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Abstract

Abstract

Increasing competition due to market globalizatiprgduct diversity and technological

breakthroughs stimulates independent automotivepeoinas to collaborate in a supply
chain that allows them to gain mutual benefits.desgdly the events of the past years
have shell-shocked even the most ardent industrjicjpants — a crisis and the

following hard recovery. Not only the critical clalges in implementing process lean
with low cost and high quality, also critical tocsess is the ability to efficiently meet

stricter emissions and fuel economy standards &saglin most jurisdictions.

With all the factors working beneath the waves,pbyigchain management becomes the
core source of a company’s competitive advantagesexen the trump of the entire
automotive industry’s success. A proper supply rclstiiategy provides financial returns
and other key factors superior to the old concegteh brought profits before but no
longer up to date now. Correctly design and efietyi evaluate the supply chains, and
improve the supply chain structure dynamically otmere, are the key methods for an
automotive company to survive and succeed in thatile and critical automobile
industrial environment.

In this research work, based on the real case stutliye automotive door system supply,
different supply chain scenarios are designed awdresponding performance
evaluations are made by applying different methadsjely the conventional model and
the integrated model with their corresponding atpars.

With conventional model, the evaluation is donenfralifferent aspects, where the
chosen perspectives such as costs, flexibilitybilttg and reliability are assessed
respectively for the multi-stage international dypphains. The data applied in this
model comes from real-case door module supply tle@evaluation results helps in the
decision making in localization process of thataierproject.

To be able to evaluate more complicated supplynchegnarios in a more accurate and
efficient way, an integrated model is designed tloe comprehensive performance
evaluation. Based on the fuzzy theory, a MDFIE (f\lel Dynamic Fuzzy Integrated
Evaluation) algorithm is developed to assess thenantive supply chain performance.
With the real case of vehicle door system supplgetailed index system is designed
based on a profound understanding of the automaiee supply chain. And with this
new method, supply chain scenarios with differentsource degree and integration
degree are evaluated and analyzed, a positive i@oluf deeper integration and
downstream task shifting in the automotive supplyciure is concluded in the end.

In addition to the use in this research work, thtedrated model, especially the index
system can be flexibly adjusted for other autoneosupply chains under their special
interest and requirements. And with the MDFIE ailgpon or other possible methods, the
model can also be further developed into user-ifiesoftware or system for the normal
application. This software development is suggekiethe further research.

Based on the researches done in this work, a reevstiiucture is proposed as well. A
mega system supplier which is defined as the new 0,6 and other outsourced service
companies which are playing as the half tiers @i&f 2,5...) are discussed in this work.
With all the theoretical researches and practiwa¢stigations, this new structure which
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occupies the niche positions of supply chain ispsspd to be benefiting the entire

automotive supply chain in many critical aspedise lthe long lasting over capacity

problem and the coming E-mobility trend. Some othaggestions like the application of

RFID technology are also proposed for increasiregghoductivity and strengthen the

information flow along supply chain. In generalpraving the entire automotive supply

chain performance, is the ultimate goal of supghaic management, which means

balancing all participators’ maximum profits andeoing the highest market service

level. The realization of the proposals and corg;aptalso supposed to be studied in the
further research.

Keyword: Automotive Supply Chain, Performance Ewation, Automotive Tier
structure, MDFIE, Index System
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Introduction 1

1. Introduction

In the current society, which is characterized hgréasing speed, complexity and
high information content, the strategical focusnofustry companies is undertaking a
constant transformation. Since the automotive mastufing industry is an extremely
competitive one, many companies have recognizet ttiea competition is now
actually a competition of supply chains and havenbecusing on their supply chain
management for sources of competitive advantagbs. Supply chain involved
material flow, information flow and financial floware being taken into full
consideration to achieve an optimal situation ahdstenhance the companies’
competitiveness.

In this paper, | make a review of the automotivppy chain, which shows that the

relationships between the supply chain partiescameplex and challenging, despite
the success of the industry, there are a numbstro¢tural weaknesses and for the
automotive manufacturing companies, there is bidl space to improve. On one

hand, the platform and modular strategies of BTQil{Bto Order) lead to greater

business opportunities with higher margin pressang, on the other hand the trend
towards further consolidation leads to the needdan management and integration
of the manufacture’s global supply chain networks.

Currently most of the supply chain performance measent systems are inadequate
because they rely heavily on using cost as a pyimegasure, they are not inclusive,
they are often inconsistent with the strategic ga#l the organization, and do not
consider the effects of uncertainties. In this wankaddition to industry analysis, two
models are offered to evaluate the supply chaimguihe conventional method and
multilevel dynamic fuzzy integrated method.

This work demonstrates that the proper supply clsiiategy provides financial
returns and other key aspects superior to eacheobther strategies modelled in the
work. It proves that a company can design its supphin to allow itself and other
supply chain partners to benefit from the changingironment, not only hedging its
downside exposure, but exploiting upside profiiapias well. In general, a proper
supply chain design in the automotive industry, temefit all the supply chain
participators and improve the overall supply chanformance.

1.1 Research Background

Correctly evaluating the supply chains and dynaltyiazhanging the supply chain
network structure over time, is the key methodaierautomotive company to survive
and succeed in the volatile and critical automobifelustrial environment.
Controlling the stability, reliability and flexibty in sourcing, manufacturing and
distribution logistics both operationally and maeaaglly is playing a more
significant role in the entire industry, and thésy supply chain aspects are drawing
more and more emphasis of the decision makershelmeal-life world of the global
automotive industry, operating an optimal, indiatlgase suitable supply chain, will
specifically support the world-wide automotive isthy.
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Thus, focusing on the analysis of global automobwusiness and the supply chain
design strategies, | choose the case of door sysueply based on a Tier 1 supplier’s
real situation as the research case, for which rdszarch is done under the
background of the entire automotive industry chiamstics especially under the
economic crisis. The trends in the global autonsotidustry and the corresponding
challenges are to be discussed.

1.1.1 Trends in Global Automotive Industry

The environment for the automotive supplier hasenevyeen more volatile. To
succeed, it's important to understand what theyugragainst in this shifting industry
landscape. A lot of analyses to automotive industdycate that, for major players in
the automotive supply chain, seven current trerdshaving the greatest impact.
Though differences emerge from region to regiois, d¢tear that all apply to the
automotive suppliers’ business to some degreeal$s clear that these trends are all
interrelated, forming a web of both challenges apgortunities. According to the
whitepaper published by INFOR [Inf 06] and the egsh by Schwarz [Sch 08] from
Cisco, the automotive industry has the followingends.

1. Following the OEMs (Original Equipment ManufactyreAuto Marker)
Geographically

The base of the automotive industry is regroupiagidly world wide. The auto
makers from U.S. and west Europe are seeking torbeacompetitive in the new
economy by finding green fields where land is pfahtand facilities can be built
with less worry about hidden environmental dangarscongestion. Even more
significant, some of these plants are able to dpesia non-union locations, cutting
labour costs dramatically and changing the econ@guimtion within the industry.

Besides U.S., the automotive industry is also edpanrapidly in the other European
countries, especially Eastern Europe (Slovakia, gdmyy and Romania/Poland), as
well as in many areas of Asia-Pacific (includingailand, Malaysia, and China). The
automotive industries in these areas are expeotgtdoiv considerably over the next
few years.

As original equipment manufacturers (OEMs) move itite new growth areas, the
supply chain will grow in that direction. Just-ime production processes demand
shorter transportation routes, requiring supple@ations closer to these new plants.
Furthermore, suppliers seeking to serve multipl&/Skvill need to be more centrally

located within this new community of auto makers.

2. Diversifying the Customer Base

Suppliers are diversifying their base for both stalvand revenue growth. No longer
can the supplier rely on a single primary custoageia source of growth. The auto
industry has become too fluid, and a string of &itjons, mergers, and restructuring
could leave a dedicated supplier in desperatetstoaifore preventive actions can be
taken.
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Of equal importance, the supplier's growth potdntiathe years ahead will more
likely reside in the ability to provide innovativitegrated, and niche products to a
variety of auto makers, rather than in relianceeapansion within an individual
OEM'’s production.

And finally, as suppliers go global to meet thedseef their customers, they will find
it increasingly valuable to service not only themganies that they originally
followed, but also local manufacturers in the netions, capitalizing on the security
and additional revenue that true globalization lzang.

3. Increasing Revenue through Products with Higherediddalue

OEMs are pushing more responsibility down to theipply base, and successful
suppliers will be the ones who can integrate theraakers’ needs into value-added
modules and systems, going beyond conventional oopmis. Additionally, OEMs
will rely more than ever on their suppliers as sesrof innovation. Those who
generate new products and add a greater intringiigevto the OEM’s assembly
process and/or the end user's preferences will havsignificant competitive
advantage. This need for demonstrating higher addk also will require suppliers
to become involved in product development earlierthe vehicle design cycle.
Suppliers, as a result of greater collaborationy maell find themselves leading more
design and engineering and driving more innovation.

4. Efficiency at Lower Volumes

Paradoxically, the automotive market has becomeenfraictionated and diverse at
the same time that it is being subjected to mergedsconsolidations. The aggressive
expansion of all OEMs on a global basis has creaigte markets and entirely new
types of vehicles. Also, companies that once witkuty brands are expanding
downstream and companies that once with only ecgnbrands are now moving
upscale. Consequently, the supplier can be factdlawer order volumes from any
particular OEM and must find a way to produce iigomotive systems efficiently at
these reduced volumes. The emergence of solutiesigried to multiply efficiencies
throughout the supplier’s enterprise is enabling thange in production economics
at the supplier level.

5. Forming More Global Alliances

Globalization in the automotive industry is playiagt in many ways. Many OEMs
and their suppliers are moving operations to newgl-cost areas. Meanwhile, other
regions like China, Russia, and India are emergimgnajor factors in automotive
consumption and production. China is, by far, thesimdramatic new player in the
automotive industry. It is now the largest car neirknd production land, and
automakers have only scratched the surface of dbenpal Chinese market. Every
major OEM now has established operations in Chand, many are pressuring their
suppliers to follow them.

Suppliers will be solidifying an increasing numhar global alliances throughout
their own enterprise and that of the OEMs. To s@vihe requirement for
globalization, suppliers will need to diversify naly their plant locations, but also
their customer base. They will form new alliancathveompanies based in foreign
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locations, maximizing their revenue but adaptingirtiralue-added products for local
OEMs as well as for the domestic OEMs they havéovigdd overseas or across
borders. They will exploit the new markets by beoamnan integral part of the
economies in which they operate.

6. Reducing the Cost of Quality and Fixed Costs

In such a highly competitive, fluid, global marketiality must be a “given” for every
supplier. Any manufacturer producing less than drothss quality simply is unlikely
to survive in a world where OEMs have a wealth uggiers from which to select.
Therefore, suppliers will need to compete by rexdgithe cost of quality — offering
valuable, reliable systems at a lower cost thanpatitors — and by lowering their
fixed costs within their plants. Just as knowledgekers relied on suites of software
to achieve these goals in the office, automotivenganies will be implementing
integrated solutions on a larger scale to keepityuhigh while the costs of
operations diminish. The focus must be on condistemproving productivity over
the long term and forming strategic partnershipsand down the supply chain to
reduce the total cost of quality.

7. Growing the Service and Aftermarket Business

Not just auto suppliers, but manufacturers of wles of industrial products and
equipments, are learning that a future differeatiand real source of revenue growth
will develop from expansion of their service andeaharket businesses. Services
such as spare parts, preventive maintenance,gefaid support, repairs, and quality
management can help differentiate an automotivepemy from competitors and
earn a loyal revenue stream from OEMSs that no Ibhgee the resources to carry out
many of these functions in house. As the OEMs ektaeir warranties, and as the
variety of nameplates continues to proliferatedach niche markets, the ability to
obtain service parts from suppliers in a cost d¢ffecway will become ever more
crucial to auto makers. Suppliers will be settipghighly efficient global solutions
for servicing the vehicles they support for manyrengears beyond the model
introduction, whether in house or outsourced.

The aftermarket business has exploded over théelasyears and is now a more than
$75 billion global industry. Automotive companiegncgenerate significant revenue
by offering aftermarket items within their prodyirtfolio.

1.1.2 Times are Challenging for Automotive Companies

These trends across the automotive industry cleambate a daunting array of
business challenges for automotive companies. Véhsthgle site or global in scope,
automotive companies are trying to implement leavcgsses in their production
facilities to keep inventory costs down and qualitgh. Globalization of the supply
chain has impacted both the manufacturing basdhendustomer footprint, with the
supplier producing a greater variety of higher-alldalue products, integrating
components into systems, and serving customers utiphe nations, each with
multiple locations.
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Automotive companies also are seeking a greatehddsb in such high-growth areas
as environment, energy, safety, personalizatiod,sanvice. As a result, their product
mix continues to grow, material management becam@® complex, and companies
often are entering into unfamiliar environmentst treguire increased support from
automated systems.

At the same time as they are scaling back on ilovesst for production, suppliers are
expanding production to meet customer-service demahe approach to warehouse
management, production management, and materialsfi;ng in ways that require
re-adaptation, along with much more market insagtdt anticipation.

The benefits of globalization and of moving fag## to lower cost locations can be
realized only if the cost of materials is managedn effective way. Maintaining
large inventories can result in hefty overhead <dst suppliers. To reduce these
inventories, suppliers are turning to automatedtesys that pull materials into
production when and as needed, dramatically cuttowgn on requirements for safety
stock and allowing suppliers to apply materialsthe way they have traditionally
applied labour: at the point and time where it adalse and has a positive impact on
the product. The pull strategies that are emerfjimm these capabilities are serving
to better synchronize supply chains and keep sengphunning profitably wherever
they operate.

Suppliers are becoming much more collaborative Withir customers, material
providers, partners, and sister plants in an eftodttain greater predictive capability
and to establish methodologies that ensure consiste quality while meeting

operational performance goals.

They are finding the need to produce more, in aensonnected fashion, at lower cost
with higher quality. Further, the OEMs are demagdthat suppliers produce a
greater proportion of each vehicle’'s systems, ba&agnin effect, a primary assembly
arm for the OEM. This fact of life is requiring ql@rs to outsource portions of their
own production to lower tiers and makes the suppbin even more complex.

These new characteristics are the new realitidsmihe automotive industry, as well
as the source of many challenges and pains. TaeXpather:

« Companies are struggling to get lean. They canaotpete successfully unless
they drive down waste in materials and effort amegk production inventory
levels low.

« Many are having difficulties in getting their supmhain to be agile and flexible.
Working globally and for a broader customer baseessitates a level of
precision that is a difficult challenge for somehey need to be working in
synchronocme and be able to shift their produabioa short time frame.

+ Meeting regulatory and compliance regulations eimgrgfrom customer
requirements and mandates requires constant atterfinvironmental, safety,
financial, and other demands may be difficult toeineonsistently unless new
assured and validated internal systems are séace.p

« Suppliers continue to find themselves ensnaredEiM@ressures to lower costs
while simultaneously improving quality.

« The leap in raw material costs and energy pric&s sgueezing companies’
attempts to grow their business profitably. At #ame time, decreasing vehicle
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volumes are slicing revenue, making it imperatigefihd new markets, new
products, and new services to offer their customers

« Improving customer satisfaction remains an ofteinfpa objective as market
preferences shift more rapidly than ever, as qudi#mands grow more strident,
and as profit margins become thinner.

+ Global competition and consolidation among OEMs avithin the supplier
industry itself are placing new strains on compsiiehey must find ways to
operate within much longer supply chains, in markbat literally are foreign to
their conventional customer base, and remain ifgiétto buck the consolidation
trend that itself can add considerable uncertamtthe set of pains that must be
diagnosed.

+ Globalization means finding ways to manage globappsy chains, global
manufacturing plants, and global customers. Cdltditierences, geographic
barriers, and variations in business rules intenatly can make management of
global operations extremely demanding.

+ Companies often experience problems when tryingodtent their advanced
technology in foreign markets.

« The complexity of vehicles is becoming a seriousceon, with so many new
models and product launches. Adding to the compleis the significantly
increased electronic content that requires suldro once were solely focused
on the vehicle’s mechanics now to integrate intsri@ystems, and under-the-
hood systems with electronic devices.

« As OEMs seek to be more responsive to fast-changamgumer preferences,
energy requirements and environmental regulatithrespressure to accelerate the
supplier’s time to market becomes far greater.

+ The global economy has left many suppliers wittoaarcapacity which mirrors
that of their customers. Furthermore, the new tiealiof the marketplace do not
tolerate the high legacy labour costs that haven leedoundation of the auto
industry for many decades. How to shed these dondight of union contracts,
general economic conditions, and shifts in manufacg locations is a puzzle
that confronts companies across the globe.

New opportunities for automotive companies are mpassible by lean, flexible,
global, and world-class solutions driven by busingwocesses. The world’'s
economies, both established and emerging, have [egending largely on
automobile industry for more than 100 years, anlll @antinue for the foreseeable
future. The ways we consider, select, build, and asr vehicles, however, are
changing rapidly, and the automotive industry reteane of the most competitive
and dynamic industries in the world.

In order to enable automotive companies to thrind grow in this environment,

business solutions that focus on the industry’s ikéjatives and help survival in a

turbulent global marketplace are supposed to beiged. Customer management,
supply chain management, manufacturing and qualdapagement etc, are about to
be applied for the individual automotive companiasd for the entire automotive

industry as well.

1.2 Research Motivation and Objectives
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The above mentioned trends and challenges havéalhgaly impacted and enriched
my personal experiences. Since 2005, | have woakeproject engineer and project
manager in a Tier 1 supplier, of an alliance effortvin and deliver vehicle systems
for some world car platforms that were being depetbat the time. This involved
designing, costing, quoting and operating a glagply chain that delivered a full
vehicle system to the OEMSs’ factories in EuropertN@and South America, and Asia
from a supply base and factory network in thosasare

These experiences generated a strong motivaticheopart of me, to develop new
business tools and practices that would allow apzom to better design, structure
and operate a global supply chain, and to yieldeased competitive advantages for
winning new business and delivering exceptionaraiueg results over the full life of
a contract. It was this motivation that leads meeimplore the advantages and
shortcomings of different existing supply chainsgl aptimize them. And the purpose
is to create value in existing, or in the case efging or acquisition activities newly
created, in worldwide supply chains, and to exploi$ value when establishing and
refining corporate and supply chain managementegiya

Based on the observation and experience in themaiiee industry and the results

presented in the dissertation, a well designed Igugpain strategy is supposed to
yield exceptional operational, financial and stgatel results, in short, create real
value, when applied in the automotive and othebalananufacturing industries.

Further, it is predicted that the application oimgonew technologies and concepts
will become a differentiating success factor in gh@bal industry.

1.3 Problem Description

In this sub chapter, a business problem is posatddtiten confront the supply chain
management team of global manufacturing compamesaging the design of a
world wide supply chain while dealing with unknovwar unpredictable events.
Choosing to go beyond a single company’s bendiit,benefiting the overall supply
chain participators, by the design of a proper glokupply chain, and dynamic
evaluation of the supply chain performance whichihiermore leads to continuous
optimization of the supply chain, is the main taskhis work.

1.3.1 Supply Chain Design Challenges

The move by auto makers towards world car prodonotimbodies a great challenge
for the world’s automotive industry suppliers. Asey go global, OEMs are
increasingly reducing their supply base to incljut those Tier 1 companies that
offer a worldwide manufacturing presence and pastip capability. For those
fortunate supplier companies who have such gloaphlkilities and are chosen as a
worldwide source for products or systems, worldmlatforms present unique, never
before experienced opportunities for them. Giveat tthe suppliers master the
challenging aspects of this new business probleay/'ite having now the chances to
design the companies’ supply chains. And through design process they are
supposed to contain operational and manageriabflgy that allows the companies
to minimize risks and to increase profitability as@mpetitiveness.
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The large investments in capital equipment andlifi@s are common in the
automotive supplier industry. And this puts a sigplin a difficult position,
combined with specific challenges and associatel tie quest for winning and
delivering a world car contract. More than 3 yeprior to the SOP (Start of
Production), the suppliers must quote binding pricean OEM for products that will
be sourced and manufactured in multiple territoiiesthe world. And they are
supposed to know almost all of the assumptionsrdaga vehicle volumes, raw
material prices, inflation levels, invoice curregxiand foreign exchange rates when
submitting the quotation, while the OEM has an dguw@mmon convention of only
focusing on the bottom line prices.

As the vehicle volumes for world car platforms afeen ten or more times greater
than the volumes associated with regional car quiai$, the competitions for such
high profile contracts are intense. The pricesraglarly quoted in a way that is
expected to yield exceedingly tight single-digioftr margins. Further, if one of the
suppliers attempts to re-negotiate prices aftertistpdelivery even after clearly
defined assumptions, it can be fatal for his futbwsiness opportunities. Getting a
reputation as a “re-coster” may jeopardize the bepp business, since automotive
industry is such an industry where all the playersw each other, and careers hang
in the balance of achieving significant year onryaast reductions through supplier
pricing productivity.

There are further unique and complicating factsfefin the automotive supply chain
business. Though they only serve to heighten tladlesiges, the successful suppliers
must accept them and work through. The first tiggpsiers have vast flexibility and
freedom in making different kinds of decisions. Ttlecisions may possibly be
regarding contract formulations with suppliers dtml a lesser degree) customers,
second tier supplier selection, their own manufaatufacility location selection and
capacity installation, and so on. These decisisesapposed to be made in the very
early stages of establishing the supply chain $ipdoia new vehicle program.

As is evident from the example network depictioriFigure 1-1 below, the potential
supply chain in question is huge, and with over080, (VDA data) links between
second tier, first tier and OEM facilities beingnat-unusual starting point for the
supply chain designers. This can impress a sugmyncdesigner as a big, difficult,
complex and confusing problem, and begs the questiere one should begin. This
picture proves to be too daunting, and as a resaity companies do not question or
attempt to effect significant change to their lggsapply chains.

Tier 2 Tier 1 OEM

N
A %
S

\/

< <
S e NS e




Introduction 9

Figure 1-1 Global Automotive Supply Chain

For those supply chain designers that tackle thiblpm, the vast flexibility and
freedom of choices is quickly reduced, or disappedtogether. In the process of
establishing the supply chain and completing thedpet and process development,
validation and release process, the Tier 1 suptdgether with the OEM have a lot
to do. They must test, validate and release eveended element of the supply chain
network, which includes each company, factory, podpdcomponent, sub-component,
machine, process, tool, quality control plan, lagssprovider, physical and electronic
logistics link, returnable and disposable packagiogtainer and material, so on and
so forth. After this validation and release prodsssompleted and volume production
has begun, there is minimal flexibility to make laymed changes to elements of the
supply chain network structure. Indeed, once 4 fies supplier's supply chain has
begun producing hundreds of thousands or milliohamponents per year on
manufacturing lines at 5 to 45 second cycle times 8 to 21 shifts per week, it will
be very committed to the decisions made when desjghe supply chain.

There are varying levels of commitment and flexifilA logistics provider could be
changed and the second tier supply base could hdifietb The most binding
decision is selecting the amount and location foe supplier's own internal
manufacturing capacity, since investment levelsusrglly high, even in the case of
simply re-tooling and refurbishing existing equiprhand facilities.

However, decision makers cannot seek solace ifatbe hope that post SOP changes
to the supply chain are always possible. And iev&n more false to expect a
complete remedy for poor or excessively restrictsugply chain configuration
decisions that were made at the beginning of eeptojrhese changes are painful and
expensive, and they are usually used as a lasttresdry to bring the financial
performance of a business back to what was promisdfie original investment
sanction or the business plan. All desired changest be re-validated and re-
released by both the supplier and the OEM, whicjuite costly in terms of time and
money, even if the corresponding facilities areilabée. As the OEM must be
intimately involved in the validation and releadeaay changes, adding or deleting
elements in a supply chain is only marginally ficially rewarding. Because for
every supply chain change, the auto maker ineyitdbiands its perceived fair share
(or more) of the cost improvement coming from it.

In essence, the supplier is working within a stepage flexible/fixed business
environment. At the beginning of designing a supglgin, every element and indeed
the chain itself is in a malleable state. The sgbept validation and release
procedure then serves as the hardening procesgyaaidces a rigid supply chain.

