

e  Tool arm rotation [°]
Absolute rotation of the Tool arm at the destination.

® Rotation speed [“/s]
The rotation speed to reach the absolute Tool arm rotation.

Note: You are able to edit detailed speed parameters, if the default speed parameters
checkboxes is selected at the Advanced Linear Robot GUIL.

Note: The Advanced Linear Robot uses the ‘MovingTo’ Command to define the motions
between the origin of the coordinate system and the centre of the Tool. In ‘MovingTo’
the acceleration and deceleration are leading. The end speed will be tried to reach, but
when this is impossible the end speed is the last speed taking acceleration and
deceleration into account.

Note: You can get the current position of the Tool into the edit fields by click on the Get
position button.
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Note: You can set the position of the Tool according to the edit fields by click on the Set
position button.

Stop command:

o  Comment
Comment the Commands to make the Routines more readable.

Delay command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The delay before the Routines is continued with the next command (row).

Load command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The load time of the atom to be picked.

e  Channel [index]
The input channel of the robot, where the atom is waiting.

Note: You are able to edit detailed load parameters, if the default load parameters
checkboxes is selected at the Advanced Linear Robot GUI.

Unload command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The unload time of the atom to be placed.

o  Channel [index]
The output channel of the robot, where the atom has to be sent to.

Note: You are able to edit detailed unload parameters, if the default load parameters
checkboxes is selected at the Advanced Linear Robot GUI.

Trigger command:

o Comment
Comment the Commands to make the Routines more readable.
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e Trigger [4DScript]
The code that has to be executed before the Routine is continued with the next
Command. Select between the predefined Commands defined in the kernel
function ‘getTriggerEnterExit’ or enter your own 4DScript code.

Wait command:

o Comment

Comment the Commands to make the Routines more readable.

®  Awaited message [string]
The text message that has to arrive in the OnMessage event handler of the
Advanced Linear Robot before the Routine is continued with the next
Command.

End command:

If you select the End Command no parameters can be changed, but another row is added
to the Routine in order to set a flag, that that there will be no further Commands. The
Robot is set to status Idle and it searches for other Tasks available.

There are four buttons to apply, insert, copy and delete Commands. On click you are
asked to edit the row index of the Command that you want to apply, insert, copy or

delete.
m Table of Routine_pick_sxample E@
File Edit Wiew
Dimenzions
Bows: 7 Columns: 13 Set
0 Rowlndex]1 Command | 2 |dentifier |3 Comment |4 #D estination |5 ' -Destination | 6 <-Destination
1 Movelo i1 bove to pick position 0 - [
2 Load 4 Load at pick position -
3 boveTo 1 bdove to default pogition |1 1 2
4 MoveTo 1 Move to place posiion | -2 3 [
al [Jnload al [Jnload at place pogsition
= MoveTa 1 bove bo default pogition |1 1 1
Fi end g
] b

Picture 18-9: Routine example (pick and place)
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[ m Edit routines ﬁw

| Define selection rules | E dit -:Dmmands| Teach in | Define relative parameters|

Coordinates step zize [mdclick]: 0.3
Tl 10

Angles step size [*Aclick):

b ain arm

N ‘ Les] .,
2.
Toaol
’ Ratation - ] ’ Ratation + ]
’ Teach in ]

) () Lo

Picture 18-10: Routine teach panel (move to command)

The Teach In functionality allows to create motion commands in an easy way.

e Coordinates step size [m/click]
On click of main arm buttons the tool position will move according to the
coordinates step size.

® Angles step size [“/click]
On click of tool arm buttons the tool deflection will rotate according to the
angles step size. On click of tool buttons the tool will rotate according to the
angles step size.

e Teach in button
On click all motion parameters are updated into the edit fields of the Edit
Command page and the destination is stored to the active routine as Move to
Command.
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[ m Edit routines Iﬁw

| Define selection mules | Edit commands I Teach in| Defing relative parameters |_

Felative destinationz

Relative destination [x): 1. Mo relative value. -
R elative destination [v]: 2. Conditional row statement: [fthe ¢ -
Relative destination [z]: 3. Conditional content staterment: [t
R elative tool ratation [°: 4. Conditional pick label value: [f the -

3] (e ) [

Picture 18-11: Relative destinations panel

® Relative destination (x)
The tool (Grabber) relative x destination.

® Relative destination (y)
The tool (Grabber) relative x destination.

® Relative destination (z)
The tool (Grabber) relative x destination.

® Relative tool rotation [°]
Relative rotation of the tool (Grabber) arm at the destination.

There are 5 predefined relative value definitions available:

1: No relative value — the parameters from the Routines table are used on any
account

2: Conditional row statement — cases are defined based on the current row
index of the active Routine
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3: Conditional content statement - cases are defined based on the current
content of the tool (Grabber)

4: Conditional pick label value statement - cases are defined based on Label
values of Products waiting at input channel of the tool (Grabber)

5: User defined statement — define your own statement using 4DScript

@ Advanced Linear Robot - Advanced Linear Robotl Iﬁ

| General I Size | Load | Speedl Routines | Tasks | Wizualization |_

S ettingz

30 lzon [rabot]: [Standard v]
3D lcon [toal); [Gral:ul:uer v]
Color:

Show 30 capzule;

Show 30 coordinate sustem:
K.eep 30 ratation of picked atoms:
Show 20 coordinate sustem:

Show 20 routing details:

HHDHDI

=
=~

Help ] [ H Cancel H &pply

Picture 18-12: Visualization panel

e 3D Icon (robot)
A 3D icon that can be used to visualize the Advanced Linear Robot in 3D.
Change this icon to switch between standard visualization and other customized
3D icons.

e 3D Icon (tool)
A 3D icon that can be used to visualize the Grabber in 3D. Change this icon to
switch between grabber, welding head and other customized 3D icons.
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e Color
The color of Advanced Linear Robot.

e Show 3D coordinate system
If this box is checked the origin of the 3D coordinate system and the centre of
the Grabber will be displayed to ease routine definition.

e Show 2D coordinate system
If this box is checked the origin of the 2D coordinate system and the centre of
the Grabber will be displayed to ease routine definition.

e Keep rotation of picked atom
If this box is checked picked atoms will not be rotated according to the rotation
of the robot joints, but will keep their global rotation.

