AST Advances in Science and Technology
A\XRJ Research Journal

Advances in Science and Technology Research Journal 2023, 17(3), 249-256

https://doi.org/10.12913/22998624/166030
ISSN 2299-8624, License CC-BY 4.0

Received: 2023.04.04
Accepted: 2023.05.18
Published: 2023.06.01

Increasing the Efficiency of the Assembly Process Using
the FMEA Method and Dynamic Simulation

Gabriel Fedorko™, Hana Neradilova?, Martin Durigka’, Kristian Straka'

! Technical University of Kosice, Letna 9, 042 00 Kosice, Slovak Republic
2 The College of Logistics, Palackého 1381, 750 02 Prerov, Czech Republic
* Corresponding author’s e-mail: gabriel.fedorko@tuke.sk

ABSTRACT

The efficiency of the assembly process is influenced by a wide range of different parameters. For their optimal
setting, a thorough comprehensive analysis of the entire assembly process and identification of shortcomings in
the form of bottlenecks or insufficient capacity utilization of assembly workplaces is necessary. As part of the pre-
sented paper, the use of the FMEA method in combination with dynamic simulation for analysis of the efficiency of
its operation is presented on the example of a real assembly process. The obtained results showed the existence of
a bottleneck in the supply area carried out by means of a single AGV set. The subsequent proposed solution, which
consisted in the introduction of the use of another AGV set, brought an increase in the efficiency of individual as-

sembly workplaces from the original values in the range of 75% to 85% to the level of 87% to 98%.
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INTRODUCTION

The efficient functioning of logistics pro-
cesses is a key factor for the production of final
products in many industries. However, securing
them is not easy due to the complexity and ro-
bustness of the processes. For this reason, and
for their analysis, they use various tools that
will make it possible to identify possibilities for
their effective implementation [1]. The proper
functioning and operation of logistics processes
requires the possession of information that will
be the basis for identifying errors and detecting
existing bottlenecks [2]. Their knowledge will
subsequently enable to implement appropriate
measures to ensure their efficient operation and
process optimization [3].

Transport is an important component of most
logistics processes [4]. Transport fulfils an impor-
tant function and is often a decisive factor influ-
encing the operational efficiency of logistics pro-
cesses [5]. The current trend in transport within
corporate logistics systems is automation.

Automated transport systems are often based
on the use of different types of AGV systems [6].
In general terms, an AGV is defined as a vehicle
moving itself without an operator (driver) along
a strictly defined route [7]. Most often, AGV sys-
tems are used for handling in warehouses, for
supply in production, but also provide the pos-
sibility of implementing this technology in the
exteriors of production enterprises.

The advantage that AGV devices bring is
manifested primarily in the form of continuous
operation without limitations [8]. To control the
operation of AGV systems, the use of various
types of optimization methods, such as genetic
algorithms [9], is usually necessary. In addition
to the genetic algorithm method, other optimiza-
tion methods have been proven in practice, such
as Greedyho algorithms [10], non-dominated
sorting cuckoo search algorithm [11] or Fuzzy
control [12]. The design and operation of AGV
systems cannot be effectively implemented with-
out the application of simulation methods [13].
In addition, AGV systems also enable continuous
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collection of a wide range of data and thus help
to evaluate them within various types of analyses
[14]. This feature helps to increase productivity in
logistics and production.

The dominant area of deployment of AGV
systems is the area of supply [15]. Supplying is
an activity that ensures the company to deliver
products, semi-finished products, materials that
are necessary for the process of final production
and the provision of services. When supplying,
the main task for production is to procure input
materials in the right quantity, assortment, quality
and time with minimal cost. In supply logistics, it
is also important to determine by which means of
transport the supply process will be carried out.

The aim of the paper is to present the use of
the FMEA method and computer simulation for
the identification of a bottleneck affecting its
functioning, efficiency and resulting productiv-
ity on the example of a real logistics process, in
the form of an assembly process of an automotive
transmission. Based on the analysis thus chosen,
a solution was then proposed, which was again
verified by a simulation model.

ANALYSIS OF THE ASSEMBLY PROCESS

The entire assembly process (Figure 1) starts
in the input warehouse, where there are racks
with individual components. The route of the
AGYV set passes through the input warehouse,
where the docking station for charging the AGV
tow tractor is located. In this part, the selection
of components intended for dispatch by an AGV

set for individual assembly workplaces is carried
out. The loaded AGV assembly continues along
the route towards the assembly hall.

The AGV set supplies 14 buffers, which are
located at individual assembly stations. These
buffers work on the principle of FIFO (first in
first out). Components are continuously moved
from the containers to the assembly line, which
consists of individual assembly stations that are
connected to each other via a belt conveyor.

