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ABSTRACT 

The Portuguese automotive industry is part of a globalized industry, with a complex value chain, from 

both an organizational and technological point of view. There is an important component supplier 

industry in Portugal, which is subjected to a strong supplier competition. This leads to finding more 

efficient ways of operating. In this sense, lean manufacturing plays an important role in reaching the 

desired goal. This methodology, developed through its application in the automotive industry, is one of 

the most used in improving production processes. 

The present work focuses on Samvardhana Motherson Peguform, in Portugal (SMP), an automotive 

component supplier for Autoeuropa (AE), and its need to increase its efficiency through the 

implementation of the lean methodology. SMP’s operation works according to strict specifications, 

demanding a high degree of coordination between their operational areas, and a constant need to 

assure the value chain flows efficiently, since they work Just-in-Time. 

The study of SMP’s operations using lean methodologies, led to the design of three value stream 

mappings (VSM), of the bumper, the frontend, and the door panel production lines. The use of lean 

tools and the analysis of the current VSM’s led to the identification of improvement opportunities 

which were, later, implemented in the design of the future VSM’s. The analysed results revealed 

improvements in the lead time and in the decrease of inventory costs. 

 

Keywords: Lean Manufacturing, Value Stream Mapping, Automotive Industry, Supplier Industry, 

Just-in-Time 
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RESUMO 

A indústria automóvel portuguesa é parte integrante de uma indústria globalizada, com uma cadeia 

de valor complexa, tanto do ponto de vista organizacional como tecnológico. Em Portugal existe uma 

importante indústria de fornecedores de componentes sujeita a uma forte concorrência, o que a 

obriga a procurar formas mais eficientes de operar. É neste sentido que o Lean Manufacturing 

assume uma importância acrescida na busca da referida eficiência. Esta metodologia, com origem na 

indústria automóvel, é uma das metodologias mais utilizadas na melhoria de processos produtivos. 

A presente dissertação centra-se na empresa Samvardhana Motherson Peguform em Portugal 

(SMP), uma fornecedora de componentes da Autoeuropa (AE), nomeadamente no aumento da sua 

eficiência através da implementação da metodologia lean. A operação da SMP está sujeita a 

especificações rigorosas e desenvolve-se em ambiente Just-In-Time. 

O estudo das operações da SMP permitiu mapear três cadeias de valor, nomeadamente, a linha dos 

pára-choques, a linha dos frontends e a linha dos painéis de porta e construir os respetivos Value 

Stream Mappings (VSM). A utilização de ferramentas lean e análise do VSM permitiu identificar 

oportunidades de melhoria que foram, posteriormente, implementadas no desenho futuro dos 

referidos VSM. Os resultados analisados revelaram melhorias, tanto ao nível do lead time como na 

redução dos custos de inventário. 

 

Palavras-chave: Lean Manufacturing, Value Stream Mapping, Indústria Automóvel, Indústria de 

Fornecedores, Just-in-Time
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1. INTRODUCTION 

1.1. Background Overview 

The automobile industry is one of the most important industrial activities in the world, linking many 

industrial sectors (Inteli, 2005). It was in the automobile industry where the great eras of industrial 

development were reflected. From mass production to lean production, not forgetting the origin of 

manufacturing practices such as Total Quality Management (Womack, Jones, & Roos, 1990). 

Nowadays the automobile is a product from a global industry with a structured value chain and has 

become a necessity in the running of the day-to-day lives in most communities.  

Considering the current economic recession in Portugal and in most of the western world, there is a 

great need to reduce costs and use the available resources to their full potential (Pearce Ii & Michael, 

2006). On the other hand, as a result of recent trends, customers have raised their expectations 

regarding their purchases, and manufacturers were able to meet these expectations by increasing 

their product’s quality, reducing delivery time, and minimising product costs (George, 2002). This has 

forced the manufacturing industry to implement new production strategies to enhance their 

competitiveness in the global market (Joseph C. Chen, Li, & Shady, 2010).  

Given recent increases in global competition, scarce resources, and fluctuating economies, it is not 

surprising that lean production has become critical to long-term survival of today’s manufacturing 

organizations (Scherrer-Rathje, Boyle, & Deflorin, 2009). In this sense Samvardhana Motherson 

Peguform (SMP G), a supplier for components in the automobile industry, decided on creating lean 

departments in all their factories globally and are developing the Peguform Production System (PPS). 

This work intends to support SMP G in Portugal through the use of lean methodologies, by identifying 

its value added activities and eliminating waste along the value stream of their three main production 

lines, namely, the bumpers, the frontend and door panel production lines. For this purpose an 

internship was carried out during a period of 5 months. 
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1.2. Methodology 

The research methodology to be followed in the present dissertation consists of 8 stages outlined in 

Figure 1. 

 

Figure 1 – Methodology followed for the present work 

The first stage of the methodology consists in presenting the operations run by the company with 

emphasis on the problems they currently face, and the limitations they are subjected to as an 

automotive supplier.  

The second stage consists of a literature review, in which the relevant philosophies, concepts and 

tools are studied, adding to a solid theoretical basis to support the problem approach. 

The third stage focuses on the data collection from supplier to client on the three production lines. 

This data consists of the time study of the processes and the data on inventory levels. The data 

collected is used in the fourth stage to develop and design the current state VSM’s. 

In the fifth stage the opportunities for improvement are identified, and in the sixth stage the future 

VSM’s are designed based on the improvements identified. 

In the seventh stage the results are analysed, and an implementation strategy is proposed in the 

eighth stage. 

The ninth and final stage concludes the study, and future work is proposed.  

1 
• Problem Description 

2 
• Literature Review 

3 
• Data Collection 

4 
• Current VSM Design 

5 
• Opportunities for Improvement 

6 
• Future VSM Design 

7 
• Results Analysis 

8 
• Implementation Strategy 

9 
• Final Conclusions 
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1.3. Dissertation Objectives 

The main objective for the development of the present dissertation is to improve the operation of three 

production lines of an automotive supplier. The three production lines are the bumper line, the 

frontend line, and the door panel line. 

The main objective can be divided into the following operational objectives: 

 Contextualization of the present problem, through the introduction of SMP Automotive 

Technology Portugal, S.A. and its current operation, and also the identification of SMP’s 

operational specifications; 

 Literature review on lean manufacturing, focusing on the importance and benefits of lean tools 

in the optimization of production processes; 

 Design of the current VSM according to the literature studied, through the collection of the 

necessary data and identifying the path the material and information flow follows; 

 Lead time analysis and identification of opportunities for improvement throughout the three 

value streams; 

 Design of the future VSM’s through the implementation of improvements identified; 

 Analysis of the lead time improvements and savings gained through the future implementation 

of improvements; 

 Implementation strategy through the identification of difficulties to overcome and the following 

steps to take. 

1.4. Dissertation Outline 

This dissertation is divided into 6 main chapters. The structure is as follows: 

 Chapter 1 consists of an introduction into the subject of the dissertation, the presentation of 

the dissertation objectives, and the methodology to be followed; 

 Chapter 2 provides an overview of SMP and the problem description focusing on the 

functioning of their processes, and the limitations they currently face; 

 In Chapter 3 the literature review is presented to support the lean tools used to study the 

present problem. Essential theoretical concepts and philosophies are introduced through the 

revision of prior studies on the subject of improvement through applying lean methodologies; 

 Chapter 4 consists of the design of the current VSM’s, through the data collection, and 

material and information flow analysis. In this chapter the lead time is also analysed;  

 In chapter 5 the improvement proposal is defined. The opportunities for improvement are 

identified and the future VSM’s are designed.  This is followed by the results analysis and an 

implementation strategy proposal. 
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 In chapter 6 the main conclusions of this study are presented, as for the managerial 

implications this study presents. Limitations throughout the study are also explained, and the 

proposed future work is presented. 
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2. The Case Study 

This chapter starts with a brief presentation of the evolution of the automotive industry in Portugal to 

add context to the case study. This portrayal will be followed by the introduction of SMP and the 

description of their processes and operations in Portugal. 

2.1. The Automotive Industry in Portugal 

Through analysing the evolution of the automotive industry in Portugal, it is possible to identify three 

distinct time periods (Selada & Felizardo, 2002). These are represented in Figure 2. 

 

Figure 2 – The evolution of the automotive industry in Portugal (Inteli, 2005) 

In the early 1960s the Portuguese market was conditioned by the “Law of assembly” which prohibited 

the importation of finished vehicles (CBU - Completely Built Units), in favour of the local assembly of 

imported Completely Knocked Down (CKD) units. 
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In the late 1970s the Portuguese automotive industry accounted for approximately 25,000 jobs, 

supported by the growth of CKD assembly units through foreign direct investment and assembly 

licenses being granted to national firms.  

In the 1980’s, the Portuguese government regulated the market in favour of the automobile sector 

(Féria, 1999). This period was characterized by a partial loosening of the international market 

regulation allowing assembled vehicles to be imported and finished vehicles and their components to 

be exported. This policy was also complemented by Foreign Direct Investment incentives (Arantes, 

2004). 

The Renault project was approved in 1980 and led to the setting up of the first automotive industrial 

park in Portugal, which was crucial for the modernization of the Portuguese automotive industry 

(Simões, 2001). This project contributed significantly towards the development of qualified and 

specialized labour and also led to the development of a competitive automotive component supplier 

industry in Portugal (Arantes, 2004). 

After Portugal entered the EEC in 1986, a political reorientation was met and the Portuguese 

government started focusing on direct foreign investments, as well as technological and innovative 

developments (Selada & Felizardo, 2002). In 1988, the European economic space was liberalized, 

signalling the end of the restricting laws on automobile importation, and consequently Renault’s 

advantage over the domestic market came to an end, and consequently their interest in maintaining 

the project running. 

In 1989, the Portuguese government obtained information of the intention of Ford establishing a joint 

venture with Volkswagen (VW) on the Iberian Peninsula. Taking into consideration that the settling of 

an Original Equipment Manufacturer (OEM) on national soil was imperative for the success of the 

automotive industry in Portugal the government began a negotiation period which culminated, in 

1991, with the launch of the AE project. The automotive park began construction in December 1991 

and inaugurated in April 1995 initiating its production the following month. The joint venture lasted 

until 1999 when VW bought out Ford. 

The launch of AE contributed greatly to the Portuguese industry, since it led to the setting up of 22 

foreign module suppliers on national ground. Of these companies, 12 are located in the industrial park 

to assure Just-in-Time (JIT) production. 

In 2011, Autoeuropa was responsible for the production of 133.100 units of the 192.242 units which 

were produced in Portugal. From their total production, 98,3% relates to exports stressing the 

importance of the automotive sector in the Portuguese economy (ACAP, 2014). 
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2.2. The Autoeuropa Industrial Park 

AE is one of VW’s automobile production plants. It is located in Palmela, approximately 40 km south 

of Lisbon, and initiated its production in 1995 as explained beforehand. The industrial park has a total 

of 12 suppliers which work accordingly to the JIT production system followed by AE (Autoeuropa, 

2013). 

The layout of the industrial park, with indication of the SMP plant, and the AE plant are presented 

below in Figure 3. The industrial park occupies an area of 900,000 sqm and the AE plant, an area of 

1.100.000 sqm, adding up to a total area of 2.000.000 sqm. Approximately 1.500 people currently 

work in the industrial park. 

 

Figure 3 – Plan of the autoeuropa plant and the industrial park where SMP is located 

As one of AE’s suppliers, SMP currently makes great efforts to successfully assure an adequate flow 

of modules. The following section provides an introduction to SMP, along with a description of the 

main challenges currently faced by the company in Portugal. 

2.3. SMP – Samvardhana Motherson Peguform Automotive Technology Portugal 
S.A 

2.3.1. Introduction to the Company 

SMP G is a leading specialist for automotive exterior and interior modules in the automotive industry. 

The company supplies plastic components to customers across the globe, as well as complete 

systems and modules for the interior and exterior of vehicles, such as door panels, cockpits, bumpers 
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and spoilers. Their main clients are Audi, VW and BMW. The company is present in Europe, Asia and 

South America having over 7000 employees worldwide (SMP, 2014). 

SMP initially belonged to the Peguform Group, a German company. The Peguform Group was 

acquired by the Samvardhana Motherson Group, an Indian company, in November 2011, renaming 

the company Samvardhana Motherson Peguform, as it is known today. SMP’s plant in Portugal is 

called Samvardhana Motherson Peguform Automotive Technology Portugal S.A. and was founded in 

the AE industrial park in 2008. They currently employ 130 workers and account for a daily production 

volume of 800 bumpers, 460 frontends and 500 door panels for AE. 