A further step-change element in the design aneldpwment process is related to a
cost comparison, which is the cost of initial vatidn and release of SC elements
versus the cost of any subsequent attempts. Adhded SC elements are validated
and released together via the prescriptive and oeimepsive R&D procedure during
the initial validation, which carries very sign#ict fixed costs and time requirements.
And these commercial and time requirements are ammhmcontained in the
participating companies’ engineering budgets aruilitia utilization schedules. As
such, the cost of including an additional secoed supplier to the supply base, an
additional product to those already delivered fram existing supplier, or an
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additional manufacturing location is strictly marai in the initial validation. The fact
that subsequent validations are generally not kedgen terms of material,

manpower or facility planning explains why post S@&lidations are rare and
extremely expensive, and why the full cost of iahg an incremental supply chain
element in a subsequent validation is usually fitke.

Finally, the first tier suppliers must take as givbat during the two to four year
design and development process and the four td gesr vehicle life, they will be
confronted with fluctuations in foreign exchangéesa and real prices respectively
that could not be explicitly predicted at the tithe supply chain was designed.

Given those complex and non-proportional constsaiittis not surprising that the
design of supply chain is such emphasized withenahtomotive industry today. In
most cases, suppliers are rather using their dusepply chain in quoting and
delivering new business opportunities than applyiegv business tools, in spite of
taking advantage of the newly found worldwide netsoor through consolidation
flexibilities. This was one of the central realivats that lead me to look for
improvements which would yield more robustness aradit in supply chains. The
evaluation models | am about to provide in thiseéitation is serving mainly for the
first tier system suppliers. They are applied wiies suppliers are designing their
supply chains at the outset to include additioredosd tier suppliers or excess
manufacturing capacity, and to allow sourcing amddpction site changes. The
changes are expected to be made during the veghiogam life without required
validations, therefore, allowing a supplier to kéwp options open and to consciously
and repeatedly make SCM decisions that optimizétability.

1.3.2 Real Case to be Studied

An important outcome of the increased quest for metitiveness is globalization

with the international distribution of productiomcilities as well as sourcing of
material and labour. However, these decisions mesnade with full consideration

of the total supply chain in view of the cost ahd increasing need for efficiency and
associated postponement strategies.

In this dissertation, the auto door system suppbirtis taken as the case. The reason
for choosing door system, is not only that a dgstesn is considered to be one of the
most complicated systems in auto manufacturingjtforcludes metal parts, plastic
parts, glass and electronic parts etc, but alsmoa supply chain is representative, and
it reflects the characteristics of the entire aaupply chain. So here | firstly take the
example from a global door system Tier 1 suppimrich supplies its door modules
to almost all of the auto brands. The supply clsgenarios refined from the China
part of a global project reflected the supply cheamcept development during the
localization process. Whether to supply the customih ready made German
products, or with the parts from experienced oagsuppliers globally, or to develop
brand new local supplier in China and make locaeatly, is a question to be
considered. Using the “made in Germany” produaisnaestment for local assembly
line could be reduced, but logistic-wise is it emamc? Using the existing suppliers,
the quality and price can be maintained on a cetiavel, but isn’'t the supplier
management and the on-time supply too complicated ehallenging? And
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developing new suppliers locally and make the l@asslembly, is it really a safe way
out? Those question need to be answered in thaitaation supply chain design.

Then another example from the vehicle door systempply is taken as well.
Scenarios with different integration degrees avestigated, whether the door system
should be supplied by parts, modules or entireesystto the OEMs is to be decided.
The general performances are to be evaluated &ébr ®enario based on the real case
data, thus using an integrated model to asses ¢bemrehensively is supposed to be
a good solution.

So the different scenarios are analyzed, evaluated optimized step by step, these
scenarios are compared in details and extractededting the advantageous aspects
of every supply chain, the goal is to have in gahamost profitable, stable, reliable

and flexible supply chain in the end.

1.4 Roadmap

The dissertation is organized as follows: Chaptprekents a general introduction of
the thesis, automotive background, including teeds and corresponding challenges
to the automotive companies, the motivation of ibsgearch work, and the problem

description.

In chapter 2 the state of art is studied, whereliteeatures about supply chain and
automotive industry are reviewed. 3 sections raggrthe supply chain management,
supply chain simulation and supply chain perforneapgaluation are investigated
respectively. In sub chapter 2.3, the literaturbeua automotive supply chain are
reviewed mainly concerning the supplier classifaratind supply chain tier structure.
Afterwards the roles of the supplier tiers are wdlially introduced and the special
automotive supply chain character - modularity iscdssed in detail. At last,

automotive BTO (Build to Order) strategy and collediive strategies are

investigated.

In chapter 3 the supply chain evaluation theorykgemund is studied, 4 aspects are
discussed, which are respectively the transportatistability, flexibility and
reliability of the supply chain.

Then in the next two chapters two models to eveltlaé automotive supply chain
performance are built up. With the conventional eipthe door module supply chain
scenarios are evaluated in chapter 4 from diffesergle aspects, and in chapter 5, an
integrated model is developed to evaluate the supphain generally by MDFIE
(Multilevel Dynamic Fuzzy Integrated Evaluation) tmed based on the real case
vehicle door system supply, where the supply chaitts different integration degree
are investigated.

In Chapter 6, the evaluation methodologies areudsed and the two evaluation
models are analyzed with their own characterisiivd the evaluation results. Based
on the studies before, especially the evaluatisunlte presented, the application of
RFID technique and the reorganization of supply s&ucture are proposed and
considered to be the new important changes fofutinee automotive supply chain.
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Then in Chapter 7, a conclusion of the entire thesork is summarized, and
recommendations for future researches are propseat!l to enhance the usefulness
of this research work.

In the end, the references for this thesis aredist chapter 8.
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2. State of the Art

2.1 Introduction

Increasing competition due to market globalizatiprgduct diversity and technological
breakthroughs stimulates independent automotivepeoms to collaborate in a supply
chain that allows them to gain mutual benefits sTheiquires the collective know-how of
the supply chain characteristics, profound undedstey of automotive industry, the
mode of coordination and integration, including thebility to synchronize
interdependent processes, to integrate informatimtems and to cope with diverting
unpredictable uncertainties.

A large body of literature exists on different asgeand problems related to supply
chain management, system static and dynamic clesisicis, evaluation models,
optimization methods, and so on. Also plenty okeegshes have been done within the
automotive industry, automotive supply chains hbgen studied under great emphasis
since auto manufacturing is almost the largest stigiuin present era. However, the
researches regarding the automotive supply chameinly focusing on the final car
maker’s point of view, so our work from the viewpbbof a Tier 1 supplier should be
somehow unique, and in addition, | will be also lahgawith the entire supply chain
including car markers’ interest.

This chapter is organized as follows, in sub chapi2 and 2.3 | make a review of the
study of general supply chain and automotive ingudgturther introduction of the
automotive supply tiers are given in 2.4 and theduharity is discussed as a special
characteristic in sub chapter 2.5. In the end, motive supply chain design strategies
are introduced from 2 aspects: BTO strategy anidlootation strategy.

2.2 Literature about Supply Chain Management

In this subchapter | am going to review the exgtliteratures about supply chain
management, the review is done from 3 aspectseageiheral supply chain management
introduction, supply chain simulation methods, atie study of supply chain
performance evaluation.

2.2.1 Supply Chain Management in General

Supply chain management is not a strange topicesimalf century ago. Giving
continuity to the evolution of productive sectorsdahe increasing competitive level,
one may say that today there is no existence ofpetitton among companies, simply,
but a competition among supply chains. This ageads to the conclusion that good
supply chain management will define who will staydavho will leave the market [VCJ
05]. In this section, the multidisciplinary origiof the concept “supply chain
management” will be discussed, we find not only tledinition of supply chain and
supply chain management, but also the tons of wore for supply chain functions.
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2.2.1.1 SCM as a Field of Research and of Practical Endeavours

The term “supply chain management (SCM)” was osgtijncoined in 1982 by the two
consultants Oliver and Webber who pointed out thusinesses could potentially derive
benefits from integrating the internal businesscfioms of purchasing, manufacturing,
sales, and distribution [Har 96]. Today, the tesnalmost omnipresent in both academia
and industry.

SCM has already been an en vogue topic in the 18@dsthe assumption that its
popularity has risen to even higher levels by n@esdnot seem too farfetched. However,
it has to be pointed out that - despite the erduez that is being raised about SCM -
there is only a “relative poor supply of empirigaltalidated models explaining the
scope and form of SCM, it’'s cost and benefits” [CB@. It is probably not too daring
to state that SCM as a field of research is stiits infancy. Not only seem the number
of empirically validated SCM models to be relatwelimited; but even more
elementarily, there is neither a uniform definitimf the term, nor a common
understanding of SCM as a concept [Har 96]. Morgoaeconfusing plethora of labels
refers to both the supply chain and its manageniengxample: integrated purchasing
strategy [CE 93], supplier integration [PHR 04]yeusupplier partnership [LSG 02],
strategic supplier alliances [EK 01], supply chaynchronization [TLW 02], value
added chain [Bea 99], lean chain approach [Mcl 8apply pipeline management [SL
03], supply networks [Rom 03], and value stream agament [HRBT 98].

Despite the extensive body of academic and popitéaature on the topic, there are
very few examples of successful SCM implementatiangl as a matter of fact, in many
companies SCM is either non-existing or still ire imfancy stage [FM 02]. In other

words, there seems to be a gap between discussiom Ithe world of academia and

world of practice: Apparently, the academic disaussurges ahead, and the practical
implementation leaps behind.

The fact that neither a universal definition naiear understanding of the concept exists
could possibly be explained with the multidiscipliy of the concept of SCM. As such,

it draws from many different bodies of researchhith, to date, have remained largely
unconnected” [Har 96]. Consequently, SCM has béewed and considered from many

different perspectives, and it can be characteregedulti-faceted and complex. Table

2-1 lists selected streams of research that havieilsoted to the field of SCM.

Table 2-1 Streams of Research Contributing to tbkllef Supply Chain Management

Streams of resear ch Sample of source
Industry dynamics Towill, [Tow 96]
dynamic theory of strategy and Porter, [Por 07]; [EP 08]
competitive strategy
Network theory Carey Hill, [Hil 02]
Market channel theory Coughlan, [Cou 85];
Achrol et al., [ARS 83]
Business logistics Persson, [Per 97];
Mentzel et al., [MK 91]
Strategic management Teece et al., [TPS98];
Burgelman et al., [BCW 08]




State of the Art 15

Inter-organizational behaviour Ebers, [Ebe 99]; L 02]
Operations management Chary, [Cha 95]
Information management Picot et al., [PRW 08]

2.2.1.2 Definition Supply Chain Management

As noted in the previous sub section, a singleegidly accepted definition of SCM
does not exist. The abundance of definitions begjiready with the term “supply chain”
as shows in the table below:

Table 2-2 Sample Definitions for “Supply Chain”

Author Definition
Cavinato, 1991 “Supply chains .... are popular imerflinkages to attain joint
cost savings, product enhancements, and competiiveces”

Ellram, 1991 “A network of firms interacting to dedr product or service to the
end customer, linking flows from raw material syppb final
delivery.”

Lee and “Networks of manufacturing and distribution sitbatt procure raw

Billington, 1992 | materials, transform them into intermediate andsfied products)
and distribute the finished products to customers”
Saunders, 1995 “External Chain is the total chdiexachange from original sourge
of raw material, through the various firms involvedextracting
and processing raw materials, manufacturing, askegnk
distributing and retailing to ultimate end custosér

Kopczak, 1997 “The set of entities, including sugdl, logistics service provider|
manufacturers, distributors and resellers, throwbich materials
products and information flow.”

o

Y

Mabert and “Supply Chain is the network of facilities and attes that
Venkataramanan| performs the functions of product development, prement of
1998 material from vendors, the movement of materialgwben

facilities, the manufacturing of products, the wlsition of
finished goods to customers, and after-market suipgor
sustainment.”

(Source: Based on Diaz, 2006, [Dia 06])

The term “Supply Chain Managemeéht has numerous definitions differing in various
aspects such as, for instance, the scope of theepbas well as the emphasis on certain
involved functions and processes (see table 2-3).

Table 2-3 Sample Definitions for “Supply Chain Mgeaent”

Author Definition
Houlihan, “Supply Chain Management covers the flow of goodsmf supplier|
1985 through manufacturing and distribution chains te #nd user [...]. I

views the supply chain as a single entity ratheanthrelegating
fragmented responsibility for various segmentsha supply chain tc
functional areas [...]".

o
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Jones and “Supply Chain Management deals with the total floinmaterials from

Riley, 1985 | suppliers through end-users”.

Stevens, SCM is “a connected series of activities which Bna@erned with

1989 planning, coordinating and controlling materialgrtp, and finishec
goods from supplier to customer. It is concerneth wvo distinct flows|
(material and information) through the organization

Ellram and| SCM is “an integrative philosophy to manage thealtdtow of a

Cooper, 1990 distribution channel from supplier to the ultimatser”.

Christopher, | “The management of upstream and downstream resdtips with

1998a suppliers and customers to deliver superior custvaleie at less cost {
the supply chain as a whole.”

Ellram and| “Supply Chain Management has been characterized aiess betwee

Cooper, 1993

traditional, open market relationships and fullticad integration. As
such, supply chain management represents an inmevatay to
compete in today’s ever changing global economy.”

La Londe
and Masters
1994

“Supply chain strategy includes: ‘two or more firnmsa supply chair
entering into a long-term agreement; [...] the depelent of trust anc
commitment to the relationship; [...] the integratiasf logistics
activities involving the sharing of demand and satkata; [...] the
potential for a shift in the locus of control oktlogistics process’™

Carter and “Supply chain management (SCM) is an integrativeoragch for

Ferrin, 1995 | planning and controlling the flow of materials frosupplier to eng
users.”

Bowersox “The basic notion of supply chain management isigded on the belie

and Closs| that efficiency can be improved by sharing infonmatand by joint

1996 planning [...] an overall supply chain focusing ontegrated
management of all logistical operations from orajinsupplier
procurement to final consumer acceptance.”

Bowersox, | “Supply Chain Management is a collaborative — basteategy to link

1997 cross — enterprise business operations to achiesbaeed vision o
market opportunity”

Cooper et @ | “The integration of all key business processessactbe supply chain

1997b what we are calling supply chain management”

Metz, 1997 “Integrated supply chain managementpsoaess — oriented, integrat
approach to procuring, producing and deliveringdpisis and services t
customers.”

Tan et al., “encompasses materials/ supply management fronsupply of basig

1998 raw materials to final product (and possible reicygebr re-use).”

(Source: Based on Diaz, 2006, [Dia 06])
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In order to master this abundance of definitiorasjous authors try to group definitions
that can be found in literature. A widely acceptéaksification scheme is presented by
Harland [Har 96], who distinguishes four main ugéhe term as presented in table 2-4.

Table 2-4 Four Main Use of the Term “Supply Chain”

# Use of the term “Supply Chain”

1%' | “First, the internal supply chain that integrateesiness functions involved in tf
flow of materials and information from inbound totbound ends of the busines

2"" | “Secondly, the management of dyadic or two paglgtionship with immediati

D wn

ne
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suppliers”

3% | “Thirdly, the management of a chain of businessesuding a supplier, i
supplier’s supplier, a customer, a customer’s ¢ustgpand so on”

S

4" | “Fourthly, the management of a network of interected businesses involved|i
the ultimate provision of product and service pgekeequired by the customers

5

(Source: Based on Harland, 1996, [Har 96])

2.2.1.3 The Objectives of Supply Chain Management

Now, that SCM has been defined and its backgrowasl deen outlined, the question
remains as to what the objectives of SCM are. Thgatives of a company are
“designate the ends sought through the actual tpgrprocedures of the organization
and explain what the organization is actually tgyio do” [Geo 73].

Table 2-5 Objectives of Supply Chain Management

Objective Sour ces

Improving customer satisfaction and servidggooper et al., 1997, [CLP 97]

Lowering costs and resources required |f@iunipero and Brand, 1996, [GB 96]
value creation

Reducing inventory levels and respectjv@ooper and Ellram, 1993, [CE 93]
COsts

Improving efficiency and effectiveness Giunipera &rand, 1996, [GB96]

Increasing profits and profitability Tan, 2006, [Ta6]

Increasing competitiveness and competitié@oper et al., 1997, [CLP 97]
advantage

Improvement of cooperation Christopher and Jutt2@o0, [CJ 00]

As presented in the above table, one objective ©MSis to improve customer
satisfaction whereby Spreng et al. [SMO 96] ardw bverall customer satisfaction is
influenced by a customer’s assessment of the degnehich a product’s performance is
perceived to have met or exceeded his or her desinel expectations. Customer
satisfaction could be improved by the applicatidrS&€M since, among other things,
SCM might contribute to reducing the number of ktoats, and it might help to
minimize the time span between order placementatidery because the value creation
process is streamlined by SCM. For example, customwiea car manufacture will most
likely be unsatisfied with the brand if they geé throduct later than promised; and they
will most likely be satisfied if they get their nesar on the promised day. Customers of
this car manufacture are probably even happiehaef ®EM is able to deliver the car
faster than competitors in terms of the time spetwben order placement and delivery.
SCM would help to achieve this goal.

Another objective of SCM is to lower costs and teses required for value creation.
This objective might be achieved if, for examplartizipants of a supply chain share
resources such as their fleet of trucks which mighktlt in improved capacity utilization
and, thus, lower unit costs for transportation iegdo lower total cost. The reduction of
transportation costs, production costs and purogasosts [SHK 05] play a key role in
this objective of SCM.

The third objective mentioned in the above tableducing inventory levels and
respective costs, might be attained by the redueed for holding safety stocks when
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SCM is implemented. Reducing inventories might e dactor contributing to the
achievement of another goal, namely increasing afdmgtional) efficiency and
(organizational) effectiveness. According to Odtanid Schmitt [OS 93], efficiency is
the ratio of outputs produced by an organizatioth®inputs needed for making those
outputs. “Efficiency is improved either by reducitige costs while holding outputs
constant, by increasing outputs with the same amolimputs, or by simultaneously
reducing costs and increasing outputs” [GO 04].ddynducting SCM, organizational
efficiency might be increased because the membfeassopply chain might be able to
acquire needed inputs at a lower cost whereby *@ast be understood as the sum total
of all acquisition costs which is product price plother costs such as those for
transportation and installation, and transactiostcaelated to making that purchase.
Transaction costs, for instance, will decrease ifcampany maintains long-term
relationships with its suppliers because it is netessary to search for a new source
each time a good is needed. Hence, by cooperatsngconducting SCM, companies
increase their own utility level, but also make @ntcibution to improving, i.e. to
increasing, the efficiency of the entire value timaprocess. Markland (cited by Chung
[CH 99]) for example, describe the reduction ofdldames as an improvement of
efficiency.

Concerning organizational effectiveness, thereasuniversal agreement on what this
term means. Cameron [Cam 86] distinguishes eidgfgrdnt models of organizational
effectiveness, each of which features a differefingion.

Which model and, thus which definition of organiaatl effectiveness is appropriate
depend on the circumstances (c.f. the right colofrifable 6). For example, if goals are
clear, measurable and time bound, the goal attaihmedel seems appropriate to
determine organizational effectiveness. Within thi®del, the effectiveness of an
organization is appraised in terms of the degreahah it achieves its goals. This
model focuses on the output an organization prajudewever, under certain
circumstances, it might be more suitable to judgeomayanization by its capability to
acquire input and to transform it into output adlves its ability to maintain itself
internally as a social organism and to interachwg environment (Robbins, 1990, cited
by Denison and Mishra [DM 95]). If this appliesethystems approach might be more
suitable. Within the context of SCM, this might ba appropriate model to assess
organizational effectiveness: by implementing SCM a joint effort with other
companies each participant might be able to ineré@sability to source input made
according to certain specifications, i.e. non-stadized products or products that are
not commodities, because it can work together bjosgéth the preceding echelon to
develop such specific input.

Organizational effectiveness is appraised in tesfrthe degree to which an organization
achieves its goals (Koschnick, 1995, cited by DjBza 06]). In other words, an
organization is effective if it is “producing, oagable of producing, a decided, decisive,
or desired effect” (Webster’s dictionary, citedbia [Dia 06]). For example, a company
has raised its effectiveness in achieving the obeof increased customer satisfaction
if it is able to reduce the number of stock-outsotigh the implementation of SCM
practices.

Improving efficiency and/or effectiveness as wedl attaining the other objectives
described so far might be helpful in achieving tigective of increasing profits and
profitability. Profit is defined as “the surplus ofvenues over costs” [Gra 02] and
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profitability is “the quality or state of being gi@able [and] [...] the capacity to make a
profit” (Oxford English Dictionary, cited by GranfiGra 02]). That means, a company
can increase its profitability and its profit eithey reducing costs (e.g. by lowering
inventory levels through SCM), or by increasingamewes (e.g. by increasing customer
satisfaction through SCM, assuming that a satisfieslomer generates more revenue).

All of the objectives described so far might cdmiite to achieving the last objective
mentioned in Table 2-6: Increasing competitivenesgl competitive advantage.
Competitiveness “usually refers to characteristibat permit a firm to compete
effectively with other firms due to low cost or suwpr technology, perhaps
internationally” (Deardorff, 2001, cited by Guerrieand Meliciani [GM 05]) and
competitive advantage can be defined as followshéWwtwo or more firms compete
within the same market, one firm possesses a caimpeddvantage over its rivals when
it earns a persistently higher rate of profit (astthe potential to earn a persistently high
rate of profit)” [Gra 02]. A company might attaihi$ objective if it is able to achieve at
least one of the other objectives of SCM, e.g. elomg costs through decreasing
inventory levels and, thus increasing profits.

The discussion in this section showed that sevbff@rent objectives can potentially be
achieved through the implementation of SCM prastiéaditionally, it has been shown
that the goals are not independent of each otharcdrrelated, that is, achieving one
objective might help attain another.

2.2.2 Supply Chain Simulation

Specialists in manufacture technology recognize thgportance of simulation.

Modelling and simulation of systems have been ifledtas the two great discoveries
that will accelerate the resolution of great challes to be found by manufacture
industries [CFMK 07]. A simulation study enablesang other possibilities, to perform
the analysis of a system which is not yet existehtaining important information for

the objective of the study performed. This is ddnethe preparation of a logical
mathematical model that represents the real systensatisfactory form.

According to Retzlaff-Roberts and Nichols [RRN 9%jmulation offers an effective
analytical tool for organizations that need to nueaghe performance of supply chains.
In these models, individual plans are modelled @adounits of restricted production
capacities, or, these are simplified, for the pagis to check how these perform in the
supply chains as a whole. So supply chain simulatem be understood as a process of
creating a supply chain model and testing it Umiding an acceptable configuration, as
being a dynamic process [CBS 02].

Arntzen et al. [ABHT 95] discussed the developmeina global supply chain model
(GSCM) using mixed-integer linear programming teestigate issues related to the
location of customers and suppliers, transit timed cost of various transportation
modes. Archibald et al. studied a hypothetical gldbod manufacturing organization
with facilities and suppliers spread all over NoAmerica considering transportation
options, continuous replenishment of inventories] aollaborative planning. Cachon
and Zipkin [CZ 99] investigated a two-stage sesigbply chain with stochastic demand
and developed a mathematical model to investigatmpetitive and cooperative
inventory policies. A framework to minimize the phl cost of supply chain of a
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manufacturer and two-level hierarchy of supplieraswdeveloped by Novak and
Eppinger [NE 01], which addressed the choices térimal production and external
sourcing for components in the auto industry foogson the connection between
product complexity and vertical integration usimgpérical evidence. Tang et al. [TYW
04] developed heuristics for integrating decisioegarding production assignment, lot
sizing, transportation, and order quantity for nmlét suppliers/multiple destinations
logistic network in a global manufacturing system.

