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1 Introduction to the Tutorial (Part 1)

1.1 Structure of the Tutorial

Using simulation technology to answer logistic questions demands powerful simulation
Tools, which are simple to use. DOSIMIS-3 measures up to both demands and therefore it is
deployed in several ways in industry - simulation technology is nowadays moving towards
education.

The educational version of DOSIMIS-3 contains a reduced scope of service regarding both
the size of a simulation model and the supply of interfaces and modules to create extensive
control logics. Information about the complete scope of service will be supplied on demand.

DOSIMIS-3 requires the operation system Windows 2000/XP or Vista. For the version only
the least configuration is presupposed of the used operating system. (Windows 2000: Pentium
150 with 64MB main memory; XP: Pentium 300 und 128MB; Vista: 1-Gigahertz (GHz) 32-
bit Processor, 1 GB main memory). For working with the 3D component of Dosimis-3 a
DirectX - graphics adapter is recommended. A free hard disk size of approx. 200 MB is
recommended in order to examine smaller models without complications. Bigger models
achieve however very soon a use of several a hundred megabyte hard disk size for the
statistics. For the graphics a resolution of at least 1024x768 pixel is expected. However a
resolution of 1280x1024 or higher is recommended.

This tutorial shall enable the user to create models himself, to edit values of parameters and to
modify the model. Furthermore this tutorial acts as guide for designing a seminar of a training
course in simulation, including the run of experiments using a predetermined model in chapter
4.

Chapter 2 will provide a short overview about the philosophy of creating a model, chapter 3

describes all steps from the creation of a model till the initial results. Furthermore a practical
example will be illustrated.
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1.2 Installation of DOSIMIS-3

The installation of DOSIMIS-3-Windows is very simple.

Installation from CD:

Usually the installation is started automatically when the CD is inserted. If this does not
happen, carry out the installation by starting the program Setup.exe from the Explorer. It can
be found in the root directory of the CD.

Installation from floppy disk:
Insert the first floppy disk into the disk drive and start Setup.exe.

Installation from the internet:

Download the DOSIMIS-3 installation file from the Internet (www.sdz.de) and save the file
on your hard disk. To start the installation of DOSIMIS-3, run this file by double-clicking it in
Explorer for example.

Installation from an e-mail (one file):
Save the file from the attachment on your hard disk. Start this file by, for example, double-
clicking it in Explorer to start the installation of DOSIMIS-3.

Installation from an e-mail (several files):
Save the files from the attachment into one directory on your hard disk. Start the program
Setup.exe.

Start DOSIMIS-3 after the installation. The installation is then completed.

While installing with Windows NT / Windows 2000 / Windows XP you must have
administrative rights so that the necessary entries can be made in the system files. Otherwise
you may install only a demo version. Standard users are not permitted to make any entries in
the general start menu, such that no icon for DOSIMIS-3 can be created.

After starting the setup, further queries may appear, in which basic settings usually have to be
confirmed. During the first installation, it is recommended to carry out a full installation.
Then start DOSIMIS-3 with administrative rights. The installation is then completed.
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2 Task
2.1 Philosophy of Modeling

Logistic systems can be analyzed very easy with the help of a simulation tool, if the tool
offers the necessary elements to create a model. In DOSIMIS-3 this elements are

- modules and
- objects.

The underlying object-oriented philosophy of modeling assumes that buffers and conveyor
belts, work stations, reject gates will be represented by modules, which reproduce the
behavior of this elements within the required accuracy. A module in DOSIMIS-3 has a
specified process logic, respective parameter records and predefined standard statistics.

Objects are used to describe movables like work pieces or palettes (even maybe information).
They are marked by numbers, that identify an object type. A model is created in several steps:

- place modules in the DOSIMIS-3 window

- edit module parameters (data)

- connect the modules

- define parameters of simulation

- run the simulation

- look at the results either by watching the animated material (object) flow or see the
result statistics.

Handling of objects is defined through the parameter-input mask. Every source contains
information about the objects entering the system. All other modules have information on
how to handle each object inside the module. In this manner, data input is possible in a clear
and compact manner.

2.2 Exercises

The following example is taken from a project and it contains all features of a simulation
study. The base for the model is the layout of a planned production hall. A lot of assumptions
have been made that have to be checked by simulation.

2.2.1 Model

Consumer goods are produced on the production line of an electrical manufacturer. There is
also a sub-area where the goods are inspected and where minor repairs can be carried out. The
material flow is illustrated in Figure 2.1. A preliminary production area supplies our
production line with two different kinds of product groups (randomly distributed) in intervals
of one minute. Both kinds of goods enter the system at a receiving buffer and are fed to the
two work stations by shuttle. But there is a fixed assignment of each kind of goods to the
individual work station, because a full flexibility cannot be operated economically due to high
investment needs.

2-1
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Due to the processes being technologically difficult to control, a high quantity of rework is
accumulated. The parts to be repaired are fed back to the work. Setup times of considerable

importance arise in this case.

Layout of the production system

Layout of a production system
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Figure 2.1.: Example of a practical application

2.2.2 Question
Following questions have to be answered:

Where are weak spots in the system?

How high is the utilization of the work stations?
How much is the utilization capacity of the shuttle?

Is it possible to achieve the desired throughput of 60 parts per hour (on average)?
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e Does the mode of operation of the following production line have effects on the
utilization of the work stations?

The questions are supposed to be examined under the assumption that failures of the
conveying system do not matter. The employed machine operators are supposed to be
constantly available. The usage of a standby-employee system may be necessary.

2.3 Database

Data showed that it is possible restrict our consideration to two kinds of products. The layout
can be created in small steps. There is a definitive range of supplementary buffer space
available. However, it is not possible to forge the use of the shuttle, because the receipt of
goods and the two work stations are placed in two halls.

Following data were collected:

2.3.1 Source

The Source (SOU) is an interface that feeds products into the production area under
consideration. Products of type 1 and 2 appear in random sequence. Both products are equally
frequent. On average products arrive every 60 seconds (normally distributed with a variation
of 5 seconds).

2.3.2 Accumulation conveyor

The accumulation conveyor (BFS) is a conveyor and buffer element. Each accumulation
conveyor has a velocity of 0.2 m/sec. The length of a component carrier is 1 m.

There is a different buffer capacity for each conveyor.

10 parts after the source,

2 parts before the work stations,

behind work station 2 there is an edge conveyor and a buffer with a capacity of 4,
3 parts on the feedback conveyor (for rework).

2.3.3 Shuttle

The shuttle (SHU) is a transport element (vehicle) moving on rails. It picks up loads at a
loading station and carries them to unloading stations by means of a vehicle. The loading
distance for component carriers is 1.1 m, the unloading distance is 0.1 m, and the velocity for
loading and unloading is 0.2 m/sec.
Velocities are specified as follows:

e Maximum speed: 1 m/sec

e average velocity to position: 0.1 m/sec
Following local controls are planned:

e Source has priority

e Product assignment to the exits.

2.3.4 Work station

The work station (WST) allows reproduction of both manual and automatized working
environments (for example robot). Work stations have a length of 1 m. Conveying speed to
feed paletts into the station is 0.2 m/sec.
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The following intervals are planed:
e Processing time: 80 seconds normally distributed (standard deviation 5 seconds)

e Set-up time: 120 seconds total (necessary for rework)
Rate of rework is 15 %.

2.3.5 Combining Station

The combining station (COM) is used for reproduction of points that merge different material
flows. The combining station is 1 m long and conveying speed is 0.2 m/sec.
A FIFO (first in first out) strategy is suggested.

2.3.6 Distributor

The Distributor (DIS) is used for reproduction of points that separate one material flow into
several different flows. It contains the same conveying parameters as the combining station.
The distribution strategy results from the destination of the product (sink or rework).

2.3.7 Sink

The sink (SIN) is an interface to the environment, where products leave the system and are
delivered to further production areas. The average departure time at the sink is 55 seconds and
exponentially distributed.
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3 Modeling of a Production System
3.1 Entry

If installed, you will find DOSIMIS-3 in the Program folder of the “Start” menu of your
Windows desktop. Please select Start/Programs/DOSIMIS-3 from your Windows desktop
to start the simulation tool. This simulation tool was implemented according to MS-Windows
conventions as much as possible - that is why this tutorial will contain additional remarks
regarding handling of Windows.

The first step in creating a new simulation model is to select File/New from the menu bar.
This opens a new window for the new model which is named “Dosimis-3-1” by default. You
can change this name by saving the model with a new name if using the Save as option from
the File menu. Please do not forget to save your model regulary.

The size of the man window of DOSIMIS-3 and of the model window (Dosimis-3-1) can be
changed by using the window buttons “Maximize” or “Reduce” in the upper right corner of
the window.

If smudges or incomplete pictures appear in your DOSIMIS-3 window, please use the “F5”
button on your keyboard to refresh the screen.

As next step select View/Modules palette from the menu bar. A new window containing
“arrows” and “symbols” subsequently appears. The arrows point in the direction of material
flow (orientation) and the symbols represent the modules. Now there are two opened
windows, with which the user has to work, the “module window” (small) and the work area
named “Dosimis-3-1" (large) inside the main window of DOSIMIS-3.

To place the source (SOU) in the workspace window of your model, first select the
orientation (right: =) on the module window and then click on the source symbol. (When
pointing at a symbol with the mouse, the name of the module appears under the mouse pointer
and a short description of the module is displayed in the status bar of the main window.) Now
place the cursor at the designated point inside your workspace and press the right mouse
button to release the source and to fix it on the workspace. The source is now selected and
therefore its symbol is displayed in red color. The work area contains an invisible grid, so
modules only can be placed depending on this grid. So if your action failed, please try again.
If the wrong module or orientation has been chosen, then you have to delete the last entry.
Please select the module if necessary (red symbol => selected), press the “Delete” button on
your keyboard or select Edit/Delete from the menu bar and confirm this action by clicking
the “OK” button of the dialog window that appears.

Important: There is a grid on the work area, which means that modules can be put on the
work area only at fixed distances. If you want to move a module, then click the module, keep
the mouse button pressed while moving and release the button when the module reaches its
final position.

The next module to be placed in the model is an accumulation conveyor (ACC). The
accumulation conveyor is placed similar to the source - but the ACC is a module with a
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variable shape - therefore act as follows: select the desired orientation and the ACC symbol
on the modules palette, and then click the source in your model to fix the initial point of the
ACC. Now place the mouse cursor a little bit right of the desired end point of the ACC and
click the left mouse button to fix this point. After this, please click the right mouse button to
leave the graphical edit mode of the ACC. As you have seen, the initial point of the ACC was
placed a little bit right (two grid points) of the source you clicked on. In the same manner the
end point has been placed (two grid points) left of your cursor. This behavior is to help you to
place an ACC between two stations.

Now select the orientation down (%) and the shuttle (SHU) on the modules palette and place
the initial point of it at the right end of the ACC. Now place the cursor about 5 grid points
below the initial point and hit the left mouse button to fix the end point of the shuttle and to
leave the graphical edit mode. The following modules are now placed in your work area.
(Figure 3.1):
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Figure 3.1:  Placing the first modules

Other modules will be placed the same way:
e one accumulation conveyor (ACC) at the right side of the shuttle - close to the middle,
e one work station (WST) at the right end of this accumulation conveyor,
e one further accumulation conveyor (ACC) at the right side of the shuttle - close to its
end point,
e one work station (WST) at the right end of this accumulation conveyor (below the first
WST),
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e to create the edge conveyor at the right side of work station 2, perform the following
steps: select orientation right () and the ACC module on the modules palette, then
click with the left mouse button on WST 2, next place the cursor in the middle of the
green-colored ACC symbol in your model and press the left mouse button again, now
place the cursor one grid point above and press first the left and second the right
mouse button. Now your model looks like figure 3.2:
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Figure 3.2:  Placing of further modules

To optimize the view of your model, select Vi e w/ Z o o m from tM onehe bar of your
DOSIMIS-3 window.

Before placing the next 4 modules, select orientation up () on the modules palette.

Then place the following modules one after the other into your model:
e Accumulation conveyor (ACC) (length: 1 grid element)
e Combining station (COM)
e Distributor (DIS) and
e Sink (SIN)

Now your work area should look like Figure 3.3
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Figure 3.3:  Placing of modules with orientation up

The last module to be placed (feed back) requires to change the orientation of material flow to
left (*). Then select the ACC symbol on the modules palette and place the accumulation
conveyor between the distributor and the shuttle. The final Figure (Figure 3.4) displays all
necessary modules on your work area.
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Figure 3.4:  Layout containing all modules

Now you should save your model. Therefore select File/Save as from the menu bar of your
DOSIMIS-3 window. A new window appears, where you can enter the filename for your
model. Default is “Dosimis-3-1.mfs”. Change the filename to “Tutorial S5.mfs” and click on
the “Save” button.

3.1.1 Linking of modules

Our next step will be to connect or to link the modules. Please select Model/Linking active
from the menu bar. Now linking mode is active (displayed by a node symbol at the bottom of
the mouse cursor) and you can enter links between the modules representing material flow
connections. Therefore please click with the left mouse button on the start module, then select
the destination module by click on the left mouse button and fix the link by pressing the right
mouse button.

The fixed link is displayed as a line with two arrowheads. The display color of the start
module (source) should have turned to black. The black color indicates that all necessary data
entries for the module are done. Please repeat the procedure above until all entrances and exits
of all modules are linked. But pay attention to the sequence of connecting entrances and exits
and assigning the entrance/exit number to an entrance/exit!

Important!

For modules with more than one entrance/exit the sequence of linking has an influence
on parameter settings, because the sequence of connecting entrances/exits assigns the
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entrance/exit number to an entrance/exit! In our model this modules are: the shuttle, the
combining station and the distributor.

Linking rule:

Entrance 1 is assigned to the first input link, entrance 2 is assigned to the second input link
and so on. Same applies to the exits. In case of the shuttle that means: connect the receiving
buffer to the shuttle first (entrance 1), connect the feed back conveyor afterwards (entrance 2).
To link the exits, first connect the ACC above to the shuttle (exit 1) followed by the ACC
below (exit 2).

Please link the distributor to the sink at first (exit 1) followed by the feed back conveyor
(exit 2).

