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Abstract

This paper presents the concept of an automotive battery assembly line. The line includes in its structure fully and semi-
automated assembly sockets, as well as manual assembly sockets. The transport between the sockets is carried out using an
AGV autonomous trolley system. The selection of the assembly process execution method was based on an analysis of the
technical feasibility of the process as well as an analysis of the occupation time of individual assembly stations. The resulting
line structure indicates to what extent the automation of the assembly process contributes to a change in material flow and
influences the way the process is carried out, including a variety of technical means used. The paper presents an analysis of
the use of particular workstations. As a criterion for optimization, the occupation time was taken in relation to the cycle time,
which translates into the optimal use of resources involved in the production process.
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Streszczenie

W artykule przedstawiono koncepcje linii montazu baterii samochodowych. Linia ta zawiera w swojej strukturze gniazda
montazowe w pelni zautomatyzowane, czgsciowo zautomatyzowane oraz gniazda montazu raczego. Transport pomigdzy
gniazdami realizowany jest z wykorzystaniem systemu wozkow autonomicznych AGV. Wybor sposobu realizacji procesu
montazu zostal oparty na analizie mozliwosci technicznych realizacji procesu jak rowniez analizie czasu zajgcia
poszczegdlnych stanowisk montazowych. Otrzymana struktura linii wskazuje w jakim stopniu automatyzacja procesu
montazu przyczynia si¢ do zmiany przeplywu materiatéw i wptywa na sposob realizacji procesu, w tym na réznorodnosc
zastosowanych $rodkow technicznych. W pracy zaprezentowano analize wykorzystania poszczegélnych stanowisk
roboczych. Analiza ta postuzyta do przeprowadzenia optymalizacji przebiegu linii montazu komponentow. Jako kryterium
optymalizacji przyjeto czas zajecia stanowiska w stosunku do czasu cyklu co przektada si¢ na optymalne wykorzystanie
zasobOw zaangazowanych w proces produkcyjny.

Stowa kluczowe: automatyzacja, transport, montaz

1. Introduction

Every manufacturing company aims to achieve
maximum production efficiency at the lowest possible
cost (Wiecek-Janka, Pawlicki i Walkowski, 2018). In
an era of constant market volatility, technology
development and strong competition, the product
manufacturing process requires continuous improve-

ment. Each improvement can affect the success
or failure of a company. This means that the
production process should be constantly analysed in
order to eliminate imperfections and increase
production efficiency and quality (Stadnicka, Lean
manufacturing, 2021). It is therefore important for the
proper functioning of a production enterprise to
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optimally design individual operations, i.e. production
activities, into an appropriate sequence. Improper
planning of the sequence of operations leads to
unnecessary costs and increased production time.
Attempts to sequence manufacturing processes have
been made for a long time and are reflected in many
methods e.g. Gantt charts, network planning methods,
etc. (Brzozowska & Gola, 2021).

The issue of streamlining production preparation
processes appears to be very important as companies
strive for ever shorter production cycles. The
streamlining of processes is forced not only by the
desire to reduce production costs, but above all by the
need to operate competitively in the market. The use
of modern tools in all phases of product design,
preparation and production is helpful in creating
such conditions (Stadnicka, Problemy w obszarach
produkcyjnych, 2021).

The end of the production preparation cycle is
organisational preparation. The type of production
depends on the degree of specialisation and workload
of individual workstations (Gola, 2021). We can cate-
gorise basic types of production as mass production,
batch production and unit production. Depending on
the type of production, workstations are classified as:

e universal - operations and parts are not strictly
assigned; universal equipment and tools,

e specialised - having a specific group of parts and
operations assigned, together with the possibi-
lity of limited changeovers,

e special - strict allocation of parts and operations
without the possibility of changeovers.

The manufacture of parts and their assembly
are components of the production process. In the
manufacturing process, a semi-finished product
undergoes changes in shape, dimensions and other
functional characteristics, and is then transformed into
a finished part. In the assembly process, parts are
joined together to form sub-assemblies or directly into
a finished product. Fig. 1. shows the relationship
between the manufacturing and assembly processes
against the background of the production process.
Assembly, in the sense of product and material flow,
is related to the manufacturing process, while in the
sense of information flow it is integrated with
production control, process and production planning,
product development and indirectly with marketing
and product planning (Koch, 2006).

| Marketing and product planning

| Product development

[ Process planning ]
T 1 ¥
l Production control ‘ J
Information_______ | I I _I ____________
Materials | Product components 1: g:::g::ts
- " . - — L -
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Energy """ 777° e
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i — Subassemblies and materials — S
- h QOutput
Materials products

[ Adjusting |

Fig. 1. Assembly as an element of the production process (Koch, 2006)

The main determinants for the selection of an
appropriate assembly method at the assembly system
design stage are, on one hand, the products to be
assembled, the process and production characteristics,
and, on the other hand, economic criteria such as
manufacturing costs, the number of production shifts,

etc. Based on these principles, assembly methods can
be divided into six types (Koch, 2006):

e manual assembly,

¢ manual assembly with technical tool support,

o mechanical assembly with universal devices,
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o mechanical assembly using specialised equip-
ment,

e automatic assembly using programmable
feeding systems (Dominczuk i Gatat, 2023),

e automatic assembly using industrial robots.