Their production started with the VW EOS and Scirocco (Sci) models and in 2010 their production 

expanded by also supplying components for the VW Sharan (Sha) and the Seat Alhambra (Alh) 

production project. The modules assembled by SMP for each model and their demand are presented 

below. 

Products Description 

The modules assembled by SMP for AE are presented in Figure 4 with indication of the car model 

they are produced for, on the left. The modules are assembled from a set of auto components, some 

of them produced by SMP, which is described in Figure 9, in section 2.3.2. 

Figure 4 – Components produced for each model by SMP 

The modules are described in more detail below, and are represented in Figure 5, to visualise the 

assembly of the auto components more clearly. 

• Frontend EOS 

• Bumpers 

• Frontend 

• Door Panels 

Sci 

• Bumpers 

• Frontend 
Alh 

• Bumpers 

• Frontend 
Sha 
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 The front and rear bumpers are, respectively, the front-most and rear-most part of a car. They 

are designed to mitigate damage to the car structure in case of an accident. 

 The frontend module is located in the front part of the car and is composed by many auto 

components. The Kum is the central metallic structure of the frontend, on which the rest of the 

components are assembled. 

 The door panel is the plastic panel attached to the interior part of the car structure which 

holds electric components, such as, speakers and window switches. It also has an aesthetic 

function. 

 

Figure 5 – SMP’s more complex modules assembled illustration (SMP, 2014) 

AE Demand  

AE’s yearly demand since 2010 is presented below, in Figure 6, divided by year and model produced 

by AE. This figure shows a high degree of variation in the sum amount of each model produced. 
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Figure 6 – Yearly demand 

The monthly demand during the year 2013 is found below, in Figure 7, which shows the demand 

variation between models throughout the months. The sum amounts of the demand during the year 

2013 are presented in Table 1. 

 

Figure 7 – 2013 Monthly demand 
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Table 1 – 2013 Monthly demand 

2013 Demand EOS Demand Sci Demand Sha Demand Alh Total 

Jan 920 2269 3501 1156 7846 

Fev 966 2256 3370 1131 7723 

Mar 1013 2363 3394 1410 8180 

Abr 1044 2518 3972 1679 9213 

Mai 890 2646 4667 1935 10138 

Jun 736 2203 3918 1592 8449 

Jul 740 2145 3722 2064 8671 

Ago 60 357 563 293 1273 

Set 562 1992 3378 1908 7840 

Out 364 1486 3118 2358 7326 

Nov 350 2073 4185 3107 9715 

Dez 0 1100 2333 1347 4780 

Total 7645 23408 40121 19980 91154 

 

Current Daily Demand 

AE’s current average daily demand is presented in Table 2 divided by module and by the model 

produced by AE. Nevertheless, there can be a variation of demand of a maximum of 10 modules per 

car model. 

Table 2 – Average daily demand of each module assembled 

Model 

 Modules  

Rear and Front Bumpers Frontends Door Panels 

EOS - 60 - 

Sci 125 125 500 

Sha 195 195 - 

Alh 80 80 - 

Total 400 460 500 

 

SMP’s core activities are held in its plant, which is divided into three main areas: the injection 

moulding area, the painting area, and the assembly area. In order to achieve its production goals and 

therefore maximum customer satisfaction, a high degree of coordination between the operational 

areas is required. For a better understanding of SMP’s needs and specifications, an overview of the 

plant is provided in the following section. 
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2.3.2. Plant Overview 

This section describes the production areas and the operational functions in the SMP plant. The 

layout of the plant is shown in Figure 8 in order to visualise each area more clearly. The description of 

the areas is structured in the following sequence: injection moulding area (shown in blue), painting 

area (marked in red), and finally the assembly area (in green) which is divided in three assembly 

lines. Each area is described in more detail as follows. Note that all areas work according to AE’s 

production and if AE has a down day the production areas will also have a down day. 

 

 

Figure 8 – Layout of the SMP plant 
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Description of the Areas 

 

Injection Moulding Area 

The injection area works continuously 5 days a week, 3 shifts per day. M1, M2, M3 refer to moulding 

machines used to produce different parts, which are presented in Figure 9.  

The moulding area also has machines for the punching of the Sci bumpers (M4) and a machine used 

for the pre-assembly of the Sci frontend Kum (M5). There is also a storage area for all the raw 

material (RM) received for the production of the modules, and a storage area for the moulded 

bumpers, Kums, spoilers and diffusers
1
 (Racks). 

 

 

Figure 9 – Injection moulding machines and the components produced 

Painting Area 

The modules painted in SMP are bumpers and other smaller components, such as sensors. The 

painting area works continuously 5 days a week, 3 shifts per day. It is divided into two separate areas:  

 The interior area, also called the black box, containing 26 painting circuits which differ in the 

capacity of paint each circuit holds; 

 The exterior has an inspection area where the bumpers are inspected after exiting the black 

box and a rework area where immediate work is done on bumpers with painting defects. 

There is also a storage area for bumpers incoming from the injection area to be painted 

(VRacks).  

                                                      
1
 The spoilers and diffusers are air dams for the front and rear bumpers, respectively. 

Sci Rear 
Bumper 
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Bumper 
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Bumper 
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After the bumpers are inspected and placed in racks (FRacks) a forklift truck takes the full racks (each 

can take 6 to 9 bumpers) to the main warehouse located before the bumper assembly area. 

Assembly Area 

The assembly area is divided into three distinct areas. Each area works 5 days a week, 2 shifts a day. 

There is an assembly area for the bumpers, another for the frontends and a smaller assembly area for 

the door panels. Each assembly area is described as follows: 

 Bumpers Assembly 

The bumpers assembly area is divided in two sub-lines:  

 Rear Bumper Assembly Line; 

 Front Bumper Assembly Line. 

Table 3 – Bumper assembly line variation 

Model Feature Description 

Alh/Sha Rear 

Basic No Added Feature 

PDC Rear Sensor 

PLA Lateral Sensor 

VIP Sensor to open Boot/Trunk 

Sci Série/R-line/R-model Rear 

Basic No Added Feature 

PDC Rear Sensor 

Camera Camera for Rear View 

China Number Plate Punching 

Japan Number Plate Punching 

Alh/Sha Front 

Basic No Added Feature 

PDC Rear Sensor 

PLA Lateral Sensor 

SRA Headlight Wipers 

China Number Plate Punching 

Japan Number Plate Punching 

Sci Série/R-line Front 

Basic No Added Feature 

SRA Headlight Wipers 

China Number Plate Punching 

Japan Number Plate Punching 

Sci R-model Front 

SRA Headlight Wipers 

China Number Plate Punching 

Japan Number Plate Punching 

 

Many activities are performed along the front and rear assembly lines starting with the 

picking activity held in the main warehouse and ending with the final inspection, before 

being placed in a rack prepared to be transported to AE (F Bumpers).  
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Each line has a different amount of activities and number of workers. The rear bumper 

assembly line has 6 workers and the front bumper assembly line has 8 workers. 

The front bumper assembly line has more variations compared to the rear bumper 

assembly line because its product mix has more options. This variation is detailed in 

Table 3. 

 Frontend Assembly 

The frontend assembly area has 3 pre-assembly areas for the EOS, SCI and SHA/ALH 

which all end with the placement of the pre-assembled frontend on the assembly line. 

From this point onwards there are activities which are performed on each of the frontends 

on the assembly line whilst the frontends are moving along the line. These activities are 

the placement of the electro ventilators in the frontend and the final assembly before it is 

taken off the line and placed in a rack to be transported to AE (FE). The frontend 

assembly area has 11 workers. 

 Door Panel Assembly 

The door panel assembly is performed for the Scirocco model only. The area has 1 

worker whose function is to assemble right and left rear door panels and right and left 

front door panels. The worker picks and assembles the door panel according to the 

sequence received from AE. The finished assembled door panels (F Door.P) are 

transported to AE every hour. 

The flow throughout the plant is continuous during the shifts worked in each area. 

In order to have a smooth flow, every morning a general meeting is held with the department 

managers and line supervisors. The main focus point of the meeting is to provide an overview of the 

daily situation and discuss recent problems and measures taken. Problems which occur in SMP have 

to be solved immediately due to the fact that their production is JIS and JIT. In the following section 

these terms will be discussed in more detail. 

2.4. Problem Description 

In this section the problem is presented through the description of different issues regarding the need 

to improve SMP’s operations and processes to maintain their competitiveness and reduce costs. The 

problem is addressed in 3 sections. The first section describes the specifications AE suppliers must 

work according to, followed by the second section describing SMP production planning and 

operations with emphasis on the information flow, and the third section explains the Peguform 

Production System being implemented in SMP G. 
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2.4.1. AE Supplier Specifications 

All automotive suppliers in the AE industrial park are under constant pressure to meet the 

specifications imposed by AE. They must work accordingly to certain parameters which AE demands, 

such as JIS and JIT production, two days of stock availability at all times, and an on time delivery and 

zero defects system. These specifications are explained in more detail as follows: 

 JIS and JIT 

AE works with a JIS system in which components and parts arrive at the AE assembly 

line in the sequence they are ordered from the suppliers. Every module arriving at the AE 

plant is placed on the assembly line to be assembled with other parts which arrive from 

other suppliers in the same sequence. The production works in a JIT manner in which the 

module is ordered when needed and assembled almost upon arrival at the AE plant 

reducing inventory dramatically; 

 On time delivery 

From the point in time a supplier receives the JIS information from AE until the car is 

assembled at the AE plant there is a 4 hour time span. Usually the time interval between 

SMP receiving the sequence and the product arriving at AE is around 2 hours and the 

truck delivery from the SMP plant to the AE plant may take a total of 30 minutes; 

 Audits 

The suppliers are subjected to a continuous evaluation through frequent audits performed 

by AE to ensure the specifications demanded are being followed. These audits are 

performed weekly and measures are taken if the requirements are not followed, such as 

losing their supplier certification to supply AE. 

2.4.2. Production Planning and Operations 

This section presents the description of the production planning prepared by each department which 

is preceded by the description of the information flow which is essential to guarantee a solid 

production plan. 

Information Flow 

The information flow from AE to SMP can be visualised in Figure 10. 
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Figure 10 – Information flow from the AE plant to SMP 

The AE plant sends information on the demand average to the Logistics Department and sends real-

time demand to the Assembly Lines. The information sent to the logistics department is sent through 

their SAP system, and the assembly lines receive the information electronically JIS.  

The logistics department receives monthly, weekly, and daily information on the demand average and 

passes the information on to the injection moulding department and the painting department. The 

information passed on only concerns the needs of each department’s operation. Note that the 

information is based on the average the AE plant is going to produce and not based on a fixed 

production plan.  

The information received electronically by the assembly lines is JIS, directly from AE. The module has 

less than 4 hours to be assembled and delivered to the AE plant, as referenced in section 2.4.1. The 

time starts counting from the moment the information is received. 

Material Purchasing 

The raw material and all the ready components to be assembled on each line are ordered, monthly or 

weekly, by the logistics department. The purchasing can be divided in: 

 Raw material for the injection moulding area; 

 Door Panels for the door panel assembly line; 

 Kums for the frontend module assembly line; 

 Small components for all the assembly lines, such as sensors. 
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There are currently three suppliers for the raw material, one supplier for the door panels and Kums, 

and many different suppliers for smaller components. The SMP G Iberia purchasing department 

located in Spain is responsible for all the supplier contracts of all SMP G’s plants operating in the 

Iberian Peninsula. The orders concerning each supplier are then managed by the SMP logistics 

department which is responsible for order quantities and delivery dates. 

Injection Moulding Planning 

The injection moulding department receives information from the logistics department concerning the 

modules they produce, such as bumpers, Kums, spoilers, and diffusers. The department manager 

does the daily and provisional weekly production plan according to the information received, and 

follows the two day stock availability rule which is revised every day. 

Painting Planning 

The painting department receives information from the logistics department concerning the bumpers 

and the colours which have more probability to be ordered. The painting is done in batches which 

require a tight planning system as a complete batch takes around 6 hours. The painting planning 

manager does a weekly, daily and hourly plan according to the weekly and daily information received. 

Assembly Line Operation 

The assembly lines receive the information electronically JIS from AE through a label printer located 

on each assembly line near the picking area. Each assembly line only receives labels concerning their 

line, and each label consists of detailed information on the module to be assembled. The label printer 

works on a continuous basis as long as the AE plant is in production. 

