A Methodology to Assess Cost Implications of Automotive
Customization

by
Laétitia Fournier
Ingénieur diplomé de I’Ecole Polytechnique, Palaiseau, France, 2005
Submitted to the Engineering Systems Division
in Partial Fulfillment of the Requirements for the Degree of

Master of Science in Technology and Policy

[MASSACHUSETTS INSTITUTE,
at the OF TECHNOLOGY
Massachusetts Institute of Technology JUN 0 1 2005
June 2005 LIBRARIES
© 2005 Massachusetts Institute of Technology.
All Rights Reserved.
Signature of Author.......... ==Ll Teeenenens B A AT S co it D oru PPN
Laétitia Fournier
Technology and Policy Program, Engmeermg Systems Division
May 06, 2005
Certified by.......,.eveieeeeereiineenns e 4 /“7"“*"'/\ ......................
Richard Roth

Director, Materials Systems Laboratory
Thesis supervisor

c

Certified by............ T TR ot R T O S
o Joel P. Clark
Professof, Materials Science and Engineering & Engineering Systems Division
A ' Thesis supervisor
Dava J. Newman

ARG Professor of Aeronautlcs and Astronautics and Engineering Systems
My e Director, Technology and Policy Program

Accepted by.......... Ceereens Py TP TR, [ .........................................................

B e






A Methodology to Assess Cost Implications of Automotive
Customization

by

Laétitia Fournier

Submitted to the Engineering Systems Division on May 6, 2005
in Partial Fulfillment of the Requirements for
the Degree of Master of Science in Technology and Policy

Abstract

This thesis focuses on determining the cost of customization for different components or
groups of components of a car. It offers a methodology to estimate the manufacturing
cost of a complex system such as a car. This methodology includes specific
consideration of how costs change as customized variants of each component or grouping
of parts are included. The central conclusion of the thesis is some recommendations for
the automakers when they are facing customization decisions.

The automotive industry has reached a mature state, as is evidenced by its growth and by
the nature of competition and industry consolidation. Consumers are no longer satisfied
with the models that are not individualized and demand a greater variety and
individuality. Consequently the automakers are moving towards custom-made cars by
customizing the shape and style of components; and this at a certain price. While product
variety enables the firm to charge higher prices, automotive customization means also
producing at lower production volumes, thereby increasing manufacturing costs and
eroding profits.

Understanding the cost of customization depends heavily on component cost structures. It
is considered that this cost is equal to the difference between the price of a baseline and
customized product. A methodology, called Systems Cost Modeling (SCM), is
developed in the thesis to build cost structures when estimates for a large number of
components have to be considered. After gathering detailed empirical data and
considering the eventual changes in the processing conditions of all parts due to
customization, the tooling and equipment investment as well as the labor and energy cost
are estimated for both the standard and customized car. After determining the drivers of
the customization cost, a sensitivity analysis is done to understand the variations of this
cost under different operating conditions. Finally these results explain that the cost of
customization is very sensitive to part and process characteristics.

Thesis supervisor: Richard Roth
Thesis Supervisor’s Title: Director, Materials Systems Laboratory
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1 Introduction

1.1 Background of the automotive industry

1.1.1 The state of the U.S automotive industry

The global automotive light vehicle assembly grew by 2% in 2004, to a total of
1,082,374 units [1] (1,061,735 units in 2003). However, this growth was anything but
uniform across regions. Positive contributors included East Europe and Asia Pacific,
which increased 4%. Negative contributors to growth included North America, off 2%
and West Europe, down a slight 0.2%.

] Emerging markets
] Triad

0 Millions of
100%= 4:&3 7?4.4 62 58 Vehides

75 74
65 61

1994 1999 2005 2010

Forecast

Figure 1-1 : New vehicle sales in triad versus the rest of the world
(Source: Automotive News McKinsey)

In any of the Triad regions (Western Europe, Japan and the US) Original Equipment
Manufacturers (OEMs) have been facing a mature market for the past 10 years, with
stagnant demand, product proliferation and stiff price competition. A flat demand is
aggravated by increased competition in the product market. During the past two decades,
most OEMs have invested heavily in plants outside their home base to better reach local

consumers. As a result, market shares of incumbent players have become thinner. In the



US, domestic automakers have lost more 20% market share to Japanese and Korean
automakers in the past two decades (see figure 1-2 for the trend). In 2003 North
American carmakers accounted for 75 percent of the business of their North American
suppliers, which now plan to reduce that level to less than 60 percent by 2008. European
OEMs have experienced a similar trend, although ameliorated by the stricter regulations
on the participation of Japanese OEMs that were in place until recently. Sales growth is
now coming from developing regions, with South America, India, China and Eastern
Europe leading this trend (see figure 1-1). To summarize, three factors are putting
pressure on the OEMS:

- Increasing heterogeneity in the targeted market place

- Wider income distribution within the market

- Slower growth within the market.

Figure 1-2 : Distribution of customers (actual vs. planned) for North American auto suppliers, %

European OEMs, 7%
European OEMSs, 12%

2003 2008 (planned)

Faced with this changing face of competition in the automotive industry, the automakers
have tried to reduce drastically development and manufacturing costs to remain

competitive. Consequently they have for decades attempted to develop and produce
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“world cars” for the mass market that can be sold around the world with only minimal
modifications. This strategy would result in tremendous economies of scale for the
automotive industry. Despite the substantial benefits that could be gained from such
products, past attempts at world cars have been failures. For example during the 1990’s,
three noticeable attempts were made at producing a world car. Honda made an attempt
with its Accord model, Ford with its Mondeo/Contour models, and General Motors with
its Cadillac Catera/Opel Omega models. All three of these models fell far short of their
goals of achieving global success in the European, North American, and Asian markets
for many reasons. The major theme in the failures of these world cars is the trade-offs in
their development that were needed to satisfy the disparate preferences of the consumers

in these different geographic markets. Here is a list of the failures:

e Different tastes:
Even in our increasingly globalized world, significant differences in tastes in automobiles
still exist between the people in the different geographic markets. Among these
differences in tastes are preferences in automobile size, design, and aesthetics. The most
noticeable reason for failure of the world cars of the 1990’s was the interior size of the
cockpits of these automobiles. For example, the Ford Mondeo/Contour was well
accepted in the European market, while the North American market found the interior of
this automobile too cramped leading to its failure in this market. Another taste disparity
between the North American and European markets exists in material preference for
automobile construction. Both Europeans and Americans perceive an automobile
construction of steel panels to be of superior construction to automobiles constructed of
plastic panels. However Americans are more willing to accept plastic panels, while
Europeans insist on steel. Consequently plastic construction is a growing trend in North
America for cost and performance reasons. This taste discrepancy created issues for the

GM subsidiary Saturn in its attempt to launch a world car during the late 1990’s.
e Different infrastructures and economics:

The disparities in the infrastructures present in the different regions of the world create

another challenge for the success of a world car. For example, a major hurdle in
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developing a world car that will satisfy the preferences of consumers in North America
and Asia is created by the differences in the road infrastructures between these two
regions. North Americans prefer large roomy cars as opposed to Asians who prefer a car
small enough to squeeze through their crowded city streets. Honda designed its Accord
model to meet the large car preference of the North American market, which led to its
demise in Asia. Economics create another major challenge in developing a world car.
For example, the disparities in the price of gasoline in the different regions of the world
create another major hurdle. Europeans are obsessed with fuel economy in contrast to
Americans who for the most part are more concerned about acceleration and

performance.

e Different rules and regulations
Safety and emissions regulations vary significantly across national markets. In less
developed countries such as those of Southeast Asia, regulations are more lax compared
with the developed countries of Europe and North America. Even between Europe and
North America, significant differences exist in safety and emissions regulations. As a
consequence of these discrepancies, automotive OEMs have found tailoring their
products to the specific requirements of these markets to be the most cost effective way

to compete.

These failures show that today many influential factors affect decisions made in the
automotive world. Consumer preferences determine the current styles, reliability, and
performance standards of vehicles. Government trade, safety, and environmental
regulations establish incentives and requirements for modernization and change in design

or production.

1.1.2 The era of customization

As seen in the previous paragraph all automakers are under pressure to identify consumer
preferences, national biases, and new market segments where they can sell vehicles and

gain market share. As many markets become saturated, automakers tend to fracture the
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large mass automotive markets into smaller “niche” markets. They are trying to match
their product to the particular customers’ needs. To make customers feel special, they are
moving towards custom-made cars by customizing the shape and style of components.
This trend toward customization not only affects the automobile industry but also some
other industries. For example, a mobile telephone manufacturer aware of the mass
customization potential allows the customers to define their own shape of the telephone
and the materials to be used for its production, adjust the shape and size of the keys,
select the color of display illumination and choose optional telephone functionality, such
as voice dialing. So just as consumers purchase such items as sandwiches, jeans, sofas
and computers made-to-order, they expect to have the possibility to individually define a
car to be purchased on the basis of a set of available engine types, transmission
mechanism types, security device types, sunroofs of adjustable dimensions, seat types

with a set of different seating surfaces materials in various colors, and others.

To a small extent, the customization effort is more and more intense in the auto industry.
For every combination of make and model (e.g. Honda Accord, Toyota Camry), there is
a variety of body type (e.g. convertible, coupe, hatchback, sport utility), doors (e.g. 2
door, 4 door, 4D Ext Cab), trim level (for Honda Accord, e.g. DX, EX, LX etc.), drive
train type (e.g. 2WD, 4WD), transmission type (automatic, manual), cylinders (e.g. 4 Cyl,
6 Cyl), displacement (e.g. 3.0 liters,3.3 liters). In addition some companies like
Mercedes, BMW and Porsche offer a variety of custom interior choices in European
vehicles. Another example is the 2005 Audi A8, which will offer exclusive, luxury trim
packages that feature more unique color choices and wood trims for roughly an extra
$10,000 [2]. The options offered in a customized car concern not only the auto interior
but sometimes also the engine. For example Perkins, a world-leader in the production of
purpose-built diesel engines offers seven engines, each of which can be modified to fit
customer requirements. The customer can modify oil filters and coolers, manifolds,
alternators, flywheel housings, flywheels, oil pumps, fans and extensions, fan drives,

exhaust outlets, starter motors, etc. [3]
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Today, the Internet opens new channels for customization; indeed many automobile
manufacturers have websites that allow users to “build your own” car. In addition to
being able to simply view a particular model, a user could choose various packages and
get updated information on pricing as options are selected. For example for the small car
segment, the sites of Chevrolet, Honda, Nissan, and Toyota [4], contained customizable
sections entitled “build your own” or “customize”. The customization process typically

consists of the following steps:

- Select a model
- Select an exterior color
- Select an interior color

- Select packages and options.

All these examples of customization show that today consumers have compelled the
automotive industry to ‘rethink’ its strategy on the production of automobiles. As shown
in figure 1-3, the customization process starts from the customer preferences and then

implies some production modifications.

Customer- Customized Design Process
Perceived Functional » Change Variation
Value Feature
—p >
U(AF) AF AD AP
Customer Functionality Technical Cost
Satisfaction Feasibility

Figure 1-3 : The customization process- from the customer preferences to the manufacturing
variations

A product is characterized by a set of design parameters (noted D), which suppose to
meet certain customer needs characterized by a set of functional requirements (noted as
F). The manufacturing process can be characterized by a set of process variables (noted

as P). A customized product is the result of making changes to F, D and P. A
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customization requirement, AF is manifested by the customer’s choice of customizable
functional features. The customer-perceived value of each customization requirement
indicated customer satisfaction in the customer domain and can be measured as a utility,
U(AF). To deliver the expected AF, the product needs to be modified to a certain extent,
resulting in some design changes, AD. Similarly the manufacturing process needs to be
adjusted (e.g. different set-ups, tool modification) referred to as process variations, AP,
representing the costs of fulfilling the customization. As a result, the customization
decisions depend on the justification of cost-effectiveness around two pillars: the added

value of customer satisfaction and the costs of customization.

1.2 Manufacturing costing in the automotive industry

1.2.1 The pressure for manufacturing costing in the automotive

industry

Over the last couple of decades the increasing competition in most markets has increased
the cost pressure for most firms. As a result costing approaches have been developed to
reflect these changes and to support manufacturing managers to quickly make production
decision making. First some “scientific management techniques” attempted to relate
labor and operations’ time measurement and work schedule controls to financial and cost
controls. Then different costing approaches have emerged from rules of thumb or
generally accepted accounting principles to process based cost models. These models
estimate the cost of production by analyzing the various cost components of a production
process. They aim at finding and specifying the relationship between product features,
process characteristics, production conditions and cost. Managers, academia, and the
trade press are all seeking new approaches which provide a more valid and accurate
definition of manufacturing costs and a sound basis for product cost engineering and
production estimating. Many articles [6] have been written which criticize past and
present methods. While the initial methods were rather crude and served mainly to
provide rough orders of magnitude, the recent ones become more and more accurate and

thus can be largely used by managers for projecting the impacts of production decisions
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before critical financial resources are committed. The automotive industry is an example
of market, where the automakers have to control their cost for surviving in the
competitive environment. Customers will not accept higher prices, so price reductions
within the automotive industry have become a norm and OEMs recognize the need to be
low cost producers. Manufacturing an automobile is extremely complex, and decision
makers have to evaluate design alternatives based on technical and non-technical
performance. Projections of performance and cost can be highly uncertain, especially for
technologies that are substantially different from current vehicle technologies and for
those that are in a fairly early stage of development. Consequéntly these costing
approaches are needed in the automotive industry to draw some preliminary conclusions,
to identify the cost drivers, and to obtain a rough idea of what might be on the future

automobile market.

1.2.2 The cost of customization

Although customization increases the customer satisfaction, it challenges the ability to
maintain the cost of the product, thereby to offer a competitive product. Given the
competitive environment of the auto industry, the OEMs should seriously evaluate the
profitability of offering customized products and analyze the trade-offs between the

benefits and the drawbacks of customization.

The benefits of the customization are easily perceived: customer satisfaction and market
share increases. Some studies have identified customization as a means of improving
customer satisfaction [7]. It is said that there is a growing demand for customized
products and they are perceived as a status symbol [8]. Consumers are willing to pay a
premium for customization to reflect the added value of customer satisfaction due to an
individualized solution, i.e. the increment of utility customers gain from a product that
better fits their needs than the best standard product attainable [9]. Thus sellers can price
discriminatorily and charge a price premium since personalized product features better
comply with buyers’ tastes. As a result of this price discrimination, the company’s

profits should increase.
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However, when a company starts customization, typically its variety of products

increases, batch sizes and production volumes become smaller. Figure 1-4 illustrates the

economics of production.

(1 variant)

Mass Production

\ $/unit

Zone of

profitability

Low I Medium
Break-even point
Production volume

High

Price that
customers are
willing to pay

production
cost curve

Customization
(2 variants)

\ $/unit

Low |
Break-even point
Production volume

Figure 1-4 : Economics of production

The graph on the left of figure 1-4 highlights the break-even production volume. Beyond

this specific volume, manufacturing a product is profitable because the potential revenues

are superior to the production costs. The high production volume is sufficient to defray

the costs of investment in equipment, tooling, engineering and others. By expanding

their scale of production in the long run, the company can clearly exploit cost advantages.

The effect of economies of scale' is to reduce the long run unit costs of production over a

range of output. These lower costs represent an improvement in productive efficiency

and can feed through to consumers in lower prices. On the other hand, in low to medium

volume production where production quantity can not justify the investment, sellers can

! By definition economies of scale are the cost advantages due to the fact that the firm's long run average
cost curve slopes downward as the scale of the operations expands.
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no longer benefit from economies of scale and as such unit costs may significantly
escalate. Moreover in low volume production batch sizes are smaller; manufacturing
smaller batch sizes means typically more set-ups and changeovers. Ancillary costs are
incurred every time a machine is set up or changed over. Some additional costs may also
occur due to increased inventories or the use of specific equipments or tooling. Thus
customizing a product adds some ancillary costs such as additional set-up expenses, new
tools purchasing, etc., so the production curve shifts upward as it is shown on the graph
on the right of figure 1-4. In addition the price that customers are willing to pay for the
variants goes up because they grant a premium for variety. Consequently the new break-
even production volume shifts (see figure 1-4). Since customization implies reducing the
production volume, the manufacturers would expect that the break-even volume of the
customized product is lower than the one for the standard product. However it is not

always the case as it is shown in figure 1-5.

\ $/unit

Price that
customers are
willing to pay

production
cost curve

Break-even point Break-even point

Production volume Production volume

Figure 1-5 : Dilemma with customization - the added value of customer vs. the cost of customization

If the customers think that the variants don’t match with their needs, they will not grant
so much interest. In the case of the right graph, the premium is not high enough to
compensate the increase of the manufacturing cost. The break-even production volume is

higher than the one in the case of mass production. The customizable product is no
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longer profitable at low volume. Finally, these graphs show the importance of comparing

customer behavior to the incremental cost of customization.

When managers have to make strategic variety decisions, which affect the number and
scope of the variety offered to the customers, they should consider the trade-offs between
the benefits and disadvantages of customization. Not all components are customizable,
managers can offer variety only if the sales of the variants will increase the company’s
profits. That means that the managerial decisions should be based on an assessment of
whether the additional revenues realized from the introduction of the new variety will be
more than the increased cost of providing it. The thesis will focus on the investigation of
direct and indirect costs of increased variety. A costing method as described in the
previous paragraph can be useful to quickly estimate the costs of introducing or reducing
variety. Such a tool will help focus the decision makers on where variety can be added

profitably and where it should be avoided.

1.3 Problem statement

As automotive companies look for ways to stay competitive in the global market place,
the concept of customization has appeared as a potential advantage. Consequently, a
better understanding of the effects of customization decisions on the economics of car
manufacturing has high leverage potential. What is needed is a method to help project
leaders and engineers manage the incremental costs of providing variety to the market,
which is mainly due to the loss of scale economy in design and production. This thesis
focuses on issues concerning manufacturing costs of customized products. In particular
this is done by developing methodologies to quantify the costs of providing variety and to

select products that incur minimum variety costs.
First, a deeper understanding of the level of customization is absolutely necessary.

Customization can be carried out with regard to fit, style, and functionality. In the case

of car customization, fit is mostly defined by the sizes and the shapes of some
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components. Style is the option to influence the aesthetic design of the car, i.e. interior
and exterior appearance. A car's functionality can be defined by its performance and
power. There are different approaches for delivering these types of customization. The
simplest type of customization allows the customer to choose options of style (colors,
fabrics) on standard products within constraints set by the manufacturer. A more
advanced form of customization examines the need of each individual customer, to
analyze his/her habits and to use this to make an individual car for each customer. This
advanced form of customization can only be accomplished when an order is placed by a
customer, for example through internet. Between these two extremes lie a variety of
approaches all of which involve matching the choices of the individual to a library of
existing options for the car. Until now customization in the auto industry has only been
developed to a limited extent. Customers choose a type of car based on performance and
power among a wide panel of cars. They then choose some packages to satisfy their style
desire. The fit customization is growing fast in the auto industry, but the main issue for
the automakers is to determine whether it is profitable or not. Indeed this type of
customization will address much more the needs of a specific customer and, thus, there is
a possibility to create additional value. However the required changes in the
manufacturing process can be complex and costly. With more than 2000 individual
components and as many as 300 sub-assemblies that perform integrated functions in the
vehicle, the manager should select the number of possible configurations and determine
the relevant level of the customization decision. The question of which costs are affected
by the decision to customize requires much closer attention. Before making the
customization decision the manager should determine based on the degree of
customization whether the manufacturing process should be entirely modified to create
the customized product, or if the production line can be adjusted to run the standard and
customized products. For example a fit customization such as making a larger seat can
require additional reinforcements on the seat structure. The customized seat may be
manufactured differently; as a result its cost may more closely resemble that of a
completely new lower volume component. On the other hand, the manufacturing process
of a seat with a leather cover is very similar to the one of a seat with a fabric cover.

However the cost analysis should go further, because substituting materials within an
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existing process can change yield, operating rates, tooling lives, and more. In addition it
should be examined if the equipment and tooling can be reused or not. A replacement of
the equipment or tooling adds some costs because it imposes additional set-up time on the
production line, and because the cost of investment is defrayed on a smaller production
volume. Since the variable and fixed costs of the customized product may change
significantly, the manager should estimate the incremental cost and compare it to the

benefit of customization before critical financial resources are committed.

To help managers, cost modeling approach can be used to estimate the manufacturing
cost of a customized product and to analyze its key drivers. The thesis develops first a
methodology based on a cost model framework to deal with the customization decisions.
The model merges economic analysis and technical solutions used to assess cost in the
auto components industry. In addition it takes into consideration the degree of
customization and the level of variance by attributing additional or more expansive tools
as well as time lost to increase setups. From this methodology numerous analyses can be
done and several important questions will be addressed in this work. What is the cost
difference between a standard product and one with multiple customized variants? What
drives this cost difference? Which costs are affected the most? Is this difference
dependent on the process, the geometry of the components or on other factors? The
thesis will address these questions and provide insight by looking at different scenarios of
customization. The scenarios are meant to represent the different conditions under which

a manager has to make critical customization decisions in the auto industry.

1.4 Thesis outline

Chapter 2 of this thesis outlines the methods, which can estimate the cost of increased
variety. Section 2.1 is an overview of the existing manufacturing cost methodologies,
which determine the cost of a single product given product characteristics. Section 2.2
explains the limitations of the previous methods when estimates for a large number of

components have to be considered and proposes the System Cost Modeling (SCM) as an
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alternative. Section 2.3 incorporates some major developments to the SCM to take into

consideration the eventual changes in production when a component is customized.

Chapter 3 explains the framework of the case study, which considers the introduction of
new variants in the auto industry. Section 3.1 details the baseline assumptions considered
for this particular case. Section 3.2 examines which parts or groups of parts of the car
can be considered as customizable and then defines different levels of customization that
exist for this specific car. Section 3.3 introduces some customization parameters for
every component. First the production volume of the customized component should be
determined. Then a degree of tool modification is defined for every component of the
customized product. An additional set-up time is also incorporated in the processing time
of the customized part. Section 3.4 details the different relationships considered in the
model to estimate the tooling and equipment investment of certain manufacturing

processes such as stamping, die casting and injection molding.

Chapter 4 includes the results and analyses of the case study. Section 4.1 looks at the
cost and cost drivers of the standard product; then compares the results of the standard
and customized products; discusses the costs variation when the set of manufacturing
assumptions is changing. Section 4.2 provides generalized results of the case study,
discusses the problem of customization in the auto industry, and produces some

recommendations for the automakers.

Chapter 5 lists the conclusions drawn from this work and details opportunities for

extension of this work.

Supplemental data and figures referred to in the remainder of this thesis are found in the

various appendices.
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2 Model methodology

Understanding the customization decision depends heavily on component cost structures.
The OEMs want to offer options to the customers if the premium that the customers are
willing to pay is superior to the additional cost to customize. The problem is how to
assemble cost information for all the relevant components. For an automobile this could
mean thousands of components, for which price information for the standard and
customized versions would have to be gathered. Since the customization decision is
often taken before production begins, there is little data available about the customized
product in a fairly early stage of development. The solution is to model the cost of the
components. Indeed it establishes a cost structure for all the components that takes into
consideration materials, size, required equipment and tooling, so it would allow changes
in relevant variables such as volume or production time. Disciplines as diverse as
engineering, operations management, or accounting have attacked this question from
different angle. The next two sections present the current status of these costing
techniques and analyze their advantages and disadvantages. The last section discusses a

specific methodology to address questions of customization.

2.1 Manufacturing cost modeling

The issue of manufacturing cost estimation has long been a source of concern for
managers and researchers. Several techniques have been proposed to estimate cost but a
lot of them has been criticized [10, 11]. While the initial methods were rather crude and
served mainly to provide rough orders of magnitude, the last ones are getting more and

more precise in the cost estimation.
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2.1.1 Rules of thumb

The best known techniques for evaluating the cost of manufacturing processes are simple
rules of thumb. Designers or engineers with experience with the relevant technologies
and processes usually develop rules of thumb [12]. They are often based on two of the
core cost drivers of any manufacturing activity: materials cost and cycle time. Indeed
experience in a particular industry enables experts to accurately predict the materials cost
as a share of the total cost, suggests the development of rules that are easy to understand
and provides results that are sometimes close to the actual cost of component. Processing
time combined with a burden rate can also be used to estimate part costs. However, there
are three major problems with the rule of thumb techniques. First, they rely heavily on
historical data and previous experience. Therefore they have strong limitations in
environments of rapid change in materials, technologies and customer requirements.
Second, they assume linear relationships between factors driving cost. Third, these are
black-box techniques that do not allow the manager to understand the interplay between
the several factors that are driving cost. As a result, relying on rules of thumb to make
important technical or managerial decisions can be extremely misleading and costly to
the company. A similar method has been developed later, called parametric cost
estimation. It provides one or few parameters with which cost estimates can be inter- or
extrapolated from known product/cost relationships to estimate the cost of the ‘unknown’
product. It is simple rules adjusted by a fixed multiplier or other scaling factor (‘mark-
up’). The downside of this method is its crude level of accuracy; in addition only for

items similar in kind costs can be meaningfully estimated.

2.1.2 Activity based costing methodology

Another technique for evaluating the cost of manufacturing processes is the use of current
accounting data and practices in the plant. A particularly popular application is activity
based costing (ABC). This method attributes direct and overhead costs to products and
services on the basis of the underlying activities that generate the costs [13]. It calculates
the cost of activities that serve as cost drivers and ‘charge’ products with the time with

which they consume an activity times the use rate per time unit. However ABC has been
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of limited help to engineers and designers concerned with changing the manufacturing
lines or choosing between alternative materials. The reason for this situation is that ABC
is based on historical and descriptive information, and seldom incorporates any
engineering control variables. Therefore it hampers the possibility to establish

predictions for new manufacturing systems, materials or part characteristics.

2.1.3 Technical cost modeling methodology

The major problems with the previous techniques are that they offer very limited power
for estimating the effects of departures from observed conditions in manufacturing cost.
These limitations led to the development of the Technical Cost Modeling (TCM)
methodology at the Massachusetts Institute of Technology [12, 14]. TCM is related to
the activity based costing idea of accounting principles, but uses engineering, technical
and economic characteristics associated with each manufacturing activity to evaluate its
cost. The model serves as a mathematical transformation, mapping a description of a
process and its processing conditions to measures of cost. The technical cost model is a
representation of production processes. Its analysis starts with an identification of the
relevant process steps required to manufacture a particular component, and then it is
constructed through three steps: (i) identifying relevant cost elements, (ii) establishing

contributing factors, and (iii) correlating process operations to cost of factor use [14].

The relevance of any particular cost element is a function of the process under
consideration. The set of inputs can be broken into four main categories: exogenous,
plant, part and process specific variables. The exogenous variables basically characterize
the enterprise’s interaction with its environment in a quantitative manner, such as
financial data (e.g. the rate of return). Plant data relates to information that is not specific
to any part or process but to the organization as a whole. Working hours, downtimes and
workers per category are some examples of plant wide data. These two groups of
variables are thus plant and part generic, that is, are independent of the product and
process under analysis. The product variables define the characteristics of the part,

namely, its geometry, weight, the raw materials and their cost. The remaining inputs, that
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are the process inputs, require a great understanding of the engineering and physical
principles underlying the technologies, which when coupled with expertise in process
implementation, permits an estimation of the number of workers, times, equipment
characteristics and costs, lot sizes, space occupied, etc. Example of process inputs are

reject rate, power requirement.

Once the inputs have been defined, the details of the manufacturing process can be
mapped to their contributing factors [14]. For example for the die casting process, the
molding tool and the molding cycle time can be identified as elements whose
requirements would change with design parameters, and could be predicted based on the
initial parameters describing the part. Cycle times affect the number of parallel streams
necessary to achieve a specified production volume, and are related to part design and
process operating conditions. This mapping to design parameters is achieved one of two
ways; either based on existing empirical evidence or according to basic scientific and
engineering principles. Then a predetermined functional form is assumed and the
dependent variables are regressed on the relevant independent ones. Regressions can be
linear or can use mathematical transformation to produce linearized forms of non-linear
relationships. For example in the die casting process, the solidification time can be
expressed by Chvorinov’s rule: [15]

Volume )2

Solidification time = Cte | ———————
Surface Area

where
Cte = constant based upon mold material properties, solidification temperature,
and pouring temperature.
Volume = casting volume.

Surface Area = casting cooling surface area.

Since it is difficult to obtain accurately such data for every part of the complex system,
this solidification time can be estimated by regression analysis. The experts can observe
different times for several components; with this information they can then estimate a
relationship between this time and part volume, part thickness, material density, thermal

conductivity, and coefficient of thermal expansion. As we see in this example, it requires
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not only material property information, but also a reasonable description of the cast part’s

geometry.

The third step in creating a technical cost model is translating the process factors into
costs. The total cost of each unit operation is broken down into separately calculated
elements: the variable and fixed costs. The variable costs can be directly associated with
the production of one unit of output, thus increasing roughly linearly with the production
volume. On the contrary, fixed costs remain constant until production capacity is
reached, whereupon more equipment is required. These categories are then subdivided
into variable costs of material, direct labor, and energy; and the capital costs of main and

auxiliary equipment, tooling, building, maintenance and overhead.

e Variable costs
The material cost category includes the primary or raw material required for a part as
well as any process consumables. The type of material, the amount of scrap and the
value of scrap are all important factors in determining material cost. Labor cost includes
only the direct labor required for part fabrication. The fully burdened (including benefits)
wage, amount of planned and unplanned downtime, and number of labors needed are
some of the factors that affect labor costs. The indirect labor is captured in the overhead
cost category. Energy costs include the cost of running machinery as well as any

additional heating or other energy related input.

e Fixed costs
Main machine cost includes the cost of the primary machinery used for the fabrication of
a part as well as the installation cost of the machinery; installation cost is usually
estimated as a percentage of the machine cost. To calculate the machine cost, the
investment required in main machines is first determined from the attributes needed to
produce the component. Once the investment is determined a method is needed for
allocating those costs among the numerous products that may be produced on this
equipment over its lifetime. First the investment is amortized over its useful life in order

to obtain an equivalent yearly cost, because it would not make sense to charge the entire
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investment to just the first year or years of production. Next, a decision has to be made
about how to spread that yearly cost among the numerous products which could be made
on that same equipment each year. In the case of dedicated manufacturing, the cost is
then the cost of one year of machine use. For non-dedicated manufacturing, the cost is
the percentage of yearly machine capacity used times the cost of one year of machine use.
Whether or not a machine is dedicated, cycle time, part size, and manufacturing
technology all contribute to the unit cost associated with the main machine. Tooling cost
includes the cost of dedicated tools required for the manufacturing process. Tooling cost
is usually amortized over the life of the product to arrive at an annualized tool cost. This
can then be distributed among the part production volume to arrive at a unit tool cost.
Product size, complexity, tool material, and any required tool action (such as release
springs or pins) can affect tooling cost. Overhead costs include managerial labor as well
as other support services. Overhead costs are often estimated as proportional to yearly
machine, tooling and building costs. In some cases, the overhead labor costs can be
estimated as a number of indirect workers needed to support the functions of the direct
workers. Building cost is the cost of the fully built up factory space that the
manufacturing operations occupy. The investment in building space is amortized over
the life of a building resulting in an annual building cost equivalent. In the case of
dedicated manufacturing the building cost is the yearly cost. For non-dedicated
manufacturing, the cost is a percentage of the building space used times the yearly cost.
Auxiliary equipment costs are the costs of equipment that is required to produce the part,
but is often not part of the investment quoted for the main piece of equipment. These
costs would include things like conveyance systems, lockout equipment, computers and
controllers. Auxiliary costs are often estimated as proportional to main machine cost.
Finally, maintenance cost is the cost of upkeep on machines, tools, and auxiliary
equipment. Maintenance cost usually scales with the yearly cost of machines, tools, and

equipment.
Most applications of TCM have been limited to comparisons involving limited number of

parts in one or more competing individual processes to understand the economic

implications of changes in process or in critical design parameters (e.g. material,
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production volume, factor condition). For example the United States council for
automotive research (USCAR) developed a set of Technical Cost Models that are capable
of assessing the manufacturing cost associated with the sand casting and die casting of
various engine components in both aluminum and magnesium materials [16]. The
importance of the model is not in producing an accurate manufacturing cost, but in
examining how changes impact cost. Examples of changes that can be made are
production volume, equipment type or material selection. A variety of gradual changes

can be examined across many aspects of the production process.

2.2 Cost modeling of complex systems

2.2.1 The limitations of the Technical Cost Modeling methodology

The large majority of today’s products are the result of a complex combination of parts
that require numerous operations in their manufacturing as well as substantial assembly
effort. The seat of an automobile, for example, may require 40 different individual parts
and more than 10 different processes. If a manager wants to estimate the manufacturing
cost of a seat using the TCM approach, he would need to use a combination of a
significant number of different Technical Cost Models. For each of them, part and
processing information has to be gathered and processed. Because of the high level of
details associated with TCM, combining a large number of TCM will require large
amounts of information. For the seat example, given that an average model requires the
introduction of 25 descriptive variables, more than 10,000 variables would have to be
accounted for. For a manufacturing firm, a high level of detail in cost estimation can be
very important for rigorous competitive assessment, particularly at the manufacturing
stage [10]. If this is the case, companies assemble large teams of engineers and can hire
people devoted to estimating the cost of each individual part. However this operation is
time consuming, and entering and manipulating large number of variables is very prone
to errors. For the overall assessment of a system in early stages of development, or to

investigate the generic impact of changes in factor conditions, such a level of detail is not
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desirable and sometimes even not possible to achieve. Therefore it is important to

develop other less data intensive methods to estimate costs at the early design stage.

2.2.2 The system cost modeling

The TCM methodology is useful when comparing designs or materials solutions for
individual or small groups of components. It becomes less practical and sometimes
infeasible when trying to model several hundred components. To solve that problem a
method has been developed which simplifies the traditional technical cost modeling
techniques and uses a limited number of inputs [10]. This method, called the System
Cost Model (SCM), “aims at establishing a systematic way to estimate cost functions for
complex systems, such as the interior or the chassis of a car, where multiple processes
and diverse components are present” [10]. The level of data is reduced but cost estimates

are also less precise.

SCM is one modeling structure using different production data for a large number of
processes and components. In a similar way as the TCM methodology, SCM breaks
down the total manufacturing cost of each components of the system into fixed and
variable costs; and then the cost estimations over individual components are aggregated.
SCM estimates each of cost factors and process use time with limited information and
using simple rules. To limit the number of inputs, the inputs chosen should be used as
common inputs to all process models. These inputs might include one to represent the
size, because the size is a major factor needed to determine the characteristics of the
required processing equipment and tooling. There are many possible proxies for the size
of the component: mass, volume or surface area. The choice of this proxy depends
heavily of the characteristics of the process. For example in the die casting process the
machine characteristics are mainly determined by the projected area, because the die
casting press is chosen according to the range of clamping force that it could provide, and
the clamping force requirement can be estimated as a function of the part projected area.
However for all the joining processes such as adhesive bonding, the most relevant input

is the length of the joints. The ideal alternative is to work off one variable that reflects
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the part size but that in some processes this is best represented by mass and in other

processes by volume. Sometimes the surface area might be even more appropriate.

Another input might include one to represent part complexity. Since detailed information
regarding shape, thickness, number of holes etc. might be essential to calculate the
equipment or tooling characteristics, a complexity factor can be introduced to substitute
this information. It would be estimated by judgment. The lowest level would correspond
to simple components; higher levels of complexity would imply more details or
additional features that require more complex (and therefore more expensive) equipment.
Inputs to indicate which processes and which materials are used should be included.
Indeed the material information is critical to estimate the material cost, which is often a
significant portion of the total. These simplified inputs could be used directly to
determine equipment cost, tooling cost, labor usage, cycle time and material needed for
the relevant manufacturing of a component. Then following the TCM logic, the costs are

derived from these core estimates.

Unlike TCM that uses detailed component characteristics together with engineering and
statistical relationships to determine cost, SCM establishes a direct relationship between
the inputs described in the previous paragraph and the cost drivers. In order to simplify
the calculations, it is convenient to come up with a uniform modeling scheme that applies
across products and processes, thus a similar relationship might be chosen for all the
processes. For example for the equipment cost, several authors on the area of cost
estimation [12, 17, 18] show that a logarithmic relationships between weight and
equipment cost seems to hold in a number of other circumstances. Since this type of

behavior is observed for diverse technologies, they suggest a generic choice:
Cost = A-(Weight)’ - (Complexity)

where the relevant parameters A, b, ¢ have to be estimated. The initial estimate of these
coefficients is based on a three-point estimation [10], which is basically a regression from

three specific points for every process. Once these three specific points are determined,
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the three parameters A, b and ¢ are solved by a system of equations. The detailed

calculations can be found in the appendix A.

Generally speaking, tool costs are difficult to estimate because they are designed as a
unique item for each part. Statistical regression models have been shown to yield
reasonably good estimates in some case [12, 17]. However, like many other aspects of
previous TCMs the inputs to the regression equations varied widely by process. For
SCM, regressions using a limited number of common inputs had to be developed for all
processes. Since full regression models for each process would require a great deal of
data, the first approach has been to apply the logarithmic relationship for all processes to
estimate the equipment investment, tooling investment, cycle time and the number of
workers. However, a comparison of the die investment of various stamped components
estimated by the system cost model and the real investment occurred by General Motors
to manufacture these components show that the percentage of errors can be significant for
complex parts. Figure 2-1 indicates that the investment versus complexity relationship
does not hold very well at complex level 3. Sometimes the error percentage can reach up
to 70%. Since this model is used for managerial decisions, it is important to get more
accuracy in the relationships and to decrease the percentage error, especially for the
complex parts. The solution would be to develop mathematical models for every process
and every intermediate variable (equipment investment, tooling investment, cycle time
and the number of workers). As explained in the next section, some major developments
have been considered on the current SCM to capture more details of the cost of the

components.
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Figure 2-1 : Comparison between the die investment estimated by SCM and the real investment
occurred by General Motors

2.3 Extension of the SCM for customization decisions

SCM is a methodology developed to evaluate the cost of complex systems with a large
number of individual components and subsystems. This approach involves critical
simplifications from traditional technical modeling techniques. Thus it provides only
reliable calculations of the overall system costs. The goal of this thesis is to modify and
apply this model to be able to make customization decisions, either on a large group of
components such as a seat or at the component level such as the front brake or the
accelerator pedal. Consequently, the model should be able to generate accurate cost
estimates on the component level as well as on the subsystem level. To accomplish this,

an extension of the SCM with a focus on getting more accurate individual component
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cost estimates was required. Furthermore, specific parameters to be able to address

customization decisions had to be added.

The first section focuses on the modification of the relationships to get more accuracy in
the intermediate variables. It reconsiders the way to estimate the reject rate, the trim
scrap rate and the energy cost. The last section incorporates some additional parameters

to be able to estimate the cost of increased variety.

2.3.1 Limitations of the SCM

The existing SCM needed further development to improve calculations related to the
reject rate, the trim scrap rate and the energy costs. In the technical cost model approach,
the reject rate and the trim scrap rate are considered as fixed. Each is provided as a single
input with the same value applied to all processes. These rates are not only dependent on
the process characteristics, but also on part characteristics. That means that to be
realistic, a reject and trim scrap rate should be attributed to each component in the system
cost model and thus the model would need thousands of additional inputs. The solution
considered in the thesis was to set up a means for directly estimating trim scrap and reject
rate based on part characteristics and the process. Building on the methods employed
throughout the SCM, a three point logarithmic relationship was used. This avoided the
need for extensive statistical data, while preserving a structure that could later incorporate
statistical data to improve the accuracy once data becomes available. With this
information, an estimation of the scrap rate can be done for every component of the
complex systems manufactured by a specific process. The reject rate has been estimated

by a similar method.

In the technical cost model approach, energy costs are calculated from different inputs,
such as power requirement of the equipment, electricity price. While the electricity price
can be a general input for the system cost model, attributing a power requirement for all
the thousands of components is unrealistic since it would require a very large increase in

the number of inputs. To overcome this difficulty while keeping the accuracy of the
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component manufacturing cost, energy requirements are calculated for each component
based on its manufacturing process. To do this, energy cost calculations have been
divided into three categories, corresponding to the possible energy sources
characteristics: mechanical, electrical or thermal energy. The mechanical energy can be
provided through relative motions, or pressure differences, or mass forces generated in
the component. The electrical energy can be provided by a discharge between two
electrodes, electromagnetic fields or simply by using electrical machine. And the thermal
energy is related to the heat required for melting, evaporation, etc. Since a large amount

of the energy may be lost during production, energy losses are also taken into account.

Each of these categories can then be estimated using physical relationships and
engineering rules of thumb. Mechanical and electrical energy costs have been estimated
as a percentage of the equipment cost. This simple approach provides reasonable cost
estimates without the need for more complex model inputs. However, a more detailed
approach based on the actual energy requirements of the part would yield additional
refinements to the cost estimates. However, for the cost of thermal energy, this approach
is rather inaccurate. Thermal energy requirements are more likely to scale with the type
of material and its thermal properties rather than the equipment used. Therefore a more
detailed treatment of the costs associated with thermal energy was required. First, the
energy required to raise the temperature of the component from the ambient temperature
to its processing temperature is determined. By definition the heat necessary to raise the
temperature by AT is:
Heat necessary=m-C-AT=m-C- (T rocessing Tam,,,.en,)
Where m = mass of the component
C = specific heat (the amount of heat energy required to raise 1 g of a substance
by 1° Celsius)

Then any heat losses through the tooling or equipment are calculated in order to
determine the total thermal energy needed. This extra consideration was important to
include because heat losses are often a significant portion of the total energy requirement.

For example the heat losses in industrial heating processes are considered to be around
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50% of the available energy [19]. Waste-gas heat losses are unavoidable in the operation
of all fuel-fired furnaces, kilns, boilers, ovens, and dryers. Air and fuel are mixed and
burned to generate heat, and a portion of this heat is transferred to the heating device and

its load. These furnace losses include: (see Figure 2-2)

- Heat storage in the furnace structure.

- Losses from the furnace outside walls or structure.

- Heat transported out of the furnace by the load conveyors, fixtures, trays.
- Radiation losses from openings, hot exposed parts.

- Heat carried by the cold air infiltration into the furnace.

- Heat carried by the excess air used in the burners.

Flue losses

Wall loss

Opening loss

Tuel Useful output
mgut i“f ' (heat to load)
poling
water loss
and/or conveyor

Figure 2-2 : Heat losses in industrial heating processes

The greatest source of heat loss in the process is the material handling losses and wall
losses. However the material handling losses are not easy to estimate, because it is
dependent of a large number of inputs such as the opening of the furnace, the time of load
and transfer. It could be represented as a percentage of the heat loss. On the other hand,
the wall losses are easy to estimate quantitatively:
Heat losss per wunit area=k AT

Ax
Where k =thermal conductivity of the structure.

AT/Ax = gradient of temperature inside the wall of the structure.
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Insulation

Figure 2-3 : Wall losses through a furnace

To conclude, the updated SCM develops certain relationships for the reject rate, trim
scrap rate and energy cost. These relationships and the underlying assumptions remain a

rough estimation and need further analysis.

2.3.2 Incorporation of customization parameters

Generally, when a product manager wants to determine if it is profitable to have more
variety within the future or current product line, he looks at the direct costs of increased
variety. Will it require more capital equipment or more space to have more product
extensions? How many additional hours will it require to make the customized product?
Will any tools have to be added? In order to answer these questions, some customization

parameters needed to be incorporate in the updated system cost model.

First it is necessary to introduce a variable for the number of variants and their associated
production volume. Incorporating customized product in a product line implies some
modifications into the parameters of the product line. Because the construction of any
production line is a large investment, the manufacturers prefer to reconfigure the current
production lines to handle multiple variants of new product designs. But even if possible,
a reconfigurable production line is not without costs. Additional equipment set ups are
needed to switch between product variants. Furthermore changes are required to the
equipment and tools resulting in modified (and usually increased) costs. The annual
equipment is the same for any customized and standard product, but the relative time

during which the capital is used for the relevant product is different for the two products.
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The process time use is defined as the ratio between the line utilization time, which
corresponds to the amount of time needed to manufacture the required volume of
components and line available time that indicates the amount of time that the
manufacturing equipment is available for the operation. Since the latter indicator is the
result of company operating policies, including number of shifts, holidays, and planned
line down time, it is the same value for the customized and standard products. However
the line utilization time will be lower for the customized product than the standard
product. Thus the model should consider separately the process time use, the cycle time,

the equipment and tooling cost of the customized and standard product.

It is also important to take into consideration some variations in the initial inputs due to
customization. Indeed the customized products may require different material
requirements, different or modified equipment or tooling investment. For example, a
change in the size of the stamped seat rack can imply a change in the tandem press, if the
required tonnage to manufacture this new seat rack is higher. The first reason is that the
calculation of the required tonnage is a function not only of the mechanical strength of
the material, but also of the part forming area. The second reason is that each tandem
press should be chosen according to a range of tonnage. Consequently, the equipment
cost has to be determined both for the customized and standard product. While this is
often the case, we have only considered limited changes in the customized product and
therefore have not needed to consider possible use of alternate equipment in our case

study described in chapter 3.

In a similar way, customized products may require additional tooling investment or
modified tooling investment. For example, if the size of the customized product,
manufactured by a die casting process, increases, the OEM should have a completely new
mold. In general each customized part has to be analyzed individually to decide on the
degree of tooling alteration required. While customized products may have substantially
different costs, we have considered the variants to be very similar. As a result the only

changes considered are the tool investment and the increased set-up times. The increased
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number of set-ups will lead to longer equipment and labor times thus affecting those cost

elements as well.

