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The article presents new possibilities of simulation software and its application to improve the production 
structure. In many enterprises, the basic issues are related to the determination of planned tasks for in-
dividual positions, calculating the demand for employees, taking into account their skills and qualifica-
tions, calculating work costs, determining work efficiency and its dynamics. Therefore proper work or-
ganization consists in setting the course of work in such a way as to obtain maximum results with the 
least amount of work by man and machine. The article presents the problem of personnel allocation to
the production line. The basic stages of developing a simulation model of this process are discussed, 
including all necessary information and inputs. The results shows impact of the selected simulation 
scenarios to the workload level of the staff and the duration of the production process. In this concept, to 
solve the problem a simulation model of the production process was built. A new generation of 3D Flex-
Sim simulation environment with an integrated OptQuest optimization module was used.
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Introduction

The current economy requirements, which include 
in the growing competition on a global scale, changing 
customer expectations or increasing the emphasis on 
the quality of products. It is necessary to change the 
thinking paradigm, and thus a new look at the issues 
of production management. [1–3]. The issue of domi-
nant importance is the organization of production 
processes in such a way that production is based on 
specific customer orders is possible, in the shortest 
possible time, without unnecessary storage of prod-
ucts, production downtime, production shortages or 
minimizing the number and time of control and 
transport operations [4–7].

The main production factors are resources of 
work, work items and human work, and their interde-
pendence in the production process has a decisive in-
fluence on the effectiveness and efficiency of the all 
production system [8]. It is especially important when 
using multi-station work in production, where the 
work of a person and the position must be adjusted in 
an appropriate way [9].

For human work to be effective, it should be pro-
perly organized. Proper work organization consists in 
setting the course of work in such a way as to obtain 
maximum results with the least amount of work and 
technical resources and the least time loss [10, 11]. Ba-
dly organized work leads to unnecessary consumption 
of resources of production and human work, not brin-
ging economic effects commensurate with the in-

curred inputs, and also not contributing to the cre-
ation of optimal conditions for the working person 
[12, 13].

Production planning problems can be vary. In 
planning, it is necessary to determine the best organi-
zational solutions of cooperating resources of work 
[14], allocate production tasks, define the needs and 
availability of resources [15], assess the costs of work, 
analyze the risks [16], etc. However, the main planning 
issue is to appoint a team to perform a specified scope 
of work in the determined or sought optimal risk [9].

The development of modern computer technology 
and many fields of science, especially in the field of 
production engineering, resulted in the emergence of 
the concept of a digital factory, understood as an en-
tity representing a virtual reflection of real production 
processes [17]. Thanks to the use of comprehensive 
IT solutions in the field of modeling and simulation of 
manufacturing processes, a significant economic ben-
efit is achieved, especially in mass production [18, 19]. 
Hence, more and more often IT solutions appear in 
the area of tracking, monitoring and visualizing the 
course of production processes in real time [20, 21]. 
The effectiveness of the production planning and 
scheduling processes, in particular at the stage of sim-
ulating virtual models of a digital factory, depends pri-
marily on the applied mathematical models and opti-
mization algorithms [22]. In complex production sys-
tems, this efficiency is translated primarily into achiev-
ing a lower level of production costs, shorter produc-
tion cycle times with high data processing efficiency at 
the same time. A short time of reaction of the digital 
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model to changes introduced in it is also desirable [23].
Selected issues in this field will be the subject of 

considerations and proposals for planning techniques 
in this paper. The proposed analysis is a starting point 
for determining the production capacity and load for 
each workplace. This is especially important when us-
ing multi-station work and balancing the production 
line.