Given the high degree of coordination required between SMP’s operations and the need to assure the 

efficiency of its production planning, it leaves no doubt that SMP has no margin for error. In order to 

further optimize its production activity SMP decided to incorporate lean methodologies to their 

processes. This implementation is discussed in the following section. 

2.4.3. The Peguform Production System 

SMP G created lean departments in all their factories around the world with the objective of 

developing the Peguform Production System (PPS) based on the Toyota Production System (TPS). 

TPS was developed by Toyota between 1948 and 1975 (Ohno, 2012). 

SMP G’s objective with this management strategy is to maintain their competitiveness and reduce 

costs substantially through implementing lean methodologies throughout the plants worldwide. This 

plan took shape in October 2012 when the lean departments were created and lean managers were 

hired.  
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In order to cover all their plants and have a transparent production system throughout them, the 

company initiated a training scheme for the lean production managers in which they would learn 

about the lean philosophy, and understand the use of lean tools through participating in active 

workshops to solve inefficiency problems in SMP G plants. The objective of this scheme is to allow 

the lean managers to have a broad view of the functioning of different plants and learn to work 

together in achieving better results.  

In order to obtain all the information regarding the company and to better describe the situation under 

analysis, an internship was arranged allowing for a more thorough understanding of the problem at 

study.  

The present work is based on the development and use of some lean tools to help implement the lean 

philosophy in SMP, which is fundamental to the implementation of the PPS in SMP G. 

2.5. Conclusions 

SMP’s production planning is subjected to great variability due to the work policy imposed by AE. AE 

does not have a fixed production plan, meaning SMP cannot have a fixed production plan either, and 

has to be prepared for any demand variability. They follow a JIS system in which the information on 

the product mix is received at the same speed as the orders are made by the client. The parts 

ordered have to be assembled on a continuous basis to be shipped to the AE plant, and be 

assembled on the AE assembly line 4 hours later. SMP has to work with a very tight schedule and 

needs to keep a well-planned production plan in order to follow the two day stock availability rule. 

If one of the modules does not arrive on time at the AE plant or has a defect it will delay the AE 

assembly line. This delay results in a fine, and if these problems occur frequently, the supplier may be 

taken off the supplier list for future supplying of the modules. 

The specifications SMP is subjected to are a clear factor of the need to improve the processes and 

decrease costs through eliminating waste. 

The development of this study intends to support SMP G’s objectives for the implementation of the 

Peguform Production System. Therefore, it is essential to consider several lean methodologies and 

tools regarding waste reduction and increased production efficiency. 
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3. Lean Manufacturing 

The work developed is based on lean manufacturing, which is currently one of the most influential 

manufacturing paradigms of recent times (Holweg, 2007). Organisations have found that, by 

identifying and removing waste, as well as implementing key lean tools, they can continuously 

improve their productivity, increase quality and become more cost effective (Imai, 1997). 

Lean promises significant benefits in terms of waste reduction, and increased organizational and 

supply chain communication and integration. However, implementing lean and achieving the levels of 

organizational commitment, employee autonomy, and information transparency needed to ensure its 

success is a daunting task (Scherrer-Rathje et al., 2009). 

A literature review on lean manufacturing is presented in this chapter and includes the description of 

the lean methodology, addressing the existent tools found in prior studies and a more detailed review 

of the tools which will be used to study the problem described beforehand. 

3.1. History  

In the beginning of the twentieth century, Henry Ford revolutionized the global industry by creating the 

current known term of mass production. This concept works in a very simple manner in which the 

various parts constituting the final product are produced in different locations and are all put together 

on a production line. Each worker has one task along the production line and as it moves forward the 

product gains shape. In this case the final product was a car (Womack et al., 1990). Due to these 

industrial advances, by the end of 1913, Ford produced half of the cars sold yearly in the USA. 

Another important characteristic of mass production are the quantities produced should be the 

maximum possible in order to reduce the price. Fords price reduced from USD1200 in 1909 to 

USD295 in 1928. At that time, Ford produced one car per minute. The concern for market demand 

was only when the cars were finished and off the production line. This was the price to pay for using 

scale economies (Hindle, 2008). 

The Toyota Motor Corporation was born in 1935. In the early years, the company produced poor-

quality vehicles with primitive technology and had little success. Toyota managers soon started to visit 

America in order to obtain more insight on Ford's and GM's production systems. Even before World 

War II, Toyota realized that the Japanese market was too small and the demand was too fragmented 

to support the high production volumes in America. Due to this fact, Toyota's managers knew they 

had to adapt their production to the Japanese market (Ohno, 2012). 

After World War II, most of Japan's industry had been destroyed and consumers had poor purchasing 

power. Taiichi Ohno, the person that later defined the Toyota Production System (TPS), was in 

charge of improving the Toyota manufacturing process and decided to visit some of the American 

automobile manufacturers. He was surprised to see the principals developed by Henry Ford still being 
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used and noticed the lack of evolution. The American production model was still based on mass 

production and economies of scale. Factories often looked more like warehouses with great amounts 

of stock. The only advances were in the technology used and not at the level of processes. 

At this time Toyota did not have the luxury of creating waste, it lacked warehouses, factory space and 

money and it did not produce large volumes of just one type of vehicle (Liker, 2004). 

Toyota sought to reduce the inefficiencies of mass manufacturing by eliminating waste, reducing 

inventory, improving throughput, and encouraging employees to bring attention to problems and 

suggest improvements to fix them (Womack et al., 1990). It was realized that only a small fraction of 

the total lead time and effort to process a product added value to the end customer (Melton, 2005). 

TPS was born there and then in 1949. 

Outside of Toyota, TPS is often known as lean or lean production, since these were the terms made 

popular in two best-selling books, The Machine That Changed the World (Womack et al., 1990) and 

Lean Thinking (Womack & Jones, 2003). 

3.2. Definition 

Lean from a practical or operational perspective involves implementing a set of shop floor tools and 

techniques aimed at reducing waste within the plant and along the supply chain (Shah & Ward, 2007). 

The characteristics which define lean manufacturing in the industry are related to the socioeconomic 

context lived in Japan after the Second World War. The effort and the need to reconstruct a whole 

country which found itself completely destroyed allowed the industry to adopt new rules. The main 

objective of the lean philosophy is to decrease and, at its limit, eliminate all and any kind of waste in 

production processes so that all time spent on the product is through value added activities. Value 

can be defined as a capability provided to a customer at the right time and at an appropriate price, as 

defined in each case by the customer (Womack & Jones, 2003). Value added is when an activity 

unambiguously creates value. It can be explained as something that the customer is eager to pay for, 

whether it is a service or a product. 

It was the book “The machine that changed the World” by (Womack et al., 1990) that introduced the 

term Lean Production in 1990. The book has become one of the most widely cited references in 

operations management over the last decade (Holweg, 2007). The book was the first to highlight 

Japanese production methods as compared to traditional Western mass production systems; it also 

highlighted the superior performance of the former. 

3.3. Lean Thinking 

Lean thinking was the title of the book by James Womack first published in 1996. It has been 

established beyond a doubt that organizations which have mastered lean manufacturing methods 
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have gained substantial cost and quality advantages over those which are still practising traditional 

mass production (Fleischer & Liker, 1997). 

To be a lean manufacturer requires a way of thinking that focuses on making the product flow through 

value adding processes without interruption (one-piece flow), a pull system that cascades back from 

customer demand by replenishing only what the next operation takes away at short intervals, and a 

culture to improve (Liker, 2004; Losonci, Demeter, & Jenei, 2011). 

Lean thinking is the powerful antidote to waste. It provides a way to specify value, line up value-

creating actions in the best sequence, conduct these activities without interruption whenever 

someone requests them, and perform them more and more effectively (Womack & Jones, 2003). 

Lean thinking focuses on the customer and the definition of value. It sees the manufacturing process 

as a vehicle to deliver value to a customer (Melton, 2005). 

3.3.1. The 5 Lean Principles 

According to Womack and Jones (2003) and the Lean Enterprise Institute (LEI, 2014) there are five 

lean principles for guiding the implementation of lean techniques: 

The 5 Lean Principles Cycle is presented in Figure 11, and the definition of each principle is 

presented below. 

 

Figure 11 – The 5 lean principles cycle (Lean Enterprise Institute, 2014) 

1. Specify value – Defining value for a specific product (a good or a service, and often both at 

once) from the end customer’s perspective which meets the customer’s needs at a specific 

price and at a specific time; 
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2. Identify the value stream and eliminate waste – Identify all the steps in the value stream 

across all parts of the organisation involved in jointly delivering the product or service to the 

customer. Identifying the value stream exposes waste in the form of unnecessary steps; 

3. Make the remaining value-creating steps flow – Make the value-creating steps flow in a 

tight sequence so the product will flow smoothly towards the customer. Eliminating waste 

ensures the product or service flows to the customer without any interruption or waiting; 

4. Let the customer pull – Create level pull from the final customer through the value stream. 

Produce only what the customer wants when the customer wants it; 

5. Pursue perfection – As value is specified, value streams are identified, waste is removed, 

and flow and pull are introduced the process should begin again until the state of perfection is 

reached in which every action adds value for the end customer in the form of zero waste. 

3.3.2. The House of Lean 

The house of lean pictures the values TPS stands for. It has become one of the most recognizable 

symbols in modern manufacturing (Liker, 2004). A house was chosen as the symbol because it is a 

structural system. A house is strong only if the foundations, the pillars and the roof are strong enough 

(Womack & Jones, 2003). 

Many versions of the house can be found in literature; however, the principles remain the same. The 

house of lean can be found in Figure 12. 

 

Figure 12 – The house of lean (Lean Enterprise Institute, 2014) 
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The foundations represent the basic elements that have to be strongly embedded in the company. 

These are standardized work and stable, and reliable processes. One of the pillars represents JIT, 

which means manufacture what is needed, when it is needed, and in the amount needed. The other 

pillar represents Jidoka, defined as "automation with a human touch". It is a system that stops a 

machine as soon as a problem in the production is detected. Jidoka allows having a single operator to 

efficiently control many machines. To complete the house the roof represents perfection, one of the 

five lean principles which is explained in the previous section. Inside the house are the people and 

most importantly the respect for people (Womack & Jones, 2003). 

Although each element of the house represents one of the critical parts of TPS, the diagram also 

represents that each component of the house are all equally important. This means that when 

implementing lean, all the components that compose the house of lean should be considered. 

3.3.3. The 7 Deadly Wastes + 1 

According to (Singh & Sharma, 2009) waste consumes resources but does not add any value to the 

product. Waste is normally identified as Muda, the Japanese word for futile. It can be defined as every 

process that does not add value to the product and is not required by the current production system. It 

is anything the client does not pay for (Joseph C. Chen et al., 2010). 

Taiichi Ohno identified the first 7 types of waste and James Womack identified the eighth. 

1. Overproduction – To produce what is not necessary, when it is not necessary and in 

quantities not necessary. It is the contrary of Just-In-Time; 

2. Transport – Each time a product is moved it stands the risk of being damaged, lost, and 

delayed as well as being a cost for no added value. Transportation does not make any 

transformation to the product that the consumer is willing to pay for; 

3. Stock – The excess of stock be it in the form of raw materials, work in progress, or finished 

goods, increases the costs and can cause additional handling, additional workers, and 

additional paper-work; 

4. Motion – It refers to all the motion that is not necessary to complete a specific task. It can 

refer to the motion of workers, documents or even electronic transactions. It is due to poorly 

designed layouts, leading to great amounts of transportation of goods; 

5. Waiting – The time that a worker, machine or document is idle, waiting for a previous task to 

finish before commencing the next is waiting time; 

6. Over-processing – A process that consumes more resources than is strictly needed; 

7. Defects – This kind of muda involves extra costs through identifying the cause of the defect 

and reworking the product or rescheduling production; 

8. People’s time - Underutilization of people and their ideas results in a loss of knowledge, skills 

and abilities which should be used to the fullest. 
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Presented in Figure 13 is SMP’s pocket reminder on the “7+1 kinds of wastes”. It is called a pocket 

reminder because it was designed with the objective of all the senior management and assembly line 

supervisors having it on them at all times. 

 

Figure 13 – SMP's pocket reminder on the 7+1 kinds of waste (SMP, 2014) 

3.4. Lean Tools 

Lean tools and techniques are good industrial engineering practices that can be applied to companies 

in many contexts and without a lot of difficulty (Shah & Ward, 2007). Lean tools are used to 

accomplish what lean manufacturing stands for: waste elimination, cost reduction, improved quality 

and to decrease lead time, inventory and equipment downtime (James C. Chen, Cheng, & Huang, 

2013). 

