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Abstract

The article presents an approach for software development for the management of an assembly line. Basic
software tools and hardware solutions that are needed for the development of the software are described.
Design of specific software for the management of an assembly line for bottling liquid food products is
presented. A specially developed algorithm for the management of the assembly line is described. The
realization of the management of the assembly line in the programming environment Simatic Manager Step 7
and the developed user interface in the graphical environment Simatic WinCC Flexible are also presented. The
design of software for the management of an assembly line for bottling liquid food products is extremely
important for the development of automated manufacturing in Bulgaria. After detailed testing of a trial version
of this software, it will be used in Bulgarian company for the management of an assembly line for bottling
liquid food products. The developed software is an open system that can be continuously updated and improved.
This software is applicable in all manufacturing plants for bottling liquid products from canning,
pharmaceutical, cosmetic industries and many others.
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1. Introduction

The automation of manufacturing involves technical, economic and social issues. The technical focus of
automation enables:

e All functions of the management and control of production to be carried out by technical means and
automatic devices;
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e The technological processes to be organized and carried out with such speed, accuracy and reliability
that no one can provide.

Assembly lines are part of automated manufacturing. Through them is organized a stable and continuous
production process, which is characterized by:

e  Striving to create a consistency of their structure;
e  Persistence of the cycle for an unit of production;
e Regular sequence of the process.

Using a software with various programming environments and applications, such as CAD/CAM systems, for
the management of assembly lines is a contemporary method in automated manufacturing.

One type of assembly line is for bottling liquid products like food, cosmetics and others.

The progress of computers and technologies and their use in assembly lines is making the topic of this article
up to date.

This article presents an approach for software development for the management of an assembly line for
bottling liquid food products.

In Part Il of the article are presented features and opportunities of the assembly lines. Basic software tools
and hardware solutions that are needed for the development of the software for the management of assembly
lines are described.

In Part 111 of the article is presented the design of specific software for the management of an assembly line
for bottling liquid food products. A specially developed algorithm for the management of the assembly line is
described. The realization of the management of the assembly line in the programming environment Simatic
Manager Step 7 and the developed user interface in the graphical environment Simatic WinCC Flexible are also
presented.

In the final part of the article, main conclusions are formulated and the applicability of the developed
software is also mentioned.

The used literature on the theme is presented at the end of the article.

2. Assembly Lines — Features and Opportunities

An assembly line is a group of machines connected to each other with transport devices, which have a
common control [1].

The processing of the manufactured products, their inspection and their transport from one machine to
another is done automatically.

Automated assembly lines may include part of the technological process or the complete manufacturing
process of a product [1].

The assembly form of the organization of manufacturing requires workplaces and equipment to be arranged
during the course of the technological process based on a predetermined tact and synchronization of operations.

The tact is the main feature of the assembly line. It is expressing an interval of time for which the line creates
a finished product. It also helps to achieve dynamism and continuity of the manufacturing. This is the main
output value in the design of assembly lines [1].

The tact of the assembly line is used to coordinate the time interval of the manufacturing operations, the
speed of the transport devices and to determine the number of workers.

Another important characteristic is the pace of the assembly line — value that is reciprocal of the tact and
which expresses the quantity of output production per unit of time. The pace characterizes the throughput rate
of the assembly line. It also influences on the choice of technological equipment [1].

Quality control of finished products or those that are in the process of automated manufacturing should be
done by visual inspection systems that use digital cameras and software for image processing. These systems
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are programmed for execution of specific tasks such as counting objects on a conveyor, reading serial numbers,
detecting surface defects and others [1].
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Fig.1. An Algorithm for the Management of the Assembly Line.
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The most modern systems for visual inspections can make several checks in a same moment on an object and
all can be configured by choosing between some main types (for example: checking for availability, position,
checking of selected parameters, etc.) [1].

Software development for the management of assembly lines must follow basic principles, including: brevity
of the technological process, continuity (movement of products without interruption) and consistent tact of the
manufacturing process (repeatability of processes at equal time intervals).

Various software tools and hardware solutions may be used during the software development [2-11],
including:

Programmable Logic Controllers (PLC);

Input-output modules of PLC;

Hand-Held Terminals (HHT);

PLC software;

Communications networks in the industrial environment by using PLC;
Sensors — inductive and capacitive sensors, optical sensors, etc.;
Impulse water meters;

And others.

3. An Approach for Design and Realization of Software for the Management of an Assembly Line for
Bottling Liquid Food Products

3.1. An Algorithm for the Management of the Assembly Line

An algorithm for the management of an assembly line for bottling liquid food products has been developed
while the approach has been creating. On Fig. 1 is shown the developed algorithm that is used to create a
program for the management of the assembly line.

The assembly line can not start working until the pneumatic valve is not in position ,,closed* and the quantity
of finished production, that must be manufactured, is not set (Fig. 1).

3.2. Realization of the Management of the Assembly Line in the Programming Environment Simatic Manager
Step 7

On Fig. 2 are shown the components of the developed software for the management of an assembly line for
bottling liquid food products in the programing environment Simatic Manager Step 7 [12; 13].

Organizational blocks (OB) provide a link between the user program and the operational system (Fig. 2 and
Fig. 3).

