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ABSTRACT

Aims: The study aims to identify ways and potential solutions to automate the assembly and
production process for passenger car gearboxes.

Object of Research: Assembly and production process for car gearboxes.

Subject of Research: Modern and evolutionary automation tools that have the potential to be
implemented in the assembly processes of automotive transmission controls.

Methodology: To achieve this goal, as part of this study, it is planned to apply methods of
bibliometric analysis of leading scientometric databases to obtain correlation relationships and
analytical conclusions regarding the vector of development of automation means of passenger car
gearbox assembly process.

Results: As a result of the research by means of scientometric analysis and correlation the vector
of probabilistic technical solutions of integration and development of automation means of the
sequence of production operations during the assembly of the transmission, as well as adaptive
framework-design solutions for the implementation of tools of the fourth iteration of industrial-
industrial progress in the production processes of assembly of the studied technical control means
and logical-technological connection of the elements of the transmission system, which affect the
overall process of automotive manufacturization.

Conclusion: The passenger car gearbox is a multi-component, complex system whose assembly is
a complex multi-operational process, and given the high responsibility of this machine element,
there is an urgent need to introduce modern automation tools into the assembly and production
processes, which will significantly optimize global automatofactoring. The practical results of the
present study consist in the formation of a focus scientometric database of profile data, identification
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of a potential vector of development of means and systems of automation of assembly-production
operations, identification and formation of solutions for the implementation of modern means of
automated production in the actual global automotive manufacturing, which allows to get the
optimum ratio of production costs/quality of products by improving the manufacturability, productivity
and flexibility of processes of assembly of multi-element and multi-component automotive systems

and structures.

Keywords: Auto production; auto manufacturing; autoline; robotics; machine vision; machine learning.

1. INTRODUCTION

The relevance of this study lies at the
intersection of the vectors of economic
development and technological progress caused
by the fourth wave of the industrial-industrial
revolution: the leading auto-industrial
manufacturers are in a constant search for the
optimal balance between the quality, reliability,
and manufacturability of mobile means of
transportation produced, and the costs of the
production process (from design and production
to testing and sales).

Nowadays, it is impossible to imagine modern
civilization without such a commonplace thing as
an automobile means of transportation (both
group and personal, including At the same time,
profile organizations like MarkLines [1], ACEA
[2,3], Trading Economics [4], OICA [5], Statista
[6], U.S. Department of Transportation [7], SMMT
[8] (etc.), in the twenty-year horizon, statistical
analysis indicates a 42, 9% growth in global
production of automotive equipment (2001 - 56, 0
million units / 2021 - 80 million units) / 2021 - 80
million units), however, the global automotive
industry is currently in recession after a
production peak in 2017-2018 (up to 97 million
units annually), indicating the transformation of
the studied industry caused by the integration of
modern factors into the automotive production
process: tightening requirements for the
cost/quality balance (S. E. Gayiya [9]), tightening
of environmental requirements and standards (M.
Hirz [10]), tightening of requirements to increase
the qualification background of the involved
specialists and exclusion of “human” defect
factors of car production (J. Reimer [11]),
reprofiling of production focus on production with
modern technological equipment (E. Shafiei
[12]), toughening of safety qualities of produced
automotive products, which requires integration
into the production process of additional testing
activities and inspections (S. Koénig [13]), as well
as other aspects caused by the global changes
in the general concept of world manufactoring (H.

A. Khan [14]) as an adequate response to the
technological progress caused by the fourth
wave of industrialization (L. Athanasopoulou [15],
T. Papadopoulos [16], T. C. Ng [17] (et al.)).

The main strategy of modern autoproduction is to
obtain an optimal cost/quality balance by
implementing modern tools of the fourth iteration
of industrial and technological progress, at that
one of the fundamental industrial tools is
automation (J. Soldatos [18], H. Parmar [19], M.
Ammar [20] (etc.)). The introduction of
automation in the production of motor vehicles is
a promising direction for obtaining a cost/quality
balance, so according to the research Z.
Papulova [21] established the growth of the
implementation of automation of Industry 4.0 in
the production and technological processes of
the leading car manufacturing companies,
according to the research C. Guo [22] noted the
high potential of the integration of robotics as the
main  process of automated automotive
production, the research M. Hofmann [23]
showed that the automotive manufacturing
processes are currently transforming by
integrating modern automation tools, which leads
to a complete change in the paradigm of
automotive production, etc. [24-26]. One of the

responsible  technological  multi-component
elements is the vehicle gearbox (which
exceptional importance is confiirmed by the

relevant research reflected in the publications of
Y. X. Li [27], J. A. Dhanraj [28], X. Liu [29], E.
Abboud [30]), for the production of which, as well
as for all machine production, the development,
and implementation of adaptive solutions that
allow to achieve an optimal cost/quality ratio,
including through the integration of the
developing tools of Industry 4.0 automation. As
part of this study, it is planned to use
scientometric tools to determine the vector of
development of gearbox assembly process
automation tools and identify potential solutions
that will improve the manufacturability,
productivity, flexibility of automated production
lines with the appropriate provision of an optimal
cost/quality ratio.
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2. MATERIALS AND METHODS

In this study methods of scientometric search
and analysis are used. This includes identifying
and predicting the most likely, optimal, and
potential direction of development in addressing
the integration of Industry 4.0 automation tools in
automotive industry processes, in particular in
the sequence of assembly-production operations
of passenger car gearboxes. In order to achieve
the goal, it is proposed to use the following plan
(sequence of stages) of research shown in
Table 1.