Table 4 describes some lean tools which exist in lean manufacturing, but not all of them will be 

addressed, in detail, in the literature review. The lean tools presented in the literature review are the 

tools most used in the PPS which will be studied and developed in the following chapters. 

 



27 
 

Table 4 – Tool table identifying and describing lean tools (Lean Enterprise Institute, 2014) 

Tool Description Expected Improvement 

Cellular 
Manufacturing 

Machine layout which allows one-piece flow and flexibility.  Waiting Time 

5S Visual control and lean production. 
 Waiting Time 

 Activity Duration 

Visual Control 
Systems 

Allows visualization of the system status. 

 Waiting Time 

 Activity Duration 

 Activity Cost 

Standard Work Description of each work activity. 
 Activity Duration 

 Activity Cost 

SMED 
Single Minute Exchange of Dies. A technique to reduce machine 
setup time. 

 Activity Duration 

 Activity Cost 

Jidoka Autonomation(*). Machines detect defects and stop production. 
 Activity Duration 

 Activity Cost 

 Material Reduction 

TPM 
Total productive maintenance. Take care of the maintenance to 
ensure smooth working. 

 Activity Cost 

 Material Reduction 

Kanban A visual tool to signal upstream production and delivery.  Waiting Time 

JIT Production of the right item, at the right time, in the correct amount.  Waiting Time 

(*) automation with a human touch (a lean term). 

Although lean manufacturing deeply utilizes lean tools, it is not by applying lean tools that a company 

will succeed to implement lean manufacturing. In the book "The Toyota Way" it is also explained that 

lean tools are just the tip of the iceberg of lean manufacturing (Liker, 2004). Without a cultural change 

inside a company, lean can never have the desired impact and succeed. Literature states that almost 

every lean failure is the fundamental issue of corporate culture and change management (Bhasin, 

2012). 

Prior attempts of lean implementation in industries have proven that a successful lean implementation 

is made possible through the support of all the workers, and through their understanding, and 

acceptance of the change needed to happen. It is very important that senior management 

understands and commits to the lean philosophy, and only then does the whole company work 

towards perfection (Scherrer-Rathje et al., 2009). 
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3.4.1. Material Flow 

Value Stream Mapping 

A value stream consists of all the steps from the suppliers to the final product including the non-value 

added activities. It provides a pictorial view of what elements of the process are value added and the 

customer is willing to pay for (Tapping & Shuker, 2003). Rother and Shook (1999) defined VSM as a 

powerful tool that not only highlights process inefficiencies, transactional and communication 

mismatches, but also guides about the improvement. Jones and Womack (2003) describe VSM as 

the process of visually mapping the flow of information and material as they are, and preparing a 

future state map with better methods and performance. As defined by Voelkel and Chapman (2003), 

VSM is the simple process of directly observing the flows of information and materials as they now 

occur, summarizing them visually, and then envisioning a future state with much better performance. 

A successful attempt to use VSM has been made by Seth and Gupta (2005), as a technique to 

achieve productivity improvement in production output per person, reduction of work-in-process, and 

finished goods inventory. 

The process of designing a VSM itself is very simple and straightforward, using pencil and paper, and 

doing a Gemba walk
2
. Starting from the customer delivery end point, and working back through the 

entire process documenting the process graphically, and collecting data along the way until reaching 

the suppliers. It results in a single page map containing data, such as, cycle time, work-in-process 

(WIP) levels, equipment performance data, and also the flow of information within the system (Singh 

& Sharma, 2009). Besides this information the VSM identifies the value added activities and non-

value added activities, adding up to the total lead time of production. 

The steps taken in Value Stream Mapping, according to Lasa et al. (2008) and ITC (2004), are 

described as follows: 

1. Select the product or product family you want to map; 

2. Draw the current state value stream map; 

3. Draw the future state value stream map; 

4. Implement the action plan; 

5. Achieve the action plan. 

 

 

 

 

                                                      
2
Gemba walks denote the action of going to see the actual process, understand the work, ask questions, and learn. It is known 

as one fundamental part of the Lean management philosophy 

http://en.wikipedia.org/w/index.php?title=Gemba_walk&action=edit&redlink=1
http://en.wikipedia.org/wiki/Lean_management


29 
 

Terminology used in Value Stream Mapping is described in Table 5. 

Table 5 – Terminology used in the VSM design (Singh & Sharma, 2009) 

Takt Time 
The rate at which a company must produce a product to satisfy its customer demand. 
It is calculated dividing the available working time per day by the customer demand per 
day. 

Production Lead Time 
The total time a component takes through the shop floor, from point of arrival as raw 
material until shipped as finished goods to the customer. 

Value Added Time The time during which value is added to the product. Everything the customer pays for. 

Current Value Stream Map 
Describes the current state of the value chain from the arrival of raw material until the 
shipment to the customer. 

Future Value Stream Map 
Describes the proposed future state map of the value chain after improvements have 
been identified to eliminate waste activities. 

3.4.2. Visual Management 

Visual Management, also known as visual control, is one of the lean tools. It is the placement in clear 

view of all tools, parts, production activities, and indicators of production system performance. It is 

also known as transparency (Womack & Jones, 2003). 

5S 

One of the pillars of visual control is a methodology called 5S. It is presented by Melton (2005), as a 

key lean technique which helps maintain the control of the shop floor through a visual housekeeping 

tool. Womack and Jones (2003) define it as five terms beginning with S, utilized to create a workplace 

suited for visual control and lean production. The five terms are Japanese, and can also be translated 

into English as follows: 

1. Seiri (Sort) – Sort through items and keep only what is needed while disposing of what is not; 

2. Seiton (Straighten or orderliness) – A place for everything, and everything in its place; 

3. Seiso (Shine or cleanliness) – The cleaning process often acts as a form of inspection that 

exposes abnormal, and pre-failure conditions that could hurt quality or cause machine failure; 

4. Seiketsu (Standardize or create rules) – Develop systems and procedures to maintain, and 

monitor the first three S’s; 

5. Shitsuke (Sustain or self-discipline) – Maintaining a stabilized workplace is an ongoing 

process of continuous improvement. 

5S is the basis for any lean implementation. It maintains stability and ground for the growth of lean in 

an organization. It is a tool to reduce waste. It separates what is needed from what is rarely used, 

leaving only what is strictly necessary to create value. In order to guarantee the continuous use of the 

5S methodology regular audits should be implemented (Liker, 2004). 
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Kanban 

A Kanban system is one of the tools that can achieve minimum inventory levels at any one time. 

Kanban provides many advantages in managing operations and business in the organization. It helps 

improve the company's productivity and at the same time minimize waste in production. The Kanban 

system requires production only when there is demand. The premise of Kanban is that material will 

not be produced or moved until a customer sends the signal to do so (Rahman, Sharif, & Esa, 2013). 

3.4.3. Work Standardization 

Womack and Jones (2003) define Standard Work as a listed description of each work activity 

specifying: cycle time; Takt time; the work sequence of specific tasks; and the minimum inventory of 

parts on hand needed to conduct the activity. 

At SMP, sheets like the one represented in Figure 14 are used to standardize each task of a certain 

work activity. Data such as: handling time; process time; walking time; Takt time; and demand are 

registered in these sheets. Each task should be registered in the sequence of occurrence. This sheet 

also has a visual tool to analyse where the time is being used. 

 

Figure 14 – Combination sheet for standardized work (SMP, 2014) 
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3.5. Conclusions 

The literature review presented in this chapter focuses on lean methodologies, which covers the 

methodology presented for the dissertation. The lean tools described in more detail, namely the value 

stream mapping, visual management and work standardization, are used to study the problem in 

more depth in the following chapters. 

The case described beforehand in section 2.4.2 enhances the fact that there is a need to optimize the 

production system to ensure a smooth supply to AE. It is also important to realise that a series of 

small, strategic improvements can quickly add up to significant increases in system efficiency 

(George, 2002). There are many improvement cases in the reviewed literature which use lean 

methodologies to improve their processes and gain savings. Therefore the lean methodology was 

considered the most adequate for the study of the case presented, and an opportunity to study lean 

implementation in an improvement case in Portugal.  
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4. SMP – The Current Status 

In this chapter the current VSM’s are designed, through the collection of relevant data and the 

analysis of the information and material flow throughout the production lines.  

The timed data needed to calculate the total lead time along each production line was gathered by 

using a chronometer, timesheet tables, and a pencil. The data was later analysed using a 

spreadsheet. The detailed data is not part of this document due to the confidentiality nature of the 

information. 

Each process presented in the VSM’s contains activities which can be divided into tasks, as shown in 

Figure 15. 

 

Figure 15 – Process break-down diagram 

The timesheet tables used to collect the data are the standard tables currently used by SMP, 

presented below in Figure 16.  

The tables are organised in a matrix of lines and columns. Each timesheet table is related to an 

activity which is divided into tasks.  The more times each task is timed, the more accurate is its 

average. 

The first column is used to write each task performed in an activity, from start to finish. The following 

columns are filled with the timed values regarding each task in the first column. The last columns 

calculate the minimum, maximum, and average values for each task. The last line on the timesheet 

table sums all the values and calculates the average time the activity takes to be completed. 
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Figure 16 – Timesheet table (SMP, 2014) 

The time measurements were done on all processes present in the VSM’s, except for the painting 

process present in the bumper VSM. The painting process, also called the black box, has all its 

values computerized. 

The bumper VSM was the first to be designed, followed by the frontend VSM, and finally the door 

panel VSM. 

4.1. Bumper Production Line Data 

 Injection Moulding Area 

The bumper production line starts in the injection moulding area, where the bumpers are moulded. 

The time measurements taken in the injection moulding area are of the machine cycle times, the 

manual inspection time after the part has been machined, and the time taken to store the product in 

the racks. 

In Table 6 is presented the average time each of these tasks takes to be performed according to the 

machine being used. 

Machines M1 and M2 mould the bumpers, which is detailed in Figure 9, in section 2.3.2.  

Machine M4 is also presented because it is used to punch holes in the Sci front bumper after it has 

been moulded, and before it is painted. The Alh and Sha models are machined on the assembly line 

after being painted. The reason for the punching of the holes is for sensors to be placed in the 

bumpers on the assembly line. 
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The values shown are the average of the maximum values for each machine, as this is the worst case 

scenario. All times are in seconds. 

Table 6 – Bumper process data (in seconds) 

 

 Painting Area 

The following process along the bumper production line is the painting of the bumpers.  

The bumpers are transported in racks by a forklift truck to the painting area. The time between 

moulding and painting can vary from hours to days depending on the production schedule, the 

demand from AE, and also the defects or NOK parts from the moulding and painting areas. 

Before the bumpers start the painting cycle, they are taken out of the racks and placed manually on 

the painting line on JIGs. Each JIG holds 4 bumpers, and each bumper is inspected and cleaned after 

being placed on the JIG. The painting line is in continuous movement so the operators have to work 

at pace with the line. 

The duration of the painting cycle of the bumpers varies according to the colour being painted and 

also the number of bases/coats a certain bumper may take depending on its finished look – there are 

bumpers which may be painted to look matte and others to look shiny. 

All these values are computerized, and SMP defined the maximum total average duration of the 

painting cycle to be 6 hours. This is the data used for the analysis of the VSM. 

When the bumpers exit the painting line they are removed from the JIGS and placed on inclined 

tables which lead to an inspection area. After the bumpers have been inspected they are placed in 

racks and taken to the storage area by forklift truck. 

The cycle time and inspection time before, and after painting are found below in Table 7. All times are 

in seconds. 

 

Machine Cycle Time Inspection Storage Total Time 

M1 113 28 9 150 

M2 105 22 8 135 

M4 60 70 8 138 
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Table 7 – Bumper painting process data (in seconds) 

Pre-inspection Cycle Time Final Inspection Total Time 

50 21600 (6 hours) 135 21785 

 

 Assembly Area 

The last process along the bumper production line is the assembly of the bumpers. 

The assembly area consists of two lines, the rear and front bumper assembly lines. The following 

figures present the flow and layout of the assembly lines for a better visualization and understanding 

of the activities detailed below. 

The first diagram presented is the rear bumper assembly process, in Figure 17. 

 

Figure 17 – Flow diagram of the bumper rear assembly process 

The following diagram is of the front bumper assembly process, in Figure 18. 