The analysis of a product requires the cha-
racteristics of the parts that it is composed of and the
features of the connections between these parts. These
characteristics affect the complexity of the assembly
process and the required execution time. The design
rules are based on two characteristics: shortening the
number of assembly operations and simplifying them.
Reducing the number of operations can be achieved,
among other things, by designing modular con-
struction of products and eliminating an excessive
number of components, according to the criterion of
the purpose of their presence. Assembly operations
can be simplified as a result of the analysis of design
rules, e.g. the main direction of assembly, the system
of feeding, manipulating and consociating of objects,
or good accessibility to individual components
(Rudawska i inni, 2023).

A robotic assembly system is defined as a structure
consisting of personnel, one or more assembly robots
and flexible peripheral equipment for assembling
individual objects or components into a finished
product. The personnel perform functions to support
and supervise assembly work, e.g. related to system
implementation, pallet stock replenishment, super-
vision, programming and system management.
Assembly robots perform operations connected with
manipulation of objects in the system (Kaczmarek i
Panasiuk, 2018). The peripheral equipment is res-
ponsible for the automation of the feeding of parts to
the assembly, the use of appropriate tools, sensors,
control systems, as well as safety (Lapczynska, 2023).

Robotic assembly systems are built in two basic
configurations (Koch, 2006):

o robotic assembly sockets; they require the use of
independent units consisting of one or more
robots and peripheral equipment to carry out the
assembly of a product; the characteristics of this
structure are a relatively long work cycle and
a large number of different objects assembled
by a single robot,

o robotic assembly lines; this system combines
several workstations installed in a line; the
characteristics of this structure are a short work
cycle, a limited number of assembly of different
objects by each robot and the need to transport
the product between different workstations;
a robotic line may also consist of several
sockets, connected by a transport system, with
the possibility of using buffers between them.

The choice of the degree of mechanisation and
automation is primarily related to the production
programme. It is obvious that it is totally different to
design a technological process for a few pieces of
a product and quite different for a large series or
mass production. The degree of mechanisation and
automation is also influenced by the requirement for
quality and repeatability of the product. It is known
that in order to achieve high quality and repeatability
of the product, special machines or devices will most
often be needed, and it will be necessary to follow
certain principles of repetitive basing and fixing of
individual elements of the often complex product.

The purpose of this study is to present the
possibility of assembling automotive batteries using
automated workstations. The achieved efficiency of
these workstations means that they can be used
repeatedly during the assembly process at different
stages. The result is a reduction in the amount of
technical means used, which reduces production costs.
The paper presents the concept of a technical solution
that allows the use of technical means used in battery
assembly in such a way as to minimize production
costs. The presented solution is designed to increase
production efficiency by combining automated
stations with manually operated stations in a single
assembly line. The proposed solution was developed
for an actual car battery. Due to commercial
confidentiality, the details of the battery assembly
process are not provided in the study.

2. Design requirements

A car battery is to undergo the assembly process
(Jones, 2024). A general structure of an electric car
battery is shown in Fig. 2. This is an illustrative
scheme. The battery consists of a number of
components that need to be assembled together to form
a finished product (Warner, 2015). The assembly
process involves various assembly methods appro-
priate for the task being performed.

Fig. 3. shows a block diagram of the assembly of
the battery components. It takes into account the
assembly of both the elements constituting the battery
enclosure, a cooling system, power modules, control
and power management elements and additional
battery equipment. It was assumed that transport
between sockets would be carried out using an AGV
autonomous trolley system. Due to the quality requi-
rements of the process, the execution of some
assembly operations must be carried out automati-
cally. This applies, for example, to the thermal com-
pound application operation. The requirement here is
to maintain a constant cross-section of the applied
bend of the compound. This operation can only be
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carried out using a robotic workstation additionally
equipped with a process control system (Fig. 4.). This
requires that the battery assembly time does not exceed
226 seconds. As can be seen from the presented
diagram of operations included in the assembly
process, both fully-automated, semi-automated and

EIE box, battery disconnect umt

4,

Coolant
infoutlet

manual assembly workstations should be used to
complete the task. The use of manual assembly is
mainly related to the need to execute the assembly of
flexible cables, which are not adapted to the automatic
assembly process.