(&) Model Layout N (= ]

Operations  5election  View Modes Screenshot

World (66.79, -19.58)  |Scale2451 |

Picture 18-13: 2D Layout of a running pick example
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19 THE ADVANCED SCARA ROBOT ATOM

m Advanced Scara Robot - Advanced Scara Robots Iﬁ

General | Size | Load I Speed | Routines | Tazks | ‘»-"isualizatiu:un|

Ataom name; Advanced Scara Aoboth

Coordinate systenm

Offzet [#] of coordinate system [m]: 55
Offzet [v] of coordinate system [m]: 015
Offzet [z] of coordinate system [m]: 071

T ool default pozition

Start pozition (] of tool [m]: 1]

Ctart position [w] af taal [m]; 1]

Start pozition (2] of tool [m]: nz

Triggers

Trigger ok entn: 405 [ -

Trigger an exit: 405 [ -

Trigger o reset: 405 [ -
Help ‘ [ Ok, ] I Cancel ‘ I Apply

Picture 19-1: The Advanced Scara Robot atom

A Scara Robot is a selective compliance assembly robot arm for any kind of pick-, place-
and motion- tasks. The sphere of action is limited by the z-size and the radius of action. A
layout of at least 4 axis are necessary to reach any destination within the sphere of action.
Motions are defined based on a world coordinate system. The destinations of the Tool are
defined with xyz-coordinates. All kind of action like loading, unloading, moving, delays
are defined within Routines. Those Routines are stored with global references, so they
can be used by other Scara Robots as well. Every kind of command has its specific
parameters like load time or speed to define the behaviour of the robot. There are two
ways to define routine motion commands. First one is to move the tool of the robot by
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hand and then get the coordinates in order to teach the command into the routine. Second
one is the other way around when the robot is assigned to drive to user edited
coordinates. If the destination has been reached successfully, the coordinates can be
integrated into an motion command. Routines can be assigned to tasks. Routine execution
is triggered if there is a task available. Strategies can be defined to decide which routine
has to be executed, for what kind of task. If a Routine has been started it executes all
commands in sequence before it becomes idle again. Due to high level of danger
Advanced Scara Robot systems are driven without human interference.

Important: There a two ways to use the Advanced Scara Robot. For any kind of pick
and place tasks, the robot channels have to be connected to previous and following atoms
to make it part of the material flow. Motion without material handling do not need
channel connections, but the Routines need to be started by external call.

Note: This atom is part of the ED Logistics version of Enterprise Dynamics. However the
ED Logistics version of Enterprise Dynamics edition also has a more simplified and
therefore faster Robot atom.

o Atom Name
The name of the atom.

e Offset (x/y/z) of coordinate system [m]
All motions of Advanced Scara Robot are determined based on the origin of its
coordinate system. Per default it is located in the rotation center of the robot
socket at z-level zero. Edit offsets to shift that point to a more comfortable
location, before starting routine definition.

Note: It can be helpful to lock the position of the robot to protect it from unintended
dislocation.

e Start position (x/y/z) of tool [m]
Default position of the tool center relating to the coordinate system. The position
is set on reset.

Note: Choose a start position that can be reached according to robot geometry and sizes.

o Trigger on entry
Determines what kind of action needs to be executed when a Product atom
enters the Advanced Scara Robot atom. There are a number of rules predefined
(see also Trigger on exit), but you can also create your own rule via a 4DScript
expression.

Note: The trigger on entry is executed from the Tool sub-atom, not from the Advanced
Scara Robot atom itself.

o Trigger on exit
Determines what kind of action needs to be executed when a Product atom exits
the Advanced Scara Robot atom. There are a number of rules predefined (see
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also Trigger on entry), but you can also create your own rule via a 4DScript
expression.

Note: The trigger on exit is executed from the Tool sub-atom, not from the Advanced
Scara Robot atom itself.

e Trigger on reset
Determines what kind of action needs to be executed when the Advanced Scara
Robot atom is reset. There are a number of rules predefined (see also Trigger on
entry and exit), but you can also create your own rule via a 4DScript expression.

Note: The trigger on reset is executed from the Tool sub-atom, not from the Advanced
Scara Robot atom itself.

ﬁ Advanced Scara Robot - Advanced Scara Robots ﬁ
General | Size | Load I Speed | Fioutines | Tasks | ‘»-"isualizatiu:un|
R adius [m]: 1E
Z size [m]: 11
Rotation [*]: 0
Lock robot pozition:
Help ] [ Ok, ] ’ Cancel ] ’ Apply

Picture 19-2: The Advanced Scara Robot size parameters

Design of robots is defined by number/kind of articulated joints and the length of arms.
The Advanced Scara Robot atom has 4 axis. Starting with a vertically rotating socket
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there are two vertical main arms of equal length, followed by another vertical Tool arm
that finally can be rotated around its vertical center.

®  Radius [m]
Determines the length of the robot arms along x- and y-axis. The radius of the
workspace in x/y is two times the length of each robot arm.

o Zsize [m]
Define the height of the workspace along the z-axis.