 

Figure 18 – Flow diagram of the front bumper assembly process 

Note that the assembly area consists of two different lines, but the activities are essentially the same. 

o Picking 

The first activity of the bumper assembly area is the picking of the bumpers from the storage area. 
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The picking of the bumpers is performed manually by one operator using a trolley. The trolley can 

hold up to 6 bumpers at a time. The time measured for this activity is divided into tasks. The tasks 

start from the moment the operator receives the printed order for 6 bumpers; moves the trolley to 

each location where the bumpers indicated on the order are found; takes the bumper off the rack and 

places the bumper on the trolley; glues the label on the respective bumper; and then walks back to 

the picking point to leave the trolley with the bumpers to be inspected. 

When another 6 labels are printed he repeats the activity again. 

o Inspection 

The bumpers are inspected, cleaned, and bright coloured stickers are glued on the pointy edges to 

decrease the probability of scratches or damage to the bumper along the assembly line. After the 

inspection, the trolley is passed on to the machinery activity. 

o Machinery 

Each label glued on the inside of the bumper details exactly what machinery is to be used. The 

operator reads the label and places the bumper on the correct machine. The number of machines a 

bumper uses depends on the features AE has ordered on the label. 

At this point the time measurements vary according to the front or rear bumper assembly line. The 

front assembly line has 5 machines and the rear assembly line has 3 machines. Each model can have 

different feature combinations. For example, a model can use none, one, or more machines according 

to the features presented on the label.  The different features a model can have are described in 

Table 3, in section 2.3.2. The number of combinations each assembly line can have was calculated 

using a spreadsheet. The result is found below in Table 8. 

Table 8 – Bumper machinery combinations per model and line  

Assembly Line Model 
Combinations per 

Model 
Combinations per Line 

Rear 

Alh/Sha Rear 6 

16 

Sci Série/R-line/R-model Rear 10 

Front 

Alh/Sha Front 18 

29 Sci Série/R-line Front 6 

Sci R-model Front 5 

 

After this activity, the bumpers are placed on a conveyor belt which leads to the final assembly. On 

the conveyor belt the air dams are clipped on and a few screws are screwed into place. 
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o Final Assembly 

The final assembly activity consists of a suspended assembly line which moves through 3 work 

stations. All work stations have different tasks, such as clipping tubes into place or placing sensors in 

punched holes. The operators work accordingly to the label which specifies all features ordered by 

AE. The suspended assembly line moves along an axis, and only stops if a stop button is pressed. 

The amount of parts placed on the bumper, and its variation on the final assembly line led to a 

complex detailing of the activity into tasks. For that reason the time measured for the final assembly 

activity was measured continuously for many series of bumpers, from the start of the final assembly 

until the end. 

o Final Inspection 

The last activity to be performed is the final inspection before the bumper is transported to the AE 

plant. The operator removes the bumper from the final assembly line and places the bumper on the 

inspection table. All the details on the label are checked, the bumper is cleaned, and the bright 

coloured stickers are taken off of the edges. 

The operator then places the bumper on the dispatch rack, which holds 4 bumpers, and is transported 

to AE after completion. The operator also signs a paper which is placed on the dispatch rack as a 

guarantee that the bumpers are in the correct sequence, and have all been inspected. 

Once the dispatch rack is complete, a forklift truck transports the rack to the waiting area. The waiting 

area is located between the final inspection and the AE truck loading dock. 

o Delivery 

The time a rack may wait to be loaded and transported to the AE plant varies between no waiting time 

and two hours. Meaning the loading truck arrives, approximately, every two hours. 

The measured times for the activities are found below. Due to the complexity of combinations and 

product mix throughout the machinery activity and the final assembly line activity, the measured times 

are calculated as a total average for all models being assembled. 

The times measured for the activities along the rear bumper assembly line are found below, in Table 

9. All times are in seconds. 

Table 9 – Rear bumper assembly process data (in seconds) 

Picking Inspection Machinery 
Final 

Assembly 
Final 

Inspection 
Total 

120 90 120 198 40 563 
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The times measured for the activities along the front bumper assembly line are found below, in Table 

10. All times are in seconds. 

Table 10 – Front bumper assembly process data (in seconds) 

Picking Inspection Machinery 
Final 

Assembly 
Final 

Inspection 
Total 

180 120 180 266 45 791 

 

On conclusion of the time study of the bumper production line, the following line to be studied is the 

frontend production line. 

4.2. Frontend Production Line Data 

 Injection Moulding Area 

The frontend production line starts in the injection moulding area. Machine M3, as shown in 2.2.2., 

moulds the Kum for the Sci and the EOS frontend modules. The Kums for the Sha and Alh are 

supplied externally, and are stored in the storage area. 

The times measured in the moulding area are of the machine cycle times, the manual inspection time 

after the Kum is moulded, and the time taken to place the Kum on the rack. 

In Table 11 the total average time of the moulding of the Kums is shown. All times are in seconds. 

Table 11 – Frontend injection moulding data (in seconds) 

Machine Cycle Time Inspection Storage Total Time 

M3 73 15 7 95 

 

After the racks are complete, a forklift truck stores them in the storage area in the injection moulding 

area, or transports them immediately to the assembly line, depending on the production schedule that 

is being followed. 

Note that the Alh and Sha Kums supplied externally are stored in the storage area near the frontend 

assembly area. The Kums are supplied to the assembly area when needed. 

 Assembly Area 

The frontend assembly process has 7 different activities, as follows: 



40 
 

o EOS pre-assembly; 

o Sci pre-assembly; 

o Alh/Sha pre-assembly; 

o Refrigeration Module; 

o Pre-assembly Refrigerator Module; 

o Final Assembly; 

o Remove Module. 

The layout is shown below in Figure 19 to have a clear image of the process. 

 

 

Figure 19 – Frontend assembly process layout 

The central part of the assembly area is a moving assembly line with metal robust holders to place the 

pre-assembled Kums on. The holders are integrated into the assembly line. 

The label printer, P, which receives JIS information from AE, is located at the end of the assembly 

line. The operator on the final activity glues the labels on the metal holders after he has taken the 

finished frontend module off the holder. 

The metal holders then move on to the next activities, which consist on placing the pre-assembled 

Kums on the holders. From this point on, all the following activities consist of assembling parts on the 
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Kum whilst it is on the line. When the assembled Kum reaches the final activity, the operator takes the 

finished frontend off the line and places it in a rack. All the pre-assembly activities are external and do 

not have interaction with the assembly on the line. 

Each rack holds 6 frontend modules. The dispatch racks are then transported to the waiting area by 

forklift truck. 

The times measured at each activity along the frontend module assembly process are detailed below. 

Note that the pre-assembly of the refrigerator module present in the layout is not included in the time 

measurement, as this is an external activity, and will not influence the calculation of the average time 

the frontend takes on the line. 

Table 12 shows the total average time for each frontend model to be assembled in the assembly 

process. The table is divided by activity and frontend model. The times measured start with the pre-

assembly of the Kums, at their designated work station. Followed by the time to place and assemble 

the Kum on the line. The following three activities measured are of the time for parts to be assembled 

on the Kum whilst it is on the line. These times are the same for all models. All times are in seconds. 

Table 12 – Frontend module assembly data (in seconds) 

Model 
Pre-

assembly(*) 
Assemble 

on Line 
Refrigerator 

module 
Final 

assembly 
Take-off line 

Total 
Assembly 

Time 

EOS 1 158 75 

63 101 66 

1 463 

Sci 988 68 1 286 

Alh/Sha 697 50 977 

(*) external to the assembly line 

 Waiting Area 

The waiting area is located between the frontend assembly area and the AE truck loading dock. The 

truck arrives every 2 hours, and loads all the racks which are finished. 

 On conclusion of the time study of the frontend production line, the following line to be studied is the 

door panel production line. 

4.3. Door Panel Production Line Data 

The door panel production line consists of a storage area, a supermarket, an assembly area, and a 

waiting area from which the finished door panels are dispatched to the AE plant.  

The door panels are ordered from a supplier and have a designated storage area very close to the 

door panel assembly area, identified in section 2.3.2. 
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The assembly area consists of a supermarket area and the final assembly. The layout is found below 

in Figure 20 for a better visualization of the process. 

 

Figure 20 – Door panel assembly layout 

There are 40 different door panel references and, approximately, 10 different components that may 

be assembled on each door panel, such as, switches, electronic devices, and sound systems. 

When a certain reference of a door panel is needed, and is not available in the supermarket, the 

operator informs a forklift truck operator to load the pallet from the storage area and unload it at the 

entrance of the supermarket. 

The label printer, P, is located in the final assembly area which consists of two working tables, one for 

the assembly of the right door panel and the other for the assembly of the left door panel, as can be 

seen above in Figure 20. 

When the order is received the operator picks the door panel from the supermarket, according to the 

reference to be assembled. The supermarket consists of open pallets located on the floor. Each pallet 

holds 7 door panels, and has a reference which refers to a certain door panel model.  
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After picking the door panel, the operator glues the label to the door panel and proceeds to the 

assembly table. After assembling the components, the operator places the door panel in the dispatch 

holder. Each dispatch holder holds 20 door panels. 

When the orders are complete, the dispatch holders wait until the loading truck arrives. The truck 

usually arrives every 1 hour. 

The times measured in the assembly area are of the picking time, the assembly of the door panel, 

and the time to place the door panel in the dispatch holder. The average times are presented in Table 

13. All times are in seconds. 

Table 13 – Door panel assembly data (in seconds) 

Picking Assembly Dispatch Total Time 

20 39,5 4 63,5 

 

4.4. Inventory Data 

The following data to be collected is on the amount of inventory held along the production lines. The 

areas in which the inventory or WIP was counted are found below, in Table 14. 

Table 14 – Inventory data (in units) 

Value Stream Storage Area Amount in Units 

Bumper 

Raw Material 7945 

Moulded Bumpers 2401 

Painted Bumpers 2500 

Finished Bumpers 40 

Frontend 

Raw Material 2243 

Moulded Kums 240 

Finished Frontends 60 

Door Panel 

Supplied Door Panels 1086 

Finished Door Panels 80 
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4.5. Spaghetti Diagram 

A spaghetti diagram was designed to enable a clear vision of the material flow throughout the plant. In 

this case, the factory layout is designed as the background, and the three production flows are 

identified in different colours. This is shown in Figure 21. 

 

Figure 21 – Spaghetti diagram layout 

The design of the material flow, using a spaghetti diagram, is important to design before the current 

VSM to have a clear vision of the flow of the production lines. 

The following step is to design the current VSM’s which will be presented in the next section. 

4.6. Current VSM’s 

In the following section the three production lines, the bumper, the frontend, and the door panels are 

designed using the VSM tool. The VSM’s are designed on a spreadsheet using the VSM icons which 

are presented in Table 15. 
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Table 15 – VSM icon dictionary 

Symbol Description 

 

Shipments 

 
Push Flow 

 
Manual information 

 
Electronic Information 

 Kanban flow 

 

Supermarket 

 
Material Pull 

 
Operator 

 
Signal Kanban 

 
Customer/Supplier 

 Load Leveling 

 
External Shipment 

 

Dedicated Process 

 

In value stream mapping the flow of information and material have opposite directions. The 

information flows from client to supplier, and the material flows from supplier to client.  

The information flow is located at the top of the VSM, and the material flow is located below where the 

processes are identified.  

The lead time is presented below each process or inventory icon. 

The three current VSM’s are depicted in appendixes A, B, and C. 

4.6.1. Bumper Current VSM 

The first VSM to be designed is the bumper production line. The design is shown in Figure 36, in 

Appendix A. 

The bumper current VSM analysis is found as follows. 
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Material Flow Analysis 

The material flow the bumper production line follows in the VSM is the same as shown in the 

spaghetti diagram, in Figure 21. The bumper current VSM process description is found below in Table 

16. 

Table 16 – Bumper current VSM process description 

Process Description 

Unload Raw Material 
The raw material arrives from the suppliers and is unloaded 
in the injection moulding area. 

Store Raw Material 
The raw material is stored in the designated storage area in 
the injection moulding area. 

Mould Bumpers 
The bumpers are moulded in M1 and M2 in the injection 
moulding area. 

Store Moulded Bumpers 
The moulded bumpers are stored in the designated storage 
area in the injection moulding area. 

Sci Bumpers Punched 
The Sci bumpers are punched using M4 in the injection 
moulding area. 

Store Sci Bumpers 
The punched Sci bumpers are stored in the designated 
storage area in the injection moulding area. 

Paint Moulded Bumpers 
The bumpers are transported to the painting area and are 
painted. 