To conclude, several costing approaches have been developed in this chapter from the
first rules of thumb to the technical cost model. The development of these successive
models has been pushed by being more and more accurate in the cost estimation. The
system cost model relies on a more simplified engineering approach, implying less
accuracy. The updated model developed in this thesis aims at being used for the
customization decision, thus it seeks for a better accuracy in the component cost
estimation through the identification of new parameters or modification of old ones. All
these development are essential to further analyze the cost of customization associated to

some components or groups of components of a car, as it is reported in the next chapter.
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3 Case study definition: customization of an automotive

The usefulness of SCM can be more clearly show through its application of a case study.
This case study would focus on the estimation of the manufacturing cost of a complex
system and then the estimation of the customization cost. In this chapter the case study
explores the model in the context of the automotive industry. With more than 2000
individual components and as many as 200 sub-assemblies, the car is a clear example of a
product for which it becomes extremely complex to have detailed cost estimations for all
the components. The car analyzed in the case study is a mid-size car manufactured by a
major European manufacturer, Volkswagen, produced in 1999. The structure of this
Volkswagen car is described in Table 3-1. The structure has been subdivided in different
levels. Following a typical division found among OEMs, eight major groups are
considered: powertrain, chassis, Heat Ventilation and Air Conditioning (HVAC), interior,
body, exterior and electronics. They enable a good understanding of the relative
importance of major areas of the car. The secondary level reflects typical sourcing
decisions for automakers for supplying sub-assemblies. Table 3-1 describes how the total

number of individual components is distributed over these two levels.

Groups Number of sub-Assemblies Number of components
Powertrain 40 434
Chassis 51 387
HVAC 14 173
Interior 39 433
Body 22 129
Exterior 31 109
Electronics and control 27 452
TOTAL 224 2117

Table 3-1: Example of car structure (Mid-size car, Volkswagen, 1999)
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For each of the components, the weight (as a proxy of the part size), material,
complexity and process information has been gathered. In some cases up to three
manufacturing processes per component have been considered. For example, the
alternator housing, which is made out of aluminum, needs first to be die cast and then
machined. An important caveat is that the component breakdown used in the case study
does not consider body-in-white (BIW) at the level of individual components. It also
does not consider the cost of painting the BIW (although the cost of painting for non-
body components is considered) nor the cost of engine dressing or the final or general
assembly line by the automaker. It only includes the cost of producing the individual
components and assembling them into modules or subassemblies. However it will be

substituted by a fixed amount of $1,500 in the case study.

The first section of this chapter explains the baseline assumptions considered for the
study of the customized car described above. The second section examines the different
levels of customization existing for this car. Finally the last section describes the detailed
relationships considered in the model for certain processes: stamping, die casting and

injection molding.

3.1 Baseline assumptions

The calculation of the manufacturing costs associated with the components and sub-
levels in the car rely on a set of baseline assumptions, described in Table 3-2. Production
volume and number of years in production are instrumental in defining the type of
vehicle and its useful life. These replicate what is typically found for high volume
vehicles in Europe or US. The equipment life of 10 years corresponds to what equipment
manufactures and parts suppliers usually report on average, although these can vary with
process. For the remaining set of variables, values are based on operating conditions
found in the automotive sector in the US and Europe. These values reflect direct
information gathered from interviews with firms, or values in published resources. Most
of the base information was obtained by Veloso, Henry et al. [20] to assess the

competitiveness of the Portuguese auto parts industry. The number of days of operation
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per year is estimated at 240 days. It assumes no work on weekends and two weeks of
line down for personnel holidays. Two shifts correspond to having 16 hours of
operations per day. The remaining time is reserved for tasks such as maintenance and
line problems. The line available time of 87.5% corresponds to having 2 hours of
additional line downtime, both for planned activities and unplanned breakdowns, during
the 16 hours of daily operations. Free capacity utilization indicates how the remaining
available production time which is not needed for a specific component is used. A value
of 100% indicates that all remaining time is used to produce other components, while a
value of 0% indicates that the line sits completely idle the remainder of the time. The

baseline assumption is that all free capacity is used.

Annual production volume 200,000 parts/year
Years of production 5 years

Life of equipment 10 years
Interest rate 12%

Wage ($/hour including benefits) $56

Days per Year 240 days/year
Number of shifts 2

Line available time (Uptime) 87.5%

Free capacity utilization 100%

Table 3-2 : Baseline assumptions of the case study

As it has been mentioned in section 2-3-2, the energy is divided into three categories.
The first one is the mechanical energy, which represents 3% of the equipment investment
in the baseline assumption. The electrical energy represents 30% of the equipment
investment. The thermal energy is considered for the case study as the energy required
for melting the component in a typical furnace, whose dimensions are 4 feet by 4 feet by

6 feet, and whose thermal conductivity is the same as a refractory material.
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Finally these are the baseline assumptions to manufacture a car in the US or Europe. The
two other sections incorporate some additional inputs, which are related to the

customization process.

3.2 The levels of customization

The word “customization” is becoming popular for several industries, particularly the
automotive industry. However it is difficult to define the customization concept. One
first visionary definition of customization can be the ability to provide your customers
with anything they want, any time they want it, anywhere they want it, any way they
want it and to do this while still remaining profitable. This is quite a goal, but in fact
until now one which can rarely be achieved. A practical definition for the car
manufacturer is the ability to efficiently deliver many variations of a standard product,
each customized to the expressed preferences of the buyer. The products referred to in
this second definition are not the ‘“anything-at-any-time” promised by the visionary
definition; rather, they are customized within a predetermined envelope of variety. The
goal is to ascertain, from the customer’s perspective, the range within which a given
product can be meaningfully customized for that customer, and then to facilitate the
customer’s choice of options from within that range. In the car industry one problem of
customization is to determine at which level the car manufacturer should offer the
variety. Indeed if the manufacturer attempts to offer variety at the component level, the
number of possible configurations increases dramatically. For example the front seat
consists of six sub-assemblies: the buckle assembly, the cushions, the covers, the frames,
the armrest and the headrest. In total that means about 30 components. If the
manufacturer offers two versions (one standard and one customized version) for all the
30 components to the customers, that corresponds to 2% possible seat types, that means
more than one million of combinations. The number of combinations is higher if the
manufacturer offers more versions for each component. This number becomes enormous
if this method is applied to a large complex system such as a car composed with more

than 2000 components. In reality the customers don’t ask for so many choices at the




component level, but they have specific needs at a different level. For example if they
seek the maximum comfort in their seat, they can ask for a specific seat width, depth, or
angle, or a customized backrest, whose dimension are larger or taller than the standard
seat, which only fits for an average individual profile. Since a change in a seat width, for
example a larger seat, implies modifications in some dimensions of the seat rack, the seat
back rack, the cover and also the cushion, it is clear that the level of individual
components is not the relevant level of analysis for a customized seat. The customer will
not ask to change the size of the cushion, but most probably the size of the frame;
however there is a strong correlation between the cushion and the frame. That is why all
the components of the seat belong to the same group of customization. On the other
hand, customers may want variety at the component level such as for the fender liner or
the brake pedal. The question of customization level is specific for each component or
group of components. Thus, in the case study the individual components have been all
analyzed and aggregated at a customization level. The criteria for the determination of

the customization level were the following:

- Can the cost model be used to address the customization by a variation of the
components inputs? For example, if the customized product requires a variation
in the size, material or the complexity, it can be address in the updated SCM.
However, customization that requires other types of variation such as a change in
the motor oil are not addressed by the SCM and therefore cannot be included in

this study.

- Is there an interest in customization? Neither customers nor designers have much

interest in customized versions of all vehicle components.

Figure 3-1 shows an example of some components considered for customization of the
chassis group (the levels of customization are highlighted in bold). A complete list of all
components and their customization level can be found in Appendix B. In the case study
the customization of the engine is not considered. While consumers might like to choose
engine variants, it was beyond the scope of the SCM to consider the impact of these

variants on production costs. The same is true for the air-conditioning system. On the
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other hand, in the chassis group, several sub-groups can be customized such as the front
brake, the rear brake, the accelerator pedal, the clutch pedal, the rear suspension, the
steering column and the fuel tank. Many components in the interior group are also easily
customizable; all the sub-groups can be customized except the air bag system. In the
exterior group we consider that the following groups are customizable: exterior rear view
mirror, seal, front bumper, rear bumper, radiator grill, and spoiler. Table 3-3 described

how the total number of customizable groups is distributed over the eight major groups of

the car.
Groups Number of sub- Number of Number of
Assemblies customizable groups components
Powertrain 40 1 434
Chassis 51 14 387
HVAC? 14 3 173
Interior 39 35 433
Body 22 3 129
Exterior 31 7 109
Electronics and control 27 2 452
TOTAL 224 65 2117

Table 3-3 : Components, groups of customization and sub-assemblies groups for the Volkswagen car

2 Heating Ventilation and Air Conditioning

46




SYSTEM | GROUP i SUB-GROUP { COMPONENT

LEVEL | LEVEL ‘ LEVEL » LEVEL
] 1 )
] ] (]
H Engine H '
] [} ]
E E— Brake E Brake pad
' ' ' A
E E_ Accelerator pedal ' Brake caliper
' : ——— Brake mount
H i— Clutch pedal H
! ! ——+— Piston
' 1—— Stick shifter [l
. ' ———— Support Spring
! \l—— Brake pedal !
) ) ———— Cable Support
: i\— Emergency brake lever ;

car : Chassis d —i— Cover Panel

! ' Axle mount !
' ' . |——-v— Screw
' — Steering gear '
E E_ Steering column ! Wear Indicator
, —— Steering wheel ————— Guide bolt
) t 1]
E E__. Oils ——E—- Brake hose
' ) )
' \—— Fuel tank ——1— Brake line
] ) )
E E_ Brake rotors ——E—— Brake booster...
E E_ Tires E
) 1 1
' E_ Spare wheel mount '
] )
E E_ Jack E
) ) [}
: i Tow holder '
] ] ]
E iL— Hitch assembly E
i i Fuel i
: : !
! 'l Warning triangle '
) ] ]
' iL__ Roof rail !
) ) )
] ) 1
] ) )
] ) [)
1 ] ]
i i i
[} ] ]
) . ] [}
' Interior... [ '
' ) ]
i i ‘

Figure 3-1 : Different levels of customization — Example with the chassis group
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3.3 The other customization parameters

As it has been mentioned in chapter 2, there are several parameters which characterize
the degree and the type of customization. The subject of the case study is a comparison
of production for a single vehicle versus production of that same vehicle plus a
customized variant (variants A and B). We assume for the study that the size and
materials of the customized components are not changed; only the tooling, the equipment
and the line utilization can be modified. The four simple metrics (weight, material,
complexity and process) are the same for both the base vehicle and its variant. The total
production volume in both cases is 200,000 vehicles per year. However, for the scenario
involving a customized variant, the overall production volume of 200,000 is divided into

120,000 vehicles per year for one variant and 80,000 vehicles per year for the other.

As mentioned in the previous chapter, the set up time needed to be adjusted for the
customized product. In the case study the production lot size is 5000 parts and thus one
changeover is needed for every 5000 parts. For the customized products, two
changeovers must be considered for each 5000 parts in order to take into account the
need to set up the equipment twice (once for each variant) for each production lot. While
the lot sizes were considered to be 5000 parts for all manufacturing processes, the set up

time varied by process. Table 3-4 gives an example of the set up time considered for

different processes.
Manufacturing processes Set up time
Sand Casting 0 min
Die Casting 5 min
Forging 10 min
Extrusion 10 min
Stamping 10 min
Hydroforming 20 min
Bending 2 min
Machining 0 min
Molding 10 min
Welding 0 min

Table 3-4 : Set up times for different manufacturing processes
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Finally, the case study needed to consider the effect of producing a customized variant on
the tooling investment. The tooling investment can be separated into two categories: the
design cost and the construction cost. The design cost is common for both the
customized and the standard product, whereas the construction cost is specific depending
mostly of the degree of tooling change. In the case study the baseline assumption
considers that the design costs represents 10% of the total tooling investment. Since this
number is estimated, a further sensitivity analysis will be done in the next chapter. While
a continuum of tool modifications and their costs exists depending the specifics of the
part and the degree of customized desire, only three options were considered in order to
simplify the problem. First, the customized product may require no significant tooling
changes. In this case the annualized construction tooling cost is exactly the same for
standard and customized products. Second, a small modification to the tool is needed. In
this case the tool investment was increased by 30%, called the modified tool rate. Finally
the customized product requires a completely different tool. Some savings in terms of
design cost may still be possible and thus the additional investment needed for the tool
for the customized component was considered to be 90% of the cost of the initial tool.
Table 3-5 describes the distribution of all the components over these three categories. It
is important to notice that in our case study 65% of the cost is completely unaffected,
23% 1s greatly affected (radical tool change). So the cost of customization will come

from only 27% of the total cost of the car.

. Customization | Number of | Cost for the
Categories of components .
parameters components |baseline product
No customized components
(incl. BIW Manufacturing/Engine 1,457 $6,559
Assembly)
No tool change 360 $502
Customized components Small tool change 78 $365
Radical tool change 222 $2,360
TOTAL 2,117 $9,831

Table 3-5: The different categories of customization and tooling modifications
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3.4 Modification of the SCM relationships

Improvements in the SCM focused on adjusting the estimated relationships between the
simplified inputs and some of the intermediate variables such as the equipment, tooling
investment, cycle time and the number of workers. The functional form used in the SCM
is not realistic for all the processes. The ideal would be to gather more data from experts
and OEM databases and to develop the mathematical models used for SCM cost elements
with these new data. This has been done for the major component fabrication processes.
The first step was to identify those processes which are most frequently used in
component manufacturing. Tables 3-6 and 3-7 give the distribution of the different

manufacturing processes for the entire vehicle for the Mid Size Volkswagen produced in

1999:

Table 3-6 : Distribution of the primary

processes for the entire vehicle by number of Table 3-7 : Distribution of the primary
parts processes for the entire vehicle by weight
Manufacturing Percentage of Manufacturing Percentage of
Processes parts Processes weight

Stamping 37% Stamping 14%
Plastic Molding 31% Plastic Molding 10%
Casting 4% Casting 9%
Forging 1% Forging 40%
Roll forming 1% Roll forming 1%
Extrusion 1% Extrusion 2%
Bending 2% Bending 2%
Other (less than 1%) 23% Other (less than 1%) 22%

The tables show that the major manufacturing processes are stamping, plastic molding,
die casting and forging. From interviews with General Motors experts [21], data
collection from General Motors Laboratories and other resources and from some current

TCMs used by General Motors, an analysis has been done to get better relationships for
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stamping, injection molding and die casting. However to capture more details in the
relationships it was necessary to add a few additional inputs about the components, such
as its thickness, projected area, or surface area. One idea was to categorize the
components per process. The next sections analyze in details these categories and the

relationships for the three major processes.

3.4.1 Stamping

Stamping is the process of impressing surface definition and three-dimensional designs
onto materials with pressurized tools and dies. The main steps of the operations are
blanking and stamping. Stamping can be associated with some major forming operations
such as drawing, forming, and restrike. In a standard stamping press, there are four basic

components:

The machine itself, providing the power and the physical structure

A pair of parallel surfaces that close and open again under power (the “bed”,

which stays still and the “ram” which moves down and back up)

A two-part die-set, one part of which is fastened to the bed and the other part to

the ram.

The job-specific punches and dies.

When the ram closes, the punches and dies interact, cutting, bending, etc, and making the
desired part. When the ram opens again, the part(s) are removed and new material is

moved into place. Figure 3-2 shows a schematic of the typical stamping die.

. Die Ring

Figure 3-2: A schematic section of a typical stamping die.
The sheet contacts only the punch or the die at any point. Membrane stresses stretch the sheet over
' the tools.
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In this sort of press, the motion supplied by the machine is all vertical. It makes flat parts
easily. Stamping can be also used to make some very complex shapes using bends and
draws; however this adds to die complexity and cost. The press section is used to make
holes and certain other part features. The major factor determining the choice of the
press is the tonnage. Every press has a range of tonnage. After gathering data about
several stamped parts and their related tonnages, a regression analysis has given the

following relationship between the tonnage, the complexity and the area of the part:

Estimated tonnage = 27.041 - Surface area - [0.01 - (complexity + 2)]2

Weight

With Surface area =
Density - Thickness

Since each new complex feature requires expensive cams, benders or other sub-machines
to be built into the job-specific tooling, the tooling cost is heavily dependent of the
complexity and surface area of the part. A regression analysis from GM data about

stamped parts gave the following relationship:

Estimated Tooling Investment = $11,950 + $155,888 - Complexity + $612,322 - Surface Area

These relationships are specific to the stamping process. A similar method of regression

analysis has been done to find the detailed relationships for the die casting process.

3.4.2 Die casting .

Die casting is a process for producing engineered metal parts by forcing molten metal
under high pressure into reusable steel molds. These molds, called dies, can be designed
to produce complex shapes with a high degree of accuracy and repeatability. The
categories of components for the die casting process are described in Table 3-8. On
average, the thickness of the parts in the die casting process is 4 millimeters. Some
components are thinner, so their thickness is closer to 2 millimeters; the largest

components have a thickness about 8 millimeters.  The other variable is the ratio
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between the surface area and the projected area of the part. An average ratio is 3. If the

part is more curved, the ratio is bigger and about 5; on the other hand the ratio can be

lower and about 1.5.

atio = surface Thickness of the part
area/ projected
area 2 mm 4 mm 8 mm
1.5 racket Assembly|Steering column Bracket A/C compressor
A/C compressor [support Lower Front
3 Suspension arm  [Support ASM Transfer case
5 Motor cover Instrument panel beam |Cylinder Mount Bracket

Table 3-8 : Typical components for the die casting process

In the die casting process, molten metal is injected, under pressure, into hardened steel
dies, often water cooled. Dies are opened, and castings are ejected. The major factor of
the equipment investment is the clamping force, which is dependent of the complexity
and the part projected area. After gathering data about several GM parts, the regression

gives the following relationship:

Estimated Equipment Investment = $16,755 - (Clamping F orce)o's615
With Estimated Clamping Force =7,750.02 - Projected Area - (1.5)""™*™

Surface Area Volume
Ratio Thickness - Ratio

Estimated Projected Area =

The cost of the mold increases as the part geometry becomes more complex. Thus, the
tooling investment is a function of complexity and surface area. The following

relationship comes from the Technical Cost Model made by IBIS Associates [16]:
Estimated Tooling Investment=$13,085 - Complexity- (Surface area - Complexily)o'294 - Adjust

1 i lexity=1
With Adjust= if complexity
1.6 otherwise
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The last process, where detailed relationships have been estimated is the injection

molding process.

3.4.3 Injection molding
Injection molding is a polymer processing method similar to the die casting method for
metals. A granular polymer material is fed from a hopper into a screw chamber, where it
is heated and melted and then injected under high pressure into the mold or die and
allowed to solidify. Examples of the applications of this process include the bumper and
head lamp. We can distinguish different categories of components manufactured by the
injection molding process, which are summarized in Table 3-9. The average thickness is
2 millimeters, the thinner parts have a thickness around Imillimeter, and whereas the
largest molded parts have a thickness around 3 millimeters. The ratio has a range from 1

for the flat parts to 5 for the curved parts.

atio = surface area/ Thickness of the part
rojected area 1 mm 2 mm 3 mm
Duct ASM-Air  [Panel ASM-Quarter |20l ASM-D/Seat
1 e . Back Cushion Outer
Distribution Upper Trail FIN
3 Liner ASM-Rear- [Module ASM HTR& |Fascia ASM Front
'Wheelhouse Panel [A/C EVPR&BLO umper
5 ocket Body Side- T-
anel

Table 3-9 : Typical components for injection molding process

The molding machines are mainly characterized by their clamping force (up to 30 MN).
In the updated SCM, the relationships for the equipment and tooling investment come
from the ones used in the Technical Cost Model developed at MIT Materials Systems
Laboratory [22].

Estimated Equipment Investment =14,829 + 41 - Clamping Force

. . _ Complexity] ( 224 )
With Clamping Force = Projected Area-|1+ . +172
Ping J ( 10 N Thickness
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The mold is the part of the machine that receives the plastic and shapes it appropriately.
Its cost is dependent of the projected area, complexity and weight of the part. The
formula used in the updated SCM is the one estimated in the TCM used at MIT Materials
Systems Laboratory [22].

Estimated Tooling Investment = 220 - Weight - (1 + Complexity / 10) + 423 - Projected Area
+ 53,800 - Actions + 33,900

1 g lexity =3
We assumed that Actions = if complexity
0 otherwise

These relationships for the injection molding process are similar to the ones for the die

casting process.

To conclude, the model has been largely developed for the three major processes used in
the car manufacturing: stamping, die casting and injection molding. These developments
allowed the cost models to capture some additional details in the calculation of the
manufacturing cost to get closer to the real data and the real physical formulas by
requiring just a few more inputs for parts. Beyond the four simple metrics used in the
SCM (weight, material, process and complexity), an additional input has been added,
which is the ratio between the projected and the surface area. Since it is time-consuming
to gather this input for thousands of parts, we established different categories of parts,
characterized by their thickness and their ratio. Thus, from a quick look of the part, we
can estimate in which category the part belong to. This categorization idea has helped to
produce more accurate cost estimates. These inputs and the estimated relationships will
be used in the next chapter to estimate the cost of customization of the mid-size car from
Volkswagen, manufactured in 1999. Then some manufacturing scenarios and analysis

will be also done in the next chapter.
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4 Results and analysis

This chapter examines first the results of the case study. Then it identifies how the
methods and results presented in the thesis can affect the customization decisions in the

auto industry.

4.1 Specific results for the case

4.1.1 The cost analysis of the standard product

Given the set of assumptions described in the previous chapter, the cost model is used to
estimate the car manufacturing cost for each of the 2117 individual components. These
results are then used to generate the total manufacturing costs for the 224 subassemblies,
the 61 customizable groups and the 8 vehicle subsystems. The overall results by major

subsystems for the baseline product are presented in figure 4-1.
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Figure 4-1 : Car manufacturing cost breakdown *

> The cost of OEM internal assembly operations includes the body assembly, paint, engine dressing and
final or general assembly lines.
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Figures 4-1 and 4-2 show the cost and the distribution (in percentage) of the major
subsystems of a car. From these results we see that the powertrain group is the most
expensive system of a vehicle, followed by the interior and the chassis. Powertrain
represents 22% of the total cost or a total of $2,093 per vehicle. The exterior, HVAC
system (Heating Ventilation and Air conditioning) are less expansive, representing 6% of
the total cost. The figures also present an estimate of the engine and body assembly work
to show the relative importance of OEM manufacturing responsibility against purchased
parts, but this category is not modeled in the updated SCM. Instead an industry estimate
of $1,500 per vehicle is used for all analyses.

OEM intemal
assembly
operations Powertrain

15% 22%

Electronics

9%
Extt(a)rior Chassis
6% Body 17%
8% Interior HVAC
17% 6%

Figure 4-2 : Car manufacturing cost breakdown in percentage

When a manager has to make some decisions about new manufacturing systems,
alternative materials or parts characteristics, it is important to understand the interplay
between the several factors that are driving cost. The manager should have a tool to
understand direct costs closely related to manufacturing process and variations of it affect
these costs. Given that the model analyzes each cost driver and adds them up, it is
possible to establish predictions about the cost of the system and its variations. This is
important especially for customization decisions, because the manager can assess the
impact of design, materials or other manufacturing changes on the total cost of the

system. Secondly using what-if analyses it is possible to assess the impact of changed
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input factors on the overall part costs. Figure 4-3 presents the sum of all costs for the
baseline product. Tooling costs are the major cost driver with 34% of the total, followed
by material costs at 19%. The equipment costs and the labor costs represent 12% and
15% respectively. Tooling is the main cost driver but also the area that is most affected
by the decision to customize. Therefore this breakdown shows that customization will
likely have a significant effect on cost. In the model, the costs for both the electronic
components and the internal OEM assembly operations are included as separate line
items. No cost breakdown for these items is possible since they are not modeled.
Electronics components are considered as a purchased component and their
manufacturing cost is only equal to the material costs. Indeed there is no pre-determined
relationship for the tooling or equipment investment of electronics; however it is
something which needs definitively further developments. On the other hand the OEM
internal assembly operations are also not modeled and counts for $ 1,500. The other cost

drivers are all modeled but do not reflect the cost breakdowns for either electronic

components or OEM assembly activities.

. Total Cost:
OEM internal $9.831
Energycosts  assembly operations ’
2% 15% Electronics

9% Equipment costs
10%

Labor costs

8%
Material costs .
° Tooling costs
16% i
Other fixed costs 32%
8%

Figure 4-3 : Major cost drivers of the car manufacturing

Tooling costs are the major cost driver with 34% of the total, followed by material costs

at 19%. The equipment costs and the labor costs represent 12% and 15% respectively.
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As important as these is the share of the cost that is associated with purchased electronics,

which corresponds to 9% of the total cost.

4.1.2 Cost model validation

To ensure that conclusions and cost comparisons can be done from the analysis, the cost
estimation process for the car system must be sufficiently accurate. For the purposes of
validating the results, some quotes provided by an OEM for equivalent components in
similar cars (although not exactly the same car) have been found. That validation is
shown in figure 4-4. This figure also includes the results from using the SCM prior to the
modeling modifications. The range of differences at the subsystem level between the
updated model and the external quotes provides a good indication of the validity of the
modeling method. The accuracy of the cost estimates by subsystem with the closest
match for the HVAC group and the largest cost difference for the powertrain group. One
of the main reasons is that there are not enough details in the breakdown of components
for the powertrain group. For example the crankcase is considered as a simple
component, whose weight is around 34kg and whose processes are sand casting and
machining. More details about the components and the manufacturing processes of the
powertrain would have added more accuracy in the estimation of the manufacturing cost.
For example it is not taken into account the installation of the four crankcase pins which
holds the crankcase together. Another step not taken into account is the installation of the
bolts that will hold the two halves of the crankcase. All these simplifications lead to a
rough estimation of the powertrain. Although there are some outliers where the cost
difference is large, the total manufacturing cost of the car falls within a 10% difference,
which is better than the SCM prior to the modifications (18% difference). This
improvement is due to the detailed relationships which were added to the SCM in order

to capture much more precision in the manufacturing cost.
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Figure 4-4 : Cost differences between OEM quotes’, SCM and updated SCM estimations

The errors in estimation include both values where the OEM quote is above and below
the value estimated through the updated SCM. The powertrain and chassis groups are
both underestimated by 30% for the first one and by 11% for the second; while the
interior group is overestimated by 38%. It can be tempting to correlate the errors with the
manufacturing processes required to manufacture the groups of components. Table 4-1
shows the major manufacturing processes for the different subsystems of the car. The
powertrain and chassis group are both groups where around 50% of the components are
stamped, and only 20% are molded plastics, while the components of the interior group
are in majority molded plastics (injection molding, RIM/ Foam molding and compression
molding are required for 52% of the components). Since the cost estimations of the
updated model for the powertrain and chassis groups are closer to the OEM quotes than
they were with the previous SCM, this could mean that the relationships for the stamping
process have improved the results by adding more accuracy. On the other hand the

relationships for the injection molding process may slightly overestimate the real

* Quote is for similar car, but not exactly the same one.
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investments of the manufacturers, because in the updated model, the cost estimation is

above the OEM quotes.
Mai . Number of parts | Percentage of
Groups ajor manufacturing manufactured components per
processes
per process process

Stamping 243 56%

.| Injection Molding 72 17%
Powertrain Forging 50 2%
Die casting 23 5%

Stamping 184 47%

Chassis Injec.tion molding 92 23%
Forging 46 12%

Roll forming 18 5%

Stamping 80 46%

HVAC | Imjection molding 58 34%
Electrics 16 9%

Injection molding 170 39%

. Stamping 157 36%
Interior {2 IM/Foam molding 28 7%
Compression molding 23 5%

Stamping 80 62%

Body Injection molding 31 24%
Forging 6 5%

Stamping 20 18%

Exterior | Injection Molding 67 61%
Extrusion (plastic) 8 7%

Table 4-1 : Distribution of the processes over the subsystems of a car

It is important to keep in mind that the actual price that an OEM pays for a particular
component, or sub-assembly depends on a larger number of aspects, that ranges from the
particular location of the plant and the supplier of the component, the exact volume of
production and whether there are wider purchasing agreements. Since the OEM quotes
come from a similar car, but not exactly the same, there will remain always a difference

between our estimation and these quotes.
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4.1.3 Comparison between standard and customized products

The main goal of the thesis is to understand the customization decisions of the OEMs,
and more precisely to understand what drives the cost difference between a standard and
a customized product. The main assumptions made for the production of the customized
product have been described in the chapter 3. Briefly, it has been assumed that the size,
materials and the process of the standard and customized versions are identical. The
major changes in production between the two variants were the tool modification and the
additional set-up time. The initial analysis of the standard product described in the
previous paragraph has shown that the cost structure is mainly dependent upon the
tooling costs. This is an important aspect for the customization decisions, because the
cost of customization could be heavily affected when there is a major tool change. Figure
4-5 shows a comparison between the manufacturing cost of the baseline and the
customized product for the eight major groups of the car. The total manufacturing cost
for the baseline product is estimated at $9,831; whereas the estimation for the customized
product is $11,242. This is an increase of 14% of the total cost over the baseline version.
Consequently the premium that the customer is willing to pay for “customization” should

be at least equal to $1,411 in order for the manufacturer to cover his expenses.
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Figure 4-5 : Cost breakdown for the standard and customized products
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It is important to remember that the total cost of $11,242 for the customized product
represents the maximum cost of the customized version, because it counts for all the
possible customized components. However the manufacturer may want to offer variety
for the seat group but not for the suspension group, which will mean that the cost increase
for the customized product will only include a portion of the $1411 cost increase.
Consequently it is more interesting for customization decisions to look at the absolute
difference of the different customizable groups. The absolute difference for all the
customizable groups is shown in the appendix C. Table 4-2 provides a sample of some of

the results for individual customized groups.

Groups of Baseline] Customized | Absolute | Percentage

customization Product] product | difference| Difference
Side trim $131 $134 $3 3%
Storage Tray Trunk $16 $26 $10 64%
Steering column $55 $92 $37 68%
Trim instrument panel | $181 $250 $69 38%
Seat rack front $203 $351 $148 73%

Table 4-2 : Example of baseline vs. customized costs for different customizable groups

The absolute difference is the main criteria for the customization decision. We can see
from table 4-2 that this difference can vary from $3 to more than $100. To be able to
give guidelines for what to customize, the ideal would be to compare the absolute
difference to the premium that customers are willing to pay for the variety. The example
of the side trim shows that the absolute difference is very small ($3.65), so the
automakers will likely be willing to do this customization since it does not cost very
much; in addition the absolute difference is insignificant in comparison to the baseline
product (3% of difference). Concerning the storage tray trunk, the absolute difference is
also small ($10.31), and even if it represents a large amount of the cost of the baseline
product (64%), the automakers will choose to customize provided that they can recover

this small cost through increased price or market acceptance. For certain components
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such as the trim instrument panel, the OEM may offer a customized version, because this
is an area that is very visible to the customer and may be worth the extra cost of $69.45.
On the other hand, the steering column and the seat rack front are components that are
not likely to be customized since the additional cost of customization is high,
representing around 70% of the baseline cost and the consumer is not likely to pay such a

high premium.

4.1.4 Sources of customization cost premiums

Several factors may explain the large differences in customization cost premium for
different groups. Groups have different number of components, made with different
production processes and each sub-component may require different levels of redesign
for the customized product. The following section explores the impact of each of these
factors on the customization cost premium. First, the number of components within the
customizable group may be an explanation for a larger cost difference. Table 4-3 gives
some examples of some customizable groups, their cost of customization and their

number of components.

Manufacturing Mz:::a;“t':rg Number
Groups considered as cost of the customized Absolute of parts
customizable baseline product roduct difference | within the
() ey group

Damping hood $4 $7 $3 2
Storage Tray Trunk $16 $26 $10 5
Steering column $55 $92 $37 16
Trim instrument panel $181 $250 $69 30
Seat rack front $203 $351 $148 52

Table 4-3 : Example of customizable groups, their customization costs and their number of parts
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F-?eJqLession Statistics
Multiple R 0.81728
R Square 0.667947
Adjusted R Square 0.661682
Standard Error 26.72588
Observations 55
ANOVA
df SS MS F Significance F
Regression 1 76150.85 76150.85 106.6131 2.7135E-14
Residual 53 37856.45 714.2726
Total 54 114007.3
Coefficien  Standard Upper Lower Upper
ts Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -8.693304 4.854576 -1.790744 0.079046 -18.43034979 1.043741 -18.43035 1.043741
X Variable 1 2.965006 0.287157 10.32536 2.71E-14  2.38004081 3.540971 2.389041 3.540971

Figure 4-6 : Variation of the customization cost with the number of components within the group

A statistical relationships between the customization cost premium and the number of
components has been done for all the 65 customizable groups. The graph and the
regression results are shown in figure 4-6. The more components within the group, the
more changes or adjustments in the production need to be done and therefore more

additional set-up time is needed. This would add more cost for customizing this group.
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The regression statistics give the overall goodness-of-fit measures: the R-squared is high
(0.667947), the correlation between y and x is significant (0.81728), the “significance F’
number and the p-value f the variable are inferior to 0.05, which means that the number
of components is a significant predictor of the customization cost (An explanation of all
the regression results is explained in details in Appendix D). For example the storage
tray trunk, which contains only 5 components, requires an additional cost of $10 for
customization, whereas the seat rack front, which is composed of about 50 components,
reaches a cost of customization in the order of $150, which means fifteen times the

customization cost of the storage compartment door.

Second, the processes used to manufacture the components of the customizable group are
important for determining the cost of customization. Generally, the components which
require at least two or three manufacturing processes have a larger cost of customization.
Indeed two parallel manufacturing processes may increase the customization cost,
because again there might be additional set-up time for every process considered, and
additional cost for the tooling changes. Table 4-4 gives examples of customizable groups
associated with the number of processes required for manufacturing the components
within the group. The manufacturing of the damping hood requires only one process for
each component and thus its cost of customization is minimized. However the seat rack
front contains 52 components out of which 5 require three processes to be manufactured.
These components are expensive to customize since additional tooling investments are
needed for all three processes. Consequently, the customization cost may be higher for
this group. Figure 4-7 shows the trend across all most customizable groups. The curve
does not fit as well as the curve in figure 4-6, which means that this criterion has less
influence, and it may be considered as a secondary criterion. Indeed the statistical
relationship is less significant and the explanatory variables explain the variation in cost

less well (Jower R-square).
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Groups Macr;::a;t::;ing Manu:acft:;":rg Nun‘;l:tesr of Nurr;t:ter of Nun:::r of
: e cost o s S
consalcsiered baseline customized :;fl;::;ﬁt; vehich vF\:hich vshich
customizable product product requires 1|requires 2] requires 3
($) ($) process |processes|processes
Damping $4 $7 $3 2 0 0
hood
Storage $16 $26 $10 4 0 1
Tray Trunk
Steering $55 $92 $37 8 4 4
column .
Trim $181 $250 $69 28 0 2
instrument
panel
Seat rack $203 $351 $148 47 0 5
front

Table 4-4 : Example of customizable groups, their customization cost and their number of processes
required
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Regression Statistics

Multiple R 0.31383925
R Square 0.1926
Adjusted R Square  0.07800633
Standard Error 1.00756859
Observations 46
ANOVA
of SS MS “F___Significance F
Regression 1 4.88032 4.88032 4.807276 0.033672605
Residual 44 44.66856 1.015194
Total 45 49.54888
Standard Upper Lower Upper
Coefficients  Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 1.37156783 0.206886 6.629582 4E-08 0.954616438 1.788519 0.954616 1.788519
X Variable 1 7.4805 0.007883 2.19255 0.033673 0.001396801 0.033173 0.001397 0.033173

Figure 4-7: Cost of customization as a function of the average number of processes required within
the customizable groups

Another factor, which could explain the variation of customization costs of the different
customizable groups, is the complexity of the part. The higher the complexity of the part,
the more expensive the tool investment may be and the longer the cycle time may be. In
addition it is likely that the complex parts have completely dedicated tooling. As such,
the production of a customized version of these parts may require a completely new and
expensive tool, rather than just a modification of the existing tool. Table 4-5 shows some
examples of how the complexity of the components affects the cost of customization.
The low absolute cost difference for the damping hood can be explained by the fact that
all its components are simple, and therefore, presumably have relatively low tooling

investments and short cycle times.

Number of parts|[Number of parts|Number of parts
Groups considered as | Absolute |w/ complexity 1|w/ complexity 2| w/ complexity 3
customizable difference | (% of the cost | (% of the cost | (% of the cost
difference) difference) difference)
Damping hood $3 2 (100%) 0 0
Storage Tray Trunk $10 5 (100%) 0 0
Steering column $37 11 (80%) 2 (15%) 2 (4%)
Trim instrument panel $69 25 (85%) 1 (2%) 3 (13%)
Seat rack front $148_ 46 (36%) 1 (1%) 5 (63%)

Table 4-5: The customizable groups, their customization costs and their number of complex parts
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The seat rack front gfoup has five complex components. Since the cost increase comes
primarily from the five complex parts, we can conclude that the driving force around the
cost customization for the seat rack front is the complexity and not the number of parts.
This could explain why the seat rack front is so expensive to customize. However, this is
not the case for the trim instrument panel and the steering column, where most of their
parts are not complex. The cost of customization is much more driven by the number of
parts. Figure 4-8 shows the trend of the variation between the customization cost and the
complexity for all the customized parts of the car. We can see that the complex parts
imply a higher cost customization. The customization cost for these parts can reach $30;
while parts with a lower complexity level have a maximum customization cost around
$15. The regression statistics give the following measures: while the R-squared is a little
low (0.2581), the correlation between y and x is significant (0.507989), the “significance
F” number and the p-value f the variable are inferior to 0.05, which means that the

complexity is a significant predictor of the customization cost.
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Regression Statistics

Multiple R 0.512879
R Square 0.263045
Adjusted R Square 0.261819
Standard Error 3.257589
Observations 603
ANOVA
df SS MS F Significance F
Regression 1 2276.439 2276.439 214.5178  9.25409E-42
Residual 601 6377.742 10.61188
Total 602 8654.181
Coefficien  Standard Upper Lower Upper
ts Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -1.788471 0.328645 -5.441958 7.68E-08 -2.433902473 -1.143039 -2.433902 -1.143039
X Variable 1 3.719259 0.253936 14.64643 9.25E-42 3.220548428 4.217969 3.220548 4.217969

Figure 4-8 : Variation of the customization cost with the complexity of the part

The last major factor, which may cause a large variation of customization cost for
different groups, is the degree of tool change. If a complete new tool is required for the
customized product, the tool investment increases by up to 90% of the initial tool
investment made for the standard product. There are some savings in the design cost but
other than the entire tooling investment needs to be made twice, once for each of the part.
For components where a tool modification is sufficient the incremental investment may
only be around 30%. Additional tools aren’t necessary only modifications to the original
tool are needed and thus there is the potential for substantial cost savings. So it is
reasonable that a group (e.g. the seat rack front), in which most of components require a
new tool for their customized version, will have a higher customization cost than a group

(e.g. damping hood) whose components require no tool change (see Table 4-6).

Groups considered as | Absolute Num?er cif pfrts Number of parts|Number of parts
customizable difference Wi no too w/ adjusted tool] w/ new tool
change

Damping hood $3 1 1 0
Storage Tray Trunk $10 4 0 1
Steering column $37 8 1 7

Trim instrument panel $69 12 0 18

Seat rack front - $148 } 32 0 29

Table 4-6 : Example of customizable groups, their customization cost and the tool modification of the
parts
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Figure 4-9 shows the trend of the variation between the customization cost and the tool
change. The main assumption in the model is that number 0 has been attributed to the
non-customized components, number 1 to the customized components with no tool
change, number 2 to the customized parts with a small tool change, and number 3 to the
customized parts with a radical tool change. We can see on this figure that the
customization cost tends to be higher when a radical tool change is needed for the
customized product; while customization costs are on average less expensive for small

tool change.
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Figure 4-9 : variation of the customization versus the tool change

To conclude, the main criteria, which influence the cost of customization, are:
- The number of parts: groups with more parts have higher customization costs.
- The degree of tool change: groups with components that need substantial changes
for the customized version and therefore a completely new tool have higher

customization costs.
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- The tooling investment of the manufacturing process: groups with components
made by processing methods that require large investments in tools will have

higher customization costs.

The other criteria have less impact on the cost of customization
- The complexity of the parts: groups with more complex parts have higher
customization costs.
- The number of process steps: groups with parts that require more steps have

higher customization costs.

4.1.5 Sensitivity analysis

Two important strategic variables for a development project are the production volume
and product life. It could be interesting to understand how changes in the set of
assumptions, especially changes in production volume and product life, may alter the
costs discussed above. As it has been previously mentioned, production volume affects
how fixed costs are spread over each unit of production. Thus the higher the production
volume, the less expensive the unit manufacturing cost of the car. Figure 4-10 shows the
impact of production volume on both the standard and the customized product. As it has
been mentioned in the chapter 3, the sensitivity analysis has been done, given the
assumption that the four simple metrics (weight, material, complexity and process) are
the same for both the base vehicle and its variant, but the total production volume in both
cases is equal. However, for all the scenarios involving a customized variant, the overall
production volume is divided into 60% of the total production volume for one variant and
40% for the other. Table 4-7 summarizes the distribution of the production volume for
the two variants; the total production volume varies from 20,000 to 200,000 vehicles per

year.
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Production Volume (vehicles per year)
Baseline product 20,000 50,000 | 100,000 150,000 200,000
Product A 12,000 30,000 | 60,000 90,000 120,000
Product B 8,000 20,000 | 40,000 60,000 80,000

Table 4-7 : Production volume for the two variants of the car.
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Figure 4-10 : Sensitivity analysis with the production volume for the total car system

A reduction of the production volume can have a substantial impact on the cost of the
customized product. Indeed the cost difference with a high production volume such as
250,000 parts per year is estimated around $600, whereas at lower production volumes
such as 100,000 parts per year, the cost difference can be as-high as $5,000. Often at low
volumes the additional tools that are needed for customized products are poorly utilized,
while at high volumes additional tools might be needed anyway, so the cost penalty for
an additional customized tool is low in those cases. However this cost difference means
that all 65 groups are customized, which of course is unlikely. Figure 4-11 shows the
same sensitivity analysis but for one customizable group, the trim instrument panel. As
expected, as production volume decreases the additional customization cost increases.

At production volumes as high as 250,000 vehicles per year, the cost difference between
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the standard and the customized trim instrument panel is around $25, whereas in the very
low production volume range (around 10,000 vehicles per year) the cost difference can be
as high as $300, which corresponds to two thirds of the price of the baseline product.
Therefore, it is quite expensive for the automakers to customize the trim instrument panel

at very low production volumes.
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Figure 4-11 : Sensitivity analysis with the production volume for the trim instrument panel group

Product life is the number of years a product is expected to be produced; it is also the
number of years over which tooling costs are amortized. Shorter product lifetimes result

in higher yearly costs for tooling. If the automaker could offer a more customized
| product with lots of variants, it may be able to extend the product life. Figure 4-12 shows
the impact of variations of the product life on the total mamlfacturing cost of a car. The
variations between the cost of the standard and customized products vary from $1,200
(when the product life equals 3 years) to $1,411 (when the product life equals 5 years).
Product life has a small effect on the customization cost because many parts can be
spread on the tooling investments across. Fi'gure 4-12 shows changes in the product life
only from three to eight. The impact would have been more important if the variation in

the production life were larger, which is not likely to happen.
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Figure 4-12 : Sensitivity analysis with the product life for the complex car system

Figure 4-13 shows variations of the customization with the production volume for several
customizable groups. As expected, whatever the customizable groups, as production
volume increases, the cost difference decreases. At production volume less than 80,000
vehicles per year, the cost of customization is very high, because the large fixed
investment in machine and tools can not be spread enough on the total production
volume. From this graph, we can see also different sensitivities to the production
volume. For a given product life (5 years), the cost differences of the brake fall in a
range between $501 (at a production volume of 100,000 vehicles per year) and $289 at
high production volume (260,000 vehicles per year). This corresponds to a difference of
$212. The cost differences for the trim instrument panel are generally not as and range
from $443 at low volume and to $204 at high volume. This corresponds to a higher
difference ($239). Consequently the trim instrument panel is more sensitive to the

production volume than the brake.
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Figure 4-13 : Variations of the customization cost with the production volume for several
customizable groups

All these results show that production volume and product life are two variables, which

can impact the customization cost of the different customizable groups.

4.2 Implications for the problem of customization

4.2.1 General discussion from the case

To help the manager make better customization decisions, it is important to determine the
different elements which influence the cost of customization. As we mentioned in the
paragraph 4.1.2, one of these elements is the characteristics of the manufacturing process
required and its major cost drivers, in particular the balance between investments in non-
dedicated equipment and dedicated tooling as well as the relationship between cycle time
and sel up time. Since the only changes in the production of the customized product

considered in this work concern the tool modifications and the addition of some set up
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time, it is important to assess how theses effects play out together in order to draw some

conclusions about customization.

According to figure 4-3, the main cost drivers of the vehicle manufacturing are the
tooling costs (32%), the material costs (16%), the OEM assembly activities (16%) and
the equipment costs (10%). The other cost drivers are less significant and represent less
than 10% of the total car manufacturing. Since the size and the complexity of the
customized product are the same as in the baseline version, there is no additional material
cost for customization. For the same reason the equipment investment and the number of
workers are unchanged when standard and customized | products are compared.
Consequently the major modification is the tooling costs. When the share of tooling cost
of one manufacturing process is important, the large influence of the tooling costs creates
a large gap between the manufacturing cost of the standard and the customized product.
On the other hand, if the share of tooling cost is less expansive, the effect of the tool
modification may be less important, except if another factor predominates. Figure 4-14
shows the trend of the customization cost with the percentage of the unit tooling cost over
the total manufacturing unit cost of the baseline product for several manufacturing
processes. For every customized part, we only consider the primary manufacturing
process of the part. Then we calculate the percentage of the unit tooling cost over the
total unit cost of the part and plot it on the graph with its corresponding customization
cost. As expected, as the percentage of tooling cost increases the customization cost
increases. Given the sharp slope of the curves for most of the manufacturing processes
on the graph, we can conclude that a small variation in the tooling cost implies an

important increase in the customization cost.