Simulation of production systems

During the simulation of the modeled processes, 
the values of parameters describing the course of the 
characteristic quantities of the tested process are cal-
culated. The simulation consists in the replication of 
elements that occur successively over time [24, 25].
Structure of the simulation algorithm is shown in Fig. 
1.
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Fig. 1 Main activities in the project simulation

In computer simulation, the queuing theory is 
used, which allows for the analysis of the queue of el-
ements awaiting processing, or production orders 

awaiting execution at a given workstation. The basic 
parameters of this method are: workstation service 
time and waiting time before processing the next 
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product [26].
Computer simulation can be used to aid the effec-

tive and innovative manufacturing concepts such as 
Material Requirements Planning, Just In Time, Lean 
Production, Total Quality Management, Virtual Fac-
tory, Optimized Production Technology [27, 28]. The 
basic condition for the success of the project simula-
tion is realizing it at the right time period. Very often 
companies use this method when the possibilities in 
relation to the impact on the final solution and the 
level of investment are already very limited [11]. 

FlexSim provides extensive support for the con-
struction of simulation models, analysis and their ver-
ification. It was developed by FlexSim Software Prod-
ucts, Inc. FlexSim is a fully configurable, graphically 
oriented simulation software that integrates modeling, 
simulation and 3D visualization as well as animation 
in a three-dimensional object-oriented environment 
such as "drag, drop and connect" [29].

In a simulation system, a discrete or continuous 
flow is created using predefined modeling objects that 
are complete parameterized basic elements of model 
creation. Discrete objects (which create, send, and 
store elements pending execution, create product 
flows through the model, group and perform techno-
logical operations on products, etc.) are used to de-
velop discrete event simulation models where the be-
havior of the model results from events occurring in a 
discrete point in time [25]. Predefined objects are 
available in libraries. In addition, the system offers 
mechanisms that allow for automatic import and ex-
port of data from external sources and mechanisms 
that facilitate data analysis [30].

Assumptions for the construction of the si-
mulation model

The application research presented in this paper 
concerns the use of the Lean Manufacturing method-
ology and the FlexSim IT tool in order to optimize the 
production process in a certain enterprise. This pro-
cess concerns the production of machine compo-
nents. These products are manufactured at several 
workstations. Eight workers are employed in their 
production. During the simulation experiment, deci-
sions should be made regarding the employment of 
the optimal number of employees so that the produc-
tion time for a single batch is the shortest.

In order to obtain the results necessary to conduct 
the analysis, a model reflecting the considered process 
was built in the FlexSim simulation software. In this 
model, the parameters generated by the analyzed pro-
cess (production duration, level of generated costs) 
were verified. As a result of the computer simulation, 
the results were obtained, enabling the selection of the 
optimal number of employees from among the tested 

variants of the organization of production (ensuring 
reduction of production time and costs).

At the initial stage of creating the simulation 
model, the assumptions concerning the considered 
manufacturing process were made, i.e. [31]:

· It was assumed that the production time of 

one element at each workstation is described 

by the normal distribution N(μ, σ), where: μ –
mean value, σ – standard deviation. The stan-

dard deviation takes into account the uneven 

processing due to external factors, e.g. diffe-

rent quality of the raw material.

· Raw materials for the production hall are de-

livered by a forklift.

· Transport between machines is done manua-

lly with the use of operators.

· Operators are trained at all workstations and 

are able to perform all technological operati-

ons at every workstation.

· The manufacturing process manager has 8 

employees with the same performance at his 

disposal.

· Operators move at a speed of 1 m/s on 

communication routes and may pass each 

other.

· Breakdowns, work breaks, and other disrup-

tive factors are disregarded.

· P The production process consisted of ma-

king only one series of elements of the selec-

ted type.

In order to map the existing production process, 
sets of the following values have been set: input (type 
and time of material flow), output (time of making a 
specific batch of elements), constant (type and time of 
performing technological operations as well as used 
production stations and their arrangement).

Table 1 summarizes the data on the duration of in-
dividual technological operations, process routes and 
work stations on which the selected operation will be 
performed. The duration of technological operations 
presented in Table 1 covers the total duration of a 
given production operation (there is no division into 
unit time and preparatory-completion time).

