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This paper deals with the use of lean manufacturing methods to streamline the welding line in the auto-
motive industry. The automotive industry is constantly developing and innovating its production envi-
ronments and technology because of growing competition on the market and customer demands. Current 
trends of car makers include pressure to reduce costs and increase production efficiency. With the com-
mencement of new technologies, the production lines began to innovate and the production cycle began 
to constantly accelerate. 
The paper deals with the reconstruction of the welding line, which produces parts for the rear axle of a 
compact SUV. The case study aims to identify bottlenecks and set innovation plans and their evaluation 
in possible implementation. In the paper, lean manufacturing methods are applied in order to determine 
the ideal solution for ensuring the quality and ensuring the efficiency of the production line, leading to 
cost reduction. Through these innovations and modernizations, the company will be heading for digita-
lisation that changes the core of the industry.  

Keywords: Lean Manufacturing, Optimization, Automotive, Production Line, Welding 

 Introduction 

Companies are constantly striving to upgrade their 
production by finding bottlenecks to improve their 
market position in terms of competitiveness. The 
deployment and innovation of automated production 
lines is essential both for labor shortages and for pro-
ductivity and quality. The grouping of precision, con-
tinuity and speed - that might be the basic definition 
of a production line. Many years have passed since the 
introduction of the first production line by Henry 
Ford in 1913. However, it is important to mention that 
the fundamental principle remains the same, namely 
that the product is to go to the worker, not the worker 
to the product. Therefore, a methodology that contri-
butes to reduction of cost and downtime is desirable. 
In the automotive industry, a combination of welding, 
painting and assembly lines can be found. It´s just the 
welding lines (Fig. 1) that represent one of the key pro-
duction lines in the automotive industry, because wel-
ded basic constructions are a prerequisite for further 

production operations. [1,2,3]  
The paper deals with increasing the productivity of a 
welding line using industrial engineering methods and 
applications of lean manufacturing principles leading 
to lean production process and logistics. The process 
analysis of all manufacturing operations is the main in-
dicator for batch production and revelation of bottle-
necks which must constantly be eliminated. The paper 
points to the practical verification of acquired know-
ledge in the field of industrial engineering and sub-
sequent applications in real operation in the automo-
tive industry. [4,5,6] 
The automotive industry accounts for approximately 
one quarter of the domestic industrial production, and 
every 23 seconds one car is produced in the Czech Re-
public. The main trends of car makers include pres-
sure to cost reduction and increase in production effi-
ciency. The automotive industry is a very turbulent en-
vironment. [7] 

 
Fig. 1 Rear chassis welding line [7] 
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 Analysis for bottlenecks identification 

The company in which the production line inno-
vation was applied is engaged in the production of au-
tomotive parts. It relates to production of axles and 
their parts, fuel tanks, pedal modules, roof systems 
and also parts of car bodies. The main customers are 
two automotive companies for which parts to the in-
dividual model series are delivered. The chapter fo-
cuses on the analysis of the state of the original pro-
duction line, which produces parts for the rear axle of 
a compact SUV. The table below (Tab. 1) shows all 
the products that are delivered to this type of car, in-
cluding their technological production processes. 
[2,7,8,9] 

Tab. 1 Overview of products and production processes [7] 
Products Production processes 

Fuel tanks 
Welding, painting and 
assembly 

Front and rear chassis 
parts 

Welding, painting, ma-
chining and assembly 

Clutch gas and brake pe-
dals 

Welding, assembly and 
testing 

 
Welding shop is a key workplace within the whole 

company and deals mainly with the production of 
front and rear chassis parts. Here, steel pressed or ma-
chined parts are welded which are then joined together 
by arc welding with filler material in a protective at-
mosphere of an argon and CO2 mixture. Welding 
lines and spaces are equipped with OTC-Daihen and 
Nachi PLC robots. [10] 

 
Welding rotary tables (Fig. 2) of two types are used on 
welding lines: 

 hydraulic – rotation is controlled by hydrau-
lics (compressed air), more prone to mecha-
nical damage and often cause poor produ-
ction  

 electric – rotation is controlled by electrical 
components (electric motor). [3,7]   

 
Fig. 2 Welding rotary table [7] 