The presented sequence of research operations
is aimed at forming a database focusing on
research object and subject with the identification
of vectors and horizons of technological solutions
development in increasing the Ilevel of

automation of automotive production through the
integration into the technological production
operations of the modern tools of the fourth
iteration of industrial-industrial progress. It
potentially determines the overall paradigm of
production processes not only the automotive
industry (in particular with respect to the
production of the automotive industry), but the
entire field of automated and robotic
global manufacturing.  Collection, analysis,
systematization of disparate data presented in
the leading scientometric databases will allow to
form an appropriate factorial background, based
on which it is already possible to obtain
analytical-correlative conclusions regarding the
goals and objectives of the study with the
potential possibility to determine probabilistic
vectors of development of diffusion interaction
between the automotive industry and the branch

Table 1. Research plan

Number
of stage

Name of the stage

Research operations

1 Research object analysis

analysis of functional and technological
purpose, median-generalized technological
and design solutions on the device and the
principles of direct operation, the nature of
modern assembly and manufacturing
process

2 Research subject analysis

assessment of the level of technological
development of automation tools that have
the potential to be implemented in the
sequence of assembly gearbox technology

3 Bibliometric analysis

analysis of leading scientometric databases
regarding the problems of development and
implementation of automation systems and
tools in automobile manufacturing and
gearbox production

4 Correlative analysis using taxonometric

tools

identification of vectors and horizons of
potential technological solutions in the
implementation of systems and means of
automated assembly production of motor
vehicles and the studied means of
controlling the automobile transmission
functioning

5 Analytical conclusions

drawing conclusions about the extracted
information and scientometric correlative
data horizon followed by the formation of
framework-design solutions for the
integration of potential automation
technologies in the assembly process of
passenger car gearboxes

6 Generalized conclusions and results

Formation of generalized conclusions and
results with the identification of further
expedient ways in the development of the
specified research vector
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of  automation, auto-mechanization, and
robotization systems. The methodology includes
elements of scientometric analysis. It will reveal
the level of scientific coverage of the problems
systems integration and means of automation of
technological processes of automotive
production, as well as determine the subsequent
evolutionary milestones of a given research
vector, which has practical results and interest
for all manufacturing industries in the process of
transformation with the transition to automated
manufacturing technological operations.

3. RESULTS

Transmission is a responsible technological
element of propulsion systems of the car,
carrying out the logical-structural connection
between the engine and transmission system. It
allows to expand the functionality of the motor
unit car by multidirectional reduction of power
coming from the engine to the transmission
system, gear ratio control, increasing the
operating range of speed and torque, providing
idling and reversing the motion of the vehicle
(Fig. 1) [31-35].

In accordance with the data presented in Fig. 1, it
is possible to establish that the unitary-medium
performance of the gearbox of a motor vehicle is

performed in the form of a separate box
(crankcase), in which the gears and shafts of the
mechanical gears are in working engagement,
the principle of reduction of engine power which
is shown in Fig. 2.

According to the research of Y. Chen [31],
currently the global automotive industry produces
three technological and structural versions of
manual transmission (MT), automatic
transmission (AT) and neighborhood electric
vehicle (NEV). (Fig. 3), and currently prevailing
are gearboxes series AT6/7/8, and by 2030
planned to increase production of AT9/10 series
(Fig. 4), which is due to increasing demands on
economic (the introduction of optimal energy-
balanced modes of “engine + transmission”
system functioning) and environmental
(implementation of solutions and activities aimed
at decarbonization of the system “engine +
transmission” functioning) requirements. Thus, it
is established that the gearbox is a multi-
component responsible transmission unit, which
potentially leads to emergency failure of vehicle
subsystems (with the corresponding destructive
consequences). As a result, there is an urgent
need to find, develop and create -effective
solutions to improve the quality of the production
process, in particular by automating the
assembly and production operations (Fig. 5).
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Fig. 1. Conceptual representation of the structural arrangement of the control gear in the
transmission system of a car
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Diagram of Car Gearbox with 5th Gear Engaged
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Fig. 2. Visualization of the engine power reduction process by establishing the characteristic
working gears on the example of a 5-speed gearbox of a passenger car transport vehicle
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Fig. 3. The main directions of techno-constructional implementation of the gearbox of
passenger cars highlighted in the study of Y. Chen [31]
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Fig. 4. Production structure of the main product range of gearbox in the global automobile
manufacturing according to the assessment of Y. Chen [31]
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Fig. 5. The goals and requirements for the techno-constructive gearbox performance
highlighted by Y. Chen [31]

Global auto-factoring and auto-production in the
production of light motor vehicles since 1903
came to the use of a flow method of production
on assembly lines [36-42]. The formation of
typical operating cycles in the mass automobile
production process led the leading automobile
concerns to the use of production and assembly
lines, which initially functioned with the
participation of workers. In the process of
industrialization and development of the
technological effectiveness of the indicated
automotive lines, which was an adequate
response to the increase in technical complexity
and quality of produced automotive vehicles,
conditions for the implementation of automation
and robotization means and systems in the
assembly and production process were formed
[36-42] (Fig. 6):

e condition of typing of techno-industrial
operation: when applying techno-industrial
processes typical operations that require

