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Abstract 

In today's global market, where demand is getting more unstable and the customer is ordering 

smaller lots, assembly lines must be increasingly flexible, in order to satisfy the costumer needs 

without increasing production costs. For these reasons, factories are using lean methodologies 

to achieve flexibility in their production processes. 

In this context, Company X, a world reference in the production of fully automatic coffee machines, 

contacted the Kaizen Institute to implement a new flexible assembly line that maximizes existing 

features, making the whole assembly process more productive and less costly. 

The new assembly line was designed respecting the principles of Lean Manufacturing, sized to 

produce exclusively what the customer is needing. It features a “U” shape format, with the 

workload well balanced across every assembly workstation and with the border of line frontally 

supplying line operators provisioned by an agile and flexible internal logistic team. 

The implementation of disruptive methodologies applied to a discrete production context has 

allowed Company X to increase productivity of new assembly line operators by 35%, allowing a 

direct reduction of production costs. It also supported a setup time reduction of more than 80%, 

increasing the total production available time and allowing a higher number of setups per day, 

delivering greater production flexibility. 
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1. Introduction 

Competitiveness and efficiency are today 

the two biggest challenges in the global 

market, which has motivated several 

manufacturing companies to apply new 

production methodologies and strategies 

(Rohani & Zahraee, 2015). In order to 

achieve these objectives in a structured and 

effective way, they hire external companies 

such as the Kaizen Institute Consulting 

Group (called KI from now on), a world 

leader in the implementation of Lean 

methodologies, with the aim of eliminating 

waste and increase productivity.  

2. Problem 

2.1 Company X 

After a diagnostic phase was carried out, in 

Company X (so called for confidentiality 

reasons), a world reference in the 

manufacture of appliances and which holds 

a manufacturing unit in the central region of 

the Portugal, several problems were 
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identified on productive efficiency in one of 

the highest output assembly lines of the 

company. Thus, this work, developed in 

cooperation with KI, aims to design and 

implement a new assembly line, capable of 

eliminating the inefficiencies of the existing 

line and producing various models of coffee 

machines with a setup time near zero. The 

need arises due to the high stopping time of 

the old assembly line and the quality 

problems existing in the machines produced, 

which cause large financial losses to 

Company X.  

2.2 Coffee Machine Assembly Line  

The assembly line under study in this work 

is one of the lines with the highest production 

capacity of the Portuguese factory, 

corresponding to about 10% of the 

company's billing. It produces all models of 

coffee machines for Customer Y, so called 

for confidentiality reasons, which is the 

company's largest customer. For these 

reasons, the problems of loss of production 

capacity and quality presented by the 

assembly line have to be solved, since the 

models that are produced in this line, are 

highly strategic for the Company X. In order 

to solve existing problems, an intensive 

study was conducted on methodologies 

capable of creating flow in discrete 

production. These tools and methodologies 

are presented in the following section. 

3. Literature Review 

3.1 Lean Manufacturing 

Industrial production has undergone 

enormous transformations since its 

foundation. With the Western world 

incorporating more and more automation 

and technologies to improve production, the 

Japanese industry has developed a value-

focused production methodology for the 

customer called Lean Manufacturing. Since 

this disruptive milestone, companies around 

the world have been implementing this 

methodology in their factories to achieve 

extraordinary results (Sanders, 

Elangeswaran, & Wulfsberg, 2016.). The 

fundamental principles of LM are the 

identification and elimination of activities that 

are not of added value, waste, and the daily 

involvement of employees in the 

implementation of continuous improvement 

(Bai, Satir, & Sarkis, 2019). 

3.2 Value Stream Mapping - VSM 

VSM is a graphical representation of the flow 

of a chain of value of materials or 

information, since the customer's order is 

placed until the final product is delivered 

(Rohac & Januska, 2015).  It is used in order 

to provide an overview of the activities 

involved in the production process 

facilitating the identification of existing waste 

and their sources. Reducing production 

costs, improving customer response time, 

and increasing product quality are the main 

outputs expected when applying an VSM to 

a process. VSM alone does not allow to 

achieve these results, but rather identify the 

opportunities for improvement in the 

processes (Lacerda, Xambre, & Alvelos, 

2015). 

3.3 Visual Management 

In lean, visual management is seen as the 

vehicle to interpret performance at work, 

providing a platform for continuous 

improvement (Radnor, 2010). 