® Rotation [°]
Determines the rotation of the robot around the z-axis.

e Lock robot position

If this box is checked the position of the robot is locked to protect it from
unintended dislocation.

m Advanced Scara Robot - Advanced Scara Robots Iﬁ

General | Size Load |Speed | Routines | Tazks | "v"isualizatiun|

Unload selectionmle: 1. FIFD - first in Firgt out. -

R outing default loadtimes

Usze default loadtimes:
Load time [=]: 40510
Unload time [=); 4050

Set location on load

Location [#) of picked atom [m): 405 0 -
Location [v) of picked atom [m): 405 0 -
Location (2] of picked atom [m): 405 0-25ize(] -

Set ratation on load

R atation [x] of picked atom [T

405 0 -

R atation [y] of picked atom [*]: 405 0 -
R atation [2] of picked atom [*]: 405 0 -
Help ] [ Ok l ’ LCancel ] ’ Apply

Picture 19-3: The Advanced Scara Robot load parameters
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e  Unload selectionrule
This option lets unload the picked atoms in a specified sequence. The internal
queue of the Advanced Scara Robot is sorted in the selected sequence before
unloading. Default is first in first out (FIFO). There are 6 strategies available.

FIFO --> first in first out

LIFO --> last in first out

Label minimum (picked atoms)
Label maximum (picked atoms)
Icon index minimum (picked atoms)
Icon index maximum (picked atoms)

SR

Note: Picked atoms are stored in the sub-atom Tool of Advanced Scara Robot.

e Use default load times
If this box is checked the default load and unload times are directly assigned to
Routine editfields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
un-/loadtimes.

e [oad time [s]
The default time (s) that is needed to load something to Advanced Scara Robot.
Assigned to the Routine load command when checkbox use default load times is
checked.

®  Unload time [s]
The default time (s) that is needed to unload something from Advanced Scara
Robot. Assigned to the Routine unload command when checkbox use default
load times is checked.

® Location (x/y/z) of picked atom [m]
For picked atoms you can define location offsets for each individual x, y, and z.

® Rotation (x/y/z) of picked atom [m]
For picked atoms you can define rotation offsets around each axis individual x,
y, and z.
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[ m Advanced Scara Robet - Advanced Scara Robots ﬁ1
| General | Size | Load | Speed | Routines | Tazks | "v"isualizatiun|
R outing default speed parameters
|Jze default speed parameters:
Acceleration [mds]: 405 1 -
Max. speed [ms]: 405 1 -
Deceleration [md=]: 405 1 -
End speed [mis]: 405 0 -
Help ] [ Ok l ’ LCancel ] ’ Apply

Picture 19-4: The Advanced Scara Robot speed parameters

o Use default speed parameters
If this box is checked the default speed parameters are directly assigned to
routine editfields in order to reduce the number of edit parameters.

Note: Use this parameter for simplified and fast Routine definition. Uncheck for detailed
speed definitions.

e Acceleration [m/s?]
Acceleration of Tool center in relation to origin of coordinate system.

®  Max. speed [m/s]
Maximum speed of Tool center in relation to origin of coordinate system.

e Deceleration [m/s?]
Deceleration of Tool center in relation to origin of coordinate system.
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e FEnd speed [m/s]
End speed of Tool center in relation to origin of coordinate system.

Note: The Advanced Scara Robot uses the MovingTo command to define the motions
between the origin of the coordinate system and the center of the Tool. In MovingTo the
acceleration and deceleration are leading. The end speed will be tried to reach, but when
this is impossible the end speed is the last speed taking acceleration and deceleration into
account.

Note: Tasks are calls to the Advanced Scara Robot to execute a specified Routine. There
are two ways to create a Task. Pick and place Task are created every time an atom
connected to an input channel of the robot causes an IcReady. Motion Tasks are created if
there is an external call created with the “Advanced_Scara_Robot_create_motion_task”
command. If the robot is busy, the Tasks are stored until the robot is idle again. The
Tasks selection rule determines what Tasks has to be done next.

[ m Advanced Scara Robot - Advanced Scara Robots ﬁ1
| General | Size | Load I Speed | Fh:uutinesl Tasks |"v"isualizati|:|n|
T azk zelection rule
1. FIFQ - First in first aut. -
Help ] [ Ok l ’ LCancel ] ’ Apply

Picture 19-5: The Advanced Scara Robot task parameters
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® Task selection rule
This option lets execute the Tasks in a specified sequence. The internal queue of
the Advanced Scara Robot is sorted in the selected sequence before choosing the
next Tasks to execute. Default is first in first out (FIFO). There are 10 strategies
available.

FIFO --> first in first out

LIFO --> last in first out

Content minimum --> atoms in the container with the smallest content first
Content maximum --> atoms in the container with the largest content first
IC minimum --> lowest input channel of robot first

IC Maximum --> highest input channel of robot first

Label minimum (atom) --> the atom with the lowest value on label first
Label maximum (atom) --> the atom with the highest value on label first
Label minimum (container) --> atoms in the container with the lowest value
on label first

10: Label maximum (container) --> atoms in the container with the highest value
on label first

VO ND RN
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' [&] Advanced Scara Robot - Advanced Scara Robot3 S
| General | Size | Load | Speed| Routines | Tasks | Visualization |
Settings
| Newmutne |
| Copproutne |
| Delete routine |
| Fenameroutine |
| Edtiouine |
Examples
| Create pick example routine | | Info |
| Create motion example routine | | Info |
| Fun motion example routine |
Help ] ’ Ok H Cancel H Apply

Picture 19-6: The Advanced Scara Robot routine parameters

Note: Routines are sub atoms of the Advanced Scara Robot. Storing all information
about repeatable sequences into tables, the behaviour becomes reproducible in order to
execute frequently necessary actions like motions, loading, unloading or waiting.

® New Routine
Click this button to create a new Routine. You will be asked to enter a Routine
name. If the Routine has been created successfully, you are asked to edit
commands to the Routine table by using the edit commands GUI.

e Copy Routine
Click this button to copy a existing Routine with all its commands. Select the
sample Routine via atom selector. If selection was successful, you will be asked
to enter a diffrent Routine name. If the Routine has been created successfully,
you are asked to edit Commands to the Routine table by using the edit routines
GUL
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® Delete Routine
Click this button to delete a existing Routine with all its table-stored Commands.