Store Painted Bumpers 
The painted bumpers are transported to the storage area in 
the main warehouse. 

Pick Bumpers 
The bumpers are picked from the main warehouse when the 
orders are placed. 

Assemble Front and Rear Bumpers The bumpers are assembled into front and rear bumpers. 

Store Finished Bumpers 
The finished bumpers are stored in the dispatch area near 
the designated loading dock. 

Load Finished Bumpers 
The finished bumpers are loaded and transported to the 
client. 

 

Information Flow Analysis 

The information flow throughout the bumper current VSM is electronic and manual. The information is 

sent electronically from the client to the logistics department and to the picking process located at the 

start of the bumper assembly area. It is important to note that the information sent to the logistics 

department and to the picking process is different. 

The logistics department receives average total demand information and sends the information 

electronically to the suppliers, and manually to the moulding and painting departments. 
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The information sent to the bumper assembly area is JIS and the bumpers are assembled as soon as 

the order is received. 

4.6.2. Frontend Current VSM 

The frontend current VSM is presented in Figure 37, in Appendix B. 

The frontend current VSM analysis is found as follows. 

Material Flow Analysis 

The material flow the frontend production line follows in the VSM is the same as shown in the 

spaghetti diagram, in Figure 21. The frontend current VSM process description is found below, in 

Table 17. 

Table 17 – Frontend current module VSM process description 

Process Description 

Unload Raw Material and Alh/Sha Kums 
The raw material arrives from the suppliers and is unloaded in the 
injection moulding area. The Alh/Sha Kums are unloaded at the 
unloading dock near the main warehouse. 

Store Raw Material and Alh/Sha Kums 
The raw material is stored in the designated storage area in the 
injection moulding area, and the Alh/Sha Kums are stored in the 
designated area in the main warehouse. 

Mould Sci and EOS Kums 
The Sci and EOS Kums are moulded in M3 in the injection 
moulding area. 

Store Moulded Sci and EOS Kums 
The moulded Sci and EOS Kums are stored in the designated 
storage area in the injection moulding area. 

Assemble Sci and EOS Kums 
The Sci Kum is assembled in M5 in the injection moulding area, 
and the EOS Kum is assembled in M6 in the frontend assembly 
area. 

Store Assembled Sci and EOS Kums 
The assembled Sci and EOS Kums are stored in the designated 
storage area in the injected moulding area. 

Assemble Frontend Modules 
The frontend modules are assembled in the frontend assembly 
area. 

Store Finished Frontend Modules 
The finished frontend modules are stored in the dispatch area near 
the designated loading dock. 

Load Finished Frontend Modules 
The finished frontend modules are loaded and transported to the 
client. 

 

Note that the racks with the Kums are transported to the frontend assembly area by forklift truck, as 

needed. For that reason the transport is shown directly from the supplied Kums to the assembly area. 
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Information Flow Analysis 

The information flow throughout the frontend current VSM is electronic and manual. The information is 

sent from the client to the logistics department and to the frontend assembly area electronically.  

The average total demand information is sent to the logistics department and the logistics team sends 

the information electronically to the suppliers, and manually to the injection moulding department.  

The information sent to the frontend assembly area is JIS and the modules are assembled as soon as 

the order is received. 

4.6.3. Door Panel Current VSM 

The following VSM is the door panel production line. The design is shown in Figure 38, in Appendix C.  

This VSM is of a much smaller dimension as the production line has fewer activities, and flows 

through less areas in the factory. 

The door panel current VSM analysis is found as follows. 

Material Flow Analysis 

The material flow the door panel production line follows in the VSM is the same as shown in the 

spaghetti diagram, in Figure 21. The door panel current VSM process description is found below, in 

Table 18. 

Table 18 – Door panel current VSM process description 

Process Description 

Unload Door Panels 
The door panels arrive from the supplier and are unloaded in the unloading dock near 
the door panel storage area. 

Store Door Panels The door panels are stored in the door panel storage area. 

Door Panel Supermarket 
The door panel pallets are transported to the door panel supermarket near the 
assembly area. 

Pick Door Panels The door panels are picked from the supermarket when the orders are placed. 

Assemble Door Panels The door panels are assembled. 

Store Finished Door Panels 
The finished door panels are stored in the dispatch area near the designated loading 
dock. 

Load Finished Door Panels The finished door panels are loaded and transported to the client. 
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Information Flow Analysis 

The information flow throughout the door panel current VSM is electronic. The information on the 

demand is sent from the client to the logistics department, and to the door panel assembly area. The 

demand information sent to the logistics department is an average total demand, which is passed on 

to the supplier by the logistics team. The information sent to the door panel assembly area is JIS and 

the door panels are assembled as soon as the order is received. 

4.7. Lead Time Analysis 

The lead time calculated on each VSM can be divided in value added and non-value added time. 

Processes which add value to the product are considered value added, and processes which do not 

add value, such as inventory, are considered non-value added. The lead time obtained from each 

process is analysed below. 

Bumper VSM 

Each process identified along the bumper current VSM is presented in the figures found below. The 

figures are of the value added and non-value added lead time. 

Figure 22 shows the non-value added time presented in the VSM. The time is presented in days. 

 

Figure 22 – Non-value added time of the bumper VSM (in days) 

Figure 23 shows the value added time presented in the VSM. The time is presented in days. 
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Figure 23 – Value added time of the bumper VSM (in days) 

Through the comparison of the value added and non-value added processes it is possible to identify 

space to improve.  

In Table 19 the total lead time for each figure is shown. 

Table 19 – Total bumper VSM lead time (in days) 

 NVA Time VA Time 

Total 16 0,422 

 

Frontend VSM 

Each process identified along the frontend current VSM is presented in the figures found below. The 

figures are of the value added and non-value added lead time. 

Figure 26 shows the non-value added time along the VSM. The time is presented in days. 
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Figure 24 – Non-value added time in the frontend VSM (in days) 

Figure 25 presents the value added time along the VSM. The time is presented in days. 

 

Figure 25 – Value added time in the frontend VSM (in days) 

Through the comparison of the value added and non-value added processes it is possible to identify 

space to improve.  

In Table 20 the total lead time for each figure is shown. 
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Table 20 – Total frontend VSM lead time (in days) 

 NVA Time VA Time 

Total 12,4 0,028 

 

Door Panel VSM 

Each process identified along the door panel current VSM is presented in the figures found below. 

The figures are of the value added and non-value added lead time. 

Figure 26 shows the non-value added time along the VSM. The time is presented in days. 

 

Figure 26 – Non-value added time for the door panel VSM (in days) 

Figure 27 shows the value added time along the VSM. The time is presented in days. 

 

Figure 27 – Value added time for the door panel VSM (in days) 
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Through the comparison of the value added and non-value added processes it is possible to identify 

space to improve. 

In Table 21 the total lead time for each figure is shown. 

Table 21 – Total door panel VSM lead time (in days) 

 NVA Time VA Time 

Total 2,6 0,0012 

 

4.8. Conclusions 

All the times measured were studied and timed through breaking down each process into activities, 

and breaking down the activities into tasks performed by the operators. The averages of each task 

were achieved through many time measurements on the value stream processes. 

The inventory in stock was all counted, in order to have an accurate and reliable source of data. 

The current VSM’s were designed for the three value streams present in the plant, following the 

material flow identified in the spaghetti diagram. 

Through the lead time analysis between the value added and non-value added processes many 

opportunities for analysis were identified. The non-value added processes have very high values 

compared the value added processes, meaning there is waste to be identified throughout the value 

stream. 

In the following chapter the opportunities for improvement are identified, and the future VSM’s are 

designed. 
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5. SMP – Improvement Proposal 

The future VSM design starts with the identification and analysis of opportunities for improvement.  

In order to define improvement opportunities the 7 deadly wastes are identified along the current 

VSM’s. The non-value added and value added processes are analysed, and wastes are identified 

throughout the production lines. Each production line is analysed independently. 

The logistics department was also analysed, as it is common to all production lines. 

The opportunities are followed by the future VSM designs in the following section. 

5.1. Opportunities for Improvements 

The wastes identified and the opportunities for improvement are presented below. They are detailed 

according to each production line, and also the logistics department. 

Bumper Production Line 

Along the current VSM it was possible to identify the following wastes: 

 Defects – raw material may be stored for a long time leading to decrease in material 

quality; 

 Inventory – non-value added processes located in the raw material storage; between the 

injection moulding and painting processes; and also between the painting and the 

assembly processes; 

 Over-production – located in the storage areas after production process, such as the 

moulding inventory and painting processes, which lead to high inventory levels. 

In order to eliminate these wastes, the following measures are suggested: 

 Review Supplier Contracts 

The supplier contracts should be reviewed in order to achieve a lower inventory of raw 

material. This suggested measure will not be used in the design of the future VSM, due to 

limited access on supplier contracts information. These values could not be estimated for the 

future VSM. 

 

 FIFO Lane 

Introduce a FIFO lane for the raw material in the injection moulding area. The raw material 

has a lot number and a date. Sometimes problems may occur with the quality of the raw 

material and in this case the entire lot should be sent back to the supplier as soon as the 

problem is found. Introducing a FIFO lane will guarantee the raw material is used as it arrives, 
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first in first out, and if quality problems do occur these can be solved soon after the lot has 

arrived. 

 

 Signal Kanban 
3
 System 

Introduce a signal Kanban production system between the injection moulding and the painting 

processes. The inventory levels between the processes are very high and cause an increase 

in the lead time. By introducing a Kanban system, the moulding department only produces 

when needed and in the quantities needed, leading to a reduction in inventory levels, lead 

time, and inventory costs. A Kanban system pulls material through the supply chain starting 

with the downstream process which pulls from the upstream processes. This means only the 

goods that are needed, when they are needed are pulled, and in the required amounts. 

 

 Supermarket 

Introduce a supermarket between the injection moulding and the painting processes. By 

introducing a Kanban system it is possible to have a supermarket which pulls the moulded 

bumpers as needed. Supermarkets contain the right-sized amounts of inventory that allow 

seamless production flow to occur when it is not possible to physically link processes and 

achieve flow. In this case the moulded bumpers inventory will decrease, as for the costs to 

hold the inventory. 

Frontend Production Line 

Along the current VSM it was possible to identify the following wastes: 

 Defects – raw material may be stored for a long time leading to decrease in material 

quality; 

 Inventory – non-value added processes located in the raw material storage, and between 

the injection moulding and the assembly processes; 

 Over-production – located in the storage areas, which leads to high inventory levels; 

 Waiting time – identified on the assembly line. 

In order to eliminate these wastes, the following measures are suggested: 

 Review Supplier Contracts 

The supplier contracts should be reviewed in order to achieve a lower inventory of raw 

material. This suggested measure will not be used in the design of the future VSM, due to 

limited access on supplier contracts information. These values could not be estimated for the 

future VSM. 

 

 

 

                                                      
3 A signal Kanban is used when the production is subjected to changeover times and the parts are produced in batches. 
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 FIFO Lane 

Introduce a FIFO lane for the raw material in the injection moulding area. The raw material 

has a lot number and a date. Sometimes problems may occur with the quality of the raw 

material and in this case the entire lot should be sent back to the supplier as soon as the 

problem is found. Introducing a FIFO lane will guarantee the raw material is used as it arrives, 

first in first out, and possible quality problems with the raw material can be solved soon after 

the lot has arrived. 

 

 Signal Kanban System 

Introduce a Kanban production system working between the supermarket and the injection 

moulding process. The frontend assembly process takes Kums from the supermarket as 

needed, and when the reorder point is triggered, the Kanban signal is sent to the injection 

moulding process to produce more. The Kanban card contains information on the Kum model 

and the number of Kums to be produced. In this sense, by introducing a Kanban system the 

injection moulding process of the Sci and EOS Kums will be pulled by the assembly process 

as they consume the Kums. This leads to less inventory levels, a reduction in lead time and a 

reduction in inventory costs. 

 

 Supermarket 

Introduce a supermarket between the injection moulding and frontend assembly processes. 

The injection moulding process supplies the supermarket which feeds the assembly process. 

Supermarkets contain the right-sized amounts of inventory that allow seamless production 

flow to occur when it is not possible to physically link processes and achieve flow. 

 

 Line Balancing 

The frontend module assembly process has many activities which are not balanced. Meaning 

some operators are idle, whilst others are busy. SMP decided to implement the line balancing 

improvements during the development of this study. Therefore the line balancing results have 

been analysed and are detailed in the following section. 

