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Abstract

Modern information technologies have a powerful impact on the evolution of production and
industry. Processing large amounts of information, working with real-time data, using large
data flows in production allows you to effectively use the resources of the enterprise to produce
more goods at lower cost, effectively planning resources. This makes it possible to increase
production income. Planning and organization of processes for creating products from
drawings, 3D models to the process of its design, which is applied to products, mass-produced
goods, are stages that require first of all real and clear planning. Involvement of information
graphic technologies of mathematical and geometric modeling makes it possible to take into
account the input and output parameters of the process, the relationship between production
facilities, and the influence of functional factors on each design and production, from design
to product creation and product quality. Other stages of production are important: quality
control and goods manufactured for sale. Planning is the first stage for the creation and release
of products, its research and development is effective provided that the means of modeling
these processes. The purpose of the study is to analyze the main stages of development of a
simulation model of process creating equipment for the mechanisms using the environment
FlexSim. The law of distribution products on conveyors. It’s solution can help to explore the
load on functional objects of the process and the influence of technological factors on a
particular object. The automated technological complex is considered by means of a
multiparametric technical system where input and output parameters are interconnected. It
should be emphasized that the model created in the FlexSim environment demonstrates the
influence of the input data of one object on the course of the entire production process.
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1. Introduction

The use of traditional methods and management tools for processing equipment design technologies
has limited the ability to compare, optimize and select performance parameters as individual products
and parts, and equipment as a whole. In addition, the issues of taking into account the requirements of
industrial design and quality of raw materials and food semi-finished products were ignored.

These problems in the design of equipment for the mechanical build industry can be taken into
account with the involvement of project-oriented management methods based on the use of modern
information technology.
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Information technology, mathematical and geometric modeling are an effective means of changing
the quality of the enterprise. Simulation modeling, mathematical description of the process using 3D
geometric models in space have shown that an effective technological process consists of many factors
that interact with each other [1, 2]. Study of the use of each parameter, provided that the operation of
the system is effective in mathematical and geometric modeling, where there is a general picture of the
operation of technological systems in production [3, 4]. This requires the use of tools to form a common
model of working systems. The simulation results allow the use of optimal solutions to unify problems,
increase resource efficiency, etc. [5, 6].

It is necessary to use information technology and modeling to obtain a management decision that is
effective to minimize time costs [7]. The results of the study of the effectiveness of management
decisions in the food industry, machine-building industry in relation to the design of mechanical
equipment and its components for processing and food production indicate the need to develop and
attract appropriate information technology [8, 9].

The importance of taking into account the requirements for the designed equipment to ensure
consumer quality and safety of the product by the appropriate choice of software for information and
technological support [10] of the design process, taking into account its life cycle [10,11,12]. A model
scheme for managing the design processes of processing and food production equipment using the
FlexSim environment includes the process of designing and manufacturing products [13,14], both
individual parts and equipment as a whole on the basis of choosing appropriate information technology
in terms of processed and control programs[15]. The specialized software also takes into account the
requirements for the safety of input products and equipment design[16].

3. Problem statement

We have proposed a model scheme for the effective use of the process control program for the design
production equipment based on the use of FlexSim Simulation environment. An important problem in
providing.

Information technology, mathematical and geometric modeling are an effective means of changing
the quality of the enterprise. Simulation modeling, mathematical description of the process using 3D
geometric models in space have shown that an effective technological process consists of many factors
that interact with each other [1, 2]. Study of the use of each parameter, provided that the operation of
the system is effective in mathematical and geometric modeling, where there is a general picture of the
operation of technological systems in production [3, 4]. This requires the use of tools to form a common
model of working systems. The simulation results allow the use of optimal solutions to unify problems,
increase resource efficiency, etc. [5, 6]. It is necessary to use information technology and modeling to
obtain a management decision that is effective to minimize time costs [7]. The results of the study of
the effectiveness of management decisions in the food industry, machine-building industry in relation
to the design of mechanical equipment and its components for processing and food production indicate
the need to develop and attract appropriate information technology [8, 9]. The importance of taking into
account the requirements for the designed equipment to ensure consumer quality and safety of the
product by the appropriate choice of software for information and technological support [10] of the
design process, taking into account its life cycle [10,11,12]. A model scheme for managing the design
processes of processing and food production equipment using the FlexSim environment includes the
process of designing and manufacturing products [13,14], both individual parts and equipment as a
whole on the basis of choosing appropriate information technology in terms of processed and control
programs [15]. The specialized software also takes into account the requirements for the safety of input
products and equipment design [16-19].