2.1 Rear chassis welding line  

The welding rotary table, the operating principle of 
which is based on a hydraulic solution, forms part of 
the welding chassis line. The last welding space con-
tains this rotary table and represents the bottleneck of 
the welding line this way. It was necessary to identify 
the bottleneck in more detail; the advantages and dis-
advantages of the hydraulic welding table are shown 
in the table below (Tab. 2). [2,8] 

Tab. 2 Advantages and disadvantages of hydraulic welding ta-
ble [3,7] 

Advantages (+) Disadvantages (-) 

Used when space is limi-
ted 

Frequent cracking of 
shafts due to table 
weight 
High weight (2 tons) 

The operator loads the 
material while welding 
the product 

Rotation speed of the 
table (high) - impact to 
the stops 
Changing the ideal posi-
tion of the table - wrong 
positioning of welds 

 
The welding line specializing in the production of 

components for rear axles consists of four welding 
spaces. These four spaces are connected and work 
simultaneously. Two operators are also involved in the 
operation, the first one operating the three welding 
spaces and the other focusing on the last space con-
taining the welding rotary table. For an overview, the 
production line diagram is shown below (Fig. 3) and 
its detailed description of individual activities is in-
cluded in the table (Tab. 3). 

The line is situated in the rear part of the produc-
tion hall together with other production lines, each 
welding space is a subline (marked with the letter "S"). 
Subline is the name for the subordinate production 
lines to the main ones. Their production is important 
in order to provide parts or material for the main pro-
duction lines. If this subline does not produce the re-
quired amount of products, there is a risk of stopping 
the production of the main line, which can lead to 
non-compliance with the required standards and the 
subsequent stopping of the assembly line (or suspen-
sion at the customer). [7,11] 

 

Fig. 3 Diagram of welding line of rear chassis parts [7]
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Tab. 3 Description of activities of individual operations during production [7] 
Welding space Description of activity 

S01-1, S01-2 

There are two welding spaces, the first (S01-1) for the production of the front parts and the 
other (S01-2) for the production of the rear parts. The operator in S01-1 loads the moulded 
part and the special hoop into the machine. The device clamps these parts and the operator 
checks the correct position. After the inspection, the welding tarp comes out and the wel-
ding robot starts working. After the completion of the welding process, the operator pulls 
out the part and checks its quality. The same procedure is then repeated in S01-2. 

S02 

In S02, the parts from previous workplaces are connected. The operator inserts the part 
from S01-1. After clamping, he inserts the part from S01-2 into the machine and the ma-
chine clamps this part. The parts then lock together and then the welding tarp comes out, 
the welding robot starts welding. After welding, the operator checks the product quality and 
passes it to the last welding space. 

S03-1, S03-2 

In this space, the joined parts are reinforced. The operator inserts the connected part into 
the device and then inserts the middle and side stiffeners. After clamping, the operator 
checks the position of all parts and if everything is OK, the process can continue. The table 
turns and moves the part to the welding robot area (three in total). After welding the 
stiffeners, the table is rotated and the operator checks the product quality. The product is 
placed in a cart and moved to the main rear axle production line. The procedure is shown 
in the figure (Fig. 4). 

 
Fig. 4 Welding procedure in S03-1, S03-2 [7]

2.2 Identification of bottlenecks 

The analysis of the current situation was followed 
by a precise characterization of the bottleneck in the 
production process, the place which is heavily loaded 
and needs to be accelerated - the production line is as 
fast as its bottleneck.The bottleneck identification lay 
in the cycle time method. First, the individual slots 
were measured during manufacture. Then the individ-
ual procedures performed by the worker or welding 
robot were defined, including the assignment of the 
duration of these operations. Finally, the individual 

operation times for a particular welding space were 
added up to determine the total cycle time for a par-
ticular welding space. [7,12] 

After determining the cycle times for all spaces, the 
highest cycle time (i.e. the bottleneck) could be deter-
mined. Accordingly, the amount of products pro-
duced by this line during the working shift was deter-
mined. The cycle time of the individual welding spaces 
is explained in the table (Tab. 4) including the graph. 
Measurements were made during the production 
when no disturbances were reported. [1,10]

Tab. 4 Determination of cycle time of welding spaces of production line [7] 

Welding 
space 

Cycle time 

 

Operator 
[s] 

Machine 
[s] 

Total [s] 

S01-1 18 20 38 19 
S01-2 12 22 34 17 
S02 16 44 60 

S03-1 25 4 29 

S03-2 5 71 76 
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The table shows that the bottleneck of this produc-
tion line is the welding space S03-2, which is equipped 
with a rotary table. Since the first welding space is dou-
bled, this value is divided by two. The resulting cycle 
time is determined by the highest divided value, i.e. 19 

seconds. Welding space S01-1 and S01-2 show differ-
ent cycle time values. This may be caused by the oper-
ator's movement, his speed or welding time. Attention 
has been paid to acceleration of the SO3 welding 
space, the course of operations and time duration of 
SO3 is shown in the table (Tab. 5).