Now you have finished your model and the model window on your computer screen looks as
follows:

"B Dosimis-3 - - [Tutorial 55
".:?Eile Edit View Model Simulation Besults Animation Programming  Graphic  Window Help

D|S|QS] =f=]4[5[B] 2he]|: |||l x| ===

b
|
ey
i
-
A
Model ﬂ J
! Help with F1. 0 02:00:00
p

Figure 3.4a: Finished model layout

Linking mode has to be disabled now. Therefore please select Model/Linking active from the
menu bar. As sign that the linking mode has been disabled, the node symbol below your
mouse cursor will disappear.
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3.2 Input of Data with the Aid of Parameter Masks

3.2.1 Parameter Source

In the next steps, module data will be entered. Double-click the source to open the following
window (parameter-input mask):

Mumber ; 1 Mame : Sou_t Comment : 4
Farameters lAﬂributes ] Costs ] Breakpaint ] Layer selec’(ion] [ Information Element
Object-generating data:
L Bl (¢ to a distributi
I Mo, Junction Ta module Mo ~ead .n fon
" ..from a file
T not linked J " _none
(" . passive
Object type data Digtribution of output time
Object value defines.. Lizmiine ARy End of simulation
v ohject types Jl JJ
. number of tasks a
Objects are generated acconding... [ Objects per hour r
" .. to determined sequence |F' " J o }
O S ErmesTreae J 18 [ Time iz variahle
" o the Bauschuld algorithm Cocle imelsec]: i} d
[ Limited capacity
Capacity : | 4
[ Limited production
Mazimum court : | d
Defaus... | GobalDT.. | 0K | Cancel

Figure 3.5:  Parameter-input mask of the source

Every marked input box (circles: radio buttons and white boxes: input arrays) normally has to
be edited. You can use the “Tab” button on your keyboard to jump forward to the next input
box. Use “Shift” and “Tab” button to jump backwards. Or select the input box directly by
clicking it with the left mouse button.

The Module Number is assigned automatically, Name and Comment can be skipped.
a) Object Generation Data

Obijects shall be generated in random sequence- on average a defined distribution will result,

however, only after a sufficiently large number of samples. So, please select the radio button
named “...according to a distribution”.
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b) Object Type Data (object type and frequency)

The relative frequency of objects (here product groups) to appear, is entered according to the
following table. Please use the “Tab” button on your keyboard to jump to the next input array
and to add a new line of input arrays.

object type | frequency
1 50
2 50

This means, that both types will occur within a probability of 50 %.
c) Distribution of Qutput Time

By a click on the button at the right side of the combo box a drop-down list opens which
contains all available types of distributions. Please select “normally distributed” from the
combo box. Now enter 60 seconds as “mean” (expected value) and 5 seconds as deviation.
All other settings remain given by default. In the end the parameter input mask should look as
follows:

Tnput of parameters for module typer SouTce N — (==
MHurnber : 1 Mame:  [S0U_1 Comment : | 4
Parameters lP«ﬂributes ] Costs ] Breakpaint ] Layer selec‘,’(ion] I Informatin Element

Object-generating data:
1 Exit[s) & toadistributi
Mo, Junction Ta module Mo ~ead .n fon
™~ ..from a file
1 1 ACC_2 2 J ¢ _none
(" . passive
Object type data Distibution of output time
Object value defines. . Lizmiine  Fenleny End of simulation
v ohject types Jl JJ
" number of tasks a
Objects are generated according... [ Objects per hour r
" . to determined sequence |F' " J o }
O e Treae J =8 [ Time is variable
" o the Bauschuld algorithm Cycle tme[sec): 1 d
[ Limited capacity
Capacity : | 4
[ Limited production
Maedmum count : | d
Defauts... | GobalDT.. | 0K | Cancel |

Figure 3.6:  Completed parameter input mask of the source

To leave a parameter input mask and to confirm the entries made, please hit the “Enter” key
on your keyboard or click on “OK” button of the mask.

3-8
SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50




Vers.: 6.0 May 2011

DOSIMIS-3-Tutorial

3.2.2 Parameter Accumulation

Conveyor

The parameters of the accumulation conveyor are entered in the same way. To open the

parameter input mask, double-click on the module. Our model contains six accumulation

CONveyors.

Parameters are partly different. All accumulation conveyors of interest receive a special
module name. These module names will help you to understand and to interpret the results.

s, =5
D|{ @S] 2]-|: 5] gl alolma] 2| z=[5)
a)
f)
b)
e)

c) d)
Madel ﬂ J j
Help with F1. 0 02:00:00 _ I
Figure 3.7:  Assignment of the accumulation conveyors

To a): Buffer at receipt of goods

Only the first four lines of the parameter input mask are of interest for this model. These lines
contain the conveying system data. The number of the module is generated and cannot be
changed. Please enter the values of the following input areas as shown below:

Name:

| rcpgoods (default: ACC_2)

length of segment (length of a component or pallet):

conveying speed:
capacity (number of segments):

1m
0.2 m/sec
10 parts
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The following figure results from these entries:

Input of parameters for module type: Accu ONVEYD!

Mumber: 2 Mame:  |icpgonds Carmrment ; | 4
Parameters | |nitialization l Attributes ] Costs l Breakpoint l Layer selection l [ Information Element
Length of segment [m] : 1 a [~ Forward control

| |Conveying speed [m/s] : 0.2 4
Capacity : 10 4

" 1 Entrance(z) 1 Exitfz)
Mo, Junction From module Mo, Mo, Junction To module Mo.
1 ok linked J 1 not linked J

Defauts.. | GiobalDT.. | ok | Cancel |

Figure 3.8:  Parameter-input mask of the ACC after the source

To b) and c): Buffer before work station

Please use the same parameters as in a) except for capacity and module name. The capacity
(number of segments) of the ACC is 2.
Module names: ACC_Above, ACC_Below

To d): This is an edge conveyor

Same data as in a) except capacity of 1 and the forward control has to be activated by clicking
on its check box. A new pallet is only allowed to enter the conveyor after its preceding pallet
has left the edge conveyor.

To e) and f): Connecting buffer and feed back conveyor

Same data as in a) except capacity of 4 in ACC e) and 3 in ACC f). Please remember to save
your model occasionally.

3.2.3 Parameter Shuttle

Enter of shuttle data.
The following data sets, gathered in a box with light gray borders, have to be entered for the
shuttle. From Top to bottom the shuttle parameter-input mask contains:

e Conveying data

e Entrance and exit assignment
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e Dimensioning (on right side of entrance/exit assignment)
e Right-of-way strategy
e Distribution strategy

Conveying data:

loading path for one palette: 1.1 m (10 cm longer than palette length)
loading speed for one palette: 0.2 m/sec

unloading path per palette: 0.1 m

unloading speed per palette: 0.2 m/sec

calculation of travel time: slow/fast

slowly driven path for the car: 0.5 m (acceleration/deceleration distance)
speed fast: 1 m/sec (maximum speed of the car)

speed slow: 0.1 m/sec (average positioning speed of the car).

The remaining conveying data will not be changed.

Dimensioning:

Please use the values of following table:

Entrance | pos. [m] height |Exit | pos. [m] height
1 0.0 0.0 1 20.0 0.0
2 15.0 0.0 2 25.0 0.0

This dimensioning data result from the creation of a coordinate system at the shuttle path. Its
origin is close to the receipt of goods (Entrance 1), the end is close to the “ACC Below”
(Exit 2).

The height is used to reproduce a lifting movement and is not needed here.

All other settings remain as given by default. The completely filled up parameter-input mask
for the shuttle should like shown below:

3-11

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0

May 2011

DOSIMIS-3-Tutorial

%

Input of parameters for modi

Mumber: 3 Mame :

Parameters lTabIes] Stlateg},rl Pd'lributes] Costs ] Breakpaint ] Layer selection ] Sensors]

e type: 50

SHU_2

Cx ]

Commet : |

Y

[ Information Elerment

Loading route [m] : 11 4 Lpading speed [m/s] : D2 4 Calculation of travel time slow.fast -
Unloading route [m] : 01 4 Unloading speed [m/s] : D2 4 Basic position: D
Slow running route [m] : 05 4 Speedfast [m/s] : 1 4 Speed slow [m/s] : 01 4
Slow running route of Iift [m] - |0 4 Lft-speed high [m/sec] : D 4 Litspeed low [m/sec] : D 4
’2_ Entrance(z] |2_ Exitls)
Mo, Junction From module Mo, Mo, Junction To module Mo.
1 riok linked J 1 not link.ed J
2 ot linked 2 ot lirik.2d
Entrance Position [m] Height [m] Exit Position [m] Height [m] Efficiency factor - lﬁ
0 0 =l 20 0 -
- 1 0 - 5 0 Kind of traveling : Diagonal -
Capacity : 1 4
J J Wait urtil loading complete : I
Defauits... | GobalDT. | oK | cancel |
Figure 3.9:  Parameter-input mask of the shuttle

Entrance and Exit assignment:

Entrance(s): 2 (receipt of goods and feed back)
Exit(s): 2 (to both work stations)

Right-of-way strateqy:

The right-of-way strategy makes the decision which palette will be carried as next one. Select“ pr i or i ty

Priority of Entrances:
Entrance | Priority
1 1
2 2

drdm the corhbo Xa c e s 7

Assigning of entrance numbers will be done later when connecting the modules. Following

assignment will be done:
Entrance 1: receipt of goods buffer
Entrance 2: feed back conveyor

Priority 1 is highest, therefore priority 2 is of lower priority.

Distribution strateqy:

The distribution strategy defines the exit, to which a pallet will be moved. Please select
“dest i na tirdmahe combb bok &nter object type 1 at first, then use the “Tabulator”
button on your keyboard to jump into the input area of the second object type and enter 10,
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now click on the “next exit* button and act in the same way for exit 2 using the values of
following table:
Destination with

exit object type
1 1
10
(next exit)
2 2
20

The object type is one type of product (group). Product type 10 is assigned to rework of
product type 1, 20 is assigned to rework of product type 2.

The completely filled-up strategy dialog for the shuttle should finally look like shown below:

Input of parameters for

|| | Mumber: 3 Mame:  |SHU 3 Cornrment : | p
‘ Parameters ] Tables Strategy lﬁd‘tributes] Costs ] Breakpaint ] Layer selection ] Sensors] r
The distribution strategy is The right-of-way strategy is
[ automatic pathfinding for work plans [ Objects are allowed to stop
[ autamatic pathfinding for transport systerns [ Check entrance
|Destination ariented with ﬂ |Dbiect type ﬂ B ol st nlizinze
Mo, To module Object type |F'ri|:|rily of entrances ﬂ
; O Above 1 J MNext exit Mo, From module Pricrity
10 W block ¥ fail 1 icpgonds 3
v cap [ fee 2 ACC13 2
The secondary strateqy is :
v black [+ fail
W ocap [ free
Finimurm relative occupancy ﬂ
Defauits .. | GobalDT.. | ok | cancal |

Figure 3.9a: Strategy input mask of the shuttle
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3.2.4 Parameter Work Station

When entering the parameters of the work station (WST), you have to edit the following data
sets:

Conveying data

Entrance and exit assignment (no data input!)

Transport parameter

Work procedure

e Distribution of working time

e Initial object

e Set-up times

“Transport parameter” data sets are of no importance, because they are only required for
transport systems. In this tutorial we use “Above” as the module name for the upper work
station and “Below” for the lower one.

Conveying data:

The length of work station is equivalent to the entry length of one palette.
Length: 1m
Conveying speed: 0.2 m/sec

Distribution of working time:

Select “normally distributed” from the combo box. This sets “normally distributed” as default

for the following distribution settings. Now first enter object 1, then use the “Tabulator”
button on your keyboard to jump into the input area for distribution. As you can see the
preselected item (normally distributed) is highlighted. So please use the “Tabulator” button to
jump into the next input area called mean and enter 80. Hit the “Tabulator” button again and
enter 5 as the deviation. Now press the “Tabulator” button to jump into strategy and leave the
setting on “none” as it is. To open a new line, please hit the “Tabulator” button again and
repeat the inputs for object type 10 in the same manner according to the following table. All
time values are in seconds.

Important: To adopt the settings of aline, youhavet o ent er the i nput

normally distributed

Work Station | objects mean deviation
Above 1 80 5
10 80 5
Below 2 80 5
20 80 5
Initial Object:

You will find all objects defined previously in the initial object combo box. The initial object
combo box contains the numbers of objects that enter the work station. As you remember two
types of objects enter each work station (“OK objects” and “rework objects). Now we must
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define for each kind of object the probability of leaving the work station as an “OK object” or
as a “rework object”. Object numbers 1 and 2 are assigned to “OK objects”, object numbers
10 and 20 are assigned to “rework objects”. Please enter the number of the “new object”
leaving the station with its “probability” for each object selected from the “initial object”
combo box according to following four tables.