152

repetition, it is advisable to use
robotization/automation  means,  which
allows significantly reduce the impact of
the attention reduction factor when
performing the specified functions by
employees in working order, which directly
affects the quality of the ongoing
technological process and safety of
workers, whose ability to monotonous work
is lower than that of robotic-mechanized
systems and tools, resulting (for the two
reasons described) and leads to the impact
on the economic performance of
automotive production;

condition of increased accuracy of
technological and industrial operations:
robotic complexes, systems, and tools
have a clear coordinate positioning
system, therefore (in the case of the
correct task of the production algorithm by
creating an appropriate service software-
operational sequence) significantly
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reduces the possibility of errors and errors
in the execution of the industrial process,
which also affects the economic efficiency
of the latter;

condition of increased productivity: if it is
necessary to organize a typical industrial
process, the basis of which are typical
monotonous operations with high intensity
of performance, it is advisable to use
robotic means, which at lower probability of
errors and uncertainties, capable of
effectively performing the specified techno-
industrial operations with high intensity for
a long time;

safety condition of implementation of
technological and industrial process: in
case of necessity to perform technological
and industrial operations in  the
environment hazardous for the working
personnel, it is reasonable to apply the
advantages of robotic systems and
complexes that do not require strict
compliance with industrial hygiene and
normative conditions of organization of
working process, and also can be specially

designed for the relevant conditions
hazardous for the workers. In this case, the
goal is achieved not only in the
continuation of production processes in
adverse conditions but also in compliance
with industrial safety by preserving the
personnel involved in the production
processes.

For the studied element of the automobile
transmission the gearbox currently uses methods
of semi-automatic machine-human assembly
[31-35,49,50] (Fig. 7).

The lack of widespread use of automation and
robotization in the process of assembly
production of passenger car gearboxes is caused
primarily by a significant number of components
of the studied transmission unit, which is
illustrated by the example of a 5-speed gearbox
model of a passenger car transport vehicle
[51-56] (Fig. 8, Table 2).

The specification of the component composition
of the transmission is presented in Table 2.

= g L

Fig. 6. Conceptual scheme of auto-production line functioning with the allocation of logical-

technological flows of assembly-production processes [43-48]

Fig. 7. Visualization of the modern sequence of assembly-technological operations for the

control of a passenger car, presented on the electronic resource [50]
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Fig. 8. Nomenclature and specification analysis of the component composition of the 5-speed
transmission of passenger cars [51-56]

Table 2. Specification of component composition of a 5-speed gearbox of a passenger car
transport vehicle [51-56]

Iltem no. Part number QTY.
1 Transmission housing 1 1
Transmission housing 2 1
3 Transmission housing 3 1
4 3-4 shift collar fork 1
5 1-2 shift collar fork 1
6 1-2 shift fork 1
7 5-R shift fork 1
8 3-4 shift fork2 1
9 Gear 5 Counter shaft 1
10 Gear 5 Top 1
11 Shift collar gear - 5th 1
12 5th gear Shift collar 1
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Iltem no. Part number QTY.
13 Reverse Gear 1
14 Reverse idler 1
15 Transmission housing 2 bearing retainer 1
16 Front bearing retainer 1
17 Bell housing 1
18 Output shaft 1
19 Shift linkage 1
20 Shifter base 1
21 Shifter base 1 1
22 Shifter base 2 1
23 Shifter ball top 1
24 Shifter ball bottom 1
25 Transmission housing 3 - Shell - cover 1
26 input shaft 1
27 Transmission housing 1 Cover 1
28 6232z bearing 18
29 3mm washer 20
30 1-2 and 3-4 shift rail 2
31 Counter Shaft 1
32 Input Shaft- 1
33 Reverse idler - 5th gear shift rail 2
34 Shifter 1
35 Top Shaft 1
36 Shift Linkage 2 1
37 Shift Linkage 3 1
38 Gear 1 Counter shaft 1
39 Gear 2 Counter shaft 1
40 Gear 3 Counter shaft 1
41 Gear 4 Counter shaft 1
42 Gear 1 Top 1
43 Shift collar 2
44 Shift collar gear 2
45 Gear 2 Top 1
46 Gear 3 Top 1
47 Gear 4 Top 1

Fig. 9. lllustration of the enlarged assemblies of the control unit of a passenger car transport
vehicle [51-56]
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Completion of passenger car gearbox
assemblies is illustrated in Fig. 9, which shows a
model representation of the transmission unit
under study and was made in a simulation
software environment [51-56].

On the basis of the nomenclature and
specification analysis of the component design of
the studied transmission unit of a passenger car
vehicle, we come to the conclusion about the
significant number of technological components,
for the assembly and adjustment of which it is
necessary to involve highly specialized
specialists. In this case, according to the median
data on the organization of the modern assembly
process for the passenger car gearbox,
presented on an electronic resource [50] in the
form of an appropriate video clip, we state that at
the present stage of technological development,
it is impossible to organize a fully automated
sequence of assembly-technological operations
on the device of the studied transmission unit.
Moreover, it is necessary to involve human
resources, and from the means of automation, it
is possible to use semi-automatic devices and
systems of controlled unit assembly. Thus, there

-
-

is a scientific problem in finding the possibility of
full-featured automation of assembly and
technological processes for the device controlling
the transmission of a passenger car.

In order to identify the vector of scientific search
in solving the problem of integration of fully
automated assembly processes of a passenger
car drivetrain, using the bibliometric tool
VOSviewer [57], we perform a correlative
scientometric analysis of profile publications on
leading scientometric databases in the five-year
(2017/2022) search horizon for several iterations
of the correlation of taxonometric units of
gearbox auto-linear assembly technology and
methods brought by the fourth wave of industrial
progress. lIteration 1 (Fig. 10) contains a
correlative scientometric analysis with a focus on
the passenger car transmission unit under
study, the gearbox; subsequent iterations 2-5
(Figs. 11-14) provide a  co-correlative
taxonometric analysis regarding the integration of
Industry 4.0 tools, which identifies potential
vectors for the development of full-cycle, full-
featured automation tools in automotive
passenger car drivetrain manufacturing.