3.1. Stages of research of production problem and creation of its model

The highest efficiency and of management quality of architecture software processes of designing
the equipment industry is reached by using the life cycle process creating details, modern methods of
management.



The process of designing and manufacturing examples of equipment depends on the life cycle of
projects, software, mathematical researching and analyzing components that influence projects. (Fig.
1).

In the process of equipment development, new connecting elements are used, which significantly
affect the dynamics of equipment operation. Therefore, the priority is to create and use methods for
managing modeling research with available schemes and the inclusion of new elements, protected,
separate, patents. At this stage, it is possible to select and use scientific mathematical processors, in
particular, MatLab MatCad, Maple, etc. In the first steps for the design of products are accepted weather
with the customer ranges of model parameters of production and set restrictions, the need to control the
quality of raw materials or semi-finished products, reliability and functionality of production. An
important problem in designing a product is its technical design, because a perfect functional object is
always aesthetic.

The technical data agreed with the customer are processed using computer means of CAD in two
directions. On the basis of involving different types of software, information, mathematical, methodical,
etc. perform the selection of rational parameters of equipment as a basis for creating design
documentation involving engineering and computer graphics, in particular, AutoCAD, 3Dmax,
Inventor etc. A significant advantage of modern graphic computer platforms is the ability to create with
their help as working drawings of individual parts, assemblies, equipment and 3D-models, which is an
effective visual means of regular coordination of current documentation on equipment with the
customer as an important component of sequential implementation of each subroutine in managing the
manufacturing process of equipment. An important and crucial subprogram in this chain is the
preparation and transfer of technical documentation for the manufacture of a model of equipment, the
implementation of which is aimed at the results of previous programs. In the process of its testing with
the involvement of the customer and in his presence, the technical characteristics of the equipment are
determined.
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Figure 1: The life cycle of manufacturing.



When executing the next subprogram, the creation of equipment for processing raw materials, part
of the technical data comes taking into account the tests of the pilot sample of equipment of the previous
stage, in particular, the stage of creating equipment for preparation of raw materials. Analysis of the
life cycle of one of the subprograms, subprogram of raw material preparation equipment, indicates the
possibility of using different options for the implementation of the project of manufacturing equipment,
namely sequential, parallel, sequential-parallel combination of individual subprograms. The life cycle
of each subprogram, in particular, the creation of equipment for the preparation of raw materials is
determined by its contribution to the implementation of the overall program of equipment production.
Given the different life cycle of subroutines in the manufacturing process, we have established an
appropriate sequential-parallel approach to the implementation of the principle of object-oriented
management. The implementation of each subroutine of the process involves the use of the principle of
feedback, which improves the quality of the final product and the safety of its products.

3.2. Optimization of parameters for technological processes using the
FlexSim Simulation Program

For effective research of processes in production we used the principle of simulation modeling,
which is an effective method of research of technological systems and processes. In special
environments, we create simulations of production processes, using logic for each object in particular.
The created model allows to investigate work of production in time and to receive statistics of processes.
The created model allows to investigate work of production in time and to receive statistics of processes.

The objects of FlexSim modeling can be the technological system in general and its elements, in
particular, individual technological processes, production lines, functions and relationships between
them. The used software tools allow us to create models of production and technological systems, to
calculate indicators of the process functioning of a system in real time.