For work station“® Above?”:

initial object 1 (entering) |initial object 10 (entering)
new object probability | new object | probability
(leaving) (leaving)

1 85 1 85
10 15 10 15
For work station* Bel ow” :
initial object 2 (entering) |initial object 20 (entering)
new object probability Jnew object | probability
(leaving) (leaving)

2 85 2 85
20 15 20 15

Set-up Times:

The set-up time is executed only if there is a change of object type. Please enter the values
from following table in the same manner as described in “Distribution of working time” (see
above) using the “fixed” distribution here:

Work Station |from object |to object cycle time
Above 1 10 60

10 1 60
Below 2 20 60

20 2 60

Same data are used for both work stations. It is the shuttle that controls which product is
carried to which work station. By this time the work station has received the necessary
information to proceed. Now the parameter input mask of one work station should look like
shown in figure 3.10:
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| Mumber : 7 Mame : IAbove Comment : |

Parameters |T|E|n5port system I Attributes I Costs I Breakpoint I Layer selection I

[ Information Elemert

| Length [m] : |1 4 Speed [m/sec]: 0.2 ™ Forward control [~ Consider all work procedures

Transport
Destination code of station :
Priority :

Limit transports

Maxdmum court of transports

LI LI Handle load separately
Handle all loaded vehicles

q Entrance(s) q Exitfz]

Ma. Junction From maodule Mo Mo, Junction To module Mo

1 8 ACC_Above B d 1 9 com_10 10 d

Corfigure ————
v Worker

¥ Transport parameters
V¥ Work procedures

¥ Setup

V¥ MNew object type

—Work procedures

Mame : IASS_‘I vl MNa. : 141 New | Delete | Comment : I

r— Distribution of working time

PRI T ]

Edit working time DT | Delete DT | Employment of workers Initial object : |1 'l
Object type Distribution Mean[sec] Deviation[sec] Strategy Min. Mae.  Qual.  Intrp. Kind of processing : IHandom VI
1 [Normaly distribu | [80 5 [Withot —~] 2| || Mew object  Probabiity

10 Normaly distribu_+ ] [20 5 Vithot ]| !

5 =]

= A A4 A o

15

17|

— Set-up times

Employment of workers
From object  To object Distribution Cycle time[sec] Strategy Min. Max. Qual.
1 10 Fixed 60 Wihout v |

10 1 Fixed 60 Without hd l

Giobal DT... |

Figure 3.10: Parameter input mask of one work station
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3.2.5 Parameter Combining Station
There is not much data left to be entered in the remaining modules. In summary, the following
data sets are to be entered:

Combining station:
- Conveying data

conveying path: Im
speed: 0.2m/sec
- Entrance- and. exit assignment
Entrance(s): 2
- Right-of-way strategy
FIFO
i Nurmber : 10 Mame: |COM_10 Comment : | 4
Parameters | Sirategy | Attributes | Costs | Breakpoint | Layer selection | ™" Information Element
Conveying route [m] : Iﬁ [ Forward contral
Speed [m/zec] 02 4
|2_ Entrance(z) 1 Exit[z]
Mo. Junction From module Mao. Mo, Junction Tao module Mo.
1 3 AShove 7 J 1T N DIS_11 1 J
2 10 ACC A 9
=l =l
Defavits... | GobalDT. | 0K | cancel |

Figure 3.11: Parameter input mask of the combining station
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Input of parameters for module

| Nurmber : 10 Mame : II:EIM_1D Comment : | g ‘

Parameters  Strategy IPottributesl Costs I Breakpoint I Layer selection I I Information Element
— The right-of-way strategy iz :
[¥ Objects are alowed to stop
[ Check entrance
[ Priority last entrance

|FIFD |

Defaults... | GiobalDT.. | oK | Cancel |

Figure 3.11a: Strategy input mask of the combining station
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3.2.6 Parameter Distributor

Distributor:
- Conveying data
conveying path: Im
speed: 0.2m/sec
- Entrance- and. exit assignment
Exit(s): 2

- Right-of-way strategy
destination with (combo box)

Exit Object type
1 1
2
(next exit)
2 10
20

By using the distribution strategy “destination with (object type)” object types are assigned to

one exit. The secondary strategy has to be edited if one object type can use more than one
exit, because then the assignment is not unique.

Input of parameters for
Mumber: 11 Mame:  [DIS_11 Cormment : | 4
Parameters | Strategy | Attibutes | Costs | Breakpoint | Layer selection | B s e £ sl
Conveying route [m] : 1 4 [ Forward cortrol
Speed [m/zec] 0.2 4
1 Entrance(s) |2_ Exit[z]
Mo, Junction From module Mo. Mo. Junction To module Mo.
1 N COM_10 10 J 1 12 SIMN_12 12 J
2 13 ACC_13 13
Defauls... | GobalDT. | oK | cancel |

Figure 3.12: Parameter input mask of the distributor

3-19

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0 May 2011 DOSIMIS-3-Tutorial Q

Input of parameters for module
| ‘ Number : 1 Narme : IDIS_‘I‘I Camment : I ‘|
Parameters  Strategy |Pd1ributes I Costs I Breakpoirt I Laye-rselectionl I Information Element

— The distribution strategy iz :
[ automatic pathfinding for wark plans
[ automatic pathfinding for transpart systems

IDestination ariented with ;I IDbiect type LI

Mo, Tomodule Object tupe Previous exit I
1 SIW 12 1 ;I Mext exit I

2 v block | fai
¥ cap [ free
— The secondary strateqy is :
¥ block W fail
M ocap [ free

tinirnurn relative occupancy vI

Defauts... |  GiobalDT.. | oK | cancel |

Figure 3.12a: Strategy input mask of the distributor
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3.2.7 Parameter Sink

Sink: Please select “expo. distributed” from the combo box as distribution of leaving time and
enter 55 sec. as mean.

Input of parameters for m
N 12 |

umnber ; MName: |SIM_12 Carnrnert : P
Parameters | Attributes | Costs | Breakpoint | Layer selection | ™" Information Element
1 Entrance(s)

Mo, Junction From module Mo,

1 12 DIS_11 1 J

Distribution of leaving time :

Erd of simulation
0 Dot |
[ Objects per hour r
|E:-:|:|0nentiaII_I,J distributed j I~ Time iz variable
Mean [sec] jala) 4
I Cut values
Defauts... |  GebalDT.. | 0K | Cancel |

L P— Fr— —_— A

Figure 3.13: Parameter input mask of the sink

That completes the entire input of module parameters, so please save your model.

Now you have finished your model and the model window on your computer screen should
look as follows:
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. Dosimis-3 - - [Tutorial 55

7% File Edit View Model Simulation Results Animation Programming Graphic Window Help

D|QS| 2] [=(@] 2xe|| =||mn| x| ==

o

Model | Kl _

Help with F1. |86404.00 [sec]

Figure 3.14: Finished model layout
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3.3 Starting a Simulation Run

Before starting a simulation run you have to enter the simulation parameter. Please select
Simulation/Parameter from the menu bar. The simulation parameter window appears. You
can enter all time values in minutes. Please enter the following values:

simulation time 300 (results to 5 hours)
pre-run 0 (no pre-run for statistics)
statistic interval. 60 (every 60 minutes statistical data

are collected)

All other settings remain as set-up by default. Before starting the first simulation run, please
select Simulation/Consistency check from the menu bar. This activates some check routines
that execute a restricted integrity check (parameter input data and links). This menu item is
disabled if a successful consistency check has been done before.

To start the simulation, please select Simulation/Start from the menu bar. The DOSIMIS-
3window disappears and a window appears containing a blue progress bar. This window will
disappear as soon as the simulation run is finished and the DOSIMIS-3window will be opened
again. The disappearing of the DOSIMIS-3window during the simulation can be averted by
deselecting the check box ‘“hiding” in the simulation parameter mask. Now the collected
results can be analyzed.

3.4 Results

In the next step we will look at the animation.

Here the time flow of object movement is visible. For this purpose please select
Animation/Parameter from the menu bar. The animation parameter window appears.

Please select the radio button “time factor”. The display speed is set by the time factor. Please
set the value of this time factor to 30 (default is 60). Therefore 30 minutes of simulation time
will be displayed during 1 minute real time. (Please note that accurate work of time factor can
be affected by performance and utilization of your computer.) Then select Animation/Start
from the menu bar - animation is executed. Boxes in different colors and numbers inside are
displayed inside the modules. The displayed colors have the following meaning:

green: status ,,waiting* or ,,moving*
red: status ,,blocked*
blue: status ,,working*

Result of the first run is a deadlock - no more movements - after a short time. (Figure 3.15).
This problem can be removed by changing parameters (see chapter 4). For this purpose the
animation has to be stopped at first. Please select Animation/Stop from the menu bar.
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Figure 3.15: Process animation in the production system

Next we will attend to statistics.

A deadlock occurred during the first simulation run. Now the occupation of the source and of
the buffer at receipt of goods is of interest. At first the modules of note have to be selected.
Please click the source with the left mouse button, then press the “Ctrl” button on your
keyboard and click the accumulation conveyor next to the source with the left mouse button.
After this, please select Results/Buffer analysis/Occupation diagram from the menu bar.

The following picture will be displayed as a new window inside the DOSIMIS-3 main
window.
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Figure 3.16: Occupation diagram

The capacity (in percent) of the buffer at the source and the source are shown over time.
There are 10 % steps within the occupation of the incoming goods buffer for one palette
inside the buffer.

Depending on random order a few deviations may occur in the pictures. To display the
utilization of the work stations you must perform similar steps. Click the first work station
then click the second work station while pressing the “Ctrl” button to select both work
stations and select Results/Module histogram from the menu bar.

The following diagram appears as a new window inside your DOSIMIS-3 main window:
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Figure 3.17: Module histogram

Utilization of work stations is displayed in the “module histogram”. To perform our task we
will have to focus on following items: “working”, “set-up”, “idle time” and “conveying”.

3.5 Problems

When using a simulation system, some “surprising moments” may occur. These unexpected
exceptional cases can be divided in two categories:

- program bugs

- handling errors

Program bugs:

. Program crash of simulation software
Precaution: Save your model as often as possible!
If a model was destroyed by a program crash you can retrieve the backup of the last saved model. The backup files are named
modelname.dbk and modlename.mbk where “modelname” is the name you assigned to your model (default “modelname” is

DOSIMIS-3-1). To back up the last saved model, please rename the files modelname.dbk to modelname.dar and
modelname.mbk to modelname.mfs.

Handling errors:

There are some operating sequences that sometimes cause confustion. The following cases
have occurred in practice:
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e Wrong selection for statistic data
Module histograms can only be displayed for work stations and shuttles. If any other module was selected to display module

histogram an error message is displayed in a new window. To quit this message click on the “x” symbol in the upper right corner
of this message window (but do not click on the “x” symbol of the DOSIMIS-3 window!!!).

. Sometimes a user forgets to disable “linking mode” after connecting modules. The active “linking mode® is visible by a displayed
node below the cursor and links are displayed in green color. A lot of usual operations are not possible in “linking mode”.
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4 Experiments using the Practice Example

4.1 Initial Situation
The small production system was planed and shall be checked again by aid of simulation.

Open questions concern the dimensioning of buffer sizes and the strategies to control the
equipment.

The layout, in particular the arrangement of incoming goods as well as the technical data of
production (working times and quota of rework) are not changeable within the scope of
planning. Starting point for further analyses is the completely entered model as described in
chapter 3.

Following steps of optimization result from our first simulation run. (Important: result
diagrams must not match this presentation exactly - depending on the sequence of inputs
slight deviations may occur.)
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4.2 Steps of Optimization

4.2.1 Step 1 - Deadlock

Start:

Animation parameter (starting at 0, time factor 30). A deadlock occurs after a short time - no
more movements are visible.

Dosimis-3 - - [Tutorial_56 _\

":gEile Edit View Model Simulation Besults Anpimation Programming  Graphic  Window Help = |||
| Dl=@S] 2l=][|B] 2k | o|ma 2| =[=]=|

ECEEEEEs |

Model ﬂ J ﬂ
Help with F1 0 05:00:53 §

Figure 4.1:  Deadlock

Cause:

The distributor contains an object for the destination feed back conveyor (rework), but the
feedback conveyor is full. This object blocks the material flow and causes reverse blockages.

In the case of more precise consideration we can identify two material flow circuits. A small
one, that is composed of the shuttle, the ACC before upper work station, the workstation
itself, the combining station, the distributor and the feedback conveyor.

The big circle consists of the elements of the material flow containing the workstation below.
The shuttle does not pick up any object in case of a jam. The control unit of the shuttle and
the storage/retrieval machine does not allow picking up objects, if the object cannot be
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delivered. Even if this control statement did not exist and the shuttle would pick up and carry
the next object to its destination, the object could not be unloaded.

A first proposal to solve the problem could be to increase the buffer size of the feedback
conveyor. This leads, however, to deadlocks again and again - the appearance of the deadlock
is only retarded since critical situations occur less frequently - they are not avoided in this
way.

Conclusion:

The actual cause of the deadlock is the wrong priority in shuttle control. The feedback
conveyor has to dispose of the elements with higher priority.

4.2.2 Step 2 - Presorting
Measure:

Please open the parameter input mask of the shuttle and change the entrance priority.

Right-of-way strategy
Entrance | Priority
1 2
2 1

Priority “1” is the highest; therefore priority “2” is of lower priority.

Please start a simulation again. Select Simulation/Start from the menu bar.
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Start:
a)  Occupation diagram of the source and the ACC after the source: The diagram shows

that buffers become full very soon. The source has a capacity of 100 objects (therefore
one object is equivalent to one percent). After 5 h about 80 - 90 objects have retailed in

incoming goods (inside the source).

g
X Dosimis-3 - - [Occupa

B File Edit View Model Simulation Results Animation Programming Graphic Window Help

D||8|&] 2[<=[ & [R|@| | @ |o|mEes| 2] ===
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Figure 4.2:  Occupation diagram of the source and its following ACC
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b)  Module histogram of both workstations: As you can see both workstations are idle
(green) for about 20 % of time.

. Dosimis-3 - - [Histogram of Module] [E=AEE

% File Edit View Model Simulation Results Animation Programming Graphic Window Help
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Figure 4.3:  Module histogram of both work stations
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c)  Module histogram of the shuttle: There is idle time too - even though the value is a little

bit smaller.
&. Dosimis-3 - - [Histogram of Module] _
i File Edit View Model Simulation Results Animation  Programming  Graphic Window Help - || &
D|S|Q|&| = (B[] [ne| " =|o|emos| x| =|=]|=|
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for several shuttles
Statistics from start up to 300 [min]
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Ready.
Figure 4.4:  Module histogram of the shuttle
Conclusion:

Work stations and shuttle are waiting (idle) for some time but there is a jam of parts at the
incoming goods (source).

Cause:

Products of type “1”” and ‘“2” appear in irregular sequence. They are balanced in the long run,
but in smaller time intervals, the product mix can unfavourably swing to one or the other side.

Size of the buffer between shuttle and workstation is too small for these variations. One of the
buffers before the workstations is filled up- if the same type of product now waits at the end
of the buffer after the source, the buffer before the other workstation will become empty and
at least that workstation will become idle

Different measures could basically be considered:
a)  Sorted delivery of goods at the source.
Components of type 1 and 2 will be delivered in batch size 1 or 2 (that means
alternating).
Disadvantage:
The preliminary system has to sort the components - problems are shifted outside. In
addition the random onset of rework will confuse every normal sorting.
4-6

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0  May 2011 DOSIMIS-3-Tutorial B

b)

<)

d)

Flexible distribution of products 1 and 2 onto both work stations - according to volume
of work.

Disadvantage:

Big set-up efforts to change from product 1 to 2 and vice versa as well as expensive

investments for highly flexible machines
Presorting of products from the source onto two side-by-side sorting conveyors at the receipt of goods.

Disadvantage:
Though there are tailbacks which affect alternating on both work stations, one sorting
conveyor always will fill up and finally will block the supply of the neighboring

conveyor.
Increase size of the buffers between shuttle and work stations.
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4.2.3 Step 3 - Decoupling (Increase of Buffer Size)

Measure:

Measure d) will be realized in this step. Please increase the buffer size of the accumulation
conveyors between shuttle and work stations. A typical value for these capacities may be 4 or
5. This is the number of segments on one accumulation conveyor.

Then please save your model and start another simulation run.
Start:

Occupation diagram of the source and its succeeding conveyor: As you can see the reverse
blockage inside the source decreased only a little - the measure was ineffective.