Graves and Willems [GW 05] focused on configuratadrthe supply chain for a new
product with different sourcing options and coseath stage of the supply chain with
no split in customer demands using a dynamic progrsg formulation to minimize
the total supply chain cost. Kim et al. [KYK 08]wi#oped a single-period mathematical
model to analyze how much of each raw material@ncdmponent part to order from
which supplier when given capacity limits of supps and the manufacturer. Joines et al.
[JLT 01] focused on the impact of sourcing decisidike “how much to order” and/or
“how often to order”, on the performance (i.e., €&dMargin Return on Investment) of
the supply chain and Muralidharan et al. [MAD Odéntified supplier quality; cost and
on-time delivery as the three most important aatér supplier selection and developed
a practical methodology for rating them. Zsidisigsi[ 06] studied characteristics of
inbound supply that affect perceptions of risk anehted a classification of supply risk
sources. Nagurney et al. [NCDZ 05] developed aetlier (manufacturers, distributors,
and retailers) global supply chain network modethwhoth physical and electronic
transactions to optimize the behaviour of multtesta decision-making by
manufacturers and distributors concerned with bptbfit maximization and risk
minimization. Lee et al. [LHK 01] developed a mattetical model for selecting
suppliers according to their quality managementofac(i.e., quality management audit,
product testing, engineering work force, capabiligex, and training time), their price,
and production and delivery lead time. Chiang anddell [CR 04] studied the optimal
integration of purchasing and routing in a prop@as supply chain with rigorous
solution methods using both set partitioning armitaearch. Wang et al. [WYRX 04]
proposed a quantitative method total assessmehe ahicroeconomic decision making
level that analyzes all of the quantitative and litptave factors with regard to the
supplier selection using TOCO (total cost of owhg}k concept. Cakravastia and
Takahashi [CT 04] developed a multi-objective noedr model to study the supplier
selection and negotiation process for multiple ggaraterials procurement. Sevkli et al.
[SKZDT 08] presented a decision-based methodologysfipply chain design to select
suppliers, which utilizes the analytic hierarchypgess technique and pre-emptive goal
programming.

In the following table, | summarize and organize likerature based on the methods and
approaches used for solutions.

Table 2-7 Summary of Literature Review Based onMle¢hods and Approaches

Authors Work Done M ethods/Appr oach

Looman et al. Investigate designing, ordering and inventory Quantitative

2002, [LRB 02] management practices for purchased parts from ttevaluations using AHP
perspective of integrating purchasing and logistig
functions

n

Muralidharan et al{ Literature survey on multi criteria group decision | AHP for multi criteria
2006, [MAD 06] | making identify supplier quality, cost and on-time| decision making
delivery as three most important criteria in sugpli
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selection

Sean Willems,

Supply Chain Design focuses on configuration of

Dynamic programming

1999, [Wil 99] the supply chain for a new product program. formulation
Different sourcing options at each stage of the
supply chain along with the associated costs are
considered
Benton and Test the influence of supply chain power on suppliEmpirical methods
Maloni, satisfaction
2005, [BM 05]
Zsidisin et al., Study of journal evaluation criteria, purchasing an Literature survey
2007, [ZSMK 07] | supply chain management, survey research
Cachon and Inventory policies in supply chain investigate atw Develop a
Zipkin, stage serial supply chain with stochastic demand mathematical
1999, [CZ 99] and fixed transportation times. Inventory holding | formulation to
costs are charged at each stage with investigate

optional backorder penalty costs

competitive and
cooperative inventory
policies

Moon et al.
2002, [MKH 02]

Configuring manufacturing firm’s supply network
with development of a single-period mathematica
model and algorithms to determine how much of
raw material/component should be ordered from
which supplier given capacity limits of suppliers
and manufacturers.

Real-world case study from computer industry
demonstrated

Mathematical models
)l
a

Tang et al.,
2004, [TYW 04]

Develop heuristics for integrated decisions for
production assignment, lot sizing, transportatiod
order quantity for multiple supplier/destinations
logistics network in a global

manufacturing system

Heuristics-based
aMathematical models

Arntzen et al.
1995, [ABHT 95]

Development of global supply chain model (GSC
to investigate issues relating to location of
customers and suppliers, transit time and cost of
various transportation times, significance of tax
havens, offset trades and export regulations.
Included multiple criteria

MJlixed Integer Program

Chandra and
Grabis,
2007, [CG 07]

General framework for supply chain modeling an
optimization, supply chain is made up of a
manufacturer and two level hierarchy of suppliers
ordering and holding costs considered and have
quadratic relationship, delay for procurement
activity, demand for final product and raw materiz
is already known. The model seeks to optimize tk
global cost of the supply chain

dMixed Integer Program

al
e

Swaminathan et al.

1998, [SSS 98]

Modeling supply chain dynamics, factors conside
in their model were BOM, demand, leadtime,
transportation time and costs

r&imulation-based
framework for
developing customized
supply chain models
from a library of
software components

Archibald et al.
1999, [AKK 99]

Distribution and collaborative planning of invento
in a multi-plant hypothetical food processing
organization, output measures include return on

r Simulation modeling

investment, inventory turns and stock out delays
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Jain and Ervin, Modelling and simulation for evaluating the Simulation Model
2005, [JE 05] improvements in business processes and systems

Reiner and Trcka, | Studied product specific supply chain in the Food Discrete Event
2004, [RT 04] Industry Simulation

Chan et al. Investigate single channel logistic network and | Simulation Approach

2002, [CTL 02] examine the applicability of order release
mechanisms for monitoring the performance of
supply chains

Karabakal etal. | Work at Volkswagen, investigate vehicle Simulation-based
2000, [KGR 00] distribution system with two major objectives: mixed integer

reduce total distribution and inventory holding optimization approach
costs; improve delivery lead times and market

responsiveness
Novak and Study supply sourcing by design by investigating| Simultaneous
Eppinger, the connection between product complexity and | Equations
2001, [NE 01] vertical integration Mathematical model
Wang et al. Robust analytical models and design tools; AHP, SCOR

2003, [WHD 03] | performance metrics for decision making process

2.2.3 Supply Chain Performance Evaluation (PE)

Based on the supply chain simulation methods inyatstd before, the supply chain
evaluation is currently an increasingly importampit that is being studied. Since the
previous researches focused mainly on the SC ei@tuariteria selection, evaluation
system construction, and evaluation algorithmstoupow the supply chain performance
evaluation status is summarized in following 2 sabtions.

2.2.3.1 Supply Chain Performance Evaluation Criteri  a Selection and
System Construction

During the construction of a PE (Performance Ev@ng system, selecting the proper
evaluation criteria and indices is playing a keleré-or different industries and different
organizations the PE system varies from each gfreatly. Some specialists have given
their opinions in the supply chain PE research.

Main PE criteria from 4 aspects were listed inghevious literatures. From supply point
of view, the supply reliability and lead time arensidered; from process management
point of view, the process reliability, cycle tirmed order fulfilment are considered; in
regards to delivery aspect, transportation, suppigary lead time, ect, are considered;
and as to the demand management, total cycle tinmee resk management are
investigated. However, the exact criteria defimtiand algorithums were not offered,
instead, the criteria were only qualitatively désed.

Beamon [Bea 99] evaluated the supply chain fronouess, outcome and flexibility
aspects. Regarding the resources, he consideredolioging criteria: total cost,
production cost, inventory cost, and profitabilitnggarding the outcome aspect, sales
revenue, on time delivery, respond time, and ofdéiment rate, ect, are considred; at
last in regard to the flexibility, time, quantitygroduct and mix flexibilities are
investigated. The resource and outcome evaluatomuite well applied, but the
flexibility evaluation is limited.
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The evaluation system which can generally reflaetgerformance of the entire supply
chain is still under investigation, scholars lika &t al. [XMC 00] have offered a system
with 7 indices regarding to this topic. The indicGe sales, sales deviation, demand,
cycle time, total cost, core product, and qualifa [Ma 04] proposed also some general
indices, like customer service, production and itpjatapital management and cost
control, and in addition, he also suggested soméiay indices, like the supply chain
efficiency, and so on.

PRTM (PRTM Management Consultants) proposed llcésdin their SCOR model
evaluation, and they are: delivery condition, ortiéfilment, perfect order fulfilment,
supply chain response time, production flexibilitptal logistic cost, added value
productivity, guarantee cost, cash turnover tinmeentory turnover time, and capital
turnover. Currently there are over 170 member argdéions of PRTM applying this
evaluation system. The SCOR model constructed aersysfrom reliability,
responsibility, flexibility, cost and capital aspgcwith a detailed index system defined
[HSK 05]. Some of the algorithms are given, but tare not.

A system based on the satisfaction degree was kaldb from the product quality,
service level, pricing aspects [GPM 04]. And acamgdto logistic coordination,
information coordination, capital coordination awdrk coordination, Chen [Che 04]
established another evaluation system. Zheng anfZLa08] also proposed a balance
scoring system for supply chain, from customerenmal supply chain process, future
development and financial value points of view wndiially. But the limitation of all
those systems is that they didn’t propose the spmeding quantification methods and
algorithms.

2.2.3.2 Supply Chain Performance Evaluation Methods

The PE analytical methods have been studied alsmdryy research organizations or
companies. Basically, the following listed methads currently being applied:

1. Benchmark Selection, by which the excellent comggimerformances are set up as
benchmark and investigated and afterwards learmhdake improvement [HT 02].
The benchmark selection method was developed byxXeand was used to
guantitatively compare the company situation wii best performed companies.

2. Expert Evaluation, by which the evaluation ressiltjuite based on the integration of
experts’ subjective opinions [Yi 07]. It is appliéd the forms of: plus evaluation,
multiply evaluation, weighting evaluation, and eiincy coefficient evaluation. The
advantage is easy of using, but the disadvantage stibjectivity, and not suitable
for complicated system.

3. Mathematical Statistics method, whose principal ponent analysis, factorial
analysis, cluster analysis and discriminatory asialyre applied to categorize and
evaluate some objects [TF 07]. The advantage istbedance of human influence,
and being suitable for large complex system, howevéas very high requirement
in data processing, which makes it not proper tmp$y chain integrated evaluation.

4. Fuzzy Comprehensive Evaluation, which is developaded on the fuzzy factor
related object evaluation [FX 99]. The advantagéhcf method is the possibility of
evaluating the fuzzy related objects, and it isejsuitable to use this method for
multi-factor, multi-agent system. However, this hwat cannot solve the information
duplication problem, and needs to be further stlidie
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5. AHP- the Analytic Hierarchy Process. By applying Rlthe complicated problem is
divided into different components, and these coreptsare organized into different
hierarchies. Through the comparison between eagtpconent, the item importance
is fixed and the decisions are to be made baséldeocomparison results. [CLH 02]

6. Gray Correlation Analysis method, which is a bran€lthe Grey System Theory. It
is a theory of research based on the incompletef@sformation. With this method,
researches analyze the closeness degree of thenefenodel and compared model,
and evaluate the closeness of development trendusByy this method, the best
option is normally applied as reference, the cldberother options to it, the better
the options are. [LSW 89]

The implementation of the supply chain performagxauation is limited because of the
lack of intelligent tools. By Matlab and other tedl is possible to make some evaluation
calculation, but for integrated system, it is refatlimited in the tool choice. Oracle
[Oracle Company] developed some supply chain sofivwa evaluate the performance
sub-systems, they defined some key indices, ane mabmatic calculation through the
information aggregate. The weightings are alsoutaled by the given weight platform,
which is based on the internal algorithm store.idB&=s a PE system was developed
based on web, by which the customers are allowetbfine the evaluation systems on
their own. However, for automotive supply chainerth hasn’'t been a proper tool to
evaluate the performance.

2.3 Literature about Automobile Supply Chain

Automotive supply chain is a very complicated tygfea supply chain system for its
special industrial characteristics, thus there raemy special norms and concepts that
differ from the normal supply chain theory. In tlsigsb chapter, the automotive supply
chain studies up to now are about to be discussdédtail.

2.3.1 Taxonomy for Supplier Classification

Different organizations defined different classafion for automotive suppliers, in this
section, the suppliers will be classified accordingp the McKinsey

(McKinsey&Company) report and the IMVP (Internat@rMotor Vehicle Program)

definition, since these are the two leading classtiion standards used until now.

2.3.1.1 Supplier Classification McKinsey

According to McKinsey report, the participating pliprs have been classified into four
groups based on their relative evolution alongdfaees of differentiation:

1. level of contribution to R&D (primarily applicatioengineering and joint product
development support to OEMS) involved in produdimg parts they supply;

2. level of contribution to assembly (primarily spétietegration of parts and
components into ready-to-install modules); and

3. level of contribution to integration (involving fdblown functional integration of
components into systems or solutions that provigedr customer value).

Table 2-8 Supplier Classification McKinsey
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System A system developer: with significant integratiorssambly and R&D

developers | contribution; designs and develops entire systemgh wunique
functionality, such as the vehicle’s brake systemyigation system ar
locking system.

Module A module assembler: with significant assembly dbntion; performs
assemblers| “blue-print” assembly without detailed component R&contribution,
such as the assembly of wiring harnesses or camndules.

Component] A component specialist: with high R&D contributionises superior
specialists | product R&D to develop functionally differentiatedstand-alone

components that may be integrated into systems aulutes, such as
compressors, chassis components or piston rings.
Commodity| A commodity supplier: with low integration, R&D andssembly
suppliers | contribution; is the traditional parts supplier,thvino differentiation in
product R&D because its supplies, such as scrattingé, castings and
sheet metal parts, are mature and standardized.

(Source: Based on McKinsey Report, 2006)

As shown in table 2-7, the automotive suppliers dassified into system developers,
module assemblers, component specialists and coitynsdppliers by McKinsey
Consulting. This classification is more from thgglier capability point of view instead
of the functionality and contributions, and it do&dit well to the study of actual tier
structure, therefore another kind of classificatignlIMVP (International Motor Vehicle
Program) is introduced.

2.3.1.2 Supplier Classification IMVP

IMVP (International Motor Vehicle Program) and sootker analyst suggest dividing
the automobile supplier industry as follow:

1. System integrator

2. Global standardizer — system manufacturer

3. Component specialist

4. Raw material supplier

And the corresponding concentrations and charaatersummarized below in table 2-8.

Table 2-9 Supplier Classification IMVP

Raw material| Component Standardizer | System
supplier specialist integrator
Focus A company | A company that A company | A company
that supplies | designs and that sets the | that designs
raw materials| manufactures a standard on a| and assembles
to the OEM | component tailored global basis | a whole
or their to a platform or for a specific | module or
suppliers vehicle component or| system for a
system car
Market Local Global for f'tier | Global Global
Presence | Regional Regional or local
Global for 2", 39 tiers
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Studies within

Critical Material Research, design, | Research, Product
Capability | science and process design and design and
process engineering; engineering; | engineering;
engineering | manufacturing assembly and| assembly and
capabilities in supply chain | supply chain
varied management | management
technologies; capabilities capabilities
brand image
Types of Steel banks; | Stampings; Tires; Interiors;
components aluminium Injection moulding;| ABS; doors;
or systems | ingots; engine componentselectrical chassis
polymer control unit
pellets

IMVP and other outside analysts [\0€l] [VK 02] suggest a new

configuration that will probably involve a divisialong the following lines:

1.

Systems IntegratorSupplier capable of designing and integrating jgonents,
subassemblies, and systems into modules that gpeshor placed directly by the
supplier in the automakers’ assembly plants.

Global Standardizer Systems Manufacture€Company that sets the standard on a
global basis for a component or system. These fiars capable of design,
development and manufacturing of complex systerng¢k-box” design). Systems
manufacturers may supply motor vehicle manufacsurdirectly or indirectly
through Systems Integrators.

Component SpecialistA company that designs and manufactures a specifi
component or subsystem for a given car or platforhese can include “process”
specialists, such as a metal stamper, die casfection moulder, or forging shop
that builds parts to print. They might also havalitnal capabilities such as
machining and assembly, supplying components saca steering column or the
pedal system. These firms will increasingly worksagpliers to system integrators
and standardizers.

Raw Material SupplierA company that supplies raw materials to the OE¥their
suppliers. This includes products ranging from Isteds or blanks, to aluminium
ingots or polymer pellets. The presence and comeetstructure of the specific
marker varies, with steel and polymers mostly aoreg business, and aluminium or
magnesium a global market. Some of the raw matsuiapliers are also moving into
component specialists to add value to their praduct

This configuration of the industry also means amanant restructuring, with firms

actively engaged at some of the levels identifiedva, and others leaving the industry,
the important aspect is focus. Companies must iigeatclear positioning strategy and
derive a consistent set of actions along the afitdevelopment and manufacturing
dimensions. For example, the low cost producerabagbly not the most flexible one;
and the manufacturer of low value added compongmisild not be the one with more
resources devoted to product innovation.
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This IMVP configuration is suitable for some restas especially the ones for supplier
functionality analysis and purchasing strategy idieation, but to the objectives of this
work, it is still not satisfying enough to be catesied as the base of this research.

2.2.3 Automotive Supply Chain Tier System

The growing importance of suppliers in the auton®tindustry is affecting their

structure. Traditionally, the industry supply chauas organized in tiers. As Tier 0O,
OEMs would design and assemble the car. First t\@sld manufacture and supply
modules or systems directly to the automaker. Sktens would produce some of the
simpler individual components that would be incldde a system manufactured by a
first tier, and third and fourth tiers would mosgypply simple single parts and raw
materials.

Below is a tier system developed by Schonert [SJhWhich is also in my opinion the
most reasonable classification among all the exgstesearches, though it still can not
generally reflect the current automotive supplyictsructure. And later in this work,
the Schonert model will be used as the base ofnatiee supply chains for the
discussion of this research.

Inforamtion flow
—

4th Tier 3rd Tier 2nd Tier 1st Tier OEM

" ' ! OEM
I ' odular/ System~

' . A

' Supplier '
Component ; |

supplier
A

Part
supplier

Raw material
supplier

Material flow
_

Figure 2-1 Automotive Supplier Chain Tier System
(Source: Based on Schonert, 2008, [Sch 08])

This model is relatively complete and most of thpiers can be categorized into one
of the tiers. However, as mentioned before, thenigway still not the perfect one, since
the new OEM direct suppliers are becoming largebalocompanies, which are
specialized either in complex systems, or integsabd several simpler subsystems. New
suppliers which are mainly outsourced and offewvises instead of concrete products
start to appear as well. Based on this model, thitenaotive supply chain will be
investigated with new methods developed in thiskwand finally in the end of this
dissertation, a newly structured model which is encomplete and better reflecting the
reality will be developed.
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2.4 Role of the Automobile Supply Chain Tiers

Based on the tier system introduced in the prevgmgiion, the roles that every single
tier plays are to be discussed in detail in this chapter.

2.4.1 OEM: the Auto Manufacture (Tier 0)

OEM (Original Equipment Manufacture) is sometimésoacalled Tier 0. The OEMs
acknowledge that the critical issue in subcontracts research and development cost.
Manufacturing cost of modules and systems is ofiemigh or higher in suppliers than
in OEMs. Therefore, cost-wise, outsourcing becomegh doing only if the supplier
does all the engineering work. This is particulargjevant for complex systems or
modules such as an ABS (Anti-lock Braking Systemfere it is assumed that the
supplier is able to spread its development costsacseveral clients (OEMS).

Given the importance of the systems being subcoetlaby OEMs, there is a clear
strategic goal of these firms toward working witlsraaller number of large suppliers.
And this is a general tendency that can be foundllimutomakers. Despite being an
overall strategy, OEMs are following it to diffeteextents. Some companies have a
more conservative policy strategy toward supplieduction, while some other
companies are being more aggressive. Accordinggtodsearch of CSM Auio

The strategy of Volkswagen and Renault could berde=d as the 2+1 suppliers:

+ For each major module, the OEM forms a partneraltip key suppliers;

+ In each region, two suppliers are considered @@t partners, with involvement in
the early stages of the development process. A tbitows closely, being given less
responsibility, but enough for it to be ready tplage any of the existing suppliers.

+ Because the same cars are being sold in severahsegf the globe, this strategy is
generating a tendency to have the same suppliexsnérthe world for a given
module in a particular car. Since OEMs demand catspto have the same
characteristics in any given plant around the glshbepliers are often faced with the
options of either investing near new plants to $ppe module, or transferring their
knowledge to a local supplier. They often prefer finst option.

The Ford supplier strategy is considered more aggre:

« There is a clear drive toward increased use oklangdules rather than individual
components or even subsystems.

« The ultimate (theoretical) goal is to have a sinfgle supplying modules like the
complete interior for a given car across the world.

« The company is also pushing for the supplier to diva tools, another way of
pushing the risk associated with volume fluctuatarto the supplier rather than
Ford. Suppliers will have to be concerned with trenortization schedule when
guoting prices because payback for the investnretdals must now be included in
price.

This policy is inevitably going to lead to a drasteduction in Ford’s direct supplier
count, with most previous first tier suppliers Ijkéo become current second or third tier.
Ford admits that their supply strategy is not tm#ustry standard. Their strategy is not
without pitfalls. By outsourcing more and more padnd worse still, moving toward a
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single, very large system integrator (like LeaiMagna), Ford will be giving up a lot of
power over their supply chain, and knowledge ofdtgplier industries. At the moment
Ford has an extensive databank of “benchmark” @ostipply for many parts. Therefore,
it is able to understand what the cost of assembledules containing these parts should
be. In the future, they may only know about thet @fsthe entire system, and not its
individual components, and thus will have relatittle knowledge to use during
negotiations with the major systems integratorst tBa benefits that OEMs enjoy are
reduced assets intensity, reduced supply chain geament cost, as well as improved
quality and productivity.

Given what was described above, choosing parthetsare able to work with the auto
makers in the development and manufacturing ofsgreems becomes crucial. Major
criteria for choice of supplier to be a strategactper include:

« Cost and quality competitiveness;

+ R&D capacity;

+ Closeness to development center;

« For parts with substantial logistics costs, logai®also an issue;
« Absolutely no nationality criteria.

More responsibility has often come with stringsaeltied. In the first place, OEMs
require suppliers of modules to have quality penfance above their own, and with
continuous improvement. This has meant that sugpheay need to improve rejects,
scrap, and rework by as much as 5-7 percent a $emond, all OEMs are including
price reduction objectives in the contract (seeufég2-2). The key features of this
concern are:

« Contract length and overall value are related t@epreduction targets that the
supplier is able to commit to.

* For some of the assemblers, suppliers can alsmpeoglternative designs that have
the same economy results.

* Magnitude of reduction per year varies from 2 foeBcent.

Price (%) Renault has
achieved 5-8%
1207 \_price reduction p.a, Toyota requires
25% cost reduction
in 3 years

1004 2% reduction per year

80 -

German OEMs plan price
60 reductu()jnlof 13% fpr next Ford requires 5-7%
model generation price reduction p.a.

40 T T T T Year
0 1 2 3 4 5

8% r,
educr,‘On pery,
Car

TN

Figure 2-2 Price Reductions Demanded from OEM
(Source: Based on The Economist Intelligence Wikinsey, 2005, Wards)

2.4.2 Tier 1. Modular & System Supplier
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Module and system suppliers, namely the Tier 1 keygpwill need to provide a wide
assortment of products and services for automaKdrsy also need to have a global
presence, supplying OEMs wherever they have plditsse aspects, combined with the
automakers’ desire to reduce their number of finvth which they have a direct
relationship with will make the supplier industryora streamlined. It has generated the
recent wave of consolidation in the industry, anths firms are expected to leave the
industry altogether. Until 2007, the U.S. marked I3 to 50 Tier 1 system suppliers;
150 to 250 Tier 2 component suppliers; and 2,008,800 other small suppliers (IMVP
data).

The current capabilities and position in the indystavailable resources, and
profitability will largely determine the developmtepaths of each supplier. Moving up
the hierarchy by buying other business or mergiity another supplier is probably an
option to meet the strict requirements that OEMxc@lto first tiers, and if this is an
available option, then crucial considerations ioklabout are: success in long-standing
relationships, manufacturing and assembly capags)igbility to react quickly to OEM
customers’ needs, design and development capasjlitiprogram management
capabilities and global presence.

Evolving to be a major supplier has important iroafions:

1. Developing a whole system and manufacturing it &r automaker requires
important engineering maturity, proprietary teclogy, an extended network of
suppliers, and presence in key production regi@ystem manufacturers supply
core products and technologies. Because of thigloement costs easily reach 10
percent of sales, with three to five years betwsarting to work in a program and
starting to produce revenues. Therefore, any fiighing to move in this direction
has to be able to cope with this challenge.

