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INTRODUCTION

The development of the Industry 4.0 concept 
forces enterprises to adapt to changing market 
conditions. An additional challenge for the so-
cio-economic environment is the epidemic situa-
tion in Europe and in the world, which is related 
to “operating restrictions” in a wide range of 
industries [1-5]. In the series of articles Sarkis 
[1, 2], method management were presented of 
modern production processes and supply chain 

in the COVID-19 crisis. Describes problems at 
the macroeconomic level, will the world return 
to global supply chain systems and lean JIT prac-
tices after the pandemic. Additionally, it exam-
ines how companies will manage their inventory, 
whether the resilience of the supply chain will re-
quire fl exibility, and whether there will be more 
energy losses and waste from excess inventory. 
In the work of Kimura et al. [3] emphasized that 
the stability of the global value chains (GVC) 
network is of key importance during a pandemic 
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in terms of securing the risk of disruptions in the 
procurement of key medical and health prod-
ucts, as well as maintaining service links with 
manufacturing, such as the logistics sector. In the 
work of Karmaker et al. [4], examines the chal-
lenges posed by the COVID-19 pandemic for a 
sustainable supply chain (SCS) to deal with sup-
ply chain disruptions in a pandemic. This study 
reveals the influential relationships and neces-
sary connections between drivers using fuzzy 
total interpretive structural modeling (TISM) to 
improve the SCS in the context of COVID-19. 
In the work of Chowdhury et al. [5], a literature 
review was carried out on previous outbreaks 
and other disruptions to supply chain disciplines. 
Taking the results of these articles together with 
the COVID-19 pandemic analysis into account, 
this gave authors guidance for further research. 
The above articles highlighted the problem re-
lated to the flexibility of production processes in 
the times of the COVID-19 crisis.

Despite this, entrepreneurs have to create 
new business models and implement innovations 
quickly reorganize production processes and 
flexibly adjust the functioning of enterprises and 
offered services to the conditions of the chang-
ing competitive and market environment [6-9]. 
In the article by Chromjakov et al. [6] describes 
the benefits of using the Industry 4.0 concept, 
which enables the improvement of productiv-
ity and efficiency, comprehensively, production 
value chains, allow you to focus on creative 
and strategic business activities. In the work of 
Geissdoerfer et al. [7] discusses the sustainabil-
ity performance of the circular business models 
(CBM) and circular supply chains necessary 
to implement the concept on an organizational 
level and proposes a framework to integrate cir-
cular business models and circular supply chain 
management towards sustainable development. 
The conclusion was that circular business and 
the circular supply chain help in realizing sus-
tainability ambitions. Authors Breier et al. [8] 
prove in the article that business model innova-
tion is a potential solution to overcome the crisis 
in the hotel industry, as well as in the situation 
of fighting the consequences of the COVID-19 
crisis. Haaker [9] the research provides insights 
into the commonalities and discrepancies of 
IoT-based business models. Also, it provides a 
novel application of morphological analysis to 
business model innovation to create a generic 
business model for IoT applications in emerging 

markets. According to the concept of Industry 
4.0, among others Martinez-Hernandez et al. 
[10] presents a conceptual model for character-
izing localized production systems, and Hulkó et 
al. [11] describes virtual software environments 
for technological process control. The literature 
describes also problems related to the design of 
the synthesis of future mechatronic robotic ob-
jects, the so-called e-facilities for product life 
cycle analysis [12]. In the literature, you can find 
examples of modeling e-business processes and 
the extension of models to supply chains, as well 
as descriptions of the benefits of applying a new 
methodological approach to the development of 
static and dynamic reusable simulation models 
[13] and likewise in [14], which are a key tech-
nology in the context of Industry 4.0.