&. Dosimis-3 - - [Tutorial_03:0ccupancy diagram _
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Figure 4.5:  Occupation diagram of the source and its succeeding conveyor

Cause:

No direct cause can be recognized, the causes of step 2 are still basically valid.
Conclusion:

Simulation technology affords the opportunity to analyze circumstances, initially independent
of investment possibilities.

4-8

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0  May 2011 DOSIMIS-3-Tutorial B

The actual measure in step 2 was to decouple the critical modules work station and shuttle.
We wanted to analyze if problems could be solved by decoupling.

Measure:

Please increase the capacity of the accumulation conveyors in front of the work stations again
and use the unrealistic value of 10 this time.

Then start another simulation run.

Start:

Occupation diagram of the source and its succeeding conveyor: The reverse blockage

decreased only a little - especially if you consider that buffer capacity of the whole system
was increased significantly.
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Figure 4.6:  Occupation diagram of the source and its succeeding conveyor
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Occupation diagram of ACCs before work stations: The buffer below is never filled up and
the buffer above is well used.
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Figure 4.7:  Occupation diagram of ACCs before work stations

Conclusion:

The shuttle must be the bottleneck, because the buffer before the shuttle is filled up all the
time and the buffers behind the shuttle are not filled up all the time. A look at the module
histogram of the shuttle shows that the shuttle has nearly no more idle time.
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4.2.4 Step 4 - Increase Shuttle Speed

Measure:

The shuttle has to become faster. A technically and economically reasonable value amounts to
2 m/s maximum speed. Please enter 2 m/s as the new value of “speed fast” in the parameter
mask of the shuttle.

Afterwards, please start another simulation run.
Start:

Occupation diagram of the source and its succeeding conveyor. Reverse blockage is now
clearly smaller - however still present.
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Figure 4.8:  Occupation diagram of the source and its succeeding conveyor
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Module histogram of both work stations: The upper work station proves a relatively high
blockade portion (about 20 %, displayed in red color).
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Figure 4.9:  Module histogram of both work stations

Cause:

Due to varying process times of the sink, sometimes longer queues form in front of the sink.
These queues repeatedly block the accumulation conveyor before workstation “Above” -
workstation “Below” is not affected in the same way because there is a buffer of 5 places
behind that work station.
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4.2.5 Step 5 —Preferred Disposal

Measure:

Please change the “right-of-way” strategy of the combining station: The entrance connected
directly to work station “Above” shall be favored - please assign priority “1” to this entrance
and priority “2” to the second entrance (connected to the accumulation conveyor).

Then start a new simulation run.

Result:

A look at the occupation diagram of the source and its succeeding accumulation conveyor
shows that the last measure was not efficient.

Cause:

The jam at the combining station results from the dynamic behavior of the sink. Changing the
priority of right-of-way changes nearly nothing ; the jam at the combining station remains.
Workstation “Below” is not affected in the same way because its distance to the sink is larger
compared to work station “Above”. Due to a jam at workstation “Above”, the accumulation

conveyor before this workstation will be filled up - this ACC is no longer able to receive
objects of type “1”. A filled-up buffer is no buffer anymore - it lost its operativeness.
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4.2.6 Step 6 - Buffer before Sink

Measure:

Please insert an accumulation conveyor between distributor and sink. To decouple the sink
buffer capacity should be set to 10 (humber of segments). The best way to do this is to copy
an existing module (e.g. ACC before work station “Above”). Therefore click the module
“ACC_Above” and select Edit/Copy and then Edit/Paste from the menu bar. A new module
appears above “ACC_Above”. Right click this module and select Element/Replace element
from the context menu. Now first click the distributor then the sink and press the right mouse
button to complete this action. If the new module is not at the right place, then click this
module and keep the left mouse button pressed while moving it to its destination. To fix the
module release the mouse button. As the next step, switch to linking mode and connect the
module to distributor and sink. Finally deselect the linking mode and save your model.

Now your model should look like shown below.

.
& oo o oo ) i
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Figure 4.10: Layout with buffer before sink

Please start a new simulation run again.
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Start:

Please look at the occupation diagram of the source and its succeeding accumulation
conveyor (see Figure 4.11):

The situation has partly improved - however, there is a reverse blockage on the accumulation
conveyor. The stability of this system appears not to be safe, it could only be proved by a
longer simulation time. Please enter 10 h as new simulation time in the simulation parameter
mask and start a new simulation run.
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Figure 4.11: Occupation diagram of the source and its succeeding conveyor (5h)
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Regarding the occupation diagrams of the source and its succeeding conveyor an unpleasant
surprise occurs - the system is not steady and gets filled up (Figure 4.12).
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Figure 4.12: Occupation diagram of the source and its succeeding conveyor (10 h)
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Module histogram of work stations: As you can see both work stations still have free reserves
(green, idle time). These reserves result from alternate filling up and emptying of buffers. An
empty buffer causes a lack of parts at a workstation. These workstations are operated at the
limit of their capacity.
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Figure 4.13: Module histogram of both work stations
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Cause:

Because work stations reached the limit of their capability, reverse blockages are inevitable.
This is also clearly visible in the diagrams of buffer occupation before work stations - they are
filled up interchangeably again and again.

&. Dosimis-3 - - [Tutorial_ O6a:Cccupan

ElEiIe Edit View Model Simulation Results Animation Programming  Graphic  Window Help - || &
DSBS ==& [B|@| 28| || e 3| ===
Point of time : Fri May 22 10:23:14 2009

Unsmoothed diagram of percentage occupancy
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B YE
70| |
60|

T ,Mn
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Simulation time in hours

JA i
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Material Flow System : Tutorial_OB6a
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Ready. |

Figure 4.14: Occupation diagram of buffer before work stations

Conclusion:

Since the system is exhausted and because work stations form the bottleneck, the only
possibility is to use reserves.
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4.2.7 Step 7 - Optimization of Set-up Time
Measure:

By assigning a high priority to the feedback conveyor as right-of-way strategy of the shuttle
(to prevent the deadlock in step 1), a strategy of maximum set-up time indirectly results. It
makes sense to reduce set-up time. One possibility to do this is to introduce a “lot size” at the
feed back conveyor. In DOSIMIS-3 you can do this by inserting a “bulk conveyor (BUL)”.

The existing feedback conveyor with a capacity of 3 will be replaced by a bulk conveyor with
a capacity of 8 and a preliminary accumulation conveyor with a capacity of 4.

& osimi3 - Muoral 07 e

".:.—'gEile Edit View Model Simulation Results  Animaticn  Programming  Graphic  Window  Help — & =

||| 2f=[%|E|E| 2N 2|2 mE e8| 32| = =) |
E h
» i
™
i
“ »@»ﬁ
A
Model j J ﬁv

==

Help with F1.

Figure 4.15: Layout with bulk conveyor and preliminary ACC

The bulk conveyor has following parameters::

length: 8m
conveying speed: 0.2 m/sec
number of places: 8

Length indicates the total length, conveying speed defines unloading time.

A small buffer (with a capacity of 4) still has to be inserted between distributor and bulk
conveyor. During unloading the bulk conveyor does not accept any object hat enters - so a
deadlock situation might occur, which becomes more improbable because of the small ACC.
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After this, please save your model and start a new simulation run.

.k. Dasimis-3 - - [Tutorial O7:0ccupancy diagram _

b
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Figure 4.16: Occupation diagram of the source and its succeeding conveyor

There is no more reverse blockage inside of the source - the system copes with the requested

work load. Admittedly buffer capacity of the whole system is oversized. However the buffer
before the sink is filled up often.
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Cause:

The sink is still problematic. Due to its extreme distribution of departure time (exponential
distribution) the sink repeatedly causes high loads inside the system. That is already visible in
the occupation diagram of the buffer before the sink

.k. Daosimis-3 - - [Tutonal O7:0ccupancy diagram] E
i File Edit View Model Simulation Results Apimation Programming Graphic Window Help = || &
D|S(RS| 2|5 (=@ €| =[o|mnl 2 ===

Point of time : Fri May 22 10:26:26 2009

Unsmoothed diagram of percentage occupancy
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0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
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Material Flow System : Tutorial_07
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Ready:. i

Figure 4.17: Occupation diagram of the buffer before sink
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4.2.8 Step 8 - Mitigation of the Sink

Cause:

By organizational measures in the plant (e.g. avoidance of cigarette breaks, stand-by workers
in case of failures or overload, overcoming problem cases, etc.) it should be possible to attain
an even workload of the sink.

Therefore we will analyze the behavior of the sink if “departure time” is normally distributed.
Mean of 55 seconds is unchanged. The deviation is be 5 seconds.

Please start another further simulation run.
Start:
Occupation diagram of the source and its succeeding conveyor: The source is able to dispense

all palettes, sometimes little reverse blockages form on the accumulation conveyor due to
deflation of the bulk conveyor.

5 File Edlt View Model Simulation Results  Animation Programming  Graphic Window Help
D|S(RIS| 2|5 (=@ €| =|o|mel 2 === |
Point of time : Fri May 22 10:28:24 2009 |
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| | |
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Material Flow System : Tutorial 08

] (0

Ready.
e

Figure 4.18: Occupation diagram of the source and its succeeding conveyor
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Module histogram of both work stations: as you can see, set-up times have decreased
substantially and there are even “idle times” (about 15%) at the work stations again.
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Figure 4.19: Module histogram of both work stations
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Occupation diagram of the buffer before sink: this buffer is barely filled to 50% anymore.
More than three pallets are relatively rarely contained inside that buffer.
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Figure 4.20: Occupation diagram of the buffer before sink

Cause:

Due to changing the sinks dynamics (normally distributed) the buffer is hardly needed
anymore.
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4.2.9 Step 9 - Decrease of Buffer Size before the Sink

Measure:

The capacity of this buffer can be reduced to 2. Even if little reverse blockages appear at
workstation “Above”, this should have little effect on the system - workstations have reserves.

Please start another simulation run.
Start:

Occupation diagrams of the source and its succeeding conveyor as well as module histograms
of both work stations show that reducing of buffer size before the sink has no noteworthy
effect on the system as expected.

Please select Results/Result parameter from the menu bar, enter the values as shown in
Figure 4.21 and click the “Accept” button. Then select Results/Turnaround-time statistics
from the menu bar. Two bars are visible, each representing one product. The minimal,
average and maximal turnaround time is displayed for product 1 and 2 -from source to sink.

As you can see, the maximum time for products to remain in the system is about 2 h - the
average time of about 15 - 20 minutes appears to be amazingly high. The minimal turnaround
time is about 5 minutes and roughly corresponds to the value estimated by seminar
participants.
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Figure 4.21:

W Average throughput time
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4.2.10 Step 10 - Decrease of Buffer Size before Work Stations

Further Optimizations:

The reasons for high buffer occupations were explained already in Step 9. However, if this
changing of buffer size has no effects on the throughput - what about further reductions?
There are essentially several possibilities:

a)  Further decreasing the size of buffer before the sink. The work station could stand quite
smaller blockades - it still has reserves. However the appearing blockades actually result
in breakeven performance that will fix the planed interval of the source at 1 minute.

b)  Decreasing of bulk conveyor capacity. This is equivalent to the decrease of lot size,
which means that quota of set-up time at the work stations will increase again. With that
the breakeven performance of the system will be fixed as well.

c) Decreasing the size of buffers before the work stations. As you can see at the
occupation diagrams buffers are filled up occasionally - but there still are significant
reserves in the incoming goods buffer.

d)  Minimizing the size of the buffer succeeding the source. The corresponding occupation
diagram shows that 5 places could be saved at once.

The resulting measure depends on the goals of the enterprise. On principle all measures affect
in the same way - they reduce the range and flexibility of deviations of source frequency.
Measures a), ¢) and d) affect the capital investments; measure b) furthermore affects the
turnaround-time.

Measure:

Decreasing the size of buffer before the work stations from 10 to 8 places per conveyor - this
measure reduces, first of all, the space requirements in the production area.

4.2.11 Step 11 - Factory Tuning

The examination of the statistics resulting from the measures in step 10 shows that the system
generates the required performance.

Further Optimizations:

Sometimes planers have to answer the question: What has to be done to increase system
performance - if necessary by changing organizational conditions. For example the question
could be asked whether the production performance could be increased by 20 %, if rework is
outsourced. This question shall be answered by a simulation run.

Measure:

Please increase the frequency of the source (decrease output time) and the sink (decrease
departure time) by 20 %, that means:

Source, output time: 48 sec

Sink, leaving time: 44 sec

The distribution strategy of the distributor has to be changed - all objects must leave to sink.
Exit 1: Objects 1, 2, 10, 20
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Exit 2: First delete the second entry then enter “99” in the first line (the first line has to
contain a number greater than “0”, so we enter “99” as dummy, therefore all objects will leave
at exit 1).

Then start a simulation run.

Conclusion

As the occupation diagrams of the source and its succeeding conveyor show, the problem has
been conquered.

A look at the “Turnaround-time statistics” displays a surprise: The average value of
turnaround times is about 8 minutes now and its maximum is about 20 minutes (admittedly
without regarding on rework!).
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Figure 4.22: Diagram of turnaround times

The “small” rule of lot size multiplies turnaround time by about 3 (if rework is not regarded) -
small measure, large effect.

Many production systems are much bigger than the one of this example. Often 500 or up to
3000 modules are used to reproduce a plant - using a lot of control rules (priorities, sortings,
synchronizations) whose effects can barely be understood.
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4.3 Results of this Simulation Study

In chapter 2.2.1 questions were asked that should be answered by simulation. Following
answers result:

Throughput of 60 parts per hour can be achieved, presumed that the measures taken can actually be accomplished in
reality. The originally analyzed system did not achieve the work load approximately.
- The original system has a lot of weak points: shuttle (control strategy and performance), buffer sizes, quota of set-up
times at work stations, and large deviation of sink performance.

In the final model (step 10) workstations have a utilization of up to 90 %.

The shuttle has a reserve of about 20 % resulting from the realized modifications.

Behavior of the sink has substantial effects on the performance of the hole system - organizational measures are
indispensable.

How the system behaves if failures occur has to be analyzed in further studies. Due to the bare
design of work stations it can be assumed that the system reacts very sensitively to failures.
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5 Graphical Comments

When using DOSIMIS-3 to create a simulation model no time-consuming layout true to scale
will be generated, since these functionalities are reproduced by an appropriate
parameterization.

The avoidance of an accurate layout illustration allows an extremely fast modeling as well as
the screen-optimal display of the system to be simulated. Assistance tools, such as zoom,
copying of modules or module groups and the input of partial models taken from libraries, are
available.