Communication boards are used to guide 

team leaders and their members in their 

activities and create alignment between all 
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(Maskell & Kennedy, 2007). These boards 

play an essential role in the performance of 

the management process, for example by 

aligning the strategy with operational work.  

3.4 Total Flow Management – TFM 

The tool that will support the implementation 

of this work will be the TFM, which contains 

three main pillars, as presented in figure 1. 

 

Figure 1 - TFM pilars (Kaizen Institute, 

2019a) 

The most relevant pillar for the present work 

will be the first, which contains tools focused 

on increasing the production flow. 

3.5 Line balancing 

Line balancing is a technique to minimize the 

discrepancies of workloads between 

operators and machines in order to reach 

the desired production rate. The assembly 

line should be evaluated from the point of 

view of the assembly process, job layout and 

cycle time of the workstations (Lam, Toi, 

Tuyen, & Hien, 2016). To better understand 

line balancing it is necessary to introduce 

several concepts and tools that allow to 

obtain a balanced assembly line. 

3.5.1 Takt time 

    Takt, in German, is a word that means the 

regularity with which something is executed. 

Takt time is the unit of time in which a 

product must be produced in order to satisfy 

the rate at which the product is required 

(demand fee). Takt time is obtained by 

dividing the number of hours available to 

work in a certain period by the number of 

orders placed by customers in that same 

period. This concept is essential in LM to 

avoid the natural tendency to produce too 

fast and create unnecessary inventories 

(Schneider, Friedli, Basu, & Werani, 2015). 

3.5.2 Cycle time 

    A process is usually characterized by a 

sequenced set of tasks, each with its 

execution time and with a certain number of 

workers executing it. The times associated 

with a process can be categorized into three 

large areas: processing time, wait time, and 

cycle time (Turpin, 2018). Although there are 

several cycle time definitions, according to 

(Jacobs & Chase, 2008) this is the average 

time between successive output units. The 

cycle time of a workstation is measured from 

the moment the part of the previous 

workstation is received, until it is passed to 

the next one (Adnan et al., 2016).  

3.5.3 Yamazumi Chart 

 This chart represents, using visual 

management, all tasks in a process, divided 

into columns with different colors. The 

details and times of the process tasks must 

be obtained before performing the chart. The 

best way to get this data is to carefully shoot 

all the steps in assembling the product and 

divide the whole process into small 

operations. Then, the chart is represented 

based on the collected data. All assembly 

stations whose cycle time exceeds takt time 

represent a line unbalance, since the 

production cadence exceeds the cadence to 

which customers want to receive the 

product. The operating times of each 

workstation must be shorter or, at the limit, 

equal to the takt time (Sabadka, Molnar, 

Fedorko, & Jachowicz, 2017) 

3.6  “U” Shaped assembly lines 
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These lines have been part of TPS since its 

foundation, representing the ideal layout for 

creating unit flow in production, in order to 

minimize waste in the assembly process. Its 

main advantages are the reduction of lead 

time and the elevation of productivity levels, 

through the elimination of the waiting times 

of operators by the machines, creating 

multiple possibilities of balancing the line. 

They are highly flexible (Shojinka), since 

they manage to vary the output by removing 

or adding operators, according to customer 

orders. They are also highly efficient as they 

eliminate WIP, as machines and jobs are 

placed very closely (Gil Vilda, Yagüe-Fabra, 

Torrents, Jauregui-Becker, & Wits, 2018). 

 

Figure 2 - Example of a "U" shape assembly 

line (Kaizen Institute, 2019a) 

3.7 Single Minute Exchange of Die - 

SMED 

Today, one of the success factors of the 

production business is the construction of a 

more flexible productive environment and 

faster response to customer needs (Jastia & 

Kodali, 2015). The ability of one company to 

quickly change production from one product 

to another is a key step towards this goal. 

Reducing setup time is a critical point for 

implementing the lean model in various 

industries (Martínez-Jurado & Moyano-

Fuentes, 2014). Basically, this methodology 

reduces the size of lots, since the impact of 

changes tends to decrease.  

3.8 Production planning strategies 

In the global and competitive world we know 

today, companies are more aligned with the 

need to synchronize their production with 

customer orders. Unlike the traditional push 

system, the JIT production system triggers 

with the arrival of a new order from a 

customer. If possible, this order is satisfied 

through the finished product supermarket 

and the system starts working as soon as a 

product is removed from this supermarket, 

generating new production orders. As soon 

as the production order reaches the last 

station of the assembly line, it transfers the 

necessary part of the previous workstation 

and the flow of information continues until it 

reaches the first workstation, while in the 

reverse direction occurs the flow of materials 

(Kesen & Sert, 2019). 