2. These companies need to strengthen systems’ emgigeand integrated supply
chain management capabilities. They should alsoepfdants where automakers
expand.

Because of size, expertise, and presence, thel Bappliers are generating a new focal
point in terms of industry aggregation and rebalanehe relative weights in the auto
supply chain. Most existing suppliers were not ppead to respond to the challenges
associated with these new supply responsibilifiéey were mostly regional, focusing

on particular components and had limited resoutoewithstand financial outlays on

product development for several years before dgtaaking returns on investment. As a
result, a wave of foreign investments and constbdahas swamped the supplier
industry during the past few years.

Despite the dynamics of the market and the grownmgprtance of these players, their
financial results are still uncertain. According ttee research of McKinsey, both the
return on equity and the discounted earnings egpeat projection has been larger for
component supplier than for system supplier. Tlgarés demonstrate that companies
should carefully assess whether moving from beiegraponent supplier into a system
supplier is in their best interest. If their stresy capabilities and competences are
associated with particular components, they malile to do as well or better than
systems manufacturers, even if that means working aecond tier company. Despite
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some uncertainty in the level of financial resuliayving a clear strategy has a clear
financial return.

Teaching and learning in the supply chain is beaiedefined by the emergence of
suppliers. In the past, OEMs were concerned widmdferring best practices in
manufacturing and design to their suppliers. Nowagdthey are actually hoping to learn
from suppliers. These new large Tier 1 supplieestaking on this role of teaching the
smaller lower tier companies.

In addition to traditional first tiers that deliveome physical product to the OEM, new
roles are also emerging. The growing system contglesither at an OEM or first tier
supplier, is inducing the development of a new tgpesupplier. These do not supply
physical products, but rather services, in paréicdlesign and engineering. Response to
strict deadlines and product proliferation in b&@EMs and suppliers requires the ability
to rapidly develop and test new concepts and swisti Given the cyclical nature of
these processes, it often does not pay to havbelliesign and engineering capability
in-house. Therefore, as noted in Table 2-9, mamypamies are emerging as providers
of these services for the overall industry, whet®&Ms, first tiers, or even smaller
firms with particular needs.

Table 2-10 The Emergence of Design and Engine&ugpliers

Role Focus

Global design A company that would design vehicle systems or é&mdi
company for OEM and/or Tier 1 suppliers

Global engineering| A company that will provide engineering resources| f
company OEM/ Tier 1 suppliers for detailed design

(Source: Based on McKinsey Report, 2005)

Another service role that is emerging is aggregaiod intermediator. Information
technology, in particular the Internet, is enablithg possibility for firms to do an
electronic mediation of supply relationships, eitbe a one to one basis, or by aggregate
demand for particular goods or services. This nel® is still on its early stages and
important change may happen in the next couplesafs/before an established business
model emerges.

2.4.3 Tier 2 and Tier 3: Subassembly and Component/ Part Supplier

The majority of the suppliers that participate e automotive supply chain are neither
system/module suppliers, nor even raw material Isengp Most of the companies, often
smaller and working at a second or third tier leaeé component/ part suppliers. Those
suppliers can be further divided into Componentt Renufacturer and Subassembly
manufacturer, which are already introduced in dudipter 2.3. Here in this section, the
definitions and general introduction of these twewst will not be repeated, instead, the
Tier 2 and Tier 3 company poisoning and evolvingthe automotive supply chain
structure will be more discussed.

The actual position and objectives of a suppliemgany, illustrated in Figure 2-3,
determine the strategy it ought to pursue. Theastn of a large number of national
companies in virtually any country is that of a #marocess-focused company.
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Moreover, their objective is often to remain ashsutthis is the case, then they should
focus on a broad array of lower value products,lisfaailities in few locations, very
efficient manufacturing, with a lean business gtrirteeand limited engineering.

. Tier 1
Tier 3+

Component/Part Subassembly Module System
Differentiated Development

Commodities Commodities Commodities

* Small stamps * Rear view mirror * Door

* Smalll injected parts « Fuel injector » Dashboard
« Steering column *« ABS

* Low value added

« Build to print * Medium value added  High value added
* Grey-box design « Black-box design

Growth strategy

Figure 2-3 Company Positioning in the Supply Chain
(Source: Based on Veloso, 2000, [Vel 00])

As suppliers begin to move from Component to Sulrag$y Manufacturer, it is
important to have capabilities in several manufaestuprocesses needed to produce the
component, the ability to manage its own supplyirghand an improved presence in
regions where OEMs are assembling the vehicle ahdrevsubassembly will be
incorporated. Nevertheless, it is the enhancemephgineering capabilities that often
becomes the crucial (costliest) issue. Design, Wdidation, and prototyping have to be
part of these firms’ capabilities. Therefore, torlwat a subassembly level, suppliers
need, not only to be able to supply at low pridag, also to demonstrate significant
engineering capabilities and enough financial resesito withstand financial outlays on
product development for several years before hawdng revenues. Overall, it is
estimated that the best subassembly manufacturesistently spend about 3 percent of
sales on engineering, mostly on product developié&it00].

Given the requirements associated with being ass@mably supplier, how do new firms
get accepted to work at this level? OEMs claim tha&t process is rather open, with
virtually any supplier with the necessary cost, liqgaand development capabilities
being admitted in the chain. The critical stephis 0 called ESA (Engineering Source
Approval). For most components, the OEM has to @pprboth component
specifications and overall company engineering iifias. The problem is that OEMs
often hold newcomers to a higher standard than doeyith suppliers whom they have
had joint engineering history, demanding import@oimmitments in development
capabilities without any real certainty of a contra

Therefore, the current conditions are such thay oompanies with a certain minimum
critical size can play an active role in the supphain. Size is important particularly
because of development capability. Gaining sizZeet@able to free enough resources for
development may actually benefit regions with laboast advantages. Traditionally,
low wages have been seen as an advantage foraadkgsrocesses where labour costs
matter, in particular manufacturing. However, lab@ost advantage has often been
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overlooked at the level of human capital. Compaitoeated in some regions with low
cost of highly qualified labour, may eventually ke potential advantage in comparison
with a rival from one of these developed countvisen developing similar products.

But these firms need to gain size if they wishriteethe development of products with
more complexity and higher value added. The sandshoue for their presence abroad.
Successful companies working at the component arzsystem level have been
changing financial resources to endogenous gropdintnerships, mergers or simply
acquisition of other companies abroad.

2.4.4 Tier 4. Raw Material Supplier

Raw material suppliers are also using automotivpplsu chain restructuring to
reposition themselves (see Figure 2-4). Althougdirthiolumes of steel or aluminium
devoted to the auto are small, their products tsdxe with greater margins. They have
felt severe price pressures in the last decade ttegydhave been concerned that they
may suffer a “commoditization”. To counter this dency they are using supply chain
disaggregation and innovative material use to becsuoppliers of formed parts and
components.

Goal: Explore new global opportunities generated in thi® aupply chain through the
development of innovative material-based solutidra can generate increased value added|for
the OEMs and the supplier

From I — To

Supplier of steel coils or blanks; Supplier of fully formed body parts to the assenihig;
Global supplier of aluminum ingotq Global supplier of aluminium castings

Figure 2-4 Repositioning Strategies of Raw MateSiappliers

2.5 Modularity in Auto Manufacture

Stagnating or partly declining sales figures, grayiovercapacity and costs due to
increasing model variety and individualisation dfet products, as well as the
development of new markets in the boom regions h&f world characterise the

challenges of the automotive industry at the begorof the 21st century. Rising

regulatory requirements in the areas of safety amdronmental protection further

increase pressure on automotive manufacturerswgmisrs. Modular product design is
intended to make the advancing variety of optionstmllable for companies and

affordable for the customers. New collaborativenplag methods are being developed
to deal with the complexity of the multistage sypphains of the industry and to

maintain its capacity to act. The proper approachesild be used to achieve BTO and
enable companies to meet these challenges.

The saturation of the automotive market requiresM®Eto differentiate and
individualize their products. The auto makers haweyecent years, reacted with a
massive expansion of their model range and equiproptions. For example, the
optional equipment in vehicle manufacturing in thst 20 years has posted an increase
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of more than 200%, while product variety in thetpdescade has actually increased by
more than 400% (CSM Data).

According to the research of Shamsuzzoha et al. (SH producing a new vehicle
contributes 39% to the business volume, but onlyt@%e profit of the auto maker. On
the other hand, financing and insurance contribd&% of the total profit and 30% of
the business volume. Besides the car-fleet corparastomers, a major part of these
earnings is contributed by recent strong growththe leasing sector, with an
increasingly large percentage of private custombrstuture, individualized leasing
offers could further enhance the importance ofl¢lasing sector.

2.5.1 Product and Process Modularization

The increasing variety of brands and models crelyethe automotive groups induces
vast numbers of variants, vehicle parts and commusnerhis is added to by the
companies’ presence in more and more foreign markat which both regulatory issues
and those of local taste must be considered. Themamiive industry must master a
balancing act, not only to maintain product diffdération for the customer, but also, as
far as possible, to standardize parts requirethfgr entire model range.

Standardization has made possible the configuratfaifferent products using a large
set of common components. The modularity proposegtdup components of products
in a module for practical production objectives. d&g, modularisation and
standardization are promising tools in product fardevelopment because they allow to
design a variety of products using the same modfieesmponents called “platforms”.
Using platforms allows important family design sa8 and easy manufacturing. In
contrast to the old-fashioned “platform” which wasually only limited to the
standardization of vehicle components that arelyareticed by the customer, such as
the use of the same chassis for two or more moafethe same size class, current
modularized platform concepts strive to build ateore complex modules or entire
systems, which can be used in their basic formsmany vehicles. Innovative
modularization concepts address the design ofralatd base frame module that can be
used in a large variety of vehicle derivatives o$ize class and are enhanced with
additional frame modules depending on the type.

Great savings in assembly costs are potentiallyiadta to the auto makers when they
can limit the majority of the final assembly work greassembled connected modules or
systems. In recent years more and more productiohdgvelopment work has been
assigned to the suppliers. This initially movedtsand risks to the weaker, mid-sized
suppliers and it seemed to worsen their relativeketgosition. However, the end effect
was a core of suppliers who mastered these difficutumstances and were able to
establish themselves as a direct system or modplaisr. The assignment of customer-
specific orders to develop and produce systemsaafutes almost reversed the power
ratio, because although the smaller suppliers ajtdy served one major customer, this
purchaser now completely depends on the qualitthefdevelopment, production and
on-time delivery from these first-tier suppliers.

The choice between efficiency and flexibility redjag production capacities is now
often made for the higher cost flexible productabioice. If different car models can be
produced at one location with the same assembdslisuch flexibility contributes to

increased efficiency in production. This is in spaf higher initial investment, because
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the variance in demand for the individual segmesda be balanced out, without
incurring large overcapacities. Capacity is pdstiedserved for increases in demand and
because these are not utilized most of the timey tiepresent as dead capital. The
investment behaviour of most manufacturers, withakpansion of the model selections,
does not usually balance beyond this uneconomarngld under-utilization of product
capacities. Exogenous specified market volumes neustently lead to structural
overcapacities worldwide. The figure below showseatimate of capacity utilization in
the manufacturing sector and in the manufacturingaor vehicles and parts.

Capacity Utilization (Output as a Percent of Capacity)
1948 - 2009
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Figure 2-5: Estimated Capacity Utilization 1948002 (U.S. auto)
(Source: Lynch, 2009, [Lyn 09])

These estimates, which are constructed by the Be&aserve of United States, are
designed to measure output (seasonally adjusted)pascent of capacity. Capacity, in
turn, is an estimate of the greatest level of auipplant can maintain within the
framework of a realistic work schedule, after allogv for such factors as normal
downtime. As can be seen from the figure, the ohteapacity utilization for the overall
manufacturing sector is clearly cyclical, and thérhas declined sharply since 2008
when the recession began. The down time in the mvetticle and parts industry is even
more striking. As represented by the blue line, ¢apacity utilization rate was 70%
when the recession began at the end of year 20@7ina2009 it drops to once 42%,
which are the lowest levels on record. Another whlpoking at this is the idle capacity
in the auto industry, which is at a record high.

Therefore it can be concluded that the increasedadd is generally addressed too far
ahead of time and an expensive over-capacity “Duiéecreated, which has been even
worse for the recession reason. In order to keepatliomotive industry not too much
affected and meantime have the overall market dggmaot reduced, the automotive
companies have to address this problem as sooosagfe.
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Kanban and JIS parts
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Figure 2-6 Assembly Line Design for Flexible Protioic in OEM

Today, most of the auto makers have already desigingir production line targeting
bigger flexibility. Above the Figure 2-6 illustratea general process in the OEM
assembly line, as we can see, most of the key gsaae already quite clear.

Modularization concepts can also be applied atpitoeess level. It makes sense that
with the product orientated direction of the enticenpany, product related development,
production and manufacturing processes will be raythed. Although the creation of
clear customer-orientated process modules witlsinHierarchies increases the number
of organizational interfaces, it contributes to trensparency of value-adding activity
and reduces the overall need for coordination tjinothe implementation of stable
processes.

In addition to cost savings and reduced complexitit administrative tasks, modularity
also delivers a direct customer benefit becausétiyer of a new car can quickly and
easily configure his car, make late changes ddikexdle production and receive his car
within a few days thanks to the short processintes. In the future, it may even be
possible for customers to replace or exchange itha®y new modules, only because
they offer different functions or because they hbgen updated.

2.5.2 Efforts and Advantageous Characteristics in Modular Methods/
Modular Design Methodologies

Modularization is an approach to organize complesighs and process operations more
efficiently by decomposing complex systems into @an portions. It allows the
designer to play with combinations of groups of poments to develop and customize a
larger quantity of products.

The selection of a platform needs a comprehensid@nbe of “the number of special
modules vs. number of common modules”. The dilenmthis sense is translated to the
trade-off “product differentiation vs. standardipat. The use of different modules
allows realizing a greater number of combinationkjch result in more diversity of
products and also increasing the costs. The pah@gdvantages and disadvantages of
these aspects are exhibited in Figure 2-7, and owdd cconsider “modularity” in the
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matrix as a synonym for the use of more differentioles and “standardization” as the
use of more common modules. The high standardizakgree is followed by low cost
and low diversity, while high modularization medmgh diversity but also high cost.
Finding a balance degree of standardisation andulaodation is important for
achieving the proper cost and diversity.

+ Low cost Low cost

Low diversity High diversity
Standadization

High cost High cost
Low diversity High diversity

Modularization +

Figure 2-7 Impact of Cost and Diversity by Diffetéevels of Modularization and
Standardization
(Source: Based on Jose and Tollenaere, 2005, [JT 05

2.5.2.1 Modular Architectures: Modular Design vs. | ntegral Design

A special interest in the modular products is thedpct architecture design. Mikkola
[Mik 00] says that the product architecture is #neangement of functional elements in
building blocks and it could be developed by definia mapping of functional and
physical elements considering interface specificatietween components or modules.
Ulrich [Ulr 95] distinguishes two types of architates: The modular design and integral
design. Some benefits of these two architecturedisied in Table 2-10.

Table 2-11 Trade offs between Modular Product Deaigd Integral Product Design

Benefits of Modular Designs Benefits of Integralsigms

¢ Module task specialization * Interactive learning

¢ Increased number of product variants * High levels of performance through

» Economies of scale in component special technologies
commonality » Systematic innovations

e Costs savings in inventory and logistics | ¢ Superior access to information

« Lower life cycle costs through easy e Protection of innovation from imitation
maintenance * High entry barriers for component and

e Shorter product life cycle through module suppliers

incremental improvements such as upgradle, Craftsmanship
add-on and adaptations

*  Flexibility in component reuse

e Qutsourcing

e System reliability due to high production
volume and experience curve

« Faster assembly and less production time

* Postponement of operations of
differentiation for fast reaction of the mark

* Parallel manufacture of modules

* Fast development of products

[1%)
—

(Source: Based on Nevins and Whitney [NW 89][WH], &fikkola [Mik 00], and
Boutellier andwWagner [BW 03])
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Above in the table we see that in the modular &chire, a relationship “one to one”
exists between functional and physical elementiraening loose coupled interfaces
between components in such a way that architectinaahges on one component do not
lead to changes in other components. Meantimentbgral design is fixed architecture
oriented and leads to an optimized product. Ithis tlassical product design where
changes to one component cannot be made withcerfering with others. Its design
includes complex relationships (not one to oneyvbeh components and functions, and
complex interfaces connecting components.

2.5.2.2 Module Evaluation: Standard or Special

There are different versions of modules to be absmin whether to be a standard
module or special module should be evaluated somélased on a certain criterion.

50% of standardisation 50% of standardisation  compinations 80% of standardisation

combinations >< >< : @ @
(0@ (e)—e/ (e ~() S
(a) (b) More modularity(9 different modules) (c) More modularity

8 products (8 combinations) (9 different modules)
5 products (5 combinations)

Figure 2-8 Assembly of Versions of Modules
(Source: Jose and Tollenaere, 2005, [JT 05])

According to example in Figure 2-8, the level @fratardization and modularization can
be manipulated without affecting one or anothemslthe level of modularity and the
level of standardization could be independentelation to this, the trade-off evaluation
should be focused to finding a maximum of standamehponents without affecting the
ability to develop the necessary products.

The matrix mentioned in Figure. 2-9 could be usea@ guide to evaluate and identify a
module as standard or differentiation module.

Break-even line

Variant g
building
bfock

Discarted

Cost effective
Low priority

Corelative cost measurement

I building block
building blocks
0 Differentiation perseption 1

U-utility measurement

Figure 2-9 Module Evaluation as Standard or Difféiegion Module
(Source: Jiao and Tseng, 1999, cited by Shamsuztadlg [SHK 08])
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According to Jiao and Tseng, the selection of a uteods standard or differentiation,

depends on its utility to product distinctivenessl @n its cost. Where the relative cost
measurement of the module can be based on théyabiat is obtained by using the

module to adapt other modular products and thigyutiieasurement could be considered
as the influence of the components on the prodectopnance and their aesthetic
characteristics.

2.5.2.3 Organizational Aspect

In addition to the conception aspects, working witbdules requires to consider several
implications about the organization. Managing medub design other products needs a
careful analysis because any update or design eHoawve an influence on future
manufacture and management activities, thus affg¢hie company performance criteria,
for example as listed by Sanchez [San 00]:

« The number and type of assembly requirements iprheuction line;
« The way the modules are supplied;

+ Stock costs;

« Components and material savings;

« Operational reprocessing;

- Transport costs;

« The way the product is repaired, bundled, packexyaled, etc.

Designing modular products requires more commitnynthe key members of the

company and product life cycle actors, since itdseenore expertise, coordination,

efforts, time and is more expensive than the desigelassical products because it
considers the conception of several products as#nee time. The efforts and costs are
concentrated at the initial period as illustratedrigure 2-10.

Level of management inputs required
to co-ordinate development processes

Product line managers Unique product architecture with
involving in deciding idiosyncratic component
desired product attributes interfaces emerges from component
development processes

Debbuging of a
Middle managers intensively specific product design
involved in coordination of

coomponent development process

e ~

ELmIe Jocalised” learing from debugging specific product designs can be applied to 3 Time
i subsequent development project !

Level of management inputs required
to co-ordinate development processes

Senior managers and product line managers
involved in defining strategic goals for
new modular platform

Full definition of modular product architecture
;‘/ (component interface specifications)
h

Minimal management involvement
in monitoring autonomous,
conccurrent development
System integration

‘
‘

Architectural learning from sysem integration used in Time
next-generaion product architectures

Figure 2-10 Module Comparison of Management Efod Organizational Learning in
Traditional vs. Modular Product Development Proesss
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(Source: Based on Sanchez and Collins, [SC 01](53n

According to this figure, there is more time spémtdevelop a product family in a
classical way than to develop a product family witbhdules. This allows to consider
that if the variety of product is low it may not Inecessary to spent time and great
efforts to match modules to develop different prddu Optimizing and designing
products in the individual form (integral desigmutd be faster and a better option. If
there is a great variety of products in the famiiywyould then be faster and cheaper to
design different products with a set of modules.

A modular design can be justified for a faster piiddevelopment for subsequent

derivative products. The company can develop famifiot only because the use of the
same modules saves time, but also because spedidizcipline groups can work more

efficiently on modules related to their discipline.

Products are
very distinctive,
and share few
common parts

O O
Products are SS-Architecture 3
very distinctive,
but share few  Architecture 2 &

common parts O\O\?f

100
Very distinctive

Architecture 1 o
Products are Products are
not distinctive, less distinctive,
and share few but share many
common parts common parts

Less distinctive

Common Parts (%) 100

Figure 2-11 The Trade-off Distinctiveness vs. Camality Depends on the
Architecture Characteristics
(Source: Based on Robertson and Ulrich, 1998, [B]Y 9

The modular methodology should consider an efficiamalysis of component
parameters to meet each product family requirem@&he modular and platform
development allows several advantages, therefoendatd and differentiation
components should be carefully balanced inside dutao architecture. An analysis of
the previous research about this aspect is to vbske interest of maximizing the use of
common components in the architecture while allgnenmaximum of distinctiveness
between products as shown in Figure 2-11. One @fpifincipal interests may be to
develop a family of products using a maximum nundfestandard components which,
along with minimal architecture changes, allowsealeping different products. In this
sense a special objective is to find “less sensbdhitectures” to the tendencies of the
market. In other words, to find which componentaldde re-used between products in
a way to have the flexibility to respond to futunarket needs.
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2.6 Automotive Supply Chain Strategy

There are different strategies serving the supphbirc design, considering the special
characteristics of automotive industry, there ansoasome special strategies
correspondingly.

2.6.1 SC Design Supporting BTO Automotive Production

Build-To-Order (BTO) is a production strategy ttaigns to the demands of the21
century where the industry is challenged to achigebility from elongated supply
chains that cross the globe and yet reply on inratewdemand forecasts.

BTO has been described as a production strategyiththe demands of the 2tentury,
fulfilling customer orders in short lead times thgh responsive manufacturing and
information exchange [GN 05]. Yet, a considerablalienge is how to achieve
flexibility from extended supply chains that retalements of the destructive cycle of
make-to-forecast [PH 04]. Today, automotive suppigins hold weeks of component
stocks, driven by a combination of vehicle manufest forecasts and supplier concerns
over “stock-out” arising from quality or delivergsues. Globalisation of the industry has
meant that low value vehicle parts are now shipipech all corners of the world. For
instance, to complete a door module in China, tG&/& (Electronic Control Unit) take 6
weeks to arrive from Germany, which representssanignths worth of inventory, and
travels over 8000 nautical miles. One way to adhithe increased level of flexibility
demanded by BTO in recent years is to build newaor for the automotive production,
through module sourcing, and through cluster opsags located in close proximity to
production, which is defined as Supplier Park.

2.6.1.1 Characteristics of BTO Automotive Productio  n System

Value creation networks in the automotive industaye grown over years and consist
of a large number of related companies. As is roaetl in the previous chapters, supply
chains are structured in tiers with raw materigd@iers at the lowest level and first-tier
component, module, and systems suppliers direotiyected to the OEM. The first tier
suppliers locate themselves mostly not far awagnftbe customers because of the JIT
or JIS requirements.

In order to overcome the high costs of large fiagsehicle stock and establish a pure
BTO system in the automotive industry, product ctices, planning and execution
processes and supply chain design have to be egdnfRegarding supply chain design,
a large number of publications have evaluated mdiffees between BTO and BTS
network structures ([BS 08]). The main results thi BTO supply chains have to be
agile and responsive, with a focus on low lead singethe final customer [LCK 04]. On
the contrary, BTS network structures focus on leasrand efficiency in production and
component supply. Lead time and responsivenesdeaseimportant in this field as
customers can be served from the finished prodwenitory.

Even though lead times have been identified astiaatrfactor in BTO networks, costs
are still an important criterion. This leads to fhet that BTO automotive networks have
to be lean and responsive at the same time. Aparh ftime and cost measures
environmental impact will be a third dimension tbe evaluation of automotive value
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creation networks. In the context of rising polli@and social interest in environmental
issues, this dimension has to be kept in mind whkernatives for the design of
automotive value creation networks are developed.