Layout can be complemented individually by texts resp. comments and by the aid of
integrated paint functions, in order to arrange the model more descriptively.

5.1 Insertion of Graphical Elements

[
N[O[O]w[ 2 =] A [k
| = [~}
| > |CF| W

Figure 5.1:  Graphic-palette

Please select View/Tools/Graphic-palette from the menu bar to activate the graphic-palette
toolbar. You can create graphical elements in your model by using the buttons of the Graphic-
palette. To insert a graphical element in your model, first click on the button representing the
desired element on the “Graphic-palette”, then click at the point where you want to place the
first edge of the element and click a second time on the point of the second edge.

5.2 Change the Size of a Graphical Element

To change the size of a graphical element, please select the element by mouse click and use
the pulling points on its frame.

The grid is an invisible network of lines, which helps you to align the graphical elements. As
a default the graphical element is drawn on the nearest intersection of the grid when placing.
The default distance between two grid lines is 12. If necessary, you can change both the
vertical and the horizontal distance between grid lines.

Please select Edit/Snap parameters from the menu bar to display or to edit grid parameters.

5.3 Add a rectangle

To draw a rectangle, please click the rectangle button of the symbol bar called Graphic palette

Symbol IEI
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and place the element in your model. To change background or line color, please double-click
the element to open the element dialog box.

By double-clicking on a rectangle following dialog-box appears.

Rectangle l Layer selection ]

¥ oordinate [A764] r{Loordinate 5288
Length 96 Height 48
Z-0rder a2

Fillzolor | Linecolor |

QK | Cancel

Figure 5.2  Dialog-box of a rectangle

With the help of the button “Fill color” you can set the background color of the element. By
using the button “Line color” you can edit the color of the frame line of the element

If graphical elements are added in a model window, they will be stacked automatically on a
unique level. The pile sequence is recognizable if elements overlap or do not appear at all.
You are able to move a single element or a group of elements inside the stack, e.g. you can
move objects inside the stack one level up or down by selecting the element or group of
elements, then click the element with the right mouse button and select “Foreground” or
“Background” from the context menu. Another way to change the position of an element
inside the stack is to change the value of the “Z-Order” in the elements dialog-box. Each Z-
order number is assigned to one graphical element inside the model. Z-Order number “1” is
assigned to highest level in the foreground.

In order to achieve special effects, you can arrange elements so that they overlap and produce
shadow effects.
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Figure 5.3  Completed layout including graphical comments

5-3

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0

May 2011

DOSIMIS-3-Tutorial B

6 Summary: Data of the Study

6.1 Model Parameter

Source:

Objects are

randomly:

generated

Type 1 and 2 with same frequency (50 : 50)

Distribution of output time:

normally distributed:
mean 60 sec, standard deviation 5 sec

Accumulation | Conveying speed: 0.2 m/sec
Conveyor:
Length of segment: 1m
Capacity: - after the source: 10 parts
- before workstations: 2 parts
- after wor kstati on
(edge conveyor - forward control)
- after edge conveyor: 4 parts
- feed back conveyor: 3 parts
Shuittle: Loading path: 1.1m
Unloading path: 0.1m
Loading/unloading speed.: |0.2 m/sec
Slowly driven path: 0.5m
Speed fast: 1.0 m/sec
Speed slow: 0.1 m/sec
Right-of-way strategy: Priority to receipt of goods
Distribution strategy: destination with (object type)
- Object types: 1,10 work station above
2,20 work station below
Position parameter: - Entrance 1: 0 m (receipt of goods)
- Entrance 2: 15 m (feedback)
-Exit 1: 20 m (to work
- Exit2:25m (to workstati ol
Workstation: | Length: 1m
Speed: 0.2 m/sec
Working time: normally distributed
mean 80 sec, deviation 5 sec
Quota of rework: 15 %
Set-up time: 60 sec (with each change of type)
Combining Conveying path: 1m
station:
Speed: 0.2 m/sec
Right-of-way strategy: FIFO
Distributor: Conveying path: 1m
Speed: 0.2 m/sec
Distribution strategy: destination with (object type)
- Object types: 1,2 to the sink,
10,20 to the feedback conveyor
Sink: Distribution of departure | exponential distributed, mean 55 sec

time:
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Figure 6.1:  Module capacities

In order to enable or to disable the display of module capacity, please select
Model /I nf o../ Cremsdremthe menuddr. el e

o2 File Edit View Model Simulation Results Animation Programming Graphic Window Help
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Figure 6.2:  Module names
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Figure 6.3:  Final layout after optimization
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6.2 Summary of all Simulation Runs

Step Characteristics Measure

1 Deadlock Changing the entrance priority of the shuttle. High priority
to feedback conveyor.

2 Presorting Increasing the size of buffers before workstations from 2
parts to 4 parts.

3 Decoupling Further increasing of buffer sizes before workstations up to
10 parts. Decoupling between shuttle and workstations.

4 Increase of shuttle Increase maximum speed of the shuttle to 2 m/sec.

speed

5 Disposal preferred The distributor after workstation “Above” prefers to
dispose the material flow out of this work station (Priority
1 to the entrance connected to this work station).

6 Buffer before the sink | Inserting a buffer before the sink (with a capacity of 10).

6a Prolongation of Simulation time doubled to 600 min.

simulation time
7 Minimizing of set-up | Inserting of a bulk conveyor to form lots in the feedback
time wing (including a small preliminary accumulation
conveyor).

8 Mitigation of the sink | Changing the type of departure time distribution from
“exponentially distributed” to ‘“normally distributed”
keeping the same mean and setting deviation to 5 sec.

9 Decrease of buffer size | Decreasing the buffer size to 2 parts.

before the sink
10a) |Decrease of buffer size | Decreasing the size of both buffers to 8 parts.
before work stations
10 b) | Further Measures Further decrease of buffer or lot size.
11 Factory tuning Decrease of cycle times of about 20 % (Source 48 sec.,

Sink 44 sec.). Rework is sent to the sink.
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7 Introduction to the Tutorial (Part 2)

7.1 Structure of the Tutorial

By the first part of the Tutorial the user shall be enabled to create the planed simulation
models, to edit parameters and to modify the model structure by himself. Part 2 of the Tutorial
is a short overview of further functionalities as well as special module groups of DOSIMIS-3.

Part 2 of the Tutorial is divided to following chapters:
1. Structure of the Tutorial

2. Faults and Breaks

3. Work Areas, Workforce

This Tutorial is to facilitate the understanding in further functionalities of DOSIMIS-3 for
you. However, please do not expect all functionalities of individual addressed topics to be
explained in completeness. The Tutorial does not replace the user’s manual. This would go
beyond the scope of this Tutorial. User’s manual/Online help and the Tutorial can help you to
assimilate enough knowledge about DOSIMIS-3 to be able to use it without any training.

7.2 lcons

In order to facilitate orientation in this Tutorial for you, we arranged the text into sections of
special functionality and marked these by appropriate symbols or icons. The following icons
are used:

i Examples or steps that may help you to find your way when using DOSIMIS-3.
& 4

Please pay attention to this important notes, which are marked by this icon.

easily to errors, problems and deadlocks.

L
Attention: this icon indicates a warning. The facts described in this section lead
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8 Failures and Pauses
8.1 Task

In part 1 of the Tutorial the model of a small production system was analyzed. In continuation
of this example now the modeling of failures and pauses is supposed to be explained.

During operation it was determined that faults occurred at both work stations frequently. This
faults reduced the utilization to 95 %. Furthermore the records proved that the average
downtime was at 5 minutes. In a further analysis it is to be examined whether the plant is able
to achieve the requested throughput in spite of this performance loss.

8.2 Theory

The following chapter shows to you how to reproduce failures resp. pauses. The
parameterization of failures and pauses is completely identical. The distinction is only used
for separate statistical recording of component standstill times.

Failures and pauses can be parameterized for all modules and module groups. These may be
operational interrupts as e.g. break, shift changeover, group discussions, set-up and cleaning
times or unpredictable faults. Additionally rejects resp. rework as well as logistic failures can
have big influence on the system. All these can be reproduced as failures too.

The “time between failure (MTBF)” and the “time to repair (MTTR)” of an interrupt are
determined in each case according to a selectable kind of distribution. The “time between
failure” describes a time interval between the end of one fault and the beginning of the next
fault. The “time to repair” designates the duration of a fault.

F 3

failed

>

LITTR .| MTEF N Simulationtime

4
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Thus the availability results:
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MTEF
Availability =
MTEF +AJTTR

Figure 8.2 Availability

The “time between failure” is calculated from the “mean time to repair” and the
“availability”:

Averilability *ATTR
1 - Awerilability

MITERF =

Figure 8.3 Time between failure

Regarding an availability of 95 % and a “time to repair” of 5 minutes a “time between
failures” of 95 minutes results.

8.3 Including of Failures in the Simulation Model

The availability of work station “above” shall be 95 %. The work station shall fail in irregular
time intervals. The fault is supposed to be reproduced randomly (stochastic) and not in fixed
time intervals. The “mean time to repair (MTTR)” is “exponentially” distributed with an
mean value of 5 minutes.

The “mean time between failures (MTBF)” will be normally distributed with a deviation of
10 % and a mean value calculated as shown above, depending on availability and MTTR.

il At first you will be shown how to define a failure resp. pause. Please reproduce a

A

Wy “failure” as described below:
L

e Open the model ,tutorial2.mfs “,
e Save the model with a new name as ,,tutorial2S.mfs*

o Select® Vi ew” Cont r ol dromRhe ineautbdr er pressthe” F 2 7  bwhitet o n
pressing t heonyolkeybdard. but t on

[4]

e Select the break symbol (BRK) ﬁ from the controls palette and place the module in
the work area of your model by click on the left mouse button.

e Please select” Mo d exI“”L i n k i n gfronatbetmenw &r’or press the “ F Sbltton
on your keyboard to activate the linking mode.

e First click on the break module with the left mouse button to select the module. The
selected break module is displayed in blue color now. Then click on the module or group
of modules to be failed. Modules that are connected to the selected break module will be
displayed in red color in linking mode.

e At last deselect linking mode and save your model.
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Tuterial2s ==y

".:?Eilr: Edit View Model Simulation Besults Anpimation Programming  Graphic Window Help ml?"?l

D|S{E|S] =[] 28| [ |l x| =[=]=)

L3

Basemodel
=
Receipt of goods
Work-
stations
' A
N
Modl | ﬂ J j

| Junction: Select start module! |0 02:00:00 I 4 |

Figure 8.4 Linking work station to break module
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8.4 Editing of Failure Parameters

Now the parameter of the failure can be entered. Double-click on the break module to open
the parameter input mask.

Mumher - 1 Name:  [f_above

Comment : |

Parameters ] Layer selection ] I™" Information Element

Type Failure: hd

Employment of workers
| Strategy Min Max. Qual. Intp

Without -

Parameters :

Paszive

P
at defined times [ without statistics [ Singled failure

Start [{{day: thaur: bmin] Duration [{{day: Jhour jmin]

| ] E

Defaults. QK | Cancel |

Figure 8.5 Parameter input mask of Failures /Pauses

0y To define the kind of break (failure/pause) select the according “type” from the
\%{ combo box. No “employment of workers” is planned.

e Rename the break as “fr above” (default: BRK 1).
e There are several kinds of failure that you can select from the “failure” combo box. Select
“ ...at o mtoohthe “failure” combo box.

e Nowselect® nor mal | y dromsthe YMTBRI ¢om@bd Box and enter 5700 sec as
“mean” and 570 sec as “deviation”.

e Then select “ e x digiributed” from the “MTTR” combo box and enter 300 sec as
“mean”.
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Finally the parameter input mask of the failure module looks like following:

Failure/Break == @
Number : 1 MName : |H_abuve
Comment : [ P
Parameters ] Layer selsction ] I Information Element
Type Failure: hd
Employment of workers
Strategy Min Max. Qual. Intp
Without -
Parameters :
[~ Passive [ Availability
&k random TUT without statistics [~ Singled faiure
MTBF MTTR
- Expaonentially distibuted -
MNormally distributed -
Mean [sec]: 5700 4 Mean [sec] : 300 A
Dreviation [zec]: ’2?0—‘
[ Cut values I Cut values
™ Distance according to occupancy time Module:  |above Il
r ™ Map fall into a break
Failure Failure: Start...
Defauks | ok | cencel |

Figure 8.6 Completely filled out parameter input mask of the failure

mask (available only for failure “...periodically” or *“...at random”).

Z Checking the failure parameters by using the “failure” button on the parameter input

When using the “Availability” function DOSIMIS-3 will calculate the mean value of the
“MTBF” according to the entered availability:

Enter the “MTTR” parameters as described before.

For “MTBF” enter the value of “1” as “mean” and as “deviation”. This is necessary to
avoid any consistency check error.

Select the check box called “Availability” and enter the desired value (e.g.: 95) into the
“Availability[%]” input area.

Now deselect the “Availability” check box. As a result the calculated “mean time between
failure” is displayed inside the input area called “mean[sec]”.
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|| Mumber : 1 Name:  [f_above
Comment : | P
Parameters ] Layer selection ] I Information Element
Tipe Failure hd
Employment of workers
Strategy Min Max. Qual. Intp I
Without -
Parameters :
[~ Passive
-dependent on thioughput :" [~ without statistics [~ Singled faiure
Throughput MTTR
- E xponentially distibuted hd
MNomally distributed -
Mean [piec.] 95 a Mean [zec] : 300 a
Deviation [piec.] ’27[‘7_
[7 Cut values ™ Cut values
tHadule above | ¥ Secondary transpart dires I
Event Eriting | ¥ Main transport direction
|
Start..
Defats... oK | cancel |

Figure 8.7 Determination of MTBF by using the availability check box
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8.5 Analysis of Failures

After the simulation run is completed, you can start the animation and watch the movement of
objects inside the model. Please select* Vi ew” T o o-b'SAni ma toiod riooan thé
menu bar to activate the animation-toolbar in your DOSIMIS-3 window. Then click on the

button it i me Elotm thecamindation-toolbar and start the animation by click on the
i s t duttan.orhe first failure occurs after about 1,75 hours.

Z While a module is failed, it is displayed in red color.

While a module is paused, it is displayed in blue color.

":—;‘Eile Edit View Meodel Simulation Results Apimation Programming Graphic Window Help — & =

D|S|E|S| o] [5=|E] 2] =|w|mm| x| ===
Basemodel
Receipt of goods
10 TT | 1 0

|

Madel
| Ready. 0 01:43:38 _

Figure 8.8 Animation

to consider the state or failure of one module for strategy decisions of other
modules.