Figure 2 shows the technological approach to the 
production process. In this process, there are 7 tech-
nological operations that bring added value to the 
product and one control operation. The others are 
storage and transport operations.
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Tab.1 List of technological operations 

Operati-

on num-

ber 

Type of operation 
Workstation,  

type of transport 

Process time 

[minutes] 
Distance [m] 

1. Raw material storage Queue – – 

2. Inter-departmental transport Forklift – 50 

3. Inter-operational storage Queue – – 

4. Inter-workstations transport Operator – 3.5 

5. Cutting the material Processor 7.5 – 

6. Inter-workstations transport Operator – 3.5 

7. Inter-operational storage Queue – – 

8. Inter-workstations transport Operator – 3.5 

9. Drilling Processor 4.1 – 

10. Inter-workstations transport Operator – 3.5 

11. Inter-operational storage Queue – – 

12. Inter-workstations transport Operator - 3.5 

13. Turning Processor 11.0 – 

14. Inter-workstations transport Operator – 3.5 

15. Inter-operational storage Queue – – 

16. Inter-workstations transport Operator – 3.5 

17. Gear hobbing Processor 28.8 – 

18. Inter-workstations transport Operator – 3.5 

19. Inter-operational storage Queue – – 

20. Inter-workstations transport Operator – 3.5 

21. Gear chiselling Processor 21.3 – 

22. Inter-workstations transport Operator – 3.5 

23. Inter-operational storage Queue – – 

24. Inter-workstations transport Operator – 3.5 

25. The heat treatment Processor 10 – 

26. Inter-workstations transport Operator – 3.5 

27. Inter-operational storage Queue – – 

28. Inter-workstations transport Operator – 3.5 

29. Grinding Processor 7.0 – 

30. Inter-workstations transport Operator – 3.5 

31. Inter-operational storage Queue – – 

32. Inter-workstations transport Operator – 3.5 

33. Control Processor 5.0 – 

34. Inter-workstations transport Operator – 3.5 

35. Completing products Queue – – 

36. Inter-departmental transport Forklift – 50 

37. Finished products storage Queue – – 
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Fig. 2 Diagram of the analyzed production process

Construction of a simulation model using 
FlexSim software

The task of the simulation model being built was 
to faithfully reproduce the considered production pro-
cess. Therefore, it has become necessary to correctly 
model the entire simulation system, along with the de-
termination of the relationships between individual 
objects and assigning them to characteristic quantities. 
The components included in the model included: 

source, 8 production stations, 8 operators, 10 inter-
operational buffers, 1 buffer for defective products, 2 
transporters and a warehouse for finished products. 
An important active element is the manager (dis-
patcher). In the simulation model, it is an element that 
controls the work of operators. In the analyzed case, 
there is only one manager who controls all the as-
signed employees. The exact location of machines, op-
erators and a communication plan are shown in Fig. 3.

Fig. 3 Model of the analyzed production line in the FlexSim program

The quantity of products is defined directly in the 
material source using the Arrival Sequence command. It 
was established that the flow element that will be gen-

erated in the model will be a box simulating the pro-
cessed detail. For the purposes of the model, it was 
assumed that the flow elements would be generated in 
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the amount corresponding to the size of the produc-
tion batch. The raw materials are then transported by 
a forklift to the first queue at the cutting station. The 
maximum capacity for the queue at all stations corre-
sponded to the size of the production batch. The flow 
paths along which operators move were simulated us-
ing an element - Network Nodes from the Travel Net-
works library. All operators are connected to the cre-
ated route network. The control unit for the employ-
ees is the manager (Dispatcher). The manager is con-
nected by a central port with all production stations. 
The manager also has the function of assigning em-
ployees the shortest route, if possible. In the program 
it is realized with the algorithm of finding the shortest 
path, the so-called Dijkstra's algorithm [32]. Individual 
workstations are simulated using the Processor object, 
while storage by a workstation are simulated using the 
Queue element. Quality control is carried out on the 
last station, which was designed with the use of a pro-
cessor. The time spent by one flow element in the pro-
cessor is 5 minutes. Based on historical data, the ratio 
of products meeting the quality standards to defective 
products was assumed in the ratio of 99% to 1% [33]. 
Correct products go to the queue from where they are 
transported by a transporter to the finished products 
warehouse. Products that do not meet the quality 
standards go to the second queue - defective products. 
This can be set in the processor properties by selecting 
"By Percentage" for the flow ports [34]. 