The literature contains many approaches to 
simulating, quickly assessing system perfor-
mance, and making decisions based on optimi-
zation criteria. Moreover, the simulation has 
been identified as one of the pillars of the Indus-
try 4.0 revolution. However, the lack of a gener-
ally recognized approach and methodology for 
dealing with real-time decision making through 
simulation is evident. In the coming years, simu-
lation approaches can and should play a key role 
in industry 4.0 in the epidemic situation in Eu-
rope and the world [15-19]. This work [15] de-
velops a novel validation procedure inspired by 
signal-processing theory and a novel approach 
called quasi Trace Driven Simulation. The pro-
cedure is coherent with a Real-Time Simulation 
framework since it does not require large datas-
ets to provide a good solution. The approach has 
been tried on test cases which demonstrated its 
applicability to a manufacturing environment. 
This paper [16] analyses the current research 
context with a brief state of the art on existing 
approaches, includes considerations about the 
issues for implementing Real-Time Simulation 
(RTS) concepts and their current state of devel-
opment. Finally, it outlines research directions 
for the simulation community. Malega et al. 
[17] the main goal is to show that in a concrete 
company case, the simulation-based approach 
provides increased productivity. The presented 
study proposes the practical application of the 
Tecnomatix software used in the research to op-
timize the production system. Ultimately, it was 
showed that the simulation approach to the pro-
duction line control provides rather effective so-
lutions when compared to the intuitive one based 
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on trial-and-error experience. The improvement 
includes a significant shortening of the produc-
tion cycle and increase in productivity. To iden-
tify bottlenecks in the manufacturing process in 
article Gola et al. [18], we ran computer simu-
lations in which the course of the manufactur-
ing process was modelled and simulated for 2-, 
3-, 4- and 5-stage RMS structures using Tec-
nomatix Plant Simulation software. The article 
Kikolski [19] presents possibilities of applying 
computer simulation models in studying chosen 
production scenarios. The basic methods of re-
search used in the study were literature studies 
and computer simulation. The research Kłos et 
al. [20] the main goal was to analyse the impact 
of buffer allocation on the behaviour of a gen-
eral, parallel manufacturing system. The meth-
odology for preparing simulation experiments is 
here proposed. In the paper Grabowik et al. [21] 
a comparison analysis of simulations results got 
for the model of a real production line is per-
formed. The main motivation of the paper was to 
compare simulation results obtained in the two 
simulation tools it is FlexSim and Tecnomatix 
Plant Simulation in order to state if the simula-
tion quality depends on the choice the simula-
tion tool. It the paper Zhang [22] was review and 
summarizes the research and application of mod-
eling and simulation technology in manufactur-
ing, and analyzes typical simulation techniques 
in manufacturing from aspects of manufacturing 
unit simulation, manufacturing integrated simu-
lation and manufacturing intelligent simulation. 
The paper Strnad [23] was described how inno-
vation, spurred by crisis brought about by the 
current pandemic situation, can be implemented 
to the supply chain in the automotive sector.

Also, ecological aspects, including energy 
consumption of production processes, are an 
important element of Industry 4.0 and the era 
of digitization of enterprises. In the literature on 
the subject, you can find many scientific stud-
ies devoted to the possibilities of optimizing the 
machining process in terms of energy efficiency, 
among others by collecting and processing large 
amounts of data on power and operations [24] 
and the use of modern methods [25], includ-
ing artificial intelligence methods for planning. 
Such research was carried out by, among oth-
ers Al Hazza et al., Who in the publication [26] 
presented the optimal parameters of continu-
ous treatment in relation to the minimum cost 
of energy consumption while maintaining the 

surface roughness within the acceptance range 
using a multitasking genetic algorithm. Ge-
netic algorithms were also used by Datta et al. 
in [27], where he presented the optimization of 
machining parameters based on the Multiobjec-
tive Evolutionary Algorithm. Research on the 
introduction of energy consumption for the plan-
ning of the treatment process was also carried out 
by Newmann et al. [28]. Whereas Zhang at al. 
In [29], he worked on a multitasking model of 
process optimization considering high efficiency, 
low energy consumption and low carbon dioxide 
emissions. The paper shows that high feed rates 
and a large cutting width can bring benefits for all 
the parameters considered, i.e., performance, en-
ergy consumption and carbon dioxide emissions, 
if the limitations can be met. In the literature, we 
can also find online optimization methods using 
real-time control. Research on component-based 
energy modeling methodology to implement the 
online optimization needed for real-time control 
can be found in Shin at al. [30].

The comparative analysis of classical and 
hybrid processing was carried out by Grzesiak 
et.al. [31], who in the article presented a com-
parison of the production of one product with 
the classic method and the hybrid method. In the 
literature on the subject, no issues related to the 
modeling and simulation of both processes for 
different production batches have been found, 
which allows to determine the profitability of 
production and reduce uncertainty with the 
implementation of new production systems in 
changing market conditions. For this reason, 
the article analyzes the production process of a 
flange-type product using simulation modeling 
in order to build a digital model in accordance 
with the concept of Industry 4.0, thanks to which 
it will be possible to react quickly to changes 
in the production process and flexibly adapt the 
possibilities of using traditional machining and 
hybrid machining methods. combining additive 
manufacturing with machining. 