The second factor which has to be taken into consideration in the discussion, is the
relative importance of the set up time compared with the production cycle time. Indeed
as mentioned above, introducing a customized version in the production increases the
number of set ups, thus increasing the total production time. If the set up time is
negligible compared to the total cycle time, the addition of one or more additional set up

does not really affect the cycle time, consequently the line utilization of the standard and
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customized products may be very similar. On the other hand, if the setup time is large
percentage of the total production time, then additional setups required for the
customized product will significantly affect the amount of equipment time charged to the
part. Furthermore, other costs that scale with the equipment utilization, such as the labor
or energy costs, will also increase, resulting in an even great cost increase for the
customized product. Figure 4-15 shows the trend of the customization with the
percentage of the annual time for setups for a given production volume of 100,000
vehicles per year over the annual time attributed to total cycle time for several
manufacturing processes.  For every customized part, we only consider the primary
manufacturing process of the part. Then we calculate the peréentage of the annual time
for setups over the total production time of the part and plot it on the graph with its
corresponding customization cost. As expected, as the percentage increases the
customization cost increases. The slope of the curves for all the manufacturing processes
on the graph are sharp, which means that the setup time is an important factor of the

customization cost.
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Figure 4-14 : Variations of the customization cost with the percentage of tooling unit cost over the
total unit cost

79




At least it is relevant to notify the order in which the manufacturing processes appear on
the graph. The stamping process has a high percentage of setup time, which corresponds
to a small cycle time in comparison to the setup time. On the other hand, the injection
molding has a small percentage of setup time, which means that the setup time is

considered small in comparison to the total production time.
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Figure 4-15 : Variations of the customization cost with the percentage of set up time over the total
cycle time

To conclude, some process characteristics such as tooling investment and set up time are

important to be considered when customization decisions have to be made.

4.2.2 Recommendations

The previous chapters offered a method to estimate the cost of customization. After

analysis of the customization process we considered only some changes in the production
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characteristics in our case study: a variation in the tool investment and in the cycle time.
From the analyses of the previous section we can also already draw some guidelines
concerning the best way to minimize the customization cost. The guidelines can be
categorized into three types: the production volume, the group and part characteristics,

the process characteristics.

e High Production Volume
From the sensitivity analysis it is clear that the customization should be done at a large
scale of the production volume (200,000 vehicles per year); otherwise it is too expensive
to offer variety, because the customization cost increases exponentially with the
production volume. Since the production volume reflects the market conditions; it is not
always easy to choose it. However it may be interesting to produce one high volume
vehicle that has multiple customized variants versus multiple low volume vehicles.
Indeed at a production volume of 200,000 vehicles per year the cost of a vehicle with two
variants is $11,242; while the cost of two standard vehicles at a production volume of
100,000 vehicles per year each is $9,674 x 2 = $19,348. Consequently customization
cost for a variety of parts or groups kept to a minimum when done for high volume cars
and this may be a more cost effective approach to offering variety than producing

multiple low volume vehicles.

e Group and parts characteristics : small group of simple parts
It is recommended to customize when the customizable group consists of a few simple
parts, which require at maximum one or two manufacturing processes to minimize the
customization cost. These two criteria are independent of each other; however the
number of parts within a customizable group seems to have more impact on the
customization cost than the number of manufacturing processes required for every part of

this group.
e Process characteristics : low tooling investment and small set up time

Customizing a product implies several changes in the process characteristics such as the

tooling and the processing time. One of the criteria of the customization decision is the
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tooling investment of the process. If the percentage of unit tooling cost over the total
manufacturing cost is high, there will be a large impact on the customization cost.
Furthermore if the customized product requires a substantially different or even a
completely new tool, the cost of the customized product could be as much as twice the
cost of the standard product. The influence of the annual time lost to set up compared to
the total annual production time also a substantial criterion, because it modifies the line

utilization and consequently increases the manufacturing cost.
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5 Conclusions and future work

5.1 Conclusions

The goal of this work was to address the question of customization for the automotive
industry. Initial chapters proposed a general methodology to understand the cost structure
of a complex system. The later chapters offer an analysis of different manufacturing
scenarios applicable in the automotive industry. First, the manufacturing cost of a
standard product and a product with multiple variants are compared; then an analysis to
understand the variations of the customization cost under different operating conditions is
done. The customization cost of several groups of components is studied in detail to

draw some conclusions for further recommendations to the automakers.

Several conclusions have been drawn from the analysis of the case study:

- The major cost driver of the car manufacturing is the tooling cost, followed by the
assembly operations and the equipment cost.

- The customization cost for a group of components can be as low as $3, but can also
reach high cost around $150. This large difference highlights the importance of

estimating the manufacturing cost before critical financial resources are committed.

Some considerations concerning the selection of groups of components to be customized
seem generalizable in the automotive industry:

- Is the production volume large enough?

- How large is the group of components to be customized?

- How complex are the components within the group?

- How many processes are required to manufacture the components?

- What is the cost structure of the manufacturing processes?

- What is the influence of the tooling investment on the total manufacturing cost?

- What is the influence of the set-up time on the total production time?

- How easy it is to adjust or re-use the tools?
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5.2 Future work

A number of additional developments can be done in future work in order to answer the

problem of customization

e The development of the methodology
The methodology has generated some results of manufacturing costs which fall within a
range of +/-20% of values typically experienced by the automotive OEMs for these
subsystems. While this level of accuracy was considered to be sufficient for the
customization analysis, further refinements could improve the accuracy of the cost
estimation and thus allow the user to make more informed customization decisions.
Model refinements will entail gathering component and processing conditions data for

each process to enable more accurate estimates if the functional relationships.

While energy costs may often represent a low percentage of the total car manufacturing
cost; some model improvements are needed in this area. Presently, mechanical and
electrical energy costs are estimated as a percentage of the equipment investment.
Further research would be in developing a method to characterize the actual mechanical
or electrical requirements of the process. Then, by determining the losses or other
inefficiencies, it would be possible to calculate the cost of supplying the energy needs. In
addition the models lack a systematic view of energy. Further work should begin with an
appropriate energy balance and then a discussion of the energy requirements of each type
(thermal, mechanical, etc). The user should also be able to specify the energy sources
and the model would have a method to address energy conversion and other types of
losses. A similar idea could be developed for materials costs. The model lacks a
systematic material balance, which would describe accurately all the material losses.
First products with multiple materials are now handled poorly. Losses in the model are a
function of each process and were applied to all materials. But in reality each material
would often correspond to just a subset of the processes used to make a multi-material

part. And thus the inputs should have assigned materials to the appropriate process and
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then only that scrap rate applied to the material. Also, little if any consideration is given

to process materials in the current model.

The methodology needs some further development to be more accurate in the
manufacturing cost. One major development could be to take into consideration the
logistic and supply chain costs. Some factors would be particularly instructive to
incorporate in the model: the incorporation of inventory and transportation costs. First
these costs have to be considered in the total manufacturing cost of a car. In addition
they may be higher for a product with multiple variants than for a single vehicle, so it

may be relevant for customization decisions.

e The customization considerations
First it would be instructive to gather some data about the customer preferences and
utility. Thus it would be interesting to compare the obtained results for the customization
cost of different groups of component with the added value considered by the customer.
Some research [23] has begun to explore the customer perceived value of customization,
by constructing some utility functions from quantitative measures and statistical analyses
about customer’s subjective preferences. This could make a large framework around

customization decisions that would balance that with issues of value of customization.

Another important development would be to consider that the components in a car are not
totally independent each other. For example the dimensions of the seat frame should be
related to the dimensions of the seat cover; or the two parts of the seat frame should have
the same length. Thus when the model estimates the customization of a group of
components, it would calculate the cost of only the components, which are connected
together. Basically what is needed is a way to rigorously discuss the interdependence of
the part design. An idea would be to develop a method which would allow the user the
make changes to any part or groups of parts and the model would automatically

determine all the changes that would be needed throughout the vehicle.
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6 Appendices

Appendix A: The three point estimation — Determination of the
parameters A, b, ¢

The system cost model establishes a direct relationship between the inputs and the cost

drivers. When this relationship has the following functional form:
Cost = A-(Weight)’ - (Complexity)’ (Equation 1)

the relevant parameters A, b, c have to be estimated. The approach is to have an initial
estimate of the three coefficients in the proposed relationship based on a three-point

estimation [10].
While any three points can be used, the particular evaluation that was selected follows the
procedure described below, given the example of the determination of the parameters for

the equipment cost:

1. Identification of extreme points. The choices for two of the points were the extremes.

For a range of components for which equipment cost is to be estimated, the extreme
points are such that the component with minimum weight (Min_Weight) and complexity
equal to one is associated with the minimum equipment cost (Min_Cost), and the
component with maximum weight (Max_Weight) and complexity level equal to three
corresponds to the highest equipment cost (Max_Cost). This uses the weight and
complexity information for the set of parts manufactured with the relevant technology.
Equipment costs for the extreme parts are gathered either from published sources or
directly from equipment suppliers. For example an observation of several stamped parts
reveals that weights range from a few grams to 15 kg. Eliminating the parts below 10g
whose cost is mostly material driven, stamped parts will have a weight from 0.1 kg
(Min_Weight) to 15 kg (Max_Weight) and complexities from 1 to 3. Literature on

stamping establishes that a line of tandem presses required to handle components
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weighting 0.1 kg and with minimal complexity costs approximately $200,000
(Min_Cost). The cost of a press line to stamp a 15 kg part of high complexity was
estimated to be $6,000,000 (Max_Cost). These values establish the extreme points.

2. Mid point estimation. An additional point is required to complete the estimation. The

strategy was to choose a point that would define the relative importance of complexity
and weight in establishing equipment cost. The mid point chosen corresponds to a simple
part (complexity equal to one) with maximum weight defines the share of the maximum
equipment cost that is defined by the weight as opposed to complexity. If the equipment
cost for this part is close to the maximum cost, then most of the cost is defined by weight;
if it is closer to the minimum cost, then complexity is the determining factor. To have
this tradeoff explicit, equipment cost for this point is presented as a share of the
difference between the values gathered for the extreme points defined before, instead of
an absolute value. This share value is labeled as a weight Factor. For example for the
stamping process, it was assumed 80% of the cost difference is determined by weight
(this is equivalent to having Factor = 80%), while only 20% is determined by part
complexity. In other words a part weighting 15 kg with a complexity level of 1 requires a
press line that costs approximately $4.84 Million (80% of the way from $200,000 to
$6M).

Given this methodology, the three points are the used to determine the coefficient A, b, c.
This is done by writing an equation for each of the points and then solving for the

unknown coefficients. That solution is given by the equations below:

[Max_Cost = 4 -(Max_ Weight)’ - (3)°

{Min_Cost = A-(Min_Weight)’ - (1)

LMiri _Cost + (Max_ Cost — Min _ Cost) - Factor = A - (Max_ Weight)b . (1)”
Where Factor is the share of the cost difference explained by the complexity level.
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Solving these equations results in:

Min _Cost
A= -
(Min _Weight)
Max _Weight
log| ——————
b Min _Weight

log| 1+ —M —1|- Factor
Min _Cost

Max _Cost
A-(Max _Weight)"

c=(log3)"- log(
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74] 1 1jclutch re plate w/ friction disk 7,835 |STEEL ST
74] Afclutch ate w/ friction disk - Cover 3,401 |STEEL - 100%!|
74] 1fclutch re plate wi friction disk _|screw STEEL - 100%}
74 1fclutch re plate wi/ friction disk _[cluich disk 1,144 |STEEL STEEL 80%,
4 1jclutch ire plate w/ friction disk _Iclulch pressure 3,101 ISTEEL STEEL 80%)
74] Ajclutch ire plate w/ friction disk__|clutch e 775 |STEEL - 1
74] Afclutch ate w/ friction disk _|screw 11 |STEEL - 1
76| fclutch controls at the transmission release bearil 408 |STEEL AL 70%|
75| 1jclutch controls at the fransmission screw 9 [STEEL |- 100%)|
76 1joil tank; ol filler oil drain loit drain 51 |STEEL - 100%)
1joil tank oil filler ol drain plugs jradial seal 1]AL - 100%)
78] 1jioil tank, oil filler plugs, oil drain plugs |m: t 25 |STEEL - 100%|
77 1jtransmission housing, transmission co{transmission case § 5452 JAL - 100%|
7] 1jtransmission housing, transmission cojcluich casil AL - 100%!|
77| 1jtransmission housing, transmission cojcover 304 ISTEEL - 100%|
Ajtransmission housing, transmission g 10|CR - 100%)
1jtransmission housing, transmission cojscrew 34 |STEEL - 100%)
1jtransmission hot transmigsion cojscrew 20 |STEEL - 100%)
7! 1jgears w/ clutch bodies transmission 1,323 [STEEL STEEL 0%|
7! 1jigears w/ ciutch bodies transmission 1,203 |STEEL ST 90%
76 1 wi clutch bodies insmigsion 1 [GRAPHITE {GRAPHITE] 80%
78] 1 wi/ cluich bodies transmission gear 831 |GRAPHITE |GRAPHITE] 80%)
78| 1 w/ cluich bodies ransmission gear 938 |GRAPHITE |GRAPHITE] 90%)
1igears w/ clutch bodies transmission 583 |GRAPHITE |GRAPHITE]| 90%)|
1jgears w/ clutch bodies ar 971 |STEEL - 90%
7 Aligears w/ clutch bodies ear 447 |STEEL STEEL 90%
78] 1 w/ clutch bodies transmnission 37 JGRAPHITE |GRAPHITE| 00%)
78] 1 wi/ cluich bodies reverse gear shafi ]| 1,600 |STEEL STEEL 80%)
1fgears w/ cluich bodies rotational seal 8 - 100%|
78 1igears w/ clutch bodies drive shaft 771 ISTEEL STEEL 90%)
7 1jigears w/ clutch bodies driven shaft 174 |STEEL STEEL 90%
7 1jigears w/ clutch bodies driven shaft 209 |STEEL STEEL 90%)
7! 1 ing for A Z roller 176 ISTEEL - 100%)]
79 1jjbearing for A screw’ STEEL - 100%|
79| 1jbearing for A lock plate 2 |STEEL - 100%|
1 ing for A Z roller be§ 242 [STEEL - 100%|
7! 1) for A disk 9 |STEEL - 100%]
1) for A retainer ri 4 |STEEL - 100%)
9 for A oil slil disk 27 ISTEEL - 100%)
79| 1Jbearing for. A Z tapered roller be§ 468 |STEEL - 100%|
1jpearing for A Z red roller bel 242 [STEEL - 100%|
1 i r A thrust 10 ISTEEL - 100%)
1 for A retainer ri 3 |STEEL - 100%)
79 1 for A Z 1apered roller bed 245 |STEEL - 100%)
79| 1 for A thrus! washer 4 |STEEL - 100%)
7! 1 for A Z roller be§ 243 ISTEEL -
1 for A thrust washer 10 JSTEEL - 100%)
1) A retainer ri 4 |STEEL - 100%)
79| 1) for A Z needle bushi 52 |STEEL g 100%)
78] 1jbearing for A thrust washer 28 |STEEL a 100%]
79 1Jbearing for A linear needle beari! 8 JSTEEL - 100%]
1 for A [suj disk 19 ISTEEL - 100%)
Apbeari A 36 EEL PABE-GF 90%)
79 1) ing for A 47 |STEEL - 100%)
1 for A 33 |STEEL PABB-GF_| 100%|
1fearing for A 36 |STEEL PAB6-GF__| 100%|
1jbearing for A 38 JSTEEL PABE- 100%]
1 ing for A 36 |STEEL PABB-GF | 100%
1jbearing for A 116 |STEEL - 100%)
1 ing for A 7 ISTEEL 8 100%!
1foearil A 85 |STEEL PAB6-GF 50%
1 romesh 78 IMS - 100%)
1) hromesh 37 |STEEL - 1
1 hromesh 45 |[MS - 1
1 hromesh nerode 373 L TEEL 90%)|
1lsynchromesh thrust K 2 |STEEL - 100%)
1) mesh i 4 [STEEL - 100%)
1 hromesh retainer rii STEEL - 100%|
1 hromesh sliding collar 301 |STEEL STEEL
1 esh hronizing ri 74 IMS - 1
1 hromesh acer 34 |STEEL - 100%)
1synchiomesh nchronizing fi MS - 100%)
1 hromesh 328 |STEEL STEEL 70%
1) hromesh thrust block 2 |STEEL - 100%)
1 hromesh 3 ISTEEL - 1
1 hromesh retainer ri 5 |STEE! - 1
1 romesh sliding collar 8 L EEL 70%]
1 mesh nchronizing i MS - 100%|
1 hromesh shim 7 ISTEEL - 100%;
1 hromesh inchronizing ri 84 |MS - 100%)
1 318 |STEEL STEEL
1 romesh thrust block - 1
1 i STEEL | o 100%)
1 hromesh retainer i STEEL - 100%
1 hromesh sliding collar 208 |STEEL STEEL 70%|
1 hromesh [Z shift sleeve EL MS 50%]
1 hromesh 317 |STEEL STEEL 70%]
1 retainer 7 [STEEL - 1
1ldifferential gearbox Z differential housifl 8,808 |CAST IRON |STEEL 80%)
Ajdifferential gearbox thrust washer com| 15 IcC_ |- 100%|
1jdifferential gearbox bevel pinion 474 |STEEL STEEL
1 ntial X bevel pinion 207 |STEEL ISTEEL 7
1jdifferential differential pinion g 254 |STEEL STEEL 0%}
1ldifferential gearbox collet 2 EEL - 100%
1ldifferential X 2 1 roller be§ 1,252 |STEEL - 100%)]
1 ntial gearbox thrust washer 16 [STEEL - 100%
1ldifferential X |Z tapered roller bed 362 |STEEL - 100%!
Ajdifferenti: asher 10 EL - 100%
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Tandem) [Machining Center Other - Not relevant
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[Press (Tandem ini nter Other - relevant
orming & Other - Not relevant her -_Not relevant
[Forgil Precision Mechanics [Other - Not relevant
‘orming & S Other - Not relevant JOther - Not relevant
Forming & S| Other - Not relevant _JOther - Not relevant
Forming & S| Other - Not relevant _|Other - Not relevant
[Forming & Sh: Other - Not relevant_|[Other - Not relevant
Die Casti [Machining Center Other - _Not relevant
ie Castil Machining Center her -_Not relevant
andem Other - Not relevant [Other - Not relevant
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i [Milli Heat Treatment
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differential gearbox flan, shaft X 1,182 [STAINLESS[STAINLES] _70% [Forgin, Millin; Heat Treatment no | 0 H120000| 80,
differential gearbox rolational seal {21 |RUBBER |- 100%]|_1_|iMoiding [Other - Not relevant_JOther - Nt relevant E [0} 720,000] 80,01
ifferential gearbox compression sprin: 43 |STEEL - 100%] orming & Shaping _[Other - Not relevant [Other - Not relevant I no | 0 J 120,000] 80
itferential gearbox thrust washer 10 [STEEL - 100%!] orming & Shaping [Other - Not relevant JOther - Not relevant I no | 0 J 120,000 8o,
ferential gearbox bevel finy 13 |AL - 100%] [Forming & Shapi Other - Not relevant Other - Not relevant 1 no | 0 § 120,000] 80,
ifferential gearbox relainer rin; 1 |STEEL - 100% [Forming & Shaping [Other - Not relevant [Other - Not relevant || no | 0 i 120,000] 80,000
ifferential gearbox Z push on shait 1,004 [STEEL __[STEEL 70%|_3_JIForgi Heat Treatment Millin [no |0 J 120,000} &G,
ditferential gearbox screw 29 |STEEL - 100%) Forming & Shaping |Other - Not relevant JOther - Not relevant § no | 0 § 120,000] 80,
differential gearbox nut for flanged sl 44 |STEEL - 100%| orming & Shaping [Other - Not relevant |Other - Not relevant | no | 0 ¥ 120,000] 80,
erential gearbox radial seal 1 |EPDM - 100%] iding Other -_Not relevant [Other - Not relevant | no | 0 {120,000] 80,000
erential gearbox bearing case 868 JAL - 100%) [Die Castin, Drilling Other - Not relevant || no | O § 120,000 80,
itferential gearbox support 309 JAL - 100%] 1 _Die Castiny Drilling Other - Not relevant_§ no | 0 J 120,000 80,
ifferential gearbox screw 46 ISTEEL AL 75%| 1 [[Forming & Shaping |Other - Not relevant [Forming & Shapi [ no | 0 ¥ 120,000] 80,
ifferential gearbox screw 55 [STEEL AL |_75%] 1 JForming & Shaping [Other - Not relevant_|[Forming & Shapin; [ no |
ifferential gearbox flanged shaft 2,155 |STEEL STEEL 90%] 2 HForgin: Milli Heat Treatment no | 0 §120,000] 80.000)
itferential gearbox Z tapered roller 270 |STEEL RUBBER 80%| 2 HForgin: Assembl Injection Moldin, no | 0 I 120,000] 80,000}
ifferential gearbox retainer rin 4 [STEEL - 100%)] & Shay Other - Not relevant [Other - Not relevant § no | O § 120,000] 80,000
differential gearbox cover | 36 |STEEL - 100%] 1 & Shaj [Other -_Not relevant [Other - Not relevant Jf no | O ¥ 120,000] 80,
differential gearbox screw 16 |STEEL - 100%|_1_NForming & Shapi [Other -_Not relevant |Other - Not relevant § no { 0 ¥ 120,000[ 80,
manual transmission 8 |RUBBER _ |- 100%{_1_§Moldin . Other -_Not relevant_[Other - Not relevant E | 0 ] 120,000 80,
manual transmission 3l - 100%]_1_jJlOther - Not relevant |Other - Not relevant |Other - Not relevant § no | 0 ¥ 120,000] 80,
manual transmission 195 JAL - 100%]_1_}Die Casting Drilling Other - Not relevant | no | O § 120,000 80,
Imanual transmission 1]PLASTIC |- 100%] _1_l{Moldin: Other - Not relevant _|Other - Not relevant ] no | 0 ¥ 120,000] 80,
manual transmission 1 JEPDM - 100%] 1_HMoldin, Other - Not relevant Other - Not relevant | no | O § 120,000 80,000
imanual transmission 92 JAL - 100%] _1_BDie Casting Other - Not relevant_JOther - Not relevant  no | 0 |l 120,000 80,0!
anual transmission 1 |EPDM - 100%] 1 JMoldin Other - Not relevant_|Other - Not relevant no | O H120,000] 80,0
manual transmission 17 |STEEL | 100%| 1 JForming & Sha [Other - Not relevant [Other - Not relevant || no ] 0 | 120,000] 80,
manual transmission 850 |STEEL B 100%] [Forgins Milling Other - Not relevant ff no | O J 120,000 80,
[manual transmission 1 |EPDM - 100%} 1_fMolding Other - Not relevant_|Other - Not relevant_| no | 0 1 120,000{ 80,
imanual transmission 14 |STEEL - 100%| 1 HForming & Shaping [Other - Not relevant_IOther - Not relevant § no | 0 § 120,000] 80,000
[Imanual transmisgsion Z arrestor bolt 7 |PAS-GF STEEL 80%]__1_HIMoldin Other - Not relevant [Forming & Shapis Lno | O i 120,000 80,0
Imanual transmission Z shifting rod 447 [STEEL AL 50%] 1 Jinvestment Casting [GMAW/FCAW-MIG _|investment Castin no | O ¥ 120,000] 80,0
[manual fransmission [Z shiting rod 432 [STEEL __|AL 50%] 1 finvesiment Casting |GMAW/FCAW-MIG _|Investment Casting I no | 0} 120,000] 80,000
manual transmission Z shifting rod 580 |STEEL AL 50%]_1_linvestment Casting |GMAW/FCAW-MIG _|Investment Casting | no | O J 120,000 80.f
manual transmission Z shift fork 344 |STEEL L 50%|] 1 Jinvestment Casting |GMAW/FCAW-MIG _|investment Castin; { no | O J 120,000 80,
anual transmission bearing sleeve 26 |STEEL - 100%]| 1 _JFoming & Shapi Other -_Not relevant |Other - Not relevant I no | 0 ¥ 120,000 80,
ransmission oil transmission oil 893 |- B 100%) [Other -_Not relevant |Other -_Not relevant [Other - Not relevant | no | 0 [l 120,000] 80
rankcase crankcase 34,930 JCAST |IRON |CAST IROI 90%) [Sand Castii Machining Center Other - Not relevant i no} 0} 120,000] 80,
rankcase bearing cover 385 [CASTIRON||- 100%]|_1_§Sand Castiny Drill Other - Not relevant | no | 0 120,000] 80,
rankcase bearing cover 445 [CAST IRON |- 100%| _1_J5and Casti Drillin [Gther - Not relevant_§ no | 0 J120,000] 80
rankcase screw 55 |STEEL - 100%| [Forming & Shaping JOther - Not relevant_[Other - Not relevant ¥ no | 0 J 120,000] 80,000}
crankcase ol jet 8 |STEEL - 100%| Forming & Shaping JOther - Not relevant {Other - Notrelevant I no | 0 ¥ 120,000] 80,0
crankcase hollow boll 10 ISTEEL - 100%] orming & Shaping [Other - Not relevant JOther - Not relevant || no | 0 F 120,000 80,
nkcase oil pan 2,045 |AL - 100%] |Press (Tandem, Other -_Not relsvant JOther - Not relevant § no | 0 J 120,000] 80,
kcase lash plate 206 |PAB-GF - 100%] jection Moldin; Other -_Not relevant JOther - Not relevant | no | 0 ¥ 120,000{ 80,000]
rankcase screw STEEL - 100% Forming & Shaping [Other - Not relevant [Other - Not relevant 1 no | 0 }{ 120,000] 80,000}
crankcase screw STEEL - 100%) Forming & Shaping JOther -_Not relevant JOther - Not relevant f no | O} 120,000] 80,0
1fcrankcase screw. STEEL - 100%| ‘orming & Shaping [Other - Not relevant _|Other - Not relevant { no | 0 J120,000] 80
1fcrankcase il drain piut 37 |STEEL - 100% [Forming & Shaping _JOther - Not relsvant [Other - Not relevant | no | o | 120,000] 80,000}
Afcrankcase radial seal STEEL - 100%) [Forming & Shaping |Other - Not relevant [Other - Not relevant ¥ no | 0 if 120,000] 80,000}
Tfcrankcase 1 561 AL AL 50%]_2_JIDie Castin Drillny WAl ['no | 0 | 120,000 80,
1fcrankcase 1 144 IMS PPS 100%) [Forgine Drillin Other - Not relevant | no | 0 § 120,000 80,
1Jcrankcase Timing belt cover 235 |PABE-GF _ |STEEL Injection Moldi Other - Not relevant_|Forming & Shapin. | O J 120,000] &0,
1fcrankcase cover 62 |STEEL - 100%) ress (Tandem [Painting Other -_Not relevant |_0_J 120,000] 8c,
1fcrankcase Timing belt cover 144 |STEEL - 100% [Press (Tandem. Other -_Not relevant [Other - Not relevant | O ¥ 120,000{ 80,000
Jcrankcase Timing beit cover 126 |STEEL B 100%)| [Press (Tandem; Other - Not relevant |Other - Not relevant | O H 120,000] 80,0
Jcrankcase screw 9 ISTEEL B 100% [Forming & Shaping _[Other - Not relevant JOther - Not relevant |l no | 0 ¥ 120,000] 80,
K 1Jcrankcase screw 8 [STEEL - 100%] Forming & Sh: Other -_Not relevant_|Other - Not relevant _§ no 120,000] 80,
12 Tfcylinder head linder head 206 [RUBBER _|- 00%]_1_[Mold [Gther - Not relevant_|Other - Not relevant_J no | 0 J 120,000 8
[112] 1fcylinder head Z cyiinder head 8,820 JAL STEEL 80%| Die Castil [Machining Center. [Milling | no | 0 ¥120,000] B0,
112 1Jcylinder head bearing cover 45 |AL - 100%)] Die Castii Other - Not relevant_Other - Not relevant I no | 0 § 120,000 80
[112] 1cylinder head bearing cover 57 JAL - 100%) Die Castil Other - Not relevant_Other - Not relevant § no | 0 [ 120,000] 80.0
[ 112] fcylinder head assembly aid 117 [STEEL - 100%) [Press (Tandem) Other - Not relevant [Other - Not relevant | no | 0 § 120,000/ 80,
112 Thoylinder head scrow 1SSTEEL |- T00% ‘orming & Shi [Other - Not relevant _[Other - Not relevant J no | 0 J 120,000] 80,
[112 fcylinder head screw 79 |EPDM - 100%! [Moldi Other - Not relevant Other - Not relevant J no | t_ 120,000] 80!
[112 Acylinder head nut 6 JSTEEL - 100%)| Forming & Shaping |Other - Not relevant JOther - Not relevant § no I o ¥ 120,000] 80,
[112] feylinder head gket 48 |EPOM - 100%| [Moldi Other - Not relevant_[Other - Not relevant { no | 0 j 120.000{ 80,
[112) Hcylinder head ca) 44 |PA-GF EPDM 100%) [Molck! [Other - Not relevant JOther - Not relevant § no | 0 J{ 120,000 80,
112 Tcytinder head nut SISTEEL |- 700%| 1_§Forming & Shaping [Other - Nol relevant |Other - Not relevant [l no | 0 | 120,000] 80
[112) fcylinder head lash plate 211 |PAB-GF - 100% Injection Molding Other -_Not relevant JOther - Not relevant fl no | 0 ¥ 120,000] 80,
|112) 1fcylinder head Cam cover 888 |AL - 100%, [Die Castin, Milling Other - Not relevant ¥ no | 0 | 120,000] 80,
1113 1 kshaft, bearing, rotational seals |crankshaft 14,668 |STAINLESS |- 100% [Forgi Machining Center Other -_Not reievant_§ no | 0 ¥ 120,000] 80,
(113 1fcrankshaft, bearing, rotational seals _|belt pull 1,748 |STEEL EPDM 75%) Prose (Tandem) Other - Not relevant_}Injection Moidin, [.no | O J 120,000 80,
(113 1Jcrankshatt, bearing, rotational seals _|screw 12 |STEEL - 100%)| [Forming & Shaping [Other - Not relevant JOther - Not relevant [ no | 0 ¥ 120,000] 80,
[113] 1Jcrankshaft, bearing, rotational seals __|rotational seal 13 ISTEEL EPDM 80%) [Forming & Shaping _[Other - Not relevant_|Moldi | no | O #120,000] 80,
[113] 1jcrankshaft, bearing, rotational seals _|thrust washer 8 ISTEEL - 100%) oming & Shaping JOther - Not relevant JOther - Not relevant § no 120,000] 80,000}
|13 1fcrankshaft, bearing, rotational seals _|thrust washer 8 |STEEL - 100%} ‘orming & Sha) Other - Not relevant |Other - Not relevant § no | 0 f 120,000] 80,000
[113] 1fcrankshaft, bearing rotational seals |bearing liner 29 |STEEL - 100%, [Forming & Shapir Other - Not relevant [Other - Not relevant J no | 0 ¥ 120,000] 80,000)
(113 Tjcrankshaft, bearing rotational seals | boaring liner 23 |STEEL | 100%| 1 JFoming & Shaping[Other -_Not relevant_|Other - Not relevant § no | 0 | 120,000] 80
1Jconnecting rod and cap w/ beariny connecting rod 314 |STAINLESS]- 100%] [Forgil Milling Other - Not relevant | no | 0 J 120,000] 80,
1connecting rod and cap w! bearin, [connecting rod 139 |STAINLESS|- 100%| [Forgi Milli [Other - Not relevant | no | _q 120,000{ 80,000
1jconnecting rod and W bearin; bearing liner 18 |STEEL - 100%) orming & Shapi Other - Not relevant_[Other - Not relevant | no | 0 § 120,000] 80,000
Thconnecting rod and cap wi bearings _[bearing liner 17 {STEEL | 100%] orming & Other - Not rolevant [Other - Not rolevant § no | © I 120,000] €0
I 1Jeonnecting rod and cap w/ bearin; acrew 21 |STEEL 100%| [Forming & ing _JOther - Not relevant [Other - Not reievant ’-—t_ 120,000] 80,
[ 115] 1]piston, piston rin; iston pin iston 269 |AL - 100% [Die Casting Millin; 0ther - Not relevant | O ] 120,000] &0,
[118] ]piston, plston rings, piston pin iston (i STEEL - 100%] [Forming & Shaping |Other - Not relevant {Other - Not relevant | 0 ¥ 120,000] 80,000
[115] 1jpiston, piston rings, piston pin iston 7 STEEL - 100%)| Forming & Shapi [Other -_Not relevant _|Other - Not relevant | O _§ 120,000] 80,000]
KEE 1 n, piston rings, piston pin oil scraper rin: STEEL - 100%] orming & Sha) Other -_Not relevant |Other - Not relevant ) J 120,000] 80,0
(15 1 n, piston rings, piston pin iston pin 61 ISTEEL - 100%) orming & Shapi Other - Not relevant _|Other - Not relevant ) J 120,000] 80,
[115] 1 n, piston rings, piston pin retainer ri STEEL - 100%) [Forming & Shapi Other - Not relevant |Other - Not relevant ) _§ 120,000] 80,000
[11€] 1jcam shait cam shaft 2,078 |STAINLESS|- 100%)| [Forging [Miling Other - Not relevant | O § 120,000 80,
{116 1 shaft rotational seal 14 [STEEL EPDM 100%] Forming & Shi Other -_Not relevant_[Other - Not relevant [ 0 J 120,000] 80,
7] 1fcam pulleys Timing belt 117 |RUBBER __ |PA86-GF 50%. Vulcanization Other - Not relevant _|Compression Moldin |_O J 120,000] 80,
1jcam puileys Z cam shaft pulle) 638 |STEEL - 100%| [Forgin, [Millin, Other -_Not relevant )_J| 120,000] 80,
1jcam pulleys crankshaft sproc| 275 ISTEEL - 100%] 1 _WForging [Millin, Other -_Not relevant :_ 120,000] 80,
1 lleys lidler puil 454 |STEEL STEEL 50%]| 2 JPress (Tandem) GMAW/FCAW-MIG _|Press (Tandem' | no | 0§ 120,000] 80,
1jcam pulleys SCrew 48 |STEEL - 100%]_1_JFoming & Shaping [Other - Not relevant |Other - Not relevant § no 120,000] 80,
1Jcam pulleys screw 119 |STEEL - 100%]|_1_fiForming & Shaping [Other - Not relevant [Othar - Not relevant | no | 0 120,000 80,
1jcam pulleys nut 3 [STEEL - 100%]_1_BFoming & Shaping lOther - Not reievant JOther - Not relevant ¥ no | 0 H 120,000] 80,000
1fcam pull washer 3 |STEEL - 100%{ 1 JForming & Shaping [Other - Not relevant [Other - Not relevant | no | 0 F 120,000] 80,
1Jlifter with adjuster plate raulic lifier 55 |STEEL . 100%]_1 JPress (Tandem Other - Not relevant [Other - Not relevant § no | 0 T 120,000] 80,
1lintake and exhausi valve intake valve 60 |STEEL - 100%] 1_HForgi Milli [Other - Not relevant I no | 0 ¥ 120,000] 80,
1fintake and exhaus! valve valve shalt seal 1]STEEL EPDM 100%] 1 _JForming & Shaping [Other - Not relevant [Other - Not relevant ¥ no [ 0 N 120,000 80,
intake and exhaust valve valve guide 20 IMS - 100%] 1 JForming & Shaping [Other - Not relevant [Other - Not relevant ) no "0 J'120,000] 80,
1fintake and exhaust valve [cone 1 ISTEEL - 100%| 1 JFoming & Shaping JOther - Not relevant [Other - Not relevant J no | 0 J'120,000] 80,
1jintake and exhaust valve ing eeat 12 |STEEL - 100%] 1 JPress (Tandem: Other - Not relevant [Other - Not relevant J no | © J'120,000] 80,
1fintake and exhaust valve valve spri 44 |STEEL - 100%] 1 HForming & Shaping JOther - Not relevant [Other - Not relevant I no | 0 I 120,000] &0,
1flintake and exhaust valve oxhaust valve 59 |STEEL - 100%{ 1 JForgi Milli Other - _Not relevant | no | 0 fI 120,000] 80,000]
1ol pump W drive [oil pump housin 400 100%|_2_JDie Castiny Ml [Other - Not relevant_J no | 0 120,000] 80
1foil pump W' drive i 100 100%] 1 _JDie Castin, Millin [Other - Not relevant | no | 0 120,000 80,
1joil pump w drive extomal rotor 100%]_1_RForgin Milli Gther - Not relevant | no | 0 |120,600] 80,
AJoil pump W drive interior light 100%] _1_JForgin; Milliny Other - Not relevant_§ no | 0 ¥ 120,000f 80,
foil pump w/ drive drive pulle; 100%] 1_JPress (Tandem; Other -_Not relevant |Other - Not relevant_J no | 0 | 120,000] 80,
ol pump w/ drive rive chain 100%]_2_|Press (Tandem [Assemb Other -_Not relevant | no | 0 J 120,000] 80,
1joll pump W drive tensioner 100%] _1_JMoidi Other -_Not relevant_|Forming & i [ no | 0 J 120,000 80
1Joil pump w/ drive radial seal 100%] _1_|[Moidi Other -_Not relevant_|Other - Not relevant | no | 0 I 120,000] &0,
1foil pump w' drive intake runner —80%|_1_JBendin, Prese (Tandem: [GMAWIFCAW-MIG [ no | 61 120,000] 80,000
oil pump w/ drive screw 100%| 1 JForming & Shaping [Other - Not relevamt_JOwher - Not relevant_J no |0 J 120,000] 80,0t
1foit w drive screw 100%| 1 JForming & Shaping Other - Nol relevant JOther - Not relevant | no | 0 ¥ 120,000 80.f
1foil pump w/ drive screw 100%| [Forming & Shaping Other - Not relevant [Other -_Not relevant | no 120,000} 80!

=]
—t



foil wi drive screw 4 |STEEL - 100%] 1 _JForming & Shapii Other - Not relsvant_Other - Not relevant § no | 120,

Aol filter and oil cooler I [asket 926 JAL STEEL 100%] 1 (Ml Other - Not relevant I no | ( : 120

AJoil fiiter and oil cooler th nipple 80 8 100%] 1 ming & Sh Other -_Not relevant [Other - Not relevant J no | 120,000}
ol filter and ofl cooler [screw 17[STEEL |- 100%]1_JForming & Sh [Other - Not relevant_[Giher - Not relevant_| no | 0 120,000
1Joil filter and oil cooler radial seal 5 |EPDI - 1_EMoidin; (Other -_Not relevant_JOther - Nol relevant § no 120,000]
1ol fitter and ofl cooler oll cooler 440 JAL AL S0%| 2 ‘andom) ‘andom WIECAW-MIG | no | 0 1120,

foll filter and olf cooler nut 10 [STEE - 100%] 1" JForming & Shaping |Other - Not relevant_Other - Not relevant | no | 0 J 120,000}
1 lter and ol cooler radial seal [] - 100%] t JMoldis [Other - Not relevant [Other - Not reievant | no | 0 ] 120,000
Aok filter_and ol ol filter 630 |STEE R 3 JPress (Tandem) ___[Other - Not relevant_Nonwoven [ no |0 J120,000]
Tfoil filier and oil cooler asket 20|STEEL |- 1 1_JForming & Shi [Other - Not relevant_[Other - Not relevant | _no |0 ] 120,000}
ol filter and oil cooler hose 98 |E| - 100%] 1 Other -_Not relevant_JOther - Not relevant J no | 120,000
Toll fter and ol cooler hose 80 PE 100%[—1_[Moidk [Other - Not relevant JOther - Not relevant | no | 0 120,000
1foll fiiter and oif cooler hose clam) 8 |STEE! - 100%} 1 ing & Other - Not relsvant_[Other - Not relevant .LG__: 120,000]
1 dipstick, '8 bushil oil I dipstick 42 L PBT J0%] 1 JForming & Shapin; = rolevi i [ no | 0§ 120,000]
1joil level di slesve bush sieeve tube 34 |PBT - J00%] 1 er - relevant - Not relevant_§ no | 0 ] 120,000)
ol level di Sleave bu: sieave tubs 101 - 1 1 JFoming & Other -_Not relevant_Other - Not relevant I no | 120,

Tfoll level dipstick, siesve bushi t 7StEEL I 100%[ 1 JForming & ~ Not relevant ~_Not relevent | no | 0 §120,000)
ol level di Sleeve i jscrew 8 ISTEEL - 1 A_JForming & Sh Other - Not relevant_lOther - Not relevant | no | : 1

ol level sensor sensor oll level sensor 103 JAL EPDM 100%]| 1 JEilectronics - Not relevent r - Not relevant § no_ | 0 1'120,000]
1ol level sensor (WIV) , sensor screw STEEL |- 1_JForming & Sh Other - Not refevant [Gther - Not relevant | no | 0 |

Afshieid panels and skids preventing dar engine shieidiny 4222 JUP-GI - 100%) Moidi r- Not relevant |Other - Not relevant | no | 0 J1
1jshieid s and skids rentls rubber beariny 17 |STEEL BBER__| 100%] 1 JForming & Other -_Not relevant _JOther - Not relevent I no 1120,
1jshield and skids preventi nut 3 |STEEL - 1 1_JForming & Sh Other - Not relevant [Other - Not relevant § no | i}

k) 0is and skids preventing darfecrew 11 |STEEL - 100%] 1 rming & Other - Not relevant [Other - Not relevant | no 1

1 cover cover 951 JPAB-GF - 100%] 2 Knjection Other - Not relevant |Other - solevant § no | O J 120,000}
1jdesign cover suf bracket 330 ISTEEL - 100%] 1 andem Other -_Not relevant_JOther - Not relsvant J no 120,000;
1 n cover bolt 18 - 100%] 1 JForming & ing_JOther - Not relevant [Othsr - Not relevant I no | 0§ 120,000]
1 n cover met 11 JRUI o 100%] 1 i Other - Not relevant |Other - Not relevant I no | 0 § 120,000
1 n cover washer 4 |STEEL - 1 1_JForming & Sh: [Other -_Not relevent_|Other - Not relevant _ng__] 120,000]
design cover nut STEEL - 100%]| 1 JForming & Sh ther - Not ant_JOther - Notrelevant I no | 0 J 120,000
Ajdesign cover ball joint head PP/ - 00%] 1 din| Other -_Not relevant |Other - Not relevant § no ]120,000)
1jinjection engine control m: 411 Electronics |- 100%] 3 JElectronics Other -_Not relevant Other - Not relevant ¥ no | 0 J 120,000
1finjection STEE| - 100%] 1 andem) Other -_Not relevant [Other - Not relevant ¥ no | 0 I 120,000]
1¥njection m bracket [POM - 100%] 1 Il Other -_Not relevant_|Other - Not relevant I no | 0 J 120,000
1finjection m bracket [POM - 1 1 [Other -_Not relevent_[Other - Not relevant § no 120,000
finjection m screw ISTEEL - 100%] 1 Jrorming & Other - Not relevant_[Other - Notrelevant § no | 0 ¥ 120,000}
injection throttie 7 JAL -GF 80%] 1 asting [Milll [Electronics no 120,000]
Tfinjection ] 2[PAPER |- T00%] 1 JMold (Other - Nol relevant_[Other - Not relsvant J no | 0 |1
injection system screw 12|STEEL |- 700%[—1_JFomi [Gther— Not relevant [Other —_Not relevant | no | 0 §120,000)
Tfinjection sysiem air flow meter 25 |PBI-GF__ |- 100%| 2 Jinjection Moiding___|Ofher -_Not relevant_|Other - Not relevant | no | 0 | 120
Tfinjection system radiel seal SIEPOM |- T00%] 1 [Gther -_Not relevant - Nolrelevant | no | 0 120,000
]linjection screw 3 |- 1 1_JForming & Sh: Other -_Not relevant_|Other - Notrelevant I no | 0 ¥ 120,000}
finjection del position 243 [PP-GF ___ISTEEL __| 100%] 1 ics ther - Not relevant_[Other - Not relevant | no | 0 ] 120,000
finjection screw 8 - 1 _JForming & [Other - Not relevant |Other - Not relevant § no ] 0 J 120,000
1 ion m sensor 134 | Electronics |- 100%] _1_JElectronics or -_Not relevant [Other - Not relevant I no | 0 I 120,000
1jinjection m sensor 133 | Electronics |- 100%] 1_JElectronics Other -_Not relevant JOther - Notrelevent | no | 0 I 120,000!
Ajinjection m fuel line ut 182 1C__|- 100%] 1 JExirusion {plastic) _|Com) Molding [Other - Not ant frol O F1
Hlinjectior m [vacuum 51 C__ |- 1 1 s Other - Not relevant_JOther - Notrelevant ¥ no | 0 I 120,000}
Tinjection hose clam 3 LI 100%] 1 [ Other - Not relevant [Other - Not relevant | no | 0 J 120,000
1Nnjection 20 |STEEL PAGS-GF_|_100%] Forming & er -_Not relevant_|Other - Not relevant § no | 0 J 120,
1Binjection screw 7 JSTEEL - 100%]_1_Jrorming & Sheping [Other - Not relevant JOther - Notrelevant § no | 0 J 120,
Tinjection hose B1]EPOM |- 100%] (Gther -_Not relevant = Notrelevant | no |0 J 120,000
“ifinjection [clamj Z|AL C 100%]_1_[Moldi [Gther — Not relevant_[Other - Not relevant_I no | 0 § 120,000
1 ion fuel distributor 173 [PABS-GF _ ISTEEL 100% - ant_IC: noj O¥1
Thnieciion re requisior] — 43 - - T00%] 1 JEtectic Ofhor - Not relevant {Other - Notrolevart { no | 0 11
A¥injection m bracket 5 |STEEL - 100%) ing & iny - Not r -_Not relevant § n 120,
1finjection m hose 8 1c__|- J00%| - Not reievant {Other - Not relevant I no | 0 J 120,000
Afinjection injector 48 JAL - 1 2 JEleciro-Mechanical_|Other - Not relevant |Other - Not relevant | no 120,000]
k] lon radial EPDM - 100%[ 1 _JMoldil Other - Not relevant_lOther - Not relevant § no | 0 I 1:

1 ion radial seal - 1 1_JMoldi Other - Not relevant_[Other - Not relevant | no ]

1 lon m bracket STEEL - 100%] 1 NForming & ing _|Other - relsvant JOther - Notrelevant J no 1 O J 1
1jinjection scTew L - 1 1_JForming & Shapli Other -_Not relevant_JOther - Not relevant | no 120,000]
Alinjection line 52 ISTEE! a 1 1 JF Sh: Other - relevant - Not ent I nol o J120
finjection lhose clam; 1]STE! S 1 1 JForming & Sh [Other - Not relevant [Other - Not relevant I no 1 0 11

] ion hose 105 [EPDM PLASTIC 1_EMoldi Moldi ding nol 0]

k] lon su) 2P, - 100%) 1 Other - Not relevant JOther - Notrelevant J no | 0 | 120,000f
1 on hosa clam| 3 JSTEEL - 100%| 1 JForming & Shaping [Other - Not relevant lOther - Not relevant I no | 0 J 120,000
1jinjection el tank breather 120 |P; - 1 1_Jinjection Moldin, [Other - Not relevant - Notrelevant § no | 0 §1
Alinjection v 13 JEPDM - 100%] 1 di; Other - Not relevant |Other - relevant § no 120,

1 on vacuum line 8 |JEPDM - 100%] _1_EMoldi Other - Not relevant IOther - Notreievant I no | 0 1.

