
 

i 
 

Bachelor’s thesis  
Industrial Engineering with specialization on Indus trial Engineering and management 
Institution of Engineering  

October 5, 2012 
 
 
 
 
 
 
 
 
 
 
 

Potential improvements for 
launches at Autoliv S weden AB , 

focusing on the purchasing process 
 
 
 

Frida Mossudd  



BACHELOR’S THESIS 

 
 

Potential improvements for launches at Autoliv Swed en 
AB, focusing on the purchasing process 

Summary 

During the summer 2012 a bachelor’s thesis was performed at Autoliv Sweden AB in 

Vårgårda regarding potential improvements on launches, with focus on the purchasing 

process. The activities that were needed to be able to reach the main goal, proposals of 

potential improvements, were divided into three interim goals. The interim goals can be 

seen as activities along the way containing necessary information that was needed to be 

able to come up with potential improvements. 

The approach for the thesis was to first do a literature review on value stream mapping, 

how development projects at Autoliv Sweden AB are performed and on launches in the 

automotive industry based on scientific articles. After the literature review a case study was 

made, using value stream mapping as a tool, on one development project at Autoliv 

Sweden AB for investigation of the launch. The result of the case study was presented in 

two maps over the administrative stream for the components in the development project; 

one according to project time plan and one according to how the activities in the launch 

actual were performed.  

Based on the literature and the maps from the case study, three potential improvements, 

that would be relatively easy and inexpensive to implement, were found; (1) Involve the 

supplier more and at an earlier stage in the development project, (2) involve the Logistics 

department more and (3) implement control level definition on the development projects 

as well, not just the parts.  

The conclusion for this thesis was that if Autoliv Sweden AB decides to implement all 

proposed improvements both money and time will be saved. 
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Nomenclature 

AGPS: IT-system that store information about Autoliv suppliers. 

ALS: Autoliv Sweden AB 

APDS: Autoliv Product Development System. A standard way, divided in five phases, for 

Autoliv to work with development projects. 

Ariba: IT-system that is used to send you RFQs to suppliers and automatically transfer the 

quotes from the suppliers into the sourcing board presentation. 

ARO: Autoliv Romania 

Capex: A financial IT-system that the purchasers use to apply for money to the project to 

cover the tooling costs. 

CLD: Control Level Definition. A rating method to identify areas of risk associated with 

the part to launch. The purpose of CLD is to assess and rate the combined risk of the 

selected serial supplier, the supplier product and the supplier process. 

CR: Contract Review. Meetings with the chosen supplier for a part. The CR must me 

closed before serial tool order can be placed. The purpose of the CR and with the supplier 

is to get an agreement about the component.  

E-Buy: IT-system, used at ALS, where the purchaser places the prototype tool/part orders 

and the serial tool orders. 

ERP: Enterprise Resource Planning. IT-system that integrate internal and external 

management information across an entire organization. The name of the ERP system at 

ALS is Movex. 

FOT-parts: First parts out of serial tool at the supplier 

IRW: Interim Recovery Worksheet. A worksheet for the supplier to fill out when 

deviations occurs during PPAP run. It can be described as a request for PPAP approval 

with the deviations on the IRW request. 

Movex: The (ERP) IT-system where serial part orders and delivery schedules goes out to 

the suppliers. 

PEL: Project Engineer Leader 

PLM: IT-system that store facts about the different components such as name and edition 

PPAP: Production Part Approval Process. The purpose of PPAP is to determine if all 

customer engineering design record and specification requirements are properly 

understood by the supplier and that the supplier’s process has the potential to produce 

product consistently meeting these requirements during an actual production run at the 

quoted production rate. The PPAP must be approved before serial production. 
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PPAP-parts: Parts with PPAP status, that is parts that meet Autoliv requirements during 

an actual production run (PPAP run). 

PSW: Part Submission Warrant. Final approval for supplier to go into production run. 

PTL: Project Team Leader 

PUI: A Project follow-up “checklist” for purchasing that includes all activities the 

purchaser must make in a development project, divided into the different phases in APDS. 

QAR: Quotation Analysis Report. A standard document for comparison between suppliers 

to be able to choose a serial, or prototype, supplier.  

RFQ: Request for quotation. An Autoliv request asking for a formal offer (from suppliers) 

to provide products and/or services. The quotes will include information such as for 

example pricing, delivery and capacity. 

Run at Rate (R@R): A trial run at the manufacturing site (at the supplier) to verify that 

the manufacturing process meets the customer's requirements for on-going quality, as 

stated in PPAP, and quoted tooling capacity. In this activity the purchaser and SQ go and 

see the suppliers’ process. 

SQ: Supplier Quality 

SQP: Supplier Quality Policy. An action plan that must be accepted by the suppliers to 

ensure a standard way of quality. 

TG (0, 1, 2, 3 and 4): Tollgate. The approval process at the end of each phase in the 

APDS. Used to confirm that everything has been done before moving on to the next 

phase.  

VSM: Value Stream Mapping. A tool to help companies or organizations when it is needed 

to identify and eliminate wastes, non-value-added operations, in a process 
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1 Introduction 
In this chapter the background of the bachelor’s thesis is presented. A precise description of the 

problem is also presented. The description of the problem was the foundation of the goals and 

boundaries in this thesis. At last in this chapter there will be an overview of previous work in the 

same area as this project. 

1.1 Background and description of the problem 

Autoliv Inc. is a world leading company in automotive safety production as well as in 

the development of components to automotive products. When this thesis began the 

Autoliv Inc. site in Sweden, Autoliv Sweden AB (ALS), has had a number of launches 

for components over the past years that not occurred problem free, with respect to 

the purchasing process. Frykestig1 defines a launch at ALS as validation (phase three) 

and production (phase four) in the Autoliv Product Development Process (APDS) in 

a development project (Autoliv Inc. 2009). Gopal et al. (2012) describe a product 

launch for the automotive industry as an event where a product debuts for serial 

production. The unsuccessful launches led to inflated costs of the components, for 

example in terms of extra shipments to/from suppliers related to component 

purchasing. 

In the past few years many internal IT- and data systems were applied, however the 

approach for launches was not adapted to these systems. This caused a risk that some 

parts of the launch were not made while others were overworked. Based on the 

conditions there were no standard documents developed for how the purchasing 

process should be done during launch, which made it even more difficult. Potential 

improvements existed but had higher demands on communication and flexibility by 

the suppliers.  

1.2 Goal 

The main goal of this thesis was to present proposals of how ALS could improve the 

launches of components with focus on the purchasing process. An interim goal was 

to map and visualizing the current administrative stream, related to the purchasing 

process, for components in phase three and four in the defined big development 

project. Another interim goal was to examine whether there were differences 

depending on the size of the development project in launch. The last interim goal was 

to identify possible causes of what drives costs during a launch at ALS. 

 

                                                 
1 Jesper Frykestig Purchase Department Manager Autoliv Sweden AB, interview May 3, 2012 
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1.3 Boundaries 

This case study was limited to the purchasing process in launches at ALS. The case 

study was focused on components in three development projects at ALS. One big 

project was studied accurately and one normal project and one small project were 

studied overall. The reason that these three projects were selected was to compare if 

there existed any differences depending on the size of the development project. 

1.4 Overview of previous work in the area 

Frykestig2 says that it has not been any previous work in the exact same are, but in the 

end of year 2010 the purchasing department made a value stream map over the 

purchasing activities in phase one and two in the APDS. That map was made during a 

workshop on VSMs with Andres Laas, Autoliv Production System (APS) Engineer, as 

workshop leader. A final step in the workshop was the documentation of the goals, 

achieved goals, highlights and potential future improvements, which was done by Laas 

et al. (2009). The goals of the workshop was to find a “best practice” way to work and 

ten percent more efficient order process within one year. Furthermore Laas et al. 

(2009) describe other goals that were achieved by the workshop. The purchasing 

activities from project planning to serial tool order got visualized, which has given an 

increased insight and understanding of the process. Also weaknesses and distractions 

was brought up and visualized. However, no documentation was found regarding the 

goals that were set up, so it is unclear of the goals were achieved or not.   

                                                 
2 Jesper Frykestig Purchase Department Manager Autoliv Sweden AB, interview May 3, 2012 
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2 Company description 
This chapter gives a short presentation of Autoliv Inc. and a briefly presentation of the purchasing 

department at ALS.  

2.1 Autoliv Inc. 

Autoliv Inc. was founded in Vårgårda, Sweden, year 1953 under the name Auto 

Lindbland In Vårgårda. In the current situation Autoliv Inc. is a world leader in 

automotive safety products and operating by 80 subsidiaries in 30 countries all around 

the world (Autoliv Inc. 2012b). Autoliv Inc. has a wide range of products both in 

airbags and seatbelts, but also in child safety and some other automotive special 

products. The component development is concentrated in a relatively few places 

around the world while the assembly plants are located close to the customers. The 

finished products are usually delivered to the automotive companies “just-in-time”, 

sometimes several times per day. 

2.2 Purchasing department at Autoliv Sweden AB 

The purchasing department at ALS consists of four sub sections with a total of 14 

employees (Frykestig 2012). See Figure 1 below for a schematic overview of the 

organization structure at the purchasing department at ALS. 

 

Figure 1: Organization structure of the purchasing department at ALS (Frykestig 2012) 

The four sub sections at the purchasing department at ALS are: commodity purchase 

(engineering change board), project purchase (project buyer), operational purchase 

and purchase of indirect material (Frykestig 2012). The commodity purchase and the 

purchase of indirect material have support from Autoliv Europe (AEU) in their work, 

not just from the ALS plant. 
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Since this thesis is about launches, focus in this section will lie on the project buyers 

since it is them who are a part of the launch process. There are at the moment eight 

project buyers at the purchasing department at ALS and their primary task is to 

coordinate the information between ALS (the project) and the supplier. It are the 

project buyers who have all the supplier contact, in terms of for example request for 

quotation (RFQ), comparison of the different suppliers quoted in forms of a 

quotation analysis report (QAR) and the choice of supplier for each component in the 

module in the development project. Another way to define development project is to 

call them customer projects. At ALS there are different platforms for each car module 

(costumer project). Organizational there are nine different members at a platform, all 

more or less involved. Figure 2 below shows how involved different departments/-

members are. 