The main reason for research on comparing 
production processes is meeting the challenges 
related to the pandemic situation and problems 
in maintaining timeliness, flexibility, and conti-
nuity of the supply chain. The first stage of the 
research was to visualize the course of the pro-
cess and determine the lead times for both produc-
tion methods. For further analysis, a digital pro-
cess model was used to compare the hybrid and 
the classical method to check the viability of the 
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interchangeability of methods for the produc-
tion process of the flange part. The interchange-
ability of production methods was dictated by 
problems related to the supply of components 
for the execution of orders. The article simulates 
the model for unit and small-lot production in 
batches of 10 and 100 pieces, considering such 
aspects as: order completion time, energy con-
sumption of the process, production costs, tak-
ing into account the classic and hybrid methods. 
The selected parameters were aimed at indicat-
ing the profitability of the production of a shield 
type product, while maintaining the required 
quality parameters for two production methods. 
The conducted research was aimed at determin-
ing the profitability of the production of flange-
type products by means of classical processing 
and hybrid and checking the interchangeability 
of production methods in accordance with qual-
ity requirements as well as reducing uncertainty 
with the implementation of new production sys-
tems in changing market conditions.

MATERIAL AND METHOD

To analyze the subject of the article, a repre-
sentative part (Fig. 1) was selected, which was 
a disc element made of general purpose 17-4PH 
stainless steel. The geometrical shape of the ele-
ment along with the required deviations in di-
mensions and shapes as well as the roughness 

are shown in Figure 1. The technical drawing 
was analyzed in order to meet the quality of the 
requirements and to determine the comparative 
elements. The geometric shape of the element 
along with the required deviations of dimensions 
and shapes are shown in Figure 1. To be able 
to compare the interchangeability of the type 
of production process of a flange-type product 
without cost, a digital model was proposed in ac-
cordance with the concept of Industry 4.0. For 
the purpose of developing the digital model, two 
copies of the parts were made using two differ-
ent production processes, called the “classical 
process” and the “hybrid process” (Table 1). 

During the implementation of both processes, 
data on processing time, energy consumption, la-
bor consumption were collected, and the quality 
of the obtained surfaces was measured. 

The manufacturing process scheme, as well 
as the NC programs, were prepared by a skilled 
technologist. The classic production process was 
entirely realized using a CTX Ecoline turning cen-
ter with Y-axis positioning and driven tools. In the 
case of the classic process, the semi-finished prod-
uct selected by the tech-nologist was a rod with a 
diameter of 110 mm. The hybrid process was car-
ried out using the SLM Realizer II device and the 
CTX Ecoline turning center. In the case of a hybrid 
process, the raw material was metal powder. For 
roughing, CCMT 120404EN-SM CTC2135 plates 
were selected, for finishing the DCMT 11T304EN-
SM CTC2135 plate. The axial borehole was 

Fig. 1. Geometric shape of the element
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drilled with a folding drill bit XOMT 060304SN 
CTPP430. Drill holes were drilled with carbide 
drill bits WPC-VA.6,60.R.3D.IK.DIN6535.HA 
TIALN, and deepening in holes with countersink 
SE.N. 6.40X11.00.180 ° .DF.DIN373.

Electricity consumption in both processes 
was measured with the Lumel ND 20 recorder. 
The current was measured with the use of trans-
formers, while the voltage was measured directly. 
The results were recorded using the PowerVIS 
recorder software.

RESULTS

In order to better visualize the course of the 
process and determine the implementation times 
and value addition, the value stream was mapped 
for both realized production processes, which 
was then modified for the production in batches 
of 10 and 100 pieces. VSM for piece production 
was done in real time. The use of a value stream 
map was necessary to identify the existing pro-
cesses along with the use of the timing method 

Table 1. Manufactured items

Hybrid process

Classical process

Fig. 2. Value Stream Mapping for classic manufacturing process for a unit production
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(measuring the time of individual activities). The 
results of value stream mapping for unit produc-
tion are shown in Figures 2–3. According to the 
data presented on VSM maps, the added value 
in the classical process for the production of one 
item is 31.9% of the total execution time, while 
for the hybrid process it is 45.5%. Which proves 
the greater efficiency of the hybrid process for 
unit production. Despite the longer lead time for 
hybrid production, the time spent on adding value 
to the product in relation to the total amount of 
work time is 13.6% greater than for classic pro-
duction. This situation changes for the production 
in batches of 10 and 100 pieces due to the forma-
tion of inter-operational stocks and the occurrence 
of a bottleneck in the form of the SLM process, 
the classic process is characterized by a higher 
process efficiency index. For the production in 

series of 10 and 100 pieces, the labor time for the 
classic process is greater than for the hybrid pro-
cess in relation to the total implementation time 
and amounts to 1.5% for traditional processing 
and 1.07% for hybrid processing, respectively.