2.6.1.2 Alternative Designs for Automotive Supply C  hain

According to Brauer and Seidel [BS 08], the autoweosupply chain was divided into
three areas: component supply, vehicle assemblydstdbution. For each area, a
number of alternative designs can be utilised. alternative sourcing strategy in the
supply chain design is then about to be discussed.

Regarding component supply, two alternatives amnepawed here. The first option is the
conventional strategy of sourcing of parts, compdm@nd minor subassemblies, which
results in a rather large number of suppliers tliyamonnected to the OEM. In Figure 2-
12 it becomes clear that the conventional soursingtegy leads to relatively greater
effort for the OEM, as many suppliers and partseh#vbe coordinated at the vehicle
plant.

The second option is to decrease effort in fingakathly and source large preassembled
modules from a smaller number of module suppli€rgs role could be taken up by
former first-tier suppliers or supplier parks. Theplicability of modular sourcing
concepts depends on the product structure of théhatis to be built. Imperatives for
modularity are agreed architecture, detailed iatex$ and standardisation [BC 06].

Conventional sourcing Modular sourcing

Conventional
structure
Gomponent] [cz2] (<] [e4] [c5]

Module 1

QHEHE

S

S2

Module OEM
supplier

Network S3 OEM
structure

S4

S5
C: component M: module S: supplier

Figure 2-12 Alternative Sourcing Strategy
(Source: Based on Brauer and Seidel, 2005, [BS 05])

The possibility of independently developing, designand producing the modules is
one of the great benefits of this approach, aloitg the decrease in internal variety and
complexity. Additional advantages are time-saving eeduced effort in final assembly,
as well as the outsourcing potential that is cibfBD 08].

While these facts support the application of modstaurcing in the automotive industry,
the issue of whether or not the transport and Magdbf those modules lead to a
disproportionate increase in overall logistic cdss to be examined.
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2.6.1.3 Construction of a Flexible Production Netwo rk

The current trend for automotive suppliers and rfesturers to concentrate on their
own brand specific or customer oriented core coemds has resulted in more
intensive mutual dependencies. Market participarged to reduce uncertainty and
increase their use of external capability to resptnthe cost of their internal flexibility.

One consideration is to decide to join an alliarare a network. The advanced
development level of automotive networks requiresndnd-orientated planning and
logistic methods to design value-added networks$ #na flexible, adaptive and cost
efficient. At the same time, the key to succesbesoverall view of networks as a unit of
development, acquisition, production and distriti processes. The network
participants have a common goal of becoming a custepriented, value-added chain,
simultaneously optimising cost potential [MH 08].

Complexity is then increasing within supplier netiw® driven by increased
dependability and interaction levels between corgsaand the variety and flexibility in
production that is demanded by car buyers. Auto ersakgenerally hold control
dominance over the supplier network and must tbeedbe as familiar as possible with
the structures and processes of the network. Asehéral consumers, they should be
able to recognize any potential delivery bottlersedarly on and they want to be
informed about current product movements usinggoerance monitoring. The demand
information for Tier 1 suppliers must be updateeqtrently to be able to proactively
advise of problems and avoid short term deliveriti®oecks. In addition, first tier
suppliers strive for optimal utilization of theiritical and expensive resources in terms
of supply security and cost relevance and forwdrel bundled information of the
planning system to their network partners. The tighsuppliers, which are often small
and mid-sized companies, must also be provided witbrmation about partners’
planning activities, and be able to optimize thkzation of their resources and ensures
their ability to deliver [HMG 06].

The collaborative demand and capacity planning gsedéntegrates mid- and long-term
planning and optimizes forwarding of demand foreca#t also handles shipment
planning and processing in the short term for gbepup to receipt by the customer.
Simulations are used to play through different piag scenarios, to generate demand
forecasts and to determine how the network partmeust respond to different,
potentially critical, situations [MHOS8].

As a result of the global structure of automotieéworks and intensified cooperation of
network companies on different levels, competitiorthe global automotive industry
will become more and more a competition among thestevorks. In the future, the
complete performance and quality of the network Wwé the deciding factor in the
ability of an automobile brand to compete, not athlg success of an automotive group
at the top of a supplier pyramid.

2.6.2 Collaborative Supply Chain

A substantial degree of uncertainty exists in nsegiply chains. To create and sustain
competitive advantages for a supply chain, thigatpenal uncertainty must be reduced
and dealt with explicitly by all supply chain pats. Current strategic and tactical
paradigms employed in supply chain decision suppgstems are not well suited to
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handling decision making in the presence of sulisifaamounts of uncertainty. This

leads to a poor overall utilization of the compangssets in capacity and inventory
while not necessarily providing a high and relialedeel of customer service. Therefore,
collaborative supply chain design is pursued tddtize problems.

2.6.2.1 SC Relationship Management and Cooperation  Fields

In order to remedy the underutilization of resosycive principles of supply chain
management excellence are proposed for the eféed@sign and execution of supply
chain systems. And according to Muckstadt et alIMRLC 01], the five guiding
principles are:

» Know the customer;

« Construct a lean supply chain organization thaniektes waste, variability, and
uncertainty;

« Build tightly coupled information infrastructures;

 Build tightly coupled business processes;

« Construct tightly coupled decision support systems.

By actively pursuing only one subset of the pritesp companies will not likely succeed
in achieving their expected improvements in sumblgin performance. Only installing
advanced information systems and streamlining legsiprocesses will not overcome a
poorly designed physical operating environment, \éind versa. Business processes and
rules must be tailored to the specific nature @& dperating environments and to the
objectives of the supply chain. Lastly, decisiopmut systems and business processes
must be capable of dealing with uncertainty expiciTherefore, those five principles
must be applied together, so that companies cam\achheir expected supply chain
performance.

Similarly, to demonstrate the complex supply chaarticipator relationships, Figure 2 -
13 and 2-14 are developed based on the researClogfon et al. [CGLR 01]. Supply
chain internal relationships are then investigatgth different process interfaces:
Customer relationship management, customer sendeejand management, order
fulfilment, manufacturing flow management, producdevelopment and
commercialization, and return management. The fades connect both the strategic
sub-processes and operational sub-processes thdiffigtent links. Below in the two
figures, supplier relationships and customer retethips are illustrated.
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Strategic sub-processes

Process interfaces
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and sourcing strategies
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Identify criteria
for categorizing suppliers
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Provide guidelines for the
degree of customization in
the product/ service
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l
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Figure 2-13 Supplier Relationship Management

Supplier Relationship Management provides the siracfor how relationships with
suppliers are developed and maintained. Accordbrihe explanation by Croxton et al.,
strategic sub-processes like product/service ageaeguidelines and metrics framework
are connected to operational sub-processes like orappty identification,
product/service agreement implementation and seppkrformance report though the
process interfaces, so as to realize the supgli@tionship management.

Strategic sub-processes Process interfaces Operational sub-processes
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manufacturing
and sourcing strategies

A

Identify criteria
for categorizing customers

Provide guidelines for the
degree of customization in
the product/ service
agreement

4
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l

Develop guidlines for
sharing process improvemen
benifits with customers

Customer relationship
management \
Customer service
management
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l
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account/segment
management team

]

Internally review the

Demand
management
Order
fullfillment
Manufacturing flow
management
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and commercialization

Returns ‘
management

accounts

l

Identify opportunities
with the accounts

l

Develop product/service
agreement

l

Implement the
product/service agreement

l

Measure performance and
generate profitability reports

Figure 2-14 Customer Relationship Management
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Customer Relationship Management provides the tstreidor how relationships with
customers are developed and maintained. Accorditiget explanation by Croxton et al.,
strategic sub-processes like providing productiseragreement guidelines is connected
to operational sub-processes like internal accoaatew, product/service agreement
implementation and supplier performance report ghothhe process interfaces, so as to
realize the customer relationship management.

Based on the above illustrated complex SC participeelationships, it is essential to
think of a supply chain in terms of five intercootexl business systems [MMRC 01].

« Engineering systemsn order to create the products desired by custepboth the
product, and its manufacturing and delivery processist be designed and
engineeregroperly;

« Marketing system:The market for products must be understood andchéeels for
the products must be created and nurtured. Iniogeaeeds in the mind of the
customer for the firm’s products, the marketingdtion also creates expectations of
a reliable delivery mechanism and good customeficssr

+ Manufacturing system#lanufacturing processes must be aligned and aiagd to
produce products in a reliable and cost effectiammer;

« Logistics systemd.ogistics systems must be capable of providirvg maaterials and
components to supply chain partners, and finishmatlg to customers, in a timely
and cost effective way;

+ Management system$lanagement planning, control, and reward systemust
ensure that the operations are designed and exigoidperly.

Most of the companies are part of more than on@lgughain. This indicates that co-
opetition [NB 97] appears to be a real issue, ahlpms such as conflicting priorities
and trust which can disturb the flow of informatifum cooperative activities have to be
addressed. From this point of view, it is very #@res that supply chain partners deal
with the topic co-operation and its effects. Thelgem of co-opetition is highlighted
from many different aspects as a palpable isstigeimutomotive industry.

In theory, a supply chain should be an extremebpeoative environment since business
partners share common goals and use similar peafttenmeasures. In this context, the
term cooperation can, for example, describe eithesingle project or a long-term
collaboration in the fields of R&D, e-commerce/esimess, and development of
standards as well as manufacturing, inventory dedconsolidation of transportation
[BGM 00].

2.6.2.2 Supplier Integration

As is mentioned before, the mutual dependenciebereming more intensive since not
one company along can maintain the competencesiredgto serve the markets.
Therefore, integration of suppliers is quite a @roway out for the competitive demands.

1. Trends of Supplier Integration

Due to the increasing innovation pressure to méétrent needs of customers, the
automotive industry is seen to adopt the suppleolvement into the development
process or outsource a higher percentage of trauptraevelopment to suppliers [PHR
04]. Actually, it has been found from contemporeggearch in the fields of concurrent
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engineering and supply chain management that gignif benefits can be achieved if
suppliers are integrated or involved in product elegment processes as early as
possible, which is called ESI (Early Supplier Inkerhent). The reason is that suppliers
frequently possess the greater depth of domainrgs@ehat can lead to improvements
in product design and development. The traditio@&M-supplier relationship is
characterized by a sequential, two-step interactiothe first step, the OEM gives clear
product and production requirements to the supphied in the second step, the supplier
delivers the product or service to the OEM. Botlntipa tend to optimize their own
positions instead of looking at the cooperativengand this behaviour is not based on
complementary strengths. Supplier integration/imgoient is a new method for
integrating supplier creativity and innovativen@sshe product development process.
Supplier integration/involvement strives to cresymergy through mutually interacting
deliverables and decisions between OEM and supBieth sides take advantages of
each other's capability to develop the product a8 as to obtain feedback from the
other party to improve the product developmentd@orease development cycle as short
as possible, the OEMSs, try to focus its time anst om core competency areas such as
styling, BIW (Body in White), engine, and transnmss while shifts other portions of
auxiliary system development to suppliers, which lesd to a win-win situation to both
the automotive OEM and suppliers. Meanwhile, autimecsuppliers are seeking new
ways to strictly contain costs without sacrificimpovative, feature rich products and
platforms. With the demands for faster innovatidngher quality and increased
regulation, it becomes apparent that the winningraotive suppliers will be those that
leverage product innovations to rapidly developmgw platforms and winning new
programs.

2. Different Ways of Supplier Integration

It has to be considered, that the more active twelvement of suppliers into the
automotive development process chain is supposdippen, the more complex the
coordination process will be [Tab 07]. The earlyegration of suppliers into the
automotive development process chain does not l@ag to an earlier start of the
supplier's usual activities but also to a shifthe focus on activities to be processed.
This will cause new challenges for the collaborati@tween the automotive OEM and
the suppliers. In the current global manufacturogtext, each geographical location
focusing on certain area of the automotive prodietycle, is based on resource
strengths and cost effectiveness. For exampléheaauto market is expanding very fast
in current China, some big automotive companiesh(sas VW, Ford and GM) put the
final assembly in China where manpower is costetiffe, while keep the design and
research residing with the automotive OEMs. To Iliftate supplier
integration/involvement in the automotive produetvelopment, not only technology
integration but also process and organization mategn are needed to be considered.
The automotive OEM needs to make the evolving pebdefinition and development
process available to their suppliers, while proteceveryone's private data and private
process and managing everyone's role. The collaborbetween the automotive OEM
and the integrated supplier can be defined at réifite levels according to the
collaboration depth and different types of parthgrs

Regarding the depth of collaboration, the supphezgration/involvement is defined in
different ways. According to Tang and Qian [TQ OBgre the integration of supplier
into OEM process chain can be defined in two wage (Figure 2-15): quasi supplier
integration (QSI) and full supplier integration (S
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The QSI means joint development efforts with sugpiinteraction taking place only at
certain times. The development processes of botivM @GEd supplier remain half-
connected and essential know-how and informatiagsstvith each party's operation,
either side only takes advantage of the otherssidput and feedback. In the FSI way,
OEM and supplier contribute and share resources rimuch larger extent. During the
whole product development life cycle, know-how amidrmation get exchanged freely.
The boundaries between their development procésggs to diminish.

Automotive Automotive
OEM OEM
=
Supplier Ey> §Wer

(a) (b)
Figure 2-15 Quasi Supplier Integration (QSI) and Bupplier Integration (FSI)

To enable the success of the supplier integratine,of the project tasks is to control the
collaboration between the automotive OEM and assedisuppliers, through deciding
an appropriate supplier integration way at the m@gig of the product development
project. The decision needs to be refined so thatdegree of collaboration effort by
both the automotive OEM and suppliers is effectivatd efficiently managed, and their
needs to be a clear designation and agreemeneafeiponsibilities for collaborative
development between both sides. The preferable wiayupplier integration is
determined by two dimensions: the development défyalzomparison between
automotive OEM and supplier, and the maturity degvéthe product (from very old
product to very new product). Based on both dinwrssi how to specify the way of
supplier integration is explained as follows.

Regarding the comparison of the development capatbetween the supplier and

automotive OEM, the required development capaédifor a product development may
be distributed either one-sided or split betweengipplier and automotive OEM. One-
sided means that the supplier has sufficient céipabito develop a special type of

product, namely, the supplier's capability is higkiean the automotive OEM's. For

example, the door producers as suppliers to praaidemotive doors, have the greater
depth of knowledge and expertise within this giveroduct domain whereas the

automotive OEM is actually a door system integraitwus, the door development could
be shifted to suppliers. In this context, the qasiplier integration is more preferable.
Split means that both the automotive OEM and aasedisuppliers should team up their
development capabilities to meet the needs of teyct development, and the full

supplier integration way is more likely to be sédec

The other factor affecting the way of supplier gregion is the maturity degree of

product: From very old product to very new produthe old product means that

supplier or automotive OEM already has enough eepees on the current product

development, and QSI is more likely to occur irstbase. In contrast, the newer product
development is, more cooperation between the auteenOEM and suppliers is needed

in order to be successful, thus follows the FSI.
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It is noted that both factors above should be admrsd together when deciding the way
of supplier integration. And combining both factofsgure 2-16 illustrates which type
of supplier integration is more preferable in diffiet contexts. In Figure 2-16, the space
above the dash line means Quasi Supplier Integratubile the space below the dash
line refers to full supplier integration. For exdmpfor the case A, as the developed
product is very old, quasi supplier integratiors&ected. For the case B, although the
product to be developed is moderately new, FStliscsed because the capability of the
associated supplier is not very strong. For thes das quasi supplier integration is
selected on account of the higher capability ofpdiep compared with the automotive
OEM. For the case D, the full supplier integratisrchosen because the product to be
developed is very new, and the tight cooperatiotwéen the automotive OEM and
associated suppliers is necessary.

High
a

N capabilityof suppliers
N capabilityof OEM

~

& »

\7ery New Product Moderate Very Old Product'

Figure 2-16 Supplier Integration Type in Differ&@mntexts
(Source: Based on Tang and Qian, [TQ 08])
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3. Theory Background for Conventional Supply Chain
Evaluation

The various processes within supply chain have beerstigated since years, and there
has been an increasing attention placed on desigaysis and performance evaluation
of supply chain. However, the supply chain is sacdomplex model that it is difficult to
analyze the performance of a supply chain philosatly. To evaluate the control
mechanism for a supply chain, one of the effectivethods is to analyse the SC
individually from different key aspects. There @@ssically 5 aspects being discussed in
the subsequent model investigated in Chapter 4glyathe cost, transportation design,
stability, flexibility, and reliability.

In this chapter, the theory background of the eatadin methods applied in chapter 4 is
going to be discussed, based on the previous sandyour own investigation. The
supply chain cost calculation will be directly imtiuced with the model when making
the evaluation analysis, so here it will be stavtéth the transportation routing design.

3.1 Collaborative Transportation Design

Transportation is a highly important decision catggin business logistics because it
accounts for a large proportion of total logistiossts. There are huge amount of
researches dealing with the routing plan, locatboice, and so on. Here in this sub
chapter, we will be focusing on a collaborativensjgortation design, by which the
scenarios introduced might help members of a suppain to collaborate with each
other, thus reduce transportation associated fgcsoch as cost, transportation distance,
time, and pollutant emission etc. By cooperatinghvather supply chain participants,
certain advantages will be gained. The scenariasidered in this analysis are depicted
basically in four aspects.

1. Supply Chain Wide Container Management

Different modes of transportation are used to @elparts or finished goods to their final
destination and/or to different parties involvedthe delivery. In such situation one
problem which might arise is the necessity to rkpaud/or to reload the freight when
switching modes or when transferring the freigbitrirone party to another. Repacking
and reloading require material handling capaciied create extra costs and take time.
These costs associated with repacking and reloasholyl be lowered by introducing a
supply chain wide container management system wihazkld include two aspects: First,
standardizing repacking requirements throughout s$lgstem; and second, letting
containers circulate throughout the system instdagpacking the cargo each time as
they are transferred from one party to another.

Heskett [Hes 77] points out two possible benefitsttos scenario: It is no longer
necessary to provide resources for repacking andeawer, only one type of unloading
equipment is required for the entire system.

2. Selling Excess Transportation Capacity to Other Games
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One drawback of in-sourcing transportation is tbptimal utilization of one’s fleet
cannot be guaranteed at all times. Underutilizatigtantly results in an undesirable rise
in unit costs because overhead costs need to leeambvegardless of the utilization. This
problem could possibly be resolved by selling egaagpacity to other companies.

By selling transportation capacity, partial trucdis can be consolidated into one
truckload and thus, items can be transported atvarl unit cost because the total cost of
transportation can be distributed over a large ramadb items. The amount saved by
transporting freight in truckloads can be investédjesired, in more expensive, but
faster modes of transportation, e.g. air insteadrotk. By choosing this option,
participating companies do not actually cut tramsgimn related costs; but instead, they
might be able to increase their competitivenesalmse today companies often do not
compete solely based on price or quality but alsdime. Furthermore, by using faster
modes of transportation, transit time and, thusemmory in-transit is reduced which
results in a reduction of inventory carrying cogtdransit time reduction also results in
shorter lead time which is the time between plaangorder and having the product
available. This might contribute to eliminating thalwhip effect in a supply chain.

Other advantages derived from such a cooperatienttee ability to set up regular
delivery schedule as well as the ability to impra@ustomer service by faster delivery
times and by an increased frequency of deliverezmbse the company does not have to
wait until it can fill an entire truck — instead,sells excess capacity to others. Different
cooperation constellations are feasible:

+ Cooperation between suppliers and manufacturerstiq@e cooperation): For
example, a door supplier and an auto maker;

+ Cooperation between suppliers (horizontal coopamgti For example, a door
supplier and a seat supplier, or even two doorIgrgpinder some circumstances;

« Cooperation between competing manufactures (haatenoperation): For example,
two auto makers;

« Cooperation between non-competing companies: F@ample, an automobile
company and a computer company.

Of course, implementing this scenario should omydbne if the company’s competitive
advantage is not based on transportation skillSQ®R] - or the company runs the risk
of loosing its competitive edge.

3. Joint Ownership of Transportation Capacity

Joint ownership of transportation capacity, e.fieat of trucks, takes the idea of selling
excess capacity one step further: whereas sellxgess capacity is a one-time
occurrence, joint ownership of transportation cépecrequires a long-term relationship
between participating companies. Cooperation isiptssbetween the same parties as in
the case of selling excess capacities, and theoffaysf such cooperation are the same
as well. However, just like selling excess capacjpint ownership (and joint use)
should only be an option if transportation is riw basis for the company’s competitive
advantage, or it runs the risk of loosing this adage.

4. Multi-Stop Shipping (Milk Run) and Sequenced Loagin
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When multi-stop shipping is practiced, one truckajagous for the other transportation
modes) makes multiple stops at various suppliersitenway to the OEM and
consolidates from partial loads into full loads.eTkkombined shipments are then
delivered to the OEM as one large shipment.

Transportation can be done by the OEM, by one okitppliers, by a LSP (Logistic
Service Provider) hired by the OEM, or by a LSRetiiby one of the suppliers. Which
solution is chosen depends on the contract betweesupplier and the manufacturer
because this document probably specifies who iporesble for transportation.
Moreover, it depends on whether the company resiplenfer transportation out-sources
this function or not. If the suppliers are respblesior transportation, and if one of them
(or LSP acting on its behalf) carries out the nplatistop shipping, this company needs
to be reimbursed by the other suppliers becausenders a service to them. The
advantage of multi-stop shipping is that congessibthe manufacturer’s receiving dock
is cleared up since only one truck arrives inste#fagkveral.

Sequenced loading means that parts from severalistgare loaded on the truck in
reverse sequence to the sequence used on the assiamb This concept differs from
sequenced delivery inasmuch as when sequence@deisvpracticed, the freight loaded
on the truck is from only one supplier; whereas nveequenced loading is carried out,
the freight is from multiple suppliers [JHW 10].daeenced arrival of parts (regardless of
whether the truck contains freight from one suppdiefrom several) is advantageous to
the OEM because the OEM does not need to internattymission the parts, i.e. it is not
necessary to put them in the right order anymoterdfore, parts do not need to be
stocked out but can be assembled right away anw, thventory levels as well as
respective costs are reduced.

In addition to these two advantages - fewer arsialthe OEM’s receiving dock and no
need for internal commissioning, savings in tramgiimn costs for the entire chain are
another benefit possible gained from the implenteteof this cooperation scenario.
Transportation costs are possibly lower becauseapévads are consolidated into full

loads and the total amount of kilometres drivenabhysupply chain members is lower:
Instead of everyone transporting their parts irdireily to OEM, one truck picks up and
delivers all freight at once. However, the impleta¢ion of this scenario is only

reasonable if the suppliers are located relativellyse to each other; otherwise,
transportation costs will actually increase instehdecrease.

3.2 Automotive Supply Chain Stability — Bullwhip Ef  fect
Analysis

Whether a supply chain is stable or not, directifluences the service level and
customer satisfaction. There are a lot of relatesearch works done that deal with the
supply chain stability, among which the bullwhideet is considered to be the key
factor. Therefore in this work, when | talk abohe tstability of the supply chain, I am
dealing actually the bullwhip effect of it. In tiellowing 2 sections I'll be introducing
the bullwhip effect definition and calculation.

3.2.1 Bullwhip Effect Definition
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A common problem to the supply chain managemeittasso-called Bullwhip Effect.
According to Lee et al. [LPW 97], this effect ocswrhen there is a lack of coordination
among the elements of the supply chain at the mbmbkan there is a variation in the
quantity demanded by the final client, with the ateans of suppliers tending to be
amplified at each passage upstream through the.cAdiof them react increasing or
diminishing the orders differently from what is ltganecessary, seeking to protect
themselves. For long chains, the results may brermely negative, as distortions, which
accumulate in the client to supplier direction, &fyipn a non-linear way. This effect is
caused by the lack of an adequate and coherentyscippin management as a whole.
Each link in a traditional arrangement, looks otdythe demand generated by it's
immediate client and seeks to maximize the findrpe@aformance, even though for such,
the performance of other links is strongly detexied, which will affect the performance
of the chain to the eyes of the only link that adgemoney and sustains the network: the
final customer.