Fig. 10. Bibliometric analysis of the correlation of taxonometric units of gearbox autolinear
assembly technology and methods brought by the fourth wave of industrial progress by
leading scientometric databases in a five-year (2017/2022) search horizon using the VOSviewer
toolkit [57] - 1 iteration
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Fig. 11. Bibliometric analysis of the correlation of taxonometric units of gearbox autolinear
assembly technology and methods brought by the fourth wave of industrial progress by
leading scientometric databases in a five-year (2017/2022) search horizon using the VOSviewer
toolkit [57] - 2 iteration

Fig. 12. Bibliometric analysis of the correlation of taxonometric units of gearbox autolinear
assembly technology and methods brought by the fourth wave of industrial progress by
leading scientometric databases in a five-year (2017/2022) search horizon using the VOSviewer
toolkit [57] - 3 iteration
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Fig. 13. A bibliometric analysis of the correlation of taxonometric units of gearbox autolinear
assembly technology and methods brought by the fourth wave of industrial progress by
leading scientometric databases in a five-year (2017/2022) search horizon using the VOSviewer
toolkit [57] - 4 iteration
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Fig. 14. A bibliometric analysis of the correlation of taxonometric units of gearbox autolinear
assembly technology and methods brought by the fourth wave of industrial progress by
leading scientometric databases in a five-year (2017/2022) search horizon using the VOSviewer
toolkit [57] - 5 iteration
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On the basis of the bibliometric analysis of
leading scientometric databases regarding the
adopted research direction it was established:

— vector of scientific search concerning the
implementation of full-cycle and full-
featured automation of the assembly and
technological process on the passenger
car control unit (iteration 1, Fig. 10) is
aimed at using robotic means, in particular,
robotic complexes equipped with
manipulators, while, as indicated earlier,
there is a problem of complexity of
organization and implementation of the
positioning of robotic means of automatic
assembly, due to the complexity and multi-

componentness of the studied
transmission;
— a co-correlated taxonometric analysis

regarding the integration of Industry 4.0
tools in automotive passenger car
manufacturing (iterations 2-5, Figs. 11-14)
indicate possible ways of solving the
problem identified in iteration 1 regarding
the implementation of full-cycle and full-
function automation of the assembly and
manufacturing process for passenger car
gearbox device, among which the potential
ones are, implementation and
development of such tools of the fourth
wave of industrial progress as machine
vision, machine learning, artificial
intelligence.

Based on the conducted scientific search, the
scientific problem regarding the implementation
of full-cycle and full-featured automation of the
assembly and technological process on the
control device of a passenger car, which is based
on the limitations of the existing robotic
manipulators of the assembly lines of automotive
products, was identified. Also, subsequent
iterations of the scientometric search and
analysis, allowed to identify potential solutions to
the identified scientific problem through the
integration into the  assembly-production
processes of automation means of the fourth
wave of industrial progress.

4. DISCUSSION

As a result of the research on a given research
vector, the expected results in terms of the
implementation of full-cycle and full-featured
automation of the assembly and technological

process of the passenger car control unit have
been established:

— formed a scientific problem in the search
for the possibility of automating the
assembly and production operations on the
control device of a passenger vehicle by
robotic means (iteration 1, Fig. 10), which
correlates with the results of scientific
research of the authors M. Bilal [58], J. A.
P. Pereira [59], J. Jiang [60] and others;

— a co-correlated taxonometric analysis
regarding the integration of Industry 4.0
tools into the autolinear manufacturing of
passenger cars (iterations 2-5, Fig.s 11-14)
established potential ways of solving the
identified technical and research problems
- implementation, adaptation to the
conditions of autolinear production and
development of systems and tools of the
fourth wave of industrial and technological
development: machine vision (which
correlates with the results of scientific
research of authors M. Javaid [61], A.
Charan [62], P. Kumar [63], etc.), machine
learning (which correlates with the results
of research by authors B. Nemec [64], N.
S. Solke [65], P. Dobra [66], etc.) and
artificial intelligence (which correlates with
the results of research by the authors A.
Manimuthu [67], S. S. Kamran [68], R.
Bogue [69] and others).

Thus, by means of scientometric search and
analysis, the problems and solutions in the
organization and implementation of full-cycle and
full-function automation of the sequence of
assembly and production operations for the
passenger car gearbox assembly are
established, the focus of which is to develop
solutions for potential integration of robotic
automation tools equipped with systems and
tools that are Industry 4.0 products into the
studied industrial processes for the assembly of
the transmission unit.

A search of open sources confirmed the scientific
findings of this study, which were implemented
by IBG [70] as an industrial prototype of a full-
cycle and full-function automation process for
passenger car transmission assembly. According
to the limited description of IBG [70] (due to trade
secrets), the developed automated system for
the implementation of the assembly-production
process for the passenger car gearbox device
has the following aspects of operation (Fig. 15):
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Fig. 15. Prototype of a robotized full-cycle and full-function automated passenger car
transmission assembly system developed by IBG [70]

— solution: A total of six cameras capture the
position of the drive disc and transmission
shaft for precise positioning of the
transmission according to two- and three-
dimensional measured values. With the
robot, for the first time in the automotive
industry, the engine and transmission are
connected to each other in a torque-
dependent manner;

— system advantages: in addition to the high
degree of automation, the system also
offers a more humane and safer
workplace. The precision of the automatic
assembly offers quality advantages for the
service life and noise reduction of the
following vehicle.

