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Abstract 

The automotive industry has evolved, becoming increasingly demanding. Thus, it becomes necessary to increase the availability of equipment, 

reacting efficiently to be able to respond to customer requests. Nowadays, the strong development of this industry is based on three main pillars: 

competitiveness, product quality and response time to requests. The focus of this work is to increase the availability of a deep drawing machine 

with extremely high setup time, with the main objective of reducing the average setup time by 20%. This reduction is even more important when 

it comes to the internal setup time, the time the machine is stopped. Thus, the Single-Minute Exchange of Die technique was applied and work 

standards were improved to reduce the equipment setup time, increasing the machine availability, leading to a production increased output. As a 

result of this work, it was possible to standardize setup, reducing 38% of total machine setup time, 53% of internal setup time and increasing 

7.7% of OEE (Overall Equipment Effectiveness) availability. 
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1. Introduction 

The automotive industry began in the late XIX century and 

was evolving from artisanal production to the assembly line 

concept, becoming increasingly demanding. In Portugal, the 

automotive industry (including car and component production) 

represents 4% of total GDP (Gross Domestic Product), being a 

sector of high importance for the country's economy.  

Nowadays, automotive companies are constantly evolving 

and are rapidly adapting to market demands [1], although they 

face some challenges with regard to the sustainability of their 

manufacturing processes and vehicle emissions [2,3]. The 

strong development of this industry is based on three main 

pillars: competitiveness, product quality and delivery time to 

requests [4]. 

This work was developed in a company dedicated to the 

production of components for the automotive industry, namely 

air conditioning systems for vehicles. Deep drawing machines 

are crucial to the productive process and their availability needs 

to be increased, because all the tubes need to be formed. Setup 

od these machines is critical. At the beginning of this work, 

these machines presented a setup time of 47 minutes and an 

availability of less than 95%. To reduce wasted time and 

increase machine productivity, continuous improvement 

techniques such as standard work and SMED (Single-Minute 

Exchange of Die) methodology have been implemented to 

reduce the setup time by changing internal tasks to external 

ones during the setup operation. Thus, the objective of this work 

was to reduce the setup time by 20%, contributing to the 

increase of machine availability. The novelty of this work is to 
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The automotive industry began in the late XIX century and 

was evolving from artisanal production to the assembly line 

concept, becoming increasingly demanding. In Portugal, the 

automotive industry (including car and component production) 

represents 4% of total GDP (Gross Domestic Product), being a 

sector of high importance for the country's economy.  

Nowadays, automotive companies are constantly evolving 

and are rapidly adapting to market demands [1], although they 

face some challenges with regard to the sustainability of their 

manufacturing processes and vehicle emissions [2,3]. The 

strong development of this industry is based on three main 

pillars: competitiveness, product quality and delivery time to 

requests [4]. 

This work was developed in a company dedicated to the 

production of components for the automotive industry, namely 

air conditioning systems for vehicles. Deep drawing machines 

are crucial to the productive process and their availability needs 

to be increased, because all the tubes need to be formed. Setup 

od these machines is critical. At the beginning of this work, 

these machines presented a setup time of 47 minutes and an 

availability of less than 95%. To reduce wasted time and 

increase machine productivity, continuous improvement 

techniques such as standard work and SMED (Single-Minute 

Exchange of Die) methodology have been implemented to 

reduce the setup time by changing internal tasks to external 

ones during the setup operation. Thus, the objective of this work 

was to reduce the setup time by 20%, contributing to the 

increase of machine availability. The novelty of this work is to 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2020.10.197&domain=pdf


	 A.M. Vieira  et al. / Procedia Manufacturing 51 (2020) 1416–1422� 1417
2 Author name / Procedia Manufacturing 00 (2020) 000–000 

find real solutions to able to improve the setup of these deep-

drawing machines. 