After building the simulation model and connect-
ing all the elements, the parameters defining the dura-
tion of individual operations, the size of the produc-
tion batch, the amount of the cost of a given unit and 
the flow of the manufactured details were defined. 
The amount of the labor cost of the selected produc-
tion position was calculated on the basis of the analysis 
of departmental and general management expenses as 
well as theoretical costs resulting from the assumed 

selling price of the manufactured element and the pur-
chase price of raw materials. In the case under consid-
eration, the cost of work or standstill of one produc-
tion station was set at a constant level of 30 monetray 
units per hour. Whereas the costs for all employees are 
equal and are 20 monetary units per hour.

In order to determine the optimal number of op-
erators, needed perform an experiment with 8 scenar-
ios. The individual scenarios assume the employment 
of 1 to 8 operators successively and measuring the 
production time of a batch of products, adding an ad-
ditional five replications of each experiment.

If you want to experiment with multiple scenarios, 
you must select the number of operators that are in-
putted as input. It is done by the experimenter's func-
tion: Number of Task Executer [31]. In the following sce-
narios, an analysis of the model's performance is ob-
tained with employment of one to eight operators re-
spectively.

The output variable is the total execution time of 
the task. Custom code should be used, as the parame-
ter such as system time from model operation is not 
in the drop-down list as a ready-made function. To 
obtain the total production time of 100 items, when 
employing successively from one to eight operators in 
accordance with the production scenarios, in the tab 
for the measured variable Performance Measures in the 
code editing window enter the function: return time ()
[31].

Study of the optimal number of operators 
in the manufacturing process

After performing five replication of each scenario, 
the confidence intervals of production times for a sin-
gle batch of orders were obtained. Graphical interpre-
tation in the form of charts is shown in Fig. 4.

Fig. 4 Confidence intervals of production times for the tested scenarios
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The presented results were designated as the 90% 
confidence interval for the studied phenomenon. In 
practice, this means that there is a 90% probability that 
an unknown population paprameter (in this case the 

production time) will fall within the designated numer-
ical range. The calculated confidence intervals, me-
dian, standard deviation as well as the maximum and 
minimum values for individual scenarios in the simu-
lation experiment are shown in Table 2.

Tab. 2 Duration of the production process for the tested scenarios

Mean (90% Confidence) [s] Sample Std Dev [s] Min [s] Max [s]

Scenario 1 593948 < 596063 < 598179 2219 593670 599064

Scenario 2 304307 < 305356 < 306406 1101 304227 306825

Scenario 3 213419 < 215091 < 216763 1753 213648 217355

Scenario 4 187595 < 188690 < 189784 1148 187352 190184

Scenario 5 179853 < 181064 < 182274 1270 179319 182805

Scenario 6 178027 < 179514 < 181000 1559 177888 181570

Scenario 7 177356 < 178981 < 180607 1705 177433 181438

Scenario 8 177154 < 178709 < 180263 1630 176998 181028

Fig. 5 Production costs for next tested scenarios

Figure 5 shows the production costs of the batch 
of products for next scenarios 1 ÷ 8. Machine utilize 
costs will decrease as the number of operators in-
creases, but only up to a certain limit. This limit is de-
termined by the efficiency of the machines, which is 
independent of the operators. Therefore, with the 
number of operators above 4, the costs of the ma-
chines remain constant. In turn, the costs of employ-
ees will increase for the next scenarios. This is due to 
the fact that with more operators, their total idle time 
increases, which reduces the efficiency of their work. 
The curve showing the total costs (Fig. 5) has its ex-
treme for the minimum value, which is for scenario 4, 
i.e. a situation where 4 operators are employed.

On the basis of the obtained results, it was con-
cluded that Scenario No. 4 is the best, because in the 
system does not have more tasks to be performed sim-
ultaneously for more than 4 operators. Such tasks may 

occur very rarely, which does not change the fact that 
it is not profitable to employ more than 4 operators. 
It should be noted that the production time is given 
with an appropriate probability and is within the spec-
ified confidence interval, ie 187352 s <µ <190184 s.