Note: The global reference to the Routine will be unregistered too. Ensure, that the
Routine is not needed by any other Advanced Scara Robot.

e (reate pick example Routine
Click this button to create a Pick Routine example with the name
‘Routine_pick_example’. If the Routine has been created successfully, you are
asked to edit Commands to the Routine table by using the edit commands GUIL

Warning! Pick example Routine only works if input channel one of tool is connected to
pick atom and output channel one of Tool is connected to place atom.

e Create motion example Routine
Click this button to create a Motion Routine example with the name
‘Routine_motion_example’. If the Routine has been created successfully, you
are asked to edit Commands to the Routine table by using the edit commands
GUL

®  Run motion example Routine
Click this button to run the ‘Routine_motion_example’ routine.

e Edit Routine
Click this button to select the Routine you want to edit via atom selector. If
selection was successfully, you are able to edit Commands to the Routine table
by using the Advanced Scara Robot Edit Routines GUI.
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[ m Edit routines Iﬁ1

Defing selection rules | Edit commands I Teach in | Define relative parameters|

Pick zelection rile

2. By input channel: Atom to be picked iz waiting at channel 1. -

Place selection rule

2. By output channel: Destination atom connected to output channel 11z -

3] (e ) o

Picture 19-7: The selection rule definition at the routine editor

All kind of action like loading, unloading, moving, delays are defined within Routines.
The Advanced Scara Robot Edit Routines GUI is the tool to apply, insert, copy, delete
and edit Routine Commands. It is also possible to define selection rules for the Routines,
so the Robot is able to select the Routine that fits best to the current Task. The Teach In
functionality allows to create motions in an easy way.

Note: Some of the parameters used for the Edit Routines GUI are defined within the
Advanced Scara Robot GUI.

® Pick selection rule
Determines the Pick condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 16 strategies available.

No pick restriction or motion routine
By input channel

By pick atom name

By pick icon name

By pick icon number

AN O

Annexes Tutorial ED 135



By pick label value (direct)
By pick label value (conditional)
By pick label text

By pick location (direct)

1 0 By pick location (conditional)
11: By pick size (direct)

12: By pick size (conditional)

13: By pick content (direct)

14: By pick content (conditional)
15: Conditional statement

16: By user

SRR

Note: Choose a Pick selection rule if there is more than one Routine available and the
selection criteria can be found via input channel connection. The Pick selection rule can
be combined with a Place selection rule to define advanced strategies.

® Place selection rule
Determines the Place condition to select the Routine. The Routine is selected, if
the selected statement is true. There are 11 strategies available.

No place restriction or motion routine
By output channel

By output channel fail safe

By place location (direct)

By place location (conditional)
By place size (direct)

By place size (conditional)

By place content (direct)

By place content (conditional)
]0 Conditional statement

11: By user

\‘999519\.‘{‘%9’9.‘\95

Note: Choose a Place selection rule if there is more than one Routine available and the
selection criteria can be found via output channel connection. The Place selection rule
can be combined with a Pick selection rule to define advanced strategies.
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[ m Edit routines ﬁw

| Define selection ules | Edit commands | Teach in | Define relative parameters|

Select command Selected command: MoveTo
a .
- iz o Comment [string]: Maounting process
() Stop ’
() Delay D estination [x): 01
() Load
) Unload Destination [w): 1
' - ) Trigger D estination [2]: 0.86
0 W ait
(T End Acceleration [md=]: 1
tax. zpeed [mds]: 1
’ et position ]
D eceleration [mds]; 1
’ Set position ]
End speed [mds]: 0
’ Apply command ]
T ool ratation [*]; 0
’ Ingert cornmand ]
R atation zpeed [*/2]: 10
’ Copy command ]
’ Delete cormmmand ]

Ca ) o] (o

Picture 19-8: The Advanced Scara Robot command editor

o Select command
Select between the predefined kinds of Commands to define robot behaviour.
There are 8 predefined Commands available:

Move to - defines any kind of robot motion

Stop - stops any kind of robot motion

Delay - makes the robot waiting for a specific time

Load - executes picking of incoming products

Unload - executes placing of outgoing products

Trigger - allows the execution of 4DScript code

Wait - let the robot wait for an external trigger to continue
End - finishes a routine

SN RN

Choose a Command to edit the necessary parameters. The number and kind of parameters
depends on the type of selected Command.

Move to command:
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o  (Comment
Comment the Commands to make the Routines more readable.

e Destination (x/y/z)
Tool center destination according to the origin of the coordinate system.

e Acceleration [m/s?]
The tool center acceleration to reach the destination.

®  Max. speed [m/s]
The tool center maximum speed to reach the destination.

e Deceleration [m/s?]
The tool center deceleration to reach the destination.

e FEnd speed [m/s]
The Tool center end speed to reach the destination.

e  Tool arm deflection [°]
Absolute deflection of the tool arm at the destination.

® Deflection speed [“/s]
The deflection speed to reach the absolute Tool arm deflection.

e  Tool arm rotation [°]
Absolute rotation of the Tool arm at the destination.

® Rotation speed [“/s]
The rotation speed to reach the absolute Tool arm rotation.

Note: You are able to edit detailed speed parameters, if the default speed parameters
checkboxes is selected at the Advanced Scara Robot GUL

Note: The Advanced Scara Robot uses the MovingTo Command to define the motions
between the origin of the coordinate system and the center of the Tool. In MovingTo the
acceleration and deceleration are leading. The end speed will be tried to reach, but when
this is impossible the end speed is the last speed taking acceleration and deceleration into
account.

Note: You can get the current position of the Tool into the editfields by click on the Get
position button.

Note: You can set the position of the Tool according to the editfields by click on the Set
position button.

Stop command:
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o Comment
Comment the Command to make the Routines more readable. This command
has no other parameters it just stops all Robot motion.

Delay command:

o Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The delay before the Routines is continued with the next command.