Tab. 5 Determination of the welding space cycle time S03-1,2 [7] 

Welding space Order Operation 
Cycle time 

Operator [s] Machine [s] Total [s] 

S03-1 
1 

Inserting parts into the ma-
chine 15 - 

29 2 Automatic fastening of parts - 4 
3 Check of fit 10 - 

S03-2 

1 Table rotation - 8 

76 
2 

Welding (robot R3) - 53 
Welding (robot R4) - 42 
Welding (robot R5) - 53 

3 Automatic parts release - 2 
4 Table rotation - 8 
5 Loading the cart 5 - 

 
From the table we can see that the welding time, 

namely the welding robots R3 and R5, took the high-
est process time. This was caused mainly by splitting 
of individual welds; these robots welded more welds 
than the R4 welding robot. To determine the total cy-
cle time, the value with the highest welding time is al-
ways taken. The bottleneck of the production line was 
the S03 welding space.  [7,13] 

 Innovation of the production line 

Within the analysis, it was determined that the S03 
welding space will be the target of the conversion. The 
conversion plan contained a total of two designs for 
the new welding production line, neither of which in-
cluded the possibility of leaving a welding rotary table. 
Furthermore, three workplace ergonomics designs 
were made and attention was also paid to the number 
and selection of welding robots to be included in the 
new production line. All these plans were described 
and their pros and cons evaluated. Subsequently, the 
final plan for the conversion of this welding produc-
tion line was chosen, which is described in this chap-
ter. 

3.1 Design of production line 

The conversion was carried out according to the 
second design option, which was based on the addi-
tion of one welding robot and welding space (Fig. 5). 
Unlike the original production line, this upgrade is 
more efficient in preventing the production of poor 
quality products by removing the welding rotary table. 
This conversion design does not eliminate the creation 
of a new bottleneck, but prevents the difference be-
tween the cycle time of the newly formed bottleneck 

and other welding spaces to be so significant. [7] 

 

Fig. 5 Scheme of implemented welding line [7] 
 
The goal was to achieve an even distribution of cy-

cle times on the individual welding spaces. According 
to this optimization, the production line is operated by 
two workers who switch between the individual weld-
ing spaces. Concearning financial and time demands, 
this version of the conversion was the most advanta-
geous solution. The advantages and disadvantages of 
the innovation are shown in the table (Tab. 6). 

Tab. 6 Advantages and disadvantages of the implemented wel-
ding line [7] 

Advantages (+) Disadvantages (-) 
Lower financial de-
mands 

Slower cycle time when 
compared with the first 
design option Saving space 

Acceleration of cycle 
time 

Slower compliance with 
standards when compa-
red with the first design 
option Conversion speed 

3.2 Ergonomics of workplace 

Ergonomics is an integral part of the work envi-
ronment. It is essential that the workplaces be ade-
quately adapted to the work of the operator. The basic 
goal is to eliminate unnecessary movements, height of 
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the workbench, etc. All these findings and character-
istics were taken into account when converting the 
production line. A total of three types of ergonomic 
designs were compiled and the chosen option is de-
scribed in this part of the chapter. 

The space where the production line is located was 
a significant limitation. Further expansion of the space 
was impossible because of the location of the way to 

the warehouse next to the production line. A collision 
with the forklift could occur. The production line is 
located in the rear part of the production hall, behind 
which there is a wall and the whole area around this 
line is built up with other workplaces. The original and 
new ergonomic layout of the production line is shown 
in the figure (Fig. 6). [7] 

 

Fig. 6 Original and new ergonomic layout of the production line [7] 
 
The new design concentrated on easy access to the 

new welding space, on the layout of the final carts and 
auxiliary storage tables marked in the diagram. The 
new welding space was situated next to the original 
welding line, which has the shape of a straight line. In 
comparison with other designs, this layout increases 
the time for the worker to move between the individ-
ual welding space. The advantages and disadvantages 
of the design are shown in the table (Tab. 7). [7] 