We built a simulation model involving developments from FlexSim Software including the
following basic elements: sources (Source), processes (Process) and queues (Queue). In our case,
sources are the elements from which information or objects enter the product model. The speed of data
or objects from the source is usually set by a statistical function. The concept of flow production in our
case is understood as a form of production organization in which repeated time-coordinated main and
auxiliary operations performed at specialized workplaces located in the sequence of operations of the
technological process. Stream production achieves high productivity due to the continuity of the
manufacturing process, ensures high quality while saving labor costs, material and energy resources
compared.

The main link of flow production is a production line, which is a group of jobs, which is assigned to
the manufacture of one or a limited number of items of labor.

Therefore, modeling and control of the production line (conveyors) is one of the common tasks of
mass production. The conveyor is a production line along which the parts move, over which certain
operations are performed sequentially. The model of movement of details on the conveyor describes
the indicator law of distribution for definition of intervals of time of receipt of details on the conveyor.
The exponential law is modeled using the inverse function.

Let’s take uniformly distributed random variables by o in the interval [0; 1] (basic random variables).
Distribution function for the exponential law:

F(x)=1—e*, (1)
where x>0
Fx)=y (2)
relative to the variable x:
x=F1y,

Random numbers ¢, distributed according to the exponential law, are generated by the
formula.



§=F1(a), (3)

When modeling a production line, values distributed according to the normal law are also required.

To do this, consider a standard Gaussian random variable & *with a mathematical expectation of 0 and
a standard deviation of 1. We can see that in this case for any values of a, o normally distributed value
will be obtained by formula (4):
E=a+af ", (4)

The distribution law depends on the parameters A, waiting time for a unit of product to be distributed.
On fig.1 the function of indicator distribution is given, where A = 1 (solid line). The dashed line
corresponds to the time wait A = 0.5, the waiting time of the product is 0.5 units of time. Figure 2 shows
the distribution density with the parameter A = 1 (solid line), the distribution density of products for
which the waiting time is 1 unit of time. The dashed line corresponds to the distribution density for
products whose waiting time is 0.5 units of time. Thus, we have the effectiveness of using a unit of time
for different product receipts to help increase the efficiency of the production process (Fig.3).
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Figure 2: Graphs of dependences of time waiting elements for 1 unit of time and 0.5 unit of time (a)
and density of distribution for 1 unit of time and 0.5 unit of time (b)

The exponential distribution law has objects arriving randomly 10 seconds. Using the results of
calculations (fig.3), we created a model where the logic for each object is introduced (fig.3 a). We
considered the law of distribution at a stage of sorting products (fig.3 b). Setting the logic for the
Sourcel object, select the following parameters. In the Source section, select the distribution law -
exponential law. The exponential distribution law has objects arriving randomly 10 seconds. We have
to edit this number to 60 seconds, so it is one time period. We can see the graphics on fig. 3 that
demonstrates production line load on Conveyors. We also have results to demonstrate for 30 seconds
(0.5 unit of time).

FlexSim Software's capabilities were used as a means of research and creation of a simulation model
for the production process. Figure 3 presents a 3-D model of the technological process of packaging,
namely the process of packaging design:



1. Five types of move from the source to the main conveyor. The details are sorted and everyone

gets on the conveyor depending on type of detail.
2. On the conveyor, there is an operation of labeling and gluing of a color strip.
3. Then details move to the formation of transport packaging units.
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Figure 3: Type of distribution process on conveyors of the production line

The following elements of the FlexSim program were used to model this task:
Source, Queue, Separator, Conveyor.
At the input, the first element is Source, where we specify the following logic:

Sourcel — Source — FlowltemClass — Box.

In this case, we usually observe the review of product packaging, if it is a box. In the Flow section,
specify the number of ports, , this is one available port:
Sourcel — Flow — Send To Port — First Available.

The next stage is the generation of products of different types (five types):

Triggers — On Creation — Set Item Type and Color.