3.8.1 Pull planning and one piece flow 

One-piece-flow refers to the concept of 

moving one productive part at a time, 

between operations, within a productive cell. 

A one-piece-flow production system should 

include concepts such as sequencing, setup 

time, and MTO planning policy (Stockton, 

Ardon-Finch, & Khalil, 2005). In a pull 

production system, operating with a unit 

production flow, an operator should only 

start production when receiving a signal/card 

to produce. This card is called kanban. 

3.8.2 Kanban 

Kanban is a term of Japanese origin that has 

as translation the word "card". It was a 

method created in 1950 at the Toyota plant, 

having gained enormous relevance in 

production lines to this day (Oliveira, 

Mederios Junior, & Gurgel, 2018). It 

emerged in TPS as a tool to manage the flow 

of production and materials in a pull 

production system. 



5 

 

4. Preliminary analysis and 

implementation planning 

In this chapter, it will be presented the main 

opportunities for improvement, existing in 

the FACM production process, based on the 

data collected on the ground in collaboration 

with the project team of Company X. Based 

on the opportunities identified, the 

implementation plan will be defined with the 

solutions needed to address Company X's 

problems. 

4.1 Current situation - VSM 

As usual, KI started the project using the 

VSM tool in order to fully understand the 

customer's production process and in a 

generic way identify the main problems of 

this process. To map the entire production 

process, the component involving the largest 

workload was chosen throughout the 

factory, the chassis that gives body to 

FACM, due to its high dimensions and 

because it is a reference A in terms of 

production. The result of the VSM is int the 

Figure 3. 

 

Figure 3 - Production Process - Value Stream 

Mapping 

After the initial mapping, three large areas 

were identified, where existing problems 

caused greater losses to Company X, and 

where the company believed it was 

necessary na intervention by KI: 

• Assembly Area; 

• Injection Area; 

• Logistics and purchasing area; 

By customer decision, and because it was 

the area where expectable gains were 

higher, the first phase of implementation, 6-

month cycle, was dedicated to the 

implementation of a whole new assembly 

line that could eliminate all identified 

problems related to the assembly area. 

4.2 Data collecting and KPIs definition 

At this stage, the most relevant indicators for 

the project are defined so that it is possible 

to control the quality of the implementation 

daily. Data were collected for the year 2018 

serving as a baseline for KPIs control. These 

are the indicators that were defined with the 

objective of obtaining improvements:  

• Occupied area; 

• Overall Equipment Efficiency – 

OEE; 

• Firt Time Quality – FTQ; 

• Setup time; 

• Operators productivity;  

4.3 Principles of solution 

1) Line Balancing 

The balancing of the assembly line is one of 

the most critical points to improve on the 

previous line. The first point to improve is 

that the workload is poorly distributed by the 

different assembly workstations. The second 

point has to do with the fact that the output 

of the line is not adequate to the speed at 

which the customer purchases the product. 

2) “U” shaped assembly line 

Another disruptive idea to implement in 

Company X is the construction of a line with 

the "U" format, which will allow to eliminate 

much waste currently existing. With frontal 

component supplying, proximity between 

workstations and faster setups.  

3) Zero setup time 

These results will be obtained by facilitating 

the exchange of assembly equipments, 

creating a setup standard for coordinators 
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and creating a very flexible internal logistics 

capable of responding to changes very 

quickly. 

4.4 Definiton of implementation plan and 

project team 

Once the initial data that characterize the 

problem is collected, the objectives for the 

project are defined and outlined the 

principles of solution, it is possible to 

constitute the team for the implementation 

phase of the project and develop a detailed 

implementation plan. 

Project team - Since this project is 

extremely complex, it involves a very large 

investment and is totally disruptive for 

Company X, it was created a large and 

multidisciplinary team of members with high 

experience in the factory and with great 

knowledge of assembly of FACM. In total the 

team consists of 12 elements from the most 

diverse areas, further enriching this project. 

Implementation plan – Eight months 

intensive implementation as presented in 

figure 4. 