1 lon m Z fuel pum) 868 |POM POM 35%| 2 Jinjection Maldi Injection Moldis Electri no 120,
Afinjection m retainer 98 {POM - 1 1_Jinjection Moldi Other - _Not relevant r~ Notrelevant | no | O J 120,000]
1gnjection radial seal 48 IRUBBER |- 100%] 1 Other - relevant JOther - Nol relevant I no k]
Alinjection m nut PE - 1 1 g [Other - Not relevant |Other - Not relevant | na 0 ¥ 120,000]
Afinjection lid 233 JPLASTIC__ |- 100%| 1 |ection Moid) Other -_Nol relevant |Other - Not relevant JI no 20,0001
Ajinjection screw STE! B 100%] 1 JForming & - relevant_[Other - Notrelevent I no | 0 I 120,
Ajnlection acTOW L - kI 1 _JForming & Shaping |Other - Not relevant |Other - Not relevent | no 120,
Afinjection bracket STEEL - 1 1 _JForming & Shapli [Other - Not relevant_|Other - Not relevant jra 1 O] 120,
1finjection switch 21 |PA-8 - 1 1_JElectric [Other -_Not relevant |Other - Not relevant | na 1
Alintake line and manifold intake runner 3,364 JAL - k] 2_|Die Casti [Milll Other - Notrelevant ¥ nol O 1
1jintake iine and manifold intake manifold 1,088 JAL - 1 1_JDie Castin (M ~ Notrelevant | no 120,
1Rintake line and manifold jasket 18 JRUBBER |- 100%] 1 IMoldi [Other -_Not relevant_|Other - Not relevant I no 120,
Afintaks line manifold jasket 2 - 1 1 dil [Other - Not refevant [Other - Not relevant # )_J 120,000
flintake line and manifold [scraw 38 |STEEL - 100%]_1_KForming & Sh: Other - Nol relevant [Other - Notrelevant § no | 0 I 120,000
1fintake line and manifold screw 15 ISTEEL - 100%| 1 JFoming & - Not ant_JOther - Notrelevant J no | 0 J1
1Binteke line and manifold screw 15 |STEEL - 100%] 1 _JForming & Shapi [Other - Not relevant_JOther - relevant J no ) 0 |t
1fintake line and manifold nut 8 ISTEEL 8 100%] 1 JFoming & = Not ant_[Other - Not ant 1 no | 1.
Afintake line and manifold sl 170 |STEEL - 100%| 1 JPress (Tandem Other -_Not relevant JOther ~ Not relevant |} no 120,000]
1jintake line and manifold screw 15 ISTEEL - 1 1 _JForming & Sheping [Other - Not relevant JOther - relevant I no | 1

Ajair filter air filter housi 808 Ic_1|- 1 3 ection Moldin, Other -_Not relevant |Other - Not relevant | no 1

Aair filter filter element 300 |EPDM EPOM 1_Jinjection Mol RIM/Foam Moldif Other -_Not relevent I no A

1Jair filter ar filter hot 694 IPI - i 1 jection Moldis Other - Not relsvant_[Other - Not relevant § no 120,
AJair fiiter intake runner 1151PP EPDM kI 1_Jinjection Moldl Other - Not relevant |Other . Not relevant | no 120,

Afair filter intake runner 1 - 1 1_Jinjection Moldin Other - relevant = Notrelevant  no ] O §1

1Jair filter connecting pij 238 |TEEE - 100%] 1 jection Moidin; Other - Not relevant lOther - Not relevant § no | 120,
1air filter u 247 |PLASTIC |- i 1 jection Moldi: - _Not relevant_|Other - Not relevant | no |

AJair filter clam) 27 ISTE! - 100%}_1 JForming & Shaping [Other - Not relevant |Other - Not relevant 1

Aais fiiter hose clam| 39 |STEEL - kI 1_JForming & Shagi [Other - relsvant_|Other - Not relevant 120,000]
Afair filter jasket 4 - 1 1_IMoldi [Other - Not relevant er - Not relevant_{ no 1

1jair filter retainer 12 JEPDM - i 1_JMoldi Other -_Not relevant r-_Not relevant | n 120,000
AJair filter retainer EPDM - 1 1 Other - relevant = Not relevant k no ) 1120,

i fiter [Soeve N 100%] 1 ash Other— Not relevant ~Notrslevant_J no | 01

i filter screw. STEEL - 100%| 1 FForming & Sh. Other -_Not relevant_|Other - Not relevant || no 1

1air filter SCTew ISTEEL - 1_JFormii Shepii Other - Not relevant _JOther - Notrelevant I no | 0 § 1.

1feir filter screw L - kI 1_JForming & Shapi [Other - Not relevant_[Other - Not relevant J no k]
jcrankcase ventilation hoss 220 JAL - 100%] _1_JExirusion Other -_Not relevant ~ Not relevant ¥ no 120,000]
1 ventilation hose clam| 1 EEL - 1 il Shi Other - Not relsvant = Not relevant | no 120,000]
1 kcase ventilation hose clam 11 ISTEEL - 100%} _1_JForming & Shaping [Other - Not relevant [Other - Not relevant I no 120,000]
1 kcase ventilation hose support 4 1P 1Ic_1- k] ] - Not relevant r- Notrelevant § no ] O J 120,000]
1 sust manifold @xhaust manifold 5, - - 1 - _Not relevant [Other - Not relevant [Other - Not relevant | no ) ]| 120,000}
Ajlexhaust manifold 1,500 |STEEL STEEL S0%] 1 andem GMAW/FCAW-MIG__{Press (Tandem) no 120,000]
Tjexhaust manifold 1 1,000 |STEEC |- 1 1 ‘endem)  JOMAW/ECAW-MIQ_[Other - Nol relevant | no | 0 | 120,000
1 manifold | 400 L - 1 1_JPress (Tandem) [GMAW/FCAW-MIG or - Not relevant | no 120,000]
1) manifold exhaust manifald 1 IRON |CAST IRON _70%] 1_JSand Casti GMAW/FCAW-MIG_[Other - Not relevant § no | 0 J 120,000}
1 manifold exhaust mantfold 1,000 JRON 1RO 1 Castl ‘CA Other - Not ant m'_ ) | 000}
1 wst menifold 27 L - 1 1 ing & Sh Other - Not relevant {Other - Not relevent | no 120,000]
1jexhaust manifold nut 8 ISTEEL - 100%} 1 _JForming & Shaping JOther - Not relsvant |Other . Not relevant I no 120,000
1 manifold sy 294 ISTEEL - 100%| 2 andem -~ Not relevent JOther - Notrelevant § no | O § 120,000]
1 manifold screw 20 L - 1 1_JForming & Shi Other - Not relevant {Other - Not relevant || o 120,
AJexhaust manifold washer 3 STEEL - 100%] 1_JForming & Shap [Other - Not relevant_[Other - Not relevant J no 120,000}
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1fexhaust manifold nut 13 |STEEL - 100% Forming & Shaping _ JOther - Not relevant_Other - Not relevant I no | 0 J 120,000
1Jexhaust gas recirculation (EGR ), EGHEGR vaive 608 |STEEL AL 40%)| Press (Tandem) Precision Mechanics |Die Castin, no § 0 120,000}
1Jexhaust gas recirculation (EGR ), EGI AL - 100%) [Forming & Sh: Othar -_Not relevant_[Other - Not relevant I no | 0 ¥ 120,000
1Jexhaust gas recirculation (EGR ), EGHacrew 21 |STEEL - 100%| [Forming & Shaping [Other - Not relevant jOther - Not relevant J no | 0_J 120,000}
Jexhaust gas recirculation (EGR ), EGHhoge 21 |JRUBBER _ |- 100%)| Moldil Other -_Not relevant_[Other - Not relevant } no | 0 N 120,000
lexhauist gas recirculation (EGR ), EGHoiam STEEL |- 100%| _1_[Forming & Shaping [Other -_Not relevant_[Other - Not relevant § no | 0 I 120,000
1Jexhaust gas recirculation (EGR ), EGHpipe clam 188 JAL - 100%) (Colli [Other - Not relevant_lOther - Not relevant § no | : )_§ 120,000/
1 ndary air system [sacondary air pumfl 1,317 |PAE-GF EEL 100%)] Precision Mechanics JOther -_Not relevant JOther - Not relevant § no | 0 f 120,000
1lsecondary air system nut 2 |STEEL - 100% [Forming & Shaping _[Other - Not reisvant JOther - Notrelevant | no | 0 I 120,000
T|secandary air system support %54 [STEEL |- 100%] 1 _JPress (Tandem) __[Other - Not relevant_|Other - Not relevant § no | _1 720,000)
1 air system ecraw 13 ISTEEL - 100%! oming & i Othar -_Not relevant {Other - Notrelevant Y no | 0 ¥ 120,000
1 ndary air system valve 194 JAL - 100%) Die Casti Miliing Other -_Not relevant E_ ) {1 120,000]
1)secondary air system sket 1 |PAPER - 100%)| [Moidi Other -_Not relevant_|Other - _Not relevant § no | 0 f 120,000]
1Jsecondary air sysiem screw 9 JSTEEL - 100%)| ‘orming & Shaping _JOther - Not relevant _[Other - Not relevant § no | 0 ¥ 120,000]
1 ndary air system adapter 107 [STEEL AL 100%| ie Castin, Other -_Not relevant_JOther - Not relevant J no | 0 ¥ 120,000;
3 e air gystem SCTew 15 ISTEEL - 100%)] [Forming & Shaping _JOther - Not relevant_JOther - Not relevant § no | ¢ : 120,000]
1 ndary air system screw 8 |STEEL - 100%) [Forming & ing_JOther - Not relevant_[Other - Not relevant I no | 0 J 120,000
1 ndary air system [cannectin 48 |PA6-GF - 100%| [Moldi Other -_Not relevant [Other - Not relevant § no | 0 ¥ 120,000
1fsecondary air system connecting tube 173 JAL - 100% orming & Shaping [Other - Not relevant [Other - Not relevant ¥ no | 0 N 120,000
1 ndary air system 3 |PLASTIC 100%| [Moldin Other - Not relevant_fOther -_Not relovant § no } _j 120,000]
1 ndary air system support 6 |PA-86 B 100% idil [Other - Not relevant _|Other -_Not relevant )L’_ )_J 120,000]
1 ndary air system clam 13 ISTEEL - 100%] orming & Sha) Other -_Not relevant JOther - Not relevant J no | 0 ¥ 120,000]
1fsecondary air system screw 13 |STEEL i 100% [Forming & ing _[Other - Not relevant _[Other - Not relevant § no | 0 H 120,000
1)secondary air system clam) 12 [STEEL - 100%| [Forming & Shaping |Other -_Not relevant_[Other - Not relevant ¥ no | 0 I 120,000
1 ndary alr system sCrew. 4 |STEEL - 100%| Forming & Shapir Other -_Not relevant |Other - Not relevant | no )_§ 120,000]
1)secondary air system hose 108 |PA6-GF - 100%!] Moldin Other - Not relevant [Other - Not relevant § no | : )_J 120,000]
1mutflers exhaust 4,295 [AL STEEL 40%| [Sand Castif Bendi GMAW/FCAW-MIG_ | no | 0 § 120,000}
1mufflers catalytic converterl 3,866 |STEEL - 100% [Electronics Other -_Not relevant_JOther - Not relevant _[| no | 0 ¥ 120,000]
1imufflers connecting tube 693 |STEEL AL 70%} ndiny GMAW/FCAW-MIG _|Bendi no | o ¥ 120,000
1imutflers connecting tube 1,146 [STEEL STEEL 80%)| ndin Press (Tandem [GMAW/FCAW-MIG no 120,000
1mutfiers resonator 8,338 |STEEL - 100%) [Bendin, [Other -_Not relevant [Other - Notrelevant § no | 0 [ 120,000
1fmuiflers connecting tube 1,888 |STEEL - 100%)| [Bendin, Other -_Not relevant _[Other - Not relevant || no | 0 ¥ 120,000]
1 muttlers [connecting tube 176 |STEEL - 100%| il formin, Other -_Not relevant_[Other - Not relevant_J no | 0 J 120,000
Hmuiflers muffler 5,738 |STEEL STEEL 70% oll forming GMAW/FCAW-MIG _|Roll formit | no | O N 120,000,
mutflers ailpi 777 |STEEL - 100%) 1l torm) Bendi Other - Not relovant R no | (
1mutiiers et 26 |STEEL B 100%] ress (Tandem; Other - Not relevant_|Other - Not relevant || no | ¢
Amutflers nut 11 |STEEL - 100%] [Forming & Shaping |Othar - Not relevant_|Other - Not relevant |} no | (
1jmutflers kot 20 |STEEL - 100%) ‘ress (Tandem. [Othar - Not relevant _[Other - Not relevant § no | 0 |
muiflers screw 17 |STEEL - 100% ‘orming & Shapil Other - Not relevant_[Other - Not relevant ¥ no | 6 J 120,000;
Amutfiers nut 5 |STEEL 100%)] orming & Shaping _[Other - Not relevant_[Other - Not relevant } no | © § 120,000]
jmufilers heat shisld panel 530 |STEEL 100%] Press (Tandem; Other -_Not relevant_[Other - Not relevant | no [ 0 N 120,000]
1mutflers £ STEEL - 100%| [Forming & Shaping JOther - Not relevant |Other - Not relevant § no | 0 § 120,000
Afmutflers ish nut STEEL o 100% Forming & Shaping |Other - Not relevant [Other - Not relevant I no | 0 J 120,000
jmuttiers screw STEEL - 100%| orming & Shaping [Other - Not relevant_[Other - Not relevant § no { 0 J 120,000
1muttlers clam 161 |STEEL - 100% orgi Other - Not relevant |Other - Not relevant § no | 0 J 120,000
imuifiers screw 39 ISTEEL - 100% ‘orming & Shaping ]Other - Not relevant [Other - Not relevant EL )_{| 120,000
muttiers nut 10 |STEEL - 100%| [Forming & Shaping [Other - Not relevant IOther - Not relevant | no | 0 fI 120,000}
1mutfiers exhaust rubber h 75 |EPDM B 100%] injection Moldit [Other - Not relevant [Other - Not relevant § no | 0 § 120,000]
1jheat shield panels heat shieid panel 825 JAL B 100%] [Press (Tandem) [Other -_Not relevant [Other - Not relevant |} no )_{l 120,000|
1jheat shield panels. heal shield panel 648 JAL - 100%) 'ress (Tandern [Other -_Nof relevant_[Other -_Not relevant | no | ¢ )_J 120,000]
1jheat shieid panels heat shield panel 504 [AL B 100%) ress (Tandem (Other - Not reievant_|Other - Not relevant | no | 0 I 120,000
1jheat shield paneis heat shield panel 348 JAL - 100%) ross (Tandem Other -_Not relevant jOther - Not relevant § no | 0 ¥ 120,000
1jheat shield panels heat shield panel 453 |AL - 100%| ress (Tandem; [Other - Not ralevant [Other - Not relevant | no | 0 J 120,000
1fheat shield panels nut 5 ISTEEL - 100% orming & Sha) Other -_Not relevant_[Other - Not relevant | no | 0 I 120.000)
1lheat shield panels heat shield panel 120 JAL - 100%) ress (Tandem Other -_Not reievant_[Other -_Not relevant &: ) _{ 120,000
1 shield panels heat shield panel 81 AL - 100%| [Press (Tandem: Other - Not relevant _[Other - Not relevant { no | 0} 120,000]
1jheat shield panels heat shield panel 78 JAL - 100%) ress (Tandem, [Other -_Not relevant [Other - Not relevant J§ no | 0 J 120,000
1jheat shield panels heat shield panel 134 |STEEL AL 100%| Press (Tandem) Other -_Not relevant _[Other - Not relevant § no | 0 J 120,000
Vjheat shieid panels shield 38 [AL - 100%)] rees (Tandem Othet - Not relevant_[Other - Not relevant § no | C § 120,000]
1jheat shield paneis shield 25 [AL - 100%| [Press (Tandem, Other -_Not relevant_Other - Not relevant I no { 0 ¥ 120,000
1jheat shield panels shield 23 [AL - 100%) ress (Tandem; [Other - Not relevant |Other - Not relevant § no | 0 § 120,000
1fheat shield panels bracket 2 |STEEL - 100%]_1_JForming & Shapi Other -_Not relevant_|Other - Not relevant ¥ no | G § 120,000
1Jheat shield panels screw 8 |STEEL - 100%] _1_JForming & Sh: Other -_Not relevant_|Other - Not relevant jno 1 0 ] 120,000!
i shield pansis nut 3 |STEEL = 100%) orming & ing |Other - Not relevant_|Other - Not relevant § no | 0 § 120,000
1motor oil motor oil 883 |- - 100%) her - Not relevant JOther -_Not relevant_[Other - Not relevant § no | t ) 1 120,0001
1jcoolant coolant 1,055 |- B 100%| her - Not relevant JOther - Not relevant_[Other - Not relevant J no | 0 } 120,000}
Hengine fastening elements bearing block 912 [STEEL - 100%] 2 JPress (Tandem Other -_Not relevant_[Other - Not relevant I no | 0_J 120,000
1flengine fastening elements Screw 18 |STEEL - 100%| t_jForming & Shaping |Other - Not relevant |Other - Not relevant E_ )} 120,000}
1Jengine fastening elements angle aupport 465 |AL - 100%] 2 [Die Castin [Other - Not relevant_JOther - Not relevant _J no | 0 ¥ 120,000
1Jengine fastening elements screw 31 |STEEL - 100%]_1_JForming & Shay [Other -_Not relevant [Other - Not relevant_J no | t )} 120,000]
1 ine fastening elements SCrOw. 35 |STEEL - 100%] _1_JForming & Sh: Other -_Not relevant_IOther - Not relevant I no | 0 ¥ 120,000
1 ine fastening elements support beari 6,505 |CAST IRON]- 100%] 2 Casti [Milli Other - Not relevant | no | 0_ 120,000
1engine fastening elements screw 72 |STEEL - 100%[ 1 JForming & Sh: Other -_Not relevant |Other - Not relevant I no | 0_J 120,000
tlengine damping elements Z damping elemen] 1,005 [STEEL RUBBER 70%] 3 JPress (Tandem | Assemnbis Injection Mold | no | : )_§§ 120,000
1jengine damping elements Z damping elemenl] _ 302 [RUBBER _ |STEEL 70%]_2 [injection Moldin | Assambh Forming & ing i no { 0 J 120,000
1fengine damping elements nut 18 [STEEL - 100%] 1 HFomming & Shaping IOther - Not relevant_[Other - Not relevant § no | 0 J 120,000]
1Jengine damping elements nut 13 |STEEL - 100%] 1_JForming & Shaping [Other - Not relevant Other - Not relevant J no | 0 J 120,000
flranemission (astaning slerments —|support beart TZT[AL - 106%] 2 J0is Cast Wil Sihor - Nol relavant_} no |0 §120,000
Tiransmission fastening elements screw 90 [STEEL |- 100%] 1 JForming & Shaping [Other -_Not relevant_[Other -_Not relevant E__ 120,000]
1jtransmission fastening elements support 118 JAL - 100%} 1_JForging Other - Not relevant [Other - Not relevant J no | 0 ¥ 120,000
1iransmission fastening elements screw 93 |STEEL - 100%] 1 _JForming & Shaping IOther - Not relevant _|Other - Not relevant | no ] 0 § 120,000]
1jtransmission fastening elements [scrow 85 |STEEL B 100%] 1 JForming & Shaping JOther - Not relevant |Other - Not relevant ¥ no | _3 120,000}
Ajtransmission fastening elements BCIOW 80 ISTEEL - 100%] 1 JForming & Sh Othar - Not relevant jOther - Not relevant | no 120,000}
1ftransmission fastening elemsents 8Crew. 47 |STEEL - 100%]_1_JForming & Shaj Other - Not relevant_|Other - Not relevant E__ )} 120,000
1jtransmission {astening elements screw 74 |STEEL - 100%] 1 JForming & Shaping [Other - Not relevant_[Other -_Not relevant § no | 0 § 120,000
1jtransmission fastening elements 8craw. 70 |STEEL - 100%| 1 JForming & Shaping |Other -_Not relevant |Other - Not relevant § no } 0 H 120,000}
1jtransmission fastening elements SCIOW 72 |STEEL - 100%] 1 rming & Shapi Other -_Not relevant JOther - Not relevant § no | 0 H 120,000
Ajtransmission dam) alements transmission boarif] 1,910 JAL RUBBER 70%] 3 JIPress (Tandem | Assem! injection Moidi i no | O 120,000
158 1 Jtransmission damping elements screw 45 |STEEL - 100%] 1 _HForming & Sh Other -_Not relavant_{Other -_Nol relovant § no | 0} 120,000,
158f 1 1Jtransmission damping elements Screw. 45 [STEEL a 100%| 1 RForming & Shaping |Other - Not relevant _[Other - Not relavant &_L‘ 120,000
1se] 1 Aftransmission dam| elements screw. 89 |STEEL - 100%]_1_JForming & Shaping JOther - Not relevant JOther - Not relevant § no | 0 120,000
1591 1 1jtransmission damping elements nut 18 [STEEL - 100%] 1 ming & Shapi Other - Not relevant [Other - Not relevant _M;E 120,000}
159] 1 jtransmission dam) slements washer 54 |STEEL - 100%] 1 HForming & Shaj Other -_Not relevant Other - Not relevant { no | 0 ¥ 120,000}
159] 1 1Jtransmission damping eiements hinged column 1,295 AL RUBBER 70%} 3 EDie Castin; Assembl Injection Moldit { no | 0 J 120,000
158] 1 1jtransmission damping elements screw 100 |STEEL - 100%] 1 JForming & Sh Other - Not relavant [Other -_Not relevant
159] 1 1jtranamission damping elements nut 18 [STEEL - 100%| 1 _JForming & Shaj Other -_Not relevant [Other - Not relevant_J no |
18! 20 _21Htront brake brake mount 1,742 |STAINLESS [ STAINL! 90%|_3 ISand Castin, [Mili Heat Treatment [ yos |
18] 2| 21]front brake brake caliper 2,896 |STAINLESS [EPDM 90%] 3 Cati Machining Center Heat Treatment mz 120,000;
18] 2] 21}iront brake iston 483 |STEEL STEEL 90%] 1 §Forgin, [Milling Heat Treatment {yes| 2 i 120,000]
18] 2| 21jfront brake 7 |JEPDM - 100%]_1_JMoldin Other -_Not relevant |Other -_Not relevant es | 1§ 120,000
18] 2 21jtront brake brake pad 563 |STEEL STEEL 80%]_3_JForgin, Im) nation Heal Treatment es | 2} 120,000)
161 2] 21ffront brake brake 555 |STEEL STEEL 80%| 3 Im tion Heat Treatment {yes} 2 § 120,000
18] 2] 21}iront brake brake 513 |STEEL STEEL 80%] 3 HForgin Impregnation Heat Treatment (yes| 2 H 120,000
16| 2] _ 21}front brake cable support 30 |STEEL - 100%] _1_JForming & Shi Other - Not relevant_[Other - Not relevant _Jyes| 1 J 120,000
16| 2] 21ifront brake SCrew. 3 JSTEEL - 100%| 1 JForming & Shaping [Other - Not relevant |Other - Not relevant Jyes| 1 ¥ 120,000]
16| _2[ 21ffront brake 'support sprin 1T[STEEL |- 100%|_1_JBendin [Other - Not relevant_|Gther -_Nol relevant -EE 120,000]
16|21 _21}front brake Dieades vaive 10 JSTEEL - 1 1 _RForming & Shaping [Other - Not relevant JOther - Not relevant ] 1§ 120,000]
18] 2| 21jfront brake dust caj 1 |JEPDM - 100%)] 1 Other -_Not relevant [Other - Not relevant t%; 120,000!
18] 2| 21Hront brake dust 1|PP - 100%] 1_JMoldi ther - Not relevant [Other - Not relevant ¥ yves] 1 ¥ 120,000
16]_2| 21)front brake ide boit 38 |STEEL - 100%|_1_JForming & Sh: [Other - Not relevant lOther - Not relevant J yes| 1 J 120,000
16] 2| 21ffront brake acrew 77 |STEEL - 100%]_1_JForming & Shaping [Other - Not relevant JOther - Not relevant Fyes] 1 J 120,000
16]_2] 21}iront brake cover panel 77 ISTEEL - 100%] 1 _JForming & Sh [Other -_Not relevant_]Other - _Not relevant _J yes] 1 ¥ 120,000}
16] 2] 21jfront brake screw 4 JSTEEL - 100%] 1 NForming & Shaping [Other - Not relevant JOther - Not relevant ¥yes] 1 ¥ 120,000]
17] 2] 21jrear brake brake mount 767 ISTAINLESS |STAINLE! 90%| 1 Jinvestment Casting |Millin; Heat Treatment [ yes | 3 J 120,000]
17] 2] _21lrear brake brake caliper 1,851 JCAST IRON [CAST IRON _90%] 3 Jinvestment Casting IMuillin, Heat Treatment [ yes] 3 {120,000
17] 2| _21Jrear brake iston 261 |STEEL STEEL 90%] 2 JForgi Millin; Heat Treatment [yes| 2 § 120,000
17] 2] 21jrear brake sket EPOM - 100%] _1_RMoidi Other -_Not relevant [Other -_Not relevant F&H 120,000}
17] 2| 21Jrear brake brake pad 234 |STEEL STEEL 90%| 3 ing Im) ation Heat Treatment [ yea | 2 N 120,000]
17]_2| _21jrear brake wear indicator 14 | Electronics |- 100%] 1 JElectronics Other -_Not relevant [Other - Not relevant fyes] 1 H 120,000]
17] 2] 21jjrear brake cable tt [STEEL I 100%| 1 JForming & Shaping JOther - Not relevant JOther - Not relevant Jyes]| 1 J 120,000]
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7] 2] _Zijoar brake cabie BSTEEL |- T00%)
[ 371 2] 21frear brake scrow 4ISTEEL |- 100%)
__1 21]roar breke bieeder veive T3 [STEEL |- i
[ A7l 2 21frear brake dust 1|EPDM - 100%)

7] 2] 21 brake ide bolt 40 EL - 1
2] _21frear brake @ cover 2 |[EPDM - 100%)

[17] 2] 21frenr brake screw 12 [STEEL |- 1
[ 47121 1jvear brake scrow Se[STEEL |- 100%)
2| 21Wwear brake cover panel 853 ISTEEL - 100%)

i8] 2| 21Jbrake pressurs lines, hoses, fluid tank [brake hose 124 |STEEL EPDM 50%!
isf 2] 21 ressure li fluld tenk Ibrake hoss 105 ISTEEL EPDM 50%)]
18] 2| 21 a [T hoses, fiuid tank [breke hose 67 [STEEL EPDM 50%
18] 2| 21Rbrake re lines, he fluld tank [breke line 55 |STEEL - 100%)]
18} 21 ssure line fiuld tank |brake line 58 |STEEL - 100%)
18 2} 21 I fluid tank STEEL - 100%;
18| 21 ire Hi luid tank |suj ng STE - 100%)
i8] 2] 21l re lines, h: fluid tank |support STEEL - 100%)
18] 2] 21jbrake re lines, ht uld tank’ i - 100%)]
18] _2) 21jbrake pressure I fluid tank Jsu PLASTI - 100%]
18 21 [ luid tank |suj - 100%)
18] 2| 21jbrake re lines, hoees, fluld tank PLASTI - 100%)]
18] _2| 21jbrake pressurs Ii fluld tank ] - 1

18] 2| 21 ire li hoses, fiuid tank Jbrake line 231 ISTEEL - 100%)

i8] 2 21| lines, he fiuid tank [brake line 220 ISTEEL - k]

8| 21fbrake re finss, hi fiuid tank [brake line 138 |STEEL o 100%|

18] 2| 21Jbrake pressurs lin fuid tank Jbrake line 108 ISTEEL - 100%)]
18] 2| ke re li uid tank {brake line 83 |STEEL 8 100%]
18] 2] 21| fiuid tank, line. 88 ISTEEL - 100%)
18] 2| 21ijbrake re lines, he fiuld tenk Jbrake line 69 JSTEEL - 1

8] 2] 21Jbrake pressurs li fluid tank Jbrake line 66 |STEEL - 100%]

181 21 214 fiuid tank 40 - 1

18] 2| 21fbrake [T fluid tank |screw 8 |STEEL - 100%)

18] 2| 21jbrake booster breks 3,851 |- - 1

18] 2] 21Jbrake boosisr HOUSING __ Lt 901 JSTEEL - 100%)

18] 2] 21 booster [HOUSING EEL - 1

19} 21 booster CKI 418 ISTEEL - 100%

18] 2] 21jbrake booster BRACKET 8 |STEEL - 100%)

19) 21)brake boosier TAINE (14 - 100%)
19l 2] 21 boosler TAINER 8 |STEEL - 100%]
19] 2| 21 booster 48 ISTEEL - 100%)]
18 2| 21jorake boostsr [GASKET 8 [STEEL - 100%)
18] 2| 1jbrake r 14 - 100%)
19 2] 21jbrake booster [DIAPHRAGM 98 |EPOM o 00%)
18f 2] 21| booster PISTON 101 [PET 8 100%)
8] 2| 21Jbrake booster RING 76 |STEEL |- 100%)
18] 2| 21jbrake booster STON 296 ISTEEL - i
18] 2] 21Jbrake boosisr ISEAL 14 ISTEEL - 100%]
i8] 2] 21 booster SHAFT 200 L - 100%!
18] 2| 21jbrake booster BOOT 18 |EPDM - 100%]
18] 2] 21kbr ISOLATOR 1JPUR - 100%)
18] 2} 21jbrake booster [PLUNGER A7 |STEEL - 100%|
i8] 2] 21 booster INGER 8 EL - 100%}
18] 2| 21%brake boostsr HOUSING __ UPH 884 ISTEEL |- 100%]
18] 2| 21 booster TAINER 'A-88 - k]
19] 2| 21jbrake booster ITUBE PA-68 - 100%)]
18] 2] 21 booster [COVER [PA-86 - 1
19 2] 21 booster [CONNECTOR PA-68 3 100%)
19] 2| 21jbrake booster [VALVE 11 |POM - 100%|
18] 2] 21 booster master cylinder AL AL 70%)
1 21 booster 17 |PP/EPDM_ |- 100%)
18] 21 21 booster 3 [El - 100%!
18] 2] 21 booster nut 4 |STEEL - 100%]
18] 2] 21brake booster brake fluid 108 - k]
18] 21 21Jbrake booster it 5 [EPDM - 100%]
18] 2] 21 booster jasket 3 |EPDM - 100%)]
21 booster [vacuum line 59 JTEEE-EPDMPLASTIC 85%)
20] 2] 21jbrake pressurs control aulic unit 3,604 JAL - 100%)
21jbrake pressurs con/ m it 323 |STEEL STEEL 80%)|
20] 2] 21fbrake ire control beail LA S 8 100%]
2] 21 cont m shoulder bolt 21 |STEEL - 100%]
20] 2| 21kbrake pressure control ST - 100%]
201 2| 21]brake pressure conirol m nut 7 L - 100%)
1] 2] 21 flud brake fluid 1,082 |- - 1
2| With controls accelerator ST M 85%)
e8] 2| Wwith controls acrew 5 |STEEL - 100%)]
(13 2. controis 27 . -PA- 1
2 lutch pedal w/ controls clutch pedal 234 |PAB.6-GF_ |- 1
2 control shing 1 ISTEEL - 100%)
2] 2 sl w/ controls 17 |PASB-GF _ |- 1
2] 23§clul lal W/ controls Cluich master cyli 157 |PAA-GF STEEL 70%)]
2] 23cluk lal w/ conirols screw ISTEEL 8 1
[ 2 ich pedal w/ conlrols ide 3]PLASTIC J- 100%)
2] _23fclui al w/ controls [compression spring 31 |STEEL PLASTIC 30%)
2} _ 23cluty jal w/ controls 48 |ABS - 100%]
2] 23clut lal w/ conirols 2 ISTEEL - 1
89] 2| 2. itch pedal w/ controls bleeder 43 |PAGS-GF __ ISTEEL 70%]
89| 2| uf al w/ controls Z re line 328 L M
2] _23fcluts jal w/ controls bracket 1 ISTEEL - 100%
89] 2 jal w/ controls bracket 1 ISTEEL 8 100%]
89| 2] 2 teh pedal w/ controls ul 30 |STEEL > 100%
68]_2| 23jclutch pedal w/ controls screw 5 |STEEL - 100%)
68| 2| lal wi control. fsed hose 21 [EPOM = 100%)
88| 2 lal w/ controt 88 clam) 3 |STEEL - 100%}
89] 2 sl w/ controls suj ISTEEL g 100%}
2 lal 4 ISTEEL - 100%]
ick shifter w/_transmission control shifter 144 |LEATHER ST
70| 2 ick shifter w/_transmission con! hose clam) 3 ISTEEL g 100%!
stick shifter w/_transmission confr ift housiny 1 - - 1
70| Shifter w/ ift housll 800 /ALS/ZNY- 100%)]
70 ick shifter w/_transmission control 150 - 1
70] 2 stick shifter w/_transmission controls, Bracket 100 [STEEL g 100%
o} _2} ick shifter w/_transmission contral: 50 ISTEEL L S0%|
70] stick shifter w/_transmission controk anism 132 |- - 1
2! ick shifter w/_transmission controls, fcover 267 [PUR STEEL 70%)]
70[_2) ick shifier w/_transmission controls, {set screw 13 [STEEL - 100%]
70] 2] ick shifter w/_transmission controls, {nut 4 ISTEEL - 100%]
70| 2| ick shifter w/_trensmission controls, §Z selector cable 470 [PLASTIC _ ISTEEL-AL | 60%]
2 ok w/_transmission control: 518 il STEEL-AL | 60%)
2] ick shifter w/_transmission controls, §bracket 3 [STEEL - 100%]
2| stick shifter w/_transmission controk acket 1ISTEEL - 100%]
sti w/_transmission control seal 20 5
2 ick ghifter w/_transmission control; 217 |STEEL - 100%)
ok w |33 10 M g 100%]
ick shifter w/_transmission control: ide bushii 10 - 100%)]
70] 2] shifter w/_transmission controls, {screw 27 |STEEL - 100%]
2 jatick shifter w/_transmission controls, [Z shifter 870 JGRAPHITE |- 100%|
701 2 ick shifter w/_transmi 11 ISTEEL - 100%]
2] shifter w/ ssion crank 163 |STEEL POM-| 80%)|
2} 2d4jstick shifter w/_transmission controls, {bracket 2 |STEEL - 100%)|
70) 2 ick shifter w/_transmission controls, fbushii 1 [PLASTIC |- 100%|
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24]stick shifter w/_transmission controls, [guide plate 80 |STEEL Forming & Sh. [Other - Not relevant_[Other - Not relevant | yes | 120,000]
24Jstick shifter w/_transmission controls, fnut 3 |STEEL Forming & Sh [Other -_Not relevant_[Other - Not relevant § yes | 120,000]
25fbrake pedal with master cylinder contrbrake 1 860 |STEEL ‘argi Press (Tandem Welding and Cutting ¥ ves |
25]brake pedal with master cylinder contrjbearing pin 204 |STEEL oll formin Other -_Not relovant [Other - Not relevant | yes |
25)brake pedal with master cylinder contr{retainer washer 3 |STEEL ‘orming & Shi Other - Not refevant_|Other - Not relevant | ves | 120,000}
25)brake pedal with master cylinder contriretainer washer 7 ISTEEL orming & Sh Other -_Not relevant_[Other - Not relevant | yes | 120,000}
2! dai with master cylinder contribushi 1 ISTEEL [Forming & Shaping |Other - Not relevant |Other - Not relevant | yes | 120,
ssembly plate, bearing block bearing block 3,040 [STEEL [Precision Mechanics |Other -_Not relevant_fOther - Not relevant _§ no | 120,000
issembly plate, bearing black bearing block 800 |STEEL [Press (Tandem ther - Not relevant_[Paintin; no 120,000]
ssembly plate, bearing block bearing block 400 |STEEL Press (Tandem Welding and Cutting _|Paintin: | _no | 120,000]
ssembly plate, bearing black bearing block 300 |STEEL Press (Tandem Weiding and Cutting |Paintin no 120,000]
ssembly plate, bearing block bearing block 200 |STEEL andem) Waelding and Cutting |Painting |no | ( 120,000;
bly plate, bearing block bearing block 550 |STEEL Welding and Cutting _|Painting [ no | 0 ¥ 120,000]
issembly plate, bearing block bearing block 800 |STEEL Welding and Cuiting |Paintin, _no | O I 120,000]
ssem| ate, bearing block bearing block 100 ISTEEL Welding and Cutting |Painting [ no | 0 Y 120,000]
ssembly plate, bearing block bearing block 90 |STEEL (Welding and Cutting |Paintin; | no {0 § 120,000
ssembly plate, bearing block sCrow. 18 |STEEL ing [Other - Not relevant [Other - Not relevant J no | 0  120,000]
mbly plale, bearing block screw 34 [STEEL ing_|Other -_Not relevant_|Other - Not relevant ] no | 0| 120,000
m ate, bearing block nut 7 ISTEEL ing {Other - Not relevant _[Other - Not relevant | no | O § 120,000
mergency brake lever emer lever 896 |STEEL Press (Tandem, Injection Moldin; | no | 0 120,000]
ergency brake lever cover 88 |PP Other - Not relevant [Other - Not relevant § no | 0 J 120,000]
mergency brake lever tim 92 [PP [Other - Nol relevant_|Other - Not relevant | no | 0§ 120,000]
28Jemergency brake lever scrow 18 [STEEL ing [Other - Not relevant [Other - Not relevant | no 120,000}
26Jeme: brake lever washer 2 |STEEL ing _[Other - Not relevant JOther - Notrelevant | no | 0 |l 120,000]
26jeme: brake lever Z pull cable 83 |STEEL-CR ‘orming & Shapi Moldi Other -_Not relevant | no | 120,000
mel brake lever En 4 |STEEL ‘omming & Shaping JOther - Not reievant |Other - Not relevant | no | 0 ¥ 120,000]
mel brake lever icotler pin 1 |STEEL ‘orming & Shaping [Other - Not relevant {Other - Not relevant ’E_ 120,000
me! brake lever Z pull cable 84 |STEEL oming & Shaping JOther - Not relevant Other - Not relevant J no | 0 § 120,000}
mergency brake lever Z compensation | 59 ISTEEL orming & Shaping [Other - Not relevant |Other - Not relevant | no | 0 I 120,000}
mergency brake lever nut 5 |STEEL orming & Shaping [Other - Not relevant |Other - Not relevant § no | 0 [ 120,000}
26Jeme: brake lever ring retainer 2 |PLASTIC lding Other -_Not relevant JOther - Not relevant I no | 0 J 120,000
26Jemergency brake lever tension spring 10 ISTEEL orming & Shay Other - Not relevant_[Other - Not relevant J no | 0 J 120,000
26jemergency brake lever support 7 |STEEL Forming & Sh. Other - Not relevant {Other - Not reievant ¥ no | 0 J 120,000
mel brake lever brake cable 445 |STEEL orming & Shaping |Other -_Not relevant _[Moldi | no | 0 § 120,000
lemergency brake lever bracket 5 |STEEL orming & Shaping _[Other - Not relevant |Other - Not relevant I no | 0 H 120,000]
le mount rear axle mount I 22,954 [STEEL Hydroforming IGMAW/FCAW-MIG _ [Other - Not relevant Jyes| 3 H 120,000
le mount screw 336 |STEEL orming & Shay Other -_Not relevant Other - Not relevant J yes| 1 J 120,000
27faxie mount rear axle beari 1,128 |STEEL Press (Tandem, [Other -_Not relevant_|Press (Tandem) | yes| 3 Y 120,000
27jaxle mount strut 722 |STEEL |_JPress (Tandem; Other - Not relevant [Other - Not relevant I ves | 3 N 120.000
27]axle mount screw 173 |STEEL \_JForming & Shay [Other - Not relevant_[Other - Not relevant Jyes| 1 N 120,000
jaxie mount screw 47 JSTEEL Forming & Sha Other - Not relevant |Other - Not relevant §yes] 1 ¥ 120,000
jaxle mount screw 36 |STEEL Forming & Sh: Other -_Not relevant_JOther - Not relevant Jyes| 1 § 120,000]
27]control amn control arm 14,880 |STAINLESS droformin; GMAW/FCAW-MIG __JOther - Not relevant J yes | 3 § 120,000]
27fcontrol am scrow 112 |STEEL |_JForming & Shi Other - Not relevant [Other - Not relevant _&‘___ 120,000]
itrol arm nut 22 ISTEEL ] Forming & Sh [Other - Not relevant_|Other - Noi relevant | yes] 1 R 120,000}
[wheel bearing, beariny fs___|wheel bearin 733 [STEEL Forgin; WAl Injection Moldin [ves | 3 § 120,000
27]wheel bearing, bearings, gaskets retainer fi 22 |STEEL Forming & Shapi Other -_Not relevant jOther - Not relevant Jyes]| 1 J 120,000
27§springs, coil spring Z spring base 357 |STEEL [Forging Milli Vulcanization | yes | 2 ] 120,000]
27| coil sprin, coll sprin; 3,312 |STEEL [Collin; Other -_Not relavant |Other - Not relevant Jyes] 2 J 120,000]
ol spring bedding layer 18 |PUR [Moldii [Other -_Not relevant_[Other - Not relevant | yes] 1 § 120,000
ings, coil spriny [cushion bumper 145 |STEEL [Press (Tandem) Assembi: Vulcanization yes| 1 120,
27]stabilizer bar stabilizer bar 958 |STEEL Heat Treatment Bondin; Other - Not relevant J yes| 2 § 120,000]
27]stabilizer bar [clam) 82 |STEEL ‘orming & Sh: Other -_Not relevant [Other - Not relevant Jyes| 1 J 120,000
2 bilizer bar bearit 18 |RUBBER iding Other -_Not relevant JOther - Not relevant Jyes| 1 ¥ 120,000]
2 bilizer bar clam 91 |STEEL lding Other - Not relevant [Other - Not relevant Jyes| 1 | 120,000
bilizer bar bearit 26 |RUBBER orming & Shi Other - Not relevant [Other - Not relevant_§ ves ] 1 | 120,000]
lizer bar [screw 17 |STEEL Idiny Other - Not relevant [Other - Not relevant Jyes| 1 J 120,000}
ck abeorber shock absorber 7,980 [STEEL orgi Millin Press (Tandem [yes |3 1120,000]
ck absorber [shock absorber - 495 [STEEL Il formin Foi [GMAW/FCAW-MIG | ves | 2 1120,000
27)shock absorber shock absorber - i 980 |STEEL | formin Press {Tandem, Precigion Mechanics J yes | 2 H 120,000
27)shack absorber scrow 80 |STEEL orming & Shaping [Other -_Not relevant JOther - Not relevant Jyes| 1 | 120,000}
27Jshock absorber screw 178 |STEEL ‘orming & Sha [Other - Not relevant [Other - Not relevant es | 1 i 120,000]
27}shock absorber nut 33 |STEEL orming & Shay Other - Not relevant_[Other - Not relevant Jyes| 1 J 120,000
27jwhes! hubs wheel hub 2,442 |STEEL ot Ml Heat Treatment | yes ] 3 ¥ 120,000
digks, brake drums brake rotor 4,076 |STEEL orgll Heat Treatment Millin, | yes | 3 ¥ 120,000,
rake disks, brake drums scrow 15 |STEEL orming & Shaping [Other - Not relevant |Other - Not relevant fyes] 1 J 120,000]
I 1 steerin, r 2,751 |AL ie Casti Roll formin: Heat Treatment no | 0 N 120,000
2 ri I stoerin, r-inte} 4,126 |STEEL ing Forging Precision Mechanics | no | 0 J 120,000}
2 ri 1 cutt seal 138 |EPDM njection Moldi Other - Not relevant_[Other - Not relevant ¥ no | 0 H| 120,000
2 ring gear rubber beari 61 JRUBBER ulcanization Other -_Not relevant_JOthar - Not relevant I no | 0 § 120,000
2] ring gear clam 245 |STEEL Press (Tandem Other -_Not relevant_[Other - Not relsvant § no | 0 J 120,000
eering gear nut 16 |STEEL [Forming & Shaping [Other - Not relevant JOther - Not relevant | no | 0 F 120,000}
stoerit i [screw’ 36 ISTEEL Forming & Shaping [Other - Not relevant |Other - Notrelevant J no | 0 { 120,000]
steari r rotective cover 168 |CR Blow Moldi [Other -_Not relevant_[Other - Not relevant § no | O ¥ 120,000
2fsteer! r clam) 5JAL orming & Shapi Other - Not relevant_lOthar - Not relevant § no | 0 I 120,000
2] i " clam) 7]AL orming & Shapi ther - Not relevant_fOther - Not relevant J§ no | O J 120,000
2firack rods track rod bail 778 |STEEL [Forgin Heal Treatment il ["no |0 720,000
rack rods steering tie rod 434 |STEEL [Forgin: Heat Treatment Milli no | 0 J 120,000}
rack rods irack rod ball 762 JSTEEL [Forgin Heat Treatment Millin [no o J150
rack rods nut 15 |STEEL [Forming & Shi Other - Not relavant |Other - Not relevant | no | 0  120,000]
rack rods nut 18 {STEEL orming & Shapi Other -_Not relevant [Other - Not relevant | no | 0 § 120,000
[steering power assist vane pum 1,267 JAL [Die Casti Die Casti Precision Mechanics | no | 0 § 120,000]
steeril wer assist Screw 24 |STEEL [Forming & Sh Other -_Not relevant_Other - Not relevant § no | 0 ¥ 120,000
steeril wer assist n A7 ISTEEL [Forming & Sh: Other - Not relovant [Other - Not relevant J no ] ’: ) _§ 120,
steering power assist radial seal EPDM [Moldin: Other - Not relevant_[Other - Not relevant | no | 0 J 120,000
ring power assist screw STEEL |_JForming & Sh: Other -_Not relevant [Other - Not relevant J§ no | 0 ¥ 120,000
steeri wer assist clam) 1 L Forming & Shapi Other -_Not relevant |Other - Not relevant § no | 0 ¥ 120,000
stearing power assist clam) 13 |STEEL Forming & Shaping [Other - Nol relevant [Other - Not relevant | no | 0 120,000
steari wer assist [hollow bolt 33 |STEEL |_JForming & Sh: Other - Not relevant_[Other - Not relevant I no | 0 J 120,000
oring power assist radial seal 2 JAL Forming & Sh: Other - Not relevant_[Other - Not relevant | no | 0 J 120,000
ring power assist [vee belt pulle) 413 [STEEL Forg Mili Hoat Treatment no | 0 ]120,000]
eri wer assist screw 11 ISTEEL |1 JFoming & Sha [Other - Not relevant_[Other - Not relevant I no | 0 N 120,000
2fsteer rassist cay 26 [PAGG-GF [ 1 JMoldi [Gther - Not relevant_|Other - Not relevant J no | 0 § 120,000
2] i I assist oil tank 223 |PABB-GF | 1 ction Moldi Injection Moidin, Adhesive Bonding [ no | 0§ 120,000]
2lsteori wer assist suppori 42 |STEEL orming & Shapi Other - Not relevant [Moldi | no | ( : 120,000
2fsteeri wer assist nut 3 |STEEL [Forming & Shay Other - Not relevant _|Other - Not relevant I no | 0 § 120,000
2fstosting power assist [screw 8 [STEEL [Forming & Shaping _[Gther - Not relevant_|Other -_Not relevant ] no | 0 ] 120,000
2]steering power assist screw 14 |STEEL ‘orming & Sha) [Other - Not relevant [Other - Not relevant J no | O N 120,000
steeri wer assist retum hose 220 |RUBBER xtrusion (plastic) Other -_Not relevant |Forming & Shaping [ no | 0§ 120,000
steerit wer assist guction hose 215 |EPOM Extrusion (plastic) _[Other - Not relevant |Compression ing | no | 0 ¥ 120,000,
teeri wer assist suction hose 135 JRUBBER Extrusion {plastic) _[Other - Not relevant |Compression Malding § no | 0 ¥'120,000]
2 ring power assist coolant tul 450 |STEEL [Roll formi Bendin; (GMAW/FCAW-MIG__ | no | 120,000]
2fsteerl T assist expansion hose | 1,227 [STEEL Foll formi Bendi [Adhesive Bond: ["no | 0 1120,000
stesring column, sieering whael il _|steering column ] 4,938 |- ther - Not relevant [Other -_Not relevant_[Other - Nof relevant I yes | 1_§i 120,000]
steering column, steering wheel tilt__|steering column - If 2000 |STEEL orging Milli Heat Treatment | yes | 3 H 120,000
oring column, steering wheel tilt__ Jsteering column - 800 |STEEL [Forging Heat Troatment Milli [ yes | 3§ 120,000
steering column, steering wheel tilt _|steering cotumn - 150 [STEEL [Forgin; Forgin, GMAW/FCAW-MIG_Jyes| 3 B 120,000
28Jsteering column, steering wheel tilt__ |steering column - 987 [STEEL Roll formi Milling Precision Mechanics _§ yes | 2 § 120,000
steering column, steering wheel ilt__ |steering column - 150 |STEEL Pross (Tandem [GMAW/FCAW-MIG__[Other - Not relevant § yes | 3 | 120,000
jstearing column, steering wheel tilt__[steering column - 350 |STEEL ress (Tandem (GMAW/FCAW-MIG _|Other -_Not relevant fyes| 3 Y 120,000
ring column, steering wheel tilt__Jsteering column - 250 |STEEL Press {Tandem) IGMAW/FCAW-MIG_ [Other - Not relevant fyes] 3 | 120,000
ring column, steering wheel tilt _|steering column - 250 JSTEEL 100%] Press (Tandem) GMAW/FCAW-MIG_ [Other - Not relevant Fyes| 3 J 120,000
ring column, steering wheel tilt__|torque to break bol 12 [STEEL E@t [Forming & Shaping [Other - No refevant_[Other - Not relevant | yea | 1 | 120,000
ring column, steering wheel tilt __ Jbushing 21 |PUR 100%] 1 _JMoldil Other -_Not relevant_JOther - Not relevant Jyes| 1 ] 120,000]
ering column, steering wheel ilt __ {screw 11 |STEEL 100%] 1 _JForming & Sh: ther - Not relevant_[Other - Not relevant | yes| 1_J 120,000}
28Jateering column, steering wheel tilt__{eccentric bolt 27 |STEEL 100%| Forming & Sh Other -_Not relevant _[Other - Not relevant J yes| 1 H 120,000
28] ring column, steering wheel tilt ___ Jnut 4 |STEEL 100%| 1 _§Forming & Sh: [Other - Not relevant_JOther - Not relevant Jyes| 1 f 120,000]
Istearing column, steering wheel tilt__|cover 28 |ABS 100%] 1 iding Other - Not relevant_[Other - Not relevant § ves | 1 Y 120,000]
steering column, steering wheel tilt__felil 1 |PLASTIC 100%] 1 Iding Other -_Not relevant_[Other - Not relevant_J yes | 1 J 120,000}
2] ring wheel [steering whee| 1,171 [MG 75%] ie Casti Other - Not relevant_|Injection Moldi no | 0 ] 120,000
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ing wheel 48 |STEEL - 100%
s r steering fluls 873 |- - 100%
tank, asssmbly filler neck fuel tank K & - 100%]
assembly filler neck tsnslon 903 ISTEEL - 100%]
| tank, assembly filler neck tansioni 1 STEE! - 100%)
tank, assembly filler neck acrew. 15 ISTEEL - 100%]
lor neck fuel filler door 1 |STE! - 1
Hler neck Scrow. 4 |STEEL - 1
ller neck Z drip pan B0 |PVC - 100%)
lier neck i 8 [STEEL - 1
iller neck tank 91 JPAGS-GF__|POM 100%)
ot neck I_Z_ﬂ L - 100%)
ler Z funnel 45 |STEEL PLASTIC 80%
ller neck radial seal 4 JEPDM - 1
ller neck filler nack 1,044 |PE - 1
lier neck cuff seal 12 [EPOM a 100%]
iler neck acrew STEEL -
el lines fuel filter 317 1AL - 100%|
lines Z support 104 |PP-GF - 100%)
| lines bracket STEEL - 100%
Ji hose cls STEEL - 100%)
ines (S| PLASTIC |- 100%|
lines support [Z - 100%)
| lines Z fuel feed line 42 |PAE STEEL 20%)
lnes 1Z fuel feed line 57 JPAE STEEL
| lines Z fuel retum line 45 |PA-€ STEEL 20%)
| lines fuel retum line 40 JPA€ STEEL 20%)
lines Z check valve 10 JPE - 100%)
lines fube 37 {PA-8 I 100%
| lines hose clam 4 |STEEL - 100%)
| linas Z tube 47 |PAS STEEL 2
| lines Z tube EEL 20%]
lines Z tube 40 |PA-8 STEEL 20%)
lines hose clam 3 |STEEL - 100%]
Knes bieeder valve 11 |JPOM - 100%
filter and controls jcarbon filter contail 1,030 |P/ - 100%
n filter and controls £n 402 |STEEL - 100%]
filter and controls screw 8 ISTEEL - 1
filter and controls nut 3 |STEEL - 100%]
arbon filter and controls avity valve 44 |PLASTIC |- 100%)
filter and controls radial seal 1 JEPDM - 100%)
in filter and controls bi lece 27 |POM EPOM 1
filter s breather tube 5 |PA 8 1
filier and controls Z breather tube 30 JPAL - 100%]
arbon filter and controls Z breather tube 22 |PA-E - 100%)
filter and controls Z breather tube 35 |PA - 100%)
filter and controls 2 breather tube 35 |PAS - 100%)
n filter and controis Z breather tube 23 |PA - 1
mount control amm STE| - 100%
jaxie mount acrew 147 |STEEL - 1
axie mount scTew 136 |STEEL - 100%)
jaxie mount acorn nut bl L - 100%)
am control arm 080 |STAINLESS|RUBBER 80%]
am screw 135 [STEEL - 100%)
am control arm 031 [STAINLESS[RUBBER
oints ide joint 384 |STEI [RUBBE! 80%]
ints nut ss. 20 |STEEL a 100%]
nts screw 20 |STEEL - 100%)
bearing, stesring knuckis hinge bearil 874 LESS|- 100%]
hinge bearing, steering knuckle scraw 80 ISTEEL - 100%|
bearing assembl: whee! beari| 732 EPDM 80%:!
bearing assambl retainer rif 2 L - 100%]
bearing assembl: screw 255 - 100%]
s, coll s col 2,730 |STEEL - 100%}
coll s in| STEEL 8 JOO%|
abillzer bar stabllizer bar 824 - 1
labilizer bar coupling rod 300 |STEEL RUBBER _|_100%]
Nzer bar nut 14 |STEEL - 100%]
lizer bar nut 25 |STEEL - 100%
stabilizer bar rubber beari 40 |RUBBER |- 100%)]
llizer bar cl 80 |STEEL - 100%)]
mbili2er bar [ screw 10 ISTEEL - 100%)
2ot bar nut 9 ISTEEL - 100%]
ock shsorber McPherson strut 838 EL J0%)
ishock absorber bellows 81 JEPDI PP S50%|
sbeorber cushion bum 48 JPUR 8 100%)]
sbsorber i PLASTIC__ |- 100%|
sbsorber nut 24 |STEEL - 1
absorber 8 lon suf 140 RUBBER
absorber strut be STE| RUBBER
absorber nut 19 |STEEL - 1
absorber linear ball 81 JPABS-GF__ |STEEL 100%)
ol drive, joint shafts universal joint 8,900 |STEEL RUBBE| []
drive, joint shafts universal joint 1,810 RUBBER 90%]
| drive, joint eh acTew 21 L - 100%)
| hubs wheel hub 2,480 |STEEL STEEL
rotors, brake drums brake rotor 7 STAINLESS[STAI!
rotors, breke drums screw 15 |STEEL - 100%)
ims, whesl nuts [wheel rim 10, AL - 100%)
ims, wheel lugs, nuts wheel lug nut 103 |STEEL - 100%|
rims, wheel lugs, nuts wheel lug nut 108 EL - 100%)}
valvi tire RUBBER __ISTEEL 80%]
valve wei valve 12 EL 100%)
are wheel mount wheel fixturel 2,181 |STEEL - 1
are mount screw 18 |STEEL 8 100%]
are wheel mount cover 444 |PP - ]
are wheel mount latch 1 c_1- 100%)
jack 1 |STEEL S0%|
jack retainer 138 |PP - 100%]
screw. 39 L 1C | 100%)
lools, nut wrench 348 L - 100%|
iools endwench | 37 [STEEL |- 100%]
ller hook L - 100%}
holder front and rear i T 1141 |STEEL - 100%}
holder front and rear [ SCTOW. 3 L - 100%|
assembl Z ball neck 4,04 INLESS]- 100%]
assembl ive cover 17 |PLASTIC |- 1
itch assembl: ke PA STEEL 50%)]
itch assembl retainer 1,642 ISTEEL - 100%|
tch assembl i ate 83 |STE - 100%!
hitch assemb: [ screw 17 ISTEEL - 100%)
itch assembl acrew 24 |STEEL - 100%
assembl SCTeW. 8 ISTEEL - 100%|
lich assembl! 18,513 L EL 33%)
itch assembl acrew 48 |STE! - 1
1 fuel - - 100%!
ing triangle with holder if sy 256 |STEEL M 1
ing triangle with hoider and warnijacrew 2 ISTEEL 8 1
rall roof rail 2 L - 100%]
sail rubber seal 24 |EI - 100%]