According to Chopra and Meindl (2001, cited by Bdyar et al. [BKGST 08]), the lack
of coordination felt by the bullwhip effect is caasby two reasons: The different stages
of the supply chain have conflicting objectivesdahe information sent among the
different stages suffers delays and distortions.

Collaborative management envisages the reductionegfative consequences of the
bullwhip effect or the lack of coordination in supghains. It can be said that the main
objective of collaborative management is to obtdiyp, means of shared planning, a
greater precision in sales forecasts and repler@shior all in the chain (not for one or
two chain members). As a result, it is possiblddorease the inventory along the supply
chain and obtain better service levels that in tand to result in sales increases and cost
reductions.

3.2.2 Bullwhip Effect Calculation

In the last couple of decades, the bullwhip effezs$ increasingly become popular for
SCM researchers and practitioners as it negatiméliyences cost, inventory, reliability

and other important business processes. In theigue\section the existence of the
phenomenon is demonstrated and its possible causeglentified. In this section, a

quantified model of supply chain Bullwhip Effectgsing to be discussed.

Wangphanich et al. [WKK 10] divide variables infh@ng the bullwhip effect in three
groups including:

« Supply chain configuration (such as two-product mde-stage supply chain);

« Supply chain contributions (demand processing tect® ordering policy or
production policy in regular situations or when @plier have a promotion or
shortage gaming);

« Supply chain performances (the number of defectaaddring lead time).

The main output of the proposed model is a bullwéfiigect which can be measured in
two dimensions: Total Bullwhip Effect (TBWE) andrBal Bullwhip Effect (PBWE), as
shown in equation 3.1 and 3.2 respectively.
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TBWE, = Var11r(qk)/Mean(q{21 3.
var(}_ C)/Mean( _ C)

PBWE, = Var(q, )/Mean(:lx) (3.2)
Var(D,)/Mean( . D,)

where

g, = Order placed at SC unit

C, =  Customer demand

k= SC unit in a supply chairk(=12,...,n)

I = SC Number of end customer in the same chain

D, = Demand from downstream partner at SC nit

Both equations quantify the bullwhip effect in teafna ratio of order variance. The first
equation aims to quantify the bullwhip effect imnteof variation ratio of end customer
demand C, ) while the second equation quantify the bullwHhifeet in term of variation

ratio of local demand @, ). However, the average of inventory level and dlherage
number of shortage can also be measured form tlielmo

This model is going to be used in Chapter 4 foculaking the bullwhip effect of our
supply chain scenario cases.

3.3 Automotive Supply Chain Flexibility Assessment

Flexibility has been considered as a major deteantinof competitiveness in an
increasingly intense competition in the marketpld€tective control of supply chain
flexibility can improve the supply chain and bussgerformance. Thus, it is necessary
to assess supply chain flexibility precisely andtsgnatically. This sub chapter gives a
considerable comprehensive analysis of automotiupply chain flexibility and
identifies 5 elements of supply chain flexibilitiNext chapter in the conventional
evaluation model, the supply chain flexibility ibcut to be evaluated based on these 5
elements with the evaluation indices.

3.3.1 Definition of Supply Chain Flexibility

According to the characteristics of supply chahreé natures of flexibility in supply
chain are identified:

+ Robustness;
+ Self-adaptability;
+ Network alignment and re-configuration.

The definition of supply chain flexibility by Li ahQi [LQ 08] is “the robust ability of
supply chain network to restructure their operatjalign their strategies, and share the
responsibility to respond rapidly to the uncertaiot internal and external environment,
to produce a variety of products in the quantitessts, and qualities that customers
expect, while still maintaining high performance”.
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In order to provide a comprehensive assessmentppiy chain flexibility, a framework
of supply chain flexibility is presented below hetfigure.

Robust Network and
Re-configuration

Flexibility

Operation Market and
Flexibilit _ o

Y Supply chain Supply Flexibility

flexibility
Logistics
Information Flexibility
Flexibility

Figure 3-1 A Framework for Assessing Supply Chdexibility

And the five components of supply chain flexibildéye identified below in Table 3-1,
which are respectively the flexibility from opemati logistics, information, robust and
reconfiguration, and market and supply aspects.

Table 3-1 Supply Chain Flexibility Taxonomy Defioits

Flexibility Type | Definition

Operation The ability of operation, including the capabilitychange products
flexibility equipment, people and processes within the opesafimction
Logistics The ability of the integrated logistic system tetdbute and deliver
flexibility the product economically

Information The ability to align information system archite@syand systems
flexibility with the changing information needs of the orgamireas it

responds to changing customer demand

Robust network
and
re-configuration
flexibility

The ability to align entities and the ease of claggupply chain
partners with minimum damage alteration

Market and
supply flexibility

The ability to meet the changing needs of custormedownstream
firms requires changing the supply of product

This framework focuses on the essential charatitisf supply chain and the multi-
dimensional flexibility, including the intra-compambilities and external relationships
to provide a comprehensive assessment of supply tibaibility.

3.3.2 Detailed Explanation of the SC Flexibility Elements

Based on the definition of Li and Qi [LQ 07], fuethin this section, the supply chain
flexibility elements will be explained in detail:
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1. Operation Flexibility

Operation flexibility focuses on intra-company é&hgk of the strategic business unit
within a company, including the flexibility of mafacture and resources usage.
Manufacturing flexibility represents organizationabilities to produce a variety of
products by the use of advanced technology andnaiio capability, concretely
consisting of product flexibility and technologefibility. Resource flexibility refers to
the ability to dynamically reallocate units of rasce in response to shifting bottlenecks,
concretely consisting of labour flexibility, finaiat flexibility and machine flexibility. It

is comprehensive consideration to use three diifeaspects to measure resource
flexibility.

2. Logistics Flexibility

Logistics flexibility refers to the ability to cosiffectively stock and deliver product in
response to changes in customer demand, includiagability to adjust to global
requirements, serve distinct customer shippingirements, and vary warehouse space.
In general, it can be summarized as inventory Ifidiky and delivery flexibility.
Inventory flexibility focuses on the ability to wawarehouse space and stock strategy,
which can be assessed by range of optional stoategy and turnover rate of inventory.
Delivery flexibility implies the ability of transptation and distribution across the chain.
It is mainly evaluated by range of optional digttibn channels and ability of adjusting
specific distribution.

3. Information Flexibility

Information flexibility focuses on the ability toyschronize information systems with
supply chain partners, share information acrossrmal business processes and pass
information along the chain. Effective informatiamommunicating mechanism can
improve transparency, avoid lost sales, speed ym@at cycles, create trust, avoid
over-production and reduce inventories. The infdromasystems and technologies must
be reconfigurable, reusable and easily extenditdhéch allows organizations to be more
effectively coordinated at the SC-level. There #mee items that affect information
sharing degree, which are: information transmisspeed, information transmission
quality and information sharing depth.

4. Robust Network and Re-configuration Flexibility

Robust network and re-configuration flexibility fsges on the robustness of existing
relationships in response to changes in the busiergironment and the ability to re-
configure the supply chain, concretely consistifigetationship flexibility and cultural
flexibility. Relationship flexibility refers to thease of changing supply chain partners in
response to changes in the business environmefdctizé cultural flexibility can
syncretise company’s culture at each node of thmplguchain, which can improve
cooperation and communication across the chain.

5. Market and Supply Flexibility
Market and supply flexibility focuses on the alyildaf market forecast and the ability to

change the supply of product, including mix, volynpeoduct variations, and new
products in order to meet the changing needs ofomexs or downstream firm,
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concretely consisting of market flexibility and giypflexibility. Market flexibility is the
responsiveness to changing market conditions arstiolmer needs and wants. This
flexibility can be assessed by the ability of resg® and introducing new product.
Supply flexibility refers to the ability of changjrsupply plan in response to the changes
in customers and downstream firm, which can besasskeby consignment flexibility,
order fulfilment rate and on-time delivery rate.

The above mentioned elements will be used as ev@huandices for the latter supply
chain flexibility evaluation.

3.4 Automotive Supply Chain Reliability — Risk Mana  gement

In order to obtain high efficiency and effectives@s supply chain management, supply
chain must have a high reliability as guarantediaBidity has now become an important
performance measure for evaluation supply chaietgatspecially when considering
changes in supply chain operation conditions [LVB] Based on the theory of systems
reliable engineering, the concept of the supplyirchialiability and reliability of the
supply chain members will be discussed based on ritles analysis and risk
management.

3.4.1 Supply Chain Reliability

With the development of information technology aadonomic globalization, the

enterprises face with a more complex and ever-dhgngarket environment and

increasingly fierce competition. The focus of trempetition among single enterprise
products, functions and distribution channels hé&een extended to supply chain
competition. The supply chain is the integratiorogifistics, information flow circuit and

capital flow. In such circumstances, in order tokenéhe supply chain management of
high efficiency and effectiveness, the supply chainst have high reliability as a
guarantee, thus enhancing the overall competitsepésupply chain.

In the reliability engineering practice, people @awide variety of methods to
understand it. Such as the American National Stalsd@ommission, the United States
Advisory gives the definition to the reliability dsllows: Reliability refers to products
within the required timeframe and the conditiomscomplete the trouble-free function
of probability. China National Bureau of Standardkted files give also the definition:
Reliability refers to products within the time peabed in the regulations and conditions,
the ability to complete the function [CL 08].

Based on system reliability engineering theoryisitconcluded that the supply chain
reliability is the measurement to the work abiktithout fault in supply chain system.

Specific performance in the outside interferenbe, supply chain at a stipulated time
and conditions, the demand for the completion aleds functional capacity, the

completion of this function, and the probabilityrefiability are all important aspects to
the measurements. Similarly we have members ofstiply chain to define the

reliability of enterprise: In the supply chain mgeeaent of the environment, members
of the supply chain enterprises in a certain peobtime to the normal operation of the
capacity.
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In the SC reliability study, the main concerns @verall measurement and evaluation of
the supply chain reliability [Tan 06]. However, $lyp chain is a complex network
structure with various enterprises as nodes whiompose network. Since the
relationship between each node enterprise is catiper each node has some
uncertainties and risks which will affect the rbllay of whole supply chain. So
reliability of the supply chain member enterpris@t¢he microeconomic foundation of
overall reliability of the supply chain. The impautits change on the overall reliability
of the supply chain is relatively large.

In the following sections, based on the qualitabwel quantitative risk analysis, overall
risks and structural risks, how to minimize thésisand increase the reliability will be
discussed.

3.4.2 Risk Analysis in Automotive Industry

A number of trends have made the automotive sugipéyn more vulnerable. Each SC
risk - to forecasts, information systems, intellettproperty, procurement, inventory
and capacity - has its own drivers and effectivagaiion strategies, and companies can
then select the best mitigation strategy: Holdingsérves”, pooling inventory, using
redundant suppliers, balancing capacity and invgntmplementing robust backup and
recovery systems, adjusting pricing and incentilgging or keeping production in-
house, and using continuous replenishment prograo@laborative planning,
forecasting and replenishment and other supplynciatiatives. Despite increasing
awareness among practitioners, the concepts oflysugmin vulnerability and its
managerial counterpart supply chain risk managestéhheed to be improved.

This section describes the possible risks in thigeesautomotive industry, from both the
general point of view and the automotive compangesht of view. According to the
CSM Auto research, Table 3-2 demonstrates the togdium and high degree of risks
both in short term and long term.



Supply Chain Evaluation Theory Background

59

Table 3-2 Risks of Automotive Industry from Longrireand Short Term Point of View

Low

Medium

High

Low risk of SOP slip or
significant advance
On-time or near expected
launch

Below-average monthly
production variation

Risk of a 3 month slip
within 18 months of SOP
Launch curve could be
slowed by production,
supplier or development
issues

Risk of a 3 month or
more slip within 18
months of SOP

Launch may slip and
expected curve may not
be supported

vehicle volume
Vehicle volume is
diversified over many
markets

§ Annual volumes meet or Monthly production Above average monthly
= slightly exceed OEM CPV variation is slightly above o production variation
= expectation in first 24 below market average Short-term volume
5’—5 months Annual volumes meet or degradation is expected
Strong performance of approach expectation but due to inventory
prior vehicle and in degrade 5-15% over vehicle Weak performance (high
established segment life cycle inventory) of prior
Average performance of vehicle and in a new or
prior vehicle and is in very niche segment
competitive segment
No or low volume Volume degrades by 10- Volume degrades by
degradation over the 20% over the vehicle life more than 20% over a 5-
vehicle life cycle cycle year cycle
Cadence is well defined Cadence may slip from the Cadence is almost sure to
and the life cycle is expected period, usually be breached due to
e ‘lively’ extended to cover fixed funding priorities
o Vehicle is a segment costs due to low vehicle Body style is new to the
= leader in a stable segmer volumes market, unproven and
éa Low or little affect of new Vehicle is strong but not a thus risky
S segment entrants on segment leader and is Vehicle is seen as niche

somewhat negatively
affected by new competitors
or revisions in a leading
vehicle

Exports are possible but are
a small percentage of total

in volume and execution
and does not have an
established track record
Little chance of vehicle
export

(Source: Based on CSM Auto, 2008)

But to the manufactures, both OEMs and upstreampligup, there are more possible
risks within the supply chain scope. In most comgsmn method named FMEA (Failure
Mode Effective Analysis) is used in the TQM (Tof@lality Management) and the
entire supply chain management. Here the potefdikire modes are summarized as
following in Table 3-3 for the automotive manufaetst
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Table 3-3 Potential Failure Modes in Automotive (oamies

Potential failure event

Supply-base
condition
influencing the
likelihood of the

Detailed description

failure event
Delivery Failure: Capacity Supplier is near or at full capacity
A supplier fails to make a| Material availability | Supplier's sources for raw teidal unreliable
delivery as promised Cycle time Supplier has unreliable cycle time

Natural disaster

Supplier is located in an area@to natural/
political disruptions

Logistics

The logistics infrastructure from suppl®
unreliable

Cost Failure:
The price of the supplied
product becomes above
expectations

Cost management

Supplier has poor cost managekilist s

Financial

Supplier is in poor financial health

Market strength

Supplier has power in the marketpta dictate
pricing or is powerless to manage prices

Currency

Supplier's common currency is volatile

Quality Failure:

The supplier provides
unacceptable product tha
is now the responsibility
of the firm

Quality system

Supplier’s quality control methods substandard

Legal standards
L

Supplier is unaware/ unconcernddlegal/
environmental standards

Flexibility Failure: R&D Supplier has poor product develop methods
The supplier is unable/ | Flexibility Supplier has processes which don't allsignificant
refuses to make design o changes in volume
volume changes
Confidence Failure: Information Supplier’s information systems are @uédl or
A supplier drops in unreliable
standing as a reliable, Management Supplier lacks clear management vigion o
strategic supplier experience
Market The market in which the supplier operates is vigati
characteristics
Product type The supplier may not be able to hathdie
complexity or sensitivity of this product
Relationship The relations with this supplier araised or

difficult to manage (communication issues)

60

Since there are risks, correspondingly there shdaadthe countermeasures for risk
management, in the following table, the risks aenaged in five aspects: supply chain
design, sourcing strategy, supply and sales cdntpmmtfolio design, strategic

acquisitions and outsourcing strategic partnerahgballiances.
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Table 3-4 Approaches for Strategic Risk Management

reduce product risk

Leverage Diversification Hedging Restructuring
» Modify using « Geographical - Natural hedging of « Supply chain and
changes in diversification to foreign exchange risk|  resigning and
=y production reduce hazard risk | + Matching inbound restructuring
T technology « Political unit and outbound « Alternative supply
© « Modify by diversification to capacities chain interactions
-% outsourcing reduce political risk | « Matching supply « Supply chain
G production and tax risk chain capacity to simplification
% « Geographical marketing capability | -+ Create growth and
o diversification to « Matching supply flexibility options
A reduce labour price| chain flexibility to
risk customer demand
volatility
- Increase by - Vendor - Hedge demand « Reduce number of
> selecting vendors|  diversification to volatility with supply- suppliers
§’ requiring capacity| reduce supply and demand matching « Increase information
© commitments price risk + Natural hedging of sharing with core
g » Reduce by « Vendor foreign exchange risk|  suppliers
% consolidating diversification to + Improve
= spending to reduce hazard risk coordination and
3 improve synchronization
2 flexibility terms « Increase flexibility
g with spot market
= buys
@ - Create growth and
flexibility options
« Modify by « Manage portfolio of | -« Hedge demand + Improve
B changing contract|  flexibility options volatility with supply information sharing
g terms - Manage portfolio of |  flexibility terms with contact
5 &/ + Modify by embedded options | - Hedge price and incentives
§ D making changes | « Diversify to foreign exchange risk| « Create learning,
5 g in portfolio improve portfolio with embedded growth and
- S| composition risk-return trade-off |  options flexibility options
& £+ Modify by « Hedge demand
g 2| considering volatility with product
=y relationship with choices
) strategic sourcing - Parts commonality to
hedge supply risk
« Modify by « Customer and « Hedge demand » Create learning,
g acquiring new market segment volatility with growth and
= production diversification to complementary flexibility options
-g facilities reduce demand risk| product lines
g + Modify by « Geographical « Hedge supply risk
S acquiring new diversification to with complementary
3 production reduce demand risk| suppliers
IS technology - Technological
& diversification to
reduce product risk
« Modify by « Customer and - Hedge technology - Create learning,
% investing in new market segment risk by placing growth and
= % joint production diversification to multiple bets flexibility options
7 ol facilities reduce demand risk| «+ Hedge demand
gu'.; « Modify by « Geographical volatility with new
‘G ©| oObtaining access diversification to products
5 «E to new production| reduce demand risk| - Hedge demand
§ 8| technology + Technological volatility by targeting
8 diversification to new geographies and

market segments

(Source: Based on Lee [Lee 08], Juttner [Jut Od]Faunet al. [FZHL 05] )
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3.4.3 Structural Risk Analysis and Evaluation

We can not enumerate all the risks which supplyrcireay encounter. So the systematic
method to control supply chain risk must be useddddstanding risk assessment
processes within supply chain networks and the ingiications of different network

structures, and developing more practical appraadbeguide the risk assessment
process in supply chain networks, are both critiagpects in supply chain risk
management.

So in this section the effect of supply chain snue to supply chain risk transfer and
risk control is described. According to the chagastics of supply chain structure, the
risk transfer processes can be sorted into seresegs, parallel process, distribution
process, assembly process, and switch procesdoiithalas of risk value developed by
Zhang et al. [ZWHL 05] are used later on for risidiability evaluation of my supply
models.

The systematic framework of supply chain risk mamagnt include following steps:
risk identification, estimation, assessment, mamegg planning, controlling and
monitoring. If all the single risk probabilitieseaknown by risk estimation, it is possible
to assess the whole risk value for the total suppbin. The whole supply chain risk is
partially determined by supply structure.

3.4.3.1 Supply Chain Risk and Supply Structure Anal  ysis

Supply chain risk is the possibility of deviatioh supply chain from management
objectives. According to supply chain system cduastin, supply chain risk can be
classified as the risk by supply chain entitiecksas supplier, manufacturer, distributor,
retailer, customer, etc), the risk by supply chsiructure, and the risk by external
environment. Risk sources by supply chain entéylithin the boundaries of the supply
chain parties and range from labour (e.g. strikes)production uncertainties (e.g.
machine failure) to IT-system uncertainties. Exéérenvironmental risk sources
comprise any uncertainties arising from the sugplgin environment interaction. These
may be the result of accidents (e.g. fire), so@btipal actions (e.g. fuel protests or
terrorist attacks) or acts of nature (e.g. extremsather or earthquakes). Structure-
related risk sources arise from interactions betweryanizations within the supply
chain. Whatever damage is caused by suboptimakittten between the organizations
along the chain is attributable to structure relatek sources.

Risk Performances:
* Quality Drawback
« Delivery Delay

« Cost Increaseing

Risk Factors From
QOutside Environment \ Supply | Following

Risk by SC Entiti - — Chain Risk Process
ISKbY ntties ™~ Risk Factors Existing

/ in Supply Chain
Risk by SC Structure

Figure 3-2 Forming Processes of Supply Chain Risks

A
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Forming process of supply chain risk is shown aguf@ 3-2. The supply chain is
affected by the unfavourable factors from bothdhéside environment and the entities
in the chain to form supply chain risk. Supply ssthat occur to upstream partner
operations will almost always ripple through eacm® supply chain and cause it to
face risk issues as well, that is the effects sk transfer downstream following the
supply chain. The network structure of a supplyirthaluences the supply chain effects
of risk events, and it can either absorb or amphiy impact of risks from environment
or supply chain entities.

Next sub section the effects of supply chain stmgctto supply chain risk transfer
processes and the whole risk value of the totgblyughain will be explored.

3.4.3.2 Supply Chain Risk Transfer Process

According to the characteristics of supply chairucure and the related logistics
processes, the risk transfer processes can bal sotteseries process, parallel process,
distribution process, assembly process, and switobess.

Given P, P,, , P,. are the risk probabilities af segments of a supply chain, and

assume every segment risk is independent to eael. &t is the total risk probability of
risk transfer process that should be calculated.

1. Series Process

For all supply chains, from source, to manufacamé delivery, the risk transfer process
IS a series process. A transportation system wihynstages (such as highway, railway,
air-freight, and sea-freight) is a series process The locations of risk events on supply
chain are shown as Figure 3-3. According to theattaristic of series system, the total
risk probability P can be given by following equation:

P=1- |‘J (1-P) (3.3)

Figure 3-3 Series Process

For a series process, it means more segments, rhiggle probability and lower
reliability. The risk emerges in any one segmerit g the holistic risk. In order to
improve the reliability of the system and mitigatsks, unnecessary series segments
should be removed.

2. Parallel Process

An enterprise has suppliers for one type of raw material. If ondled n suppliers can
not supply normally, other suppliers can meet ti@mand, and any one of the suppliers
has the capacity to supply all the sourcing prasiubie supply risk transfer process in
supply chain is a typical parallel process (showifrigure 3-4). Only whem suppliers
all cannot supply products normally, supply riskyrhappen. The total risk of parallel
process is given as follows:
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P |—J P (3.4)

Q\;z\\:

O O
C/

Figure 3-4 Parallel Process

Parallel process has higher reliability. So mulpliers strategy is the ordinary way to
improve supply reliability and mitigate risk. Buda many parallel segments will make
the supply chain structure complicated. It meansenumsts and more management
difficulty for complicated supply chain.

If any one of the suppliers doesn’t have the cdpdocisupply all the sourcing products,
at leastm suppliers are needed to supply all the produatsced. If more tham —m
suppliers lose their supply capability totally, tkepply risk emerges, and it will
influence the normal supply. In this case the tisinsfer process in supply chain is
called vote process.

3. Distribution Process

A manufacturer provides products mowarehouses. If the manufacturer is interrupted
by accidents and is unable to provide productsraaog to the planned quantity, it can
not meet all the demands of every warehouse, sopbssible fom warehouses to be
out of stock owing to the supply shortage. The @etage of delivered products to
original planned products for every warehouse @re d,, -, d, . The shortage

percentage for warehousés as follows:
A =1-d (3.5)

n-

There are two special casek.= 0, it means stopping the supply to warehousd, =1,

it means that the demand of warehouss fully met although there is capacity shortage
in total. Important customers are always provideath kigher priority, sod, may be
different for different downstream partners. If ttagio of qualified products from the
supplier isq, , the ratio of qualified products in every wareh®issq, , the quality risk is

1-q;, and the risk transfer process is also distribbupoocess (for example, see Figure

3-5). There are different calculating methods fdfedent kinds of risks and different
performance metrics.
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O >

Figure 3-5 Distribution Process
4. Assembly Process

An enterprise has many suppliers providing one kifichaterial, its total supply risk is
the assembly of all supply risks from suppliers] anthis case the risk transfer process
is an assembly process shown in Figure 3-6. Tla tigk of assembly process is related
to the supply risk of every supplier and the qugrdf the material supplied.

Assume the percentages of material quantity praciioen every supplier to the total
sourcing quantity a®, s,, ..., S,, and

191

Ys =1 (3.6)
The total supply risk is as follows:

P= Zn: Ps (3.7)

According to this, the reliable suppliers shoultlgere orders.