We have to divide each type of product into a different port. We have four ports to each conveyor.
Separator — Flow — Send to Port — Port by Case.

The Figure 5 demonstrates the result of the program work sorting products on Conveyors.
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Figure 4: The result of the program work sorting products on Conveyors



Analysis of Fig. 3 and Fig. 4 shows the following result. Using the value of the parameter A = 1, is
60 s., there is an overload of Conveyor 2, this can be seen in Fig. 3, for Sink1 (169 elements). When
entering the value of the parameter A = 0.5 we obtain a more uniform distribution: in Fig.4 there is a
small overload Conveyor 4.

Using statistical analysis, it is possible to observe the frequency of details at the Conveyorl,
Conveyor2, Conveyor3, Conveyor4, Conveyor for an each moment of time (Fig. 5).

Ubrary x [FEWEaE "% Fowitem Bn * X | Dashboard ||y Dashboard2 v x
I wrary  f Toobox

o Input vs Time
» Conveyor2
| Fixed Resources
= 400
W source. g 200
B Queve =0 Input vs Time
paas 12001800 02 | |. comeport
& sk Time 5 400
B combiner =S 208
e £
:H p::lw 1200 1800 cp26
itProcessor
Frack Time
\ BasiciR { ~ g .
) Task Executers — Input vs Time
Sourcel = Conveyor 3
Dispatcher Output: 2282
?;a:xecmr é ;gg
91 1200 1800 cp26
We
of ’ st Time
! Input vs Time
o 4 SOUCE Fow Trggers Labek Genera ® Conveyor 4
all Arrival Style Inter-Arival Time ~ E Sgg
an = £ 0
,."N Flowltem Class Box2 - 12:00 1800 cp 26
®1 Time
a9 rval
o [ artvalat tme 0 Sink2 Sink1 Sink3 Sinkd Sinks Input vs Time
IterAtatne esponentalls, ), gesbeanicurrent w5 # | INPUL 481 Input: 489 Input: 427 Input: 467 Input: 448 wagor 5
a Ty = Conveyor 5
n
< 400
SO MM [ | o] o i
- 1200 1800 cp26
Model Limit 27/ 30 :
Time

Figure 5: Statistical analysis of sorting products on Conveyors

An example of table styling. It is recommended to add cross references to tables, i.e., please, check
IMomuaka! [)xkepesno nocunanus He 3HaiiaeHo.. The style should be switched to Normal.
The statistics we have can help us to analyze the load on each conveyor.
The results of the analysis can be used for other kinds of industry. For example, we can analyze
technological processes of processing.
Fig. 6 demonstrates the model of the processing details in the technological process.
Description of the technological process of processing:
1. Queuel receives the details.
2. Then they move alternately to the working positions of the technological process of processing
Processorl, Processor 2, Processor 3, Processor 4, Processor 5.
3. At each workplace a certain technological operation is carried out
Processor 1- drilling holes
Processor 2 - milling of keyways
Processor 3 - rough turning
Processor 4 - pure turning
Processor 5 - polishing
4. After the machining process, the parts go to the galvanizing process
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Figure 6: The model of a part of technological process of processing of details

The Fig.7 demonstrates the result of the program work in FlexSim.
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Figure 7: The model of a part of technological process of processing of details in FlexSim

Flow production is characterized by a chain arrangement of jobs in accordance with the course of
the technological process, which eliminates the reverse movement of manufactured objects, the
continuity of their transfer from one operation to another or the simultaneous execution of several
operations using multifunction machines.

4. Conclusion

In conditions of market competition it is necessary to identify optimal ways of designing
technological processes for the conditions of a large number of fields, inaccuracies of input information,
changes in various production processes, time and resource economy, which requires the solution of
modern information technologies. The key figure is a qualified engineer, project manager, who operates
all the necessary information about the process under study, data about each object. Listening to the
relationships between the various parameters of the three levels of model design, you can provide
quality information about sorting, data, changes in the process, which provides a significant economy
through resources.
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