Load command:

o  Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The load time of the atom to be picked.

e  Channel [index]
The input channel of the robot, where the atom is waiting.

Note: You are able to edit detailed load parameters, if the default load parameters
checkboxes is selected at the Advanced Scara Robot GUL

Unload command:

o Comment
Comment the Commands to make the Routines more readable.

o Time [s]
The unload time of the atom to be placed.

e  Channel [index]
The output channel of the robot, where the atom has to be sent to.

Note: You are able to edit detailed unload parameters, if the default load parameters
checkboxes is selected at the Advanced Scara Robot GUL

Trigger command:

o  Comment
Comment the Commands to make the Routines more readable.

e Trigger [4DScript]
The code that has to be executed before the Routine is continued with the next
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Command. Select between the predefined Commands defined in the kernel

function “getTriggerEnterExit” or enter your own 4DScript code.

Wait command:

o Comment

Comment the Commands to make the Routines more readable.

®  Awaited message [string]
The text message that has to arrive in the OnMessage eventhandler of the
Advanced Scara Robot before the Routine is continued with the next Command.

End command:

If you select the End Command no parameters can be changed, but another row is added
to the Routine in order to set a flag, that that there will be no further Commands. The
Robot is set to status Idle and it searches for other Tasks available.

There are four buttons to apply, insert, copy and delete Commands. On click you are
asked to edit the row index of the Command that you want to apply, insert, copy or

delete.

m Table of Reutine_maotion_example =RACE X
File Edit Wiew
Dimenzions

Bows: 3 Colurnns: 19 Set

1 Rowlhdex |1 Command | 2 |dentifier |3 Comment |4 #-Deztination |5 -0 estination |E £-Destination

1 Movelo i1 Do to pick up location |0 I} ]

2 tMoveTo 1 p ta trangpaort lesvel 0 I} 015

3 MaoveTao 1 Travel to produkt location | 0.45 0.85 015

4 MaoveTao 1 Do to product lesvel 0.45 0.85 019

ol Drelay 3 kaounting process - - -

G MaoveTao 1 p ta praduct level 0.45 0.85 015

7 Trigger G Restart conveyar - -

g MaoveTao 1 Travel to pick up lacation 0 I} 015

g ehd a

] | i

Picture 19-9: Routine example (motion)
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[ m Edit routines ﬁw

| Define selection rules | E dit -:Dmmands| Teach in | Define relative parameters|

Coordinates step zize [mdclick]: 0.05
Tl 10

Angles step size [*Aclick):

b ain arm

N ‘ Les] .,
2.
Toaol
’ Ratation - ] ’ Ratation + ]
’ Teach in ]

) () Lo

Picture 19-10: Routine teach panel (move to command)

e Coordinates step size [m/click]
On click of main arm buttons the tool position will move according to the
coordinates step size.

® Angles step size [“/click]
On click of tool arm buttons the tool deflection will rotate according to the
angles step size. On click of tool buttons the tool will rotate according to the
angles step size.

e Teach in button
On click all motion parameters are updated into the editfields of the Edit
Command page and the destination is stored to the active routine as Move to
Command.
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[ m Edit routines ﬁ

| Define selection mules | Edit commands I Teach in| Defing relative parameters |_

Felative destinationz

Relative destination [x): 1. Mo relative value. -
R elative destination [v]: 2. Conditional row statement: [fthe ¢ -
Relative destination [z]: 3. Conditional content staterment: [t
R elative tool ratation [°: 4. Conditional pick label value: [f the -

3] (e ) [

Picture 19-11: Relative destinations panel

® Relative destination (x)
The Tool relative x destination.

® Relative destination (y)
The Tool relative x destination.

® Relative destination (z)
The Tool relative x destination.

® Relative tool rotation [°]
Relative rotation of the Tool arm at the destination.

There are 5 predefined relative value definitions available:

1: No relative value — the parameters from the Routines table are used on any
account

2: Conditional row statement — cases are defined based on the current row
index of the active Routine
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3: Conditional content statement - cases are defined based on the current
content of the Tool

4: Conditional pick label value statement - cases are defined based on Label
values of Products waiting at input channel of the Tool

5: User defined statement — define your own statement using 4DScript

i h
m Advanced Scara Robot - Advanced Scara Robots ﬁ

| General | Size | Load I Speed | Routines | Tasks | Wizualization |_

Settings

3D Icon [robot): [Scara v]
30 lzan [taal): ['W'ell:ling head v]
Colar;

Show 30 capsule;

Show 30 coordinate systen:
K.eep 30 rotation of picked atoms:
Show 20 coordinate systen:

Show 20 routing detailz:

HHDDHI

Help ] ’ Ok H Cancel H Apply

Picture 19-12: Visualization panel

e 3D Icon (robot)
A 3D icon that can be used to visualize the Advanced Scara Robot in 3D.
Change this icon to switch between standard visualization and other customized
3D icons.

e 3D Icon (tool)
A 3D icon that can be used to visualize the Tool in 3D. Change this icon to
switch between grabber, welding head and other customized 3D icons.
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Color
The color of Advanced Scara Robot.

Show 3D coordinate system
If this box is checked the origin of the 3D coordinate system and the centre of
the Tool will be displayed to ease routine definition.

Show 2D coordinate system
If this box is checked the origin of the 2D coordinate system and the centre of
the Tool will be displayed to ease routine definition.

Keep rotation of picked atom
If this box is checked picked atoms will not be rotated according to the rotation
of the robot joints, but will keep their global rotation.