 

Figure 2: Participant in a development project at ALS 

The departments that are red in Figure 2 are temporary members in the development 

project, the purple departments are core members of the projects and the green 

persons are permanent members of the project. 

According to Frykestig3 there are 27 different systems, IT and manual, for a purchaser 

to handle. The systems are highly useful and regularly used by all purchasers, more or 

less. A disadvantage with all these systems is that it sometimes is forgotten which 

document that should go in to which system and how they should be entered in. 

  

                                                 
3 Jesper Frykestig Purchase Department Manager Autoliv Sweden AB, interview May 3, 2012 
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3 Method 
In this chapter the approach for the project is presented. This chapter also presents quantitative and 

qualitative methods and what was used in this project. There will also be a description of how to 

collect data that can be used and which methods that was used in this thesis.   

3.1 Approach  

The approach for this thesis is shown in Figure 3. 

 

Figure 3: The approach for the thesis 

A first step in this thesis was to do a literature review on VSM, how development 

projects at ALS are preformed and on launches in the automotive industry based on 

scientific articles. A study on how to collect data was made with focus on primary and 

secondary data such as interviews, observations and information from databases.  

The case study included interviews and data collection on how the purchasing process 

in a launch is done today, in order to move on to processing and interpretation of the 

gathered data. The result of the case study presents in two maps over the 

administrative stream for the components in the selected big project at ALS; one 

according to the project time plan and one according to how the activities in the 

launch actual were performed. After the maps was made a comparison between a 

normal size project and a small project was made to what significance the size of 

development project has. The analysis of the work was documented in a report 

containing improvement suggestions for how ALS could reduce their launch costs.  
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3.2 Qualitative and quantitative methods 

Within the method in theory there are two different approaches according to Holme 

and Solvang (1997) with starting point in the information that is studied; qualitative 

and quantitative methods. Qualitative methods are described as soft data while 

quantitative methods are described as hard data. According to Eriksson and 

Wiedersheim-Paul (2011) the qualitative method includes data as terms while the 

quantitative method includes data as numbers. Olsson and Sörensen (2007) applies 

that qualitative methods aim to procedures that gives describing data while 

quantitative methods are based on, in most cases, theory from earlier results, for 

example a literature review, and the writers own experiences. Collection methods that 

includes in the qualitative method are for example interviews, focus groups and 

observations (Ibid.). Quantitative methods for information collection are mostly 

about gathering public statistic but can also be studies in terms of interviews or 

observations (Ibid.). 

In this thesis both qualitative and quantitative methods have been used to understand 

the problem. Qualitative methods have been used in terms of literature review, 

interviews and observations while quantitative methods were used to gather 

information from the internal databases at ALS. 

3.3 Data collection 

There are many ways to collect data. Eriksson and Wiedersheim-Paul (2011) describe 

two different types of data; primary data and secondary data. In this thesis both 

primary data and secondary data was used to collect information. 

3.3.1 Primary data  

According to Eriksson & Wiedersheim-Paul (2011) primary data is data that the 

author himself collects.  

In this thesis interviews and observations were mainly used to collect primary data to 

the theory chapter about development projects at ALS and to the visualization of the 

current state in the case study.  

3.3.1.1 Interviews 

Information about launches at ALS has been gathered by using interviews and 

conversations with the persons concerned. Denscombe (2009) describes different 

types of interview methods; 

� Structured interviews: In this method the researcher has prepared a list of 

questions that the responder is offered a set of answering options to. 

� Semi structured interviews: In this method the researcher has prepared a list 

of subjects to be discussed during the interview. The answers from the 
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responder are open with emphasis on that the responder may express his/hers 

views. 

� Unstructured interviews: In this method the researcher present a subject or 

theme that the responder may develop his/hers ides around. This method, 

and also the semi structured interviews, is about discover thing and not 

control things that is the meaning of the structured interviews. 

In this thesis semi structured interviews and unstructured interviews were used to 

gather information about what the purchasers’ tasks and responsibilities are in a 

development project. Semi structured interviews and unstructured interviews were 

made with logistics department and the PTL for the concerned project to gain an 

understanding of what expectations other departments at ALS have on the purchaser 

in a development project.  

Semi structured interviews were used to gather information about how different 

purchasers carry out their tasks during launch. These interviews were not face to face 

interviews; instead the questions were sent out by E-mail to all project purchasers at 

ALS and were then returned answered. For an overview of the questions see appendix 

A. This information was mainly necessary for investigation if there was a standard way 

to work and to find some best practice for the improvements of the purchasing 

process during a launch at ALS. 

An unstructured interview was made with Ingemar Kihlström who was the project 

buyer in the project that was investigated in this thesis. In this interview Kihlström 

presented the information flow that was during the launch, this information flow was 

put on the map over actual current state. 

In appendix B a list of the interviewed people are presented. 

3.3.1.2 Observations 

In contrast to interviews can observations provide information in its natural 

environment (Olsson & Sörensen 2007). According to Holme and Solvang (1997) an 

observation means that the person who observes should be, a short or long time, with 

the people that should be studied. It is through observations it is possible to catch the 

total life situation for the observed objects. It states that observations put high 

demands on the observer when he or she must watch, hear and ask to understand 

what happens. Furthermore, they divide observations in opened or closed observ-

ation. Opened observations means that the participants know they are being 

observed, and opposite closed observations mean that the participants do not know 

they are being observed (Ibid.).  

Olsson and Sörensen (2007) have a different way to divide observations in; direct or 

indirect observations. Direct observations include things that happen around us and 

give the observer a good understanding of the occurrences in their natural 

environment. Indirect observations imply that the observer uses instruments to 
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measure instead of human observations. They also take up structured and 

unstructured observations. Structured observations require that the problem is 

precise, which means that the situation of the observation is well planned.  

Unstructured observation means that the observation is done in exploring purpose, 

with the intention to gather as much data as possible in the studied area (Ibid.).   

In this thesis opened, unstructured, observations was used to gather information, 

from the different data systems that ALS use, to the actual current state visualization 

in the case study. 

3.3.2 Secondary data 

According to Eriksson and Wiedersheim-Paul (2011) secondary data is data that 

already exist, gathered by someone else. Olsson and Sörensen (2007) describe 

secondary data as process data, index data and accounting data. They also include 

published scientific article to secondary data. 

In this thesis secondary data is information gathered from ALS intranet and the 

databases at ALS. Secondary data has been used in the theory chapter on potential 

improvement strategies for launches, based on scientific articles from the databases 

Emerald and Wiley Online Library. Secondary data has also been used to gather data 

about previous works about launches at ALS and to get information to the current 

state visualization. 
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4 Theory – Value stream mapping 
This chapter includes the literature review over value stream mapping (VSM). The literature review 

contains a background and definition of VSM, for which purpose VSM should be used, which 

considerations needed to be taken into account and how to develop value stream maps. At last in this 

chapter there is a presentation of how Autoliv Inc. works with VSM.  

4.1 Background and definitions of value stream mapp ing 

VSM was developed from a tool that Toyota used when they taught their suppliers 

about the Toyota Production System (Liker 2009). The use for VSM is to help 

companies or organizations when it is needed to identify and eliminate wastes, non-

value-added operations, in a process. Eight different types of wastes are defined by 

Liker (2009).  

According to Rother and Shook (2004) the value stream includes every activity that is 

necessary for product processing, everything from raw material to final product. 

Another way to see it is that value stream maps shows processes, material streams and 

information streams for a defined product family (Liker 2009). The meaning of VSM, 

according to Womack and Jones (2003), is that all activities along a value stream for a 

product or product family is identified. A product family is a group of products that 

basically passes through the same equipment in the process. For developing value 

stream maps it is necessary to follow a product backwards from the customer all the 

way to the supplier (Rother & Shook 2004).  

4.2 Purpose and reason to use value stream mapping 

The purpose of VSM is to identify causes that lead to wastes and create a future state 

where these wastes are eliminated (Rother & Shook 2004). According to Rother and 

Shook (2004) VSM lays the foundation for companies that work with improvements 

and shows the connection between material streams and information streams in a 

clear way. With values stream maps the company gets the possibility to see the totality 

of the process and not just the operations that add value to the process. Serrano Lasa, 

Ochoa Laburu and Castro Vila (2008) means that other existing tools in the same area 

is less efficient due to that they do not cover the same framework as VSM and they 

has a lower achievement level of manufacturing systems design.  

The most important thing is not to draw the map, but to understand the material- and 

information streams that flow through the process (Rother & Shook 2004). 
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4.3 Considerations when establishing a value stream  map 

A common mistake is to separate the mapping so that concerned departments make 

their own part of the map. If this is done it is not possible to put the different maps 

together to one over the whole stream (Rother & Shook 2004). 

According to Rother and Shook (2004) the VSM begins by drawing, schematically, the 

products stream through the company. At this schematically level it is not needed to 

present the operation steps closely, a brief overview is enough. It is important that the 

person who will design the map designs the whole map himself and that he also 

gathers all the data, while he follows the material and information stream, which is 

needed. It is stated that you should not trust data that you haven´t gathered yourself 

(Ibid.). 

A set of symbols is used when the map is drawn and it is very important that there is a 

standard selected symbols used by the company, otherwise the company maps can be 

different for different products (Rother & Shook 2004). 

Serrano Lasa, Ochoa Laburu and Castro Vila (2008) highlight the importance of 

saving information in systems to be able to compare and process data concerning the 

flow. 

4.4 How to develop a value stream map 

When a company has decided to work with value stream maps on a process it is 

always needed to make two maps, one of the current state and one of the desired state 

(Rother & Shook 2004). The map over a current state is ineffectual if a map over a 

future state not is drawn quickly after the current state, the goal is to be able to 

eliminate the ground causes to the wastes in the process and create value for the 

customer. Below Figure 4 illustrate an overview of the VSM approach. 