Initial assumptions for the research

In order to meet all the guidelines for the con-
ducted experiment, in the article, according to 
Grzesiak et al. [31] the main assumptions were 
made, which are presented in Table 2. production 
costs, taking into account the labor costs of the op-
erator, technology and quality controller, as well as 
the costs of energy, materials and tools used.

The initial assumptions for the analyzes 
carried out were to omit the costs of purchas-
ing and maintaining machine tools and devices, 

Table 2. The unit cost of production (workpiece)
Description of the cost Classic manufacturing process Hybrid manufacturing process Unit

Operator’s work * 27.50 28.13 PLN/h

Technologist’s work ** 37.50 37.50 PLN/h

Quality controller’s work *** 26.88 26.88 PLN/h

Materials **** 228.58 363.57 PLN

Cutting tools ***** 547.68 128.44 PLN

Electricity ****** 0.6203 0.6203 PLN/kWh

* Average salary of CNC Machine Tool Operator (classic manufacturing process) and CNC Machine Tool Operator (hybrid 
manufacturing process): source: https://zarobki.pracuj.pl/

** Average salary of Process Technologist: source: https://zarobki.pracuj.pl/

*** Average salary of Quality Controller: source: https://zarobki.pracuj.pl/

**** The cost of the rolled rods of circular with a diameter of 110 mm (classic manufacturing process) and 1.07 kg of metal 
powder (hybrid manufacturing process)

***** The cost of cutting tools: For roughing, CCMT 120404EN-SM CTC2135 plates were selected, for finishing the DCMT 
11T304EN-SM CTC2135 plate. The axial borehole was drilled with a folding drill bit XOMT 060304SN CTPP430. Drill holes 
were drilled with carbide drill bits WPC-VA.6,60.R.3D.IK.DIN6535.HA TIALN and deepening in holes with countersink SE.N. 
6.40X11.00.180 ° .DF.DIN373.

****** The cost of consumption electricity. For the calculations, the cost for the tariff was assumed C11 (1 kWh =0.6203 PLN) 
source: https://www.enea.pl/dlafirm/obsluga_klienta_i_kontakt/2021/taryfa_abcr_2021_0906.pdf

Fig. 3. Value Stream Mapping for hybrid manufacturing process for a unit production
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and to omit the costs of purchasing technologi-
cal equipment that did not wear out during the 
experiment. The analysis includes all operations 
related to the preparation and implementation of 
both production processes, as shown in Figures 
4 ÷ 5. The data presented in Figures 4 and 5 do 
not include the time needed for quality control 
of the required quality parameters as well as 
packaging and shipping, which were included in 
the stream map values (Figures 2–3).

Tecnomatix Plant Simulation 16 software was 
used to develop the digital twin model for both 
“classical” and “hybrid” processes.

Digital model

To determine the profitability of the production 
of flange-type products by classical and hybrid pro-
cessing, to check the interchangeability of produc-
tion methods in accordance with quality require-
ments and to reduce uncertainty in the implementa-
tion of new production systems in changing market 
conditions, models of real processes were designed 
in the Plant Simulation program. The process mod-
els designed in Plant Simulation are consistent with 
their course and the input parameter of the lead time 
presented in Figures 2 and 3. First, technological 
parameters are determined as part of the techni-
cal preparation of production, and then machining 
operations are carried out. After processing, there 
is a quality control. 100% of the workpieces are 
checked. Figures 6 and 7 shows two digital mod-
els of the implemented processes made in the Plant 

Simulation program. The model shown in Figure 6 
shows classical machining, in which the technologi-
cal process takes place only on a CNC lathe. The 
model shown in Figure 7 shows the flow of work-
pieces in the case of the proposed hybrid machining. 
In this case, the technological process is carried out 
in two stages. The basic technological operation is 
performed on the SLM printer (4) and then the ma-
chining operation is performed on a CNC lathe (5).