This article is structured as follows: in the Introduction an 

brief contextualization of this work is made, Literature Review 

describes the theoretical foundations that underlie the 

development of the model, the Materials and Methods section 

describes the materials/tools used as well as the methodology 

applied, the Results section shows the results obtained and the 

Discussion analyzes them. Finally, in the Conclusions are 

highlighting the main achievements of this work. 

2. Literature review 

The competitiveness and demands of the automotive 

industry increasingly require improvements and the 

elimination of waste. According to Lean thinking, these wastes 

are identified as all activities that do not adequately use the 

resources to value the product. Thus, this philosophy is based 

on identifying value, eliminating waste and generating a flow 

or value for the customer [5]. In this sector, continuous 

improvement may adopt different methodologies, through the 

investment of companies and the impact of the actions 

implemented. These may be technical, have small or large 

investments and cause large or small impacts on production. 

Thus, all Lean tools are widely used in the automotive industry, 

and the ones with the most results and the fastest, with the 

lowest investment, are Standard Work, 5 S, visual management 

and SMED [6] This work highlights the standard work and the 

SMED methodology. Standard Work is a process of 

standardization of all tasks. The purpose of the procedure is the 

standardization of tasks and processes for all employees. To 

achieve this standardization, documentation such as work 

instructions or product data sheets are used, reducing product 

variability [7,8]. The SMED methodology addresses the 

reduction of equipment preparation, tuning and replacement 

time. The main objective of the SMED is to decrease the time 

to efficiency loss caused by the reference change in production 

[9,10]. In order to reduce the waste inherent in tool changes in 

a cork industry line, Sousa et al. [9] implemented the SMED 

methodology in composed cork stoppers production, achieving 

a reduction of approximately 43% in setup time. In the study 

performed by Martins et al. [10], the SMED methodology was 

applied to electron beam machines in the production of cables 

for the automotive industry, reducing the setup time by 50% 

and eliminating setup scrap. On the other hand, the study 

carried out by Rosa et al. [11] presents the approach developed 

on an assembly line, assigned as a pilot project in the 

implementation of the SMED methodology, complemented by 

other lean tools, aiming to reduce the waste inherent to tool 

changes in the production of Bowden cables for vehicles. The 

solutions developed enabled to achieve a weekly reduction of 

approximately 58 % in the time due to setups, contributing to 

an increase in assembly line availability as well as to a 

productive capacity increase. 

Antoniolli et al. [8] developed a study on the application of 

the standard work tool to an automotive industry production 

line, standardizing operations, eliminating waste and non-

value-added activities. This study increased production from 

1200 parts/day to 1800 parts/day, increasing OEE (Overall 

Equipment Effectiveness) by 16%. In the textile industry, 

Neves et al. [12] managed to reduce four hours per operator per 

week, representing a gain of 10% of their available weekly 

time. This gain was due to the application of lean 

methodologies. Fisel et al. [13] having as main problem the 

workload fluctuations in production lines, developed an 

algorithm capable of combining different balancing techniques. 

This algorithm allows distributing times and tasks along the 

line, giving the manager the ability to make faster line 

balancing decisions and save resources by avoiding the arrival 

of unnecessary materials. On the other hand, in the 

metallurgical industry, Monteiro et al. [14] implemented Lean 

tools to reduce 59% of the time required to move tools 

weighing around 1000 kg and reduce 2.04% for external 

nonconformities and 3.99% for internal nonconformities. 

Pombal et al. [15] undertook a makeover of kanban in a food 

business reducing at least 50% of the time required to replenish 

material. Also, this study resulted in a 70% reduction in the 

time required to locate consumable materials. Rocha et al. [16] 

applied Lean methodologies to improve the production control 

process and production support MES (Manufacturing 

Execution System) software. From this work, the company was 

able to achieve greater productive organization, standardize 

procedures, provide workers with good practices and generate 

useful reports to assist decision making. Dias et al. [7] carried 

out a study having as main goal the increasing of the production 

capacity of an automobile air conditioning system production 

line. The main tool used was line balancing, levelling loads and 

reducing line cycle time. As a result, it was possible to establish 

standard work with three, four or five operators, increasing 

production capacity to 1800 parts/day and line efficiency by 

21%. Moreover, the work developed by Dias et al. [7] also had 

as main objective the application of Lean methodologies to 

increase the OEE of a car air-conditioning systems production 

line, reducing the setup time of the end forming process. 