 

Figure 4: VSM approach according to Rother and Shook (2004) 
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A first step in the creation of value stream maps is to determine which product family 

to work with (Rother & Shook 2004). The identification of the product family should 

be based on the customer’s perspective of the value stream. After that the leader of 

the value stream is determined (Ibid.). When the leader and the product family are 

chosen it is time to start drawing the map, step two and three. Information is gathered 

at the same time as the map over the current state is drawn, thereby all the 

information that is needed for the map of the future state will be obtained (Ibid.). The 

two maps are drawn parallel for the reason that possible improvements will appear 

when the map over the current state is drawn. According to Rother and Shook (2004) 

it works similarly in the other way, it can appear that more information is needed to 

draw the map over the future state and that such information has been overlooked in 

the current state. When the two maps are completed it is time to prepare and start the 

activities that are needed to achieve the future state, step four (Ibid.). 

4.4.1 Value stream mapping over current state 

The map over current state includes all activities from incoming material to complete 

products to customer. Rother and Shook (2004) says that the drawing begins with the 

customer demands. The customer factory is drawn at the top right corner of the map 

with a textbox underneath that contains the customer demands (Ibid.). The drawing 

begins with the customer demands because the demands are the foundation of the 

value creation, meaning that the supplier must know the customer values in order to 

improve the value stream (Womack & Jones 2003). Outcome, on the map, of the first 

step is the customer and his demands (Rother & Shook 2004). 

The second step in the creation of the map is to draw the manufacturing processes 

(Rother & Shook 2004). A general rule when drawing maps from door to door in the 

factory is to only draw boxes over manufacturing processes wherein the material is 

processed otherwise the map tend to be too wide (Ibid.). If there are two or more 

value streams that merge along the way they will be drawn over each (Ibid.). A 

textbox is drawn underneath each manufacturing process with fact about that specific 

process; this textbox will be useful when it is time to draw the map over the future 

state (Ibid.). Outcomes, on the map, of the second step are all manufacturing 

processes, with relevant key metrics. The flow of the products in the manufacturing 

processes goes from left to right at the lower part of the map (Ibid.). 

 

 

 

 

 

 



Potential improvements for launches at Autoliv Sweden AB, focusing on the purchasing process 
 

 12 

Some key metrics for the value stream are: 

Table 1: Key metrics when developing VSM (Rother & Shook 2004) 

 

The key metrics in Table 1 are important because they are required for drawing the 

map over the future state; otherwise it is not possible to see any improvement on the 

time for the value stream (Rother & Shook 2004).  

The third step in the creation of the map includes the drawing of the delivery, of 

complete products, to customer and the incoming delivery of material from the 

supplier (Rother & Shook 2004). The material supplier is drawn at the top left corner 

on the map with a textbox underneath containing fact about the material size at each 

delivery. The outcome, on the map, of this step shows the material flow (Ibid.).  

The fourth step in the creation of the map is to draw the information flows and the 

production planning system that the company has (Rother & Shook 2004). The 

information flow is drawn from the right to the left, which means that the 

information from the customer goes to the company and then out to the material 

supplier. From the production planning system information flows is drawn down to 

the different processes in the value stream including facts about for example needed 

quantity for the next step in the process and daily orders from the customer (Ibid.). 

The outcomes, on the map, of the fourth step are the information flows and indica-

tions that show if there is a pull or push flow in the process. The information flow is 

placed at the top of the map and goes from right to left (Ibid.). 

As a final step in the creation of the map it is time to draw a timeline at the bottom of 

the map underneath each process to be able to accumulate the whole lead-time of the 

stream (Rother & Shook 2004). The timeline shows the total time it takes for a 

product to travel through the entire factory, from raw material, through every 

processing step and further on to the delivery department for delivery to customer. 

According to Rother and Shook (2004) the lead time for activities that does not add 

value to the stream is counted in days such as the stock quantity divided by the daily 

customer needs. For maps that have a number of parallel streams the longest time 

counted is used to calculate the total lead time for the stream (Ibid.). The last thing to 

do is to calculate the time that really adds value to the customers’ product or the 

process time in each sub process of the value stream (Ibid.). A final thing to mention 
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is that according to Rother and Shook (2004) it often shows that it’s only a part of the 

lead time that really adds value to the process. 

4.4.2 Value stream mapping over future state 

According to Rother and Shook (2004) a guide of questions to answer is the best help 

for developing the future state map. The answers are written directly into the map 

over current state as ideas, which leads to that all ideas are gathered and visual, and 

the drawing of the future state map can begin. The drawing procedure is the same for 

the future state as it was for the current state, the only different is that the ideas on 

the current state map goes over to improvements and are drawn in as improved 

actions on the future state map (Ibid.). 

4.5 Value stream mapping according to Autoliv stand ard 

Autoliv has an own standard way when they create value stream maps. The standard 

is much alike the way that Rother and Shook (2004) describe but with a few adjust-

ments so it fits to the company. According to Autoliv, VSM is a way to visualize the 

product stream for a product or product family from the beginning to the end 

(Autoliv Sweden AB 2008). The map should be drawn by every process step and 

include both the information- and material stream.  

According to Autoliv Sweden AB (2008) Autoliv uses VSM when they want to 

analyze a process for making it more effective by eliminating wastes. Autoliv has a set 

of standard symbols, appendix C, which they use when they draw VSM.  

Just like Rother and Shook (2004) Autoliv has four steps in the VSM approach, see 

Figure 5.  

 

Figure 5: VSM approach according to Autoliv Sweden AB (2008) 

The first step is to choose a product family to work with. The second step is to draw 

the map over the current state; this is for understanding how the current stream 
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works. Step three is to draw the map over the improved flow as a map over the future 

state. The third step is done parallel to step two. The map over the current state is the 

foundation for developing of the future state. The last step is to make a list over 

activities that should be improved and also a plan for how the improvements should 

be implemented in the company’s process. 

4.5.1 Value stream mapping over current state 

According to Autoliv Sweden AB (2008) a value stream map should always be drawn 

by hand with a pencil, because then you can do it yourself and that is the only way to 

really understand the material- and information flows in the company for a product or 

product family. The drawing starts at the outgoing delivery to customer and works all 

the way back to the goods receipt (Ibid.). As far as possible, the person who draws the 

VSM should gather the data at the place where it is located. This can mean that the 

person has to walk around to many different departments at the company to get the 

right information (Ibid.). 

According to Autoliv Sweden AB (2008) the VSM always starts by drawing the 

customer. After that the material stream is drawn, included every process, data boxes 

and storage, then the information stream is drawn. A last step is to draw a timeline 

under the map so there will be a clear picture of how long time every step in the 

process take. 

4.5.2 Value stream mapping over future state 

When it is time to develop the map over the future state it is needed to watch the map 

over the current state to identify the wastes in the process. When the wastes are 

identified it is time to come up with ideas how the process can be improved, in other 

words, eliminate the wastes (Autoliv Sweden AB 2008). Two things that must be 

questioned during the creations of the map over the future state are; can some steps 

in the process be combined and has the process a push flow or a pull flow (Ibid.). A 

push flow means that operations are planned and executed based on estimations and 

forecasts, while a pull flow means that the operations are planned and executed based 

on the actual demand from next step in the process. A last step in the creation of the 

map over the future state is to count out the new times for each step in the process 

and draw a timeline under the map (Ibid.).  

4.5.3 Activity list of improvements and implementat ion 

When the two maps are done, one over current state and one over future state, a 

comparison is made in order to see how effective the future state map is (Autoliv 

Sweden AB 2008). It is also necessary to aggregate the data from the two maps in 

order to calculate the improvement ratio. According to Autoliv Sweden AB (2008) it 

is important to continuously follow up the two maps in order to compare them. A 

final step in the VSM creation is to construct an implementation plan for the 

improvements and the activities that eliminates wastes (Ibid.). 
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5 Theory – Development projects at Autoliv 
Sweden AB with focus on the purchasing 
process 

This chapter presents how ALS works with development projects with focus on the purchasing 

process. This chapter takes up what the purchaser have responsibility for and also a description of the 

approach that is used by the purchasers in development projects at ALS, a follow up in form of a 

checklist. Further on this chapter includes what other departments at ALS expect the purchaser to do 

during a development project.  

5.1 The purchasers tasks and responsibility in a 
development project 

In an interview with Kihlström4 the purchasers’ tasks and responsibility in a 

development project was discussed. The development projects at ALS are divided in 

five phases, according to the Autoliv product development system (APDS) (Autoliv 

Inc. 2009), see Figure 6. 

 

Figure 6: APDS (Autoliv Inc. 2009) 

Phase zero is the start of a development project and contains the project planning, 

phase one includes prototypes and key components, phase two contains development, 

phase three includes validation and finally phase four contains the production. 

Frykestig5 defines the launch in development projects as phase three and four in 
                                                 
4 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview May 5, 2012 
5 Jesper Frykestig Purchase Department Manager Autoliv Sweden AB, interview May 3, 2012 
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APDS (Autoliv Inc. 2009). Each phase ends with a tollgate (TG) who can be seen as 

an approval process at the end of each phase in APDS. At TG the project team leader 

presents the current phase to confirm that everything has been done before moving in 

to the next one (Autoliv 2012a). For a roughly mapped overview of a purchaser’s 

different task in each phase in the APDS see appendix D (Autoliv Inc. 2012c). 

In phase one to four, in development projects, a set of IT-systems and standard 

documents are used by the purchaser. Table 2 below shows an overview of the 

different IT-system and standard documents that are used by the purchaser in each 

phase during launch. 

Table 2: Summary of the IT-systems and standard documents used in each phase in development 
projects 

 

All standard documents filled out and used by the purchaser should be checked-in in 

PLM under the right component. The reason that the documents must be checked in 

is that anyone with access rights should be able to reach the documents, which means 

that the information is shared globally between plants in Autoliv Inc. 

In relation to the other phases, the purchaser has most activities to perform in the 

second phase. However Kihlström6 stresses that in the latest development projects at 

ALS, most problems occurred in launch, which indicate that they were caused in 

phase three. The project buyer has the purchase responsibility through the five phases 

but when phase four closes the operational purchaser takes over. It can be said that 

the organization converts from a project organization to a serial organization (running 

production). In order to not miss any of the purchasing activities that should be done 

during a launch project, the purchasing department at ALS has developed a project 

follow-up checklist (PUI) as support in the launch work. The PUI is described in 

more detail in section 5.2, Project follow-up for purchasing. 