a]aa]=]=]<]-]-

N

BT R Y R O N (R QN Y R Y NN N N

I PN N N Y R R N RN R N PO G PO PO N RS Y Y N Y O R

)]

o]l =<l ]=l=]=l=]~ =] o)== ] = el o] {v] -

o]

ormi
ther -_Not relevant
low Moldi

R
0o
yos |
 yes |
 yee |
jyos
Lo
0o
02
| no
o
no_
o J
jpo ]
oo
0o
Lo
oo
no_
| no

=

B
I8
2)ajalmln

EEEE

_‘-__-_¢_-a_
b b b b R e e b B s b R s Bt

N Y

[Press (Tandem) Other -_Not relevant |Other - Not relevant
& -_Not relevant |Other - Not relevant
88 [GMAW/FCA\ Other - Not
‘orming & [Other - Not relevant - Not relevant
octi [Other -_Not relevant_|Other - Not relevant
‘orming & [Other - Not relevant or - Not relevant
jection Moidi Other -_Not relevant |Other -_Not relevant
i - Not relevant _[Other - Not relevant
Rolt formin; Other -_Not relevant |Moldi
di Other - Other - it
Injection in, Other -_Not ant_|Other - Not rant
jection Moldi [Other -_Not relevant JOther - Not relevant
‘ormi Other - relevant |Other - Not relevant
andem [Other - Not relsvant_|Other - Not relevant
jection Moidi: - Not relevant_|Other - _Not relevant
‘orming & Sh Other - Not relevant_[Other - Not relevant
[Forming & Other - N t = ant
[Moidi Other -_Not relevant
[Moldi Other -_Not relevant
[Moldi Other - Not relevant |Forming &
L] Other - Not relevant JForming & Sh:
Other - Not relevant |Forming &
[Moldiny Other - Not relevent |Forming &
dinj - Not relevant _[Other - Not reievant
[Moldi Other -_Not relevant |Other - Not relevant
[Forming & Shaping [Other - Not relev r- it
Moldi [Other - Not relevant |Forming & Sh
[Moldi [Other - Not relevant |Forming & Sh
Other -_Not rel [Formi
Forming & Sh. Other - Not relsvant [Other - Not relevant
Injection Moldi Other - _Not rant_|Other - relevant
[Blow Moldin, [Other -_Not relevant JOther - Not relevant
andem) r - Not relevant [Other - Not relevant
[Forming & Shapit [Other -_Not relevant |Other - Not relevant
ing & Sh Other - Not relsvant_|Other - Not relevant
[Moldi Other - Not relevant o7 - Not ant
Other -_Not relevant_[Other - Not relevant
Moldi Other - Not relsvant [Other - Not relevant
[Moldi Other - relevant - _Not relevant
i Other - relevant JOther - Not relevant
IMoldit Other - Not relsvant_[Other - Not relevant
[Moldi Other - Not relevant_[Other - Not relevant
[Moldi Other -_Not relevant_[Other - Not relevant
- Not relevant _JOther -_Not relevant
ss (Tandem (GMAW/FCAW-MIG _[Other -_Not relevant
orming & Shi - Not rel Other - relevant
[Forming & Sh. Other - Not relevant |Other - Not relevant
Forming & Sh. Other - Not relevant |Other - Not relevant
i Assembi; I jon Moldi
‘orming & Sh: Other -_Not relevant [Other - Not relevant
[Forginy [Assembl: jection Moldin|
[Forgli Assembl! Injaction Moldis
rming & Sh Other - N evant - _Not relevant
[Forming & Sh Other - Not relevant |Other - relevant
[Forgi Machining Center Other -_Not relevant
[Forming & Shapir Other - ant_[Other - Not relevant
[Forginy b Injection Moidi
[Other - Not rant_|Other - Not relevant
orming & Other - Not relevant |Other - Not relevant
[Band at Treatment Other - Not relevant
[Press (Tandem’ [Other - Not relevant r - Not relevant
[Bendin [Other - Not relevant_Other - Nol relevant
‘orming & [Assem! - _Not ant
‘orming & Shy Other - _Not relevant_[Other -_Not relevant
orming & ing [Other - Not relevant Other - relevant
idi - relevant |Other - Not relevant
g8 (Tandem [Other -_Not relevant_Other - Not relsvant
‘orming & Sh. [Other - Not relevant_|[Other - Not relevant
orming & - Not relevant |Other - Not relevant
1 Mill ol
jection or -_Not relevant Moldl
jection Moldit [Other - Not relevant Other - Not relevant
jecti ~_Not ral Other - relevant
Forming & Sh. Other -_Not relevent of - relevant
‘orming & Sh: Other -_Not relevant_|Moldi
[Forging (Ml Mol
‘orming & Shapl [Other - _Not relevant |Other - Not relevant
Moldi Other - Not relsvant 8 - relevant
i Assem infection Moldi
[Forgi Assem!| I n Mold
[Forming & Shaping [Other - Not relevant |Other - Not rant
[Forgins T Heat Treatment
i [Machining Center Heat Treatment
[Forming & Sh Other - relsvant [Other - Not relevant
[Sand C Other -_Not relevant JOther - Not relevent
‘orming & Shapi Ofther - relevant {Other - Not relevant
rming & Shi Other - Not relevant -_Not relevant
n MoldingVulcanizetion mbl
Assombl: oy Shapil
Other - Not relevant JOther - Not relevant
[Forming & Sh Other - Not relevant -_Not relevant
jection Moidi Other - Not relevant_[Other -_Not relevant
Mol (Other - releven r- solevant
[Forgl! IGMAW/FCAW-MIG in|
ion i r - _Not ant_|Other - Not relevant
bl Other - _Not relevant |Other - relevant
er - Not rslsvant_|Other - Not relevant
ny - relev [Other -_Not relavant
Forming & Sh [Other - Not relevant |Other - relevant
- Not relevant [Other - Not relevant
‘oming & in er -_Not relevant_|Other - _Not relevant
[Forgl [Paintl Other - Not relevant
i [Other -_Not relevant [Other - Not relevent
di Other - Not relevant }Forming & iy
T [Millin; - relevent
Press (Tandem Other -_Not relevant_[Other -_Not relevant
[Forming & Shapl: - _Not relsvant -~ _Not relevant
‘orming & Sh: [Other -_Nof refevant [Other - relevant
Other -_Not relevant_JOther - Not relevant
[Forgh (GMAW/FCA! G _|Bendi
‘orming & Shapl [Other - Not relevant |Other - Not relevant
- Not rsievant [Other - Not relevant_[Other - Not relevant
andem - Not rel
ing & Shi or - Not relsvant JOther - Not relev:
Press (Tandem) Other - relsvant_|Other - Not relevant
injection Moldin [Othver - Not relevant_JOther -_Not relsvant
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213froof rail rubber seal 21 IEPDM - 00%| ][In‘mllm__ Other - Not relevant _|Other - Not relevant es 120,000 80,000]
213froof rail rubber seal 3 |JEPDM - 007 [Moldin: Other - Not relevant {Other - Not relevant | yes 120,000] 80,000
2134roof rail nut 6 |STEEL - 009 Forming & Shaping [Other - Not relevant Not refevant j{ yes| 1 fI 120,000] 80,000]
radiator and expansion tank, hoses _|coolant radiator 3,658 |- - 00%| 1 jiOther - Not relevant {Other - Not relevant [Other - Not relevant no_] 0 ff 120,000] 80,000]
radiator and expansion tank, hoses _ [tube 1,000 JAL - 00%] 1 [Other - Not relevant Not relevant 0 | 0 |l 120,000] 80,000]
radiator and expansion tank, hoses __|strips 1,250 JAL - 00 [Other - Not relevant lot relevant_f| no | 0 Jf 120,000f 80,000]
radiator and expansion tank, hoses _|sides metal 300 JAL 50 GMAW/FCAW-MIG no 120,000{ 80,000]
radiator and expansion tank, hoses |sides plastic 1,108 |PABB-GF PAG6-GF 50%| 1 Other - Not relevant no 120,000] 80,000]
radiator and expansion lank, hoses _[retainer EPDM PLASTIC 0° Other - Not relevant |Other - Not relevant no | O § 120,000] 80,000
radiator and expansion tank, hoses _[retainer 0° Other - Not relevant _[Other - Not relevant no 120,000] 80,000]
radiator and expansion tank, hoses _ |screw 0% Forming & Shaping |Other - Not relevant_[Other - Not relevant |l no 120,000] 80,000}
radiator and expansion tank, hoses sh nut 0% Farming & Shaping |Other - Not relevant [Other - Not relevant §l no 120,000] 80,000}
radiator and expansion tank, hoses _|screw 00 Forming & Shaping [Other - Not relevant |Other - Not refevant || no 120,000] 80,0!
rachator and expansion tank, hoses _|support 60° Forming & Shaping |Other -_Not relevant no | O ) 120,000] 80,0
SJradiator and expansion tank, hoses _|screw 100 Forming & Shaping [Other - Not relevant |Other - Not relevant | no 120,000] 80,01
3fradiator and expansion tank, hoses SCrew. 100 =orm‘mg & Shggng Other - Not relevant_|Other - Not relevant no 20,000] 80,0
3fradiator and expansion tank, hoses __|caj 100%}_1_JIMolding Other - Not relevant [Other - Not relevant || no 20,000] 80,0
Sfradiator and expansion tank, hoses _|expansion tank 50%]_1_Hlinjection Moldin: Adhesive Bonding Injection Moldin no 20,000] 80,0
4 SJradiator and expansion tank, hoses _ |coolant hose 100%]_1_J[Moldin, Other - Not relevant _{Other - Not relevant || no 20,000] 80,000}
radiator and expansion tank, hoses _|tee piece 100%] 1 _[Moldin; Other - Not relevant [Other - Not relevant || no 120,000 80,000]
4 radiator and expansion tank, hoses _[hose compound 1007 Extrusion (plastic) Other - Not relevant [Other - Not relevant J| no 120,000] 80,000
4 radiator and expansion tank, hoses coolant hose 007 ___] (Moldin, Other - Not relevant [Othe t relevant no 120,000] 80,000)
4 radiator and expansion tank, hoses _|hose clam 009 Forming & Shaping |Other - Not relevant [Othe: trelevant [| no 120,000] 80,000
4 radiator and expansion lank, hoses | support 00° lIForming & Shaping 1Other - Not relevant_[Other - Not relevant || no 120,000 80,000]
4 radiator and expansion tank, hoses _ |support 00%)| [Moldin, Other - Not relevant _tOther - Not relevant no 120,000{ 80,000]
4 3fradiator and expansion tank, hoses neck Other - Not relevant _[Other - Not relevant no 120,000] 80,000
4 3jradiator and expansion tank, hoses _|coolant hose Other - Not relevant [Other - Not relevant no 120,000] 80,000]
4 radiator and expansion tank, hoses __|branch [Other - Not relevant [Other - Not relevant || no | 0 {f 120,000{ 80,000)
4 radiator and expansion lank, hoses __coolant hose Other - Not relevant _|Other - Not relevant no | 0 jl 120,000] 80,000]
4 radiator and expansion tank, hoses _|hose clam - 00 Forming & Shaping [Other - Not relevant {Other - Not relevant no | 0 § 120,000] B80,000]
radiator and expansion tank, hoses  [coolant flange 137 |PA66-GF EPDM 9_9‘___1 injection Molding Other - Not relevant jOther - Not relevant no [ 0 || 120,000] 80,000]
radiator and expansion tank, hoses SCrew. 8 |STEEL - 00%; Fnlminﬁ & Shaping |Other - Not relevant [Other - Not relevant no | 0 Jj 120,000} 80,000]
radiator and expanston tank, hoses _ coolant hose 33 |EPDM - 007 [Molding Other - Not relevant |Other - Not relevant no | O § 120,000} 80,000]
radiator and expansion tank, hoses _ [tee piece 21 |PABS-GF |- 00%]| 1 Other - Not relevant_[Other - Notrelevant |l no | 0 [f 120,000} 80,000]
radiator and expansion lank, hoses _ Jcoolant hose 29 |EPDM - 00%] 1 Other - Not relevant_|Other - Not relevant no | O [ 120,000f 80,000}
radiator and expansion tank, hoses _|coolant hose 47 |EPDM - 00%]| 1 Other - Not relevant_|Other - Not relevant no | 0 [ 120,000 80,000
radiator and expansion tank, hoses _ |hose clam 8 |STEEL - 00%] 1 Other - Not relevant [Other - Not relevant | no | © | 120.000] 80,000]
radiator and expansion tank, hoses _|coolant tube 485 |EPDM EPDM 75%) Press (Tandem; Other - Not relevant no } 0 [ 120,000( 80,000}
radiator and expansion tank, hoses _ [coolant hose 434 |EPDM - 00% Extrusion (plastic Compression Molding [Other - Not relevant ff no | 0 | 120,000] 80,000
radiator and expansion tank, hoses _]flange gasket 53 |PAB6-GF__|STEEL 00%] 1 _|IMoiding Other - Not relevant |Other - Not relevant | no ! 0 i 120,000] 80.000]
radiator and expansion tank, hoses _ |hose clam 17 |STEEL - 00% [Forming & Shaping _ |Other - Not relevant {Other - Not relevant no | O §120,000] 80,000]
3water pump W/ drive coolant pum 683 [AL STEEL 007 [fPrecision Mechanics [Other - Not relevant [Other - Not relevant || no | 0 §f 120,000 80,0
water pump w/ drive gasket 1 JEPDM - 00%] 1 [Moldin Other - Not relevant |Other - Not relevant || no 120,000] 80,01
(water pump w/ drive screw 10 {STEEL - 00% Forming & Shaping [Other - Not relevant [Other - Not relevant 1 no ] O |l $20,000] 80,000}
[water pump w/ dnive auxiliary coolant 401 |STEEL PA66-GF 00 |[Precision Mechanics [Other - Not relevant IOlher - Not relevant no. 120,000] 80,000
water pump w/ drive retainer 26 |RUBBER |- 00 [Moldin: Other - Not relevant |Other - Not relevant || no 120,000[ 80,
water pump w/ drive relainer 33 |EPDM - 00%] 1 _j{Moldin: Other - Not relevant [Other - Not relevant || no 120,000] 80,000
water pump w/ drive support 115 |STEEL - 00¢ Press (Tandem) Other -_Not relevant [Other - Not relevant || no 120,000{ 80,000]
water pump w/ drive nut STEEL - 00" ||Forming & Shaping [Other - Not relevant [Other - Not relevant J| no 20,000] 80,0
fan w/ drive radiator scoof 774 |PA66-GF - ___l Injection Molding Other - Not relevant [Other - Not relevant no 20,000] 80,01
fan w/ drive screw 5 |STEEL - Forming & Shaping Not relevant_[Other - Not relevant || no 20,000] 80,0
an w/ drive seal 5 {EPDM STEEL Other - Not relevant Not relevant |_no 20,000] 80,0
fan w/ drive thermo switch 511 - Other - Not relevant [Other - Not relevant no | 0 f 120,000{ 80,000
fan w/ drive PA66-GF |- Other - Not relevant [Other - Nol relevant j no 120,000] 80,000
3ftan w/ drive 1,366 [STEEL - Other -_Nol relevant Other - Not relevant [ no) O] 120,000 80,000]
Sfffan w/ drive 292 |PA66-GF_ |- Other -_Not relevant JOther - Not relevant | no | 0 i 120,000] 80,000}
3§fan w/ drive - Other - Not relevant [Other - Not relevant t no | 0 fl120,000{ 80,000]
3ftan w/ drive - 009 ||Form|ng & Shaping JOther - Not relevant fOther - Not relevant no | 0 {l 120,000] 80,000]
fan wi drive 2 |STEEL - 00%| 1_flForming & Shaping [Other - Not relevant [Other - Not relevant no | 0 ff 120,000] 80,000
3ffan W/ dnive electronic control rj 158 |PAS-GF - 00%]_1 nEledmnics [Other -_Not relevant [Other - Not relevant § no | 0 { 120,000] 80 000)
28] 3ffan W/ drive screw 4 |STEEL - 009 Forming & Shaping [Other - Not relevant [Other - Not relevant no | 0O |l 120,000} 80,000
27| thermostat housin | 100%] 1 _|[Moldin: Other - Not relevant 1Other - Not relevant || no | 0 | 120.000] 80,000)
7 thermostat thermostat 00%| 1_|[Electric [Other - Not relevant |Other - Not relevant |l no | 0 || 120,000] 80,000}
7 thermostat radial seal 007 Other - Not relevant [Other - Not relevant | no | 0 |l 120,000 80.000)
7, thermostat Screw. 009 Forming & Shaping |Other - Not relevant |Other - Not relevant Jf no | O_Jf 120,000] 80,0t
| 196 heater, housing, heater exchanger, farjhousin 007 Injection Molding [Other -_Not relevant |Other -_Not relevant | no { O J 120000} 80,0
(1% Ifheater, housing, heater exchanger, farfpush nut 00 rming & Shaping [Other - Not relavant [Other - Not relevant }f no | O § 120,000} 80,000
[196 3gheater, housing, heater exchanger, far screw 00 Forming & Shaping _[Other - Not relevant |Other - Not relevant no 120,000] 80,000
(196, heater, housing, heater exchanger, farjfan motor 00° Electric Other - Not relevant [Other - Not relevant || no 120,000{ 80,0
[ 196 heater, housing, heater exchanger, farjscrew 00 [Forming & Shaping |Other - Not relevant [Other - Not relevant no )_H| 120,000{ 80,000}
| 196 heater, housing, heater exchanger, farjheat exchanger 674 1l Other - Not relevant {Other - Not relevant no 20,000| 80,000
97 oolant circuit heatiny Z coolant hose 168 Other -_Nol relevant IMoldin, no 20,000] 80,01
colant circuit heating 1Z coolant hose 323 Other - Not relevant _|Compression Moldin no 20,000] 80,01
olant circuit heating 1Z coolant hose 294 Other - Not relevant _[Moldin: no 20,000f 80,0
olant circuit heating thermo switch 2 Other - Not relevant [Other - Not relevant no 20,000] 80,0
coolant circuit heating thermo switch 1 Other - Not relevant [Other - Not relevant no 20,000] 80,0
coolant circuit heating STEEL - 00 Forming & Shaping [Other - Not relevant }Other - Not relevant o [ © 20,000] 80,0
Sfcoolant circuit heating EPDM - 00%] 1 “Molding Other - Not relevant [Other -_Not relevant not 0 20,000{ 80,000
3fcoolant circuit heating 11 JSTEEL - 100 Press (Tandem Other - Not relevant [Other - Not relevant not 0 20,000{ 80,0
Sfcoolant circutt heating 100 Forming & Shaping |Other - Nol relevant _|Other - Not relevant no | 0 20,000 80,000
coolant circuit heating 1007 rming & Shaping _|Other - Nol relevant {Other - Not relevant no | 0 20,000| 80,000)
3gcaclant circuit heating 100% Forming & Shaping [Other - Not relevant |Other - Not relevant no 120,000] 80,000]
coolant circuit heatin: 1007 __| [Molding Other - Not relevant [Other - Not relevant no 120,000f 80,000)
[coolant circuit heatin: 100%) Press (Tandem Other -_Not relevant_[Other - Not relevant no 120,000] 80,000]
coolant circuit heatin: 100%| 1 fPress (Tandem. Other - Not relevant_[Other - Not relevant no. 120,000] 80,000]
jcoolant circuit heatin 100%| Press (Tandem) Other - Not relevant_[Other - Not relevant | no 120,000} 80,000]
[coolant circuit heatin; 100%)| Press (Tandem) Other - Not reievant_|Other - Not relevant || no 120,000{ 80,000]
[coolant circuit heatin Z coolant tube 80% Forming & Shaping JAssembls Injection Moidiny no. 120,000] 80,000]
3Jcoolant circuit heating Z coolant tube 80% Forming & Shaping |Assembl Injection Moldin, [ no | 120,000{ 80,000]
heat and venlilation controis, control ciresistor Q0* 1Asssmb4y Other - Not relevant |Other - Not relevant no [ 120,000] 80,000
heat and ventilation controls, control ¢]screw. 009 JIForming & Shaping_ [Other - Not relevant_|Other -_Not relevant || no 120,000 80,000
[heat and ventilation controls, control ¢ftemperaiure senso 007 ]@5_&9— Other - Not relevant_|Other - Not relevant_| no 120,000] 80,000
heat and ventilation controls, control cf servomotor 007 Assembly Other - Not relevant_|Other - Not relevant [ no 120,000] 80,000]
heat and ventilation controls, control ¢lscrew 1|STEEL - 007 Forming & Shaping [Other - Not relevant [Other -_Not relevant no 120,000] 80,000]
[A/C, heat exchanger AC 5,199 |PP STEEL 907 njection Moldin Electro-Mechanical __|Forming & Shapin no | 0 J 120,000 80,000
JA/C, heat exchanger In_ul 9 |STEEL EPDM 807 Forming & Shaping |Other - Not relevant |Moldin; no | 0 j 120,000] 80,000}
IA/C,_heat exchanger push nut 5 [STEEL - 100 i Other - Not relevant [Other -_Not relevant no | 0 H 120,000 80,000
[A/C, heat exchanger Iscrew, S [STEEL - 100 (Other - Not relevant [Other - Not relevant | no | C 120,000] 80,000]
[A/C, heat exchanger heat exchanger 859 JAL PABE-GF 80 Forming & Shaping [Assembly Molding no | ( : 120,000] 80,0
[A/C, heat exchanger SCrew. 1 |STEEL - 100 Forming & Shaping [Other - Not relevant_|Other - Not relevant no 120,000/ 80,0
[A/C, heat exchanger ackel 73 |RUBBER |- 100%) njection Moldin [Oiher - Not relevant |Other - Not relevant |l no | 0 || 120,000] 80,000}
[A/C, heat exchanger evaporator 2.206 AL - 100%| 3 |[Eléciro-Mechanical |Other -_Nol relevant [Other -_Not relevant | no | 120,000] 80,000}
[A/C,heat exchanger expansion valve 14 E- - 100%]_1_|iDie Castin: Other -_Not relevant_|Other - Not relevant | no | 0 || 120,000] 80,0
3JA/C, heat exchanger STEEL - 100¢ Forming & Shaping |Other - Not relevant [Other - Not relevant no 20,000} 80,0
JA/C, heat exchanger 17 JAL - 100 IIForrmng & Shaping |Other - Not relevant Other - Not relevant no 20,000] 80,0
SJA/C, heat exchanger 35 |RUBBER |- 100%| _1_lfinjection Moldin; [Other - Not relevani_|Other - Nol relevant || no 20,000] 80,01
[AC, heat exchanger 1499 [PP - 7007 __M [Other - Nol relevant_|Other . Not relevant || no 20,000] 60,000)
[condenser, dryer 2,688 JAL - 009 Press (Tandem Assembls Other - Not relevant no | ¢ 120,000] 80,
condenser, dryer W STEEL - 00%[ "1 JForming & Shaping [Other - Not relevani_|Other - Not relevant | no | 0 |l 120,000] 80,000
[condenser, dryer refngerant tube 14. - 00%)| 2 [Assembly Other - Not relevant_[Other - Not relevant no 120,000] 80,000
[condenser, dryer F-E%«_ 14 [STEEL - 00% Forming & Shaping [Other - Not relevant_|Other - Not relevant || no | 0 |l 120,000] 80,000
3jcondenser, dryer [screw STEEL - 00%. Forming & Shaping Other - Not relevant Other - Not relevant no | < 120,000] 80,000]
condenser, dryer refrigerant tube 239 |EPDM - 0%| 2 [[Assembly Other - Not relevant {Other - Not relevant no )| 120,000] 80,000]
condenser, dryer screw 15 |STEEL - 00% [Forming & Shaping _|Other - Not relevant |Other - Not relevant no | O 4 120,000] 80,000
ondenser, dryer Screw. 16 |STEEL - ) Forming & Shaping [Other - Not relevant _|Other - Not relevant no | 0 1§ 120,000] 80,000]
ondenser, dryer refrigerant tube 389 JAL - 00%] 2 _[{Bendin, Assembly Other - Not relevant Jf no | 0 | 120,000] 80,000}
ndenser, dryer clamp STEEL EPDM 80f Forming & Shaping [Other - Not reievant [Moldin no | O [l 120,000} 80,000}
condenser, dryer screw 4 |STEEL - 100 Forming & Shaping [Other -_Not relevant_[Other - Not reievant no | O f120,000f 80,000
[condenser, dryer screw 2 [STEEL - 100 Forming & Shaping [Other - Not relevant [Other - Not relevant no | 0 | 120,000 80,000!
3jcondenser, dryer *t-rarlgeranl tube 781 |AL PE 80 2 _j[Forming & Shaping |Assembly IMoldlng no | O f 120,000 80,000]