Tab. 7 Advantages and disadvantaged of the new ergonomic 
layout [7] 

Advantages (+) Disadvantages (-) 

Space requirements 

Movement of the wor-
ker 

Material supply 

Storage of work in pro-
gress (auxiliary tables) 

Space for final carts 

3.3 Selection of welding robot 

After layout and ergonomics of the workplace, it 
was important to choose a welding robot that would 
meet all the requirements. The multi-criterial decision-
making method was chosen to select the optimal ro-
bot. Four options of welding robots from different 
manufacturers with similar parameters were com-
pared. An important parameter for selecting these 
four robots was, for example, the working range. This 

is the smallest and greatest value in which a robot is 
able to do its job. Another criterion was the speed of 
movement of the robot, which relates to efficiency, 
but it should not be forgotten that the speed also re-
lates to the resulting quality of the weld and thus the 
resulting product. [7,9] 

 
Multi-criterial decision-making  
Within the multi-criterial decision-making, the 
Weighted Partial Order Method was used. The results 
were confirmed by the basic method. An important 
element for selecting an optimal robot is also the se-
lection of significant criteria by which the selection 
was made, in addition to specifying its properties. The 
criteria were consulted in advance in the company and 
a range of values was defined to meet the require-
ments. A total of five experts participated in the eval-
uation of these criteria, half of them from the mainte-
nance department and the other half from the produc-
tion department. The evaluation of the optimal robot, 
an overview of the criteria and other types of robots 
from which it was selected can be seen in the table 
below (Tab. 8). [7] 

From the table we can see that the Weighted Partial 
Order Method has identified Daihen FD-V6 as the 
optimal welding robot for the innovation of this pro-
duction line (Fig. 7). This welding robot has not only 
the best height or radius of the working range, but also 
the maximum load capacity of the upper arm and the 
accuracy of position repetition.
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Tab. 8 Evaluation of results [7] 

Option 

Criterion 

Price Weight 
Accuracy  

of position 
repetition 

Working 
range 

Robot 
height 

Maximum 
load 

capacity of 
the upper 

arm 

Sj Vj 

- - + + + + 
OTC  

Daihen  
FD-V6 

3.32 2.19 0.94 0.9 0.79 1.62 9.76 1 

Nachi NV06 2.49 2.92 0.94 1.8 2.37 1.62 12.14 3 
Fanuc arc 
mate 100iB 

1.66 1.46 1.88 2.7 1.58 0.81 10.09 2 

Yaskawa 
Motoman 

UP6 
0.83 0.73 1.88 3.6 1.58 1.62 22.23 4 

Bj 0.830 0.730 0.940 0.900 0.790 0.810 

 

Fig. 7 Welding robot OTC Daihen FD-V6 and its welding 
range [7] 

 Evaluation of optimization 

The conversion was carried out according to the 
design, which was based on the addition of one wel-
ding robot. The financial aspects of the conversion, 

space and efficiency were also important. The speed 
of conversion, which is acceptable under this propo-
sal, also played a role in the decision-making process. 
After implementation, the cycle time of this welding 
production line was measured again. The result of the 
measurement is in compliance with the proposed op-
timization and it can be stated that the conversion was 
beneficial for the company. More detailed information 
on a given cycle time measurement is provided in this 
chapter.  

The main goal of the welding line optimization was 
to reduce cycle times, according to calculations the up-
graded line should achieve these goals. However, it 
was necessary to verify these cycle calculations under 
full line operation. Measurements were made by recor-
ding individual operations with the camera. The re-
cords were then used to determine the individual work 
steps and their times leading to the production of the 
final product. The cycle times of the individual wel-
ding spaces after the upgrade, including the graph, are 
included in the table (Tab. 9). [11,14]

Tab. 9 Cycle time determination of production line welding spaces after upgrade [7] 

Welding 
space 

Cycle time 

 

Operator 
[s] 

Machine 
[s] 

Total [s] 