If a failure appears after a strategically decision has been done (e.g. distribution
strategy), this decision will not be changed afterwards, that means that the object
has to wait until the failure disappears.

In DOSIMIS-3 it is possible to assign one module to several break modules,
especially if the user wants to separate between failures and pauses or if different
kinds of failure shall be considered. These may overlap what is according to the
theory of random distributions.

Z If a failure occurs all processes of the assigned modules are stopped. It is possible
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Failures are unpredictable interrupts, on the other hand pauses are planned. The
frequency of both kinds of interrupts can be determined by the separate data
collection. If a module is failed and paused at the same time, then the time of
overlap is imputed to failure time.

Please first select work station “above” by mouse click and then select* Re s 't St"at e
d i a g rframrmthe menu bar to open the state diagram window. As you can see a failure
appears about 100 minutes after start. There are no further activities until to the end of this
failure. The failure has to be finished before a new object is allowed to enter the module and

will be processed.

.k. Dosimis-3 - - [Tutonal25:5tate Diagram] _

ElEiIe Edit View Model Simulation Results Apimation Programming Graphic Window Help — & =
D|@(E[&| =[] [5(@] [N =[w|mm| x| =]

Point of time : Mon May 18 16:06:54 2009 I

Diagram of element states

Supervise |
Assembly parts ™|
Break |
Maintenance |
Failure ™|
No-loaded run™| — —
Setup |
Transportation |

Module manually ™| — _
Module is working |
Module waits for worker™ |
Object leaves |
Object waits ™|

Object enters —— —
Module is empt{| T T T T T T T T 1 T

0.0 945 99.0 104 108 113 117 122 126

Simulation time in minutes

Material Flow System : Tutorial25
] [ammy]

Ready. 86404.00 [sec]
L.

Figure 8.9 State diagram

Now the failure quota, that results from the assigned failure appeared during the statistics
period, is displayed in the module histogram too.
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ElEiIE Edit View Model Simulation Results Apimation Programming Graphic Window Help — & =

D|(E[&| =[] [R|d| 2w =[w|mm| x| =]
Point of time : Mon May 18 16:12:21 2009

Percentage utilization
for several workstations
Statistics from start up to 1440 [min]

4.3%
“][D9ﬂ 0.76%
90 13.2;3
10 4.3
80 Id.ﬁ
F0-1172.9%
60}
50+
40
30
20+
10+
0
1440
HandIObj : 788
Module : above
Working W Waiting for parts{delivery lBlocked Without stat.
Manual work Cleaning Failure
H Conveying Waiting for worker M Maintenance
[ Setup Midle time [ Break

Material Flow System : Tutorial23

| Ready. 8640400 [sec] Y |

Figure 8.10 Module histogram
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8.6 Statistics File

In order to open the statistics file called “tutorial2s.slg” please select® Re s u3“t $t"at i st i c
d a t feorh the menu bar. The “Final Statistics” window opens. Use the tree view on the left

side of this window to browse for the statistic data you want to see. It is not possible to edit or

to copy any data of this file.

The final statistics of material flow system tutorial2s gives a global overview on simulation
results. Module performance values contain general information like throughput or utilization.
A failure related statistic of all modules is to be found as “classification of utilization” of the
module type. This displays a quota of failure of about 4.3 % for work station “above”.

R, DS3VIEW Windows Application - Tutorial25.5k =]
I:] File Search VWiew Windows Help -8 x
=] »|Ele| 2|

[3-Wbl 2400 min. o [ e o e e e "
i (3000 min. [Final statistics : Usilization statisties
for modules of type Workstation
F-tebdl () 360.0 min. sterizl flow system : TutorislZs
LU min. |Statistics for time z 1440.0
Il (] 420.0
BRMHQA00mIn. [ o
Neo. Module- Wait for Blecking- Failure- Mainten. Breaks- Transp
Bl () 5400 min. name worker® timesd timesd times%  timest times%
-4 () 600.0 min.
[#]-l+H () 660.0 min. 5 below 0.00 a.00 0.00 a.00 0.00 5
i 0720.0 min, 7 above 0.00 0.76 4.34 0.00 0.00 4
[#]-lebd () 780.0 min. e e e e e e e e e e e e o e e o
LU min. IFinal statistics : Classifi n of utilisat
Il () 840.0
[ () 9000 min. for modules of type Workstation
aterial flow system : Tutorialis
Bl 0 960.0 min. Scatistics for time : 1aa0.0
I (O Y
-k () 10800 min. Ne. Module- Set-up Waiting Proces- Manual Driving- Pieces Cou
F-bbt 11400 min. name times: times% times? proces.% times% handled fau
[ W (012000 min. L
[ bl ) 1260.0 min.
F-Iebl () 1320.0 min,
B g [Final statistics : Throughput statistics
-k () 13800 min
[=]-4 ) 1440.0 min. for modules of type Workstation
B & Source zterizl flow system : Tutorial2$
- @ Sink Statistics for time : 1440.0
(- & Accumulation conveyor He. Module- Object £rom o Wumber of
=] &8 Workstation name type entrance  exit ocbjects
: Utilization statistics
prs . 5 bel H 1 1 759
€ Classification of utilization =tew o : . oo
" € Throughput statistics 7 above 1 1 1 669
[#- €8 Bulk section 10 1 1 118
B Shutfle b
T kb ]
[~ € Distributor Final scaciscies : Distribution of work time <
[ € Combining station Slia o
Ready 16300/16339 NUM

Figure 8.11 Final Statistics (classification of utilization of workstations)

At the bottom of the statistics list you will find the evaluation of duration and interval of
failures and pauses. So for the break module “fr above” the following results are displayed.

[ &. Ds3VIEW Windows Appiication [Tutoralzs.sa]

D File 5Search VYiew Windows Help
E

& s|Els| 9
- @ Source N T T T T "
- @ Sink Final stazistics : Distribution of failures and bresks

aterial flow system : Tutorial2s

[~ g Accumulation conveyor Statistics for time : 1a40.0
B & Workstation e

& Utilization statistics e
€ Classification of utilization o

Distribution Nurber of Minimum  Maximum  Average Dispersiecn
€ Throughput statistics of values value value value  (relative)

- ulk section

[] @ Shuttle 1 £1_zbove BS_STOERUNG ZUFAELLIG

[] 15 5Z85.95 6218.12 5€80._681 4_80

[ € Combining station

& Throughput time statistics
B3 Object costs statistics
Distribution of failures and breaks -

- € Distributor ‘ 15 10.18 528,17 251.50 7€.01
I

Ready 16499/16538 NUM

Figure 8.12 Final Statistics (Failures)
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The analysis of the defined failure shows however a serious problem. Despite the failure
quota was set to 5% the simulation provides a failure quota of 8.53%. The reason for this is to
be found in the number of failures that appeared during simulation time. Fourteen faults
appeared during this period. The number of events is to small to approximate the chosen
distribution of the MTBF and to receive a representative mean time. “Good natured”
distributions (such as fixed time, uniformly distributed, normally distributed) will achieve the
mean value very soon,. since in best case the mean may be hit after chosen randomly twice. In
case of the exponential distribution it is necessary to chose randomly several times to achieve
the desired mean value. In our example the maximum chosen value is 1613 seconds. After
this value has been chosen, e.g. it is necessary to choose furthermore at least five times to
reach the mean value of 300 seconds if the mean value of these five choices is about 38
seconds. The number of al least 50 events is to be regarded as a benchmark for this kind of
distributions. Therefore the simulation time in our example has to be increased. The
“simulation time” now will be set to 7 weeks and the “statistic interval” will be set to one day.
Additionally the “Pre-run” time is set to one day too.

Istl () 70560.0 min. -
-bebl () 720000 min,

v €9 Source

[ € Sink

H- €8 Accumulation conveyor

=) € Workstation

[ el

Blocking- Failure- Mainten. Breaks- Transport— Wait
Timest times® times% times% times: Time

m

@ Classification of utilization
i €3 Throughput statistics
- &9 Bulk section
& Shuttle
€ Distributor
&8 Combining station
& Throughput time statistics

0.00 0.00 0.00 0.00 4.2
15.03 4.33 0.00 0.00 5

-
H ~
oy ow oW

frn Bl
[ -

Ready 33264/33280 NUM

Figure 8.13 Final Statistics (classification of utilization of workstations)

The analysis of failure now results a quota of 4.99% failure. For this 705 events have been
considered

D Eile Search Wiew Windows Help
& s|Ele] 9
i &3 Source - -
& Sink : 1: :ss . : s = reaks

& Accumulation conveyor

& Workstation

: & Utilization statistics

- @B Classification of utilization
... €8 Throughput statistics

e [T bR

Bulk section

Shuttle

- &9 Distributor
B Combining station ek ek b b bbb b e bbb b b e bbb
& Throughput time statistics

. @3 Object costs statistics

: Distribution of failures and breaks sl -

Ready 33463/33479 NUM

Figure 8.14 Final Statistics (Failures)

BS_STOEZRUNG ZUFAELLIG
705  48€2.31  €514.85 5702.82 4.6€3

8.7 Task

Now also the work station “below” shall be failed

e Please select the break module called “fr_above”.
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e Then use the copy function to copy this break module and move it to the favored position.

e Double click on the new break module.

e Enter “fr_below” into the input area called “Name”, and then click on the “OK” button of
this module.

e Press the ,,F9* button on your keyboard and deselect the module called ,,fr above* by
click with the left mouse button on this module.

e Now select module ,,fr below* by click with the left mouse button on this module.

e Press the ,,F9* button on your keyboard again to finish connecting mode.

right mouse button while pressindo
display all links done in the opened model. To display links of the new break
module named “fr below” only, please click with the left mouse button on that
module

To hide all links, select again “ Mo d el “ 1 n 0°"C o n n e cftorn thenmenu bar or
clickinhsh® %i d®|ombhe Modeling” bar

i Please select* Mo d el ““l n 0 "C o n n e cfitom themsnt bar or click the

Dl@(E&| ==& [[E] 2| =@l x| ===
Basemodel
o | J
I
Receipt of goods H Exit of goods
F 3
> I :Mﬁlc@ Quality control
o — (1% (R
Work-
stations
[N o — 7
Model ﬂ J

Help with F1. 86404.00 [sec]

Figure 8.15 Links

8.8 Shift Model

For the analysis of large periods often it is reasonable to include the shift model of the real
production line as a parameter in the simulation model. So it is easier to determine the time
when an effect appears, because it is not more necessary to add shift breaks and pauses to
simulation time.

In this example the plant works in a tow-shift operation mode for five days a week.
Furthermore all pauses of work time shall be considered in the simulation model, too. During
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pauses the conveying system and the sink continue to work, but work stations, source and
quality inspection are paused. Outside of the shift times all components are to be turned off.

The used Shift model looks like following:
Pause: 9:00-9:15; 12:00-12:30; 16:00-16:15 and 19:00-19:30
Daily work time: 6:00-22:00; on Friday only 6:00-16:30

For a better understanding a reference time corresponding to simulation time ,,0° should be
specified. In this example the reference time should be Monday 0:00 o’clock. This facilitates
the assignment of times in the model.

Three breaks/pauses will be defined in addition. The first break module is to reproduce all
daily pauses. A periodical pause will be defined that repeats every day. Start time and
duration of all pauses have to be entered into the appropriate input boxes in the failure area of
the break module parameter mask. Because start of period is 0:00 o’clock all the start times of
pauses match the real times, no offset has to be added. Please regard to enter the duration and
not the end time of the pause. Only work stations, the source and the quality inspection station
are to be connected to that break module.

e

Mumber: 9 Name: |Pausemodel

Comment : |

" Parameters ] Layer selection ] I™ Information Element

Type Break hd
Employment of workers
Strategy Min Max. Qual. Intp
i Without -
Parameters :
- [” Passive
periodically T1 without statistios [ Singled failure
Start of 1st period [min] |0 Duration of period [min] |1:00:00
Start [{day: thaur: bmin] Duration [{{day: Hour: bmin]
500 15 (=]
1200 30
16:00 15 l
13:00 30 H
= |
Failure | Failure
Defaults | oK | Cancel |

Figure 8.16 Shift Model of Pauses
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The second pause is periodical, too. This pause reproduces the daily shift model. So only the
first 6 hours from 0:00 to 6:00 o’clock and the 2 hours from 22:00 to 24:00 o’clock have to be
defined as pauses that stop the plant. This break module has to be connected to all modules of

the model.

MNurnber : 3 Name : |Day|y5h\l

Comment : | 4

Parameters ] Layer selection ] I Infarmation Element

Type Brezk hd
| Employmert of workers
Strategy Min Max. Qual. Intp
Without -
Parameters :
" Passive
-periodicaly T1 T without statistios [ Singled faiure
Start of 15t period [min] |0 Duration of period [min] | 1:00:00
Start [{{day: lrour: min] Duration [{{day: our: Jrin]
0 £:00 (=]
22.00 200
l
Failure Failure
Defautts... | o« | conce |

Figure 8.17 Shift Model of daily work time

The third break module reproduces a periodical pause with a period time of 7 days. In this
module the pause starts on the 4™ day at 16:30 o’clock and lasts to the end of the period
(duration = 2 days, 7 hours and 30 minutes). Monday is day number “0”, so Friday is day
number “4”. This break module has to be connected to all modules of the model.