In Figure 6, the burden on subsequent employees 
for scenario 4 is presented. It is worth noting that in 
subsequent replications of the model, different results 
of the utilize on individual operators are obtained. 
This is due to the randomness of the model, where 
during the simulation in subsequent replications tasks 
for individual operators are selected. The last graph in 
Figure 6 shows the composite value of the utilize from 
all operators. The variability of this value is much 
smaller (by an order of value) in next replications of 
the simulation.

Figure 7 shows the resultant value of the operators 
utilize for the 8 surveyed scenarios. In the case of the 
first 4 scenarios, it can be noticed, that the total value 
of use of all operators, is influenced by a few percent 
of the time spent on transporting the semi-finished 
products to the workstation.

With a larger number of operators, the time alloca-
ted to transport does not contribute much because the 
operators occupy positions at designated positions 
and do not have to move to other positions. The re-
sults themselves in terms of production time differ 
slightly for the last 4 scenarios and are very similar to 
each other. With 4 operators employed, the average 
time was 188690 seconds, i.e. the order can be proces-
sed in approximately 52.5 hours, which, taking into ac-
count the regeneration breaks, corresponds to e.g. 7 
work shifts of 8 hours each. In the case of a greater 
number of operators, there is a significant share of the 
idle time of these operators in their total time allocated 
to the execution of assigned tasks.
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Fig. 6 The utilize of individual operators for the next 5 replications for scenario 4 

 

Fig. 7 Composite value of the utilize state of all operators for the tested scenarios 
 
Figure 8 presents a graph showing the degree of 

utilize of individual workstations for all tested scenar-
ios. In the case of the first 4 scenarios, there are pro-

duction interruptions due to the waiting of the opera-
tor position. In the following scenarios, it can be seen 
that such interruptions do not occur anymore, so the 
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production time will be determined only by the effi-
ciency of individual workstations. This is a clear signal 

to the management that there is no justification for 
hiring more people in such a situation.

Fig. 8 The utilize on individual workstations throughout the production cycle for the 8 tested scenarios

In the case of a simulation experiment, an optimal 
production structure is obtained, selected from among 
the studied scenarios, most often proposed by the 
company's management. It does not mean, however, 
that the obtained result is the best among the entire 
set of permissible decisions. After all, decision makers 
can be wrong because they base their scenarios only 
on assumptions or their own knowledge, which may 
not always be perfect. To check it, optimization 
should be performed using the linear programming 

method, which is a universal tool for solving this type 
of problems [11].

Conclusion

The main goal of the article was to present the pos-
sibility of using the simulation experiment and optimi-
zation in the production process. The presented ex-
ample shows how a discrete events simulation model 
can improve a manufacturing plant design. The model 
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was an integral part of the production line design pro-
cess. It was used as a decision support system to help 
designers quickly evaluate the performance of various 
alternative manufacturing configurations and resource 
allocation.

FlexSim software with built-in OptQuest opti-
mizer was used for the experiments. FlexSim uses a 
database management system that allows the user to 
build a simulation model in a way that is very similar, 
if not identical, to the one in which he would build a 
production database. The user is relieved of all mod-
eling work and can concentrate on describing the sys-
tem and then analyzing the simulation results. Before 
running the simulation, FlexSim will verify the user's 
description for consistency and completeness, and the 
relational database will automatically discard incom-
plete and inconsistent data.

One of the analyses was carried out as part of the 
project to study the sensitivity of the number of em-
ployees hired to different levels of variability. The 
analysis of the scenario study for different numbers of 
employees clearly showed a significant impact on the 
system throughput and cycle time. Research has 
shown that production time will decrease to a certain 
level as the number of employees increases. Further 
employment growth will no longer reduce production 
times.

The model proved to be an effective design and 
planning tool. The concept presented in the paper may 
be the basis for constructing more complex simula-
tions. It is worth pointing out that the simulation 
model and the optimizer work independently, despite 
being integrated in one package. The logic of the 
model should be consistent with the real working sys-
tem, but the optimizer often requires more variables 
to work properly. A correctly built simulation model 
can be used many times, for example to change the 
production structure in the event of a market reversal.
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