The next chapter presents the methodology applied to 

achieve the main goals of this work. 

3. Materials and Methods 

3.1. Product and processes definition 

This study was carried out in an automotive components’ 

manufacturing company that produces air conditioning pipes 

for different OEMs (Original Equipment Manufacturers). This 

piping is made from aluminium tube and undergoes processes 

such as cutting, end forming, drilling, welding or washing. An 

example of these tubes can be seen in Fig. 1 and the steps for 

the tube manufacturing process are described in detail in Table 

1.  

Fig. 1. Air conditioning tube example. 
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Table 1 - Steps of the manufacturing process of air-conditioning tubes. 

Stage Description 

Cut The aluminium is cut to the desired length. 

End forming 
Plastic shaping process of the material, so that the end 

of the tube gains the desired shape. 

Washing 
After the end forming, the parts are washed to remove 

the oil used in the process. 

Drill and valve 

assembly 

The tube is drilled, and valve body and a washer are 

placed. 

Brazing The valve support is brazed to the pipe. 

Screw in valve 

interior 

At this stage, a mechanism is screwed into the valve 

body. 

Bending 
The parts are curved to acquire the geometry indicated 

in the technical sheet of the tube to be produced. 

Hydrogen 

tightness test 

A flow of hydrogen is passed through one end of the 

tube to check for leakage. 

Packing 
Plugs are placed in the product and tubes are placed in 

the packaging. 

 

The manufacturing process under study is the aluminium 

tube end forming, second process of Table 1. This process is 

intended to plastically transform the tip of an aluminium tube 

with high dimensional demands, as can be seen in Fig. 2. 

Beyond the high accuracy needed, the operation is very 

demanding in terms of requirements regarding the materials’ 

properties. 

Embedding is carried out at an early stage in the 

manufacturing process of air conditioning tubes, followed by 

the cutting of the aluminium tubes. 

 

 

Fig. 2. Tubes after end forming. 

The end forming machine (Fig. 3) produces the shape using 

between three and five steps. A step is an embossing step, and 

the tools for each are in different positions of the equipment. 

The tools define the final geometry of the tube and vary 

according to the desired plastic deformation. 

 

 

Fig. 3. Interior of an end forming machine. 

The main difficulty of this process can be related to the 

material or method. The problems in material (Table 2) 

includes oil quality and tube cutting tools, while the method 

includes poorly assembled tools, tool changes or programming 

errors (Table 3). 

Table 2. Problems related to the materials used in tube end forming process 

Material 

Oil quality 

The oil is subject to reuse, being filtered. It can become 

damaged over time and with aluminium powder, 

damaging the visual quality of the tube. 

Tube cut 

The quality of the tube cut defines the quality of the 

plastically transformed part. A quality cut avoids the 

appearance of chips. 

Tool 

If the tool is damaged, does not have the required 

surface quality and is not cleaned or polished regularly, 

causing a not OK part. 

 

The tool, as a component that works directly on the tube, 

always needs to be very clean and polished, avoiding to cause 

damage, such as dents or marks. Moreover, this care increases 

its useful life. 

Table 3. Problems related to the methods used in tube end forming process 

Method 

Poorly 

assembled 

The tool is assembled by the preparer and correctly, 

ensuring that assembly is not responsible for its break. 

However, the tool can be incorrectly assembled: 

→ Off-centre tool - if the tool is not centred, there is 

a shock between the tool and the part, causing the 

machine to break and stop. 

→ Loose screws - When the screws are not 

tightened, there are gaps in the tool that will cause 

interference. These interferences will have 

consequences similar to those of the previous 

point, the breaking of the tool. 