& 3D Model View

Operations  View

Picture 19-13: 3D view of a running motion example
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20 THE CORNER TRANSFER LIFTER ATOM

m Caorner Transfer Lifter - Corner Transfer Lifter3 ﬁ
General | Specific | Load I Elerwation I Yizualization

Atom name: Comer Trangfer Lifker3

Settings

Input strategy: 1. Any inputchantel -

Send to: 13. Round rabin: all outputchannels are un -

Triggers

Trigger on entn: 405 10 -

Trigger on exit: 405 10 -

Trigger on reset: 405 10 -
Help [ ak. l I Cancel J I Apply

Picture 20-1: The Corner Transfer Lifter atom

A Corner Transfer Lifter is an intersection between conveyors of any kind, if elevation to
another floor level is required. Unlike the Turntable Unit Atom it does not rotate
incoming goods into transport direction before lifting and forwarding them to an
outgoing conveyor. Products rather keep their rotation when turning left, right or moving
straight ahead. The number of possible changes of transport directions is limited for each
z level. Products can turn left around a corner of -90 degrees, turn right around a corner
of 90 degrees or go straight ahead. It is even possible to travel into counter direction on
another z level. Often a turn around a corner is not possible without a transfer time to
slow down speed, change the drive mechanism and speed up into the new direction.
There is a minimum of one input and a maximum of four inputs for each z level. The
number of outputs is at least one but has a maximum of four for each z level. To control
more than one input a strategy is required. More than 1 outputs requires a strategy too.

Note: This atom is part of ED Logistics. ED Logistics edition also has a Turntable Unit
atom that rotates incoming goods into transport direction before forwarding them to an
outgoing conveyor.
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* Atom name
The name given to the atom.

e [nput strategy
A rule that determines how Product atoms may be let into the inbound atom of
the Corner Transfer Lifter. There are a number of rules predefined (see also
Input strategy), but you can also create your own rule via a 4DScript expression.

e Sendto
A rule that determines to which output channel a Product atom needs to be sent.
There are a number of rules predefined (see also Send to), but you can also
create your own rule via a 4DScript expression.

e Trigger on entry
A rule that determines what kind of action needs to be executed when a Product
atom enters the inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

o Trigger on exit
A rule that determines what kind of action needs to be executed when a Product
atom exits the inbound atom. There are a number of rules predefined (see also
Trigger on entry and exit), but you can also create your own rule via a 4DScript
expression.

m Caorner Transfer Lifter - Corner Transfer Lifter3 Iﬁ
General | Specific | Load I Elesation I Yigualization

Physical settings

Flace without maovement: [
Speed [ms]: 4051
Tranzfer time [s]: 40510
Tranzfer time ahead: ]
Tranzport height [m]: 4051

R atation [0 - 457 1]

Ratation settings

Autafit ratations: Edit ratabions

(o) Coe ) aw ]

Picture 20-2: The specific parameters
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® Place without movement
If this box is checked the Corner Transfer Lifter will create no input movement.
Instead incoming products will be placed immediately in the center of the atom.
This functionality may be helpful if the Corner Transfer Lifter receives goods
from an atom of the transportation section like the Portal Crane atom or a Robot
atom.

e Speed [m/s]
The speed for the input movement of the products to the center of the Corner
Transfer Lifter. The speed for the output movement is controlled by the atom
connected to the output channels.

e Transfer time [s]
Time to slow down speed, change the drive mechanism and speed up into the
new direction when turning around a corner.

e Transfer time ahead
If this box is checked the transfer time is also necessary for straight on going
products.

e Transport height [m]
The length of the leg supports of the conveyor (in meters).

® Rotation [+/- 45°]
At default the conveyor is positioned from left to right in your screen. However
you can also rotate the conveyor to display the flow of atoms over the conveyor
matches reality.

Note: Due to the layout of the Corner Transfer Lifter atom rotation is limited +/- 45°
because any other rotation can be modelled by turning left or right.

® Autofit rotations
If this box is checked the Corner Transfer Lifter tries to detect the rotation of
atoms connected to input and output channels OnReset. The Corner Transfer
Lifter needs to know the rotation of connected atoms to calculate the rotation of
passing products.

Note: However not all kinds of atoms may be detected by the auto fit functionality.
Therefore it can be switched of in order to edit the table of rotations by hand.

e Edit rotations
Click this button to edit the rotation around self of atoms connected to the
Corner Transfer Lifter. Edit the motion flags for the input and output motion
directions. Edit 1 for positive x/y directions and -1 for negative x/y directions.

Note: The number of rows is updated OnReset according to the number of input and
output channels. Channels not connected to an atom cause an error message to prevent
user from unexpected behaviour later on.
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Note: Set only one motion flag for each row, either an motion along x-axis or along y-
axis.

Example: Connect a Source with an 90° rotated Accumulating Conveyor. The conveyor leads
into a Corner Transfer Lifter atom. The Products are sent on to another Accumulating Conveyor
with a rotation of 0°, before they are destroyed in a Sink.

=] Model Layout F=R[EcE ">

Operations  Selection  View Modes

A
sourced

World (7.57, 3.11) Scale 39.11

Picture 20-3: 2D Model Layout example

Set x-motion flag to 0 and y-motion flag to 1 for Products coming from an input (with rotation 90°
around self) to move in. Set x-motion flag to 1 and y-motion flag to 0° for Products going to an
output (with rotation 0° around self) to move out.

s

m Table of Corner Transfer Lifter El@
File Edit View
Dimenzions
Bowes: 2 Colurnmns: 4 Set
channel atomnane |ru:utati-:unas |:-: motionflag |I,I mationflag |
ic 1 Accumulating Convevar! 90 1]
oz 1 Accumulating Conveyard (0 1

Picture 20-4: The table of rotations settings

If you select the ‘Autofit rotations’ Checkbox in the GUI of the Corner Transfer Lifter atom, the
table is filled automatically.

Annexes Tutorial ED 148




Operations  Selection  View Modes

Motion flags

|World (15.57, 8.06) [Scale9687 |

Picture 20-5: Motion flags

The result of the edits is visible in the 2D Model Layout. White arrows show the calculated
transport directions.

m Carner Transfer Lifter - Corner Transfer Lifter3 u

| General | Specific| Load | Elevation I Yizualization

Time Setting
Load time [z]: 4050
Unload time [z]: 4050

(&) [ow) o

Picture 20-6: The load parameters
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e [oad time [s]
The time (s) that is needed to load something to Corner Transfer Lifter.