                                                 
6 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview May 5, 2012 
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5.2 Project follow-up for purchasing 

The PUI, see appendix E, includes all activities that the purchaser must make in a 

development project, divided into four different phases, the purchaser has no major 

tasks in phase zero so it is not included in the PUI. The main consideration of the 

PUI is to support the purchaser during a launch project. Recently the PUI is more and 

more used as a tool to follow up the purchasers activities and work in projects and 

not just as a checklist for the purchaser him- or herself (Kihlström7).  

The PUI itself does not show “how” the different activities should be done, it only 

shows “what” activities that must be done and in which phase. Under all headings for 

each different activity there is much work to do before the activity can be marked 

done in the PUI. For example there are a lot of documents and systems that should 

be used in many of the activities. 

The first step in the PUI is to fill out facts and general information about the different 

components included in the model. The general information is gathered from three 

different IT-systems; PLM, AGPS and ICAN. PLM give facts about the different 

components such as name and edition, ICAN gives information about target prices 

for each component in the model while AGPS gives information about suppliers. It is 

very important that the information successively updated by the purchaser since the 

PUI is a manual document, meaning that the PUI does not updates when the 

different IT-systems does.   

5.2.1 Phase one – Prototype and Key components 

Phase one in the PUI includes the prototypes and key components. According to 

Kihlström7 the key components mainly are inflators and bags which usually are deliv-

ered internally. Kihlström7 defines key components as components that stand for the 

main function of the module which the whole development of the module rests on.  

The main activities in phase one, for the purchaser, are too; send out request for 

quotation (RFQ) to supplier of prototypes, compile and compare the received offers 

from the prototype suppliers in a QAR for finally be able to choose a supplier for the 

prototypes (Autoliv Sweden AB, 2011). Further on it is important to check if there are 

any key components in the module, if there are the Supplier Quality Policy (SQP) for 

those components should be started by the supplier quality (SQ) in phase one. SQP is 

a plan of action that the supplier must accept and follow to ensure a standard way of 

quality (Autoliv Inc. 2012a). 

In phase one only one IT-system is used; PLM. In this phase, just as in the other 

phases, PLM is used to store up information about the module and its different 

components. 

                                                 
7 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview May 5, 2012 
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5.2.2 Phase two – Development 

Phase two in the PUI is the development phase which mainly, for the purchaser, 

involves the choice of serial suppliers for the different components in the module 

(Autoliv Sweden AB, 2011). According to Kihlström7 there is no easy task for the 

purchaser to choose a supplier for each of the different components in the module. 

Many various steps, Autoliv Inc. and ALS standard documents, teleconferences and 

systems, must be examined. All standard documents must be checked in to PLM 

when they are signed and/or approved, the document number is written under the 

current title in the PUI for each component. 

If there were prototype components in phase one, the tool order for these should be a 

first step in phase two. The work of choosing a supplier for each of the serial 

components starts with a teleconference with the concerned commodity to determine 

which suppliers to send out RFQ to, different components can belong to different 

commodities. The RFQ is an ALS standard document that should be used in all serial 

quotations. When all suppliers, for one component, have submitted their quotes the 

purchaser make a QAR to compare the different quotes. When the project purchaser 

has a suggestion for a supplier to choose for that component, based on the QAR, he 

or she takes the component up on sourcing board, which Martinsson8 describes as a 

meeting with European purchasing managers. According to Kihlström9 the QAR 

usually is done in the Sourcing Board presentation document at once, just to save 

time. If the sourcing committee says that supplier is acceptable to go with, for that 

component, the purchaser can start a contract review (CR) and feasibility review with 

that supplier. The purpose of the CR and feasibility review with the supplier is 

according to Martinsson8 to get an agreement about the component. Both the CR and 

feasibility review are ALS standard document that should be used by the purchaser. 

In phase two, there are four different IT-systems used by the purchaser; PLM, AGPS, 

Ariba and Capex. PLM uses to get, and store, information about the different comp-

onents. AGPS is used to get information about the different suppliers. The Ariba IT-

system is used as a complement to the RFQ and is intended to replace the manual 

standard document for RFQ. Ariba is designed to automatically transfer the quotes 

from the suppliers into the sourcing board presentation instead of, as it is now, 

manually transfer the information on the RFQ into the sourcing board presentation. 

Martinsson8 describes Capex as a financial IT-system that the purchasers use to apply 

for money to the project to cover the tooling costs. 

5.2.3 Phase three – Validation 

Validation is the third phase in the PUI and includes, for the purchaser, the activities 

from serial tool order to serial part order. According to Kihlström9 some of the 

activities in phase three ought to be in phase two instead, for the simple reason that 

                                                 
8 Veronica Martinsson Project Buyer Autoliv Sweden AB, August 24, 2012 
9 Ingemar Kihlström Project Buyer Autoliv Sweden AB, May 5, 2012 
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they can and would probably save some time in the project. These activities and the 

rest of the activities in phase three are described in next section. 

A first step in phase three, for the purchaser, is to place the serial tool order. Included 

in the serial tool order the date and the number of FOT-parts and PPAP-run samples 

should be specified. The sections SQP and PPAP in phase three are used in two 

different ways depending on how far gone the project is. In the beginning of the 

project the planned date of the SQP respective the production part approval process 

(PPAP) is written for each component in the module. Later on when the SQP and 

PPAP is started by the supplier quality (SQ) the planned date is replaced with the 

number for that specific document. When the SQP respective the PPAP is completed 

and approved the document number is marked green. The general definition of PPAP 

according to Autoliv Inc. (2012a) is “Production Part Approval Process (PPAP) defines 

generic requirements for production part approval, including production and bulk materials. The 

purpose of PPAP is to determine if all customer engineering design record and specification 

requirements are properly understood by the supplier and that the process has the potential to produce 

product consistently meeting these requirements during an actual production run at the quoted 

production rate.” 

The activity for getting the packaging approved from all sides involved is one example 

for an activity that could be made in the second phase, in the CR, instead of in the 

third phase. The packaging is such a small activity and it is a pity if it slows the whole 

project down, causing unnecessary delays, which has happened according to 

Kihlström10. The last step in phase three is to place the serial part order from an 

enterprise resource planning (ERP) system called Movex. Bidgoli (2004 see Wikipedia 

2012) describes ERP systems as systems that “integrate internal and external management 

information across an entire organization, embracing finance/accounting, manufacturing, sales and 

service, customer relationship management, etc.” In order to be able to place the serial part 

order for each component in the module the components must be uploaded into 

Movex. It is Movex that makes the connection for each component to the supplier. In 

order to upload components into Movex all components in the module must be 

PPAP approved, it is not possible to add one component at a time as they get 

approved. A common scenario according to Kihlström10 can be that one component 

lagging which leads to that no supplier receives information about its component. In 

this scenario the suppliers that has approved PPAP knows about that but they cannot 

receive any other information, such as delivery schedules, because there is one 

supplier lagging with its PPAP approval. This lack of information to the supplier can 

lead to delays because the supplier did not have the time to plan its production based 

on ALS required time schedule. The example above is a typical example on an activity 

that can create major delays. 

                                                 
10 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview May 5, 2012 
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In phase three, three different IT-systems are used by the purchaser; PLM, E-buy and 

Movex. PLM is used to get, and store, information about the different components. 

E-buy is the IT-system, used at ALS, where the purchaser places the tool orders while 

Movex is the IT-system where the orders for the different serial parts are placed. 

5.2.4 Phase four – Production 

Phase four is the phase with least activities for the purchaser. In phase four the 

purchaser, together with the SQ, should do a run at rate (R@R) at the supplier which 

Martinsson11 says is an important activity due to the fact that the purchaser and SQ go 

and see the suppliers’ process and the outputs from all documents that they have 

agreed to in the CR and feasibility. Autoliv Inc. (2012a) describes R@R as “A trial run 

at the manufacturing site to verify that the manufacturing process meets the customer's requirements 

for on-going quality, as stated in PPAP, and quoted tooling capacity. It also verifies that the 

production process is to plan, as documented in PPAP.” 

The final task for the purchaser during the launch is to make sure that all the activities 

that should be done by the purchaser is done and that all standard documents are 

checked in under each part number in PLM. 

5.3 Expects, on the purchaser, from other departmen ts 

In this section expects, from other departments, on the purchaser during a launch at 

ALS are discussed. Interviews were made with three different departments, with the 

reason that it gave a wider perspective of how other departments see the purchasers’ 

responsibility during a launch. Interviews were made with the two logistics 

departments, production supply chain and production EC coordinator, and with the 

project team leader. The reason that these three departments were selected was that 

they work relatively close to the purchaser during launch. 

5.3.1 Expects from logistics department (Production  Supply Chain) 

Ryhnell12, who is a logistic engineer at ALS, consider that the purchaser must have 

good communication with the suppliers and pass on the information needed for each 

department. According to Ryhnell12 it is the purchaser that has the main contact with 

the supplier and all information goes through the purchaser, so that there only is one 

“definition” of the information between the companies. 

Ryhnell12 thinks that some from the logistic department should attend at the CR and 

discuss the packaging. It would save the development some lead time to decide 

packaging at the end of phase two instead of the end of phase three, when it 

according to Ryhnell12 can be some problems to come up with an agreement with the 

supplier. 

                                                 
11 Veronica Martinsson Project Buyer Autoliv Sweden AB, interview August 24, 2012 
12 Henrik Ryhnell Production Supply Chain Engineer Autoliv Sweden AB, interview May 3, 2012 
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Just as Kihlström13 applies in section 6.1.1.3, Phase three – Validation, Ryhnell12 

considers that Movex way of working is not the most flexible. Since it is Ryhnell that 

has the responsibility for providing the supplier with delivery schedules, transport lead 

times and transport days he thinks the connection in Movex should be done 

component for component, when they are PPAP approved, instead of when the 

whole module is PPAP approved. 

5.3.2 Expects from the Project Team Leader  

According to Ranch14 the development projects must be cross-functional from the 

beginning and the purchaser must make and have the contact with the suppliers for 

each component. The purchaser must distribute the information from the suppliers to 

the rest of the concerned departments in the project. 