→ Tool in the wrong position - the plate supporting 

the tools must have a balanced weight so that 

there is no interference between the work units. 

Tool change 

If the preparer does not install the correct tool when 

setting up the machine, the part will not work as 

intended and will have to re-execute the tool change 

and machine programming procedure. This problem 

will create a waste of time and, consequently, machine 

downtime. 

Programming 

errors 

When end forming tests are carried out, the correct 

dimension should be used to process the tube. 

However, the tool must be replaced, so there is risk of 

collisions and consequent breaks due to programming. 
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Problems with the method occur due to failures of the 

preparer. These are the programming errors that occur most 

often, and it is extremely important that before starting the 

machine to produce, the tool position coordinates are 

guaranteed through programming. A clash between tools can 

be quite expensive and can lead to serious damage to the 

machine. The most common part quality problems are parts 

with out-of-specification dimensions or lack of material. All 

the parts are subjected to a poka-yoke test and, besides, there is 

a register of dimensional control of the parts. When the parts 

are out of specification, the machine must stop and the preparer 

will solve the problem. In Fig. 4 and Fig. 5, it is possible to 

observe an example with a good part and a part with a lack of 

material. 

 

 

Fig. 4. OK part 

  

Fig. 5. Part with lack of material 

3.2. Setup 

The setup of the embedding machines is done by technicians 

designated by preparers. These are responsible for setting up 

the machines, doing both external and internal operations 

within the setup, and cleaning and polishing tools. To setup a 

machine, the preparers have a preparation instruction for each 

reference to be produced, and a procedure that they must 

follow. A standard end forming preparation instruction is a 

document that, as the name implies, allows the process of 

preparing a filling machine to follow a standard. It is through 

this document that the preparer knows the tool to use, in which 

position of the plate the tool must be located, whether 

lubrication is used and which dimensional parameters of the 

part are necessary to guarantee. For these reasons, whenever 

there is a reference change, the preparer must follow the 

respective standard. Following the standard, the preparer has 

almost all the information necessary to properly prepare the 

machine and obtain a good part. However, the programming 

values needed will depend a lot on preparer’s knowledge and 

experience. In this way, following the standard, part of the end 

forming is obtained, and the remainder depends on quota 

adjustments in the program. The main parameters are the 

internal diameter, the length of the tube and the lack of 

material. These parameters are crucial because they can cause 

broken parts, customer specifications not being met or tool 

have been damaged. 

3.3. SMED methodology 

The SMED technique was applied to reduce the setup time 

of end forming equipment and contribute to the development 

of production, increasing the availability of the machine.  

4. Results 

To implement this methodology, the procedure represented 

in Fig. 6 was used. Following the procedure adopted, the setup 

was analyzed and timed, and a table was prepared with the tasks 

performed, identifying them as internal or external (Table 4 and 

Fig. 7). Internal actions are activities performed when the 

equipment is stopped, and external actions are activities that 

can be performed while the equipment is running [10]. Since 

machines have an identical process between them, the times of 

a randomly chosen machine were timed. 

Table 4. Setup tasks in the initial scenario. 

Task description 
Time 

(min) 

Accumulated 

time (min) 
Task type 

Searching for the tool 2 2 External 

Tool change in the machine 8 10 Internal 

Machine programming 25 35 Internal 

Produce first part 0,5 35,5 Internal 

Check first part 0,5 36 Internal 

Fill in the documentation 

regarding the first part produced 

1 37 External 

Disassemble, wash and 

reassemble the tool 

10 47 External 

Setup
observation 
and timing

Identification 
of internal and 
external tasks

Time analysis

Application of 
the new IPSE

Timing of new 
setupResult analysis

Fig. 6. SMED technique implementation procedure. 
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Only three external tasks were identified, which can be done 

before or after setup, namely “Search tool”, “Fill in first OK 

part” and “Disassemble, wash and reassemble the removed 

tool”. The total setup time was 47 minutes, most of which is 

due to internal tasks and the “Machine programming” task 

(adjustments) is the most representative one. Counting only the 

operations performed with the machine stopped, an internal 

setup time of 34 min is obtained, about 72% of the total time. 