2001 3] nser, dryer screw 18 ISTEEL I 100%]
200] 3] nser, dryer screw 8 - 100%|
3| nser, r clam) 18 ISTEEL [EPDM 80%|
2 nser, dryer screw - k]
2 3 r clam, 17 |STEEL EPDM 80%
3] denser, screw 4 ISTEEL - 100%)
200] 9er, di clam) 27 |STEEL EPDM 80%|
200} 3] nser, screw 23 ISTEEL - 1
200] 3| nger, dryer 2 [PLASTIC |- 100%|
201] 3 controls AG control A14 [PLASTIC |- A
201] 3] controls ish nut 1]STEEL - 100%
201] 3] controls screw 2 |STE| - 00%)
201] 3] controls late 16 |ABS-PC - 100%]
201] 3| controls resistor 148 |P; F__|- 100%|
201] 3] controls screw i -
201} 3] controls temperature sen: 8 |PAB-GF - 1
201] 3| controls garvomotor 128 |PAS-GF -
201! controls sorvomotor 100 |PAS-GF - 100%)
201] 3] controls ssrvomotor 97 |PAS-GF - 100%|
201] 3| controls servomotor 99 |PAS-GF - 100%|
201] 3| controls screw 1 - 100%}
201} 3] controls sunt sensor 8 JPLASTIC |- 100%
202 3] JAC com| AL EEL 100%)]
202]_ 3] MPressor acer bushi 26 - 100%|
202 3 screw 78 JSTI - 100%]
202] [ Suj 117 AL - 100%|
202] 3] screw 35 - 1
202} 3] refrigerant 1,350 |- - 100%|
203] 3] Ir distribution floor area, rear duct _lair duct 1,620 |PE - 1
2031 3] 31jair distribution fioor area, rear duct _ [nut i ic_ |- 100%,
203 3| 31jair distribution floor ares, rear duct __Ivent 83 [PAGE-GF__ |- 100% |
203] 3| 31jair distribution floor area, rear duct _|nut 1 [PLASTI - 100%)
3] __31}air distribution floor area, rear duct _cover 54 |ABS-PC - 100%)
203] 3| 31Jeir distribution floor roar duct __Jvent 107 |PP - 100%!
03] 3| _ 31fair distribution floor roar duct __[screw 1 - 100%|
203] 3] 31jeir distribution floor area, rear duct _ lvent 35 IPP - 1
203] 3| 31fair distribution floor rear duct __Jbracket 1]STEEL - i
204] 3| Ir distribution switchboard air 5,080 |PP - 1
3] _320air distribution switchboard nut 5 |STEEL - 100%)]
204] 3| alr distribution switchboard sCTew 12 |STEI - 1
204] 3| 32fair distribution switchboard sh nut 1 JSTEEL - i
204] 3| i distribution switchboard screw 2 |STEEL - 100%)
204] 3| i air duct 34 PP - 1
204] 3| 32jair distribution switchi jvent 243 |ABS 8 100%]
204] 3| air distribution switchboard vent 114 |PP 100%)
204] 3| air distribution switchboard vent 621 JABS [ABS JO%)|
204} 3| air distribution switchboard nut 1 ISTEEL - 100%
3| r distribution switchboard screw 2 L - 100%]
204] 3| r distribution switchboard [vent 83 JAB! - 1
204] 3| ir distribution switchboard filter element 131 |RUBBER__ |PAPER 100%;
204] 3| 324air distribution switchboard 147 |ABS - 100%]
204) 32]air distribution switchboard filter housi 383 |PP - 100%)
33 distribution switchboard nut 4 |STEEL - 100%]
204] 3 lair distribution ard ot 1 iIc__{- 100%
205] 3| entilation side ssgment ventiiation frame 88 |PP - 100%)
205]_ 3| tilation side segment jasket BER |- 100%|
4] _41Jgrab handle roof @b handle F - 100%|
4]__41)grab handle roof handie PP- 8 100%)
4] _41)greb handle roof [ SCTOW. 4 ISTEEL - 100%)
2} 4 fest rear door, pull handle il handle 112 JABS - 100%)
2) rest rear door, pull handle il handls S - 100%]
2] jarm rest rear door, pull handie cover 12 |PP - 100%}
3] jarm rest front door, pull handle il handle 70 |ABS - 100%)
3| 4 front door_ pult handle jcover 13 PP -
4] 4 rab and pull handie jats I handle 39 JABS - 100%)
‘I 43grab and pull handle tallgate nut insert 1 [ - 100%]
rab and pull handle tailgate SCrew. 1 |STEEL - 100%]
isor, Intertor rear view mirror visor PO B80%]
5] isor, interior rear view mirror 7|POM STEEL
4 isor, Interior rear view mirror fi ate 3 JPOI - 100%|
5| 4} isor, interior rear view mirror screw 1|STEEL - 100%|
5 isor, Interior rear view mirror rear view mirror 332 JAL PLAST) 55%]
71 4 sole, on tunnel center console 579
4 sole, stor: on tunnet cover 231 |ABS PC S5%)
4 ngole, stor on tunnel screw 1 EL - 100%)
Gl 4 love compartment wi lid, stor: /6 com) 60| 375 |JABS-PC STEEL $0%)]
8| 4 love compartment w/ lid, stor. compartmen| AB [ABS-PC 50%]
8} 4 love compartment w/ lid, stor: r 85 |ABS-PC - 100%!
[] love compartment w/ lid, storage stol compartm 128 |ABS - 100%)
8 e com) ent w/ lid, storage trayistorage compartimg 1,150 |Al Fl- 1
8| com| ent w/ lid, stor: je compartm: 841 |ABS-PCGF |- 100%]
8] 4| llove comy ent w/ lid, stor: 1ISTEEL - 100%|
8] 4 love compartment w/ lid, stor: fut 1STEEL g 100%|
8 4 0 artment w lid, storage closing d r 22 |POM - 100%
8| ' com) ont w/ lid, storage closing dam) 100 |AL AL 50%)
8l 4] 47jglasses compartment, cup holder, v: ider 127 |IPC [ABS 0%
10} 4| storage com) door, rear e artms 285 |PP-PE-T20 {- 100%]
10] 4| com| ent rear hil [ABS-PC - 100%|
10| 4 com| ent door, rear i 1Ic__L- 100%)
10] 4] compartment door, rear iny EL - 100%)
10| 4] compartment door, rear screw STEEL - 100%)
10] com ent door, rear screw EL - 100%)
10] 4] com| <door, rear cushion r EPOM - 100%|
1] 4 com| door, front latching actuator 39 [ABS 75%)
111 4] compartment door, front compartm 174 |PPO STEEL 80%)
12] 4| tray trunk compartmdl 1,175 JABS PUR 75%)
12] 4] 4 tray trunk sh nut STEEL - 1
12| 4] 4 trunk ish nut STEEL - 100%]
12| 4] 4 trunk acTew STEEL - 100%
12] 4] 4 & tray trunk acrew STEEL - 1
15| 4] 41 iiray, middie console 58 Ic_1- 100%]
15] 4] 41 middle console retaines 108 JABS - 00%]
13| 4] bells, belt tensioner beit STE! STEEL
13] 4| safety belts, beit tensioner safety beit 2 ST POM
13| 4] belts, beit tensloner safety belt 3 175 |AL - 100%)]
13] 4] belts, beit tensioner belt 349 JAL - 1
13] 4 beils, beit tensioner su) 10 M - 100%
13] 4 belts, beit tensioner beit it 268 |STEEL STEEL 0%
13] 4 belts, beit tensioner ScTew 11 |STEEL - 100%)|
13] 4 it tonai shoulder boit 11 ISTEEL - k]
13} 4 tsnsioner f bushi 368 |STEEL - 100%]
13] 4 beit tensioner jwasher 1 |PAl - 100%|
13] 4 belts, beit tensioner lond 1 |PLASTIC |-
13] 4 belts beit tensioner ide 33 |STEEL - 100%]
13| 4 beits, beit tensioner screw 1 EL - 100%}
13] 4 its, beit tensioner shoulder bolt 47 |STEEL - 100%]
13] 4 beit tensioner ond 11|PP - 1
13 belt tensioner at belt lock 188 EL IC
1 tensioner 18 |STEEL - 100%
13 beit tensioner 1 |PAI |3 100%)
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4] afsalety belts, bell tensioner safety belt 40%| 1 JPress (Tandem) _|Press (Tandem) __[Press (Tandem) ___J no 120,000] 80,000
4 4fsalety belts, belt tensioner safety belt 2 80%)| [Forgine Other - Not relevant_|Injection Molding no. 120,000 80,000
4] 4]satety belts, belt tensioner safety bell 3 00%| 1 _JNonwoven Gther . Not relevant_|Other - Not relevani |} no | 0 | 120,000 80.000)
4 4fsafety beits, belt tensioner safety belt 4 - | 100 Precision Mechanics [Other - Not relevant |Other - Not relevant | no 120,000] 80,000]
4| 4Jsafety belts, belt tensioner safety bolt height o STEEL __| 100 Press (Tandem) Press (Tandsm [Other - Not refevant_} no 120,000] 80,000
4| aJsafety beits, belt tensioner [screw’ N 00" Forming & Shaping _[Other - Not relevant_|Other - Not relevani_| no 120,000] 80,000}
3| 4Jsafety belts, belt tonsioner guide yoke g 00" Forming & Shaping_{Other -_Not relevant_|Other - Nof relevant | no 120,000] 80,000}
4 [satety belts, belt tensioner screw - 00 i Not relevant_} no 120,000 _80,000f
4]safety belts, belt tensioner shoulder bolt - [{] Not relevant | no 120,000 _80,000|
4 [safety belts, belt tensioner , [ Other -_Not relevant Not relevant | no | 0 §l 120,000] 80,000
aJsafety belts, belt tensioner - O oldin, Other - Not relevant _[Other - Not relevant ] no | 0 } 120,000] 80,000
4 4{satety belts, belt tensioner - 00%| 1 IMoldiny Other - Not relevant Not relevant | no 120,000} 80,0
4| 4fsafety belts, belt tensioner - 00 IFormlng&ShaE'ng [Other - Not relevant_|Other - Not relevant_| no 120,000]_ 80,000
3]_4]__4fsafety belts, belt tensioner - 00 IForming & Shaping Not relevant_| no 20,000] 80,0
4| 4Jsafety bells, belt tensioner 5 100%]_1_JMolding [Cther - Not relevant_[Other - Not relevant | no 20,000] 80,000}
4] dfsafety belts, belt tensioner STEEL 407 Press (Tandem) no 20,000] 80,000}
4 4safety belts, belt tensioner POM 807 Forging Other - Not relevant _|Injection Molding no 20,000] 80,000}
4satety belts, belt tensioner - 100 Nonwoven Other - Not relevant |Other - Not relevant ] no 20,000] 80,000}
4] aYsafety bells, belt tensioner - 100° Precision Mechanics [Other -_Not relevant_|Other - Not relevant ] no 20,000] 80,01
4 4ffsafety belts, belt tenstaner 100 Forming & Shaping [Other - Not relevant_[Other - Not relevant | no 20,000} 80,0
4] afsafely belts, belt tensioner 100° IMoiding Other - Not relevant_[Other - Not relevant | no 120,000] 80,0
4 4fsafety belts, belt tensioner 40 [Press (Tandem) Press (Tandem) Press (Tandem’ no 120,000] 80,0
4| afsalety belts, belt tensioner 80° Forging Other -_Not relevant_|Injection Molding [ no |0 11120,000] 80,000
4] aflsafety bells, belt tensioner 100 Nonwoven Other - Not relevant_|Other - Not relevant } no | 0 | 120,000] 80,000}
4 4]lsatety belts, belt tensioner - 100 Precision Mechanics |Other - Not relevant_|Other - Not relevant no 120,000] 80,000]
4 4)salety beils, belt tensioner - 100 Forming & Shaping [Other -_Not relevant_[Other - Not relevant | no | 0 H 120,000] 80,000]
4 dJsafety beits, belt tensioner - 100 Forming & Shaping [Other - Not relevant [Other - Not relevant no | O H 120,000/ 80,000
4] 4Jsalety belts, bell tensioner - 00¢ Forming & Shaping [Other - Not relevant |Other - Not relevant | no | 0 | 126,600] 80,000)
4| 4fsafely belts, belt tensioner - 00! Forming & Shaping |Other - Not relevant_|Other - Not relevant | no | 0 | 120,000] 80,000}
4 4fsafety belts, bell tensioner - 00%] 1 oldin: Other - Not relevant_|Other - Not relevant no | O } 120,000 80,000]
4] affsafety belts, belt tensioner - 00 IFurmin & Shaping |Other - Not relevant_|Other - Not relevant | no | 0 || 120,000] 80,000
4fsafely belts, belt tensioner - 00%| 1 IMolding ho her - Not relevant [Other - Not relevant no | O [ 120,000] 80,000
4fsafety belts, belt tensioner PLASTIC 70% Forging Press (Tandem Injection Moldin, no | O J 120,000] 80,000]
4Jsafely belts, bell lensionar - 100 JForming & Shaping_[Other - Not relevant |Other - Not relevant | no | 0|l 120,000] 80,000
alsaloty beits, belt lensioner - oldin [Other - Not relevant_|Other - Nof relevant_] no | 0 || 120,000] 80,000]
#saioty belts, bell lensioner Other - Not relevant_|Other - Not relevant | no | 0 |l 120,000] 80,000}
dfisafety belts, belt tensioner Other - Not relevant_|Other - Nol relevant | no 120,000] 80,000
#salely bells, bell tensioner Other -_Not relevant |Other - Not relevani_| no | 0 | 120,000] 80,000]
#fsaloty belts, bell tensioner Other -_No relevant_|Other - Not relevant | no 120,000 80,000
afsafely belts, bell tensioner Press (Tandem Press (Tandem Other - Not relevant_| no 120,000] 80,0
afely bells, bell lensioner Forging [Gther - Not relevant [Injection Moldin no 120,000 80,000
alely belts, bell lensioner jonwoven Other - Not relevant_|Other - Not relevant | no 120,000] 80,0
4Jsafety belts, bell tensioner Precision Mechanics [Other - Not relevant [Other - Not relevant | no 120,000] 80,000
4fsalety belts, bell tensioner Forming & Shaping |Other - Not relevant_|Other - Nol relevant _J no 20,000] 80,01
aJsalety beits, belt tensioner [Moldin Other - Not relevani_|Other -_Nol relevant | no 20,000] 80,000
4] 4Jsafety belts, belt tensioner IFurmin & Shaping _[Other - Not reievant_|Other - Not relevant_| no 20,000] 80,000}
4fsalely belts, belt tensioner. JForging Precision Mechanics_|Injection Maldin, no 20,000] 80,000}
4]safety belts, belt tensioner Jother - Not refevant [Other - Not relevant_|Other - Not refevant_} no 20,000] 0,000}
4fsafsly bells, belt tensioner IMoldIng [Other - Not relevant |Other - Not relevant | no 20,000] 80,000}
4]safety belts, belt tensioner [Forming & Shaping [Other - Not relevant_|Other - Nol refevant_} no 20,000[ 80,000
4alpassive restraining system, aitbag___air bag driver side Other -_Not relevant {Other - Not relovant_} no 20,000] 80,000}
4fpassive reslraining system, aitbag___lair bag driver side Other - Not relevant_| no 20,000] 80,000]
4 4]passive restraining system, airbag retainer Molding no 20,000] 80,000]
4] shouider boit Not relevant_| no 20,000] 80,000
3 4fpassive restraining system, airbag return ring Electronics no 20,000]  80,000]
4 d]passive restraining system, aitbag__|airbag passenger g Other - Not relevant |Other - Not relevant | no 20,000] 80,000]
aJpassive restraining system, airbag__|airbag passenger o Precision Mechanics |Electronics [Other - Not relevant_| no 20,000 80,000]
4Jpassive restraining system, airbag__|support frame Press (Tandem [Other - Not relevant_|Other - Not relevant ] no 20,000 80,000]
4fpassive restraining system, airbag __|nut Forming & Shaping [Other - Not relevant [Other - Not relevant | no 20,000] 80,000]
dfpassive restraining system, aitbag__|nut Forming & Shaping [Other - Not relevant_|Other - Not relevant | no 20,000 80,01
4]passive resiraining system, airbag__|screw Forming & Shaping [Other - Not relevant [Other - Not relevant | no 20,000 80,0
4fpassive restraining system, airbag screw Forming & Shaping {Other - Not relevant [Other - Not relevant | no [ 0 Ji 120,000 80,01
afpassive restraining system airbag __|screw Forming & Shaping _|Other - Not relevant [Other - Not relevant | no 120,000 80,01
4Jpassive restraining system, airbag___|angle piece Press (Tandem) Other - Not relevant_[Other - Not relevant | no | 0 | 120.000] 80.0¢
3Jpassive restraining system, airba; [scrow Forming & Shaping |Other - Not relevant_[Other - Not relevant | no | 0| 120,000] 80,000
4]passive restraining system, airbag___|electronic control i [Other - Not relevant_|Other - Not reievant | no 120,000] 80,000}
4fpassive restraining system, airbag___|acom nut [Cther - Not relevant_|Other - Not relevant_] no 120,000[ 80,000
afpassive restraining system, airbag___|crash sensor. Other - Not relevant_|Other - Not relevant_| no 120,000] 80,000}
|__4passive restraining system, aibag _|screw Forming & Shaping_[Other - Not relevant_[Other - Not relevant | no 120,000] 80,000]
|_411]damping Tioor_ tunne floor covering JCompression MoldingGther -_Not relevant_[Other - Not relevant | yes 120,000] 80,000}
| _4114damping floor, tunnet clip [Moldin, Other - Not relevant [Other - Not relevant §yes| 1 J 120,000 80,000
| 417Jdamping floor, tunnel floor covering [Compression MoldindOther -_Nol relevant_|Other - Not relevant | yes 120,000] 80,000
|_411}damping floor, tunnel clip [Molding Other - Not relevant_[Other - Not relevant | yes | 1} 120,000] 80,000}
11}damping fioer, tunnel tioor covering JNonwoven Compression Molding JOther - Not relevant Jyes| 1 H 120,000] 80,000]
|4 11}damping floor, tunnel cover e| _1_Jinjection Molding __Other -_Not relevant_[Other - Not relevant | yes | 1 | 120,000 80,00
|_a11)damping floor, tunnel clip 2 [PA6 - 100° [Molding Other - Not relevant_[Other -_Nol relevant_| yes 120,000] 80,000}
|_411]damping fioor. tunnel damper 12,866 |PET-PO-PF [EPDM-POM 50 [Compression MoldindOther - Not relevant_|Compression Molding | yes 120,000] _80,000]
|_411]damping floor, tunnel damper 15 |CO-PF - 00 ompression MoldindOther - Not relevant [Other - Not relevant | yes 120,000] 80,0!
| 411§damping floor, tunnel cli 2 [PA6 & - 00 [Mciding |Other - Not relevant_|Other - Not relevant | yes 120,000] 80,01
|_411}damping floor, tuanel damper 79 |CO-PF - 00° Compression MoldindOther - Not relevant |Other - Nof relevant_] yes 20,000 80,000}
[_&11kdamping floor, tunnel damper 109 |CO-PF 00" Compression MoldindOther - Not relevant [Other - No relevant | yes 20,000] 80,000}
[—411}damping fioor, tunnel melt-on mat 00° Deposition (plastices){Other - Not relevant_|Other - Nol relevant os. 20,000 80,000]
|_413]damping floor, tunnel melt-on mat 00" Deposition (plastices)Other -_Not relevant_[Other - Not relevant [ yes 20,000 80,000]
[ 311}damping floor, tunnel malt-on mat 00 Deposition (piastices)[Other - Not relevant_[Other - Not relevant_J yes | 2 || 120,000] _80.000]
| 411}damping fioor, tunnel mett-on mat 00 Deposition (piastices)Other - Not relevant _[Other - Not relevant [ yes 120,000] 80,0
|_411kdamping floor, tunnel melt-on mat 00" Deposition (piastices)[Other - Not relevant |Other - Not relevant [ yes 120,000] 80,0
|_411}damping floor, tunnef melt-on mal 00 Deposition (plastices)[Other - Not relevant Other - Not relevant § yes| 2 | 120,000]  80.0
12§damping bulkhead [damper 00 Compression MoldindOther -_Not relevant_|Other - Nol relevant_J yes | 2 | 120,000] 80,000
7] 12fdamping bulkhead damper 0%, [Compression MoldindOther - Not relevant_|Other - Not relevant {yes| 2 [ 120,000 80,000}
7] 4] 412fdamping bulkhead [damper 0%) [Compression MoidindOther - Not relevant |Other - Not relevant es 120,000] _80,000]
7] 4] 412fdamping bulkhead damper 0 ICompression MoldindOther - Not relevant |Other - Not relevant [ yes | 2 ][ 120,000] 80,000
7| 12]damping bulkhead clamping washer 00 Forming & Shaping [Other - Not refevant |Other - Notrelevant | yes| 1 | 120,000] 80,000}
7 12]damping bulkheas clamping washer - 100° JFoming & Shaping [Other - Not relevant [Other - Not relevant ] yes | 1 _J 120,000] 80,000]
7] 12Jdamping bulkhea: damper 1,979 |PET-PO-PF |EPDM 50%[ 1 JCompression MoldindOther - Not relevant |Compression Molding | yes | 2 _J 120,000] 80,000)
12]damping bulkhear clamping washer STEEL - 100 [Forming & Shaping_ [Other - Not relevant |Other - Not relevant | yes | 1 f 120.000] 80,000}
12Jdamping bulkheac damper 2,008 [CO-PF - 100%| 1 JCompression MoldindOther - Not relevant Other - Not relevant | yos 120,000] 80,000]
12Jdamping bulkhea: [clamping washer 2 [STEEL B 00% [Forming & Shaping [Other - Not relevant_[Other - Not relevant | yes 120,000[ 80,000]
12Jdamping bulkhear melt-on mat 227 |BITUME - 00% JDeposition (plastices)|Other -_Not relevant_|Other - Not relevant_| yes 120,000] 80,000}
12Jdamping bulkhear melt-on mat 147 [BITUME B 00% YOeposition (plastices)|Olher -_Not relevant_[Other - Not relevant 08 120,000] _80,000)
12Jdamping bulkhead meit-on mat 113 [BITUMEN |- 00 Deposition (plastices)Other - Not refevant_|Other - Not relevant_] yes | 2 || 120,000] 80,000
12fdamping bulkhead meit-on mat 352 [BITUME - 0 [Deposition (plastices)[Other - Not refevant_[Other - Not relevant | ves | 120,000] 80,000
Smpin o mell-on mal o 14 YDeposion {plastices)fOTher - Nol relevant [OTher - Nol relevant | ves |2 J 120, A
12fdamping bulkhead melt-on mat 149 |BITUME - [ JDeposition (plastices)[Other -_Not relevant |Other - Not relevant | yes 120,000] 80,000]
| 4120damping bulkhead melt-on mat 98 |BITUME! - 00%] 1_JDeposition (plastices)[Other - Not refevant [Other - Not relevant es 120,000] 80,000]
["413}damping side panel front, pillar A damper. 355 [CO-PF___ |EPOM 50 [Compression MoidindOther - Not relevant_[Compression Molding | yes | 2 |l 120,000] 80,000
| 413}damping side panel front, pillar A [clamping washer 2 [STEEL - 100¢ [Forming & Shaping _[Other - Not relevant |Other - Not relevant J yes | 1 || 120,000] 80,000)
|_413}damping side panel front, pillar A___|damper 37 [PLASTIC _|PUR 50 ompression MoldindOther - Not relevant_|Other -_Not relevant | yes | 2 || 120,000] 80,000
|_413]damping side panel front, pillar A melt-on mat 198 [BITUMEN 1- 100° [Deposition (plastices)[Other - Not relevant_|Other - Not relevant | yes 120,000] 80,000f
413§damping side panel front, pillar A melt-on mat 279 [BITUMEN |- 100¢ J0eposition (plastices)[Other - Not relevant |Other - Not relevant | yes 120,000} 80,000}
[ 413§damping side panel front, piliar A melt-on mat 400 |BITUMEN 00" JDeposition (plastices)[Other - Not relevant |Other -_Not relevant | yes 120,000f 80,000}
| 41afdamping rool. roof member, moon rocjdamper - 00° Molding [Other - Not relevant [Other - Not relevant_| yes 120,000( 80,000
|_414Jdamping roof, roof member, moon rooldamper 5 00%|_1_JMolding [Other - Not relevant [Other - Nol relevant | yes | 1 _fl 120,000 80.000)
| _414jdamping roof, roof member, moon roojdamper - 00%] 1 Other -_Not relgvant [Other - Not relevant Jyes | 1 | 120,000 80,000}
| “414)damping roof, roof member, moon roojmelt-on mat - 00 [Daposition (plastices)[Other - Not relevani_|Other - Not relevant_| yes 120,000 80,000
|_#12)damping roof, roof member, moon roolmelt-on mat - 00 JDepostiion (plastices)[Other - Not relevant_|Other - Not relevant_| yes 120,000] 80,000
15fdamping rear door imelt-on mat - 00° IDeposition {plastices)|Other - Not relevant_[Other - Not relevant_| yes 120,000 80,000f
|_416Jdamping front door melt-on mal - [Deposition (plastices)|Other - Not relevant [Other - Not relevant [ yes | 2 J120,000] 80,000]
17]damping side panel rear damper - JCompression MoidindOther - Not relevant ]Other - Not relevant [ yes | 120,000] 80,
17]damping side panel rear damper - JCompression MoldingOther - Not relevant_|Other - Nol relevant ﬁ:: 120,000] 80,000
17]damping side panel rear clamping washer B [Forming & Shaping [Other -_Not relevant Other - Not relevant | yes 120,000] 80,0
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jamping side panel rear damper 1,338 |CO-PF - 1 1 ression MoldinglOther - Not relevant [Other - Not relevant |} ves | 120,000}

amping side pansi rear [clemping washer 1ISTEEL |- 1 1 JForming & Sh Gther -_Nol relevant - Notrelevant fves| 1 I1

jamping side panel rear demper 1 |CO-PF - 1 1 Other - Not reievant _JOther - Not relevant _&—_ 120,000]

jamping side panel rear demper 22co - 100%} 1 ression MoldingfOther - Not relevant_[Ofher - Not relevant ['ves 1 [ 120,000

jarm) o panel rear ol 1JPLASTIC _|- ] 1 i Other - Nol relevant ~ Not refevant ['ves |1 120,000

side panel rear [dam) 27 [CO-PF - J00%]|_1_SCompression MoidingOther - Not relevant [Other - Not relevant § yes | 120,000
ade rear T 1 C 1 1 nj [Other - Not relevant |Other - Not relevant | yea | 1_§ 120,000}
side panei rear d 258 [CO-PF___I- 100%] 1 in [Other - Not relevent [Other - Not relevant_Jl ves |3 J120,000]

lamping side rear melit-on mat 468 |BITUMEN |- 100%| 1 tion {plastices) - jevant [Other - Not relevant | yes | 120,000 80,

amping side panel reer melt-on mat 182 [BITUMEN |- 100%| 1 tion (plasticesYOther -_Not relevant_|Other - Not relevant I ves | 2 § 120,000] 80,

amping eide panel rear meit-on mat 121 |BITUMEN _[- 100%| 1 sition - relevant [Othar - Not relevant § ves | 120,000} 81

jamping side panel rear [melt-on mat 626 [BITUMEN_|- 100%| 1 sition {plasticesOther - Not relevant [Gther - Not relevant |l yes |~2~]"120,000] 80,

jamping side panel rear meli-on mat 403 1B 5 il sition (plastices§Other - jevant [Other - Not relevant f ves |2 | 120,000] &

jamping hood [damper B34 [BITUMEN |- 100%] 1 jon MoldingOther - Not relevant_[Other - Not relevant | ves |2 ] 120,000] 80,

lam) 0od bracket 2 JP - 1 1 idi r - Notrelevant JOther - Notrelevant Jyes| 1 ¥ 120,000] 80,

tailgate trunklid insulation sheet 165 |[BITUMEN |- 100%| 1 ldi [Other - Not relevant_[Other - Not relsvant I yes] 2 1 120,000 8¢

amping tallgate, trunk meit-on mat 188 |BITUMEN |- 100%] 1 tion (plastices)Other - Not relevant lOther - Not relevant Jyes] 2 J 1 8

amping / insul ine com| 215 [PLASTIC _ |PUR 50%] 1 mpression MoldinglOther - Not relevant Other - Not relevant Jves| 2 I 120,000 8

lamping / insulati ine com) i 1|PLASTIC__ |- 100%] 1 lin{ Other - Not relevant [Other - Notrelevant Jyes]| 1 | 8
er floor, side member interiot trim 410 |PP- - 1 2_Ninjection Moldi Other - Not relevant Other - Not relevant J ves| 3 ¥ 120,000 8
ror floot, side member interior trim 427 |PP-TV - 1 2 Wnjection Othet - Not relevant [Other - Not relevant Jyes] 3 § 120,000] 8t
er floor, side member Interior trim 254 TV - k] 1 _Nnjection [Other - Not reisvant_|Other - Notrelevant Jyes] 3 | 1200001 60,
ref floor, side member intsrior 235 |STEEL - k] 1 andem Other - Not relevant_|Other - Not relevant [ yes | 3 | 120,000
o fioor, side member interior beari - 100%] 1 Other - Not relevant or -_Not relevant yes! 1 ] 120,
or floor, side member Interior beari PA-86 - 100%] 1 Other -_Not relevant or - Not relevant ¥ yes) 1 ¥ 120,000{ 80,
or fioor, side member Interior screw EEL - 100%| 1 _JFormin [Other -_Not relevant r - Notrelevant Jyes] 1 § 120,000 80,
er floor, side member interior screw STEEL - 100%] 1 WForming & [Other - Not relevent |Other - Notrelevant J ves] 1 ¥ 120,000 80,

im side panel front, pillar A trim 282 |PP-PE-T20 |- 100%] 1 Moidi r- relevant |Other - televant Jyes] 3 §1 80,

trim side panel front, pillar A e 1JPLASTIC |- Kl 1 i Other -_Not relsvant_|Other - Not relevant § yes] 1 ] 120,000) 8

im side llar A rommet 2 1C_I- 100%| 1 di - Not relevant - Notrelevant Jyes] 1 J 120,000f B

im Instrument Instrument instrument panel 7,235 |[PLASTIC _ [FOAM 100%| 3 _Hinjection Moldi Other - Not relevant JOther - Not relevant J§yes| 3 ¥ 120,000] 8

im Instrument panel, Instrument instrument panel 827 |ABS.| - 100%| jection - Not relevant_|Other - ovant Jyes| 3 | 120,000 8

im Instrument Instrument cover 31 |ABS.| - 100%| 1 jection Moidis Other - Not relsvant_[Other - Not relevant  yes| 3 ¥ 120,000 &

im instrument panel, Instrument cover 476 |ABS| - k] 1_Jinjection Moidii - Not retevant_|Other - Notrelevant Jyes] 3 § 120,000] 8t

rim instrument |, instrument trim 273 |ABS-PC - 100%] 1 ion Moldi Other - Not relevant [Other - Not relevant | yes 3 ¥ 120,000] 80,

rim instrument panel, instrument pandcover 85 [AB 5 100%]| 1 Moldk (Ofher - Not relevant _[Other -_Not relevant | yes | 3 J 120,000] 80,

rim instrument panel, instrument ish nut 1 ISTEEL - 100%] 1 WForming & ing _JOther - Not relevant |Other - Notrelevant ¥ yss) 1§ 120,000

irim infrument Instrument pand screw 2|STEEL |- 700%]_1_[Forming & Sh [Other - Nof relevant _|Other - Not relevant J ves | 1§ 120,000] 80,

im Instrument instrument retainer 2 |PLASTIC _ISTEEL 100%] 1 ldi [Other -_Not relevant r - Notrelevant J yes] 1 J 120,000 80,

im Instrument panel, instrument £n 354 |ABS-PC - 100%] 2 Hinjection Moldi [Other -_Not relevant_|Other - Not relevant ] yes] 3 | 120,000f 8

im Instrument panel, Instrument nut 1 ISTEEL - 100%}_1_JForming & Sh; [Other - Not relevant - Notrelevant Jyes| t J 120,000] B8
instrument panel, Instrument [screw 2 ISTEEL - 100%} 1_RForming & Sh: [Other - Not relevant_|Other - Notrelevant ] yes] 1 [ 120,000 8

im instrument panel, Instrument end caver 5 |ABS - i 1 ny Other - v, [Other -_Not relev: [yes| 1 ] 1 8

im instrument instrument 35 |ABS-PC - 1 1 llon Other - Not relevant_[Other - Not relevant yos | ¢ 120,000] 80,

rim instrument panel, instrument cross 875 |STEEL - 1 - felevant [Other - Not relevant [Other - Not ant _&._j 120,

im instrument panel, instrument switch cross 000 |STEEL STEEL 50%] 3 lom) [Press (Tandem Welding and [yes| 3 ¥ 120,000

im Instrument Instrument switchboard cross 113 |STEEL - 100%] 1 andem [Other - Not relevant r - Notrelevant J yes] 3 § 120,000

im instrument panel, instrument switchboard cross 113 ISTEEL - 100%] 1_JPress (Tandem] Other - Not relevant [Other - Not relevant J§ ves] 3 ¥ 120,000] B8t

im Inetrument Instrument switchboerd cross 113 |STEEL 3 100%} 1 83 (Tandem Other - Not relevant_Other - Not relevant 120,000]

im instrument panel, Instrument [ swil cross 113 ISTEEL - 100%] 1 88 (Tandem) Other -_Nol retevant [Other - Notrelevant | ves] 3 I 120,000] 8t
instrument panel, instrument pangswitchboerd cross 113 |STEEL - 100%] 1 andem Other - No relevant - Notrelevant Iyes] 3 | 120,000!
instrument panel, instrument [ switchboerd cross 113 ISTEEL STEEL 75%| 1 lem Press idem’ elding and Cutting Jyes | 3 | 120,000]
instrument panel, instrument drag strut 384 |STEEL g 100%] 1 andem [Other - Not relevant [Other - Notrelevant Jyes] 3 § 1 80,

trim instrument instrument screw 18 |STEEL - 1 1 JForming & ing _|Other - Not relevant [Other - Notrelevant Jyss| 1 ¥ 120,000 80,
instrument panel, instrument pandstrut 156 [STEEL I 1 1 andem r-Not relevent r~— Not relevant_[ ves | 3§ 120,000/ 80,

im Instrument panel, instrument scrow 18 ISTEEL - 100%] 1 FForming & Other -_Not relevant |Other - Notrelevant J yes] 1 J 120,000f 8

im Instrument pane, instrument e bracket STEEL | T00%| 1 _JPress (Tandem) __JOther - Not relevant_|Other - Not relevant | ves |1 | 120,000] B

im {nstrument panel, instrument nut 12 |STEEL - 100%| 1 _JPress (Tandem Other -_Not relevant - Notrelevant Jyes] 1 J1 L]
instrument panel, instrument [screw 18 |STE! - 100%] 1_RForming & Shi Other - Not retevant [Other - Notrelevent Jyes] 1 Y 120,000] 8t
instrument panel, instrument 120 |PP-T30 FOAM 100%| 1 _Rnjsction Other - Not relevant JOther - evant Jyes| 3 | 8
finer molded liner 3,504 |CELLULOSHFOAM 1 1 ion MoldingiOther - Not relevant_[Other - Notrelevant I yesi 2 | 120,000]
Mner snap hution 1]|PAS.8 - 100%] 1 Other - jevant JOther - relevant ’&}__ 120,000]
Siner jcover 4 - k] 1 Other - Not relevant JOther - Not relevant J ves ] 1 § 120,000
liner rame 1]PP-GF 3 1 1 idi [Other - relevant |Other - selevant Jyes] 1 ¥ 120,000 8!
liner cover 187 |ASA 3 1 1 ion Moldi Other - Not relevant JOther - Not relevant Jyes| 3 Y 120,000] 80,
liner [screw 4 |STEEL - 100%| 1_JFormi Other - relevant |Other - relevant Jves| 1 I 120,000] 8

loor trim front door trim 3,018 [PVC TPU 3_Jnjection Moidi Compresaion Molding [Other - Not relevant | ves] 3 ¥ 120,000] 8t

joor trim front |dip 1]POM 3 1 1 (Other - No relevant_[Other - Nof relevant | yes | 1 | 120,000] &

loor trim front sCTewW S5 |STEEL - k] 1 _[Fomming & Shaping _[Other - Not relevant [Other - Not relevant | yes! 1 | 120,
trim rear door trim 2,893 [TPU 50%]_3 M| rassion Molding JOther - Not relevant § yes] 3 § 120,000}
trim rear cli 1 - 100%| _1_IMoldit [Other - Not relevent |Other - Notrelevant Jyss] 1 ¥ 120,000
rim reer screw 3|STEEL |- 1 1_JForming & Sh r-_Nol relevant |Other - Not relevant | yes | 1§ 120,000

o trim trim 325 |PVC-PF-ABY- 100%| 1 ssion MoldingOther -_Not relevant Other - Not relevant Jves| 2 § 120

@ trim trim 148 - 1 1 jection Other - Not relevant [Other - Not relevant J§ ves] 3 ¥ 120,000] 8!

o trim screw 2 ISTEEL - 100%] _1_BForming & Sh. Other - Not relevant - Notrelevant Yyes]| 1 } 120,

ide trim trim 203 - 1 ion Moldi Other - Not relevant_[Other - Not relevant I yes] 3 } 120, 8

ide trim screw 1 EL - 100%] 1 _JForming & Shaping JOther - Not relevant r- Notrelevant Ryes]| 1 |1 80,
trim trim 228 - 100%) In) Moldi [Other - Not relevant |Other - Notrelevant §yes] 3 ¥ 120,000
trim side trim 2,123 |PVC-PF-ABYJFOAM 3_linjection Moidiny [Other - Not relevant_1Com, ion Moiding R yes | 3 J 1. 80,

o trim maintenance door | 752 T Jinjection Mold: Giher - Nol relevant_|Injection Mokdi [yes | 3 |120,000] &

e trim side trim 3,194 |ABS LEATHER-f 3_Qinjection Moidi Injection Moldiny Compression Moiding | yes | 3 § 120,000] 8!

side trim ill 183 - 100%} Mol Other -_Not relevant [Other - Notrelevant Y yes! 3 ¥ 120

ide trim 133 ISTEEL EPDM 85%] 1 ss (Tendem [Other - Not ralevant r - Not relevant _u:_ 120,000] 80,

de trim screw 17 R |- 100%|_1_[Forming & Sh [Other - Not relevent [Other - Not relevant yes | 1 120 ]
trim washer LCR |- 1 1 _JFoming & Sh [Other - Not relevant {Other - Notrelevant Jyes] 1 J 120,000] 80,
trim bracket EL - k1 1 _Yroming & Sh, Other - Not relevant_[Other - Notrelevant I yes]| 1 § 120,000

e trim PLASTIC__|- 1 1 I Other —_Nol relevant_|Other - Not relsvant § yes | 1§ 120,000}

o trim retainer STEEL PLASTIC | 1 1_JForming & Sh Other - Not relevant |Other - Notrelevant §yes| 1 ¥ 120,000] 80,

o trim STEEL - 100%]_1_Formi ing_[Other - Not relevant JOther - Notrelevant N yes| 1 ¥ 120,000] 80,

side trim snap button P, - 100%]_1_Moidis Other -_Not relevent |Other - Notrelevant Jyes| 1 ¥ 12 80,

ide trim snap button |___4|PA-88 - 100%] 1 T Other - Not relevant Other - Not relevant | yes| 1 ¥ 120,000] 80,

runk floor cover cover 1,031 |STEE CR k] 1 ‘andem) Other - Notrelevant Jyes| 3 ¥ 1. 80,

runi floor cover cli [ _1]Pom 5 1 1 or - Nol rolevart [Other - Not relevant | ves | 1 ] 120,000

ink floor cover I 8 com| | _4,867 [PVC-PET__|PAB-GF 1_JExtrusion {plastic) _ linjection Moidi Injection Moldis _ﬁ_: 80,

runk floor cover retainer 84 |PA-GE - 100%] 1 Moldin, [Other -_Not relevant Other - Not relevent Y yes| 1 ¥ 120,000] 80,
fioor cover =2 STEEL - 100%|_1_JForming & Sh: Other - Not relevant - Notrelevant Jyes| 1 § 120,000 89,

ink floor cover retainer 15 |PA-GF - 100%) 1 jection Moldis Other - Not relevant_|Other - Notrelevant Jyes| 1 § 1:

runk floor cover nut 1 ISTEEL - 100%] 1 JForming & Sh. Other -_Not relevant_|Other - levant Jyes] 1 J 121 80,

runk floor cover suj 122 |STEEL - 100%] 1 andem [Other -_Not relevant_|Other - Not relevant J yes] 3 | 12 80,

rim tadi trunk ltd trim 2,851 |PV¢ [TPY 50%| 2 ion Moldiny [Com) lon Moldi - Notrelevent Jyes! 3 §1 80,

rim taligste, trunk Hd bracket 8 EL |- A 1_JForming & Sh ~_Not relevant_[Other - Not relevant ] yes] 1 § 120, 80,

trim tedigate, trunk lid SCTeW. 8 ISTEEL o 1 1_JFomi Sh - Not relevant [Other - Notrelevant Jyes] 1 ¥ 12 80,
tailgate, trunk lid imaintenance 82 |PLASTIC |- 100%)_1 Moldi [Other - Not relevant_[Other - Not relevant Jyes] 3 | 80,
irim tallgate, trunk lid trim 756 |PP-PE-T20 |- 1 1 Moldi [Other - Not relevant_[Other - Not relevant_| 'yes |3 1120, 80,
im tailgate, trunk I [bracket 1 ISTEEL - 100%| 1 _RForming & Sh [Other - Not relevant or - rolevent L ves} 1 J 120, 80,
front seat w/ cushion insert cover 470 |P PLASTIC 70%] 1 _JRIM/Foam Moldi Asoem! Moldiny [ 3 1120
Jront seat w/ cushion insert cover 388 |PUR PLAST) 1 -osm Moldt injection Moldi [yes | 3 1120 8
front seat w/ cushion insert cover 48 |PUR PLASTIC 70%] 1 JRIMFoam Moldin bl; [Moldin; |_3 ] 120,000
r front seat w/ cushion insert 1 1 ]8Tl - 100%! 1 Jroming & ing JOther - Not relevant - Notrelevant §yes| 1 } 120,000 8¢
er rear seat w/ cushion Insert jcover 334 [PUR PLASTIC 1 -oam Moldi ssembl! injection Moldin, [yes| 3 § 120,000 80,
soar seat w/ cushion insert cover 137 JPU PLASTIC 70%] 1 JRIM/Foam Moldi Assembi: | 3 .120,0001_ 80,
r rear seat w/ cushion insert cover 128 |PUI STIC 70%] 1_ERIM/Foam Moldi [Assem! [Moldif yes| 3 § 120,000 8
rear ssat wi cushion insert cover 483 |P! PLASTIC 0%] 1 _BRIMFoam I Assem! diny [yes| 3 ] 1200000 8
rear seat w/ cushion insert o 1 |STEEL - 100%| 1_Jrorming & ing_JOther - Not relevant [Other - Not relevant J yes]| 1 § 120,
rear seat w/ cushion insert cover 384 PLA 80%] 1 -oam Mol Assembl! Injection Moidin; [yes] 3 J 120,000] 80,
r rear seat w/ cushion insert cover 325 |[PUR PLASTIC 70%]_1_JRIM/Foam Moldh Assembl: jection Moidin [yes| 3 J 120,000]
ot reer seai w/ cushion insert le 1 STEEL - 100%] 1 JForming & Sh: [Other -_Nol relevant or - Notrelevant §yes] 1 ¥ 120,000
o1 reer ssat w/ cughion insert cover 384 |PUI PLASTIC 80%]| 1 JRIMFoam i [Assambl Injection Mol [yes| 3 120, 8
or rear seat w/ cushion Insert cover 325 |PUI PLASTIC 70%]| _1_JRIMFoam Moldi mbl Injection Moldil [ yes] 3 |
or rear seat w/ cushion Insert 1STEEL - 100%| 1 JForming & Sheping [Other - Not relevant r- Notrelevant Jyes| 1 § 120,000 8