The direction of the conveyor runs clockwise.
On the assembly belt, the gearbox being cmpleted
is placed on special fixation pedestals, on which it is
moved to the next assembly site after performing the
relevant operation. Each assembly station is used to
add a specific part of the automotive transmission.

The completed gearbox from the belt con-
veyor goes into the container of the finished gear-
boxes. It is then transported to a test station where
its functionality is verified. The capacity of the
test station is 8 transmissions, which can be tested
at the same time.

FMEA process of automotive transmission
assembly

For the analysis of the assembly of the auto-
motive transmission, the FMEA Process method
is used (Figure 2). The aim of its application was
to examine and identify possible defects in the
analyzed assembly process in order to eliminate
them. The FMEA method was used with the in-
tention to identify a bottleneck. The result of the
analysis pointed to a bottleneck in the monar-
chy process in the form of insufficient capacity

> > s

— r 9 o+ r 3 3

- ¥y 3 3 3 3 3

>— Inn N unNenNesNen N

> A 1

>_ Y

>_ "

=N e

>—

>>: T ] ] —— - <

- Ll T E X £ E Z

= T T T T 7 1
:‘T': >— Input ||| Buffer

=% ioumr Process

| = || <4—  Transport direction

Figure 1. Block diagram of the car transmission/gearbox assembly process
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Figure 2. FMEA Process of automotive transmission assembly

utilization of assembly stations due to the fact that
the existing transport system does not manage to
supply assembly workplaces with components to
the required extent.

At the same time, the assembly process was
also comprehensively analyzed using a simula-
tion model created in Tecnomatix Plant Simula-
tion. The results of the performed analysis using
a simulation model identified the same critical
point of the assembly process as the analysis us-
ing Process FMEA, i.e. shortcomings in the pro-
cess of supplying some assembly workplaces.

The main disadvantage of the described as-
sembly process is the insufficient utilizability of
individual assembly stations (Figure 3). The sys-
tem used to supply assembly plants plays a de-
cisive role in the existence of this shortcoming.
The simulation model was also used with regard
to the possibility of conducting a detailed analysis
of the assembly process of the automotive trans-
mission in order to identify existing bottlenecks.

Tecnomatix Plant Simulation software was
used to create the simulation model. Tecnomatix
Plant Simulation is currently among the top simu-
lation tools in the field of logistics. It has special
blocks for modelling intralogistics processes, in-
cluding the supply of various types of workplaces

by AGV systems. Based on the mentioned facts,
the simulation software was used for the imple-
mentation of the presented research.

Analysis of the assembly process using
a simulation model

The assembly process of the gearbox, as al-
ready mentioned, is supplied by one AGV set,
which supplies the individual buffers with two
pieces of components at a 220-second interval.
The consequences of the problem are shown in
the graph of workplace occupancy and graphs of
the stock status of individual buffers (Figure 3).

Figure 4 show a resulting problem that arises
already with the first two buffers. The stock levels
in these buffers range from 0 to 2 components,
which is undesirable because it signals outages
during the assembly process. Buffers 3 and 4
manage to supply their assembly stations because
the amount of material in these buffers is from 2
to 4. For this reason, there is a temporary shortage
of components in buffers 1 and 2 at certain points
in time, which is reflected at assembly stations in
the form of interruption of the assembly process
due to lack of material. This situation is negative-
ly reflected in the number of finished gearboxes,

251



Advances in Science and Technology Research Journal 2023, 17(3), 249-256

Resource Statistics

Percent of 100

Z 3@ouds
Z 3@pouds
Heysia|g -

=3
°
c
=
w
=g
QO
=

T T UoJyduAs
¥ € uoJyduAs
9 S uoJyduAs

3P Ja13Wopaads

193ym aseds

I Working

I Setting-up

| Waiting

| Blocked

B PoweringUpDown
I Failed

[ Stopped

Il Paused

I Unplanned

[9xy

32135 JeaD

1032335 Jean
19A0))

yeys indino

Figure 3. Capacity utilization of assembly workplaces in the current state
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Figure 4. Analysis of component status in buffers 1, 2, 3, 4

because the given assembly site is underutilized,
which causes errors in supply logistics.

Chart in Figure 5 shows that the status of ad-
ditional buffers 5, 6, and 7 is constant from 3 to 7
components in each buffer. In this case, there is no
longer any downtime on the line due to material
shortages. Stocks in buffers 8, 9 and 10 (Figure 6)
is sufficient from the point of view of the use of the
assembly workplace. Inventory levels range from
5 to 9 components. A negative phenomenon is a
greater accumulation of material in the buffers.