Note: Do not confuse load time with transfer time, as the load time is executed on entry
of Product.

e  Unload time [s]
The time (s) that is needed to unload something from Corner Transfer Lifter.

Note: Do not confuse unload time with transfer time, as the unload time is executed on
exit of Product.

m Carner Transfer Lifter - Corner Transfer Lifter3 ﬁ

| General | S pecific | Load | Elewvation | isualization

Phyzical zettings

Lift speed [mds]: 4051
Lift acceleration [mds]: 40501
Lift deceleration [mds2]: 40501
Go to parking location:

Parking 2 location [m]: 405 #5izelc)

3] (s ) [ am

Picture 20-7: The elevation parameters

e Lift speed (m/s)
The maximum speed for the elevation movement of the products to the
destination z level of the Corner Transfer Lifter.

e Lift acceleration (m/s2)
The acceleration for the elevation movement of the products to the destination z
level of the Corner Transfer Lifter.

e Lift deceleration (m/s2)
The deceleration for the elevation movement of the products to the destination z
level of the Corner Transfer Lifter.
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® Go to parking location
If this box is checked the Corner Transfer Lifter is travelling to the default
parking location after every finished transportation task, before it becomes idle
again. The Corner Transfer Lifter needs to know the destination z location.

® Parking Z location (m)
The destination z location of the Corner Transfer Lifter for the default parking
location.
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Annex 3 A first start in 4DScript

4DScript is the programming language of Enterprise Dynamics. Everything that is
executed in Enterprise Dynamics is or can be done via 4DScript.

This document provides for beginners the structure of 4DScript and a list of often used
commands, illustrated with examples.

We start with the syntax rules together with the mathematical and logical operators.
Second, the concept of referencing is illustrated with examples. The third part consists
of the most common commands in ED.

1.  The basics of 4DScript

The basic syntax of 4DScript is simple and is valid at any position where you can write

4DScript:

1 the language contains a number of words (commands);

2 these 4DScript commands can have (up to 255) parameters;

3 the parameters are placed between parenthesis ( );

4 parameters can be values, strings or expressions (other 4DScript words);

5 parameters will always be separated by commas;

6 if a parameter should be interpreted as a string, the string parameters are always

placed between square brackets [ |. If the parameter should be executed as
4DScript code, the parameter is written in a normal fashion;
7 comments can be placed between squiggly brackets { }.

These rules apply everywhere and are always valid. However, for some statements these
rules do not result in very readable code. In order to make parts of the code easier to
understand for others, the 4DScript syntax makes an exception in some cases. This
applies in particular to mathematical and logical symbols.

Mathematical symbols

Consider the following valid statements:

A more natural way:

+(12,7) results in 19

12+7

+(/(100,10),6) results in 16 100/10+6 or 6+100/10
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All the special mathematical operators are evaluated in the following order:

* = multiplication
/ = division

+ = addition

- = subtraction

The normal priority rules for these operators apply. In case you have doubts, use
parenthesis ()!

Logical symbols

For logical operators (like >, <, =) it is also possible to disregard the rule that the
4DScript command needs to be written first and then the parameters

Consider the following valid statement:

>(10,6) can also be written in the “normal’ fashion as: 10>6
<=(23,12) can also be written as: 23<=12

This example can be extended to more 4DScript logical symbols:

= equal

> = larger than

< = smaller than

>= = larger than or equal to
<= = smaller than or equal to
<> = not equal

and

syntax: and(el,e2)

Returns 1 if el and e2 are true (1), returns O if not. If el is not true, then e2 is not
evaluated. Instead of writing and(el,e2) the user can also write el and e2See also or

So, both commands are used as usual...

max
Syntax: max(el,e2)

Returns the maximum of el and e2. See also min
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We end this chapter by a few commands on time and time conversion. Remember that
ED “thinks’ in seconds, but it is easy to convert time:

time returns the current model time in seconds
mins(el) returns el (minutes) in seconds: multiplies el with 60.
hr(el) returns el (hours) in seconds: multiplies el with 3600.

2.  Referencing

A very important subject in ED is referencing: if we are talking about the “next’ atom,
what is our viewpoint? It gets more complicated if there are atoms contained in other
atoms like products in a queue.

We have seen the letters ¢ and 1 in different statements, now we will explain them:
“c’ refers to the current atom where the statement is written on
*1” refers to the involved atom, the one entering or leaving the current atom

‘i’ enters ‘'

®

4

Logic defined
on this atom

Picture 1: References i and ¢

To keep it simple: the "1’ is used only in statements written on Trigger on Entry or
Trigger on Exit!

The key to understanding the concept of referencing is the next example:

23 - first(c)
1 Sourcet — -
= 2ueue2 (if code is written Clueued

1 Product!
2 Prosuct? on Queuel)

3 Product3

4 Proguctd Iast(c)

S Products

& Productts ) ) .

7 Product? (if code is written
& Products

9 Products on Queue?)

L0 Producttn
& 3 Server3

Pt Product! We———__ FF

L4 sinks fIrSt(c)
“- 5 Product

(if code is written
on Server3)

last(c)

(if code is written
on Server3)

Picture 2: Model Tree of a simple Queueing System. Explaining First and Last atom references
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On the left of picture 2 you see the Model Tree of a simple queuing system, frozen at
one moment in time:

¢ A e By e
Qut: 367 Il 10 Util: 91.5 % In: 356

Picture 3: Model of a simple queueing system

On the same level we find the Source, the Queue, the Server and the Sink and the
Product atom placed before the Source (number 5 in the model tree, because it is mostly
added after you reset your model the first after making the lay-out).

Queue? contains 10 products, named Productl to Product 10. They form a second level,
compared to the Product, Source, Queue, Server and Sink. Of course Product] and, lets
say, Product5 are on the same level. Server3 contains 1 product, named Productl1.