As referred before, the preparer plays a key role in the 

preparation and it is his experience that allows the machine to 

be adjusted/tuned programmatically. The problem arises when 

the preparers do not yet have the necessary experience and 

therefore take longer to set up the machine and consequently 

use a larger quantity of raw material/tubes for preparation 

resulting in a higher amount of scrap. As in the standard end 

forming preparation instructions there is no information about 

machine programming (distances, rotation, and so on), 

lubrication time or minor adjustments, a rigorous update has 

been made for each part number. Thus, the following 

information was added to each production documentation, 

obtaining a more complete document to be used by the 

preparers: 

• Tools that are used in each updated step; 

• Program reference values such as: 

- Rotation speed (in scroll operation); 

- Fast forward and slow forward quota; 

- Fast and slow-motion speed; 

- Waiting time for the end of advance; 

- Fast backwards and slow backward quota; 

- Intermediate waiting time; 

- Lubrication time and lubricant to be used; 

• General remarks, so that the preparer pays attention to 

certain details; 

• Pictures and diagrams helping to understand the data. 

4.1. OEE 

The OEE is the first measure to verify the efficiency of the 

production. This parameter can be applied to a single or to a set 

of equipment, and its main function is to indicate machine’s 

behavior towards the management of the process and the 

respective planning [17]. This is calculated by multiplying 

performance by availability and by quality, as can be seen in 

the following equation. 

 

 %
  %x %xQuality% (1) 

 

The availability of the equipment relates the total time 

available for the operation, with the effective time that the 

equipment has been producing. This time includes stops due to 

malfunctions, adjustments, setups, among others. The 

performance of the equipment relates the quantity produced to 

the quantity that was expected to have been produced. The last 

indicator is quality, which compares the number of units 

produced with the number of defective units. During this work, 

the data of six months of a pilot zone were analyzed to observe 

the evolution of availability and, consequently, of the OEE 

after the implementation of the new setup standards. The 

objective was to reach a minimum of 95% availability, the 

factor that influences the most the machines being analysed. 

After the update of the standard end forming preparation 

instructions, the operation was timed to quantify the reduction 

of time compared to the initial situation. The average times 

obtained were recorded in Table 5 and Fig. 6, as well as the 

improvements achieved. 

Table 5. Setup tasks performed after updating the standard setup document. 

Task description 
Time 

(min) 

Accumulated 

time (min) 

Task type 

Search tool 2 2 External 

Machine tool change 8 10 Internal 

Program machine 7 17 Internal 

Produce first piece ok 0,5 17,5 Internal 

Check first piece ok 0,5 18 Internal 

Fill in first piece ok 

documentation 

1 19 External 

Disassemble, wash and 

reassemble the removed tool 

10 29 External 

 

 

The upgrade of the document allowed to reduce to 7 min the 

“Machine Programming” task, which was the most significant 

for the total setup time, and with the greatest impact for the 

machine downtime. This reduction is shown in Table 6 and in 

green color in the Fig. 9. Counting only the operations 

performed with the machine stopped, an internal setup time of 

16 min is obtained, 55% of the total time. 

Table 6. Comparison between initial and final setup. 

   Total Setup Time Internal Setup Time 

Initial 47 min 34 min 

Final 29 min 16 min 

Improvement 38 % 53 % 

  

Fig. 7. Duration of setup tasks before implementation improvements (in 

minutes). 

Fig. 8. Duration of setup tasks after implementation improvements in minutes. 
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Fig. 9. Evolution of machine setup time in minutes. 