Based on the limited open access data provided
by IBG [70], we conclude that the prototype
assembly robotic arm has an advanced precision
positioning system, the functioning of which is
impossible without ensuring the integration of
Industry 4.0 tools: the prototype robotic arm is
equipped with an effective machine vision
system with Al control elements in the general
development of learning by machine learning
technology. The obtained search results
complement the results of the scientometric
analysis and confirm the identified scientific
problem and potential ways to solve it.

5. CONCLUSION

Based on the conducted research, the results
that meet the initially set objectives in terms of
identifying potential  solutions  for the
implementation of full-cycle and full-featured
automation of the assembly and technological
process for the device control of a passenger
car, which are expressed in the following
analytical conclusions:

e multicomponent composition of the studied
transmission unit of passenger car vehicles

creates technical difficulties in the
organization and implementation of full-
cycle automation of the assembly process,
which is the root of the identified scientific
problem;

e the results of the scientometric analysis of
the correlation of taxonometric units of
gearbox auto-linear assembly technology
and methods, which brings the fourth wave
of industrial progress on the leading
scientometric databases in the five-year
(2017/2022) search horizon using the
VOSviewer tool [57] allows us to identify
potential ways of solving the identified
scientific and technological problem, which
involve the introduction of improved tools
and systems of automated robotization
equipped with samples of tools of the
current level of technological development
Industry 4.0: machine vision, machine
learning and general control of robot
manipulator positioning in the production of
assembly and production operations by
elements of Al.

The next stage of research in the given vector of
research is the formation of detailed mechanisms
of implementation and adequate adaptation of
potential Industry 4.0 tools in the mechanical
assembly process of the passenger car control
unit.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Anonymous. Automotive Production Data;
2022. MarkLines.
Accessed 17 Nov 2022.
Available:http://cutt.ly/[CK6T9h

160



Filatov; AJRCOS, 14(4): 147-165, 2022; Article no.AJRC0S.94121

Manufacturers’
motor vehicle

European  Automobile
Association. World
production. ACEA; 2022.
Accessed 17 Nov 2022.
Available:https://www.acea.auto/Fig./world-
motor-vehicle-production/

Williams T, Turton V. Trading economics:
A guide to economic statistics for
practitioners and students. Nashville, TN:
John Wiley & Sons; 2014.

Accessed 17 Nov 2022.
Available:http://tradingeconomics.com/unit
ed-states/car-production

Cherowbrier J. Production statistics.
International Organization of Motor Vehicle
Manufacturers. OICA; 2022,

Accessed 17 Nov 2022.
Available:http://oica.net/category/productio
n-statistics/2021-statistics

Cherowbrier J.  Automotive industry
worldwide - statistics & facts. Statista;
2022.

Accessed 17 Nov 2022.
Available:http://statista.com/topics/1487/au
tomotive-industry/#dossierkKeyFig.s

BTS. World Motor Vehicle Production,
Selected Countries. U.S. Department of
Transportation; 2022.

Accessed 17 Nov 2022.
Available:http://bts.gov/content/world-
motor-vehicle-production-selected-
countries

SMMT. UK Vehicle Manufacturing Data -
SMMT monthly data; 2016.

Accessed 17 Nov 2022.
Available:http://smmt.co.uk/vehicle-
data/manufacturing

Gayiya SE, Makhanya B, Nel H. Optimal
Body-in-white dimensional quality
management in the body shop area in a
car manufacturing plant. Proceedings of
the International Conference on Industrial
Engineering and Operations Management
Monterrey. 2021;11:3-5.

Accessed 17 Nov 2022.
Available:https://www.researchgate.net/pu
blication/26873000_Automotive_body-in-
white_dimensional_stability through_pre-
control_application_in_the_subassembly p
rocess

Hirz M, Brunner H, Nguyen TT.
Greenhouse gas emissions of electric cars:
A comprehensive evaluation. Teh glas.
2022;16(2):280-7.
Available:http://dx.doi.org/10.31803/tg-
20220407135956

10.

11.

12.

13.

14.

15.

16.

17.

18.

161

Reimer J, Wang Y, Laridi S, Urdich J,
Wilmsmeier S, Palmer G. Identifying
cause-and-effect relationships of
manufacturing errors using sequence-to-
sequence learning. Research Square;
2022.
Available:http://arxiv.org/abs/2205.02827
Shafiei E, Dauphin R, Yugo M. Optimal
electrification level of passenger cars in
Europe in a battery-constrained future.
Transp Res D  Transp Environ.
2022;102(103132):103132.
Available:http://dx.doi.org/10.1016/j.trd.202
1.103132

Konig S, Reihn M, Abujamra FG, Novy A,
Vogel-Heuser B. Flexible scheduling of
diagnostic tests in automotive
manufacturing. Flex Serv Manuf J; 2022.
Available:http://dx.doi.org/10.1007/s10696-
021-09438-3

Khan HA, Tiwari A, Kaushik J, Yadav M,
Bhaskar C. The next era of manufacturing
the future: Making things in a changing
world. Org.in; 2022.