Nurmber - 7 Name : |Weekly5h\ﬂ

Comment : [ P

Parameters ] Layer selection ] I™ Infarmation Element

Start of 1st period [min] |0

Start [{{day: thaur: bmin]

Type Break hd
Employmert of workers
Strategy Min Max. Qual. Intp
Without -
Parameters :
- [ Passive
periodically T1 without statistics [ Singled failure

Duration of period [min] | 7:00:00

Duration [{{day: Jhour jmin]

|4-1E-3n

Hz-nr-an

| =

Failure Failure

Defauts | ok | comce |

Figure 8.18 Shift Model of weekly work time

After a new simulation run, the behavior of the simulated plant is to be analyzed. To use
minutes as scale for the x-axis in statistic data appears not to be reasonable, because
simulation time is about 50 days now. So it might be wise to use bigger units instead. For this,
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please select “ Re s ub t* Resul t P fom @ahenmenuebar,’click on thet a b -
a x i and select the check box named “ Ti me [ DD: H HlowMdWdk "on the tab
“ Se | ¢ antl makersure that the check box named “ | nt e r v a |issdleeted.i Tiser
click on the “ Ac c e pt ” andlclost theo“Result Parameter” window by click on its
“Exit” bnu diagrame .the time unit of the x-axis now is changed to
“Day: Hour (DRHH:MN)e ”

o
Result parameters - [Tutonal252P3 50 - E@lihj

Throughput I Cycle measurement ] Percentage ]
Selection ] Series Keads ] Y-axis ] Layout ]
— ' Units

™ Minmum §[1440 ¢ Standard
™ Maximum : 72000 i Seconds
™ Minutes
[ Maininterval - |0 ™ Hours
! - [F " Days
L B (& Time [DD:HH:MM]
[ Main grid ™ Date [dd.mm yyyy] :
[ Help grid

: e | e | _

Figure 8.19 Result Parameter
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% Dosimis-3 - - [Tutorial2s2p3 50: = [alx

ElEiIe Edit View Meodel Simulation Results Animation Programming Graphic Window Help

D|=(ES| o[ |f|@| ghe| - o] x| =[]
Point of time : Mon May 18 16:23:24 2009

Percentage utilization
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Figure 8.20 Statistic with Shift Model used

To display the diagram shown in Figure above, please select “ Res u-bt $Ti me
Hi st o dgronathe 'menu bar. Please use the “scroll bar” at the bottom of that window to
browse along the time axis. It might be fretful that a lot of pause times appear in that diagram
during the considered period. So a big portion of time is displayed as pauses. To eliminate
pauses out of statistic calculations, in DOSIMIS-3 it is possible to filter statistic data of the
regarded time period.

8.9 To filter Failures and Pauses out of Statistic Data

In a DOSIMIS-3 model you are able to filter times of failure or pause out of statistic data.
Double click on the break module to be filtered.

Select the check box named“ Wi t hout . st ati stic
Click on the “OK” button to close that break module and start simulation again.
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Take a look at the “Time Histogram™ of the work stations again after simulation is completed.
The two blocks without statistics are remarkable. These blocks represent weekends of the
simulation period. Weekends are filtered out of statistic data. The day before, the portion
without statistics is higher than to the remaining 4 days, since on Friday work time ends at
16:30 o’clock.

Failure/Break
Murnber : B Mame : |Da_l,l|_|,lShift

Comrment : | 4
Parameters l Layer selection ] [ Infarmation Element
Type: |Break ﬂ
Employment of worcers
Strateqy Mn. Max. Qual. Intrp.
| Without -]
Parameters :
— [ Passive
|"'|:'E”C'd":a"5' j [v “wiithout statistics [ Singled failure
Start of 13t period [min] {0 Duration of period [min] [1:00:00
Start [1{day: thour: fin] Duration [{{day: Hhowr: min]
0 £:00 4|
2200 200

Failure Failure

Defauits... | oK | Cancel |

Figure 8.21 Activate Filter for statistic data in a break module

In that example the shift model of daily and weekly work time is to be filtered. Now
the portion of failure or pause is displayed as a thin bar (named “without stat.””) on
the left side of the main bar in the “Module Histogram”.
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Figure 8.22 Module Histogram with statistic filter activated

The following diagram is to clarify again what it means to filter break times out of statistic
data. 33,33% break time per day (8 of 24 hours) and 50% work portion per day (12 of 24

hours) connote, since the plant runs only for 16 hours a day, that in reality the work portion
results to 75% of the running time (12 of 16 hours).
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8.10 Disable Failures

You can disable either a single failure (break module) or all failures together global, without
deleting any break module. This may help you validating the model during modeling phase.

8.10.1 Disable a single break module

Double click on the break module.
Select the check box named“ Passi ve"” .
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Figure8.24Di sabl e f aiol ur e

8.10.2 Disable all break modules global
Select* Si mu |l at“iPoanr “a mkom tha nienu bar.

Afr _above

Select the check box named “ Di s a b | e arld @losd ther “Simulation parameter”

window by clickonits® OK” b.ut t on

Simulation parameters

Standard I Statistics 1 Validation ] Action protocol ]

Simulation time [tiday:}hour:}min] |50:00:00
Preun [{iday thour:imin] |0 J

Statistic interval [tiday:}hour:imin] [1:00:00

[ Interval statistics
-
-
Hiding v

Start values
0K Cancel Start f

Figure 8.25: Disable all Failures global

™ Mew worker disposttion
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0 Work Area
9.1 Theory

In order to achieve important optimization goals and results by using DOSIMIS-3, worker
employment concepts, group work and multi-machine operation are applied with
consideration of quality characteristics, task assignments and shift models. Additionally
“work areas” allow a detailed analysis of a kanban controlled job shop production resp.
consignment or assembly systems.

Applying work areas the user is able to define tasks that are accomplished in the real system
by workers.. This may concern manual treatment of objects in work stations, maintenance
work, fault clearance, set-up activity and other general tasks. Recently worker employment
can be analyzed exactly with help of work areas.

The special module named “© wo r k iauseé ta feproduce worker in a simulation model.
Even different skills and different numbers of workers can be regarded. If a module requests
workers, they will be provided to the module by a “work area” if possible. Further the
processing sequence can be given as a function of priorities. Also the distance time, that a
worker needs to walk from one workstation to another, can be considered for all possible
mating of work stations. The default of work breaks can be defined similarly to
failures/pauses.

e A module of type “work area” has to be placed inside.

e Every module that may request workers from this “work area” has to be linked
(connected) to it.

e A module can be assigned to several “work areas”.

e A “work area” can be assigned to several modules.

Z In order to reproduce workforce in a model, following premises have to be fulfilled:

9.2 Task

As continuation of the work on the optimized Tutorial model of the first part, a “work area”
including one “worker” is to be reproduced. The worker is supposed to work on objects at
work station “above” and to set-up work station “below”.

The distance time between regular work place (this is the place, where the worker waits, if no
work is present) and the work places amounts to 30s in each case and the distance time
between work places is about 10s. After object treatment at work station “above” the worker
should wait for 6s, to afford a further object to enter the work station. Additionally a pause
model is to be defined for the worker.
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Figure 9.1: Pause model
i Please create a “work area” according to following instructions.
N
L J

e Please open the model Tutorial2.mfs. Note! This is not the final model of the previous
chapter, but the basis model.
e Save this model using the new name “Tutorial2 A.mfs*.

o Select® Vi“ew" Cont r ol dromRhe ieautbdr er pressthe * F 2 7
pressing

t loreyout k€yboard.. ”

key

bwihitet o n

e Select the “Work area” symbol M on the “Controls Palette” and place it inside the
opened model window by click on the left mouse button.
o Select® Moded “Li nki n gfroratbetmenu baf or press the * F 9~

your keyboard to enable “linking mode™.

bomt t on

e At first the work area has to be selected by click with the left mouse button. The symbol

color of the selected module turns to blue.

e Now select the work stations. These will turn their display color to red, what means that
these stations are connected to the blue displayed work area.
e Disable “linking mode” by pressing the® F 9 7  bagain.t o n

e Select the “Workingplace” symbol ﬂ on the “Controls Palette”.
e Place the “Workingplace” (circle) close to work station “above” by click on the left mouse

button.

o Select® Moded “Li nki n gfroratbetmenua baf or press the “* F 9 ”
your keyboard to enable “linking mode” again.
e Select the “Workingplace” by click on the left mouse button. It will be displayed in blue

color then.

bomt t on

e Now click on work station “above”, then click on the “work area” while pressing the

o your Keyboard

e In the animation of the “Workingplace” only personnel from that work areas is animated,
that are connected (linked) with the “Workingplace”.

e Disable “linking mode” by pressing the ®* F 9 ”  bagain.t o n

“SHI FT”

9-2

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund

Tel.: 02 31/97 50 50 - 0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0  May 2011 DOSIMIS-3-Tutorial B

e Please insert an other “Workingplace” close to work station “below” and connect it to this
work station and to the work area as described above.

Often it is favorable to place all components first and to define the connections afterwards.
The proceeding is left to the user.

¥ Dosimis-3 - - [TutonalZA]

ws File Edit View Model Simulation Results  Animation Programming  Graphic  Window Help

D= S| 2| [5]E] 28|’ @] 2| =|=|=|

Basemodel

i B— 1)

Receipt of goods H Exit of goods

@ Quality control

»@H
TG0

Qoo

Model ﬂ J

Help with F1. 8640400 [sec]

Figure 9.2: Links between modules and work area

follows to remove this link: Enable (if necessary) “Linking mode” by pressing
the “F9” button, select the work area by click on the left mouse button (=> blue)
and click on the appropriate module. Its color will change from red to black.

e Furthermore it is possible to assign as many worker positions (Workingplaces)
to a module as desired.

g e |If a module was connected to a work area by mistake, so proceed please as

9.3 Parameter setting of Work Area

Setting of parameters of workers consists of the setting of parameters of the modules at those

the workers are to work and the setting of parameters of the work area. Settings of the work

stations have to be changed in such a way that they request workers. So e.g. for object type 1

it has to be defined, that a worker is necessary for object treatment at work station “above”.

This definition is done at the s el e ct b o xwhithSstta be foend) ip the area of

“Wor k pr owmbeakafrDeiss’t ri buti on of working time”,
on the module parameter mask. Work station “below” only requests a worker for set-up

activities, so this definition is done in the “Set-up time” area of the module parameter mask.
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9.3.1 Work stations

Please double click on work station “above”.

e Use the select box named “ St r a,twhiah ig to be found inthearea”® Di st ri buti on
wor king time” “ Emp | of thenopenetd paranfieter wask; to setecs ”
“Maxi mal n o . . Thef“Strategy? kperifies the relationship between the
inscribed working time (processing time) and the number of workers. In case of “Maximal
number of workers” this means, that the inscribed “working time” will be spent exactly, if
the number of workers available at the work station is equal to the inscribed “Maximal
number of workers”. If less worker are available, then the actual working time at the work
station prolongs according to the ratio (Maximal number of workers):(Actual number
of workers).

e There are four input boxes on the right side of the select box described above. Please enter
the value “1” into the first three boxes and press the “TAB” key on your keyboard after
each entry. The first and the second box define the minimal and the maximal amount of
available workers. In the third box the requested level of qualification is to be assigned.
Entera “0” inthe “ | n’t r Ip(lmterrupt). This means that work at this work station is not
allowed to be interrupted. The entry in this field corresponds to the limit of the priority of
a task. The activity of workers accomplished at this work station can be interrupted only if
an other work station needs that worker for a task, whose priority is higher than the
“Interrupt” limit. Here lower numerical value corresponds to a higher priority (,,0 =
highest priority). Example: “Interrupt at Station A = 3” => only tasks with a priority value
less or equal “2” (higher priority) may interrupt processing at Station A.

e Now repeat this two steps for work station “below”. Pleas regard that the worker at work
station “below” is not requested for object treatment but for set-up activities. This entries
aredoneinthe” Setp t iamee s ”

Parameter mask of work station “above”
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Figure 9.3: Parameter of workstat i on fAHaboveo

Set-up parameter of workstation “below”.

— Set-up times
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figure9.4:Setup parameter of work stat

9.3.2 Work Area
Now the parameter settings at the work area can be done.. Please proceed as follows:

Open the parameter mask by double click on the symbol of the work area module.
Define“ Li st
value of “1” (“1” is the highest qualification level). Then press the ©* T AB”
keyboard and enter the “ Q u a n bfi“If’ (guantity, number or workers).
“Wor ker
accepted.

a sa&d “gTharsekn t & s”s:Defpult rsedtimgg in both arrays can be

“Def i ne dThéfiastsirku drea contains the number of the task (“ N o, enter “ 1).”
Then select “ pr o ¢ e s sfronothejseteat ioX named “ K i nadd™ a b o fvom the
select box “ E | e md&the priority (“ P r i) specifies the preference of that task (here

2)."Please enter the following assignments in the second line: N o .
up,El ement
higher priority and will be processed with preference.

9-5

sKi“ed =
=and'Ply @ lo o wThus sét-ip"task at work station “below” has

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50

o f: Cheloon theeinpug Box named “ Qu a | i f and emter th® n ”
orkyeuy

on

set



Vers.: 6.0 May 2011

DOSIMIS-3-Tutorial

%

e Change of work place: It is possible to select a strategy for changing the work station
from the select box for each defined task. For the first task, at work station “above”, a
delay of 6 seconds is to define. The worker will wait for this delay time for the arrival of a

further object at that work station. So select “* wh e n
and enter “ 6 ih the input box named “ n :

Number : 1 MName WRA_1

Parmeters | Costs | Layer selection |
[~ Passive

Comment [

Defined tasks

4
I Information Element

Edit Restriction DT |

List of workers M
Qualfication  hebitual places  Guantity  Efficiency e Eerzd ELELERE] i
[ Jforcreom =1 I -l 2 |[Processobect | [above | [alrsteps = ]l
| &l 1 |[setup =] [below =] [allsteps =]
[ =] =l | .
Rules of scheduling Change :
Worker s allowed to process task of lower Taskro. 1 =
guLeaages [~ Taskis intemupted by breaks.
Change of work place Accept
Worker assignment : Task assignment :
Qualfication level Priority of Task [when delay > n sec ] nf6 4
Minimum distance + Gualfication level + Change addtionaly cceurs
Maxdimum delay Minimum distance .
Minimum utilization Maxdmum delay I when there is a task with higher priority.
Maximum utilization Irtermupted task
Prorty of habitual place ¥ Prorty of habitual place ¥ B e el

I~ when setting-up is necessary.
I™ when task without worker starts.

Groups... ‘ Breaks.. ‘ Distances... ‘

Defauts... | ckbanT. |

0K Cancel

d el afyom the select bog c . ”

Figure 9.5: Parameter of the work area

Breaks: Click on the button “ B r e aok the” module parameter mask. Those in the

following illustrated parameter mask appears. Click on the button *

N e

wSktlect the

option“ ...p e r i o dronctlee belecy box inside the “Failure” area and enter “ O if the

field named “ St a r *t p eorfi. Briter* 8 :

OnQHe input box named *“

Durati on

p e r i forda’ period of 8 hours. Now enter two pauses according to the figure
illustrated below in the array below. Please regard to enter “* B e gdndch*”

each pause during one period. This pauses are to be filtered out of statistic data, too. So

please select the c h e ¢ k
this is done.

box *

Wi .tChck an the “sQ Ka"t
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ﬂ Ma.: 141
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Delete |

Comment : |

Max. parallel ;

Parameters ;

0 4 [ Same for all workers

[ Passive

...periodically

Start [$1day: hour: fmin]

Start of 1gt period [min] |0

j [ ‘without statistics

Duration of period [min] |2:00

Diuration [{{day: thour: min]

L]

0

10

=l

4:00

20

Failure

Failure:

oK

Cancel

Show...