Door Panel Production Line 

Along the current VSM it was possible to identify the following wastes: 

 Movement – unnecessary movement by the operator to assemble the door panels; 

 Transport – door panels transport to the supermarket. 

In order to eliminate these wastes, the following measures are suggested: 

 Layout Redesign 

Redesign the layout of the supermarket for the pallets to be closer to the operator and the 

designated work station. The operator has to walk around the supermarket until he finds the 
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correct door panel reference and then walks back to the work station. By redesigning the 

layout the worker would take fewer steps leading to less time spent on movement, and more 

time on value added activities. 

 

 Automated Supply System 

The implementation of an automated system in which the referenced door panel moves 

towards the operator at the work station would eliminate all steps the operator has to take. 

The automated system could be linked to a barcoding system in which the reference would be 

scanned and the door panel would arrive at the operators work station. 

 

 Barcoding System 

Introduce a barcoding system connected to the forklift truck, which replenishes the door panel 

supermarket. The forklift truck operator would receive a notification when a certain door panel 

reference needs to be replenished, before the door panels of that particular reference finish. 

This would decrease the number of pallets in the supermarket, leading to a decrease in the 

number of steps the operator needs to take to retrieve the door panel. 

In addition to analysing the current VSM’s, it is also important to analyse the logistics department, as 

it is common to the three production lines. 

Logistics Department 

 Magnetic Sweeper System  

Introduce a magnetic sweeper system on the bumper and the frontend assembly processes. 

Small components that may fall on the floor are thrown away. This leads to unreliable 

information on the computerized inventory system, as the components that fall on the floor 

are still accounted for in the system. By introducing a magnetic sweeper system, which can 

be used at the end of each shift on both assembly lines, the components that are in good 

condition can still be used. If the components are not damaged, they can be cleaned, counted 

and put back in their location on the line. 

 

 Barcoding Scanning System 

Introduce a barcoding scanning system used on all incoming goods, and outgoing goods to 

the assembly lines from any storage areas to have a continuously updated inventory system. 
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5.2. Future VSM’s 

The future VSM’s designed according to the improvements explained beforehand are found in 

appendixes D, E, and F. 

5.2.1. Bumper Future VSM  

The bumper current VSM has been subjected to many alterations in its design. The improvements 

can be identified in Figure 39, in appendix D.  

The improvements can be seen in the design of the upper part of the VSM and also in the lead time of 

the processes in the lower part of the VSM. 

The times presented in the lead time have been estimated, and the analyses of the improvements are 

presented below. 

Material Flow Analysis 

A FIFO lane was introduced in the injection moulding area for control of the supplied raw material. 

A Kanban system was introduced between the injection moulding process and the supermarket 

located between the injection moulding and the painting processes. A signal Kanban signals when a 

reorder point is reached and another batch needs to be moulded. In more detail, as the painting area 

consumes the moulded bumpers from the supermarket, a signal is sent to the moulding area for 

another batch to be moulded. When the injection moulding area receives the Kanban signal card it 

contains all the necessary information on how many bumpers are to be moulded and which models. 

Note that the punching of the Scirocco model is not mapped in the future VSM as this is now included 

in the moulding process as a one-piece flow system. When the injection moulding area receives the 

Sci Kanban signal card, the punching is included in the process. 

A supermarket has been introduced between the injection moulding area and the painting area, which 

works together with the Kanban Signal. The supermarket holds moulded Kums. 

Information Flow Analysis 

The load levelling
4
 icon was already present in the current VSM and continues to work JIS with the 

assembly line.  

The information icon from the logistics department to the painting department sends aggregated 

information on the colours to be painted. By having more visibility into the AE production plan it is 

possible to achieve lower inventory levels of the painted bumpers.  

                                                      
4
 Tool to intercept batches and level the volume and mix of them over a period of time (pitch). 
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The Kanban system introduced between the injection moulding process and the supermarket 

eliminates the need for the manual information flow from the logistics department to the injection 

moulding department. This leads to a clear and single flow of information, which makes 

communication simpler. 

Lead Time Analysis 

The lead time presented is estimated according to the improvements implemented in the future VSM.  

The inventory levels presented in the moulded bumpers supermarket follows the two day minimum 

stock specification ordered by AE. The inventory also has a safety factor to prevent any variation in 

demand or quality problems that may occur. 

The inventory levels presented in the painted bumper storage is the same as the moulded bumper 

supermarket, since all the bumpers which are moulded are also painted. 

If AE allowed their production plan become more visible, the two day minimum stock specification 

could be eliminated, and the inventory could achieve lower values. 

5.2.2. Frontend Future VSM 

The frontend current VSM has alterations that can be identified in the future VSM, in Figure 40, in 

appendix E. Other improvements applied to the processes can be identified in the lead time. 

The time presented for the assembly process has been reduced due to the line balancing of this 

process. The line was balanced during the development of this work, therefore the time can be 

considered as real measurements. The measurements took place after the implementation of the 

improvements. The line balancing analysis is found below. 

All other times have been estimated and the analyses of these improvements are also presented 

below. 

Material Flow Analysis 

A FIFO lane was introduced in the moulding area to control the supplied raw material. 

A Kanban system was introduced between the injection moulding process and the supermarket 

located between the injection moulding and the assembly process. A signal Kanban signals when a 

reorder point is reached and another batch needs to be moulded. In more detail, as the assembly 

area consumes the moulded Kums from the supermarket, a signal is sent to the moulding area for 

another batch to be moulded. When the injection moulding area receives the Kanban signal card it 

contains all the necessary information on how many Kums are to be moulded and which models. 
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The pre-assembly of the EOS and Sci Kums are not mapped in the future VSM as this is now 

included in the moulding process as a one-piece flow system. 

A supermarket has been introduced between the injection moulding process and the assembly 

process. This supermarket holds the moulded Kums. It works together with the Kanban signal system. 

Information Flow Analysis 

The load levelling icon continues to work JIS with the assembly process as in the current VSM. 

However the information from the logistics department to the injection moulding department has been 

eliminated due to the introduction of the signal Kanban. The need for production is passed on to the 

injection moulding process through the signal Kanban card. 

Lead Time Analysis 

The lead time presented is estimated according to the improvements implemented in the future VSM.  

The inventory levels presented in the moulded Kums supermarket follows the two day minimum stock 

specification ordered by AE. The inventory also has a safety factor to prevent any variation in demand 

or quality problems that may occur. 

The assembly process time has decreased due to the balancing of the line. The detailed analysis is 

found as follows. 

Line Balancing 

This improvement opportunity, identified in section 5.1, was implemented during the design of the 

future VSM and as such can be considered as real data. 

In assembly line balancing the objective is to meet the required production rate and achieve a 

minimum amount of idle time. Each activity in the assembly process should have, approximately, the 

same amount of work time. 

The problem identified along the frontend module assembly line was the variation in the workload 

throughout the activities. Some operators were idle and others were busy. By analysing the assembly 

line using time measurements and breaking down each activity into standardized tasks it was possible 

to quantify the line unbalance. 

Figure 28 shows the time each activity takes on the assembly line. Note that the pre-assemblies are 

not included in this study, because only the task on the line is relevant. The times presented are in 

seconds. 
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Figure 28 – Current frontend assembly line balancing (in seconds) 

In the figure it is possible to determine a variation in the time taken to complete the task throughout 

the activities. The final assembly activity is closest to the production takt time, meaning the operator is 

busy most of the time. However the Alh/Sha activity takes half the time to complete the task, meaning 

the operators have idle time. 

The next step would be to calculate the optimum number of operators that should be working on the 

assembly line. This calculation is done by dividing the total assembly line task times by the takt time. 

The result is 4 operators. At the moment there are 6 operators working on the line, meaning that two 

activities could be eliminated and their tasks shared out between the remaining activities. 

By studying the tasks in the final assembly activity it was clear that these could be transferred to the 

EOS, Sci and Alh/Sha activities. The final assembly activity consisted of tasks pertaining to each 

frontend model. 

By transferring the tasks to the EOS, Sci and Alh/Sha activities respectively, it was possible to 

eliminate one activity and achieve a more balanced assembly line. 

After transferring the tasks, the assembly line activities were analysed to obtain the improvement 

results. The improved assembly line balancing can be seen below, in Figure 29. The times presented 

are in seconds. 
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Figure 29 – Improved frontend assembly line balancing (in seconds) 

 

The layout of the assembly line has one less activity. Figure 30 presents the layout with reference to 

the activity removed, which was the final assembly. 
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Figure 30 – Frontend assembly layout with reference to the activity removed 

The layout was not altered. However, by eliminating one work station there is space for layout 

improvement. Note that the determined optimized number of activities was 4, meaning the activities 

and tasks can be studied in more detail to assign tasks to less occupied activities and at the most 

eliminate another operator. 

5.2.3. Door Panel Future VSM 

The door panel future VSM does not have many visual alterations, as the same processes are 

maintained. The improvements can be identified in the lead time.  

Through the introduction of improvement opportunities identified and detailed in section 5.1, it was 

possible to assume improvements in the assembly process by eliminating the time the operator took 

in the supermarket to find the correct door panel reference.  

This improvement can be achieved through the introduction of any of the improvement opportunities 

detailed in section 5.1, such as the layout redesign, the introduction of an automated system, or the 

implementation of a barcoding system. 



65 
 

The door panel future VSM can be visualized in Figure 41, in appendix F. 

5.3. Results and Financial Analysis 

In this section the results obtained from the improvement implementations on the three VSM’s are 

analysed. The analysis focuses on the processes which have a change in lead time or inventory 

values due to the improvements implemented in the future VSM’s. The estimated financial savings 

obtained with the proposed improvements are also presented. 

 Bumper Value Stream 

The main estimated results obtained from the improvements made on the bumper VSM focus on the 

inventory and its cost. The total lead time of the bumper value stream, from supplier to client, has also 

improved. 

Figure 31 presents the estimated improvement obtained in the inventory of the moulded bumpers due 

to the implementation of a supermarket and a Kanban system. The values are presented in units. 

 

Figure 31 – Results analysis of moulded bumper inventory (in units) 

The improvements in the future VSM lead to an estimated reduction in the moulded bumper inventory 

of 20%.  

Figure 32 presents the estimated improvement obtained in the painted bumper inventory with the 

possibility of more visibility from the client, into their aggregated orders. 
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Figure 32 – Results analysis of painted bumper inventory (in units) 

The improvements obtained in the future VSM lead to an estimated reduction of 30% of the painted 

bumper inventory. 

It was possible to obtain the costs to hold a moulded and painted bumper in inventory. The values are 

not the actual values, but their nature is equivalent. In Table 22 the cost analysis and the overall 

estimated improvement is presented. 

Table 22 – Bumper inventory cost analysis (in €) 

Inventory Current VSM Future VSM Savings Improvement 

Moulded Bumpers 33.015 € 26.400 € 6.615 € 20% 

Painted Bumpers 125.000 € 88.000 € 37.000 € 30% 

 

The savings presented in Table 22 are daily, leading to a total estimated saving of 43.615 € in 

inventory costs. 

In Table 23 the estimated improvement in total lead time on the bumper value stream, from supplier to 

client, is presented. 
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Table 23 – Bumper VSM lead time improvement (in days) 

 Current VSM Future VSM Improvement 

Total Lead Time 22,7 19,3 15% 

 

 Frontend Value Stream 

The estimated results obtained from the improvement analysis on the frontend future VSM focus on 

the inventory and its cost, and also the estimated improvement achieved through balancing the 

frontend assembly line. 

Figure 33 presents the estimated improvement obtained in the inventory of the moulded Kums due to 

the implementation of a supermarket and a Kanban system. The values are presented in units. 

 

Figure 33 – Results analysis of moulded Kums inventory (in units) 

The improvements in the future VSM lead to an estimated reduction in the moulded Kums inventory of 

45%.  

Figure 34 presents the improvements obtained in the frontend assembly line resulting from the line 

balancing. These improved values are the actual current values, as the improvement proposal was 

implemented during the development of this study. 
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Figure 34 – Actual improvement results on the frontend assembly line (in seconds) 

The improvements resulting from the line balancing lead to a reduction of 5% in the total assembly 

process lead time. 

It was possible to obtain the costs to hold a moulded Kum in inventory. The values are not the actual 

values due to confidentiality policies, but their nature is equivalent. In Table 24 the cost analysis and 

the overall estimated improvement is presented. 

Table 24 – Moulded Kum inventory cost analysis (in €) 

Inventory Current VSM Future VSM Savings Improvement 

Moulded Kums 33.480 € 18.315 € 15.165 € 45% 

 

The savings presented in Table 24 are daily. 