Top lid
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Serviceable lean module
(small tailored cells)
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Fig. 2. Components of the electric car battery (Rudolph, Teuber, Beykirch i Lobberding, 2023)

Gap filler
dispensing in
Bus bar saﬂnmg
maodule stacks Module stack
Module stack
assembly on cold Elecrical wiring
plate
Electrical wiring
connection Module stack

*.Q..
ﬁ

Front connector
assy

Module stack
assembly on cold
plate

Bus bar scl!mng

Seal assy
Top cower
Electrical wiring screwing
.
Final Inspecthon

Seal anw
Bottom plate loading
Bottom cover
Gap filler screwing
dispensing in C box assy by cliping
module stacks
BMS assy
| o
Master BMS assy
HIPPIIB Bus bar screwing
Pressure release
dmmg

Pyro fuse assy

Pressure sensor
dipping

QO-

(:Dlingclm.lll leak

Electrical connection

-

Test ch:rge Test
GoreTex
membrane
clipping.

Fig. 3. Diagram of battery assembly
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Fig. 4. Process of application of thermal compound (E-mobility engineering, 2024)

In order to optimise the course of the assembly
process, a time analysis of the individual tasks was
carried out (Fig. 5.). This analysis made it possible to

define the course of the assembly process, taking into
account the optimum use of the assumed technical
resources.
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Fig. 5. Analysis of occupation time of assembly sockets (in [s])

3. Assembly line design

The analysis of the possibility of executing the
battery assembly, taking into account the optimum
time of use of technical means, made it possible to
develop a diagram of the assembly line (Fig. 6.). In the
solution, it was assumed that the base component for
the first stage of assembly will be placed on an AGV
trolley on a stand with manual operation (Fig. 7.). At

stands 2, 3 and 4, the assembly process will be fully
automatic and will involve all the steps connected with
assembling the battery modules on both the bottom
and top sides of the battery (Fig. 8.). Stations 5 and 6
are manually operated due to the execution of
operations that are difficult to automate. Stations 7, 8
and 9 are fully automated and the concept of their
operation is based on cooperation with station 6
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resulting in a partially automated socket (Fig. 9.). At work at these stations will be carried out by operators
the subsequent stations up to station 14, the assembly from the preceding stations. This is done to minimise
process is carried out manually. Stations 15 and 16 interruptions in or er to make optimal use of resources.

(Fig. 10.) are automated. Stations 17 and 18 (Fig. 11.)
are manually operated with the assumption that the
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Fig. 6. Diagram of assembly line
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Equal distribution of tasks between positions
allows to maintain a constant work tact. At the same
time, it should be noted that positions in which manual
labor predominates should have additional time. This
time is needed to compensate for differences in
employee productivity.

4. Summary

The solution for the electric car battery assembly
line presented in this paper allows to obtain optimal
conditions for the process to be achieved while
minimising the technical resources involved. Works
that are difficult and costly to automate were left to be
performed in a manual system. Those that are
susceptible to automation and at the same time
important in terms of the quality of the assembly
process are to be carried out in automated assembly
sockets. Due to the high cost of automation, the
product flow was planned so as to make maximum use
of the possibilities of the technical solutions used,
including robots. Attention was paid to the need to use
a minimum of transport means as well as tooling for
moving the product along the assembly line. Thanks to
the division of operations used, it was possible to
separate two transport lines with independent means of
transport. This division makes it much easier to
manage the mobile robots and also to respond to
abnormal situations.

The presented solution is an innovative solution
aimed at minimising the cost of implementing a new
product in the assembly process. This solution meets
the expectations of Industry 4.0 (Stadnicka, et al.,
2022) (Kolberg & Zuhlke, 2015) (Brzozowska &
Gola, 2021). The presented solution is the result of
searching for optimal conditions of process execution,
which is one of the basic activities during the design
of robotic production systems (Cha, Vogel-Heuser
i Fischer, 2020).

The presented assembly system is based on
a modular design, which makes it easily adaptable to
other industrial applications. It can be scaled and
adapted to new application needs. All these factors
make the system concept versatile and universally
applicable for a wide range of required performance
variants including full automation.

The presented solution combines two assembly
methods: automatic and manual. The increase in the
degree of automation changes the way products flow.
Due to the higher efficiency of the automated process,
there is an opportunity to use robotic stations to
perform repetitive activities. This results in the
possibility of directing products to repetitive activities
on the line. Thanks to such an assembly run, automated
stations are optimally loaded in terms of their working

time. In order to implement such a run, the use of
AGVs is recommended. The use of mobile robots
makes the presented concept a flexible solution. It can
be adapted to specific applications by merely changing
the product flow path. The occupation time of the
workstation was adopted here as an evaluation
criterion, aimed at minimizing the interruption time in
the overall assembly time of 226 s. This approach
provides an opportunity to reduce the amount of
technical resources involved in the production process.
When configuring the layout, special attention was
paid to minimizing the number of workers required to
operate the line. They carried out tasks that are
difficult to complete in an automated process. All
repetitive activities were carried out at automated
stations.

The presented solution can be used during the
development of car battery assembly lines. Increasing
the degree of automation of the assembly process will
be possible after eliminating from the battery design
elements that are not susceptible to automatic
assembly. This will make the assembly process more
efficient. It is therefore expedient to look for design
solutions for increasing the degree of automation of
the process.
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