Buffers 11, 12, 13 and 14 (Figure 7) point to a
demonstrable error in supply logistics. The num-
ber of components at each time moment ranges
from 8 to 13. Again, there is an even greater in-
crease in excess material in the buffers. The stock
increases in the first hour, as the assembly site is
not active at this time. Previous graphs of indi-
vidual buffers show that more material accumu-
lates in the buffers at each subsequent station.
This accumulation is due to the fact that one AGV
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supplies all assembly stations from the beginning
with the same amount of material. In the first
hour, half of the workplaces do not use this mate-
rial, which leads to its accumulation.

PROPOSAL FOR IMPROVEMENT

The analysis identified a bottleneck, which
is the supply of individual buffers, which nega-
tively reflected on the total number of gearbox-
es produced. To improve the current situation,
a solution was proposed, which was based on
providing an additional AGV set for supplying
assembly workstations. This solution was de-
signed due to the fact that the transport route is
wide enough for the operation of two AGV sets
at the same time (Figure 8). The benefit should
be reflected in an improvement in the supply
process and thus an increase in the number of
gearboxes produced in one day.
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Two AGV sets supply individual buffers in
opposite directions. AGV_1 supplies the upper
branch, buffers 1 to 7 (Figure 9). AGV_2 sup-
plies the lower branch, which means buffers § to
14 (Figure 10). Both AGV sets supply individual
assembly stations with 2 components per buffer
at a time, because more components would only
create excess material in them and fewer would
mean material shortage. Therefore, 2 components
are understood as the ideal amount.

The capacity of both AGV sets remained the
same, namely 4 components per trolley. The dis-
tribution of components at two AGVs means that

4 trolleys can be used within one AGV set. Due
to the fact that the trolleys are loaded simultane-
ously in the input warehouse, this loading time is
saved. As a result, AGVs get to individual buffers
sooner. The deployment of peripherals without
automation was considered as part of the supply
process solution design. By dividing the supply
into two AGVs supplying different buffers, it im-
proves supply logistics. The use of two sets of
AGVs has resulted in the possibility of more ac-
curate planning of the supply cycle.

Assembly station occupancy with two AGVs
increased to 87% or up to 98% in one day (Fig. 11).
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Figure 8. Simulation model of supplying the production process simultaneously with two sets of AGV's
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Figure 12. Occupancy of assembly stations in improved design

This utilizability is also linked to the number of fin-
ished gearboxes. In the improved design, the com-
pany can produce 312 finished gearboxes compared
to the original 272. All production times on indi-
vidual assembly lines remained the same (Fig. 12).

CONCLUSIONS

The current trend in industrial logistics focus-
es on adapting individual business processes to
the requirements of production individualization,
reduction of operating costs, increasing of pro-
duction efficiency and service processes. In most
cases, this is a complex issue. At the same time,
its solution is always strongly individual with re-
gard to the specific business environment. Nowa-
days, an effective solution to this issue cannot do
without the use of computer simulation combined
with supportive analytical approaches.

One of the most challenging areas in corpo-
rate logistics is the supply process, which includes,
among other things, transport and handling. The
correct set-up of the supply system must be carried
out in accordance with the production of final prod-
ucts and services. At the same time, the supply must
provide sufficient performance to achieve the utili-
zation of individual production sites and processes
with regard to their capacity and operating costs.

Solving the presented problem associated with
increasing the efficiency of the automatic trans-
mission assembly process, which is described in
the framework of this paper, was performed in
accordance with the above statements. By apply-
ing a simulation approach in combination with the
Process FMEA method, a bottleneck within the as-
sembly process was identified. This confirmed that
the combination of these two approaches is suit-
able and effective for the needs of increasing the ef-
ficiency of today’s modern logistics. The presented
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results demonstrate that this approach has brought
an increase in the usability of assembly stations
from the original level in the range of 75% to 85%
to a new level of 87% up to 98% after modification
based on the established facts. This is a significant
improvement in the entire assembly process.

The presented approach can thus be gener-
alized and applied to different types of logistics
processes within a wide range of industrial areas.
With its help, it is possible to detect bottlenecks
of various types of logistics processes and subse-
quently look for options for their elimination.

The presented simulation model can be ap-
plied on a daily basis. It is a model that can be
applied for production planning, verification of
production plans as well as transport capacities of
the transport system within intralogistics. After its
modification, the above model can be transformed
into an optimization model and can be used in the
planning of picking and supply operations.

The simulation model can be used not only for
supply process analysis. Other possible applica-
tions are in assembly line workflow optimization,
production planning and transport units circula-
tion analysis. At the same time, the simulation
model can be used as part of the digital twin of the
production process or as part of the digital factory
and for the needs of production digitalization.
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