Accessed 17 Nov 2022.
Available:https://ipecjst.ipec.org.in/assets/d
oc/IJ0OME_07.pdf

Athanasopoulou L, Bikas H,
Papacharalampopoulos A, Stavropoulos P,
Chryssolouris G. An industry 4.0 approach
to electric vehicles. Int J Comput Integr
Manuf. 2022;1-15.
Available:http://dx.doi.org/10.1080/095119
2x.2022.2081363.

Papadopoulos T, Singh SP, Spanaki K,
Gunasekaran A, Dubey R. Towards the
next generation of  manufacturing:
implications of big data and digitalization in
the context of industry 4.0. Prod Plan
Control. 2022;33(2-3):101-4.
Available:http://dx.doi.org/10.1080/095372
87.2020.1810767

Ng TC, Lau SY, Ghobakhloo M, Fathi M,
Liang MS. The application of Industry 4.0
technological constituents for sustainable
manufacturing: A content-centric review.
Sustainability . 2022;14(7):4327.
Available:http://dx.doi.org/10.3390/su1407
4327

Soldatos J, Lazaro O, Cavadini F. The
Digital Shopfloor-Industrial Automation in
the Industry 4.0 Era: Performance Analysis
and Applications; 2022.

Parmar H, Khan T, Tucci F, Umer R,
Carlone P. Advanced robotics and additive
manufacturing of composites: towards a



19.

20.

21.

22,

23.

24,

25.

26.

Filatov; AJRCOS, 14(4): 147-165, 2022; Article no.AJRC0S.94121

new era in Industry 4.0. Mater Manuf
Process. 2022;37(5):483-517.
Available:http://dx.doi.org/10.1080/104269
14.2020.1866195

Ammar M, Haleem A, Javaid M, Bahl S,
Verma AS. Implementing Industry 4.0
technologies in self-healing materials and
digitally = managing the quality of
manufacturing. Mater Today.
2022;52:2285-94.
Available:http://dx.doi.org/10.1016/j.matpr.
2021.09.248

Papulova Z, Gazova A, Sufliarsky L.
Implementation of automation technologies
of industry 4.0 in automotive manufacturing
companies.  Procedia  Comput  Sci.
2022;200:1488-97.
Avalilable:http://dx.doi.org/10.1016/j.procs.
2022.01.350

Guo C. Research on the Process
Simulation of robot automatic production
line. J Phys Conf Ser.
2022;2183(1):012028.
Available:http://dx.doi.org/10.1088/1742-
6596/2183/1/012028

Hofmann M, Rudolf H, Mantwill F, Nees R.
The influence of production and
development on the automotive industry.
ATZ Worldw. 2022;124(5):36—41.
Available:http://dx.doi.org/10.1007/s38311-
022-0808-9

Dai W, Li D, Zheng Y, Wang D, Tang D,
Wang H, et al. Online quality inspection of
resistance spot welding for automotive
production lines. J Manuf  Syst.
2022;63:354-69.
Available:http://dx.doi.org/10.1016/j.jmsy.2
022.04.008

Yang J, Son YH, Lee D, Noh SD. Digital
twin-based integrated assessment of
flexible and reconfigurable automotive part
production lines. Machines. 2022;10(2):
75.
Available:http://dx.doi.org/10.3390/machin
€s10020075

Savci IH, Yilmaz A, Karaman S, Ocakli H,
Temeltas H. Improving navigation stack of
a ROS-enabled industrial autonomous
mobile robot (AMR) to be incorporated in a
large-scale automotive production. Int J
Adv Manuf Technol. 2022;120(5—6):3647—
68.
Available:http://dx.doi.org/10.1007/s00170-
022-08883-0

Li YX, Cheng S, Chen ZW, Ye WQ, Pan
GQ, Ye AX. Improvement strategy to
minimize secondary impact of gear shift for

27.

28.

29.

30.

31.

32.

33.

34.

35.

162

commercial vehicle transmission. J Falil
Anal Prev . 2022;22(4):1535-45.
Available:http://dx.doi.org/10.1007/s11668-
022-01444-3

Dhanraj JA, Sangeethalakshmi K, Kumar
TS, Nagarajan P, Bharathi PS. An
assessment on condition monitoring of
automobile gearbox through naive Bayes
approach using statistical features. In:
2022  International  Conference on
Electronics and Renewable Systems
(ICEARS). IEEE; 2022.

Liu X, Xiang D, Zeng C, Huang F. The
investigation of coupled vibration of
automobile transmission system and its
intelligent design. Machines.
2022;10(6):428.
Available:http://dx.doi.org/10.3390/machin
€s10060428

Abboud E. Simulation, mastering, and
reduction of vibrations and noises in
electric car gearbox transmission systems.
Paris, HESAM; 2022.

Chen Y. Automotive transmissions:
Design, theory and applications.
Singapore: Springer Singapore; 2021.
Available:http://dx.doi.org/doi.org/10.1007/
978-981-15-6703-2

Awari GK, Kumbhar VS, Tirpude RB.
Automotive  systems: Principles and
practice. Awari GK, Kumbhar VS, Tirpude
RB, editors. First edition. Boca Raton, FL :
CRC Press/Taylor & Francis Group, LLC,
2021. CRC Press; 2021.

Gaiselmann G, Altenburg S, Studer S,
Peters S. Deep reinforcement learning for
gearshift controllers in automatic
transmissions. Array.
2022;15(100235):100235.
Available:http://dx.doi.org/10.1016/j.array.2
022.100235

Kim J. Real-time torgue estimation of
automotive powertrain with dual-clutch
transmissions. IEEE Trans Control Syst
Technol. 2022;30(6):2269-84.
Available:http://dx.doi.org/10.1109/tcst.202
1.3139765

Geng Z, Li G. Optimal clutch control of a
one-way clutch assistant transmission for
electrical vehicles. Int j automot sci
technol; 2022.