77 430]seat rack front 2 Seat rack 15,865 [STEEL STEEL 70%) yos 120,000] 80,0
7! 430fseat rack front Z Seat rack 8,628 |STEEL STEEL 70% [ves| 3 J'120,000] 80,000}
77 430fseat rack iront Z Seat back rack PLASTIC | 80%] ¢ yes 120,000] 80,000
77 430]seat rack front abrasion protecti - 100° [Other - Not retevant } ves | 3 J120,000] 80,0
77 430]seat rack front B 100%] 2 Not relevant |l yes 20,000] 80,0
7] 430]seat rack front _ 100%] 1 [Other - Not relevant_|Other - Not relevant [ yos 20,000] 80,0
77 430fseal rack front - 00%] 1 Other - Not relovant | yes 20,000] 80,01
77| 4} 430fseat rack front - 00%] 1 Other - Not relevant |[ yes 20,000 80,000}
77] 4] 430fseat rack front - 00%) Forming & Shaping [Other - Not relevant fyes| 1 J 120,000 80 000f
77] 4] 430kseat rack front - 00%]_1 Hmeing & Shaping Not relevant pyest 1 ] 120,000] 80,000}
77{ 4| 430]seat rack front - 00%) Forming & Shaping [Other - Not relevant [Other - Not relevant [yes| 1 f 120,000{ 80,000]
77 4] 430]seat rack front - 00%] _j [Moldin: Not relevant { yes | 1 ' 120,000] 80,000}
77] 4| 430]seat rack front - 00%] 1 _[IForming & Shaping [Other - Not relevant {Other - Not relevant es 120,000] 80,000]
77] 4] 430fseat rack front - 00%] Forming & Shapin Not relevant Jl yes | 1} 120,000] 80,000}
77| 4| 430Qseat rack front B 00%) |[Forming & Shaping Other - Not relevant s 120,000 80,000]
77] 4] 430fseat rack front - 00%) Inj Not relevant  yes | 3 || 120,000 80,000}
77] 4] 430fseat rack front - 00%| 1 Other - Not relovant |Other - Not relevant |f yes 120,000 80,000)
77] 4] 430]seat rack front - 007 [Other - Not relevant [Other - Nolrelevant | yes| 1_Jf 120,000] 80,000
77| 430fseat rack front - 0O Not relevant |l yes 120,000] 80,0001
77] 430fseat rack front - O [Forming & Shaping Not relevant ff yes 120,000] 80,000]
77 430fseat rack front STEEL 7 J[Press (Tandem yes | 3 ][ 120,600] 80,000}
77 '430]seat rack front STEEL 10 JMoldm Other - Not relevant_JOther - Not relevant_[f yes 120,000 80,000]
77 430]seat rack front STEEL 100%] 1 _}Moldin: Other -_Not relevant JOther - Not relevant_|f yes | 1 | 120.000] 80,000
7 430fseal rack front STEEL | 709 Press (Tandem GMAW/FCAW-MIG _[Press (Tandem, yes| 3 I 120,000 80,000
77 330]seat rack front - 007 Hinjection Moldin of relevant_|Other - Not relevant |l yas 120,000] 80,000
7. 430fseat rack front - 00% Hlinjection Molding lot relevant _[Other - Not relevan yes 120,000] 80,000
77 430]seat rack front - 00" [Moldin ol relevant_|Other - Not relevant |l yes 120,600] _80,000)
77] 430]seat rack front - 00 [Forming & Shaping lot relevant _[Other - Not relevant [l yes | 1 }f 120,000] 80,000]
77 430]seat rack front - 00 JiForming & Shaping ol relevant_|Other - Nof relevant || yes 120,000 _80,000)
77, 430fseat rack front - 00%[ 1 Jfinj g lot relevant_|Other - Not relevani yes 120,000] 80,000
77 430]seat rack front - 00%] #In ot relevant_|Other - Not relevan yes 120,000} 80,000
77| 4| 430fseat rack front - 100 [Fol ] aping ot relevant_Other - Not relevant |l yes 120,000} 80,01
77] 4] 430]seat rack front - 100%] ot relevant_|Other - Not relevant [ yes| 1 |l 120,000] 80,000
771 4] 430fseat rack front adjusting lever 57 |PA8-GF - 100%] ot relevant _|Other - Not relevant _Jl yes 120,000] 80,000]
77] 4] 430fseat rack front adjusting lever 56 |PA6-GF - 100 ot relevant _|Other - Not relevant |l yes 120,000] _80,000]
77 430fseat rack front end caj 1]PA - 100%] 1 ot relevant [Other - Not relevant |l yes ] 1 I 120,000 80,000
77 430]seat rack front SCrew. 5 |STEEL - 100 lot relevant_[Other - Not relevant |l yes 120,000] 80,000f
77) [seat rack front adjusting wheel 37]PS - 1007 iot relevant_[Other - Not relevant_J[yes] 3 [ 120,000] 80,000
77 430)seal rack front ca 8 [ABS - 100% lot relevant |Other - Not relevant |l yes 20,000] 80,000
77 430]seat rack front adjusting wheel 19 [ABS - 100%] ot relevant [Other - Not relevant [ yes 20,000] 80,000}
77 430]seat rack front trim 26 |ABS - 100% lot relevant |Other - Not relevant s 20,000] 80,01
77| at rack front trim 207 |PP - 100%] jot relevant_|[Other - Not relevant |f yes 20,000 80,01
77| 4] a30fseat rack front m 201 |PP. B 100%) of relevant_|Other - Not relevant |l yes 20,000] 80,0
77 230} seat rack front soraw [STEEL B 100% ot relovant [Other - Nol relevant || yes 20,000]_80,000)
77 430]seat rack front cli [POM - 100%] ot relevant_Other - Not relevant | yes, 20,000] 80,0
77 430§seat rack front adjusting wheel 57 |PA6-GF - 100%] Not relevant_[Other - Not relevant_Jl yes 20,000] 80,000)
77] 4] 430]seal rack front end ca) 1]PA - 100%]_1 Not relevant_[Other - Not relevant | yes | 1 | 120,000] 80,000}
77} 4] 430fseat rack front screw 5 |STEEL - 009 Forming & Shaping Not relevant |Other - Not relevant flyes]| 1 |l 120,000] 80,000
77 430kseal rack front adjusting wheel 37 |Ps 5 00%] 1 |linjection Molding—[Other - Not relevant |Other - Not relevant_{ yes | 3 | 120,000] 80,000]
77, 430pseat rack front ca 8 |ABS - 00% [Moldin: Other - Not relevant JOther - Not relevant rxﬂ__ 120,000] 80,000]
77! 430)seat rack front adjusting wheel 19 JABS - 00%] 1_Jlinjection Molding Other - Not relevant }Other - Not relevant [l yes | 3 Il 120,000 80,000]
77 430fseat rack front tnm - 100%|_1 llinjection Molding | Not relevant JOther - Not relevant flyes| 3 H 120,000] 80,000]
(78] 4] 430]seat rack rear frame STEEL 70%| 3 JPross (Tandem CAW-MIG__|Bendi yes | 3 1 120,000 80,000
{178 430fseat rack rear Z guide PLASTIC 100%| 1 _Jiinjection Molding Other - Not relevant_[Other - Not relevant i yes| 3 |l 120,000] 80.000]
8] 4| 430]seat rack rear guide PLASTIC 100%]| 1 Other -_Not relevant_Other - Not relevant |l yes 120,000] 80,000]
4] 430fseat rack rear rail STEEL 70% Press (Tandem GMAW/FCAW-MIG__|Press (Tandem! | yes| 3 [l 120,000/ 80,00
4] 4308seat rack rear rail STEEL 707 Press (Tandem) GMAW/FCAW-MIG _|Press (Tandem |yes| 3 | 120,000 80,000}
4| 430fseat rack rear [cover - 100%] 1 finjection Molding _ JOther - Not relevant JOther - Not relevant Jf yes I 3 1 120,000 80,000
78] 4| 430fseat rack rear SCrew. - 100%| Forming & Shaping_|Other - Not relevant |Other - Not relevant | yes 120,000] 80,000]
78]_a] 430]seat rack rear screw - 100%]| 1 JForming & Shaping [Other - Not relevant [Other - Not relevant | 'yes | 1 1 120,000 &o,
7! 4] 430pseat rack rear Z Seat rack 10,422 |STEEL PLASTIC 70%] Press (Tandem GMAW/FCAW-MIG _[Press (Tandem! | yes | 3 }| 120,000 80,000]
7t 430fseat rack rear seat tray 1,677 |STEEL STEEL 707 Press (Tandem’ GMAW/FCAW-MIG__[Press (Tandem | yes 120,000] 80,0
7! 430fseat rack rear Z Seat back rack 2,257 ISTEEL STEEL 707 Press (Tandem’ GMAW/FCAW-MIG _|Press (Tandem! | yes| 3 Jl 120,000 80,0
7! 430fseat rack rear carrier plate 485 [ABS - 00%] 1 Jiinjection Molding Other -_Not relevant |Other - Not relevant f yes 120,000] _ 80,01
7 430fseat rack rear clampin: te 129 |ABS - 00% Injection Molding Other - Not relevant |Other - Not relevant § yes 120,000] 80,0
7! 430fseat rack rear seat back 313 |ABS - 00 Injection Molding Other -_Not relevant |Other - Not relevant |f yes 120,000} 80,0001
7 430fseat rack rear seal cushion 230 [ABS - 00%] 1 Jlinjection Moldin (Cther - Not relevant |Other - Not relevant |f yes 120,000f 80,0
430fseat rack rear footrest 633 |ABS PLASTIC 70 jecti i Assembly Injection Molding | yes 20,000( 80,000f
430Fseat rack rear adjusting unit 2,389 ISTEEL - 100 Other - Not relevant _|Other - Not relevant || yes 20,000] 80,0
430]seal rack rear screw STEEL - 100° [Forming & Shaping [Other - Not relevant [Other - Not relevant |l yes 20,000] 80,000}
430fseat rack rear SCrow STEEL - 100 I[Forming & Shaping JOther - Not relevant |Other - Not relevant | yos '20,000] 80,000
430fseat rack rear cli - 100 [Moldin, Other -_Not relevant_|Other - Not relevant |l yes 20,000] 80,000
430fseal rack rear cable lie - [Other - Not relevant_|Other - Not relevant |f ves 20,000] 80,0
430)seat rack rear acorn nut - Other - Not relevant |Other - Not relevant |l yes| 1 I 120.000] 80,0
430]seat rack rear Screw - Other - Not relevant |Other - Not relevant_J yes 120,000] 80,0
[seal rack rear cover - Other -_Not relevant JOther - Not relevant |l ves | 3 || 120,000{ 80,000]
430]seal rack rear trim - the: ant_|Other - Not relevant 1l yes 120,000] 80,000
seat rack rear trim - Other - Not relevant Other - Not relevant i yes | 3 H 120,000] 80,000]
at rack rear screw - 100 Forming & Shaping |Other - Not refevant |Other - Not relevant { yes 20,000| 80,000
[seal rack rear washer - 00 {[Forming & Shaping [Other - Not refevant [Other - Not relevant | yos 20,000] 80,000}
al rack rear nut - 00 [[Forming & Shaping _[Other - Not relevant_|Other - Not relevant { yes 20,000] 80,000}
430fseat rack rear clp - 00%] 1_[[Moldin Other - Not relevant [Other - Not relevant | yos 20,000f 80,0
430fseat rack rear Fc_rew - 00¢ Forming & Shaping |Other - Not relevant |Other - Not relevant | yes 20,000] 80,0
430]seal rack rear SCTOW. - 100 {Farming & Shaping [Other - Not relevant_|Other . Not relevant | ves 20,000] 80,0
430fseal rack rear end cal - 100%| 1 fIMoldin: Other - Not relevant |Other - Not relevant [ yos 20,000] 80,0
430fsoat rack rear Z Seat rack 10,088 |STEEL PLASTIC 70 Press (Tandem’ GMAW/FCAW-MIG _ |Press (Tandem’ yes 20,000 80,0
430fseal rack rear Iseat tray 1,477 ISTEEL STEEL 70° J[Press (Tandem GMAW/FCAW-MIG _[Press (Tandem: yes 20,000] 80,0
430]seat rack rear Seat back rack 1711 JSTEEL STEEL 70 [IPress {Tandem GMAW/FCAW-MIG _[Press (Tandem: yes 20,000| 80,000
430fseat rack rear 379 [ABS - 100%] 1 _Hlinjsction Moldin: Other - Not relevant [Other - Not relevant | yes 20,000] 80,000]
430fseat rack rear 358 |PP - 100%] 1 _Jlinjection Moldin Other - Nol relevant [Other - Not relevant 88 20,000] 80,000]
430fseat rack rear 269 |PP - 100%] 1 _llinjection Moldin: Other - Not relevant [Other - Not relevant 1 yes | 3 JI 120,000 80,000}
430fseat rack rear 6 |STEEL - 100%| 1 fForming & Shaping {Other - Not relevant [Other - Not relevant |yes| 1 | 120,000] 80,000]
[ 430]seat rack rear 10 |STEEL - 00%, Forming & Shaping JOther - Not relevant JOther - Not relevant | ves | 1 | 120,000] 80,000
7 430seat rack rear STEEL - Not relevant |Other - Not relevant |l yes 120,000] 80,000f
78 4| 430fseat rack rear PLASTIC_ |- Not relevant_i{Other - Not relevant f yes| 1 H 120,000 80,000}
78] 4] 430fseat rack rear POM - Not relevant [Other - Not relevant [l yes| 1 J{ 120,000f 80,000}
78] 4] 430)seat rack rear STEEL - q ping Not relevant [Other - Not relevant_§ yes | 1 | 120,000] 80,000}
78] 4| 430]seat rack rear STEEL - 007 JForming & Shaping _|Other -_Not relevant_|Other - Not relevant_§ yes 120,000] 80,000
7 430fseat rack rear PP - 009 [Moidin, Other -_Not relevant _Other - Not relevant i yes | 1 I 120,000] 80,000}
7 430]seal rack rear 10,422 |STEEL PLASTIC 70%} 3 [{Press (Tandem GMAW/FCAW-MIG _|Press (Tandem |yes| 3 |l 120.000] 80,
[17 430fseat rack rear 1,477 ISTEEL STEEL 70% [Press (Tandem, GMAW/FCAW-MIG __|Press (Tandem | yes| 3 §120,000] 80,
[178 430fseat rack rear 1,711 |STEEL STEEL 70° |[Press (Tandem GMAW/FCAW-MIG _|Press (Tandem yes 120,000] 80,0
78 430]seat rack rear 379 |ABS - 100%| 1_Jinjection Moldiny [Other - Not relevant_|Other - Not relevant §l yes | 3 || 120,000] 80,000)
78 430]soal rack rear 270 [PP - 100%| 1 ]linjection Moldin: Other - Not relevant JOther - Not relevant J[ yes| 3 | 120, 000] 80,009)
78] [seat rack rear 288 |PP - 100%; 1 _Jlinjection Moldin: Other -_Not relevant_[Other - Not relevant |l yes 120,000] 80,000
78] 430fseat rack rear STEEL - 100 Forming & Shaping |Other - Not relevant_[Other - Not relevant | yos 120,000{ 80,000)
178] 430fseal rack rear 10 [STEEL - 100% IForming & Shaping [Other - Not relevant |Other - Not relevant § yes 120,000 80,000f
78] 430]seal rack rear STEEL - 1007 I[Forming & Shaping [Other - Not relevant_[Other -_Not relevant [yes | 1 J120,000] 80,000
78] 430]seal rack rear PLASTIC - 100%] 1_[IMolding Other -_Not relevant _[Other - Not refevant [ yes | \_§ 120,000] 80,000}
78) 430s0al rack rear POM B 100%|_1_|[Moldin Other - Not relevant_|Other - Not relevant [ yes | 1 || 120,000] 80,000
[ 178] 4] 430fseat rack rear STEEL - 100%| Forming & Shaping |Other - Not relevant [Other - Not relevant { yos 120,000] _80,000]
8] 4| 430fseat rack rear STEEL - 100 |[Forming & Shaping [Other - Not relevant_|Other - Not relevant || yes 120,000] 80,000
8] 430pseat rack rear PP - 100%][__1_HiMoldin Other - Not relevant_[Other - Not relevant | yes | 120,000] 80,0
9| 4] a30spring cores, cushion layers, and foamfoam parl 291 [PUR PLASTIC | 507 [RIM/Foam Molding _[Other -_Not relevant_|injection Moldin es] 3 || 120,000 80,0
9] 4] 430fspning cores, cushion layers, and foam{ioam part 122 |PUR - 100% RIM/Foam Moldin, [Other -_Not relevant_|Other - Not relevant _|[ yes 20,000] 80,0
9| 4 4 ring cores, cushion layers, and foarfoam part 1.185 |PUR - 100%{ 1 JiRIM/Foam Moldin: Assembl Other - Not relevant Jf yes 20,000] 80.000]
79] 4] 430§spring cores, cushion layers, and foamjfoam part 1,475 |PUR STEEL 80%| 2 [RIM/Foam Moldin Other - Notl relevant _[Bendil yes 20,000] 80,0
| 180; 4] 430fspring cores, cushion layers, and foarrjfoam parl 291 [PUR PLASTIC 50%| 1 JRIM/Foam Moldin Other - Nol relevant _[Injection Moidin; | yes 20,000 80,0
80] 4] 430fspring cores, cushion layers, and foam{foam par 432 [PUR PLASTIC 50%] 1 _IRIM/Foam Molding Other - _Not relevant |Moldin yes 20,000} 80,0
80[ 4] 430fspring cores, cushion layers, and foantfill cushion 270 [PUR - 100%] RIM/Foam Molding [Other - Not relevant [Other - Not relevant | yes 20,000 80,0
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ring cores, cushion | and foam{foam part 1 I 100%| 1
cushion s and foam part 384 |PUR I 100%| 1
cushion and foam 1 R - 1
cushion and foam{foam part 808 [PUR PLASTIC 50%] 1
cushion and foamfill cushion - 1
cushion and fosmifoam part 1,366 [PUR STEEL 80%] 2
cores, cushion I and foam part 808 ] 50%)]
ring cores, cushion Is and cushion 357 |PUI - 100%] 1
cushion lay and am part 368 |PUI STEEL 2
lock complete uster 178 |PLASTIC _JAL 40%] t
lock complete screw 2 |STEEL - 100%]_1
loor handie interior and exisrior front [door lock 801 |STEEL PP-TV 100%] 1
loor handle interior and exisrior front lacrew 4 ISTEEL - 100%] 1
handle Interior and exterior front Jdoor handle 238 |PAB-GF STEEL 1
r handle Interior and exterior front screw STEEL 3 100%] 1
r handle interior and exterior front ket POl - 100%] 1
r handle interior and exterior front PLASTIC |- 100%] 1
joor handie interior and extsrior front - 100%] 1
loor handle interior and exterior front |door 148 |PAB-GF AL 1
loor handle interior and exierior front [screw 1 ISTEEL g 100%] 1
loor handle interlor and exterior front Jlock 125 [STEEL PLASTIC | 100%] 1
handle interior and exterior front |threaded plate 31 EL - 100%] 1
handle interior and exterior front Jscraw 8 - 100%]_1
handls i r and exterior rear Jdoor lock 783 |PP-TV STEEL 100%] 1
handle interior and exterior rear lscrew EL - 100%] 1
loor handle interior and exterior rear_[door handle 185 |P; F PAS-GF 70%| 1
loor handle interior and exierior rear_|screw EL - 100%] 1
handle interior and exterior rear _|bracket 1|PLASTIC |- 100%] 1
r handle Interior and exterior rear 1 3 100%] 1
handle interior and exterior rear_|door or 149 JPAS-GF AL 1
andle inf and exterior rear_|screw 1 ISTEEL - 100%| 1
handls interior and exterior rear_llock 125 PLASTIC | 1 1
loor handie interior and exterior rear |threaded plate 31 EL - 100%] 1
loor handie interior and exterior rear |screw 32 - 100%| 1
hood front hood lock 184 EL STEEL Jo%| 1
hood lock - 123 |STI EEL
hood latching rod 25 |PAB-GF STEEL 100%] 1
hood screw 0 ISTEEL - 1
lock hood ish nut 7 EL I 100%] 1
lock hood im 12 JEPI - 100%] 1
lock hood rating lever 81 |PAS-GF STEEL 100%] 1
lock hood screw 3 - 100%] 1
hood jasket 1 M - 100%] 1
hood control cable 58 |STEEL PLASTIC 1
hood cover 53 |PP-TV PET-GF 100%] 1
lock hood sorew 4 ISTEEL I 100%] 1
lock hood ish nut 2 [STEEL 3 100%] 1
lock tall trunk lid lle. 419 IPE 8 1
Jock ta trunk lid Jock cylinder 212 JAL STEEL 1
lock tall trunk lid 3 ISTEEL - 100%| 1
lock tall trunk lid 458 PLASTIC | 100%] 1
lock tal trunk lid 4 - 100%] 1
[ runk bid juster 104 |P; I 1 1
tai Arunk lid [] 8 100%] 1
tailgate, trunk lid lock 85 |STEEL PLASTIC | 100%] 1
jock taligate, trunk lid STEEL - 100%] 1
lock tail trunk lid ide 7 PLASTIC 70%] 1
lock tall trunk lid - 100%] 1
lock tal trunk lid cover 11 JAB: - 100%] 1
lock tal trunk lid acrew STEEL - 100%] 1
taligate, trunk lid ide 11 PLASTIC 75%] 1
trunk screw EL ~ 100%] 1
tailgate, trunk iid bumper 15 |PP-GF EPDM 100%] 1
indow frame and control moon roof |2 frame 11,738 EL 70%)
indow frame and control moon roof |auj 87 ISTEEL - 100%| 1
indow frame and control moon roof Jem ov 16 - k] 1
indow frame and control moon roof |acrew STEEL - 100%) 1
frame and control moon roof [ecrew - 100%] 1
fr: control roof fnut STEEL - 100%] 1
irame and control moon roof_Jpush nut STEEL - 100%] 1
indow frame and control door wi [window regulator § 2 1 2
indow frame and control door windovscrew 4 ISTEEL - 100%]_1
frame and control door wl window regulator 1,683 PP- 2
dow frame and control door wi [ SOTewW. 4 - 100%] 1
frame and control side wit Z sarvo motor 303 [PA-86 STE 1
frame and control side wi: scTew ST - 100%] 1
low frame and control side wi jscTew L - 1 1
low frame and control side windownut EL - 1 1
indow frame and control side win acer PLASTH - 100%] 1
ion proofin, lor liners [fonder liner 682 |PP/EPDM__|- 100%| 2
ion fender liners inder liner PP, - 100%) 2
slon proofi ler liners screw STEEL - 100%] 1
rosion fander liners nut STEEL 8 1 1
rrasion fender liners nut ingert Ic_ |- 1 1
soali weter drain 11 PP 8 100%] 2
body floor panel front footrest - 1 1
body floor panel front STEEL STEEL 1
nt segment, end panel front lock carrier 8.1 LASTIC _1{- 1 3
it segment, end | crol 9,177 |STEEL STEEL 3
it ont, end front scTew 30 |STEEL - 1 i
it ssgment, end front screw 14 |STEEL 8 1 1
! ond front screw 11 ISTEEL - 100%] 1
it ssgment, end panel front [web plate 2,123 - 100%| 1
nt segment, end panel front ScTeW 7 ISTEEL - 100%] 1
it ssgment, end panel front (washer 3 L - 100%] 1
inder front fender 3,618 ISTEEL - 1 2
nder front screw. 8 |STEEL - 1 1
front door
rear door
front hood
igate, trunk lid jate
front, arrestor door arresior
front, amestor acrew
hi aestor boit
e front, arrestor nut
o front, arrestor ScTew
hinge front, arresior 98t screw
hinge front, arrestor bearing block
hinge front, arestor cover
hinge front, arrestor @ cover
loor hinge rear, arrestor door arrestor
o rear, arrestor | Screw’
8 rear, arrestor bolt
@ rear, aestor nut
hinge rear, arrestor 1
hinge rear, arrestor threaded piate
hinge rear, arrestor SCTOw
hinge resr, arrestor cover
loor hinge rear, arestor @ cover
hinge rear, arestor 86t screw
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[T73]_S]__ S]hood hinge, gas sprin hin 445 [STEEL [Prass (Tandem) [Assemb Other - Nol relevant J[ no | 0 [ 120,000
:73 5 hin ring screw STEEL Forming & Shaping [Other - Not ralevant JOther - Not relevant | no | 0  120,000!
73] 5| lhood hin 8 sprin, screw STEEL orming & Shaping _[Other - Not relevant_JOther - Not relevant ¥ no | 0 120,000
:73 5| lhood hin, s Sprin, Bcrow STEEL orming & Shaping [Other - Not relevant |Other - Not relevant | no | 0 J 120,000
73] S| lhood hin 8 Sprif rn: 215 |STEEL Assambi! Other - Not relevant |Other - Not relevant | no | 0 N 120,000
[73[ 5 lhood hiny 8 Spri support 74 |STEEL Press (Tandem, Other - Not relevant _JOther - Not relevant | no | 0 § 120,000
Fm 8| Sjhood hil a8 sprin| SCrOW. STEEL Formis ing 1Other - Not reievant JOther - Not relevant § no | 0 ¥ 120,000)
73] S| __5khood hing jas spring bracket STEEL orming & Shaping [Other - Not relevant_|Other - Not relevant I no | 0 J 120,000
[73 5| hi a8 spring bracket STEEL ‘orming & Shaping _[Other - Not relevant [Other - Not relevant ¥ no | 0 § 120,000
[173] 5[ __Skhood hi jas spring cushion bumper EPDM jection Moidi Other - Not reievant JOther - Not relevant § no | 0 § 120,000
74{ 5| inge tailgate, trunk lid hiny 262 |STEEL [Press (Tandem Other - Not reisvant_[Other - Notrelevant J no | 0 F 120,000
(174] 5 jhinge tailgate, trunk lid nut 14 ISTEEL [Forming & Shapin/ r-_Not relevant [Other - Not relevant ¥ no | 0 N 120,000
[174] 5| hinge tailgate, trunk lid screw 13 [STEEL [Forming & Shaping [Gther - Not relevant |Other -_Not relevant | no | 0 | 120,000
5| hinge taligate, trunk lid ring 895 [STEEL anderm |Assemi Injection Moidin; no { 0 J 120,000

5| hinge tailgate, trunk lid bracke! 1 |STEEL orming & Shapi Other -_Not relevant _|Other - Not relevant | no ) _J 120,000]

[72] 5 hinge tailgate, trunk lid support 58 [STEEL |- 100%| 1 JPress (Tandem [Other - Not relevant [Other - Not relevani } no | 0_ 120,000
5] __Sjhinge taligate, trunk lid bali joint stud 13 |STEEL - 100% [Forming & S Other -_Not relevant _|Other - Not relevant | no | 0 | 120,000]

5] inge tailgate, trunk lid screw 7 ISTEEL - 100% [Forming & Shay Other - Not relevant _|Other - Not relevant | no | 0 ¥ 120,000]

6] 81]exterior rear view mirror Z mirror casin 838 |GLASS PE 50%} Glass Processin; Press (Tandem Injection Moldiny es] 3 1 120,000

6] _61fexterior rear view mirror [Z mirror casing 2 213 |[HDPE - 100%; Injection Moldiny Injection Moldil [Other - Not relevant es| 3 ¥ 120,000]

8] 8] _81fexterior rear view mirror |Z mirror casing 3 213 | Electronics |- 100%] Electronics Other - Not relevant [Other -_Not relevant [_3_] 120,000

| ¢ s| 1fexterior rear view mirror screw [Forming & Shaping Not relevant |Other -_Not relevant \_§ 120,000]
8| 1exterior rear view mirror cover panel [Moldi Not relevant _[Other - Not relevant es | 1§ 120,000}
1Jexterior rear view mirror [damper [Moldit Not relevant _|Other -_Not relevant 8| 1 | 120,000

1lexterior rear view mirror [damper [Moldin; Not relevant |Other - Not relevant Jyes| 1 120,000

1fexterior rear view mirror bushin: i Not relevant _JOther -_Not relevant es ] 1§ 120,000}

B2ffloor gaskets, 8 [Moldi Not relevant _|Other - Not relevant 188 ’__ 120,000

82ffloor gask: 5 [Moldi Not relevant_|Other - Not relevant :_ 120,000}

82ffloor gasket: 5 [Moldi Not relevant |Other - Not relevant Jyes| 1 J 120,000

82]floor gaskels, S u [Mold Not relevant JOther -_Not relevant es] 1 ¥ 120,000

82ftloor gaskels, plugs ug Forming & Shaping Not relevant_[Other - Not relevant s ]| 1 120,000

62ffloor gaskets, plugs Moldin, -_Not relevant JOther - Not relevant s ] 1} 120,000

98 62Jgaskets front segment, seal for anten ot [Moldi Not relevant_]Forming & Shaping s | 1} 120,000
98] 6] 62Jgaskets front segment, seal for antenniplu [Moldi Not relevant [Other - Not relevant Jyes| 1 § 120.000
98| 8] 62fgaskets front sagment, seal for antenniplu; [Moldin, Not relevant_[Other - Not relevant 8| 1 § 120,000}
88| 6] 62fgaskets front segment, seal for anten [Moldin, Other -_Not relevant |Other - Not relevant s | 1 1 120,000}
se| 6 jaskets {ront segment, seal for antenn{plu [Moidi [Other -_Not relevant JOther -_Not relevant s| 1§ 120,000}
%8| 6 kets front ent, seal for anten! Injection Moldi Other -_Not relevant |RIM/Foam Molding s] 1 I 120,000}
so| 6 side segment front u ldin: Other -_Not relevant [Other - Not relevant s| 1 I 120,000}
98] 6 1 side segment front u ldin; [Other -_Not relevant_[Other - Not relevant s ] 1 | 120,000}
99| 8| t side segment front u idiny Other -_Not relevant _|Other - Not relevant s | 1 1 120,000]
98] 8| 62 et side segment front ug [Motdin [Other -_Not reievant_[Other -_Not reievant s] 1 J 120,000!
100] 6] 62fseal door rear door seal [Extrusion (plastic) _{Compression Molding |Other -_Not relevant s ] 2 1 120,000]
100] 8] 62fseal door rear door seal [Extrusion (plastic) _[Compression Molding JOther - Not relevant s | 2 § 120,000}
100] 8] 62§soeal door rear cli lolding Other - Not relevant _[Othar - Not relevant 8 _j 120,000|
100] 6] 62}seal door rear ash foil ssion MoldingOther - Not relevant_[Other -_Not relevant s | 2 || 120,000
101] 8| ! door front door seal [Extrusion (plastic) Com ion Moiding JOther - Not relevant s | 2 [ 120,000
101] 8| | door front door seal Extrusion (plastic) _|Compression Molding [Other - Not relevant 8| 2 § 120,000}
101] & seal door front cli i Other -_Not relevant [Other -_Not relevant s| 1§ 120,000}
101} & | door front door seal Extrusion {plastic) Compression Molding |Other - Not relevant s | 2 K 120,000
101] 8 esal door front sh foil mpression MoldingOther - Not relevant_|Other - Not relevant 5| 2 ] 120,000}
102] 6] side segment rear u iding Other -_Not relevant _|[Other -_Not relevant 8| 1 1 120,000}
102] 6] 62)soal side Nt rear cover Injection Molding Other - Not relevant |[Other - Not relevant s | 1 ] 120,000}
103| 8] 62fseal hood it [Extrusion (plastic) [Compression Molding fOther - Not relevant 6] 2 § 120,000]
103] 8] 62fseal hood clij [Moldiny Other - Not relevant _[Other - _Not relevant s | 1§ 120,000}
103| 8] 62fseal hood t [Extrusion (plastic) _ |Other - Not relevant |Compression Moldi | 2_ | 120,000]
103| 6] 62kseal hood i mpression MoidingOther - Not relevant |Other - Not relevant | 2§ 120,000
104] 6] 62fseal tailgate, trunk lid ket trusion (plastic) Compression Molding |Other -_Not relevant [_2 ] 120,000
145] 6] windshield windshield lass Processin [Other -_Not relevant_|Other - Not relevant_J nc | G J 120,000
146] 6! door window front door window lass Processii Other -_Not relevant [Other - Not relevant I no | 0 § 120,000]
147] 6 r window rear door window [Glass Processin; [Other - Not relevant |Other - Not relevant | no | 0 J 120,000
148] 6| 8flside window, swing window side window (Glass Processin; |Adhesive Bondin Injection Moldin, no | 0§ 120,000
148] 6| side window, swing window nut 2 |STEEL - 100%] [Forming & Sh: [Other -_Not relevant |Other - Not relevant § no | 0 [ 120,000
148] 6 side window, swing window. swing window 4518 |GLASS STEEL 100%; Glass Procassin| Press (Tandem [Other - _Not relevant _} no )_§ 120,000]
148| 8| side window, swing window_ [swing window 4,533 |GLASS STEEL 100%] lags Processi| Press (Tandem Other - Not relevant_} no E )_{ 120,000]
149] 6] Sjtail gate window rear windshield 8,588 |GLASS - 100%| Glass Processin; Press (Tandem) Other - Not relevant § no | 0 N 120,000
150] 8| al windshield cover profile 122 |EPDM - 100%) [Moldin, [Other -_Not relevant_|Other - Not relevant es| 3 | 120,000
150] 8] 62}seal windshiald ug 489 |- - 100%) her - Not relevant |Other - Not relevant |Other - Not relevant es| 1 J 120,000
151] 6] _62Jseal moon roof t 324 |[EPDM STEEL 70%] 3 IMolding Other -_Not relevant_|Forming & Shapin: es | 2 ¥ 120,000
151] 6] 62]seal moon roof water drain hose 137 |PLASTIC __|EPDM 100%[__1_JMoldi Other - Not relevant |Other - Not relevant es] 1 | 120,000}
1151] 6] _62fseal moon roof water drain hose 256 IPLASTIC _|[EPDM 100%]_1_Jinjection Moldin; Other -_Not relevant_[Other - Not relevant | 1§ 120,000]
1151] 6] 62kseal moon roof water drain valve 6 [EPDM - 100%] _1_NMoldit [Other - Not relevant _Other - Not relevant es| 1 ¥ 120,000/
i51] 6| e2}seal moon roof bracket alsTEEL |- 100%|_1_§Forming & Shaping |Other -_Nol relevant_|Other - Not relevant | yes| 1 § 120,000
152| 8] al door window back window slide 635 |EPDM AL 80%]| _1_Jinjection Moldin; Assom| Press (Tandem! no. 120,000}
152| 6, al door window back [window chute seal 139 |EPOM & IC_| 100%] 1 _JMoldi Other - Not relevant |Other - Not relevant J no | 0 H 120,000
152| 6 6llseal door window back window chute seal 167 |EPDM LASTIC | 100%| 1 JMoldi Other - Not relevant JOther - Not relevant ¥ no | 0 H 120,000
153| 6] _6}seal door window front window slide 570 JEPOM PLASTIC 70%]_1_Hlinjection Moldi Other - Not relevant [Injection Moldin; no | O § 120,000
153| 6] _ 6fseal door window front window chute seal 155 |EPDM LASTIC | 100%| 1_}Moldi: Other -_Not relevant JOther - Not relevant § no | 0 § 120,000]
153| 6} door window frant window chute seal 171 [EPDM PLASTIC | 100%| 1 Idi Other -_Not relevant JOther - Not relevant J no | 0 I 120,000]
154] 6] Iseal side window isket 19 [EPDM - 100%] 1 Iding Other - Not relsvant _JOther - Not relevant ¥ no | 0 ¥ 120,000]
154] 6|  6fseal side window t 758 |EPDM STEEL 80%|_1 linjection Molding [Other -_Not reievant_]Press (Tandem) no | 0 f 120,000]
155] 6] 6]soal tailgate ue. 336 |- 0 100%| her - Not relevant [Other - Not relevant [Other - Not relevant I no | 0 H 120,000}
160] 6| bumper frant trim 6,082 |PP EPDM 100%] 3 Hinjection Maldis [Other - Not relevant_|Other - Not relevant |3 | 120,000}
180] &) bumper front ide 114 |PP - 100%] 1 Hinjection Moldi IOther -_Not relevant JOther - Not relevant 8] 3 | 120,000}
180| 6| imper front it rivet PLASTIC _ |- 100%] 1 Iding Other -_Not relsvant [Other -_Not relevant 8| 1 ] 120,000}
160} 8| bumper front scrow STEEL 100%] 1 JForming & Other -_Not relevant [Other -_Not relevant s | 1 _J 120,000|
160] 6| bumper front screw STEEL 100%] 1 _JForming & Shaping {Other -_Not reievant [Other - Not relevant s ] 1§ 120,000}
180] 6] 63jbumper front ish nut STEEL - 100%] 1 JForming & Shaping |Other - Not relevant [Other - Not relevant s] 1 1 120,000}
160] 6] _63gbumper front it rivet PLASTIC |- 100%]_1_HAMoiding [Other -_Not relevant_|Other - Not relevant | 1} 120,000|
160} 8] _63fbumper front trim stri 139 [PP - 100%] 1 _Hinjection Moldiny [Other - Not relevant [Other - Not relevant |_3 I 120,000]
160] 8] 83gbumper front trim stri 156 |PP - 100%| 1 Hinjection Moldi [Other - Not relevant _|Other - Not relevant |_3 | 120,000
161] 6l lbumper rear trim 5,125 |[PP - 100%] 3 Mnjection Moldiny [Other -_Not relevant_[Other - Not relevant | 3 J 120,000
161} 6] burn per rear bumper support 4,825 |STEEL - 100%] 2 JPress (Tandem Other - Not relevant_|Other - Not relevant |_3 ] 120,000
161] 8| lbumper rear ide 122 |PP - 100%| 2 Jinjection Moldi Other -_Not relevant [Other -_Not relevant | 3 _J 120,000]
161] 6} imper rear trim strif 107 |PP - 100%] 1 _Jinjection Moldi Other -_Not relevant Not relevant es | 3 | 120,000}
181} 6] ¢ r rear acrew STEEL - 100%| _t fForming & Sh: Other -_Not relevant Not relevant [_1_J 120,000
181} 6] 84jbumper rear ish nut STEEL - 100%] 1 JFomming & Other -_Not relevant_|Other - _Not relevant |_1_] 120.000]
18’ bumper rear nut STEEL - 100%] 1 NForming & Sh Other -_Not relevant _[Other -_Not relevant es | 1 ] 120,000]
16 lbumper rear screw STEEL - 1 1_|IForming & Shaping [Other - Not relevant [Other - Not relevant s | 1§ 120,000}
16 bumper rear screw STEEL - 100%] 1 HForming & Shaping [Other - Not relevant [Other - Not relevant |1} 120,000]
16 lbumper rear washer STEEL - 100%] 1 _JForming & Shaping |Other - Not relevant [Other - Not relevant es| 1 1 120,000
16 lbumper rear it rivel PLASTIC |- 100%]_1_JMoldi Other - relevant_|Other - Notrelevant Jyes| 1§ 120,000
181 T rear P 1C__ |- 100%]_1_JMolding Other - Not relevant |Other - Not relevant 120,000]
216 8Sgtrim frama windscreen, radiator grill _Jtrim frame 484 |ASA - 100%] 1 Hinjection Moldin; Other -_Not relevant Not relevant 68 t- 120,000;
218 85jtrim frame windscreen, radiator grill _|cover profile 176 JASA - 100%}_1_Hinjection Moldin Other -_Not relevant Not relevant _: 120,000]
216 85jtrim frame windscreen, radiator grill _Jemblom 83 |ABS B 100%| _1_Jlinjection Moidin; Other - Not relevant Not relevant |1} 120,000]
2186 65Qtrim frame windscreen, radiator grill _Jsi 88 PLASTIC |- 100%] 1 _JMoldi Other -_Not relevant Not relevant s| 1 ] 120,000
216 rim frame windscreen, radiator grill _[bracket PLASTIC |- 100%] _1_FMoldi Other -_Not relevant Not reiavant s |1 J120.000
216 65Jtrim frame windscreen, radiator grill_[nut STEEL |- 100°%|_1_JForming & Shaping [Other Nt relevant_|Other - Not relevant [T J120,000
216] 6] 65ktrim frame windscreen, radiator grill_|screw STEEL - 100%]_1_JForming & Other - _Not relevant ]Other -_Not relevant [ 1_1120,000]
218] 6 im frame windscreen, radiator grill _fangle support 668 [STEEL - 100%] 2 JPress (Tandem) [Other -_Not relevant_[Other -_Not relevant [ )120,000)
216] 6 rim frame windscreen, radialor grill_[angle support 350 |STEEL |- 100%] 2 _[Press (Tandem [Other - Not relevant_[Other - Not relevant [ 1120,000]
216} 8 rim frame windscreen, radiator grill _|ventilation grill 251 JASA - 100%]_1_finjection Moldin, Other - Not relevant [Other - Not relevant 8 : 3§ 120,000
216] 6] 65hrim frame windscreen, radiator grill _|ventilation grill 156 JASA - 100%]_ 1 Hinjection Moldit Other -_Not relevant_JOther -_Not relevant s | 3 ]120,000
217{ 8] _ 6}trim strip gutier roof trim 1,424 |EPOM AL 50%| _2_Hinjection Moid [Other - Not relevant [Press (Tandem) no | 0 §120,000
218] 6| trim frame crank operated windows, triltrim strij 374 |PP EPOM 50%| 1 _Jinjection Moidi Other - Not relevant_Injection Moldin; no | O N 120,000
219 6| rim strips door window and door rear |trim st 334 |PP EPDM 50%| 1 _linjection Moldi Other -_Not relevant [Injection Moldin: no )} 120,000]
220] 8| rim frame side windaw, trim frame sidtrim strij 42 TP EPDM 50%| 1 _Jinjection Molding Other - Not relevant |Injection Moldin; no | 0 § 120,000]
221] §| jtrim strip hood faceplate 33 |PLASTIC - 100%| _1_Hinjection Moldin Other - Not relevant JOther - Not relevant no | O ¥ 120,000
221] 8 rim slrip hood screw 2 |STEEL 1- 100%| 1 HForming & Shaping |Other - Not reievant |Other - Not relevant F no |0 J 120,000]
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222] 6 im strip tailgate, trunk lid lemblem 25 |ABS (ASA 100%] _1_linjection Moldin, [Other - Not relevant
222| m strip tailgate, trunk lid 10 - 100%{ 1_[Moldi [Other - Not relevant
223 8] Im strip hood trim sty 48 |ABS PC-QF 100%] 1 jection Moidi Other - Not relevant
223] ¢ im strip hood trim gdri - 1 1_Jinjection Mol Other - relevant
223] 6] im strip hood bracket 5 |STEEL - 100%]_1_JForming & Shi Other -_Not relevant
8§ ler front PP 8 100%) 1 Mol Other -_Not relevant
[] iler front llor PP - 1 1 _Yinjection Moldis Other -_Not relevant
22 0 starler 261 {STEEL AL 60%)] ~_Not relevant [Other - Not relevant
2] 7] 3 USING _ L - 100%] 1 JDie Casti M
22] 7] HOUSING _ Lt 36 |STEEL - 100%] 1 _JForming & Shapl Other - Not relevant
7| HOUSI! CEl STEEL - 1 1_]Sand Caati MLl
22] starter HOUSING __CEl 19 |STEEL |- 100%] 1 & Other - Not relevant
2] 7| r RS 12 |STEEL - 100%] 3 RForming & Shi Other - Not relevant
7 SHAFT 04 [STEEL |- 100%] _1_JRoll formi Milfin
22 larter SHAFT 0 |STEEL - 100%] 1_JForming & Shaping 1Other - Not relevant
2 r [ARMATURE 960 |STEEL [CU 75%] 2 Jinvastment Casti (Ml
2 r Gl [Z - 100%]_3 IMoldi Other -_Not relevant
22 starter CLUTCH 250 ISTEEL - 1 2 linvestment Castl [Milli
27l r TCH OfSTEEL |- 100%] 1 ing & Sh [Other -~ Nof relevant
22| 7] PIVOT 12 |PA-88 - 1 Other - Not ralsvant
2 T 7 ISTEEL - 100%] 1 _JForming & Sh: [Other - Not relevant
AIN| 9 |[PA-88 - 100%] 1
starter STOP S |PvC - 100%] 1 _FMoldis
22 r PA-86 - 100%] 1 jection Moldin
SOLINOID 738 JSTEEL cU 75%] 1 ont
7 L] STEEL |- ] 2 i
22| 7] PLATE 338 |STEEL STEEL 50%]| 2 RPress (Tandem)
7] 1]PA-88 - 100%] 2
22 7] IPIN 10 |STEEL - 1 1_JForming & Shapin
22 7] r screw 151 |STEEL - 100%] _t_JRoll formi Other -_Not relevant
23] 7] jenerator siternator 6,801 |- - 100%:! [Other - _Not relevant [Other - Not relevant
23] 7] enerator HOUSING _ L 420 JAL - 100%] _1_JDie Castii (Ml
2 enerator HOUSING __ L 18 |STEEL - 1 1 ing & Sh r - Not relevant
23 7] rator STATOR 1 STEEL cU 75%| 2 JPress Welding and Cutti
Px] ator ROTOR 3,278 |STEEL CU 80%| 3 Cagl [Milling
23] ator BEARING 108 |STEEL - 100%} 2 [Milling
23] jenerator INTACT 332 JAL [CU 1 _JPress lom) Other -_Not relevant
23] HOLDER 68 JAL (CY 75%] 1 _JForming & She Other - Nat relevant
23] 7] enerator HOLDI STEEL - 1 1 _JFormi i Other -_Not relevant
23] 7] erator AINER 18 ISTEEL - 100%]_1_JForming & Shapi [Other - Not relevant
23 rator AINER 2 - 100%] 1 JForming & Shi r-_Not relevant
23] lor CONTACT 24 |PBT STEEL 100%} 2 Other - Not relevant
23] ator ICONTACT 10 |STEEL - 100%] 1 _JForming & Sh: Other -_Not relsvant
23] or [CONTACT 2 |STEEL - 100%| 1_JForming & Shaping |Other - Not relevant
2 ; eneralor HOU:! UPI AL - 100%| 1 _JDie Casti [MIlli
23 onerator PULLEY 168 |STEEL - 100%| 1 _JForgin (Ml
7] ator PULS 23 |STEEL - 100%] 2 JForming & Shapi Other -_Not relevant
23] 7] rator BRACKET 54 |STEEL - 100%] 1 andem [Milling
23] 7] rator screw 41 ISTEEL - 100%]_1_JForming & Sh: Other - Not relsvant
23| or multi vee belt 157 |EPDM - 100%| 2 lion o7 - Nol relevant
23 o, fensioner 831 STEEL T0%|[ 2 Cesti mi
23] enerator dler pulle 102 |P; F - 100%] 1 jaction [Other - _Not ant
23 enerator 26 |STEEL - 1 1_JForming & Sh [Other - Not relevant
23| jenerator r - 100%] 1 ming & r -_Not relevant
23] 7] oner: 17 |STEEL - 100%] 1 KForming & Sh: Other - Not relevant
24 nition distributor, encoder, ignition ition coil L STIC 8 2 _IDie Casti Electric
tion distributor, encoder, Ignition cdscrew 14 |STEEL - i 1 ing & Other - Not relsvant
nition distributor, encoder, Ignition cdsupport 118 JAL - 100%] 1 IDle [Other - Not relevant
nition distributor, encoder, ignition cdscrew 17 |STEEL - 1_JForming & Shapil r-_Not relevant
ition distributor, encoder, ignition cqecrew 9 ISTEEL - k] 1_JForming & Shapi [Other - Not relevant
nition distributor, encoder, ignition cdencoder Pl - 100%| lectro-Mechani [Other - Not relevant
24] 7] nition distributor, encoder, ignition cdscrew 10 |STEEL - 100%]_1_JForming & Sh: Other -_Not relsvant
24] 7] nition distributor, encoder, Ignition cdencoder disk 333 L - 100%)] Press Ofther - retsvant
[nition distributor, encoder, ignition cqscrew 4 |STEEL - 100%] 1 _JFomming & Shaping [Other - Not relevant
; ltion distributor, encoder, ignition encoder 84 |STEEL PLASTIC 75%] 1 _JPress (Tandem Electro-Mechanical
/] nition distributor, encoder, ignition cdscrew 4 ISTEEL a 1 1_JForming & Shapi [Other - Not relevant
7] ition distributor, ent ignition k sensor STEEL [*] 40%] 1 [Electronics Other - Not relsvant
24] 7] nition distributor, ler, ignition cdacrew 18 ISTEEL - 100%] 1_JForming & Sh Other - Not relevant
25] 7] ark ark plug cable, glow wire MQ EL 1_JElectric Other - Not relevant
ark pit ark ark wire 87 [vMQ STEEL 1 Other -_Nat relevent
ark plu ark low ug wire 82 [lvMQ STEEL 50%]_1_JElectric Other -_Not relevant
7] ark plu ark cable, glow ark wire 82 [vMa STEEL 1_JElectric [Other - Not relevant
7] ark ark ceble, glow pifconnector PLASTIC |- 100%] _1_IMoldi Other - _Not relevant
251 7] ark LCable, glow pliconnector PLASTIC |- i 1_IMolidi -~ Not relevant
7] ark ark cable, glow plfconhector PLASTIC _ |- 100%} _1_JMoldl Other - Not relevant
25) ark ark plug_cable, glow pijconnector POM - 1 1 er - Not ant
] ark plugs, spark plug_cable, giow pl u 4l - 100%]_1_JElectric [Other - Not relevant
o Battery 6,841 |- - 1 [Electric El ical
! retainer 1,866 ISTEEL - 100%] 1 _IPress (Tendem) [Other - Not relevant
45| 7| atter = 18 - 100%) rmi Other - Not relsvant
45| 7] aties clam) e 88 |STEEL - 100%} 1 _JPress (Tendem Other -_Not retsvant
45] atiery Screw, 16 L - 1 1_JFoming & Shaping [Other - Not relevant
alfel cove 307 |PLASTIC |- 1 1 jection Moidir [Other - Not relevant
i screw 7 EL 8 1 1 JForming & Sh [Other -_Not relevant
al SCTew. 5 |STEEL - 100%]_1_JForming & Shi [Other - Not relevant
acorn nut STEEL - 100%] 1 _JForming & Shi Other -_Not relevant
at r 148 |PLASTIC |- 100%] 1 Ji lon Moldi er - Not ant
57| sl [screw STEEL | 100%]_1_JForming & Shi Other - Not relevant
12 |PP-TV - 1 ] ion Mol - Not ant
48] nition switch steeri arter loct 370 |STEEL-AL_ |- 100%] 1 _IDie Casti Other - Not relsvant
ition switch ignition-starter swi 451- - 1 3 JElectric r -_Not rel
d ition switch nition ke: 23 ISTEEL PLASTIC 70%} 3 JElectric Other - Not reievant
46] 7| nition switch ue to break bol 10 EL - 1 1 _JForming & Sh Other -_Not relevant
hom hom 349 |STEEL (ABS 1 _Jinjection Moidi Press (Tandem.
471 nal hormn horn 343 [ABS 1_JPress (Tandem [Electro-Mechanical
47 al horn |u£ﬂ 112 |STEEL - 1 1 38 (Tandem) [Other - Not relevant
4 al hom screw A EL - k] 1 ing & Sh Other -_Nol relevant
4 hom nul 7 |STEEL - 1 1_JForming & Shi Other - _Not relevant
48 mbinstion Instrument combination instrul [ABS - 100%] 2 JElecironics [Other -_Not relevant
] mbination instrument nut 1|STEEL |- 100%|_1_JForming & Shi — Not relevant
48] bination Instrument screw 2 |STEEL - 100%| 1 _RForming & Sh: Other - Not relevant
bination instrument distance sensor 35 [PABS-GF__|- 100%) 1 ics Other - reievant
48] bination instrument screw STEEL 8 100%]_1_JFoaning & Shapi Other - Not relevant
48] bination instrument radial seal = 100%] 1 dls [Othar -_Not relevant
7] bination Instrument water level switch 13 |POM - 1 1 Other - Not relevant
48] 7] mbinstion Instrument it [EPDM - ] 1_JMoldin Other -_Not relevant
48] bination instrument tom) 15| Elsctronics |- J00%| nics [Othar -_Not relevant
bination instrument radial seal 1 JEPDM - 1 1 _JMol [Other - Not relevant
48] bination instrument bracket 1|PAB.6-GF |- 100%] 1 [Other - _Not relevant
bination instrument oll pressure switch 31 |PAS-GF STEEL 40%] 1 lectro-| Other - Not relevant
7) mbination instrument owitch 8 [PLASTIC |- 100%] 1_WElsctro-Mechanical or - _Not relevant
48] 7| mbination instrument ambient tem PLASTIC |- 100%] _1_JElectronics [Other - Not relevant
48| bination instrument t 5 |STEEL - 100%| 1 _JFomi i [Other -_Not relevant
48] 7] fusl fevel sensor 33 |POM STEEL 80%[ 1 ics (Other -_Not relevant
7| ead (ights, turn signal front (headll; 21 TV TIC S50%] 3 jection Moidi i jon Mol
7} lights, tum al front cover 94 [PLASTIC |- 1 1 jection Moldi [Other - relevant
50| 7] ad i tum ol front 275 |PBT-ASA-GHGLASS 0%] 1 _JElectric Other - Not relevant
50| 7] lights, tumn ol id '4 |PLASTIC___ |- 100%] 1§ lon Moldi [Other - _Not relevent
50 iead i turn signal front jasket 8 |PUR I 1 Mol [Other -_Not relevant
50 E tum signal front lid 54 |PP-GF I 100%] 1 Ji lon Moldi Other - Not relevant

Other -_Not relev:
[Other -_Not relevant
[Other - Not relevant
Other -_Not relevant
[Electro-Mechanical
Electro-Mecheanical
Other -_Not relevant
lectric
Other - Not relevant
[Other - Not relevant
[Other -_Not relevant
Other - Not relevant
o - _Not relevant
Other -_Not relevant
Other -_Not relevant
[Other -_Not relevant
[Other -_Not relevant
Other -_Not relevant
Other - _Not relevant
Other -_Not relevant
Other - Not ant
andem
r - Not relevant
Other -_Not relevant