The highest level is the model itself. In picture 1 you can see this in the model tree!
Can you predict how the model tree changes if you reset this model?

If you understand the hierarchy in this model, you will understand referencing...

First a few commands which are often used for referencing:

first(el) refers to the first atom inside atom el

last(el) refers to the last atom inside atom el

next(el) refers to the next atom on the same level as atom el

prev(el)  refers to the atom in front on the same level atom el

So first(c) refers to the first atom inside the current. If the current is a Queue it could be
the first product in the queue. Now look at picture 1 again and the examples on first and

last.

So, first and last are always looked at one level deeper from the atom where the
statement is written on!

The commands next and previous are explained below:
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cmm —— _~Prev(c)
1 Sourcel
2 /(|f c0da is written Queue?
;i:?::é‘: on Product3)
I Productd S
St ———__ next(c)
& Productt
sl {if code is written
2i:22:i2 on Product3)
10 Prochactid
-3 Serverd :T“-—-______
e prev(c) l

S Product
(If code Is wiritften
\ on Sinkd)
P ETTI i ie7 7 & 2085
next(c)41‘

(If code Is wiritften
on Sinkd)

Picture 4: Model Tree of a Queueing System. Explaining Prev and Next atom references
Now look at picture 3 and the examples on prev and next.

So, prev and next are always looked at the same level from the atom where the statement
is written on!

There are a few commands often used for flow control and related to channels:
out(el,e2) refers to the atom connected to output channel el of atom e2

in(el,e2) refers to the atom connected to input channel el of atom e2
OpenOutput(el) opens the general output of atom el

CloseOutput(el) closes the general output of atom el. If closed, the channels cannot be
ready, regardless of individual channel settings.

In a similar way you can define OpenInput and CloseInput.

Take a look at picture 5 regarding the use of in and out:

Atom1: Atom4:
. . = out(1,Atom3)
=in(1,Atom3) = out(1,out(1,atom1))
L g I
Atom1 \ /— Atom4
® ¢
/ ® Atom3 "\
P Y
Atom2 Atom5
Atom3:
Atom2: = out(1,Atom1) Atom5:
= in(2,Atom3) = in(1,atom5) = out(2,Atom3)
=in(1,in(1,Atom5)) = out(2,out(1,atom1))

Picture 5: Explaining in and out atom references

Annexes Tutorial ED 156



Example 1:
So refers in(1,c) (written on Atom3, the point of view) to Atom1, but the same
statement written on Atom4 refers to Atom3!

Example 2:
Content(in(3,c)) returns the content (number of atoms) contained in the atom which is
connected to input channel 3 of the current atom.

Example 3:
CloseOutput(in(2,c)) closes the output of the atom connected to the second input
channel of the current

Notice the way commands are nested...

3. Important commands

In every programming language there are important commands, which perform as some
kind of building blocks.

3.1 For conditional statements: if

Syntax: if(el,e2 {,e3})
Executes €2 if el is true (1); otherwise executes €3 (if specified). Returns result of e2 or
e3.

Example 1:
if( time>3600, msg[more than an hour], msg[less than an hour])

Translated: if time>3600 seconds then give message “more than an hour’ else give
message “less than an hour’.

Example 2:
if(content(c)>10, closeinput(in(1,c))

Translated: if the content of the current atom is more than 10 then stop the input of the
atom connected with the first incoming channel else do nothing

Don’t worry about the used commands like msg, content or closeinput. We‘ll explain
them later!

3.2 For executing more than one statement: do
Syntax: do(el,e2,...,e25)

Executes el, e2, etc. in order of sequence. Returns result of last expression. You can use
up to 25 parameters. If more parameters are needed, several do loops can be nested.
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Example:
do(  set(color(i), colorred),set(icon(i),2),
setlabel([temperature], uniform[20,40], i)
)

Three things are done at the involved atom (mostly a product): the color is set to red, the
icon is changed to iconnumber two and a label with the name temperature is stamped on
the product, its value is chosen randomly between 20 and 40.

3.3 Labels

The use of labels is the way to store local (temporary) variables by users. They are
mostly attached to products and can represent a weight, a customernumber, a
productiontime etcetera. They are defined with the command setlabel and reproduced
with label.

a. setlabel(el,e2,e3)
Defines a label on atom e3 where el is the name and e2 is the new content of the label.
Labels do not have to be created, at the moment they are referenced they exist. The sddb

command does the same.

Example 1:
setlabel([Weight],10.24,i)

First select an atom and create (and give a value to) a label with the command setlabel.
Suppose the name of the label is v1 and the value is 100:

Example 2:
setlabel([v1],100,animatom)

label([v1],animatom) now returns the specified value (100) of the selected atom.
b. label(el,e2,{e3})
Returns the contents of label named el defined on atom e2. Labels do not have to be

created, at the moment they are referenced they exist. The label name el is always a
string and is case sensitive.

The result is a string or a value, depending on the contents and on e3: if €3 is not
specified or e3=0 then the result is a value if the contents can be converted to a value,
otherwise the result is a string. If e3=1, the result is always a value. If the contents
cannot be converted to a value the value is 0. If e3=2, the result is always a string. If you
use long names and many labels you lose speed.
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3.4 We conclude with a few other important commands:

age
Syntax: age(el)

Returns the age of atom el. The age is the difference between current time and creation
time. When a run is reset, the creation time of all atoms becomes 0.
See also maxage, minage, avgage

content
Syntax: content(el)

Returns the contents (the number of atoms contained at the highest level) of atom el.
See also maxcontent, avgcontent

avgstay
Syntax: avgstay(el)

Returns the average staying time of atoms in atom el over the total runtime.

input
Syntax: input(el)

Returns the input of atom el. The input is defined as the number of atoms that have
entered atom el until now. The opposite is the output of the atom.
See also output
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