When every supplier's capacity has enough flexyhilany supplier can provide the
buyer all the products, if some suppliers are &gy unfavourable accidents therefore
they cannot provide material normally, other suggliwould complete all supply task.
In this case, the supply risk transfer process inesato parallel process.

Figure 3-6 Assembly Process
5. Switch process
Contingency plan and reserved resources are thenoantactics to control supply chain

risk. Once any segment of the supply chain is th d@ndition and may not achieve the
planned objectives, managers can execute the gemiy plan and put the reserved
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resources into use immediately. When contingencgniclls exist in supply chain,
supply chain risk transfer process is called swiigdtess shown in the following figure.

Ao NN

nO—
Figure 3-7 Switch Process

There aren usable channels as shown in Figure 3-7. Chaniselhie necessary channel,
channel 2 to channeh are reserved channels. Given the reliabilitiegwary channel
areq,, d,, ..., q, and failure risks for every channel afep,,...,p,, and

P =1-q; (3.8)

The total reliability when only channel 1 is utéiz is as follows:
=0, (3.9)

If channel 1 is failed and channel 2 is utilizdtk total system reliability is as follows:
=0, +(1-q)q, =0, + P, (3.10)

The rest may be deduced by analogue, the totamsysliability that all channel n are
used is given by the following:

R, —OI1+Z(0I.|__IP) (3.11)

Total risk probability by system failure is:

P=1-R, (3.12)
What we can find from the analysis is that existiegerved channels can reduce the
supply chain risk and increase the reliability efifecly. But reserved channels may lead
to increasing costs. It is a trade off to balangep$y chain risk and costs. In practioe

is no more than 4 [ZH 06].

All in all, the holistic supply chain risk transferocess is the mixture of the processes
discussed above, and we will see the applicatiorext chapter the evaluation model.
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4. Supply Chain Evaluation with Conventional Model

Supply chain management presents significant oppibits for improving profit
margins and reducing cost. It encompasses fundtamé geographical integration as
well as integration of tactical and operationalisiens. The integration aspects involve
purchasing, manufacturing, material flow and sdletribution within the company and
across the supply chain. The design of a supplindioa a typical product with various
upstream suppliers and downstream customers isnegty important for the automotive
companies. The cost and strategic consideratioag @h important role in selecting
among various options. Suppliers differ in theioguwction cost, inventory holding
capacity and cost, first-time quality levels, ovleraliability, and the ability to deliver on
time. In addition, multiple options exist for shipg and transportation with different
associated cost.

An important outcome of the increased quest for metitiveness is globalization with
the international distribution of production fatiés as well as localization with sourcing
of material and labour locally. However, these siecis must be made with full
consideration of the total supply chain structumeview of the increasing need for
efficient supply and cost reduction strategies.

A framework to design a supply chain for producighwnultiple customers, multiple
levels with multiple suppliers at each level, andltiple transportation options, while
considering the suppliers’ quality and on time w&ly risk to meet the customer
demands as well as minimize the total supply cleast is developed in this chapter,
based on the case of a Tier 1 supplier which presl@oor modules. The selection of
suppliers, determination of production quantitiesentory locations and size, selection
of transportation modes and transported quantiresinvestigated and evaluated. The
example of automotive door module supply chaingless used to illustrate the effects
of various factors. The 3 supply chain scenarigdieg in the evolution process during
the product and production localization will be lered with a conventional model
from all aspects like cost, transportation, stahilfilexibility and reliability etc. Another
integrated evaluation model using fuzzy controllmodtwill be discussed in next chapter
with the case of entire vehicle door supply chasign.

4.1 Case Description

A “vehicle door” is a partition, typically hingedhut also frequently attached by other
mechanisms such as tracks, in front of an openimghwis used for entering and exiting
a vehicle. A vehicle door can be opened to proadeess to the opening, or closed to
secure it. Like shown in Figure 4-1, a door modntemally refers to a functional
combination, which consists of a carrier platedstarrier or plastic carrier), stamping
parts (arms and rails), electronic control unit (BC motor, wire harness, and
loudspeaker etc.
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Figure 4-1 Door Module with Steel Carrier and Bta€arrier

Abstracted from the above description and makingléarer for the investigation
afterwards, | graphically illustrate the door maauabmposition in Figure 4-2.

Door module

r T T T T T T 1
{ Base Plate J { Arms J STooth J { ECU J { Motor J {Wrehamess} {Loudspeaker} { J
egment

Figure 4-2 Simplified Door Module Composition Model

In the reference case for our investigation, therdoodule is originally assembled in
Germany, with the different parts and componentsicg from all around the world.
Base plates come from Germany and Brazil, ECU antbMcome from south Germany,
stamping parts are produced locally, and smallspgd¢ nuts, grease and gummy rings
are bought in from Poland, Austria and Korea repely, while the wire harnesses are
imported from Taiwan China and loudspeaker from nta@id China. The finished
products with different varieties and finishing degs are then delivered to the
automotive OEMs directly or to their pre- assenlecated in their supplier parks. So
as illustrated in the following Figure 4-3, the lghd sourcing and global supply actually
knit a big and complicated supply network.

OEM C.
(China )

[EhinaB]

Figure 4-3 Simplified Original Supply Network lllustration
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And theoretically a typical multi-stage supply ahaan be illustrated as following in the
Figure 4-4, based on this principle and the caseipusly described, | will be discussing
different scenarios combining the theoretical madel real door module case.

™ Pat | i| Part blopart | |
RaW_ Lyl ; Supplier 1 ; Supplier1 1 Supplier 1} ;
Material : ! - |Customer C1
b Lssupplierk | Suppiierk ! Supplier k | ‘
Supplier 1 i i i .
! : ; ; ' »/Customer C2|
“—»Supplier k _‘» Part Ly ! Part ! Part !
: : : Product P ||

Material ——»Supplier k ' —»Supplier k ! !
! Supplierk |!

Supplier 1 3 3 3
i L» Pat | Part : Part :
—Supplier k 3 3 3 t 3 :
3 —>Supplier 1 3 tSupplier 1 3 .—VSuppIier 1 3 3

—»Supplier k Supplier k ! —»Supplier k !

Customer C4

! Supplier 1 ! Supplier 1 ! Supplier 1 +»/Customer C3|
: ' : ' : ' : Supplier 1 |1
Raw 1 . - . al
— ' Supplier k !

Customer C5|

Stage 1 3 Stage 2 3 Stage (N-3) 3 Stage (N-2) 3 Stage (N-1) 3 Stage N

Figure 4-4 Multi-stage Supply Chain lllustration

4.2 Door Module Supply Chain Design Scenarios

The case we are dealing with is a localization mog The door modules are originally
produced in Germany and supplied to different ausis with different varieties. But

basically, the parts assembled in Tier 1 come feooertain fixed supplier system. The
final products with different finishing degree amapplied to different OEMs according
to their individual requirements. Since the sanafpims are introduced in China, the
door modules are then also required to be supi€thina. Whether to produce them in
Germany and supply them internationally to chinadpassemble the modules locally in
China but with the existing international suppljens even produce the door modules
completely locally in China involving local new sljers, is a decision to be made by
the supply chain designers. 3 scenarios basedeoaltbve thinking are developed and
applied in the next sections, and these scenarillsbe analyzed and evaluated
especially from the SC point of view to get a summahich one is the best solution.
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4.2.1 Door Module SC Scenario I: Global Sourcing, Global Supply
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Figure 4-5 Door Module Supply Chain Scenario |

In this case the door modules are simply suppliechfGermany to the China customers
as illustrated in Figure 4-5. And the situatioamsidered with 3 product varieties.

Product 1 with a sub assembly 1 is transportedlémiatic consolidation about 200 km
far away from the original plant in Germany. Algtgher the product 1 and assembly 1
are shipped to China, and after custom clearantegettocal Chinese plant C. Product 1
is then further assembled in plant C, and aftersadldlivered to customer's 3PL
warehouse, waiting to be supplied according to@&M 1’s production plan just-in-
time.

Product 2 is directly shipped out from the Germé&mny after custom clearance in the
Chinese harbour, the products are firstly trangabto customer supplier park for a
further treatment, and then just-in-sequence se@pb the customer 2.

For product 3 is relative simple, the products sltgped out directly to the customer
warehouse after the normal transport and custoroedioe, and the parts are supplied
just-in-time to customer 2.
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4.2.2 Door Module SC Scenario Il: Global Sourcing, Local Supply

Part 1 Logistic Harbour External Local
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Figure 4-6 Door Module Supply Chain Scenario II

As illustrated in Figure 4-6, Scenario 2 is liketransition solution to the complete
localization, the parts are sourced still from éxésting supplier system, so we have the
parts from Spain, Germany, Poland, Brazil and KateaThose parts are either shipped
directly to China or shipped through a German kigisonsolidation and then to China.
The big parts have to go to the external warehdoisentrance inspection and stay as
inventory, and the small parts go directly into kbeal Chinese plant.

Using those parts from different international digsp, 3 kinds of products are then
assembled in the local plant C. And those prodasafterwards supplied to customers
either just in time or just in sequence accordmthe customers’ requirements.
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4.2.3 Door Module SC Scenario lll: Local Sourcing, Local Supply
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Figure 4-7 Door Module Supply Chain Scenario IlI

Scenario Il is a deeper localized scenario. Therparts are sourced locally in China,
which means some local suppliers are newly devdlopew tools are made and new
techniques are applied. Some small parts arepstithased from the existing supplier,
since it makes no sense to change considering thatiy and quality. Again, the
products are supplied to customer JIT or JIS. efiéating from scenario I, the
product 1 in this case will be picked up by thetooeer 1 through a “milk-run”.

In the next sub chapter, the performances of thepply chain scenarios are about to be
respectively evaluated, and the corresponding casge will be made.

4.3 Supply Chain Evaluation Using Conventional Mode |

It is very difficult to develop a generalized matietical model that incorporates all the
salient features such as demand pattern, lead @raeessing time, waiting time,
conveying time), information (Kanban) delivery tihmst, setup time/ cost, production
capacity, and batch size. In the following sectjahse different supply chain scenarios
introduced above will be evaluated from cost, mgti stability, flexibility and
reliability/risk aspects. With the variable apprbes, a conventional evaluation model is
established.

4.3.1 Cost analysis

From cost point of view, pursuing a minimum costliways the target of supply chain
design. Here based on the EIMaraghy and Majety (BBMmodel and under the industry
background, a special cost model concerning theabsttuation will be developed. The
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objective is to minimize the cost of the total slypghain, which is the sum of material
cost, production cost, inventory carrying costnsg@ortation cost, packaging cost and
corresponding handling cost.

C, Total cost of the entire supply chain
Material cost of the purchased parts from upstreappliers
Production cost of assembling the parts

m

p

O 00

—

Transportation cost

oa Packaging cost

Inventory cost

nv

OO0 0

Handling cost

Part index,i = 1.
j Product index,j =1...

inventoryl, | =123

K Transport stagek = 1..K
m Packaging stagen=1..M
n Handling stagen=1..N

Total cost= materialcost+ productioncost+
Acost
transporcost+ packagingost+ inventorycost+ handlingcast
Bcost

= productioncost+ holdingcos of raw materiat averagenventory

+inlandtransporcost+ oversedransporicost+ packingcost+ repackcost

+subassynventorycost+ productinventorycostat tier 1

+ productinventorycoston way+ productinventorycostat customer handlingcost

(4.1)

EIMaraghy and Majety [EM 08] also quantified thekss into a certain cost, but here |
would rather consider the on-time delivery guarantéh a certain amount of inventory

level than calculate the risk cost separately. f$leaspects will be discussed later on in
the sections afterwards.

CT :Cm+Cp+Ct +Cpa+Cinv +Ch|

K M L N (4_2)
= Cm +Cp +thk +szam +zCinVI +zChln
k=1 m=1 =1 n=1
With constraints:
Logistic performane = mimimumrequiremets (4.3)

Below in the table | collected the correspondintpd# the 3 supply chain scenarios, the
single cost items are all amortized into part/paidunit. The data are collected in the
daily work, however, for confidential reason, tippked data are already processed.
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Table 4-1 Cost Breakdown and Profit Analysis

ltem | Unit [ Trans.|Pack.[Inv. |Handl. | Item | Trans.| Pack.| Handl. | total [ unit | Profit-
cost [cost |cost [cost|cost cost |cost |cost |cost|sales|bility
: price
_ |Prod 1] 25,5 2,6 0,7 0,2 0,7, 1,2 0,6 0,6]32,1] 34,6
o t
E Assy 1| 6,24 15 0,51 0,2 0,6: 7,00%
% Prod 2| 35,8 2,81 0,65 0,3 0,4: 1,3 0 0,3|41,5| 44,1 5.92%
Prod 3| 48,5 2,9] 0,65 0,3 04! 1,3 0 0,35|54,4|57.80 5.88%
Partl | 12,1 2,3 0,4 0,12 0,1:Prod 1,21 04 0,3[30,2| 33,51
_ [Partz2 [ 652 19| 036 01 008" 9.80%
-% Part3 | 3,35 0,8/ 0,2(0,08 0,08 Prod 1,3| 0,45 0,3/ 39,8/ 42,80
c 12
8 Part4 | 1,27 0,6/ 0,15/ 0,08 0,07: 7’00%
? Parts 0,65 0,2| 0,15] 0,05 0,02:Prod 1,3| 0,45 0,35]|52,4]56,07
13
[ 6,54%
Part1 | 13,2| 0,24| 0,12|0,07| 0,15 Prod[ 0,8 0,4] 0,15[29,1|32,84
_ [Pat 108 02 0100z 015"
< |23 | 11,40%
s [Part4 ] 1,47] 0,08 0,05( 0,02 0,1:Prod 1,11 0,45 0,2(37,2| 41,94
c 12
% Part5 | 0,65 0,2| 0,08{ 0,02 0,1: 11,30%
1 Prod 1| 0,45 0,2]48,2| 54,94
1
3
I 12,28%
(Unit: Euro)

Based on the above analysis, the profitabilitiethef3 kinds of products based on the 3
different scenarios are compared in Figure 4-8.

Profitability Comparison of Supply Chain Scenario I, 11, Il
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10,00% — —
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0,00%

Profitability

Prodl‘ Prod2‘Prod3 Prodl‘ProdZ‘Fﬂ’od?» Prodl‘ProdZ‘R’od3

Scenario | Scenario I Scenario |l

Figure 4-8 Profitability comparison of SC scendrib, 111

Quite obviously, we can see the profitability oésario Il is higher than that of scenario
[, and the profitability of scenarios 11l is theghiest among all.
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Material and Production Cost Comparison of Supply Chain Scenario I, II, llI
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A cost
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Figure 4-9 A cost comparison of SC scenario liilI,

Here the A cost, namely the material and productiost are compared among the 3
scenarios. For product 1, the A cost of scenaramd Il are similar since the same
material from same suppliers are used and the ptedcoth have to be assembled to
certain degree in the local china plant; the higbest in scenario Ill is due to the
assembly complexity since in this scenario therabbework is based on pieces instead
of sub assemblies.

Scenario Il has among all the lowest cost, althotlgh difference is not distinct.
Compared to scenario |, it has the relative chedpleour cost and some manual
operations, and compared to scenario lll, the efiesupplier development cost, tooling
cost, machine invest and so on which are amortiaeithe piece cost in the localized
scenario, are not so huge. Taking also the difterassembly technique into
consideration, we cannot simply say which scenarreally better than the others.

Logistic Cost Comparison of Supply Chain Scenario I, I, 111
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Figure 4-10 B cost comparison of SC scenario Jlll,

The comparisons of B cost, namely the logistic e®sfuite clear. The local scenario Il
enjoys greatly the logistic advantage because efstiort transport distance. Product 1
for scenario | has a higher logistic cost for @kative complicated delivery mode since it
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has to be delivered together with assembly 1. Hewescenario Il has the relative high
logistic cost generally, because of the long transgistance for each individual part and
the high logistic handling requirement.

4.3.2 Transportation Routing Analysis

The transportation includes transporting the pansl components from upstream
suppliers to Tier 1, as well as transporting thedpcts from Tier 1 assembly plant to the
final customers.

4.3.2.1 Transportation Mode Analysis

Both the purchasing and distribution processeh®f3 scenarios are well illustrated in
Figure. 4-11, 4-12 and 4-13. In scenario |, ex¢kptproduct 1 and sub assembly 1 are
transferred through a consolidation centre, therothproducts are directly delivered to
the customer over 10 tkm away. And in scenariopdsrt 1, 2, and 3 from Spain,
Germany and Poland are all firstly transferred tdeaignated consolidation centre in
Germany which is close to the manufacturing plantl then shipped out to China plant.
Part 4 and part 5 from Brazil and Korea are shipgieettly to China on their own. The
choice between direct delivery and consolidationne of the key factors deciding the
logistic performances, so here these two transpontgolutions based on our reference
cases will be investigated.

Lqr;»g G

OEMF -3
Prod. CN]

Figure 4-11 Transportation Routing Scenario |

OEMG|
/5]

[cepF] _2
5 [Prod.cN]

Figure 4-12 Transportation Routing Scenario I
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The first option “direct deliverytefers to the direct transport from the suppli@enplto
the downstream partner, as in our case from Tgrapliers to Tier 1, and from Tier 1 to
OEM customers. There is no intermediate transhiprmpemt and the routes are easy to
coordinate. However, direct transport tends to eabgher logistics costs and
disposition management complexity degree. Eithemtérts are stored temporarily until
an economic lot can be shipped or transports l&@eupplier plant with low capacity
utilization. Since the first option increases lgade to the downstream partner, the
second option seems more viable in the competgiyaply chain environment. The
consequences of the direct delivery are higheispart costs, which are a drawback of
this solution. As already found out in last sectitte B cost of the direct deliveries is
extremely high considering the transportation amgised capacities.

The use of “consolidation centreéduces planning complexity, as routes are split up
into consolidated transport from the Tier 2 suppgliglants to the transhipment point
and from there to the Tier 1 assembly plant, andhenother hand, from Tier 1 to
transhipment point and from transhipment point t&M3. And what's more, the
assembly work in Germany in Scenario | can be somvehlso considered as a
consolidation process. This consolidation work gpexially beneficial when long
distances between supply chain partners, whickxastly our cases in Scenario | and
scenario I, have to be covered in specific regidtmsutes with high capacity utilization
bear economies of scale and could even be runtbgnative means of transport (e.qg.
trains for transport in Europe), which would funtltecrease transport costs. However,
compared with direct delivery from the supplierrtjathe lead time to the customer
increases due to the additional handling effort @eidurs.

However, no matter how beneficial the direct delvand consolidation centre are, the
long transport distance in the first 2 scenarias @l the time a huge flaw within the
entire SC perspective. Once there is any delaynatter caused by manual reason or
unavoidable natural disasters, nothing can be dgonmemedy, and this might result in
tremendous loss including even line stop in the miveam partners. The large on-way
inventory takes up a big part of the invest, arel ékpensive emergency solutions like
air freight etc add up the cost as well. Therefooen the transportation point of view,
shortening the transport distance is a fundameul@lof the supply chain design.

Figure 4-13 Transportation Routing Scenario I

The local sourcing and local delivery scenario tiyeahortens the transportation
distance, and therefore it assures a much shesddrtime and lower delivery complexity
degree. Meantime, the weekly or daily delivery jpatarly reduces the inventory as
well. In this case, a special method is appliedictvlis the “customer-pick-up”, where
the customer picks up his products from the loaal T suppliers in a “delivery run”,
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instead of having them delivered to their home aslslrin order to apply this concept on
a larger scale, the distances between the difféfamtl suppliers and the geographic
layout of the suppliers would have to be kept atasonable level, and the pick-up
round routine should also be carefully considetadour case, the customer drive out
from the OEM plant with trucks full of returnablenpty racks, and the empty racks are
changed to full racks with products by every pagsuappliers on the run-way. On one
hand is the truck capacity fully used, and on ttleohand the transport cost and time
are considerably cut down. Only efforts requireetganize the pick-up have to be kept
in mind, for example the capital investments in plagkaging racks because of the long
run. In addition to the reduced transport cost,ntamaging complexity by Tier 1 is also

tremendously reduced.

4.3.2.2 Sustainability Analysis - Carbon Footprint

The emphasis on global climate change is increbsipgiting pressure on automotive
companies, the emission level targets are not mdtricted in the OEMs, but are also
challenging the entire automotive supply chain. €hghasis is made especially to the
transportation aspect, since road transport isélsend biggest source of greenhouse gas
emissions right after power generation. AccordiagVDI report, the road transport
contributes about one-fifth of the total emissiafi<arbon dioxide (Cg), which is the
main greenhouse gas. In regard to the “green” ehgdl, the focus on designing an
optimal transportation routing from the logisticipioof view, is contributing more and
more to the competitiveness of an automotive suppbin. Reducing carbon footprint
of the entire operations is becoming rather a nnestd. As defined by “UK Carbon
Trust 2008”, a “carbon footprint” is “the total set GHG (greenhouse gas) emissions
caused directly and indirectly by an individualgamization, event or product”, the size
of carbon footprint can be calculated and the offsmtegy can be also suggested. Here
in this sub section, | am about to calculate trarsgpion time and the distance and
roughly the pollutant emission as well.

Basically | calculate the transportation time betweTier 1 and the OEMs, and the
pollutant emission based on monthly base. So irram meet the monthly requirement,
the pollutant emission of the transportation (pasthg procedure and distribution
procedure) are illustrated as the blue columns, thedtransportation time (mainly
distribution time) are illustrated as the yellowwuans.

Transport Time and Pollutant Emmision Comparison
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Figure 4-14 Transportation Time and Pollutant Emis€omparison
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As can be seen from Figure 4-14 the transport tiamespollutant emissions both show
the lowest values in scenario lll, since the losalirce and local deliver obviously

reduced the long overseas transportation distaszenario Il has the highest transport
time and pollutant emissions because of the dsigfle source from original European
and Brazil suppliers. However, this figure hasbt read carefully, as to the final

product shipped out from Scenario |, we should atstsider the transport and emission
factors before the products are assembled in Geplaaut, which is to say, there are also
transport time and pollutant emissions before toglyct shipment. Since this is already
calculated into cost factors before in the costyas and will not greatly effecting the

results in supply chain scenario comparison, tresghipment factor will be neglected in

this case study.

In general, from environment friendliness and gSostality points of view, the local
sourcing local assembly scenario is among all thestnbeneficial, and the single
international sourcing scenario is most unfavowgabl

4.3.3 Stability Analysis

By stability the bullwhip effect will be discusséal this section. Bullwhip effect has
always been considered as one of the critical problin a supply chain that negatively
influences costs, inventory, reliability and otlhmportant business processes especially
in upstream companies. The stability problem hasoime more critical due to the
increase complexity of global supply chains. Befamethe previous chapter, the
quantification model of measuring a multi-level tMproduct supply chain has been
theoretically talked about. Here in this chaptewtthe bullwhip effect work to the 3
supply chain scenarios of our reference case andghmal way to reduce the bullwhip
effect by adjusting the supply chain structure pahmeters will be discussed.

The daily volume data was collected from OEMs aondfTier 1, based on a time frame
of 3 month for each scenario. The ordered quastfoe Tier 2 suppliers were collected
as well. For research purpose, the corresponditegald month are processed.

Volume at OEM
Mean=267, Std dev=31, Variation coeff.=0,118
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Figure 4-15 Vehicle production at OEMs
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Summarizing all the 3 kinds of products togetheigufe 4-15, shows the vehicle
production situation at OEMs, this volume is théuatvolume produced every day at
OEM plants. As per calculation, the average volum867 vehicles per day, and the
standard deviation is 31 vehicles, with the vasiatoefficient of 0,118.

Volume at Tier 1 (Scenario 1)
Mean=289, Std dev=31, Variation coeff.=0,193
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Figure 4-16 Vehicle production at Tier 1, scenario

Figure 4-16 shows the production volume at Tiefie customer forecast is updated
with daily, weekly, monthly and yearly volume adling plan, this information accords
technically to the OEM volume quite well, howevier, safety reason, the OEM logistic
departments always add a safety volume on it. Simeeafety stock at OEM should be
kept on a certain level, when the stock is overlithéing line, the volume plan will be
adjusted manually. Therefore, the forecast at Tisralready processed and marked up.