The prototype components that are bought in the beginning of phase two is bought 

by the engineering department and not by the project purchaser. According to 

Ranch14 this system does not work, with the reason that the engineering department 

has lack of information regarding purchasing. However Ranch14 implies that there can 

be some benefits when the engineering department places the prototype order, such 

as they have more knowledge about the components.  

5.3.3 Expects from logistics department (Production  EC-Coordinator) 

In interview with Jonasson15 she told that it is the logistics department that release the 

components in Movex, in phase three, when all the components in the module is 

PPAP approved. According to Jonasson15 the purchaser must push the suppliers 

harder, and motivate them with why the PPAP approval is so important to get in 

time. 

When all components, in the module, are PPAP approved and released in Movex it is, 

according to Jonasson15, the purchasers’ responsibility to update the purchase price 

for each component. The price updates in Movex are not done by the project 

purchaser; they are done by purchasers at Autoliv Romania (ARO). The project 

purchaser, in the development projects at ALS, has to send all the information about 

the components to ARO. The information is sent to ARO by a standard document 

including for example selected supplier and component price. According to 

Jonasson15 the logistic in the concerned launch would like to stand as CC when the 

information is sent to ARO. 

Due to deficiencies at the purchasing department the logistic department, according 

to Jonasson15, has made the choice that they contact the supplier themselves to check 

if they received and understand the delivery schedules.  

                                                 
13 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview May 5, 2012 
14 Jenny Ranch Project Team Leader Autoliv Sweden AB May 8, 2012 
15 Jennie Jonasson Production EC-Coordinator Autoliv Sweden AB, interview May 3, 2012 
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6 Launch in automotive industry 
Witt (2006) states that the product launch process is divided into four phases: 

(1) The conception and planning phase: The fortification of market information 

concerning the needs and values of the intended customer. The results are 

transferred into guidelines and requirements for the product. 

(2) The product development phase and product verification phase: This phase includes 

designing, prototyping and quality inspection. The main task of this phase is 

to identify quality problems and miscalculations so they don’t occur late on. 

(3) The final product specification synchronized with the procurement of the production resources: 

The final results from phase 2 are documented and shared with the supplier as 

a final preparation before the serial production. 

(4) The production phase: The purchase of components under serial conditions. 

This is very similar to how Frykestig16 defines a product launch at ALS. The 

difference is that ALS only count phase three and four in a development project 

according to APDS, see Figure 6, as the launch of a product. See chapter 5.1 for 

details about phase three and four in the APDS. 

Witt (2006) emphasizes that it is vital for the product development process to be 

documented and quantifiable so that every launch can be seen as a learning process 

and lessons learned can be taken into future launches.  

Gopal et al. (2012) imply that the more launches a company performs the better they 

will be, regardless of previous launches were successful or not. All previous launches 

can be seen as lessons learned and be useful in the work of performing an effective 

launch.  

Di Benedetto (1999) argues that a successful launch is to be related to good 

knowledge in all departments in a company and use that knowledge in cross-

functional teams working with the launch. One specific activity in a successful launch 

is the gathering of information such as customer feedback and testing. Furthermore 

Di Benedetto (1999) says that the logistics department plays a key role in a launch and 

should get a conductive attention, although he point out that this has not been 

expressed and integrated in new product development at many companies.  

Guiltinan (1999) says that most time in a new product development process is spent 

on the early stages despite that it is the last stage, the launch, which is decisive for the 

success. Nevertheless, few studies has been made on the launch phase and just as 

Hultink et al. (1997) say this is surprising due to the fact that this is the phase where 

most companies spend most money. 

                                                 
16 Jesper Frykestig Purchase Department Manager Autoliv Sweden AB, interview May 3, 2012 
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The Witt (2006) study shows that collaboration, between the buying company and 

their suppliers, in a component launch gives a positive effect on the reduction of cost 

and time in the launch. Furthermore the use of information technologies is advantage-

ously in combination with the collaboration for the quality in the launch.  

“The scope of automotive new product launch projects with the rapid but also persisting integration of 

hundreds of partnering organizations not only requires standardized but also flexible processes as the 

different scopes of services and products supplied require customized collaborative engagements.” (Witt 

2006, p. 13) 

Witt (2006) implies that in the last decade many automotive companies have 

progressed to project organizations instead of functional and/or process 

organizations. A major driving force to this has been that traditional functional 

organization work has been shown ineffective due to the lack of collaboration 

between departments. Process organizations were only focusing on the serial process. 

The project organization combines the two before-mentioned organizational forms.  

Crawford (1992 see Witt, p. 92) raises the existence of hidden costs in new product 

launch. These costs reveal, for example, from increased errors due to time pressure 

and reduced flexibility during the product development process. Witt (2006) identified 

seven mainly cost-factors as relevant in a product launch; transportation costs, 

guaranty costs, scrapping costs, storage costs, labor costs, tooling costs and change-

over management costs. 

The empirical study made by Witt (2006) shows that a successful launch can be 

associated with high focus on intense collaboration, both in the own company and 

with the suppliers, in all processes and activities.  The results show that intense 

collaboration has a major influence on overall time to SOP and the launch cost 

performance. This can closely be related to the importance of involving suppliers at 

an early stage in the development project, scilicet in the product development process. 

A good collaboration between the supplier design engineer and the own design 

engineer lead to that changes can be predicted in an early stage of the launch, which in 

in its turn lead to minimizing of mistakes, such as tool changes and rework. The result 

of this is a reduction of the overall launch costs.   

Success factors in a product launch are according to Clark (1989 see Witt 2006, p. 19) 

not only sharing of knowledge and collaborative problem solving between supplier 

and the buying company, but also the supplier participation during the development 

process. It is shown that high supplier involvement and willingness to search for 

improvements leads to a smoother launch. 

Bozdogan et al. (1998 see Witt, p. 21) argue for an early integration of key suppliers in 

product development, due to that this improves the outcome product. The key 

suppliers should be involved as early as possible in the concept and definition stages 

in the product development for best result. Other key enablers, for a smooth launch 
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by collaborative between supplier and buying company, are integrated product teams, 

joint responsibility for design and unified information flow. 

Bowersox, Stank and Daugherty (1999) say that collaboration between Logistics and 

supply chain can reduce risks related to product launch. Activities that can be 

improved due to the collaboration are; efficient information flow, services and 

planning. 
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7 Case study: How can Autoliv Sweden AB improve 
their purchasing process during launch? 

This chapter describes the results of the case study. The case study included interviews with employees 

at ALS concerning tasks during a launch. A data collection from internal IT-systems and data 

systems at ALS was made to collect dates for the different tasks. The result is presented in two 

VSM:s, one over the current state according to the project time plan and one over the current state 

according to how it actually was performed. An investigation was also made on underlying differences 

depending on size of the development projects. This chapter also describes what drives costs during 

launch at ALS.  

7.1 Current state 

This section gives a visual overview of the current state in the purchasing process 

during a launch at ALS, based on a specific development project. Two value stream 

maps were made, one according to the project time plan and one according to what 

really happened in that project. The reason for these two maps was that a map 

according to project time plan gives a visual sight of how the project was intended to 

work during launch and the map according to “reality” shows how the launch actually 

was performed. Both maps are made on a single development project at ALS and 

does not mean that every launch is executed that way, but underlying information 

shows that many launches for development projects does not executes smoothly. For 

an overview of the gathered information about the project see appendix F, who is a 

modified PUI to match the information needed. 

7.1.1 Launch according to project time plan 

According to Ranch17 a project time plan is based on the customer’s time plan and 

their demands. 

An overview of the value stream map over the purchasing process in project launch at 

ALS according to the project time plan is shown in appendix G. What the map shows 

is that the first operation the project buyer did was searching for necessary 

information (see appendix H for which information) which was needed for placing 

the eight serial tool orders in E-buy.  When all information was gathered the project 

buyer placed the orders and informed the development project that it was done. Due 

to the fact that several people had to endorse the serial tool order the lead time was 

much longer than the process time for this operation. When the tool orders were 

approved the project buyer got a copy from E-buy so he/she know that it has gone 

out to the supplier, and then the buyer had to make sure that the FOT-parts and 

PPAP-run samples were delivered correctly on time. To make sure the parts were 

delivered correctly the purchaser had close contact with the supplier. 

                                                 
17 Jenny Ranch Project Team leader Autoliv Sweden AB, interview May 8, 2012 
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Parallel to operation one, serial tool order, operation number two for the purchaser 

started, that is the PPAP for each component, eight components. Here the purchaser 

told SQ to start the PPAPs in PLM and then just observed while SQ and the supplier 

handle the PPAP documentation until it is submitted in PLM. If problems occur in 

the contact between SQ and either of suppliers it is the purchaser’s responsibility to 

go in and support and push the suppliers to check in all the different PPAP 

documents.  

Parallel to operation two, PPAP, but after operation number one the PTL got up on 

TG2 and presented phase two to the management team for an approval to move on 

to phase three. 

Completely parallel to operation two, PPAP, a control was made by the purchaser to 

clarify that the packaging for each component, ten components, were agreed between 

ALS, the production plant, and the supplier. Here the purchaser checked in PLM that 

a packaging agreement was signed, by the supplier and the logistics at ALS, and 

checked in under each component. 

Parallel to the PPAP operation and the checking of the packaging agreement FOT-

parts and PPAP-parts were delivered to ALS. Here the project buyer had the 

responsibility to check and make sure that the parts were delivered correctly and in 

time. 

Next operation, for the project buyer, shown in the map is the R@R. The six R@Rs 

were done at the different suppliers by the project buyer and the SQ. When the R@R 

was completed the supplier filled out and checked in all R@R documents in PLM 

connected to the part. 

After the approval of the R@R documents the project buyer had to make sure he/she 

had closed all purchasing activities for each component, scilicet that he/she had done 

all the operations correctly. To control that all purchasing activities were closed a 

check was done, by the project buyer, in PLM to see that all documents were checked 

in.  

The PTL got up on TG3 one week after all purchasing activities were closed. Here the 

PTL presented phase three to the management team for an approval to move on to 

phase four. 