Available:
http://dx.doi.org/10.30939/ijastech..111927
1

El Ahmadi SEA, El Abbadi L. Management
and production engineering review.
Production Engineering Committee of the



36.

37.

38.

39.

40.

41.

42.

Filatov; AJRCOS, 14(4): 147-165, 2022; Article no.AJRC0S.94121

Polish Academy of Sciences, Polish
Association for Production Management;
2022.
Available:http://dx.doi.org/10.24425/MPER.
2022.140880

Pratama MN, Gozali L. Line balancing in
assembly line automotive carrosserie
(body of a car) production process at PT.
XYZ . leomsociety.org.

Accessed 17 Nov 2022.
Available:http://ieomsociety.org/proceeding
s/2021indonesia/91.pdf

Nunes ML, Folgado D, Fujao C, Silva L,
Rodrigues J, Matias P, et al. Posture risk
assessment in an automotive assembly
line using inertial sensors. IEEE Access .
2022;10:83221-35.
Available:http://dx.doi.org/10.1109/access.
2022.3196473

Nelfiyanti, Mohamed N, Rashid M,
Ramadhan Al. Parameters of effects in
decision making of automotive assembly
line using the Analytical Hierarchy Process
method. CIRP j manuf sci technol.
2022;37:370-7.
Available:http://dx.doi.org/10.1016/j.cirpj.20
22.02.018

Mdllerklein D, Fontaine P, Ostermeier F.
Integrated consideration of assembly line
scheduling and feeding: A new model and
case study from the automotive industry.
Comput Ind Eng.
2022;170(108288):108288.
Available:http://dx.doi.org/10.1016/j.cie.202
2.108288

Didden JBHC, Lefeber E, Adan I|JBF,
Panhuijzen IWF. Genetic algorithm and
decision support for assembly line
balancing in the automotive industry. Int J
Prod Res. 2022;1-19.
Available:http://dx.doi.org/10.1080/002075
43.2022.2081630

Ebrahimi M, Mahmoodjanloo M, Einabadi
B, Baboli A, Rother E. A mixed-model
assembly line sequencing problem with
parallel stations and walking workers: A
case study in the automotive industry. Int J
Prod Res. 2022;1-20.
Available:http://dx.doi.org/10.1080/002075
43.2021.2022801

Zbiss K, Kacem A, Santillo M, Mohammadi
A. Automatic collision-free  trajectory
generation for collaborative robotic car-
painting. IEEE Access. 2022;10:9950-9.
Available:http://dx.doi.org/10.1109/access.
2022.3144631

43.

44,

45.

46.

47.

48.

49.

50.

51.

163

Anil Kumar D, Rath KC, Muduli K, Ajesh F.
Design and modeling of virtual robot for
industrial application in smart
manufacturing assembly line. Intelligent
Systems. 2022;471-83.

Accessed 17 Nov 2022]
Available:https://link.springer.com/chapter/
10.1007/978-981-19-0901-6_42

Bogue R. The changing face of the
automotive robotics industry. Ind Rob.
2022;49(3):386—-90.
Available:http://dx.doi.org/10.1108/ir-01-
2022-0022

Kholkhujaev J, Maculotti G, Genta G,
Galetto M, Inoyatkhodjaev J. Non-contact

articulated  robot-integrated gap and
flushness measurement system  for
automobile assembly. |IEEE Access.

2022;10:86528-41.
Available:http://dx.doi.org/10.1109/access.
2022.3199066

Bartos M, Bulej V, Bohusik M, Stancek J,
Ivanov V, Macek P. An overview of robot
applications in automotive industry. Transp
res procedia. 2021;55:837-44.
Available:http://dx.doi.org/10.1016/j.trpro.2
021.07.052

Javaid M, Haleem A, Singh RP, Suman R.
Substantial capabilities of robotics in
enhancing industry 4.0 implementation.
Cognitive Robotics. 2021;1:58-75.
Available:http://dx.doi.org/10.1016/j.cogr.2
021.06.001

Stoilova S. Automotive. Beck & Pollitzer;
2020.

Accessed 17 Nov 2022.
Available:https://beck-
pollitzer.com/industries/automotive/
Gearbox manufacturing process.
Construction. Delfi; 2020.

Accessed 17 Nov 2022.
Available:https://www.newkidscar.com/aut
omotive-engineering/gearbox-
manufacturing-process/

Eckert JJ, da Silva SF, Santiciolli FM, de
Carvalho AC, Dedini FG. Multi-speed

Car

gearbox design and shifting control
optimization to minimize fuel consumption,
exhaust emissions and drivetrain

mechanical losses. Mech Mach Theory.
2022;169(104644):104644.
Available:http://dx.doi.org/10.1016/j.mech
machtheory.2021.104644

Madhan Kumar S, Govindaraj E,
Balamurugan D, Daniel F. Design analysis
and fabrication of automotive transmission



52.

53.

54,

55.

56.

57.

58.

Filatov; AJRCOS, 14(4): 147-165, 2022; Article no.AJRC0S.94121

gearbox using hollow gears for weight
reduction. Mater Today. 2021;45:6822-32.
Available:http://dx.doi.org/10.1016/j.matpr.
2020.12.1005

Zhang Z, Gao Y, Zhang Q, Liu H, Wang L.
Reliability optimization design of
transmission mechanism of automotive
mechanical transmission based on feature
extraction. Converter; 2021.