 

Figure 4 - Implementation plan 

5. Implementation of improvement 

proposals 

In this chapter the objective is to detail all the 

processes implemented during the 

implementation phase aimed at solving the 

improvement opportunities identified in 

chapter 4. The methods and tools used from 

the first day of design will be presented until 

the day the assembly line begins to work at 

100% and with the team allocated to the fully 

autonomous line. 

5.1 Takt and cycle time calculation 

The first step to design an assembly line is 

to define what cadence the final product 

should be produced.  This definition will 

influence all of the following, indicating how 

many workers will be needed and what size 

should the line have. To calculate this value 

it is necessary to know the volume of orders 

received from Customer Y, expected for 

2019. The result of these calculations is 

presented in the next table. 

Table 1 - Takt and cycle time values 

 

5.2 Time studying 

The second step to build the new assembly 

line is to study in the greatest detail possible 

the assembly sequence of FACM models 

that will be produced on the new line. This 

study should be carried out on the tasks 

performed on the assembly line and also in 

those that are performed on the pre-

assembly lines. To know in detail the 

assembly sequence it is necessary to 

perform three steps, then presented: 

• Record all assembly tasks; 

• Create machine assembly process 

graph; 

• Initial Yamazumi Chart for all 

models; 

5.3 Collect components data 

This phase is carried out in parallel with the 

previous two phases, and consists of 

collecting the maximum amount of 

information regarding the type of packaging 

of all components associated with the coffee 

machines models produced for Client Y. 

Since there are approximately 800 different 

Takt Time (s) 50,1

OEE objetivo 83,8%

Tempo de Ciclo (s) 42,0
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components, this work is somewhat time 

consuming and thorough. The end result of 

this step is a file with the identification data 

of each component, presented in the 

following figure 5. 

 

Figure 5 - Components master file 

5.4 Mockup 

At this stage the definition of the line layout 

begins, the assembly sequence is defined, 

and the position of each component on the 

line is defined. The maintenance team 

should be involved in this stage to build the 

provisional structure for testing, operators of 

the line to test the new assembly sequence 

and the production support team responsible 

for measuring times and construction of the 

standard work for each workstation. This 

step is developed in two distinct phases: 

• Construction of the structure for 

testing solutions; 

• Iterative process of balancing the 

assembly sequence. 

5.5 Design and construction of the 

assembly line 

This stage is divided into two main phases: 

design of the workstations and construction 

of the workstations. The design part of the 

workstations was carried out by the 

production engineering team with KI 

support, and the construction of the line 

structure and border of line was carried out 

internally, by the maintenance team. 

5.6 Border of line dimensioning 

The border of line is where the components 

are located for picking by operators. This 

exists to avoid operators to stop producing 

when a box of a component ends. Thus, 

operators always have all components close 

to themselves, with the supply responsibility 

fully of the logistics team. This way, 

operators only perform value added work.  

At the end of this step, the position in which 

each component enters the line must be 

inserted in the line master file and also the 

number of boxes that must be ensured on 

the BOL should be identified, as shown in 

figure 6. 

 

Figure 6 - Assembly line master file - BOL 

information 

5.7 Supermarket dimensioning 

At this stage, of supermarket dimensioning, 

the main goal is to have a supermarket of 

components sized with a lean logic, which is 

close to the assembly line, in order to deliver 

flexibility in changing models, making the 

setups more faster and with fewer errors. To 

dimension a component supermarket it is 

necessary to first decide which components 

are included in the supermarket and then the 

positions of each component in the 

supermarket have to be defined. At the end 

of this stage, with the supermarket fully sized 

and designed, it is possible to draw the 

macro layout of the area that indicates the 

positioning of the assembly line, the pre-

assembled lines and the entire supermarket 

environment components, from material in 

pallets to material in structures.The macro 

layout is presented in figura 7. 
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Figure 7 - Assembly line total area layout 

5.8 Start-up and monitoring of the 

assembly line 

Finally, at this stage, the first coffee 

machines are assembled. Before the official 

start-up of the line, an expected production 

growth curve is created to deliver to the 

production planning team to indicate the 

maximum number of machines to be 

produced per day, based on the expected 

learning curve. Only after the first step 

guaranteed, the first productions are started 

in the new assembly line, assuming a cycle 

time proportional to the production expected 

by the growth curve. In this start-up phase, 

necessary adjustments are made to the 

physical structure of the line and in the 

assembly standard of each workstation. 