Next operation shown in the map was the serial part orders. For the orders to be able 

to go out to the suppliers the logistics department at ALS had to post all ten parts in 

Movex and inform the purchaser. The logistic engineer could not post the parts in 

Movex until all PPAPs were submitted in PLM. When the parts were posted in 

Movex the project buyer filled out a document for each part with information, see 

appendix I, and sent to ARO whose task was to update Movex with that information. 

When Movex was up to date the serial part orders and delivery schedules was sent 

automatically from Movex to the suppliers. 
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The PTL got up on TG4 and presented the project to the management team to get an 

approval to close the project and let the parts move on to running production. 

The last operation in the launch was the first serial part delivery to ALS. Here the 

project buyer only had to check that the right amount of parts were delivered and on 

time. 

7.1.2 Actual current state 

The map over current state according to actual situation, see appendix I, show much 

longer process and lead times on every operation than the map according to project 

time plan. All information flows and process times on this map was provided by 

Kihlström18 and Norberg19. See appendix J for the calculations of the process time for 

each operation. 

What is shown in appendix K is that almost all operations was done parallel and 

compared to appendix F five major, extra, operations has been added and performed. 

But just as in section 7.1.1, Current state according to project time plan, this map will be 

presented in detailed, so the differences become clearer. 

The operation that started first was the serial tool orders, which in reality were 15 

orders and not eight as planned. The orders were placed just the same way as 

described in section 7.1.1, only the number of orders was different. The reason for 

these seven extra orders was design changes on three of the eight parts, which led to 

updated tools for these three parts. One part had three design changes and the other 

two parts had two each, which gave a total of seven design changes, which added 

seven extra tool orders. The operations Design Change, RFQ and Quote on the map are 

connected to each other and were the reason for the seven extra tool orders as 

mentioned earlier. Since every design change caused extra work for the project buyer 

in terms of new RFQs to the three suppliers and compilation and discussion around 

the quotes from the suppliers, the serial tool orders got a much longer lead time than 

what was planned. 

During the design changes TG2 was performed, but not only one TG2 was held as 

planned, the PTL had to attend to six TG2 meetings to get the final approval to move 

on the phase three. But as shown on the map, many of the phase three activities were 

started before the approved TG2 and many of the phase two activities continued after 

TG2 approval. 

FOT-parts and PPAP-parts began to be delivered, to the project engineers at ALS, 

approximately the same time and with a total lead time of 506 days, 482 days longer 

than what was planned for the FOT-parts and PPAP-parts delivery. The reason for 

this extended lead time, as already mentioned, were that the serial tool orders was so 

widespread placed due to design changes on three of the parts. As the FOT-parts and 

                                                 
18 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview August 29, 2012 
19 Bo Norberg Supplier Quality Engineer Autoliv Sweden AB, interview September 5, 2012 
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PPAP-parts were delivered conversations about the packaging was held between the 

suppliers and the logistics at ALS, the agreed packaging were checked into PLM under 

each component. The reason that the packaging agreements came before all FOT-

parts and PPAP-parts were delivered was that all suppliers at some point had 

delivered some parts and signed the packaging agreement based on that. That is to 

say, the three suppliers that had to update their tools, based on design changes, had 

already delivered parts from the original tool and knew what type of packaging 

required.   

The PPAP was planned to 253 days while the actual outcome was 527 days. In reality 

it was a lot of interim recovery worksheet (IRW) requests from the suppliers, instead 

of just part submission warrant (PSW) requests that could be gone through and signed 

by the SQ. An IRW request is a request from the supplier for PPAP approval with 

deviations. All deviations, during PPAP run, are written, by the supplier, on the IRW 

request. A PSW request is a request for final approval to go into production run. 

Table 3 gives an overview of IRW- and PWS request per part. 

Table 3: Number of IRW- and PSW request for each part 

 

Optimally, it would be zero IRW requests and ten PSW requests, which was what the 

time plan was based on. Instead, as shown in Table 3, there were twelve IRW request, 

divided on seven parts, and 21 PSW requests divided on the ten parts. The IRW 

request from the suppliers were checked into PLM and downloaded by the SQ at 

ALS. As the IRW requests were checked in by the suppliers and downloaded by the 

SQ discussions were held between the SQ, the PTL, the engineers and the production 

at ALS. Feedback was given back to the suppliers by the SQ and when agreed actions 

were decided the IRW request were signed. Parallel to the IRW requests the suppliers 

also checked in their PSW requests in PLM, PSW is a request for closing the PPAP. 

These requests were also downloaded by the SQ and analyzed to be able to give 

feedback to the suppliers. The PSWs were signed by the SQ either as approved or 

approved with deviations, that is to say the signed IRWs. As shown in Table 3, four of 

the ten parts has approved PSW with deviations. What also shown, from the 

beginning seven of the ten parts had approved PSW with deviations but after process 

changes, at the suppliers, the suppliers sent in new PSW requests which got signed as 

approved. 
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Just as TG2 the PTL had to attend to six TG3 meetings to get the final approval to 

move on to phase four, unlike the one meeting which was planned on the original 

time plan. But as shown on the map, still many of the phase three activities continued 

after TG3 approval, for example all PSWs was not signed and approved before TG3. 

As shown in appendix F under the title Run @ Rate, R@Rs was done at six suppliers, 

which are for eight of the ten parts. The six R@Rs were done by the SQ and the 

project buyer attended at two. When the R@R was completed the supplier filled out 

and checked in all R@R documents in PLM connected to the part. 

Since the project was so late due to the many late design changes and many IRW 

request the PSWs was not signed when it was time to place the serial part orders from 

Movex. As described in section 5.1.1.3, Phase three – Validation, all PPAPs must be 

submitted before the serial part orders can go out from Movex. Due to this the 

project decided to order serial parts the same way as prototype parts are ordered, via 

E-buy. Since it is the engineers who place the prototype part orders in E-buy it was 

them who placed this so called “prototype serial part orders” as well. What the map 

shows is that Signed PSW stretches longer than “Prototype” serial part order, but as soon 

as the first PSW for all ten parts were submitted serial part orders started to go out via 

Movex. But before the orders could go out the parts had to be posted and updated in 

Movex, just as described in section 7.1.1, Current state according to project time plan. 

29 days after serial part orders from Movex the serial parts started to come to 

FLA/ALS and go in to the production. Here the logistics had the responsibility to 

check that the parts were delivered on time and in the right quantity.  

The last thing the project buyer did in this launch was to check that he had closed all 

his activities. This check was done in PLM and on his own desktop under each part. 

Four parts still had opened activities and will have that also on TG4, which means 

that they move on to operational purchase instead of being the project buyers 

responsibility, due to that the project goes from development phase to running 

production. 

When this thesis was written, the PTL had not gone up on TG4 yet. TG4 was 

originally planned to 2011-11-29 but was, due to the amount of delays, moved 

forwarded to 2012-09-26. 

7.2 Differences in launch execution depending on si ze of 
development projects 

This section describes possible execution differences, depending on size of develop-

ment project in launch. To determine if there were any differences, interviews and 

observations were made to gather information. 

In the studied project there were ten new parts, which is considered as a big project. 

The studied project also developed an inflator, which does not happen very often. 
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Most recently a new inflator was developed was 6 years ago (Ranch20). Despite that, 

this project was processed just as any other development project and even with a 

narrower time plan due to time pressure from customer. 

In interview with Zetterström21 he told that every development project he has worked 

in has had the same workflow, even if it just contained one new part. This with the 

reason that all new parts have to pass all operations named in the PUI (Autoliv 

Sweden AB 2011). Based on observations and what Zetterström21 told in the 

interview it is clear that no operations can be skipped for a new part, however the lead 

time become shorter in development projects containing few and “easy” new parts. 

An easy part can be described as a part that both Autoliv and the supplier have good 

knowledge about. On the other hand, a project that does not contain any new parts is 

much easier to handle and take less time. Such projects only contain carry over parts 

and machine parts, which mean that the parts do not require any of the operations; 

Serial tool order, PPAP, packaging or R@R, since the supplier already has performed 

the operations in earlier projects. Carry over parts mean that the parts already are in 

production for another project and a capacity check is the only thing that has to be 

done, by the project buyer, for these parts. 

A time plan for a development project is always based on the customer requirements 

regarding timing. Ranch20 says that it is only to adapt the project time plan to the 

requirements. This means that even if the project is big it can have a very tight time 

plan, which was the case in the studied project in this thesis. Likewise can a small 

project have plenty of time to perform the operations, which can be seen as 

unnecessary.  

7.3 Factors that drive costs during launch 

The value stream maps in this case study showed that two operations stood out as 

cost driving factors; Serial tool orders with design changes and PPAPs with IWR 

requests. 

According to the project time plan the serial tool orders were planned to 19 days and 

the PPAPs were planned to 253 days. Furthermore the lead time of 19 days for the 

serial tool orders were planned to happen parallel to the PPAPs. In summary, the 

serial tools orders and the PPAPs were planned to have a lead time of 253 days 

together. 

As everybody know time is money and in reality the serial tool orders had a lead time 

of 423 days and the PPAPs had a lead time of 527 days. This gave a total lead time of 

682 days for the two operations together, due to that 268 of the days for the two 

operations were done parallel.  

                                                 
20 Jenny Ranch Project Team Leader Autoliv Sweden AB, interview May 8, 2012 
21 Bo Zetterström Project Buyer Autoliv Sweden AB, interview September 7, 2012 
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The reason for the long lead time for the serial tool orders were, as described in 

section 7.1.2 Actual current state, that for three of the eight parts there were design 

changes that caused the tools to be updated. There were in total seven design changes, 

which caused tool updates, who demanded new RFQs and quotes. These extra 

operations caused the serial tool orders 381 days in delay, if these operations not had 

been the total lead time for the serial tool orders had been 42 days, which just had 

been 23 days delay instead of 404 as it was. These design changes also caused 84 705 

Euros in extra investments. 