Figure 9.6: Pauses

e Distances: Please click on the button named “ Di s t aThe Wask” Area parameter
mask disappears, the model appears again and the parameter mask named “ Pat his | i

displayed in the foreground. Modules that are
list” are displayed in blue color in the mode

referred by the “Time” to set in the “Path
l. If only one module is marked, then the

referred path is the way between that module and the Work Area. Make sure that the

accordant modules are selected. Please enter
below. When done, click onthe * OK"”
displayed again.

Path list

Mo, From module Mo, To maodule

break, roam 5 below
break, room ¥ above

below ¥ above

Pozitions...

e Finish parameter setting by click on the
keyboard.
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or not. If no worker is available at this point of time, the task is marked as
“ u n d oamd éhé module state turnsto “ wa i t(therolgett is displayed in yellow
color). In DOSIMIS-3 there are several module types that support manual tasks: e.g.
“Wor k Sit“aAtsiscemdid!® YOI s a s s €himkild pf'tasks are defined
by the generic term “Object Treatment”.

i Depending on the object type entering the work station, a worker has to be requested

Object treatment depends on the type of object, that means that a worker does not have to be
available all the time for object treatment at a work station. Additionally worker employment
strategies can be defined to control the change of tasks during object treatment.

The activities of workers are displayed in the animation. If this additional
animation is not desired, please select “* Si mu | at 1 Bar a meomehe

menu bar and deselect the check box named“ Wor ker. t race”

( Simulation parameters - &Jw

Standard l Ctatistics ] Walidation ] Action protocol ]

Simulation time [Hiday:thourmin] |10:00
Pre-un [H{day:thourjmin] [0 Py
Statistic: interval [{day:thourjmin] |1:00 Py
¥ Interval statistics

-

-

Hiding [+

[ Mew worker disposition

Start values
QK Cancel | Start

L e o A

Figure 9.8: Di sabl e of AWorker

Changing of this simulation parameter only effects on animation. There is no effect
on the procedure of worker arrangement.

9.4 Analysis of Work Area

After simulation run has finished you can start animation mode and watch the model. Please
select Si n g | by slitk@mthe appropriate button of the “ a n i ma t i \Wonker Bldsr ”
displayed in red color inside the work area. That means he is at his regular work place and has
a break (the worker is paused). The break lasts 10 minutes. The first object enters work station
“above” after about 2 minutes of. simulation time. As the object has entered the work station
completely its color turns to yellow and displays the state of “waiting for worker”. After 10
minutes of simulation time the worker leaves his work area and moves to work station
“above”. Thus the worker position (Workingplace displayed as cycle) of work station “above”
changes its filling color to green. As soon as the worker arrives at the work station and starts

9-8

SimulationsDienstleistungsZentrum GmbH, Hauert 20, 44227 Dortmund
Tel.: 0231/975050 -0, Fax: 02 31 /97 50 50 - 50



Vers.: 6.0  May 2011 DOSIMIS-3-Tutorial B

to work, the “workingplace” is displayed in blue color. Note that contemporaneous events
are animated successively. That is why the object in work station “above” will be displayed
in blur color (working) in the next step. However both events take place at the same time,
what you can watch at the “digital display” of simulation time. After the object has left work
station “above”, its “workingplace” appears in yellow color. This is because of the fact that
the worker still waits maximally 6 seconds for the next object to enter the work station
completely.

¥, Dosimis-3 - - [Tutorial2AlL
":gEiIE Edit View Model Simulation Results Animation Pregramming  Graphic Window Help

D|=EIS| 26 [ 2] ||k x| ===

Basemodel

Receipt of goods

T T T Joje{ T T To7 I+

Model

Help with F1 000:10:30

Figure9.9:0bj ect treat ment at work station
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E_Dosimis—S =~ MTutonalzA E=SEEC)
|l ":gEile Edit View Model Simulation Results Animation Programming Graphic Window Help - | & =
| D|S|@|&] o= [=[B] 28| =| o[ i =|=]=|
Basemodel
P LT '
Receipt of goods 2]l Exit of goods
r 1
{1 Teje{ T 110 'r«@ Quality control
) |{.
o000
o —
jelsle;
Made! ﬂ J j
Help with F1 001:14:58 I

Figure9.10:Setup acti vity at work stati

The color of an object which is shown as a rectangle displays the status of this object.. Thus
applies particularly with worker employment:

Yellow = waiting for worker

Magenta = waiting for Set-up worker

9.5 Statistic

After simulation run has finished it is possible to display the results of the work area in form

of bar charts.

e Pleas select the work area by mouse click on its module.

e Thenselect® Resu3d t Résul t Pfaomthemenu bar ”

e Mark the check box named “ St at i st i ¢ PRaichnstto be foundTon the ”
“Sel ect.iThenfihal statestir at of the point in time of 600 minutes is to be
displayed.

e Clickonthe Ex i t 7 todeepttyommchanges and to close the “Result Parameter”
mask.

e Nowselect® Reul S ‘Wor k Ar e a fr@tthe menudar.i ¢ s ”
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Programming Graphic Window Help
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Point of time : Mon May 18 16:40:41 2009

Histogram of worker utilization
Interim statistics

ime [min] :
HandlObj :
Qualification :
orker :
Group :
rea:

Process object
M Failure
Other

Maintainance M Setup
HETraveling time
Break

M Supervise

Cleaning Without stat.

W aiting time
Material Flow System : Tutorial2A

0 01:14:58

Figure 9.11: Final statistic of work area

In this case worker utilization shows a quite high reserve (Waiting Time). This seems to be

sufficient. However a look on the statistics of the work stations
interpretation.

e Please select both work stations for this.
e Thenselect* Resu3d t §i me

leads to an other

Hi dronothg meaunbar.
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Percentage utilization
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Interim statistics
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40
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ime [min] : 600 ' 600
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Manual work Cleaning Failure
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Set-up Widle time Break
Material Flow System : Tutorial2A
Ready. 0 01:14:58 i

Figure 9.12: Final statistic of both work stations

There are high portions of “ wa i t i n d& e frod both work stations. This can be verified
in the final statistics, too. Similar values appear in the statistics of all other modules. These
results show that worker and machines thwart each other by “waiting for each other” and so
system performance is to be reduced. Thus throughput at the sink is approx. 16% lower in this
simulation run than in a simulation run without worker.

Waiting times of the worker result from:

e the time a worker has to wait until the next object has entered work station “above” (5s
travel time, 6s maximal waiting time).

e the inactivity of the worker during rework at work station “above”.

e and waiting for objects.

Waiting times of the machines for the worker result from:

e pause times of the worker,

e the occupation of the worker by the other work station in each case and

e in case of work station “below” due to the fact, that the worker will not be released from
work station “above” until there is a change of object type (from 1 to 10) or the buffer
before is empty.

Please select® Reu | & $ ‘St at i s framche nzeutbaatd display the final statistics.
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Figure 9.13: Final statistic (utilization of work stations)

The statistics of “work areas” is to be found below statistics of modules.

. DSIVIEW Windows Application - [Tutorial2Asig =S
[:J File Search View Windows Help =&
N
2| n|Ele| 2|
- & Workstation [T e e e e e e ke e o o o o ook o o ko ek N
& Utilization statistics Final statistics : Work-areas (Part 1)
. ; . Material flow system : Tutorialii
: i Classification of utiliz ctatistics for time s00.0
G B TRTOUGREUE SEAHSTIES [ s e
B @ Bulk section No. Work-area Worker Waiting- Object- Set-up- Cleaning Walk- Processed
G- € Shuttle name no. times % proces.% times times % times % cbjects
[ € Distributor 1 WRR 1 1 24.10 60.43 3.57 0.00 11.83 285
[ B Combining station [ | [F* ¥ & s s s bbbt bbb bbb bbb b b b b bbb kbbb
=y [ e e e e e e e e e o e o o oo o o o o o o o o o o
o & | Work-areas (Part 1
Final statistics : Work-zreas (Part Z)
""" @ Work-areas (Part 2) £| Material flow system : TutorialZa
----- 8 Throughput time statistic Statistics for time &00.0
@ Object costsstatistics | | [*F8 =¥ F 848 bbb bbb b b
@ Distributi £ i o No. Work-area Worker Other Super- Distur- Mainten.- Break- Without |_|
istniution of working o name no. action% vise % bance % times % times % statistick -
< 1l b 4 [ r
7178/7194 NUM

Figure 9.14: Final statistic (work area)

9.6 Several workers per task

With extensive activities often it is necessary that several workers have to work at the same
time on one task. This is supported by the worker employment strategy of DOSIMIS-3,
because it is possible to assign a minimal and maximal number of workers to each task. The
work time that is set always refers to the registered maximal number of workers. Work start
when the minimal amount of workers are available. If the values of minimal and maximal
number of workers are different, then the process time will increase inversely proportional to
the number of active workers. So, if the maximal number of workers needed is three and only
two workers are available, process time will be prolonged by 50% (“maximal number of
workers”/”actually number of workers” * work time = 3/2 * work time).

Now for each object treatment one worker is needed in the example model. For set-up
activities however two workers are necessary for each work station.

Manning level necessary for one task can be entered in the input boxes of “Employment of
workers” Strategy in the parameter mask of the work stations.
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— Set-up times
IFiHed j Employment of workers
From object To object Drigtribution Cucle time[zec] Strategy Min,  Maw.  Cual st
2 20 IFi“Ed j 50 IMaMimaI no.j 2 2 1 o =
20 2 IFi:-:ed j &0 IMaHimaI no.j 2 2 1 o
I - | J -
[

Figure 9.15: Several workers per task

Please extend worker employment strategy of both work stations in such a way, that each
object treatment will request one worker and each set-up activity will request two workers. If
all workers work according to the same shift model, the number of workers could be
increased to two in the existing work area. But if the shift models (pause times) of the two
workers are different, a second work area has to be included into the model. After the existing
work area has been copied and the “Workingplaces” have been placed, the new model looks
like following:

s.:gEiIE: Edit  View Meodel Simulaticn Besults  Apimation  Programming  Graphic  Window Help - || & %
D@ &] 2|5 [F]E] 2he| @] e x| ===
Basemodel
By i "
Receipt of goods H Exit of goods

= —

]
'y

@ Quality control

L———1

Model

Help with F1. 001:14:58

Figure 9.16: Relations of elements in the model

To display the connections between the elements please select “ Mo d el ““ I n f 6..”
“ Co nn e cftomn theangeriu bar. The two work stations are connected to the two work
areas in each case. And one “Workingplace” at each work station is assigned to one “work
area”.
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Select* Si mul at“iCohre“c k  Qaste phe reslilts of “Consistency Check”. Some
error messages are displayed. E.g. no worker is assigned for object treatment at work station
“below”. Only if these errors are removed, the model can be simulated.

&. DS3VIEW Windows Application - [Tutarial2A2.chk] =] B [
5 File Search View Windows Help - | & %
= n Bl

iconsistency check: TutorialZAZ -

For working at object (2)
instead of minimal (1) are only (0] qualified (gualification 1) worker defined

Workstation:object list (Z) contains error

For working =t object (20)

instead of minimal (l) are only (0) gqualified (gualification 1) worker defined
Workstation:object list (Z0) contains error

Error : Distribution of working time

For working at object (2)

instead of minimal (Z) are only (1) gualified (gualification 1) worker defined
Workstation:object list (Z) contains error

[For Setting-up at cbject {2) to (Z0)

instead of minimal (Z) are only (1) gualified (gualification 1) worker defined

For working at object (20)
instead of minimal (2) are only (1) qualified (gualification 1) worker defined

Workstation:object list (20) contains error

For Setting-up at object {20) to (2)
instead of minimal (Z) are only (1) gualified (gualification 1) worker defined

Error : Set-up times
Error in work procedures: L1/AS55_ 1

Errocr in Workstation: 5/below

4 [z

Ready 1/139 1/30 NUM

Figure 9.17: Check Output of Consistency Check

For that purpose please proceed as follows:

Supplement in the parameter mask of work area 1 the task:

No Kind Element Supplement Prio
3 set-up above all steps 1
Change and supplement in the parameter mask of work area 2 the tasks:

No Kind Element Supplement Prio
1 process object below all steps 2

3 set-up above all steps 1

Thus each worker accomplishes the treatment of objects at his work station, if however set-up
activities are requested, both workers will cooperate for this purpose. This is because of the
fact that all workers are disposed internally independently from an affiliation to a “work
area”. The criterion is that a worker may work on the demanded activity.
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Figure 9.18: Final statistics of both work areas

The “Time Histogram” of both work stations shows a large portionof “ wai t i ng f or

An analysis shows that the work stations wait for workers quite frequently for set-up
activities, since workers terminate their treatment of objects first, before a change of working
place is possible.

9.7 Interrupt of Tasks

Set-up activities have already highest priority. Since however always two workers are needed,
it is always necessary to wait for the worker from the in each case other work station. Now, in
case of a set-up request from the other work station, the worker shall interrupt object
treatment at his work station and shall change to the other station at once. For this purpose the
value of 10 isto be setintothe“ I nt e r r u pfield of themvork sfatior’parameter masks
as shown in the figure below. This means that tasks with a priority higher than 10 (priority 9
is higher than priority 10) may interrupt this task. This parameter change is to be done for
both work stations.

Note: The remained work time of the interrupted work is provided again for disposition

purposes. However the released worker will not serve it, since a task with higher priority
exists. Because only such tasks lead to an interruption.
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Figure 9.19: Interrupt of task

A look at the result diagram (Time Histogram) shows the desired effect. The quota of
“waiting for worker” could be reduced significantly. A further reduction is no longer possible
due to pause times of the workers.
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Figure 9.20: Final statistics of work stations
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9.8 Passivate work areas

Scenario: What, if there were enough workers for each activity always, that means, if there
were no “waiting for worker” times? All manual activities are accomplished automatically in
this case, so, as if the maximum number of workers is available, the pauses of workers do not
overlap and no distance times accrue.
Passivate global

e Please select “ Simulation* —» “ P a r a mfeot tha nienu bar.

e Select the check box named“ Di sabl e work areas?”

" B

Standard | Statistics  Validation | Action protocol |

[ Disable work-areas
[ Disable failures
[ Disable maintenances

[ Disable breaks
[ Disable working breaks

[ Cycle time fixed

QK | Cancel Start

Figure 9.21: Passivate all work areas global
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