Only after this start-up phase is finished, the 

visual assembly information is created for 

each workstation. The result is a very 

intuitive standard that includes every model 

assembly sequence for every workstation, 

as shown in figure 8. 

 

Figure 8 - Example of a workstation 

assembly standard 

5.9 Improving setups 

This step has the objetive to make the model 

change process more agile in order to avoid 

losing production. The solution proposals to 

improve setups were simple: making 

assembly support equipment simpler for 

exchange, with quick and lighter fittings and, 

as presented in the previous step, use visual 

management at the workstations to facilitate 

the setup of change of assembly sequence 

by operators. Another disruptive solution 

consisted of creating a coordinator 

responsible for the setup that supports 

operators in performing tasks that have to be 

carried out at each workstation when 

changing models. 

5.10 Daily Kaizen – Level 1 

DK level one consists of implementing daily 

team meetings, with the support of boards 

with information using visual management. 

Four meetings are held daily at the assembly 

line, three meetings early in the morning, 

before the start of production, led by the 

three line coordinators with the team equaly 

divided, and later, in the middle of the 

morning, a coordination meeting led by the 

line teamleader, with the presence of the line 

coordinators, a representant of the quality 

team and a representant of the production 

planning team. DK frames and meetings 

have three key components presented 

below: 

• Workload Planning; 

• PDCA cycle; 

• KPI’s follow-up;. 

6 Presentation and discussion of 

results 

This chapter aims to present the results 

obtained with the implementation of this 

project and discuss the impact of these 

results on Company X. 
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6.1 KPIs Improvement 

The results achieved in each of the 

indicators that were measured during the 

project are then presented in table 2. The 

definition of the indicators to be tracked and 

the objectives was carried out in the 

planning phase of the project. 

Table 2 - KPIs Results 

 

Evaluating the KPIs chosen to measure the 

quality of the implementation of this project, 

which were based on comparison the 

average results of 2018, there are no doubts 

about the excellent work that was carried out 

throughout the the project team, achieving 

significant improvements in all indicators, 

not only having achieved the objectives 

proposed in the OEE and FTQ. However, 

even these indicators showed growth 

against baseline. The main KPI defined by 

the team was the productivity that increased 

around 36%, when compared to 2018. This 

fantastic improvement led the company to 

deliver very good financial results, as 

presented next. 

6.2 Financial Reresults 

The financial results obtained come from the 

improvement of the productivity KPI that 

indicates that in the new line it is possible to 

produce more machines now, with fewer 

people in the team. 

• Number of current average people 

of the assembly line - 70 operators; 

• Annual cost per operator for the 

company - 15 750€; 

• Initial Productivity - 6.97; 

• Productivity Achieved - 9.1; 

• Team reduction – 21 operators; 

Annual Savings =  21 operators

∗ Annual cost per operator

= 21 ∗ 15 750€

= ��� ���€ 
Project Total Investment Cost – 200k€; 

Project Total annual savings – 330k€; 

Payback Period – 7 months; 

7 Conclusions 

The main objective of this master's thesis 

was to implement a new assembly line using 

kaizen/lean methodologies. This assembly 

line arises from the need of Company X, the 

largest national producer and world 

reference in facm production, increase the 

productivity of assembly operators while 

increasing the flexibility of the production 

process. The problem that was exposed to 

KI was extremely complex and of great 

responsibility, since the new line serves to 

replace a line that produced single and 

exclusively FACM for Client Y, the most 

important customer of Company X. 

In the author's opinion, the secret of 

implementation being a success is the 

constitution of a team with different 

personalities and valences that above all is 

fully aligned with the vision that is intended 

to be implemented. The good definition of 

indicators to be measured and baselines are 

also key factors for good implementation. 

Finally, the holding of project meetings with 

high frequency, in this case every week, is 

always a good practice for monitoring the 

schedule and managing constraints. The 

results obtained exceeded the expectations 

of the entire team, including KI consultants. 

 

Baseline Objective
Reached 

value

Variation 

baseline

Variation 

objective

Occupied area 450 m2 225m2 222 m2 -50,7% -1,3%

OEE 76,50% 83,80% 81,74% 6,8% -2,5%

FTQ 97,10% 99,00% 97,80% 0,7% -1,2%

Setup time 
(minutes)

21 5 3,3 -84,3% -34,0%

Productivity 
(FACM /per op. per 

day)

6,97 9,1 9,5 36,3% 4,4%
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