The reason for the long lead time for the PPAPs were, as described in section 7.1.2 

Actual current state, that seven of the ten parts had PPAPs with IRW requests. There 

were total twelve IRW requests, which together had a lead time of 489 days. The total 

lead time for the total numbers of PPAPs were 527 days and if there not had been any 

PPAPs with IRW request this lead time would have been 38 days. But that is not an 

entirely correct way to count because all PPAPs need time to be analyzed by the SQ 

even if there is no IRW request. So the PPAP time in the project time plan is more 

correct to use at this stage as well. In summary, it can be said that if there had not 

been any PPAPs with IRW requests the time plan for this operation could had been 

fulfilled, that was 253 days for PPAPs. 
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8 Potential improvements on the purchasing 
process during launch at Autoliv Sweden AB 

Launches at ALS would be good if they always followed the project time plan, which this study 

shown that they do not. So the problem itself is not the launch time plan, the problem is that it is not 

followed. How can it be easier to follow the project time plan? 

In this chapter three potential improvements on the launch process are presented; Higher, earlier, 

involvement of the supplier, more involvement from the Logistics department and Control level 

definition on development projects. 

8.1 Higher, earlier, involvement of the supplier 

Of course it is easy to blame the supplier in the cases with PPAPs with IRW request, 

but at some level this also is a failure at ALS since the drawing and demands comes 

from them. In these cases it is possible that ALS was not clear about what they 

wanted which led to failure at the supplier. Likewise for the design changes after serial 

tool orders who lead to updated serial tool orders, this problems occurs when ALS 

does not freeze the design before serial tool order. A solution to this could be to 

involve the supplier at an early stage in the design so they can put in their opinions, 

which maybe can lead to that the design changes ALS make does not have so much 

effect on the tool. This involvement should not only be done by telephone or E-mail, 

it should be done at the suppliers so ALS gets a good understanding of the suppliers 

process and which effects changes would have on the process. Such collaboration has 

been proven by Witt (2006) for reduction of costs and time in the launch. If the 

project from the beginning knows that there are going to be open designs in phase 

three it would be good to add some extra time for the design changes that most likely 

will occur. 

8.2 More involvement from Logistics department 

A potential improvement on the launch process could be to involve the Logistics 

department more in the project, just as Di Benedetto (1999) says. At the moment all 

logistic activities goes through the project buyer. This can be seen as overwork for 

both the Logistics department and the purchasing department, since according to Di 

Benedetto (1999) the Logistics department plays a key role in the launch. Bowersox, 

Stank and Daugherty (1999) says that high involvement from the Logistics 

department can improve the information flow, services and planning. 
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8.3 Control Level Definition on development project s 

Another potential improvement could be to establish Control Level Definition (CLD) 

on the development projects and not just on the parts. CLD is a rating method to 

identify areas of risk associated with the part to launch. The purpose of this is to 

assess and rate the combined risk of the selected serial supplier, the supplier product 

and the supplier process (Wolff 2005). The reasons that CLD is used on the parts are 

to raise awareness of high risk situations and to prioritize resources needed to manage 

high risk situations. If this was implemented on the projects as well, maybe large time 

delays and unnecessary extra, costly, activities could be prevented.  

If development projects would be classified by CLD it would be possible for the 

project buyer, and everyone else in the project, to understand the risks, high 

importance, of the project. It would be clearer to know the risks of the project by 

having them documented instead of just talk about how risky the project is. Based on 

CLD it may be clear that two project buyers is needed in high risky projects instead of 

one who at the moment is the amount of project buyers in every development 

project. If the risk were brought up to the “surface” it would be easier to understand 

and distribute the different activities in a development project.  
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9 Analysis and Discussion 
The two value stream maps that were made in this thesis were not made entirely 

according to how ALS works with VSM. The reason for this was that it was not 

appropriate; instead the approach was used as a guideline and modified to fit this 

thesis. For example, the dates (L/T on the maps) had to be found first to be able to 

see in what order the operations were performed. When the dates were found the 

maps could began to be drawn according to in which order the operations were 

performed. If the operations had been drawn first the maps had been wrong since the 

flow according to the PUI (Autoliv Sweden AB 2011) not match how they are 

performed. Also, a future state map was unnecessary to establish since ALS has a 

standard way to work with launches, a project time plan containing all activities that 

has to be done and in which order they should be done, even if it not always is 

followed. Furthermore, thoughts have been about that VSM might not have been the 

best tool to use for the case study in this thesis. Maybe another method had been 

more optimal for this type of work, maybe not? Perhaps the visualization was unnec-

essary; maybe it had been enough with the modified PUI (appendix F) containing 

dates for each activity for each of the parts in the development project. 

The dates (L/T on the maps) for the operations FOT-parts, PPAP-parts, Serial part 

order and First serial part delivery were not found in any of the ALS data systems so 

these dates were provided by Kihlström22. This could be seen as not fully reliable 

information since the operations were performed almost a year before this thesis and 

Kihlström only “guessed” the dates since he as well did not have the information 

stored. However, all dates for the operations FOT-parts and PPAP-parts were deter-

mined with each of the suppliers in the CR for each part but if these dates then were 

maintained or not were not revealed by any documentation. The dates for the serial 

part orders would most likely be able to get from Movex, but that IT-system only the 

Logistics department has access to and there was no time to sit with them and look up 

the dates for each of the ten parts. It would have taken too much of the employees’ 

time to do that, which could not be requested.  

The PPAPs process time (P/T on the maps) was provided by Norberg23 and he said 

that the process time was equal to the lead time. This can be seen as misleading since 

the process time only is the time when the operation adds value to the process, but he 

gave the motivation that the PPAPs are ongoing operations that constantly adds value 

to the process. Since no information was found in the ALS data bases or the ALS IT-

systems this was the information used when the maps were created. 

In section 5.2, Expects, on the purchaser, from other departments, it would have been good if 

the SQ for the project had been interviewed but he did not have the time for such an 

                                                 
22 Ingemar Kihlström Project Buyer Autoliv Sweden AB, interview August 29, 2012  
23 Bo Norberg Supplier Quality Engineer Autoliv Sweden AB, interview September 5, 2012 
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interview due to much work and summer vacation. The reason that such an interview 

had been useful was that the SQ have much involvement in development projects but 

all his/hers activities goes through the project buyer and in the end it is the project 

buyer who has to report to the PTL the status for the operations. 

The questions that were sent to all project buyers to get an idea of the differences 

between people’s way to work with launches and to see if any improvements could be 

taken from them turned out to be unsuccessfully. Only two of the eight project buyers 

at ALS answered and returned the questions. Due to the lack of participation these 

questions were chosen not to be used in any of the work in this thesis.  

All dates (L/T on the maps) except the ones for FOT-parts, PPAP-parts, Serial part 

order and First serial part delivery were gathered from ALS data bases and ALS IT-

systems. However, there was likely more documentation for each operation than the 

one that was uploaded in the IT-systems. Many project buyers and SQs intend to 

store information (documents) on their own computers due to lack of time to upload 

it. This lack of time can lead to, in cases like this, that the information used not is the 

latest “revision”. Since ALS has as a standard that all documents should be stored in 

data bases or IT-systems this was the information that was used. There was no time to 

ask the individuals if they had other, newer, information somewhere else. Also even if 

the time had existed such kind of interviews should not have been made since all 

documents should be uploaded. 

The PUI that the purchasing department at ALS has developed as a project follow up 

for the project buyers should be used by everybody. The reason for this is that 

anyone, of the project buyers, should be able to quickly get an overview of someone 

else’s work and acquainted with it. For the studied development project in this thesis 

no PUI was set up. This led to that all information, on every part, was needed to be 

found. If a PUI had existed a lot of time had been saved, due to that most of the 

needed information already had existed. Instead all information was needed to be 

gathered from the different IT-systems and data bases at ALS. 

An interim goal that from the beginning was intended to take part of this thesis had to 

be removed during the work. The interim goal that was removed was about exploring 

how a selection of ALS suppliers sees on the launch work, focusing on the purchasing 

process, performed by the development team. The reason that this interim goal was 

removed was that the other goals, which were seen as more important, took much 

longer time then what was planned from the beginning. Also the suppliers had four 

weeks closure during the summer so there was not much time to go on there either. 

It was hard to find good literature on launches, despite the number of companies who 

are concerned about this topic. Due to this it was hard to find possible improvements 

except from the ones that occurred from the problems at the map over current state. 
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10 Conclusions 
There were four goals for this thesis; (1) map and visualize the current administrative 

stream, related to the purchasing process, (2) examine whether there were differences 

depending on the size of the development project in launch, (3) identify possible 

causes of what drives costs during a launch at ALS and (4) finally present some 

proposals of how ALS could improve the launches of components with focus on the 

purchasing process. 

Two value stream maps were set up. One based on the time plan for the development 

project, see appendix G, and one over how the activities actual were performed in the 

development project, see appendix K. 

Conclusion that can be made regarding possible differences depending on size of 

project in launch is that there are no distinctive differences. Every development 

project has almost the same workflow, even if it just contains one new part. It is clear 

that no operations during the launch can be skipped for a new part, however the lead 

time become shorter in development projects containing few and “easy” new parts. 

On the other hand, a project that does not contain any new parts is much easier to 

handle and take less time since the operations serial tool order, PPAP, packaging and 

R@R, already has been performed by the supplier for earlier projects.  

The value stream maps in this case study showed that two operations stood out as 

cost driving factors; Serial tool orders with design changes and PPAPs with IWR 

requests. 

Based on the literature and the case study three potential improvements, that would 

be relatively easy and inexpensive to implement, were found; (1) Involve the supplier 

more and at an earlier stage in the development project, (2) involve the Logistics 

department more and (3) implement control level definition on the development 

projects as well, not just the parts. If these proposed improvements implements 

money and time will be saved. 
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11 Future work 
It would be appropriate to make a similar investigation to this once a year to see if 

similar or other problems occur and to see if improvements have been made. To 

facilitate these future investigations it would be good if the development projects at 

ALS become better in the work with the documentation of the activities during 

launch. This based on what Witt (2006) pointed out, it is vital for the product 

development process to be documented and quantifiable so that every launch can be 

seen as a learning process and lessons learned can be taken into consideration in 

future launches. 

It would also be good if an investigation, just like the one in this thesis, would be 

done on global development projects. The difference between local and global 

development projects is that in global projects it is not the plant that has the 

development project who “owns” the design. That is, every design changes made is 

done by another designer then the one in the development project. These types of 

development projects cause an extra information flow between the “owner” plant and 

the development plant. Therefore, the approach in this thesis should also be applied 

on a global development project. 
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Appendix  

A. Interview questions to project buyers 

When you place the serial tool order in E-buy, which information do you use? 