S01-1 14 20 34 17 
S01-2 14 20 34 17 

S02 10 44 54 

S03-1 23 69 92 46 
S03-2 23 69 92 46 
 
The third welding space has a total time of 92 sec-

onds, since it is doubled, it is necessary to divide this 
value by two. Thus, the resulting cycle time is 46 sec-
onds. The measurement results for the individual 

welding space indicate that the bottleneck is no longer 
at the third, but at the second position. Furthermore, 
an even distribution of the cycle time between the in-
dividual welding spaces can be read. 
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The following table summarizes the operation and 
time duration of the welding space after the upgrade 
(Tab. 10). It can be seen that the greatest time is in the 
welding process. However, if it is necessary to ensure 
a quality weld, this time cannot be shortened below 

the acceptable limit. The measurement shows the dif-
ference in welding times between individual spaces. 
This difference was caused by the individual program-
ming of the welding robots. [7,14]

Tab. 10 Determination of cycle time of welding space S03-1,2 after upgrade [7] 
Welding 

space 
Order Operation 

Cycle time 
Operator [s] Machine [s] Total [s] 

S03-1 

1 Inserting parts into the ma-
chine 

12 - 

92 
 
 
 
 

46 

2 Automatic fastening of parts - 4 
3 Lowering the protective film - 2 

4 
Welding (robot R3 part I) - 33 
Welding (robot R4 part I) - 17 

5 
Welding (robot R3 part II) - 16 
Welding (robot R4 part II) - 28 

6 Raising the film and releasing 
the part 

- 2 

7 Quality control 7 - 
8 Storage in cart 4 - 

S03-2 

1 Inserting parts into the ma-
chine 

12 - 

92 
 
 
 
 

46 

2 Automatic fastening of parts - 3 
3 Lowering the protective film - 2 

4 
Welding (robot R5 part I) - 33 
Welding (robot R6 part I) - 17 

5 
Welding (robot R5 part II) - 16 
Welding (robot R6 part II) - 30 

6 
Raising the film and releasing 

the part 
- 2 

7 Quality control 7 - 
8 Storage in cart 3 - 

 
The productivity of the production before and af-

ter the upgrade of this production line including a 
graph showing the comparison of the cycle time for 
the production of components is included in the table 
(Tab. 11). After the innovation, the bottleneck on the 
production line was detected in the second welding 

space, but this value was in conformity with current 
requirements. An important value is also the number 
of pieces produced per shift. It is obvious that the up-
graded production line is much more efficient than the 
original one.

Tab. 11 Productivity and cycle times before and after upgrade [7]  

Value 
Before 

upgrade 
After up-

grade 

 

UPH [s] 47 66 

Number of pieces 
per shift [pcs/shift] 

344 484 

Total cycle time re-
duction [s] 

13 

Production cycle ti-
mes   

4.1 Benefits for practice 

The optimization of the SUV rear axle production 
line has brought many benefits to the company. The 

cycle time was reduced, the working environment and 
product quality were improved, and the efficiency and 
productivity of this line were improved. The original 
rotary table was dismantled and its parts were left for 
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possible repairs of other rotary tables in the company. 
The overall design of the production line and the list 

of benefits of the upgrade are included in the table 
(Tab. 12).

Tab. 12 Benefits of an upgraded production line [7] 
Benefits of an upgraded production line 
Reduced cycle time 

 

Increase in productivity 

Increase in efficiency 

Improved product quality 

Improved working environment 

Better usability of workers 

Auxiliary storage tables 

 Conclusion 

The goal of this paper was to optimize and ensure 
the efficiency of the welding production line. Any im-
provement should be beneficial for the company, i.e. 
efficient. The upgraded welding line has prevented 
poor quality production and increased the number of 
products produced per shift, so it has better cycle time. 
Improvements to the working environment were 
made too, which increased the satisfaction of workers 
on this line. The paper shows that the main problem 
of poor production was the welding rotary table, 
which was removed during the innovation. Before the 
conversion itself, designs were made, both in terms of 
ergonomics and innovation for the selection of a suit-
able welding robot. After a thorough evaluation of all 
options, the final design was chosen, according to 
which the entire conversion was carried out. The first 
products were subjected to quality analysis and the line 
was considered operational. Therefore, the upgrade 
met the requirements, be it optimization or company 
benefits.  

The automotive industry is constantly undergoing 
a number of changes, not only in terms of technolog-
ical innovations on individual vehicles, but also in pro-
duction processes. It is therefore essential to keep up 
with the competition and try to come up with new and 
better innovations, even within the requirements for 
Industry 4.0. 
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