Other - Not relevant
[Other -_Not relevant

[Other - _Not relevant
Other -_Not relevant
Other -_Not relevant
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(Other - Not relsvant
[Other - Not reiev:
Other - _Not ant
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7]head lights, tum signal front jasket JPUR 100%' [Moldii Other - Not relevant [Other - Not relevant | no T 0 J 120,000
7lhead lights, tum signal front light bulb holder 21 |PAB-GF 100%]| 1 _Jinjection Moldin: Other -_Not relevant [Other - Not relevant I no | 0 § 120,000
7l lights, tum signal front light bulb - g 100%| 1 JElectric Other - Not relavant |Other - Not relevant I no | 0 J 120,000!
7fhead lights, tun signal front light bulb hoider PLASTIC |- 100%] 1 RMolding [Other -_Nol relevant_[Other - Not relevant § no | 0 [ 120,000|
ad lights, tum signal front light bulb (glass - - 100%] 1 JElectric Other - Not relevant_[Other - Not relevant | no | 0 ¥ 120,000}
head lights, tum signal front light bulb - - 100%]_1_JElectric Other -_Not relevant_|Other - Not relevant § no )_} 120,000]
ead lights, tum signal tront light bulb 12]- 100%]_1_JElectric Other - Not relevant_|Other - Not relevant | no : ) I 120,
ead lights, tum signal front screw. STEEL 100%| 1 JForming & Sh: Other - Not relevant |Other - Not relevant J no | 0 § 120,000
ead lights, tum signal front screw STEEL 100%| 1 JForming & Sh [Other - relevant _|Other - Not relevant J no | 0 J 120,000
ead lights, tum signal front ish nut STEEL - Forming & Shaping [Other - Not relevant |Other - Not relevant f no | 0 J 120,000
ead lights, turn signal front end ca [ABS - Moldin, Other -_Not relevant [Other - Not relevant § nc | 0 [ 120,000}
ad lights, tum signal front screw STEEL 8 ‘orming & Shaping Other - Not relevant [Other - Not relevant [ no | ( : 120,000}
ead lights, tum signal front ish nut STEEL a orming & Shaping 1Other - Not relevant |Other - Not relevant | no | © J 120,000]
BER - light, additional light f: jate 893 |ABS PMMA jection Moldin, Injection Moldi Other - Not relevant | no 120,000]
BBR - light, additional stop light SBBR-switch 799 |ABS PMMA jection Moldin; [Other - Not relevant_linjection Moldi no { 0§ 120,000]
BER - light, additional stop light tail light 495 |[ABS PMMA jection Moldin, Other - Not relevant _Jinjection Moldi no | 0 N 120,000
BBR - light, additional light faceplate 111 |PLASTIC |- jection Moldi [Other - Not reievant_{Other - Not relevant J no 120,000]
BER - light, additional stop light light bulb holder 76 |PP-T20 STEEL Injection Moldi [Other - Not relevant [Other - Not relevant § no | 0_J 120,000}
7ISBBR - light_additional stop light 21 |RUBBER _ |- Injection Moldi Other - Not relevant [Other - Not relevant J no | 0 J 120,000
7ISBBR - light, additional stop light light bulb holder 41 [PP-T20 STEEL injection Moldi [Other -_Not relevant_[Other - Not relevant_§ no | 0 [ 120,000}
7ISBBR - light, additional light jasket 27 ]JRUBBER _ |- Injection Moldi [Other - Not relevant_[Other - Not relevant ¥ no | 0 J 120,000}
7JSBBR - light, additional stop light jasket 4 |RUBBER |- lding [Other -_Not relevant_[Other - Not relevant J§ no | O N 120,000
BR - light, additional light liconse plate lam) 11]PC - ric Other -_Not relevant [Other - Not relevant J§ no | 0 N 120,000
7} BR - light, additional stop light jasket 2 JRUBBER |- orming & Shaping [Other - Not relevant JOther - Not relevant I no | 0 [ 120,000
51] [SBBR - light, additional light stoplight 118 |PC-GF PC I lion Moldi Injection Moldin, (Other - Notrelevant § no | 0 J 120,000
SBER - light, additional stop light retainer 42 [POM-PAS-G|- Injection Moldi [Other - Not relevant |Other - Not relevant J no >_].120,000]
BBR - light, additional stop light sCrew STEEL - orming & Shaping |Other - Not relevant [Other - Not relevant J no t__ 120,000}
7ISBER - light, additional stop light screw PLASTIC |- loldil [Other - Not relevant [Other - Not relevant § no | 0 N 120,000
ZJSBBR - light, additional stop light scrow. STEEL - ‘orming & Sha) Other -_Not relevant JOther - Not relevant § no | 0 H 120,000]
7ISBBR - light, additional stop light nut STEEL - [Forming & ing {Other - Not relevant [Other - Notrelsvant | no [ 0 ¥ 120,000
ZISBBR - light, additional light nut STEEL - [Forming & Sh: Other -_Not relevant_|Other - Not relevant J no | 0 | 120,000
7JSBBR - light, additional stop light split rivet PLASTIC _ |- [Moldin: Other - Nat relevant_[Other - Not relevant § no | 0 J 120,000]
ISBBR - light, additional stop light light bulb - - Electric Other - Not relevant JOther - Not relevant I no | 0 § 120,000
ISBBR - light, adaditional stop light light bulb - - Electric [Other -_Not relevant [Other - Not relevant § no | 0 H 120,000
7YSBBR - light, additional stop light light bulb 'soffit' - - lectric [Other -_Not relovant_|Other - Not relevant § no | 0 § 120,000
7] irk and turn signal i turn signal 7 [FC |PMMA Injection Moldiny Injection Moldin; Other - Not relevant I no | 0 ¥ 120,000]
7] rk and turn signal lights light bulb (glass - - [Electric Other -_Not relevant |Other - Not relevant § no | 0 J 120,000]
7]light switch, hazard light switch steering shaft swil 138 [POM-PAG6-Q- [Electric Other - Not relevant {Other - Not relevant ¥ no | 0 J 120,000
7]light switch, hazard light switch steering shaft swils 136 |POM-PAS-G|- [Electric Other - Not relevant |Other - Not relevant no | O § 120,000
light switch, hazard light swilch clam 32 JSTEEL - Press (Tandem, [Other - Not relevant_[Other - Not relevant I no | O § 120,000
light switch, hazard light switch steering shaft 117 [ABS-PC - injection Moldin: Other - Not relevant_|Other - Not relevant § no | 0 | 120,000]
light switch, hazard light switch steering shaft 225 [ABS-PC - linjection Moldin; Other - Not relevant_|Other - Not relevant | no | 0 § 120,000
Tlllight switch, hazard light switch ignition lock trim 13 |[EPFDM - Injsction Moldin: Other - Not relovant [Other - Not relevant ¥ no | 0 [ 120,000]
7Rlight switch, hazard light switch screw 4 |STEEL - [Forming & Sh: Other -_Not relevant _[Other - Not relevant I no | 0 § 120,000
7Qlight switch, hazard light switch screw 1 JSTEEL - orming & Shaping _|Other - Not relevant |Other - Not relevant § no | 0 § 120,000]
light switch, hazard light swilch light rotary switch 127 [PLASTIC |- Elactric Other -_Not relevant_[Other - Not relevant § no | 0 | 120,000
7llight switch, hazard light switch switch 81 |PAS-GF - Electric Other -_Not relevant_lOther - Not relevant § no | 0 § 120,000]
7llight switch, hazard light swilch switch 33 [PAB-GF - loctric Other - Not relevant [Other - Not relevant § no | 0 [ 120,000]
7flight awitch, hazard light switch switch 33 |PAS-GF - [Electric Other -_Not relavant |Other - Not relevant § no | 0 [ 120,000]
7]light switch, hazard light switch switch 38 |PAS-GF - [Electric Other - Nol relevant |Other - Not relevant § no | 0 H 120,000
light switch, hazard light switch switch 32 |PA6-GF - [Electric [Other - Not relevant JOther - Not relevant § no | 0_§ 120,000]
light switch, hazard light switch 27 |PAS-GF - [Electric [Other -_Not relevant _|Other - Not relevant | no )_§ 120,
light switch, hazard light switch 33 |PAS-GF [Electric Other -_Not relevant |Other - Not relevant | no : )_§ 120,000
light switch, hazard light switch 40 |PBT-GF loctric Other -_Not ralevant _[Other - Not relevant § no | 0 J 120,000
ight switch, hazard light switch 90 |- - loctric Other - Not relevant_JOther - Not relevant § no | 0§ 120,000
light switch, hazard light switch 16 |PAS-GF - loctric or -_Not relevant or - Nol relevant J no | 0 ¥ 120,0001
light switch, hazard light swilch 24 |PAS-GF 8 lectric Other - Not reievant _|Other - Not relevant J no 120,000]
light switch, hazard light switch 1 |STEEL - ‘omming & Shapin: r -_Not relevant_[Other - Not relevant [ no 120,000]
light switch, hazard light switch 24 |PAB-GF - lectric Other -_Not relevant [Other - Not relevant ¥ no | 0 J 120.000)
rake swilch light 22 |PAB.8-GF_ |- loctric Other -_Not relevant _fOther - Not relevant J no | 0 J 120,000
rake swilch light switch 43 |PAS-GF STEEL lectric Other -_Not relevant {Other - Not relevant | no | 0 J 120,000
love compartment, ashtray- and heatiglove compartmen| 12 |PC o Injection Moldi ther - Not relevant [Other - Not relevant § no | 0 J 120,000]
love compartment, ashtray- and heatjlight bulb (glass 8 - lectric [Other -_Not relevant JOther - Not relevant_J no | )1 120,000
love compariment, ashtray- and heatjcover PAS-GF - Other - Not relevant_[Other - Not relevant J no | : 120,000}
love compartment, ashtray- and heat{Contact switch PA-6 - Moldi Electric [Other - Not relevant [ no | 0 ¥ 120,000]
jlove compartment, ashtray- and heatjlight mount PAS-PUR |- [Moldi [Other -_Not relevant_[Other - Not relevant | no | 0 J 120,000
love compartment, ashtray- and heal light PLASTIC _ |- idiny Electric [Other - Not relevant { no | 0§ 120,000]
Interior lights, reading light interior and readin; 68 |PA-66 - injection Moldin, Other -_Nol relevant [Other - Not relevant § no | 0 F 120,000
interior lights, reading light scatter disk 16 |[PLASTIC |- Injection Moldin; Other - Not relevant _[Other - Not relevant J no | O J 120,000
interior lights, reading light light bulb ‘soffit’ 3] - lectric Other -_Not relevant or - Not relevant | no 120,000]
interior lights, reading light Hight bulb hoider 1 |PLASTIC _ |STEEL Idi Other - Not relevant _|Other - Not relevant no | 0 ¥ 120,000
interior li reading light light bulb (glass 1l - loctric Other -_Not relevant JOther - Not relevant ¥ no | 0 § 120,000]
interior i reading light interior 78 |PC - Injection Moldi [Other -_Not relevant_[Other - Not relevant J no | 0 J 120,000
Zllinterior lights, reading light scatter disk 17 |PLASTIC |- injection Moidi Other -_Not relevant_[Other - Not relevant § no | O H 120,000
7hinterior lights, reading light light bulb "soffit' - - leclric Other - Not relevant_JOther - Not relevant § no | 0 § 120,000]
7linterior i reading light interior light 15 |PC - lion Moldi Other - Not relevant JOther - Not relevant § no | 0 § 120,000]
ZEnterior li reading light light bulb holder _§ PLASTIC !STEEL loiding Other -_Not relevant_[Other - Not relevant | no | 0 J 120,000
interior i reading light light bulb {glass - 100% Electric Other - Not relevant_[Other - Not relevant § no | 0 I 120,000]
interior i reading light touch sensitive swil PABE-GF |- 100%} [Moidin, Other - Not relevant JOther - Not relevant ¥ no | 0 ¥ 120,000
interior li reading light skot EPDM - 100%] [Moldin, [Other -_Not relevant _|Other - Not relevant § no 120,000|
7jtrunk and engine compartment li entry light 12 |PLASTIC _|AL 70%] injection Moidi [Press (Tandem) [Other - Not ralevant I no | 0 § 120,000
7jtrunk and engine compartment light, c{light bulb (glass 1] - 100%] lectric [Other -_Not relevant JOther - Not relevant § no | 0 § 120,000
7htrunk and engine cam, i light, cdcaver 5 |PAS-GF - 100%) Other - Not relevant jOther - Not relevant § no | 0 § 120,000}
runk and engine compartment light, cfentry light 13 |[PC - 100%} injection Molding Other -_Not relevant _JOther - Not relevant § no | : 120,000
runk and engine compartment Ji light bulb 'soffit' 2] - 100%! Electric [Other - Not relevant [Other - Not relevant ¥ no | 0 I 120,000}
7jtrunk and engine compartment li trunk light 13 [PC - 100%| injection Moldin [Other -_Not relevant [Other - Not relevant ¥ no | 0 N 120,000
7trunk and engine compartment light, c{light bulb ‘soffit’ 1y 2] - 100%] Electric Other -_Not relevant _[Other - Not relevant J§ no | 0 [ 120,000
7Rtrunk and engine compartment light, c{door waming light 16 |PC - 100%} njection Moldi [Other -_Not relevant_[Other - Not relevant § no | 0 J 120,000
7trunk and engine com) ant light, cyscatter disk S |PC - 100%] loldin [Other -_Not relevant [Other - Not relevant J no | 0 J 120,000
trunk and engine compartment light, cdlight bulb ‘soffit’ ty 3] - 100%} [Electric Other - Not relevant_[Other - Not relevant | no | O J 120,000
wiper frame, wiper motor Z wiper frame 4,118 |- - 100%} r -_Nol relevant [Other -_Not relevant [Other - Not relevant | no | 0 J§ 120,000]
wiper frame, wiper motor ,000 [STEEL 3 100%]_1_JPrees (Tandem Welding and Cutting ther - Not relevant I no | ) 17120,000
7jwiper frame, wiper motor 000 [STEEL - 100%] 1 _FRoll forminy Bendl Other - Not relevant § no | 0§ 120,000]
iper frame, wiper motor ,000 |STEEL STEEL 65%| _1_JPress (Tandem) Press (Tandem [Press (Tandem) no | 0 ¥ 120,000]
wiper frame, wipe: motor 300 JSTEEL STEEL 70%]| 2 JPress (Tandem) [Other - Not relevant _|Press (Tandem) no § 0 | 120,000]
wiper frame, wiper motor 100 [STEEL - 100%] 1 JPress (Tandem) Other -_Not relevant _|Other - Not relevant | no )_}i 120,000|
iper frame, wiper motor 250 |STEEL STEEL 75%| 3 Wnvestment Casting [Forming & Shapin, [Other - Not relevant § no : )} 120,000]
7 frame, wiper motor lJoints 2 100 |STEEL - 100%]_1 _JForming & Shaping_JOther - Not reievant JOther - Not relevant | no | 0 ¥ 120,000]
¢ frame, wiper motor [scrow 21 |STEEL - 1 1_JForming & Shaping |Other - Not relevant |Other - Not relevant _J no 120,000]
58 1 frame, wiper motor r bushin T1 [STEEL ___|EPOM 80%| 1 JForming & Shaping_[Other - Nt relevant _|Other - Not relevant | no | 0 {120,000
58 r frame, wiper mator wiper motor 1,587 [STEEL-AL_|PLASTIC | 100%) ther -_Not relevant JOther - Not relevant [Other - Not relevant | no _q 120,000]
58| wiper frame, wiper motor HOUSING 251 AL - 100%| ie Casti Milling Other - Not relevant § no | 0 H 120,000
58| iper frame, wiper molor [HOUSING 8 |STEEL - 100%) orming & Shaping Other - Not relevant |Other - Not relevant | no | 0 120,000]
58] t frame, wiper motor IARMATURE 403 |STEEL CU 75%] d Castil Electro-Mechanical __[Filament Winding (wird no | 0_J 120,000]
58| r frame, wiper motor BEARING 11 |STEEL - 100%] orming & Shaping _[Other - Not relevant |Other - Not relevant | no | 0 J 120,000]
58 1 frame, wiper motor SPRING 1 |STEEL - 100%) ‘orming & Shaping _[Other - Nol relevant_|Other - Noi relevant | no | 0 J 120,000)
58] T frame, wiper motor BUSHING 100%] orming & Shaping[Other __Nol relevant_JOther -_No relevant | no | 0 J 120,000
58| r frame, wiper motor [CONTACT 100%) ‘orming & Shaping |Other - Not relevant [Other - _Not relevant no 120,000]
58 wiper frame, wiper motor GEARS 100%) old [Other -_No relevant_[Other -_Not relevant | no | 0} 120,000}
58] 7] wiper frame, wiper motor 100% loldi [Other -_Not relevant {Other -_Not relevant J no _: 120,000
58] 7l r frame, wiper motor 100% ‘omming & Shaping [Other - Not relevant |Other - Not relevant | no 120,000]
58] T§wiper frame, wiper motor 100%) Iding [Other - Not relevant_[Other - Not relevant § no | 0 | 120,000
58| Zlwiper frame, T motor 100% [Moldin Other -_Not relevant JOther -_Not relevant [ no 120,000
58] 7} wiper frame, wiper motor 100% orming & Shaping _[Other -_Not relevant _[Other— Not relevant § no | 0 | 120,000]
58] wiper frame, wiper motor 100%! [Moldin, Other -_Not relevant JOther - Not relevant I no | 0 J 120,000
58] wiper frame, wiper motor 100%)] oldin, [Other - Not relevant_[Other - Not relevant § no | 0 § 120,000}
58]_7] iper frame, wiper motor 100%] loldiny Other -_Not relevant_fOther - Not relevant § no | 0 J 120,000}
S8 7] 7jwiper irame, wiper motor ICOVER 100%} Press (Tandem Other - Not relevant _[Other - Not relevant § no 120,000]
58 7]wiger frame, wiper motor COVER 100%| 1_JForming & Shaping [Other - Nt relevant_[Other - No relevant f no | 0 § 120,000
58 [wiper Trame, wiper motor Jscrew 100%) orming & Shaping _[Other - Nol relevant _Other . Not relevant ] no | 0 || 120,000
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frame, wiper molor nut 1 [STEEL - 1
frame, wiper motor wiper arm 148 JSTEEL - A
frame, wiper motor [wiper arm sprin, S0 |STEEL - 100%)
r frame, wiper motor [wiper arm back 208 JAL AL 70%)
frame, wiper motor am 148 |STEEL -
frame, wiper motor wiper arin 50 [STEEL - 100%|
frame, wiper motor wiper arm back 200 |AL AL 70%]
frame, wiper motor nut 13 ISTEEL - 100%)
frame, wiper motor [wiper blade - blad 82 JPOM EPDM 80%)
frame, wiper motor Stam 8 - 100%)|
r frame, wiper motor Stam| 33 |STEEL - 100%)
frame, wiper motor Stam 33 - 100%]
frame_wiper motor ] 82 |STEEL - 100%|
frame, wiper molor [wiper motor 894 |- - %]
frame, wiper mofor HOUSING 200 JAL - 100%)]
frame, wiper motor HOUSING 8 |STEEL - 1
r frame, wiper motor JARMATURE 203 ISTEEL CU 5%
r frame, r motor N 11 JSTEEL - 100%)
frame, wiper molor SPRING 1 ISTEEL - 100%]
e, moflor [BUSHING 12 |8 - 00%|
frame, wiper motor ACT 1]lcy - 100%]
frame, motor (GEARS 77 |[POM STEEL 100%]
frame, motor HOLDI PA-88 CU k]
r frame, wiper motor HOLDER 1 ISTEEL - 1
frame, wiper motor M 4 - 100%)
8, wiper m il 8 100%]
frame, wiper molor WASHER STEEL - 100%|
e motor /ASHE! PA-86 - J00%|
r frame, wiper motor [O-RING EPDM - 100%)|
frame, wiper motor RETAINER POM - 1
frame, motor [COVER 250 JPA-88 a 1
frame, wiper motor COVER 2 |STEEL - 100%]
e, wiper molor acrew 8 |STEEL -
frame, wiper molor met 1 |EPOM - 100%]
e, motor wiper arm 40 EL - 100%|
r frame, wiper motor wiper arm 50 JSTEEL - 100%)
r frame, wiper motor [wiper arm back 42 JAL AL J0%)
frame, wiper motor washer 1ISTEEL - 1
frame, wiper molot nut 2 - 100%|
frame, wipsr motor wiper biade 28] - 100%}
frame, molor i 3 ISTEEL - 100%|
frame, wiper motor Stam) 11 |STEEL - 1
r motor Stam| 1 L - 1
e, motor 26 JSTEEL - 100%]
fluid, washer |ets, pum) (coolant tank 1,080 JPLASTIC _ |- 100%}
or fluid, washer jels, screen insert LASTI - 100%]
or fluid, washer m| 12|PP - 100%]
fiuid, washer m; nut PLASTIC _ |- 1
fluid, washer m| screw STEEL 8 100%}
fluid, washer sh nut STEEL - 1
fluid, washer jets, pum washer jet 105 |POM-PBT-G}- 100%!
fluid, washer imj imj 171 JPOMGF_ |- 1
fluid, washer m) 4 |EPDM - 100%]
or fluid, or jets, pum mf 113 |PAB-GF - k]
or fluld, washer my jasket 1 |EPOM - 100%]
flui r m) ‘washer fluid line’ 27 |[PA8 - 100%}
r fluid, washer mps. washer fluid line 23 |PA8 - 100%
fluid, washer mps washer jet 219 IPOM POM 50%)
fluid, washer Jets, pum Z hoss $2 |EP - 00%)
fluid, washer m) Z hoss 340 |EPDM-POM|- 100%]
ot fluid, washer jets, er jot support - 100%]
fluid, washer mf jend PP-TV - 100%}
fluid, washer 0 screw ISTEEL 3 1
fluid, washer mps ish nut - 100%|
uid, washer m) washer fiuid 1,000 |- - 100%]
ial equipment and other M - equipwiring haress 453 |STEEL - 100%]
ial equipment and other M - equi [POM - 100%]
ial equipment and other M - jdamper PUR - 100%]
arette socket 31 |STEEL PLASTIC B0%|
aretie lighter coliet [PLASTIC _ |- 100%
arette lighter Clgarette lighter A5 ISTEEL PLASTIC _|_100%]
CO pl. telematics radio 1,359 | Electronics |- 100%}
CD pl telematics tweeter 70 |POM g 100%]
reo, CO telematics nut 1|STEEL - 100%]
reo. telematics screw 2 |STEEL o 100%)
[+]s] telematics aker 474 |PP- - 1
stereo, CD pi telematics EL - 100%)
[¢s] telematics tweetsr 81 |ABS - 1
[+ telematics 307 |POM - 100%)
reo, CO telematics nut 1 EL - k]
CD telematics [Antenna cable 175]- - 100%}
CcD telemalics screw STEEL 8 100%]
ABS, traction control, FSR; engine d ional 82 |PABS-GF-EH- 100%)]
ion control, FSR, engine dr{rotational 85 |PABB-GF-EH- 100%)
ABS, traction control, FSR, sngine drdrotational 113 |P; - 100%]
ABS, n control, FS!I drrotational 136 |PABS-GF-EH- 100%]
ABS, traction control ine dricable duct 14 |PAS. - 1
AB! control, FSR, engine d: 26 ISTEEL |- 100%)
ABS, traction control, FSR, engine dr{acrew STEEL - 100%|
ABS, traction control, FSR, sngine dritensiones disk 458 |STEEL STEEL 80%|
ABS, traction control, FSR, engine driwasher ] - 100%]
ABS, traction control, F! jine drinut 44 |STI - 100%|
traction control, F! jins dryscrew 166 ISTEEL - 100%]
ABS, trection controf, FSR, engine dripressure sensor 84 ronics |- 1
ABS, traction control, drdacceleration sen: 284 - 100%]
ABS, traction control, engine dr{screw 4 - 100%]
aids, distance con! ic n 77 |PASS-GF-PH- 100%)
aids, distance control jacrew. L - 1
arking aids, distance control alarm 14 PP - 1
arking aids, distance control s{nut 1IC_ |- 100%)
arking alds, distance control isjnut PLASTIC _ {- 100%|
aids, distance [8u) 212 |STEEL - 100%|
aids, distance control nut 1 iIc_ |- 1
distance conirol 38 |STEEL 8 100%]
aids, distancs control acorn nut 8 - 100%}
aids, distance control lirasonic sensor AB8-GF_ I- 100%)
arking eids, distance control ultrasonic sensor 31 |PA86-G| - 1
alarms, immobilizer telactronic control iy 53 IPP-T20 3 100%]
larms, immobilizer nut 3 L - 1
arme, immobilizee screw 4 |STEEL - 100%)
alarma, immobilizer receiver coil 41 |PABBGF_ |- 100%)
ol immobilizer touch sensitive 8 {PI C__|- 1
alarms, immobilizer control light 8 |PLASTIC_ |- 100%|
arms, immobilizer i horn 304 |STEEL PLASTIC 75%]
larms, Immobilizer !ﬁ; 57 |STEEL |- 100%
jalarns, immobilizer screw 17 IST! - 100%)
al immobilizer nut 3 L - 1
electrical center,coupliny base plate eleciric: 788 |PAB.6-GF-PH- 100%]
slectrical center,coupliny cable duct 17 |PBT-GF - 100%)]
box, slectrical center,coupling stgjretainer 4 -GF - 1
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7ffuse box, electrical center coupling st scrow STEEL - 00 Forming & Shaping |Other - Not relevant [Other - Not relevant |_no 120,000] 80,000,
rt 16 |STEEL - 00 Press (Tandem Other - Not relevant [Other - Not relevant F no 120,000] _80,000]
391 [STEEL - 00 Press (Tandem, Other - Not relevant_[Other -_Not relevant no 20,000] 80,000}
151 [PBT-GF - | 100%| 1 _iinjection Moldin: lot relevant_[Other - Not relevant { no 20,000] 80,000
273 |PBT-GF-PP |STEEL 00 2 lot relevant |Other - Not relevant no 20,000] 80,0
P - 00%] 1 ot relevant [Other - Not relevant [ no 20,000] 80,000]
- 007 Not relevant_[Other - Not relevant_| no 120,000] 80,000
- 007 Fcrming & Shag‘ng Not relevant |Other - Not relevani no 120,000] 80,000
- 00 [[Forming & Shaping Not relevant_[Other - Not relevant J no 120,000 80,001
- 00 ___* [Moldin, Not relevant_[Other - Not relevani no | 0 J120,000] 80,00
N 00 [Forming & Shaping |Other - Not relevant_|Other - Not relevant_| no | 0 120,000] 80,060
use box, electrical center,coupling sta - 00%]_1_lIMolding Not relevant [Other - Not relevant §| no | O § 120,000] 80,000
67{ 7| wiring hamess - 00 Harmess Not relevant |Other - Not relevant no | © §120,000] 80,000
7] 7 [wiring hamess - 00 Not relevant [Other - Not relevant | no | 0 J 120,000] 80,000]
7] 7 [wiring harness = 00 ot relevant_|Other - Not relevant .._".D_._L 120,000] 80,000}
7] 7] tF:£97 - 00" Not relevant_[Other - Nol relevant no 120,000] 80,000
7| 7] wiring hamess - O lot relevant |Other - Not ralevant no 120,000] 80,000
7] 7] i - [i] lot relevant _jOther -_Not relevant no 120,000/ 80,000
7] 7] [ lot relevant |Other - Not relevant no 120,000] 80,000
7] 7) [i] lot relevant_|Other - Not relevant § no | 0 J 120,000] 80,000
7] 7] O lot relevant_|Other - Not relevant no 0 | 120,000] 80,000
7] 7 00 lot relevant_|Other - Not relevant f no 120,000] 80,000]
7] 7] 00 Forming & Shaping |Other - Not relevant [Other - Not relevant | no 120,000] 80,000]
7] 7| retainer fixture. 00° injection Molding Other - Not relevant |Other - Not relevant | no 20,000] 80,000
7| 74wiring hamnesses complete wiring harmness 00 lHamess Other - Not relevant [Other - Not relevant no 20,000[ 80,000
7| 74wiring hamesses complete cable conduit 00 _____l Injection Molding Other - Not relevant _|Other - Not relevant | no 20,000] _80,000]
7| 7wiring hamesses complete support 00 Forming & Shaping [Other - Not relevant |Other - Not relevant no 20,000] 80,000]
7| 7Rwiring harnesses complete support 00 Forming & Shaping _|Other - Not relevant |Other - Not relevant [ no 20,000] 80,000]
i 7Rwinng hamesses complete su%n 00 Press (Tandem Other - Not relevant [Other - Not relevant no 20,000 _80,000]
7| 7fwining harmesses complete Z support 00 Press (Tandem Other - Not relevant_|Other - Not relevant | no 20,000] 80,000
7 00 Forming & Shaping }Other - Not relevant [Other -_Not relevant no 20,000] 80,000
7 7jwiring harnesses complete 00 Forming & Shaping 1Other - Not relevant |Other - Not relevant no 20,000] 80,000
7] 7 7Rwiring hamesses complete 100 Forming & Shaping [Other - Not relevant [Other - Not relevant no 20,000 80.000]
7 7Rwiring hamesses complete 100 Forming & Shaping 1Other - Not relevant [Other - Not relevant no 20,000/ 80,000]
7 7jwiting hamesses complete 100 Forming & Shapin: Other - Not relevant |Other - Not relevant no 20,000] 80,000]
7| 7jwiring harnesses complete 100 Forming & Shaping [Other - Not relevant |Other - Not relevant | no 20,000] 80,0
7| i 100 Forming & Shaping [Other - Not relevant_|Other - Not relevant no 20,000] 80,0t
7 7] 100° Forming & Shaping _[Other - Not relevant_[Other - Not relevant_§ no 20,000] 80,0
7] 7] 100 [Forming & Shaping [Other - Not relevant [Other. lot relevant no 20,000] 80,
7 7 00° Forming & Shaping [Other - Not relevant_[Other -_Not relevant o] O 20,000} 80,0
7] 7 00%/[ 1 IMoldin Other - Not relevant_[Other - Not relevant no| 0 20,000] 80,000f
7] 7] 00" Other - Not relevant_|[Other - Not relevant no | 0O 20,000] 80,000
7 7] 00%] 1 Other - Nol relovant_[Other - Not relevant_| no 20,000] 80,000
7] 7] iring hamnesses complete 00 Other - Not relevant [Other - Not relevant no 120,000 80,000
7] 7 wiring harnesses complete 00% Other - Not relevant _|Other - Not relevan! no 120,000 80,000
Y i 00%] Other - Not relevant [Other - Not relevan! no 120,000{ 80,000
7] 7 00 ___ Not relevant |Other - Not relevan no 120,000] 80,00
7] 7 00 Harmess Not relevant [Other - Not relevant no 120,000| 80,000
7] 7| 00 Harness Not relevant [Other - Not relevan no 120 OOI 80,00
7 7 00 Hamess Not relevant [Other - Not relevan no 120,000] 80,00
7] 7 00 i Not relevant_]Other - Not relevant § no 120,000| 80,001
77 100% Not relevant _{Other - Nol relevan no | O § 120,000/ 80,000
7] 7 100%] Not relevant [Other - Not relevant no | O §120,000] 80,000]
7 7 100% lot relevant |Other - Not relevant no 0_§ 120,000{ 80,000]
7| 7 100%! Harness Other - Not relevant |Other - Not relevant no | O §120,000] 80,000]
7] 7] 00%| Press (Tandem’ Other - Not relevant |Other - Not relevant no 120,000 80,000
7|7 [Z cable harness 00%| Hamess Other - Not relevant |Other - Not reievant no 120,000] 80,000}
7] 7 7| cable conduit 00%] 1 _Hinjection Maldin: Other - Not relevant |Other - Not relevant no 120,000} 80,000]
7| 7] 7| 00%] Press (Tandem Other - Not relevant [Other - Not relevant L no 120,000] 80,000
7| 7l 7] complete 00° Press (Tandem’ Other - Not relevant_|Other - Nol reievant no 120,000 80,000
7] 7| 7] harnesses complete 00 Press (Tandem’ Other - Not relevant [Other - Not relevant J no { 0 J 120,000] 80,000
7] 7] 7| 00 Press (Tandem; Other - Not relevant {Other - Not relevant ne 120,000] 80,000,
7 7 7| 00 Forming & Shaping [Other - Not relevant [Other - Not relevant no 120,000[ 80,000}
7] 7 7 100 Forming & Shaping _|Other - Not relevant |Other - Not relevant no 00}
7 7 7] Forming & Shapin lot relevant |Other - Not relevant no 80,000
7] 7] 7jwinng harnesses complete [ "Bending ot relevant_|Moldiny no 20,000]_80,000)
7] 7] 7fwiring harnesses complete [Forming & Shaping ot relevant _[Other - Not relevant no 20,000] 80,000
7 7wiring harnesses complete i i jot relevant _[Other - Not relevant no 20,000] 80,000
7] 7]wiring harnesses complele Not relevant_[Other - Not relevant no 20,000{ 80,0
7Rwiring harnesses complele ot relevant_|Other - Not relevant no 20,000] 80,0
7Rwiring hamesses complete ot relevant |Other - Not relevant ] no 20.000] 80,0
7wiring harnesses complete ot relevant |Other - Not relevant § no 20.000] 80,0
7 7iwiring harnesses complele lot relevant_|Other - Not relevant no 20,000] 80,0001
7 7 7hwining harnesses complete lot relevant |Other - Not relevant no 20,000} 80,000
7] 7 7Rwiring harnesses complete lot relevant_|Other - Not relevant no 120,000] 80,00
7| 7 7Jwiring harnesses complete lot relevant_|Other - Not relevant no 120,000] 80,000]
7 7 7jwinng harnesses complete ot relevant _|Other -_Not relevant no 120,000] 80,000]
7] 7 7Qwiring harnesses complete lot relevant_|Other - Not relevant no 120,000] 80,000]
7] 7 7] hamesses complete jot relevant _|Other - Not relevant no 120,000] 80,000]
Yi i harnesses comptete ot relevant _|Other - Not relevant no 120,000] 80,000]
7] 7 hamesses complete 00 Follr\ir\g & ShaEéng Other - Not relevant |[Other - Not relevant no 120,000] 80,000)
7] 7 harmesses complete 00%| [Moldin Other - Not relevant _|Other - Not relevant | no 120,000 80,000}
7l 7 harnesses complete i Other - Not relevant_|Other - Not relevant no 120,000] 80,000
7] 7 harnesses complete Other - Not relevant |Other - Not relevant no 120,000] 80,000]
7] 7 harnesses complete Other - Not relevant_|Other - Not relevant no 120,000] 80,000
7] 7 7] harnesses complete Other - Not relevant |Other - Not relevant no 120,000 80,000
7| 7 7pwi hamesses complete Other - Not relevant |Other - Not relevan| no 120,000] 80,000
7] 7, 7jwinng hamesses complete Other - Not relevant |Other - Not relevan! no 120,000] 80,000
7] 7 7Qwiring hamesses complete Other - _Not relevant [Other - Not relevan no 120,000 80,000
71 7, 7Jwiring hamnesses complete Other - Not relevant |Other - Not relevan no. 120,000] 80,000
7] 7] 7qwiring harmesses complete Other -_Not relevant _|Other - Not relevan no 120,000{ 80,000}
7] 7] 7jwiring hamesses complete Other - Not relevant |Other - Not relevani no 120,000] 80.000]
7] 7 7§wiring hamesses complete Other - Not relevant lot relevant I no 120,000 80,00
7] 7 7wiring harnesses complete Other - Not relevant lot relevani no | 0 J120,000] 80,00
7| 7] 7jwinng harnesses complete Z cable harness 20,560 [STEEL - Other - Not relevant lot relevant_§ no | O 00|
7] 7 7fwinng harmesses complete |Z cabie hamness 111 |STEEL - Other - Not relevant lot relevan no | 0 80,00
7]_7]__ 7jwiring harnesses somplete |7 cable harness 111 |STEEL 5 Other -_Not relevant jot relevant_| no | 0 | 120,000] 80,000
7] 7 7Jwinng hamesses complete |PA-66 - Other -_Not relevant lot relevant_J no | O J 120,000] 80,000
7| 7] 7jwiring harnesses complete |PA-66 - Other - Not relevant jot relevant no 0 § 120,000] 80,000]
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Appendix C: Results of the manufacturing costs for the customizable

gl‘OllpS
e Influence of the number of parts within the groups
Macg:tfifd::;ng Manufacturing Absolut:Jl Percentage nugl::sr of Number
Groups considered as customizable baseli cost of the A+ ||differen: . L of parts
seline B product (s)J ©) difference || within the <10g
| product ($) group
Damping rear door 0 o[ (0 1% 1 0] 324
Damping front door 0 0 (0 -1%| 1 0 324
Air distribution switchboard 105] 106 1 1%) 16) 6| 6 873
Rims 42 43 1 3% 3 0 11,01
Damping tailgate 2 4 2 130% 2 0 36
Damping / insulating engine
|compartment 3| 6 3 94%) 2 1 216
Grab and pull handle tailgate 3 6 3 121%) 3| 2 41
Damping hood 4 7] 3 90%) 2 1 aad
Damping roof 2 6 4 162% 5 2 58
Side trim 131 135 4 3% 19 9| 7,32
Fender liners 15 19 4 25% 5| 3] 1,490
Trim side panel front 3 7] 4 156%) 3 2 295
Damping side panel front 8 13 5 66% 6 1 1,271
Spoiler 5 10) 5 95%) 2 0 1,147
Trim tailgate 35 40 5| 15%) 6| 3| 3,4
Gilasses compartment 3 9 G 152% 1 0 127
Grab handle roof 5 12 7] 139%) 3 1 162
Arm rest rear door 5 12 7 159% 5 0 300
Console i 8| 16) 7] 88%| 3 1 811
Bumper rear 83| 91 8 10%) 12 10,212
Accelerator 5 13 B 155% 3] 1| 368
Roof liner 24 32 8 34% 6 3,801
Storage tray trunk 16| 26| 1 64% 5 1, 18
Visor 12 24] 12 7% 5| |
Cover floor 15 27 12] 78%) 8 1 341
Air distribution floor area 16 28 12) 74%) 9 1%
Brake pedal 10 22 12 126%) 5] 3|
Damping side panel rear 15 29 14] 93%) 16 4] 4%
Storage compartment door 13 28| 15 111%) 9 6 501
Roof rail 20 36, 16 78%| 5) 2| 2,57
Damping bulkhead 36 52 16 44% 1‘q 4] 7,36
Window frame 83 100 17| 21%) 7| 4] 11,839
Spring cores and foam cushions front |
seat 32 49 17| 54%| 4 0| 3,073
Exterior rear view mirror 11 29 18 158%) 8] 5| 1,074
Fuel tank 44 65 21 46% 4] 0 9,774
Radiator grill 20 45 25 121%) 11 4 2,205
Trunk floor cover 51 76 25' 49%) 8] 3 6,12
Cover front seat 19 44 25| 134% 4 1 917]
Damping floor 77 103] 26 33% 18 4] 35,357
Hitch assembly 59| 90| 31 53% 10 2] 24,402
Glove compartment 46 80) 33 72% 10 2 3,553
Clutch pedal 28 64} 36) 127%)| 19 9| 95
Steering column 55 93| 38| 68% 16 2| 9,977
Stick shifter 53 98 45| 84%) 27| 7] 4,682
Spring cores and foam cushions rear
seat 85| 133] 48 57%l 12 [
Cover rear seat 52 121 69 133%) 11 3
Trim instrument panel 181 25/ 69 38% 30| 6
Front suspension 365) 449 84 23% 38| 1
Rear suspension 273 374 101 37%| 31 0
Seat rack front 203 351 148 73% 52 20!
al rack rear 312 602 p)
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¢ Influence of the complexity of parts within the groups
Manufacturing Manufacturing| Absolute Number of || Number of || Number of
. . cost of the . parts - parts - parts -
Groups considered as customizable baseli cost of the A+ ||difference] . . .
seline B product ($) $) complexity || complexity || complexity
product ($) 1 2 3
Damping rear door 0 0 (0) 1 0 o
Damping front door 0 0 (0) 1 0 0
Air distribution switchboard 105 106} 1 0 0 0
Rims 42 43 1 2 1 0
Damping tailgate 2 4 2 2 0 0
Damping / insulating engine
compartment 3 6 3 2 0 0
Grab and puli handle tailgate 3 6 3 3 0
Damping hood 4 7 3 2 0 0
Damping roof 2 6] 4 5 0| 0
Side trim 131 135 4 17| 0 2
Fender liners 15 19 4 3 2 [
Trim side panel front 3 7 4 3 0 0
Damping side panel front 8| 13, 5 6| 0 0
Spoiler 5 10 5| 2 0 0
Trim tailgate 35 40 5 5 1 0
Glasses compartment 3 9 5 1 0 0
Grab handle roof 5 12 7 3 0 0
Arm rest rear door 5 12 7 5 0 0
Console 8| 16 7| 3 0 0
Bumper rear 83 91 8 9 2 1
Accelerator 5 13 8 3 0 0
Roof liner 24 32 8 6 0 0
Storage tray trunk 16 26| 10, 5 0 0
Visor 12 24 12 5 0 0
Cover floor 15 27 12 6) 2 0
Air distribution floor area 16 28 12 8 1 0
Brake pedal 10 22 12 5 0 0
Damping side panel rear 15) 29 14 16 0 0
Storage compartment door 13| 28 15 9 0 0
Roof rail 20| 36 16) 4 1 0
Damping bulkhead 36| 52, 16 17| 0 0
Window frame 83| 100 17| 6 0 1
Spring cores and foam cushions front
seat 32 49 17 3 1 0
Exterior rear view mirror 11 29 18 7 1 o
Fuel tank 44 65| 21 3 1 0
Radiator grill 20 45 25 0 9 0
Trunk floor cover 51 76) 25 8| 0| 0
Cover front seat 19 44 25 4 0 0
Damping floor 77 103 26 18] 0 0
Hitch assembly 59 90 31 9 1 0
Glove compartment 46 80 33 9 1 0
Clutch pedal 28 64 36| 18] 1 0
Steering column 55 93| 38 11 2 2
Stick shifter 53| 98 45 0 0 0
Spring cores and foam cushions rear
seat 85 133 48| 10 2 0
Cover rear seat 52 121 69 11 0 0
Trim instrument panel 181 250 69 25| 1 3
Front suspension 365 449 84 27 3 g
Rear suspension 273 374 101 21 3 7
Seat rack front 203 351 148 46 1 5
eat rack rear 312 602 280 52 1 |
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Influence of the tool modification of the parts within the group

Manufacturing ||\, -\ 2 cturing| Absolute
Groups considered as customizable cost olf the cost of the Af difference Number of parts | Number of parts - Number of parts
baseline B product (§) ) no tool change [|small tool change new tool
|_ product ($) |
Damping rear door 0 0] (0) 0) 1 a
Damping front door ﬁol of O 1 0
Air distribution switchboard 105 106 1 0f 0 &
Rims 42, 43 1 0f 0| 0
Damping tailgate 2 4 2) 0) 0 L
Damping / insulating engine
compartment 3 6 0 0 0
Grab and pull handle tailgate 3 6| 2 0 1
Damping hood 4 7| 3 0 0f 0
Damping roof 2 6| 4 0] 0 0
Side trim 131 135 4 0) 0 [
Fender liners 15 19 0 0 [«
Trim side panel front 3 7| 4 0] 0 0
Damping side panel front 8 13 5) 0 0 [
Spoiler 5| 10) 0] 0 0
Trim tailgate 35 40| 0 0 0
Glasses compartment 3 9 0] 0 &
Grab handle roof 5 12 7| 0] 0 [0
Arm rest rear door 5 12 7| 0 0 0
Console 8 16| 0 0 0
Bumper rear 83 Qq» B 0f 0 0
Accelerator 5 13 8| 0 0
| Roof liner 24 32 0] 0
Storage tray trunk 16) 26 1 0] 0 ¢
Visor 12 24 12) 0f 0| 0
Cover floor 15 27 12) 0 0 0
Air distribution floor area 16 28] 12} 0 0 0
Brake pedal 10 22 12 0] 0 0
Damping side panel rear 15 29 14] 0] 0 0
Storage compartment door ~ 13| 28| 1 0 0 a
Roof rail 20 36| 16 0f 0 0
Damping bulkhead 36 52| 16 0 0 0
Window frame 83 100) 17 0] 0 0
"Spring cores and foam cushions
front seat 32 49 1 _J 0] 0 [\
Exterior rear view mirror 11 29 18] 0) 0 o
Fuel tank___ 44 65 21 0 0
Radiator grill 20 ﬁ[ 2 0| 0
Trunk floor cover 51 76 2 0] 0 &
Cover front seat 19 44 25 0] 0 0
| Damping floor 77, 103 2 0 ) 0
Hitch assembly 59 90| 31 0| 0 [0
Glove compartment 46 80, 33 [¢ 0 0
Clutch pedal 28| 64 36} [¢ 0| v
[ Steering column 55 93 38 0] 0
Stick shifter 53 98 45 0f 0) [y
Spring cores and foam cushions real
seat 85 133 48] 0) 0) 0
Cover rear seat 52| 121 69 [¢ 0 [«
Trim instrument panel 181 250) 69 0 0 0
Front suspension 365| 449 84 25 2 11
Rear suspension 273 374 101 [V [ 0
Seat rack front 203 351 148} 27| 0 2
[ Seal rack rear 31 B0 290| 32-| 0 pic |
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Appendix D: Interpreting Excel Regression Output

The population regression model is

Y=b +by*X +u
where the error term u has mean 0 and variance sigma-squared.
We wish to estimate the regression line

Y =b; + by*X

There is quite a lot of regression output produced by Excel regression analysis:
Regression statistics table, ANOVA table, Regression coefficients table. Here is an

example of output:

SUMMARY OUTPUT

T?egression Statistics

Muitiple R 0.81728
R Square 0.667947
Adjusted R Square 0.661682
Standard Error 26.72588
Observations 55
ANOVA
df S8 MS F Significance F
Regression 1 76150.85 76150.85 106.6131 2.7135E-14
Residual 53 37856.45 714.2726
Total 54 114007.3
Coefficien Standard Upper
ts Error t Stat P-value  Lower 95% 95%
Intercept -8.6933 4.854576 -1.79074 0.079046 -18.43034979 1.043741
X Variable 1 2.965006 0.287157 10.32536 2.71E-14 2.38904081 3.540971

e Regression statistics table

R-square is the amount of total variance in Y explained by the X variable. Here the X’s

explain 66.7% of the total variance in Y.

111



Multiple R is the square root of R-square.
Adjusted R Square is used if there is more than one x variable.
Standard error is the standard deviation of the error u.

Observations are the number of observations used in the regression.

o ANOVA table

The above ANOVA (analysis of variance) table splits the sum of squares into its

components.

Total sums of squares = Residual (or error) sum of squares + Regression (or explained)

sum of squares.
Thus Z(yi _y)z = Z(J’i —j)i)z +Z(j>i -

For example, R-squared = 1 - Residual SS/Total SS=1 - 0.4/2.0 =0.8.

The “Significance F”” number is the p-value for a hypothesis test whether the collection of
independent variables predicts the dependent variable. The hypotheses test implied by
this p-value is:

HO : None of the Xs predict Y

HA: At least one X predicts Y

Since in this case p<0.05, we reject Ho and conclude at least one X is a predictor of Y

e Regression coefficients table.

The “Coefficients” in the last table are estimated of the “betas”. They are used to predict

unknown values of Y using the estimated regression equation, which is:
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Y = - 8.6933 + 2.965006 X

Column ‘‘Standard error” gives the standard errors of the least squares estimated

Column * t Stat” gives the computed statistic for the implied hypotheses:
HO: the coefficient of the regressor equals 0

Ha: the coefficient of the regressor does not equal 0.

P-values for testing whether each individual X variable predicts Y. The intercept’s p-
value is never evaluated; ignore it. The implied hypotheses for each independent variable
are:

HO: This X is not a significant predictor of Y

HA: This X is a significant predictor of Y

If p-values are less than 0.05. the null hypotheses for both should be rejected.

If p-values exceed 0.05, we accept the null hypothesis.
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