How many (with which position) must usually attest your order in E-buy? 

How/When you tell SQ to start the PPAP and SQP? 

Which information do you give SQ at the start of PPAP and SQP? 

How do you order FOT-parts? 

How do you order PPAP-parts? 

How do you keep track of the PPAP approval? 

How do you get the information on which type of packaging the part should have? 

How do you do if the supplier wants another packaging? 

Do you store the agreed packaging? If yes, where do you store it? 

How to you tell Logistics to upload parts in Movex? Which information do you give? 

When the Logistics has uploaded the parts in Movex, which information do you send to 

ARO to get the parts updated in Movex? 

How do you place serial part order? 

How do you check that you have done all activities before TG3? 

How do you perform a Run@Rate? 

Do you perform Run@Rate on all parts? 

How do you check that you have done all activities before TG4? 
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Appendix  

B. Interview list 

Frykestig, Jesper. Purchase Department Manager, Autoliv Sweden AB. Interview May 3, 2012 

Jonasson, Jennie. Production EC-Coordinator, Autoliv Sweden AB. Interview May 3, 2012 

Kihlström, Ingemar. Project Buyer, Autoliv Sweden AB. Interview May 5, 2012 

Kihlström, Ingemar. Project Buyer, Autoliv Sweden AB. Interview August 29, 2012 

Martinsson, Veronica. Project Buyer, Autoliv Sweden AB. Interview August 24, 2012 

Norberg, Bo. Supplier Quality Engineer, Autoliv Sweden AB, interview September 5, 2012 

Ranch, Jenny. Project Team Leader, Autoliv Sweden AB. Interview May 8, 2012 

Ryhnell, Henrik. Production Supply Chain Engineer Autoliv Sweden AB. Interview May 3, 2012 

Zetterström, Bo. Project Buyer, Autoliv Sweden AB. Interview September 7, 2012 
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C. Autoliv standard symbols used for creating VSM´s  
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Appendix  

D. The product lifecycle with Autoliv 
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Appendix 

E. PUI 
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Appendix  

F. Modified PUI over gathered information to the VS Ms 
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Appendix  

G. VSM over the purchasing process in a project 
launch at ALS according to project time plan 
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Appendix  

H. Tool order information 
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Appendix  

I. Movex update information 
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Appendix  

J. Calculations of process times for each operation  on 
current state VSM according to project reality 
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Appendix  

K.  VSM over the actual current state for the 
purchasing process in a project launch at ALS 

 



�
�
��
�
�
��

		
		

�
�
�
��
�

�
�
�
��
��
�	


��
�

�
�


�
��
�




�
�
��
�
��
�
��
��
�	


��
��
�
	
��
�
�
��
�
�
�
�
��
�

�	
��
�
�
�
��
�

�
 
!�
� 
"
� 
#

�
�
�
��
��
��

�
�
�
	�
��
	�
�

�
�
�
	�
�	
�
��
�

�
��
�	
��
��
��
��
��
��
	�
��
��
��
��
�

�
�
 

!
�"
#
$

 
�
%
!
&

�
'
�
!
&

�
��
�
�
(�
�
�

)�
�
'
�
'
�

*

�
�
+
��
(


,
'
-
�

�
�
�(
.
��
�

)�
��
/�
(�
0
�
��
�*

!
�
+
�
��
�
�
+

i

�
�
�
	�
��
	�
�

�
�
�
	�
�	
�
��
�

�
��
�	
��
��
��
1�
��
	�
�
	�
��
��
��
��
2

!


�
�
��
	�
�
�
�
�
��
��

�
�(
3�
+�
�
+	
�+
��
��
��
�

�
�
�
	�
��
�	
�
�

�
�
�
	�
4�
	�
��
�	

�
��
�	
��
��
��
1�
��
��
	�
��
��
��
��
�

�
5
�

�
�
�
	�
�	
�
�

�
�
�
	�
	�
��

�
��
�	
��
��
��
��
�4

�
�
�
	�
4�
	�
��
�

�
�
�
	�
4�
�
��
�

�
��
�	
��
��
��
1�
��
	�
�
	�
��
��
��
��
�

!

�
�
'
�

�
�
'
�
��
��
��

�
�
�
	�
��
	�
�

�
�
�
	�
�	
�
��
�

�
��
�	
��
��
��
��
��
��
	�
��
��
�4
��
�

�
�
�
	�
11
�	
�
�

�
�
�
	4
�	
�
��
�

�
��
�	
��
��
��
��
��
��
	�
��
��
�6
��
�

!

-
7
-

'
��	
�
�
�(
.
��
�
+	

�(
�
8
�
��
	(
��
��
�

�
�
�
	�
��
	�
�

�
�
�
	�
	�
��

�
��
�	
��
��
��
6�
��

�
5
�

�
�
�
	�
�	
�
�

�
�
�
	�
	�
��

�
��
�	
��
��
��
2�
��

�
�
�
	�
��
	�
�

�
�
�
	�
	�
��

�
��
�	
��
��
��
��
��

!

�
�
��
	

��
�
�	
�
��
�	

�
��
8
��
�

�
5
�

�
�
�
	�
�	
�
�

�
�
�
	�
	�
��

�
��
�	
��
��
��
��
��

�
�
�
	�
��
	�
�

�
�
�
�
�
��

�
��
�	
��
��
��
��
��

!


�
�
��
	�
��
�	
�
��
��

�
�
�
	0
��
9
��
�
	�
�
��
��
�
�
�
:
	�
6�
	�
��
�

�
�
��
�	
�
�
��
��
�
�
	�
�
�
	:
	�
4�
�
��
�	
��
�
	4
�6
�	
�
�

�
�
��
�	
�
�
��
��
�
�
	�
�
�
	:
	�
��
	�
��
�	

�
�
	�
��
�

2
�
	�
��
�

4
1
	�
��
�

�
	�
��
�

�
�
�

�

�

i

i

�

8
x

8
x

8
x

�
8
x

�

8
x

�

1
0
x

�
�

1
0
x

1
0
x

�
1
0
x

1
0
x

8
x

�

�

8
x

�

�

1
0
x

	

1
0
x

�

 1
0
x

1
0
x

�



�



1
0
x

1
0
x

i

�
�

�
�

�
�

1
0
x

�
�

1
0
x

1
0
x

�
�

�
�

1
0
x

�
�

1
0
x

�
�

1
0
x

i

�
�

1
0
x

i

�
�

1
0
x

6
x

6
x



��������

��������	
�����
�����

��������������	
���	��������������	��������

� !�� "� #

��	
����

�����	

�����

����	
��

������	�
�������
 ����� 

�!"��#$%���&

�!"�#����	

'�
���%(%�%)�*(�
��%((�(%�+

!

��������		��	�
��

�!"�(%���&

�!"�*+����	

'�
��%(%�%��+�
��%((�(%�%*

!

�����������

�!"�(%���&

�!"�*+(����	

'�
��%(%�%��)�
��%((�(%�%#

!

���

�!"�(%���&

�!"�*+,����	

'�
��%(%�(%�%( 
��%((�(%�(

!

��	��

�!"�($%���&

�!"�#*����	

'�
��%(%�%)�*(�
��%((�(%�)

!

����	��
������� �		��	�
��

�!"�*,%���&

�!"�#+,����	

'�
��%((�%*�%#�
��(%(�%,�

!

����������������

�!"�,%���&

�!"�#+����	

'�
��%((�%$�%$�
��%(�%+�%$

!

����
���������

�!"��%%���&

�!"�+�����	

'�
��%((�(%�%(�
��%((�(�(�

!

���	�	������������������

	�
��

�!"��$%,����	

�!"�$%,����	

'�
��%((�%�%�
��%(�%,�

!

����������

�!"�(%$���&

�!"�*�$ ���	

'�
��%((�%,�(#�
��%(�%+�(*

!

����
����

�!"�%%���&

�!"�(����

'�
��%((�(�%

!

������������

��
��

�!"�))%���&

�!"���)����	

'�
��%((�%+�(�
��%(�%$�%$

!

���

�!"�%%���&

�!"��(%����	

'�
��%(�%(�%�
��%(�%(�*%

!

��������������������������

�!"�(%%���&

������� ������� ��������� �	��


�!"�$(����	

'�
��%(�%(�()�
��%(�%��$

�!"�%���&

!"#

�!"�(����

'�
��%(�%��,

�!"�(%���&

!"$

�!"�($# ���	

'�
��%(%�((�$ 
��%((�%#�)

�!"�(%���&

!"%

�!"�)% ���	

'�
��%((�%��%( 
��%(�%,�%+

�!"�#$%���&

���� �����

�!"�$%,

'�
��%((�%(�(� 
��%(�%,�%)

�!"�#$%���&

��!������

�!"�$%,

'�
��%((�%(�%$ 
��%(�%$�$

�!"�(+%���&

�� &���������'���

�!"��,����	

'�
��%((�%�* 
��%((�(�(,

�!" ��
-��&������
��&	�.������	

"�
��������
��&��!"�.�$%,����	��&��)$%$���&
"�
��������
��&��!"�.�+)����	

��/

�0��1

/23�1

�4

��"

������
��&��5�0!0�� 

�&��&����&�

062

i

i

(

(

$

$

%

%#

#

)

*

i

7x

7x

7x

7x

7x

15x

15x
15x

15x

15x

15x

7x

+

+

7x

,

7x

,

7x2

-

6x

6x

(.

%

15x

15x

((

i

15x

15x

($

(%

15x

15x

($

(%

(*

10x2

(#
10x

(#

10x
()

10x

(+

10x

(+
10x

(*

10x

(-

12x
(-

12x

$.

12x

$(

$$

12x

$%

12x

$%
12x

$%

12x

12x

21x

$)

21x

$#

$#

21x

21x

$+

$*

21x

$*

21x

$*

21x

���7�
� �����
��

6x

6x

$,

$-

10x

10x

$-

%.
10x

%.

10x

%(

%$

10x

%%

%#

10x

%)

10x

%) 10x

10x

%+

10x

%+

%*

10x

10x

%,

i

10x

%,

i

6x

6x

6x

%-
8x