Accessed 17 Nov 2022];2021(6):813-20.
Available:https://converter-
magazine.info/index.php/converter/article/v
iew/454

Barathiraja K, Devaradjane G,
Bhattacharya A, Sivakumar V, Yadav V.
Automotive transmission gearbox
synchronizer sintered hub design. Eng Fail
Anal. 2020;107(104213):104213.
Available:http://dx.doi.org/10.1016/j.engfail
anal.2019.104213

Cerbu RF, Baroiu, N, Paunoiu V. 3D
design of a automotive 5 speed
synchromesh  gearbox in  Autodesk
Inventor. The Annals of «Dunarea de jos»
University of Galati Fascicle V,
Technologies in Machine  Building;
2020.
Available:https://www.researchgate.net/pu
blication/345789209_3D_DESIGN_OF_A_
AUTOMOTIVE_5_SPEED_SYNCHROME
SH_gearbox_IN_AUTODESK_INVENTOR
Xiangjie J, Cai Z, Fei Y, Zhang X, Wang Y.
Multi-objective optimization of automobile
gearbox design based on matlab. Upb.ro.
Accessed 17 Nov 2022.
Available:https://www.scientificbulletin.upb.
ro/rev_docs_arhiva/full838_428527.pdf
VOSviewer. Visualizing scientific
landscapes.

Accessed 17 Nov 2022.
Available:https://www.vosviewer.com/.
IRJET Journal. IRJET- indigenously design

development and motion control of
multi-DoF robotic manipulator. IRJET,;
2022.

Accessed 17 Nov 2022.
Available:https://www.academia.edu/70262
650/IRJET_Indigenously_Design_Develop
ment_and_Motion_Control_of Multi_DoF
Robotic_Manipulator

Pereira JAP, Campilho RDSG, Silva FJG,
Sanchez-Arce 1J. Robotized cell design for
part assembly in the automotive industry.
Proc Inst Mech Eng Part C. 2022;
236(16):8807-22.
Available:http://dx.doi.org/10.1177/095440
62221082860

59.

60.

61.

62.

63.

64.

65.

66.

67.

164

Jiang J, Yao L, Huang Z, Yu G, Wang L, Bi
Z. The state of the art of search strategies
in robotic assembly. J Ind Inf Integr.
2022;26(100259):100259.
Available:http://dx.doi.org/10.1016/}.jii.2021
.100259

Javaid M, Haleem A, Singh RP, Rab S,
Suman R. Exploring impact and features of
machine vision for progressive industry 4.0
culture. Sensors International. 2022;
3(100132):100132.
Available:http://dx.doi.org/10.1016/j.sintl.20
21.100132

Charan A, Karthik Chowdary C, Komal P.
The future of machine vision in industries-
A systematic review. |IOP Conf Ser Mater
Sci Eng. 2022;1224(1):012027.
Available:http://dx.doi.org/10.1088/1757-
899x/1224/1/012027

Kumar P, Singh D, Bhamu J. Machine
vision in industry 4.0. In: Machine Vision
for Industry 40. 1st Edition. Boca Raton:
CRC Press. 2022;263-84.

Nemec B, Mavsar M, Simonic M, Hrovat
MM, Skrabar J, Ude A. Integration of a
reconfigurable  robotic  workcell  for
assembly operations in  automotive
industry. In: 2022 IEEE/SICE International
Symposium on System Integration (SllI).
IEEE; 2022.

Solke NS, Shah P, Sekhar R, Singh TP.

Machine learning-based predictive
modeling and control of lean
manufacturing in  automotive  parts

manufacturing industry. Glob J Flex Syst
Manag. 2022;23(1):89-112.
Available:http://dx.doi.org/10.1007/s40171-
021-00291-9

Dobra P, Josvai J. Assembly line Overall
Equipment Effectiveness (OEE) prediction
from human estimation to supervised
machine learning. J Manuf Mater Process.
2022;6(3):59.
Available:http://dx.doi.org/10.3390/jmmp60
30059

Manimuthu A, Venkatesh VG, Shi Y,
Sreedharan VR, Koh SCL. Design and
development of automobile assembly
model using federated artificial intelligence
with smart contract. Int J Prod Res.
2022;60(1):111-35.
Available:http://dx.doi.org/10.1080/002075
43.2021.1988750

Suhaib Kamran S, Haleem A, Bahl S,
Javaid M, Prakash C, Budhhi D. Artificial



68.

Filatov; AJRCOS, 14(4): 147-165, 2022; Article no.AJRC0S.94121

intelligence and advanced materials in
automotive industry: Potential applications
and perspectives. Mater Today.
2022;62:4207-14.
Available:http://dx.doi.org/10.1016/j.matpr.
2022.04.727

Bogue R. The changing face of the
automotive robotics industry. Ind Rob.
2022;49(3):386—90.
Available:http://dx.doi.org/10.1108/ir-01-
2022-0022

69.

70.

IBG Automation GmbH. Goeke Group.
Technologies for logistics, aviation,
pharmaceuticals and more. IBG
Automation GmbH.

Accessed 17 Nov 2022.
Available:https://www.goeke-
group.com/en/homepage
IBG  Automation  GmbH.
Facebook.com.

[Cited 2022 Nov 29].
Available:https://www.facebook.com/ibgAu
tomation/.

[Internet].

© 2022 Filatov; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94121

165


http://creativecommons.org/licenses/by/4.0