The line balancing also resulted in a saving of one operators wage on the frontend assembly process, 

as one operator was taken off this line. These values are not available. 

In Table 25 the estimated improvement in total lead time on the frontend value stream, from supplier 

to client, is presented. 
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Table 25 – Frontend VSM lead time improvement (in days) 

 Current VSM Future VSM Improvement 

Total Lead Time 7,3 5,9 19% 

 

 Door Panel Value Stream  

The estimated results obtained from the improvements made on the door panel VSM focus on the 

door panel assembly lead time. The improvement proposals for the door panel VSM lead to a 

decrease in steps taken by the operator. 

 

Figure 35 – Improvement results on the door panel assembly process (in seconds) 

The estimated improvements obtained in the lead time of the door panel assembly process are of 

31%. 

It is possible to quantify the improvements financially in terms of the shorter the lead time, the sooner 

the final products are paid for by the client. Also, by decreasing the lead time the operator is available 

for other operations, if necessary. 

In Table 26 the estimated improvement in total lead time on the door panel value stream, from 

supplier to client is presented. 
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Table 26 – Door panel VSM lead time improvement (in days) 

 Current VSM Future VSM Improvement 

Total Lead Time 2,6 2,5 4% 

 

The results presented with the analysis of the future VSM’s show an estimated decrease in lead time 

on the three VSM’s, and an estimated financial saving on inventory costs on the bumper and frontend 

VSM’s. 

Therefore, an implementation strategy is presented in the following section. 

5.4. Implementation Strategy  

The following section presents a strategy for the implementation of the improvements found through 

the analysis of the current VSM’s. These improvements are part of a long-term strategy plan for the 

increase in productivity and savings for the plant. 

In this section difficulties that may threaten the smooth implementation of the improvements, and their 

respective proposed solutions have been identified, followed by the strategy to implement the 

improvements. 

5.4.1. Identified Difficulties and Proposed Solutions  

The difficulties identified are considered an obstacle for the successful implementation of the 

improvements. Solutions to overcome the difficulties have been proposed.  

 Timely Information and Visibility 

Difficulty: Lack of timely information on the demand from AE does not allow for a smooth production 

plan between consecutive processes. The logistics department receives monthly and daily information 

on the number of cars, the models, and the type of features which will be included when assembled. 

The logistics department only finds out which sequence it will follow once the labels start printing. This 

can lead to problems, if AE decides to sequence various cars with sporadic components on the same 

day. The supplier may not have all the components available due to incurring in large costs if kept as 

stock. 

This situation leads to high inventory levels between processes to be able to respond to the JIS 

orders received on the assembly lines. 
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Proposed Solution: Make an agreement with AE for more visibility into their production plans. The 

more visible their production is, the leaner SMP can become. 

 Factory Layout 

Difficulty: The distance the products travel from one area to the next is long. 

Proposed Solution: Alter and adapt the layout as proposed below: 

o Moulded bumpers should be transported from the moulding area to the painting area 

directly. Avoiding the need to go through the assembly area.  

o The frontend module assembly area should be closer to the moulding area, as this is 

where the moulded Kums are held.  

o The door panel assembly area should be located near the entrance where the door 

panels are supplied.  

o The bumper assembly area should be located near the outgoing painted bumpers 

from the painting area. 

 

 Loss of component inventory 

Difficulty: The computerized inventory data is unreliable. The available inventory data in the plant is 

not the same as the computerized data. The components that fall during the production operation are 

later thrown away when cleared from the plant floor by the cleaning workers. These components are 

not accounted for in the computerized inventory system. 

Proposed Solution: Introduce a magnetic sweeper system for clearing the shop floor. The 

components can be sorted by the logistics team after and put in their correct locations on the line. The 

damaged components can be considered a loss and accounted for in the inventory system. 

 Electronic real time inventory information 

Difficulty: The current inventory control follows a periodic daily review, in which the inventory is 

reviewed once a day. This situation can lead to problems when the AE demand varies, and 

components may be consumed more than was expected. The procurement team is warned when the 

last box of a component is taken from the warehouse to the assembly lines. When this happens the 

stock has to be counted manually to guarantee the day is covered. This problem implicates high costs 

for urgent transports from the suppliers to the plant. 

Proposed Solution: Implement a barcoding scanning system in the warehouse connected directly to 

the computerized inventory system. The information on the inventory quantities can be updated on a 

continuous basis for both incoming stock received from the suppliers and for outgoing stock to the 

assembly lines. 
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By overcoming these difficulties a strategy can be defined and a more successful implementation plan 

achieved. 

5.4.2. Strategy 

To implement the improvements identified through the analysis of the current VSM’s in SMP, there is 

a need for all company human resources to have the same understanding of the improvement 

objectives and where these improvements will lead to. Every person should know the current 

company state, where it wants to go and how it wants to get there. If everyone knows the roadmap 

and understands it, everyone will do their part of the job. 

It is therefore extremely important to plan the implementation. One of the most well-known managing 

techniques for continuous improvement is the PDCA cycle, which stands for Plan, Do, Check, and Act 

(Mike Rother, 2010). Each step is explained below: 

 Plan: Establish where the company wants to go. In this step, the objectives are defined and 

quantified, in order to measure the effectiveness of the improvements. 

 Do: Implement the action plan. In this step, all the changes are made and the new data is 

collected. 

 Check: Analyse the data obtained in the previous step. In this step data trends and special 

occurrences are identified. More opportunities for improvement can be identified which may 

lead to a new PDCA cycle. 

 Act: Apply any needed corrective measures to the new implementation. If something in the 

new process is not running according to plan and can be easily fixed, it should be done in this 

step. If the problem involves a planned solution, a new PDCA cycle should start with regard to 

the problem identified. 

Regarding the present work, the first step has already taken shape. The current processes have been 

analysed and improvement opportunities have been identified and quantified. In order to follow 

through with the strategy, the next topics should be defined (Dombrowski & Mielke, 2014): 

 Appoint an action team; 

 Define the time span for the implementation of the improvements; 

 Categorize the opportunities for improvement. This consists in labelling them as, an 

immediate implementation, a short-term implementation, or a long-term implementation; 

 Prioritize the opportunities for improvement. This consists in quantifying the degree of 

implementation difficulty, the necessary resources and their availability; 

 Inform all operators of the improvements to be implemented.  
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Every person that works in the area to be improved should be included in the improvement process. If 

people feel they are included and that the changes will improve their working situation, the whole 

improvement process will be easier to accomplish. 

After the team has been assigned, the time span defined, and the opportunities categorized and 

prioritized, the action plan should be developed to take action. 

Following the action plan, new data is obtained on the changes made. The data is analysed and the 

results quantified in terms of savings to inform the board. It is also important to have the results on 

show for all the company human resources to have an opportunity to have knowledge of the 

improvements achieved through their collaboration. 

5.5. Conclusions 

The identification of improvement opportunities for the three current VSM’s was achieved through the 

study of the, respective, bumper, frontend, and door panel production lines. The identified areas for 

improvement were the processes with high lead time. After analysing the opportunities for 

improvement it was possible to design the future VSM’s. 

The data obtained from the future VSM’s was analysed, and resulted in: 

 a decrease of total lead time on all the production lines; 

 Savings in inventory costs on the bumper and frontend production lines; 

 Reduction of one operator, and an activity, on the frontend assembly process; 

 Reduction of operator movement time on the door panel assembly process. 

Finally, an implementation strategy was defined and the PDCA was recommended as the most 

adequate managing system for the implementation of the improvements found. 
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6. Final Conclusions and Future Work 

The present work focuses on the implementation of lean methodologies in SMP, an automotive 

supplier in Portugal, with the aim to improve its productivity. The methodology followed was based on 

the design of the value stream mappings for three production lines, the bumper, the frontend, and the 

door panel production lines. 

The study began with the design of the current VSM’s through the analysis of the data collected along 

all the processes. The wastes were identified, which led to the development of opportunities for 

improvement. These opportunities were designed in the future VSM’s, and are as follows: 

 Implement a Kanban system between consecutive production processes; 

 Introduce a supermarket which pulls the Kanban system; 

 Balance the frontend assembly line; 

 Redesign the door panel layout. 

After the design of the future VSM’s, the lead time and savings were analysed. The estimated results 

are as follows: 

 Improvement in bumper production line lead time of 15%; 

 Improvement in frontend production line lead time of 19%; 

 Improvement in door panel production line lead time of 4%; 

 Savings in bumper inventory costs of, approximately, 44.000 €; 

 Savings in Kum inventory costs of, approximately, 16.000 €. 

The results obtained from the future VSM’s show an estimated improvement in terms of lead time and 

savings, which is encouraging. Therefore an implementation strategy was defined, following a PDCA 

managing system. 

In conclusion, the application of lean methodologies in manufacturing processes was very efficient in 

obtaining improvements. This is aligned with the results described in the literature. Therefore, the 

study of the lean methodology in a Portuguese case study has contributed positively to this research 

area. 

This study has managerial implications for the successful lean implementation in SMP. There has to 

be visibility throughout the whole supply chain, and as SMP’s production is completely dependent on 

the orders issued by AE, it is of utmost importance to know in advance the production plan. Presently, 

the accurate production plan issued by AE is known only 24 hours in advance, which leads to poor 

predictability and therefore great amounts of inventory. If AE allows its production plans become more 

visible, its suppliers can become lean and achieve better production results. 
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Throughout this work, some limitations were found. There is a lack of detailed information on the SMP 

production plans, which limits the amount the VSM’s can be detailed, such as defining the Kanban 

signal. 

In the future work, a simulation methodology should be used in order to model the improvements 

proposed and validate the results obtained. This would allow testing on many scenarios in a cost 

effective way and not bleach the random nature of the processes involved. This will also help to 

improve the Kanban order sizes and the amount of inventory necessary to cover the needs of the 

client. Each activity in the processes should also be analysed in detail. A more detailed analysis may 

lead to finding more opportunities for improvement and, thus, a greater lead time reduction and 

savings. Also a detailed analysis of the factory layout redesign may lead to a greater increase in 

productivity. 

Hopefully, this work is of use for the PPS system and can continue to be developed for a successful 

lean implementation in SMP. 
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APPENDIXES 

Appendix A 

 

Figure 36 – Current bumper VSM 

 

 

 

TAKT Time (s) 135

Daily Demand 400

% SHA 49%

%SCI 31%

%ALH 20%

540

Frequency Quantity C/T (s) 138 Quantity 200

EXXON M OBIL 1 x M onth 10 x 1100 kg C/O (s) 45 Time 27000

BASELL 3 x M onth 22 x 1100 kg Uptime (%) 100 Frequency 2h

M AFIL 1 x M onth 22 x 1100 kg Yield (%) 100

Shifts 1

C/T (s) 448,3

C/O (s) 0

Uptime (%) 100

Yield (%) 100

Shifts 2

Quantity EXXON M OBIL 1250 C/T (s) 150 Quantity 2201 C/T (s) 21785 Quantity 2500 C/T (s) 180 Quantity 40

Quantity BASELL 2200 C/O (s) 2700 Time 297135 C/O (s) 2700 Time 337500 C/O (s) 0 Time 5400

Quantity M AFIL 522,5 Uptime (%) 100 Uptime (%) 100 Uptime (%) 100

Total Quantity 3973 Yield (%) 90 Yield (%) 90 Yield (%) 100

Time 536288 Shifts 3 Shifts 3 Shifts 2

C/T (s) 611

C/O (s) 0

Uptime (%) 100

Yield (%) 100

Shifts 2

536288 297135 27000 337500 5400

150 138 21785 180 611

REAR Assembly

NVA Time (s)

Logistics

SUPPLIER: EXXON M OBIL, 

BASELL, and M AFIL

Moulding

SRA SCI Punching

Painting

STORES

Pitch Duration (s)

STORESGOODS-IN

VA Time (s) 22864 Days 0,42

Picking

VW  CUSTOM ER

STORES

FRONT Assembly

FINISHED GOODS

Lead Time in 

Days
22,7

    1.203.323   Days 22,3

4

2

2

4

6





83 
 

Appendix B 

 

Figure 37 – Current frontend VSM 
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Appendix C 

 

Figure 38 – Current door panel VSM 
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Appendix D 

 

Figure 39 – Future bumper VSM 
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Appendix E 

 

Figure 40 – Future frontend VSM 
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Appendix F 

 

Figure 41 – Future door panel VSM 
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