Within the scope of the performed analyzes 
on a digital model, it will be possible to verify 
a quick response to changes in the production 
process and to flexibly adjust the possibilities of 
using traditional machining and a hybrid machin-
ing method combining additive manufacturing 
with machining.

Obtained results

The analysis was carried out with regard to 
the criterion of the size of the production batch, 
considering such aspects as: order execution 
time, energy consumption of the process, qual-
ity parameters of the obtained surfaces and the 
costs of producing elements. From the simulation 
tests performed (Table 3), the order completion 
times were obtained similar to those presented in 
VSM. The difference is in the range of 1–1.5%, 
which results from the calculation of the storage 
time for individual production orders (10 and 
100 pieces). The presentation of data in Table 3 
was showed that the added value for the hybrid 
process with the increase of the production batch 
compared to the classical process decreases 

Fig. 4. Time necessary to prepare and run for the “classical process”

Fig. 5. Time necessary to prepare and run for the “hybrid process”
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much faster. This means higher costs associated 
with a waste of waiting due to the bottleneck for 
hybrid manufacturing process. 

The percentage of working time and wait-
ing time were analyzed for individual production 
stations and for classic and hybrid manufactur-
ing process (Figure 8), the largest share of labor 
time was characterized accordingly for unit pro-
duction: for the classic production of analytical 

activities, and for the hybrid production - produc-
tion with the SLM. The largest share of labor time 
was characterized accordingly for small-lot pro-
duction in batches of 10 and 100 pieces: for clas-
sic manufacturing process on the machine tool for 
hybrid production – production with the additive 
manufacturing SLM. This is due to large share of 
manufacturing and from the fact that regardless 

Fig. 6. Simulation model showing  “classical manufacturing process”

Fig. 7. Simulation model showing “hybrid manufacturing process”
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Table 3. List of parameters of the production process
Production 

type
Production 

value
Production time 

[day: hours: minutes: sec] Throughput Throughput 
per hour Production Storage Value 

added

Classic
manufacturing

1 psc 05:51:05 1 0.17 100.00% 0.00% 100.00%

10 pcs 15:18:50
1 0.07 100.00% 0.00% 100.00%

9 0.59 13.97% 86.03% 13.97%

100 pcs 4:13:56:20
1 0.01 100.00% 0.00% 100.00%

99 0.90 19.52% 80.48% 11.92%

Production
type

Production 
value

Production time 
[day: hours: minutes :sec] Throughput Throughput 

per Hour Production Storage Value 
added

Hybrid
manufacturing

1 psc 1:16:08:35 1 0.02 100.00% 0.00% 100.00%

10 pcs 15:16:37:35
1 0 100.00% 0.00% 35.08%

9 0.02 17.55% 82.45% 17.55%

100 pcs 156:16:37:35
1 0 100.00% 0.00% 35.08%

99 0.03 1.99% 98.01% 1.99%

Fig. 8. Comparison of the production of for unit and small-lot production in batches 
of 10 and 100 pieces, in the classic and hybrid manufacturing process
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of the size of the production batch, analytic Ac-
tivities and Technical preparation only occur once 
per process. Waiting time was characterized by a 
very high share, which is a waste in the process.

Electricity consumption analysis was car-
ried out (Tables 4–5), in the hybrid manufactur-
ing process for additive manufacturing SLM was 
confirmed the greatest demand for electricity. 
This due to the very long production time of the 
unit production (37 hours and 36 minutes), which 
has a direct impact on the rate of increase in 
electricity demand along with the increase in the 

production batch. The conducted result confirm 
the results obtained by Grzesiak et al in [31].

The costs of manufacturing a shield-type el-
ement for unit and small-lot production 10 pcs 
and 100 pcs analysis was carried out for classic 
and hybrid manufacturing process (Table 6). The 
conducted research has shown that was recom-
mended for unit production the use of hybrid 
production, which is used in particular in the pro-
duction of spare parts for discontinued models 
of machines and vehicles. The production in the 
classical manufacturing process is 21% cheaper 

Table 6. Cost comparison

Description of the cost
Classical manufacturing process Hybrid manufacturing process

1 pcs 10 pcs 100 pcs 1 pcs 10 pcs 100 pcs

Operator’s work 67.89 PLN 328.09 PLN 2 930.13 PLN 34.03 PLN 66.03 PLN 386.01 PLN

Technologist’s work 108.13 PLN 108.13 PLN 108.13 PLN 31.25 PLN 31.25 PLN 31.25 PLN