5. Discussion 

Following the proposed methodology, it is possible to 

elaborate a detailed analysis about the setup, standardizing 

tasks and cutting waste of time in the production. In this work, 

SMED methodology was used adapting the documents used by 

the preparers, making it possible to obtain interesting results. 

From a setup time of 47 minutes, it was possible to move 29 

minutes, being the biggest reduction in the internal setup time 

(with the machine stopped), which reduced from 34 minutes to 

16 minutes. 

In similar works, Rosa et al. [10] implemented the SMED 

methodology and achieved a 58.3% reduction in setup time, 

increasing the availability and production capacity of an 

assembly line. Also, Martins et al. [9] implemented the SMED 

methodology and reduced more than 50% of setup time on 

electron beam machines. Thus, it was possible to obtain results 

within the expected values and, consequently, quite positive in 

comparison with other studies. 

Regarding the OEE, there are also quite interesting 

improvements. The six-month data from a pilot zone was 

analyzed and it was possible to observe that availability 

increased, on average, by 7.7% in May 2019, the month in 

which the new standard was implemented, reaching the 

required 95% minimum. This value may increase more with 

new updates to the setup standard and, therefore, there are new 

challenges in improving these standards more and more. 

The performance also increased slightly, while quality 

maintained its value. However, these indicators were not 

analyzed in this work. 

In the work of Antoniolli et al. [8] focused on the 

standardization of operations, the elimination of scrap and 

activities with no added value, allowed the OEE to be increased 

by 16%. In comparison with this work, it is possible to perceive 

that the increase in OEE achieved is already quite positive, 

however, there is a possibility of improving it even more. The 

results about the OEE indicator can be observed in Table 7, 

regarding the 6 months analyzed in this work. The evolution of 

the three components of the OEE indicator can be seen in the 

graph of Fig. 10. 

Table 7. Monthly evolution of OEE. 

 Performance 

(%) 

Availability 

(%) 

Quality 

(%) 

OEE 

(%) 

December 

2018 

92 96 99 87.4 

January 

2019 

96 95 99 90.3 

February 

2019 

97 96 99 92.2 

March 

2019 

98 97 99 94.1 

April 

2019 

97 98 99 94.1 

May 2019 98 98 99 95.1 

 

Fig. 10. Evolution of OEE indicator into the considered period. 

Despite the extremely positive results, there is still room to 

reduce the setup time, increasing improvements in standards, 

to achieve a reduction of at least 50%. To this end, it is 

necessary to continue training people and continue to evaluate 

the process with multidisciplinary teams, to analyze the 

problems that the process presents and find solutions to solve 

them from their root cause. 

6. Conclusions 

The main goal of this work was to reduce the setup time by 

20% of the end forming machines, to increase their production 

capacity and, consequently, their OEE. To achieve this goal, 

improvement methodologies were used, namely SMED 

methodology and Standard Work. These made it easier for the 

preparer to work by setting a working standard and speeding 

up the setup. 

By making this change, the work preparation can be 

standardized, reducing its influence on value variation, and 

reducing 53% of the machine's internal setup time. 

It was then possible to achieve a very satisfactory 38% 

reduction in the setup time, and there will always be a margin 

for progression to achieve increasingly reduced times. Besides, 

it has increased the production capacity of the machines and 

Quality OEE
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reduced scrap produced in unnecessary programming 

adjustments. These results also allowed the OEE to increase by 

7.7%, meeting the internal goals for the machine (Table 8). 

Table 8. Comparison between established target and obtained result. 

 Target Results 

Setup Time 20 % reduction 38 % reduction 

OEE - 7.7 % increase 

 

End forming machines are presented in the company as the 

most important machines and with the greatest impact in the 

event of a stoppage. These machines work at the beginning of 

the tube transformation process and define the production rate. 

Therefore, the application of the SMED methodology of this 

work brought to the company a lot of contributions in the 

number of tubes produced, in the preparation of the preparers 

and in the reduction of scrap values. If there are gains in time 

and scrap, the company obtains significant monetary gains. 
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