Only the organizational block OB1 is considered as an example. All of the created blocks can not be
presented due to the limited volume of the article.

OBL1 has the lowest priority among all organizational blocks (OB). The maximum cycle time is preset to 150
ms and it can be changed.

Function blocks (FB), system function blocks (SFB), functions (FC) and system functions (SFC) can be
called in the field of OB1. An example structure of OB1 is presented on Fig. 3 [12].

Function blocks (FB) are program units that are widely used in the object-oriented modelling and
programming. They are considered to be analogs of the integrated circuits. In accordance with the principles of
object-oriented programming, the internal variables on FB are inaccessible for other blocks outside it. FB can
be programmed by any of the languages that are defined in the standard.

In the organizational block OBL1 there are four functional blocks: System, Basic device, Dosing, Auto_Cycle

(Fig. 4).
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Fig.4. Functional blocks in OBL1.

3.3. Developing a User Interface for the Management of the Assembly Line in the Graphical Environment

Simatic WinCC Flexible

The user interface for the management of the assembly line is developed by using graphical environment

Simatic WinCC Flexible [14].

Required objects that are located in the graphical environment are the following: transport line, ejection
valve, three dosing valves, text boxes related to dosing of the liquids, buttons (Auto, Stop, Restart). Once these
objects are created, they are positioned and assimilated with the respective functions of the programming

environment Simatic Manager Step 7.
Visual Basic scripts have been used to develop the user interface.

The script Load_Liter (Fig. 5) can be activated by pressing the button Auto. It is used to initialize a value of

the selected volume of a bottle and liquid.
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7 Dim liquid

8liguid = Smart,'rags["Aur.o_C:i_cle\Water_Heter—Share_DB.War.er_M.Dos_Liter_Set“)

]

10i5elect Case liguid

11 Case 0 liquid: Local variable

12 If SmartTags("Auto_Cicle\Water Meter-Share DB.Water M.Liguid | =True Then

13 SmartTags ("Do=zing\Dosing-DB Meter 01.Volume Set")=10

14 Else

15 If SmaItI‘ags["Aur.o_Cicle\Water_Her.er—Share_DB.Water_H.L:i_qu:i_d_OZ“]=TIue Then
16 SmartTags ("Dosing\Dosing-DB .Meter 02.Volume_ Set"}=10

17 Else SmartTags ["Dosing\Dosing—DB.Heter_OS.Volume_Ser."]=1Cl

13 End If

15 End If

20 Cazse 1

21 If SmaItI‘ags["Aur.o_Cicle\Water_Her.er—Share_DB.Water_H.L:i_qu:i_d_Ol“]=TIue Then
22 SmartTags ("Dosing\Dosing-DB .Meter 01.Volume Set")=20

23 Else

24 If Smartl‘ags["Aur.o_C:Lcle\Water_Her.er—Share_DB.War.er_l{.L:Lqu:i.d_O?."]=I:rue Then
25 SmartTags ("Dosing\Dosing-DB Meter 02.Volume Set")=20

26 Else SmartTags ["Dosing\Dosing—DB.Heter_OS.Volume_Ser."]=20

27 End If

28 End If

28 Case 2

30 If Smartrags["Auto_C:i_cle\Water_Her.er—Share_DB.Water_l{.L:i.qu:i.d_Ol"]=T:rue Then
31 SmartTags ("Dosing\Dosing-DB Meter 0l.Volume Set")=30

3z Elze

33 If SmaItI‘ags["Aur.o_Cicle\Water_Her.er—Share_DB.Water_H.L:i_qu:i_d_OZ“]=TIue Then
34 SmartTags ("Dosing\Dosing-DB .Meter 02.Volume Set")=30

35 Else SmartTags ["Dosing\Dosing—DB.Heter_OS.Volume_Set"]=30

38 End If

37 End If

38End Select

Fig.5. A script Load_Liter.

On Fig. 6 and Fig. 7 is presented the finalized user interface of the developed software for the management
of the assembly line for bottling liquid food products. All devices and blocks with controllers are positioned on
this screen.



8 An Approach for Software Development for the Management of an Assembly Line

ot | e Comerontise | [
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Fig.7. An user Interface.

The functionalities of the developed software are described in details in the User guide.
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4, Conclusion

The article presents an approach for software development for the management of an assembly line.

The approach is illustrated through the design and realization of specific software for the management of an
assembly line for bottling liquid food products.

Programing environment Simatic Manager Step 7 is used for developing of the software and graphical
environment Simatic WinCC Flexible is used for developing of the user interface.

After detailed testing of a trial version of this software, it will be used in Bulgarian company for the
management of an assembly line for bottling liquid food products.

The introduction of software for the management of assembly lines is effective at large volume of production.

The using of software for the management of assembly lines leads to: a high technological level of
manufacturing, synchronization of operations and shorter time for their execution, reducing the errors, better
production quality, creating conditions for maximum usage of production and labor resources, improving work
efficiency, reducing the costs.

The developed software for the management of an assembly line is an open system that can be continuously
updated and improved. This software is applicable in all manufacturing plants for bottling liquid products from
canning, pharmaceutical, cosmetic industries and many others.
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