Quality controller’s work 13.44 PLN 134.40 PLN 1 344.00 PLN 13.44 PLN 134.40 PLN 1 344.00 PLN

Materials 228.58 PLN 2 285.80 PLN 22 858.00 PLN 363.57 PLN 3 635.70 PLN 36 357.00 PLN

Cutting tools 547.68 PLN 547.68 PLN 547.68 PLN 128.44 PLN 128.44 PLN 128.44 PLN

Electricity consumption 3.00 PLN 27.86 PLN 276.38 PLN 34.52 PLN 344.47 PLN 3 444.01 PLN

The total cost 968.72 PLN 3 431.95 PLN 28 064.31 PLN 605.25 PLN 4 340.29 PLN 41 690.71 PLN

Table 5. Electricity consumption for the hybrid manufacturing process
Hybrid manufacturing process

Object
1 pcs 10 pcs 100 pcs

Total energy consumption 
kWh

Total energy consumption 
kWh

Total energy consumption 
kWh

Analytic Activities 0.03 0.03 0.03

Technical preparation 0.03 0.03 0.03

SLM 54.90 548.96 5489.60

Lathe 0.52 5.25 52.45

Quality control 0.03 0.25 2.50

Quality control 2 0.08 0.75 7.50

Analytic Activities 1 0.03 0.03 0.03

Technical preparation 1 0.04 0.04 0.04

Sum 55.65 555.33 5552.18

Table 4. Electricity consumption for the classical manufacturing process
Classic manufacturing process

Object
1 pcs 10 pcs 100 pcs

Total energy consumption 
kWh

Total energy consumption 
kWh

Total energy consumption 
kWh

Analytic activities 0.19 0.19 0.19

Technical preparation 0.09 0.09 0.09

Manufacturing 4.36 43.63 435.28

Quality control 0.13 0.25 2.50

Quality control 2 0.08 0.75 7.50

Sum 4.84 44.91 445.55
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in the small-lot production, as little as 10 pieces. 
The cost of classic manufacturing process in rela-
tion to hybrid production drops by 33% for the 
production of 100 pcs.

RECAPITULATION

The development of the Industry 4.0 concept 
and the epidemic situation in Europe and in the 
world forces enterprises to quickly reorganize pro-
duction processes and flexible functioning of en-
terprises to the conditions of a changing competi-
tive and universal environment. The article pres-
ents the concept of using a digital model to analyze 
the manufacturing process of a disc-type part and 
compare the effectiveness of traditional machining 
and a hybrid machining method combining addi-
tive manufacturing with machining. Simulation 
studies with the use of a digital model allowed for 
the assessment of these two production processes 
in terms of the following criteria order: 
 • fulfillment time, 
 • energy consumption,
 • costs for unit and small-lot production in 

batches 10 and 100 pcs. 

In the hybrid process is:
 • the fulfillment time is 580% longer,
 • the energy consumption is 10.5 times greater,
 • the costs of the hybrid production are 37.5% 

lower, than the production of the product us-
ing the classical method. 

The obtained results allow to conclude that, 
taking into account the profitability criterion for 
unit production, the hybrid method is recom-
mended. The conducted research confirmed the 
results obtained in the article by Grzesiak et al. 
[31] where unit production was analyzed. At the 
same time, the simulation studies carried out 
showed that for the production of 10 items of 
products, hybrid production is unprofitable, both 
in terms of time, production costs and energy 
consumption. The simulations show that in the 
case of small-lot production with as little as 10 
items, the production in the traditional process is 
21% cheaper, and for the production of 100 items, 
the cost of traditional production in relation to the 
hybrid production drops by 33%.

It should be noted that in the simulation tests 
it was assumed that only one piece of the prod-
uct is produced at a time at the SLM incremental 
manufacturing station. The study does not take 

into account the possibility of producing several 
products simultaneously. Undoubtedly, taking 
into account the possibility of making a greater 
number of products at the same time may short-
en the time needed to manufacture the product. 
This problem will be considered in future studies. 
However, it should be noted, that the use of hy-
brid production is cost effective for unit produc-
tion, which is particularly applicable in the pro-
duction of spare parts for discontinued models of 
machines and vehicles for which spare parts are 
no longer produced.
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