Tier 1 Bullwhip Effect Scenario |
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Figure 4-17 Bullwhip Effect Tier 1, Scenatrio |

According to the theory introduced in the previahspter, the bullwhip effect between
Tier 1 and OEM can be calculated. Above the Figiie shows the bullwhip effect of
scenario | at Tier 1 (calculated according to foan@3.2)).
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Volume at Tier 1 (Scenario II)
Mean=274, Std dev=41, Variation coeff.=0,149
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Figure 4-19 Bullwhip Effect Tier 1, Scenario Il
Volume at Tier 1 (Scenario III)
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Figure 4-20 Vehicle production at Tier 1, scendliio
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Tier 1 Bullwhip Effect Scenario lll
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Figure 4-21 Bullwhip Effect Tier 1, Scenario Il

In the same way, bullwhip effects of scenario Idatenario Ill are calculated and

illustrated in the above figures.
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Following in the figures the bullwhip effect at Ti2 suppliers are also calculated, whose

forecasts are based on the data further procesJeerd.

Volume at Tier 2 (Scenario )
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Figure 4-22 Vehicle production at Tier 2, scenario
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Tier 2 Bullwhip Effect Scenario |
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Figure 4-23 Bullwhip Effect Tier 2, Scenario |
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Figure 4-25 Bullwhip Effect Tier 2, Scenario Il
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Volume at Tier 2 (Scenario 1)
Mean=279, Std dev=54, Variation coeff.=0,213
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Figure 4-26 Vehicle production at Tier 2, scendliio
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Figure 4-27 Bullwhip Effect Tier 2, Scenario IlI
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So from the above analysis, basically the forecadtimes are transferred with an
increase from down stream companies to the upstoeanpanies, though the IT system

already made the “synchronous” plan theoreticadlgsible.

Summarized in Figure 4-28, we may see the bullwdffpcts at Tier 2 suppliers are
generally higher than those at the Tier 1, andequiiiviously, this is because of the data
processing stage after stage. At Tier 1, the ficeinario, by which the Chinese OEMs
are supplied with German products, has the biggdsihip effect, since the strategy of
assembling in Germany requires more safety stoakeet the stability requirements.
And at Tier 2, scenario Il has the biggest bullwbkifect, due to the complicated and
unstable supply network. In general, the local sioigr and local assembly strategy is

relative with the best stability among the 3 scergar
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Bullwhip Effect Comparison
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Figure 4-28 Bullwhip Effect Comparison

Here based on the above analysis, it makes sealk tmore about how to eliminate the
bullwhip effect in the supply chain design. The mefective way out is the information

sharing, which means the share of inventory infaiona sales and demand information,
and forecast information. The bullwhip effects atually caused by the multi-level

forecast, since the downstream order quantity & Key information source for the

upstream companies to make decisions, and thisnmafiion is unfortunately always

exaggerated for all kinds of reasons. Currentlythe automotive production, the

advanced IT system has already made it possitdkace each other’s order information,
but there is still big space to increase the slyatiegree. And to improve the situation,
the VMI, vendor managed inventory is another goaaly o realize the sharing of

inventory information. Like in our case, the 2 daysck in customer’'s SP is actually the
application of VMI strategy.

4.3.4 Flexibility Analysis

Based on the theories introduced in last chapter3tscenarios of supply chains will be
assessed from 5 aspects, namely the operationbiflgxi logistics flexibility,
information flexibility, network and reconfiguratioflexibility and market and supply
flexibility. Here an evaluation with a result madkey 1-10 is made, where 10 is the
highest value and 1 is the lowest value. The higinemmark is, the higher flexibility the
supply chain has. The data used here are fromcesal experiences and the marks are
made by logistic experts in the company.

Table 4-2 Flexibility Comparison

Operatior Logistics| Information| Network &|Market& | Total
reconfiguration supply

Scenario | 6 4 6 5 4 25
Scenarioll |4 4 4 6 5 23
Scenariolll |8 8 8 9 9 42
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Supply Chain Flexibility Comparison
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Figure 4-29 Supply Chain Flexibility Comparison

Obviously, scenario Il enjoys the biggest flexilyil and the flexibility mark leads
distinctly ahead. Scenario | is a little bit molexible than scenario I, however, both are
not flexible enough.

4.3.5 Reliability- Risk Analysis

The supply chain risks are qualitatively analyzesfole in chapter 3, and a Risk
quantification model was established by EIMaraghg Blajety [EM 08]. In the model,
the risks are converted to cost, which is easiéetmeasured.

T nstll; §

Minimize Z=>>">">[LD,,, * X;,;. * PenRt Exp(Risk;, )] (4.4)
t=1 i=1 I=1 j=1

with :

LD Late delivery of parts (as percentage) by supplievel I, supplier j, in

e period t

Risk;, Supplier i risk, level I, supplier j in period t¢lv: 1, Medium: 2, High: 3) for
supplying parts late to their customer

PenRt Base penalty rate, defined as the dollar penattgvery part that is delivered

late

X Number of unit produced at stage I, level |, sugpli period t

il .t

Since the cost issue is already analyzed, herbisnwork, regarding the risk aspect, it
will be more concentrated on the supply chain stmat risks. Following the structural
risks of the 3 different supply chain strategiel e analyzed.

Scenario |: In this international sourcing and tinggional supply SC, from the Tier 1
German plant to the OEMs in China, the delivery asH transfer process is a series
process. A multi-mode transportation system incigdhighway truck transport inside
Germany, sea freight from Germany to China, ancémad highway transport in China
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has the typical characteristics of a series prod&essording to the formula introduced in
the previous chapter, total risk events on suppgircare accordingly calculated as:

P.=1—|j(1—R),

whereP, is the risk probability inland Germang, is the risk probability on the way
from Germany to China, an, is the risk probability inland China. According the
delivery situation investigated for 3 month, thédwing probabilities are taken:

P, =0,06, P,=0,2,P,=0,08
And the total risk probability is therefor& = 0,308

For scenario I, since there are not a lot of segsém the supply chain, the risk
probability is relatively low and the reliabilitg irelatively high from the structure point
of view. However, considering the very long trarmsaiion distance, great possibility of
unavoidable risks might happen on the way. Soishi®t the perfect way.

Scenario Il: In this international sourcing andabsupply SC scenario, Tier 1 has many
suppliers providing different single parts from albund the world, the total risk is quite
high because a failure at any of the suppliers tnigluse great loss, since in the final
assembly, not one piece is supposed to be misaimg).there are no substitutes once a
supplier failed to deliver overseas. Given the Idrngnsportation distance and the
uncertainties that may occur, this supply chaimade is extremely risky. The total risk
may be calculated as:

P:iﬁ,
i=1

where in our case 5 suppliers are considered. Ageaording the data collected and
analyzed, the risk probabilities from different pliers are taken as:

P,=0,18,P,=016P,=0,16 P,= 0,18 P, =0,08,
And the total risk probability is therefor® =0,76

Obviously, this is a very high risk probability frostructural point of view, so in regards
to risk aspect, Scenario Il is definitely not a dahoice.

Scenario IlI: Structurally this local sourcing aledal delivery supply chain is quite like
the one in scenario |, the only difference is tthet single risk probability is lower of
every single SC segment because of the much shoastesportation distance and the
possible alternatives. Since for the normal supplygase of the failure by Chinese local
suppliers or local Tier 1 manufacture, the origikaropean suppliers and Tier 1 plant
could serve as emergency solution as substituteacBaally for each part, it has a
parallel risk process, and for the entire SC,atisther adding process like Scenario Il.

Therefore the total risk probability could be céétad as:

4 2
P 221:” P,
i=1 j=

where we take
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P,=0,03,P,=0,18,P, =0,02,P,,=0,22,P, =0,04,P,,=0,2,P, = 0,1

And the total risk probability of scenario 3 isthg, =0,097

After all, based on the above structure analysien&rio Il has the highest risk
probability, and scenario Il is the most reliablee.

4.3.6 Summary

In this chapter a conventional model was offeredualuate a supply chain design case
of a Tier 1 door module producer’s different scesgrand here in the chapter summary,
the evaluation results are about to be analyzedeimeral, and other scenarios with
different supply backgrounds are to be discussetdu

4.3.6.1 Summarized Evaluation Result

The SC strategies are analyzed from different aspBased on the above analysis, the
performance evaluation results can be roughly sumzetdhfrom the investigated aspects:

Table 4-3 Summarized Evaluation Result

Aspects Evaluation Results
Cost Profitability > 1>
A-cost =1l =l
B-cost <<l
Transport | Simplicity (>1>1
Pollutant Emission <<l
Stability Bullwhip Effect <<l
Tier 2 > Tier 1
Risk Structural n<i<l
probability
Flexibility H>1>1

From the rough summary in the above table, it isced that from cost point of view,
although the material and production costs are stintfte same, the greatly reduced
logistic cost with local sourcing and local prodantincreased the total profitability of
the entire supply chain. And analyzing the transpmutes, the design scenario Il is the
simplest and “greenest” one, while scenario Il tres biggest complexity and biggest
pollutant emission. Concerning the supply chairbistg, we may see the bullwhip
effects are fiercer at Tier 2 than at Tier 1, amel $cenario | supply chain suffers most
from the bullwhip effects and scenario Il has tbast effects. Then coming to the risk
and flexibility analysis, scenario Ill is the mastliable and flexible solution, while
scenario Il is the relative risky and inflexibleeon

So in general, Scenario lll is of the most prefeeewhen taking the overall evaluation
results into consideration, however, different depants have different benefit
requirements, and with this conventional modes$ ipossible to assess the supply chain
performance from different points of view, but ®ntis not really a generalized model,
we are still not able to get a very precise conotugspecially when dealing with more
complicated supply chain design cases.
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Interest Conflict

« Local sourcing

* Small smallest demand quantity

« Long term supplier relationship

» Concentration in little purchasing market
« Single sourcing etc.

* Global sourcing

* Big smallest demand quantity

* Price reduction through competition

» Wide placement in the purchasing market
 Multiple sourcing etc.

’ Logistics ‘ ’ Purchasing

Figure 4-30 Interest Conflict between Differentdagments

For example as shown in the Figure 4-30, the lmgd#partment cares more about the
traffic and order convenience and the purchasingadment cares more about cost
reduction. Meantime, how to assure a reliable suppght be the main target of sales
team. So although this conventional model is clgagntitative, reflective, it cannot
reflect the general interest of the entire suppigiic participants. Therefore in the next
chapter, an integrate evaluation model using irglestem will be introduced, by which
the supply chain performance can be more compreleynevaluated.

However, the evaluation discussed above is onlgdas this very case, it can not be
simply stated that localization scenario is bettiean the others, rather different
circumstances may cause different profit orientetioand thus totally different
statements and conclusions, some other conditimshan taken into consideration in
next sub section.

4.3.6.2 Further Discussion under Different Supply C  ircumstances

As mentioned before in chapter 1, the reason faosimg door system supply as the
research case, is its representativeness for #raderistics of automotive supply chain.
A door system is complicated, and it contains parid sub-systems with different
materials from different suppliers tier by tier. drthis complexity and tier supply

structure is stated to be the main characterisfieg automotive supply chain [Sch 08].
Therefore the evaluation results for such a systeento a large content reflecting the
entire automotive supply chain performance. Howegertain restrictions can still not

be neglected, and for other different supply cirstances, situation might be far away
from the case studied in this work and even witiegtine opposite results.

Here in chapter 4 the vehicle door system suppmynfiGermany to China has been
talked about, which is quite a representative gipuchain with goods of relative high
value from relative high cost region to low cosjiom. From the case in this chapter we
got the conclusion that localization is a solutibowever, what happens to the case of
supplying goods from low cost region to high cagion, like from China or India to
Europe? And what influences to the door design supply might be caused with the
newly developed low cost vehicle? What should enged to cope with the E-mobility
trend? Will it still be the same evaluation resuftshe supply volume changes? ...
Those are questions to be considered as well.

Again the project case from the same door modybelar is used as example: when we
were designing the supply chain of a complex glopalject, we got some quite
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interesting outcomes. The project is organized imegy international way: R&D in
Germany, project management in China mainland,ooust purchasing in Taiwan
China, OEM engineering in Australia, door productio China and OEM production in
different Asia, Africa and North/ South Americaruadries.

Obviously this is not the simple supply chains waleated before with the easily
collected data and uncomplicated math tools. Amlithrather a case that needs a much
more general consideration of all related aspddigler this circumstance we cannot
simply say either localization is more beneficialgtobalization is more advantageous.
And after a long time work, we got in the end auoh with some parts global supplied
and some parts local supplied; Asian countries Iseghgrom different China plants,
American countries supplied from Mexico and Afrisapplied from Germany; in
addition, for each customer location, a new JIThplar warehouse was built up in the
OEM supplier parks. So in this case, the conveatiemaluation methods offered before
seem to be quite limited.

Regarding the localization or globalization strgtef many companies, beyond the
aspects discussed before in the evaluation motieketare more reasons to be
considered. Reasons for moving the production ifeesl abroad differ for OEMs and
suppliers. Successful OEMs follow their demand abiréo learn about the markets
directly and to be able to respond more quicklyd Almeir first tier suppliers just simply
follow them [GSD 08]. OEMs may want to leveragedbeadvantages in the form of
lower labour costs, and many n-tier companies nimmeause they manufacture simple,
labour intensive and logistic inconvenient partst anly because of their customers.
Besides the flexibility, reliability, logistic and the end cost reasons, another motive for
some movement is the avoidance of high duty relatqeenses. And engagement in
other important markets reduces the currency fs@use components are purchased
with the same currency for which the finished preids sold.

And regarding the degree of localization, anottsgreat has to be thought about. There
are parts of “completely knocked down” (CKD) or fiseknocked down” (SKD), which
refer to those products that require final assemablg/or finishing. Plants that produce
SKD or CKD may also be used to develop the marked country if the expected
quality output level there does not currently mdet requirements for a complete
production location. Many countries are now reaugra “local content ratio”, which is a
specification of the percentage of local parts completely assembled car. To meet this
requirement, OEMs have to transfer the responsilih their first tier suppliers as for
example in the door supply case to Ford China,stfstem localization was actually
officially required by OEM, which is indirectly reqed by the local government.

Other aspects should be also taken into considerdiefore pursuing a relocation
strategy. A volume manufacturer generally doessufier negative consequences if it
produces its cars in a cheap labour country as &sngertain quality standards are met.
A premium supplier may probably follow its customéo an important foreign market
with new production locations. However, the highakify and tradition of the home
market are essential brand images of a premiundbiEme production of premium cars
in new boom regions, could damage the image oféiécles, even if the customer base
for premium cars is rapidly growing in such regio8sppliers should always weigh the
benefit of cheap labour against the cost resultmogn higher logistic and transport
expenses and brand implications before they demidenew location.
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Back to the door case, in regards to the new veliel’elopment trend, the door system
must also be changed accordingly, both producgdesmnd the supply mode, especially
with the higher requirements to supply chain designsed by the increasing variants
and vehicle individualization. Instead of waitingrfa long time, people are rather
expecting a tailored vehicle with their personaérasted features more efficiently. The
BTO strategy requires a more complex yet more peesupply from the suppliers and
the OEMSs, which might be the biggest challenge éwappened to the automotive
companies; the new low cost vehicle requires deepst reduction from suppliers,
where the product structure and supply chain imgm@ent is the only way out when the
material prices and facility invest are alreadytkiepa limit margin; and as to the E-
vehicles which are already catching the entire edge eye, totally different
configuration from the traditional vehicle and timere individualized body design with
small batch production, requires extreme accurate wpdated supply chain. How to
cope with those trends, and how to design and atalso as to get the most matching
supply chain solution, is a new topic for us. There later in the work, besides the new
integrated evaluation model, the new automotivepuphain scenarios will also be
suggested, structurally and with implementary detai
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5. Automotive Supply Chain Evaluation with Integrated
Model

In the previous chapter how to evaluate the sumplggin has been discussed from
different aspects individually, summarizing the leation results we get a relative
comprehensive assessment which was named as comanevaluation model.
However, considering the conflicting interests offedent departments and the
complexity in analyzing the characteristics in shajh details, when coming to a really
big and complicated supply chain, the conventiomaddel is somehow not that
applicable for its detailed data requirement andpscrestriction. The conventional
evaluation is limited and lacking of a general viewassess the performance of more
complicated supply chains. Therefore in this chamaother method — the integrated
evaluation model, is going to be presented to etalsome complicated supply chains.
Applying a properly structured index system, thedelas designed based on real case,
and the evaluation results are then well analyaeatirect the further optimization.

5.1 Case Description

Previously in Chapter 4, a vehicle door is defifeam functional point of view,
structurally, as illustrated in the following figeira door system is composed by door
frame, window regulator, electronics and motoiGHatystem, glass, interior components
and so on.

Figure 5-1 Door System with Frame

When we design the entire automotive door systepplgwchain, products of different
integration degree, namely complex degree couldupplied to OEM customers. The
products listed in the following structure could &@éher supplied individually or with

different degrees of combinations. Next in the daling subchapters, the different
scenarios of automotive door system supply willfieoduced. Optimized supply mode
is investigated based on the performance evaluatisuits.
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Figure 5-2 Simplified Door System Composition Model
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Figure 5-3 ASC Scenario I: Single Component/ Asdgr8Shipply

In this supply chain scenario, the different comgrde required by a door system are
supplied individually to OEMs, the OEMs are respblesfor the supplier management
and the door system assembly in their own plangswBen Tier 1 and OEM there are
logistic providers and Design and Engineering camgsa taking care of the logistic
related issues and helping in the product and peodesign. These companies serve as a
special tier.

Coming detailed to the door system itself, the $iepp for door frame, window
regulator, ECU and motor, latch system, glass atelior components are serving as
Tier 1 suppliers, the suppliers for metal and jgsarts, cables, wire harnesses, handles
etc are serving as Tier 2 suppliers, furthermoeestieel blank, coating, screw suppliers
are considered to be the Tier 3, and the raw nahtsuppliers are considered as Tier 4.
Basically, this is the traditional way of supplgrtiorganization.
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5.1.2 ASC Scenario Il: Module Supply
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Figure 5-4 ASC Scenario Il: Module Supply

In this supply chain scenario, the supply tiers laasically organized the same as in
scenario |, the only difference is the Window Regoit (WR) and ECU and motor are
supplied as door module instead of individual congmis, the door module supplier
takes care of the management of WR, ECU and maofopliers, and is a relative big

system supplier.
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5.1.3 ASC Scenario lll: Semi-system Supply
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Figure 5-5 ASC Scenario Ill: Semi-system Supply
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In this scenario the integration of Tier 1 comesattarger extent. The door module is
supplied together with door frame and latch systenSemi-door system. Rather than
dealing with the component suppliers individuattye OEMs only have to manage the
semi-door system supplier, and this big suppliel Wwé managing the upstream
component suppliers who used to be the OEM direatacts before.
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5.1.4 ASC Scenario IV: Complete System Supply
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Figure 5-6 ASC Scenario IV: Complete System Supply

The last scenario to be investigated comes to abegration — a complete door system
supplier is supposed to supply the entire dooi®EMs. And this supplier is supposed
to be in charge of all relevant managerial, enginge logistic and commercial
problems overall. The customers have now only Jpkempinstead of before the many
suppliers for the vehicle door system. And simetifin Figure 5-7, only the complete
door system supplier is considered to be Tier 1d Are previous Tier 1 component
suppliers are now switched to Tier 2.
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Figure 5-7 ASC Scenario IV: Complete System Sup@ymplified

5.2 Model and Index Definition

Based on the scenarios with different supply tirrctures, it makes sense to know how
the different tier organizations influence the Se€érfgrmance. As is known, the

behaviour of every participating company in theoauttive supply chain can influence

the upstream and downstream partners. The optiilmizaf any single nhode company
might conflict with each other’s strategy and caasqualitative change of the entire
supply chain. Meantime, since it is currently nosgible to describe the profit allocation,
the partial decision optimization might jeopardike entire supply chain performance if
the overall benefit of supply chain is not consader Therefore, the most important
evaluation standard to assess the operation restilés supply chain is the integral

performance. The integral evaluation of automosueply chain is drawing more and

more emphasis and is now playing a more importalet in the company management
activities.

So here in this sub chapter, an integrated modé#él vei established for a proper
assessment of the entire supply chain performangeneral.

5.2.1 Concept of Integrated Automotive Supply Chain Performance
Evaluation

To some extend, the operation of the automotivelgughain is the process of creating
or increasing the automotive supply chain valueefffectively coordinating the SC
participators’ activities. And the so-called “autotire supply chain performance” refers
to the overall value created by SC participatotss Value is created under the support
of SC internal and external resources such assinfreture, human resource and R&D,
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etc. The activities of technical development, $tigimanagement, manufacturing, sales
and marketing, customer service and informatiomnegpies all together contribute to
the creation process.

5.2.1.1 Evaluation System Structure

The total value mentioned is consisting of 2 passstomotive customer value and
automotive supply chain value, the former referstite customer value gained by
purchasing of an automotive product or receivingtiee services; and the latter refers
to the value created or added by the activitieautbmotive supply chain participators,
which is made up by the value of individual actest and the value of collaborative
activities and the capability of automotive supphain to meet the customer
requirements.

The basic target of Automotive Supply Chain (ASg5tem is to supply the right item in
the right quantity at the right time at the righage for the right price in the right
condition (6Rs). Since the target of the perforneaecaluation index should be same or
with positive correlation, the ASC operation targemeantime also the evaluation base

of ASC performances.

End User SC Business || SC Partner- | |SC Commercial| |[SC Innovation
Value Process Value| | ship Value Value Value

il T 10 il il

Customer Automotive SC Value
Value

i i

| Automotive Industry Integrated SC Performance |

1T

| Target of Automotive SC |
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Figure 5-8 General Structure of the ASC Integr&edormance Evaluation

As shown in the above figure, customer value andv8iGe are defined for the ASC
performance. These two values define the ASC padace level from both external
and internal points of view, and are the decisigpeats of an integrated evaluation.
Figure 5-8, clearly explained the evaluation strcet
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5.2.1.2 Driving Force of Automotive SC Performance
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Figure 5-9 ASC Driving Force Analysis

The operation of automotive supply chain is withm always changing environment.
The internal improvement is to counteract the exkenegative influence as offset, and
increase the overall adaptability of supply chaid ancrease competitiveness. Figure 5-
9 illustrated a feasible structure analysis, whintiudes the effecting external driving

forces and internal driving forces. This structureflects that the change of

internal/external environment and the supply cheself, is to support the competitive

advantage through reducing cost, increasing ser@eel, speeding up the market
response, and improving technology etc. The owter tings show the external and

internal forces that influence the automotive symbiain performance, and the outcome
is the result of comprehensive function of the éstc

5.2.2 Evaluation Index System

To establish an integral supply chain evaluatiosteay, the final evaluation standard is
the customer satisfaction degree and the addee.v8l the evaluation must be based
on the main strategic supply chain target, ancetrsduation system should also be able
to reflect the overall supply chain operation ditwa and the relationship between

upstream and downstream partners, especially theente of a company at the supply

chain node to it's neighbour companies and thealvgupply chain performance.

Tier 2 Tier 1 Tier 0
Suppliers Suppliers OEMs
« Cycle time * Cycle time
« Product quality * Product quality
* Punctuality * Punctuality

Figure 5-10 lllustration of ASC Integrated Perforroa Evaluation Process
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An effective quantified evaluation system based kay indices, can support the
companies to check their management performanedyzmthe problems and improve
the supply chain performance with correct measunénige model which is going to be
used should be dynamic and comprehensive, it sHmulble to assess the delivery time,
quality, punctuality, etc, rather than only thetcasd productivity, as shown in Figure 5-
10, and it should also be reflecting the key datelbe dynamic, be combinable, and be
of most importance applicable.

In the next sub sections, the index system apgdiedthe later evaluations will be
introduced.

5.2.2.1 Establishing an I ntegrated ASC Performance Evaluation Index System

Based on the door system supply case, an integest@dation model with a relative
comprehensive index system was developed. As shovidigure 5-11, an evaluation
index system for automotive supply chain perforneame constructed, and will be
detailed introduced in the following sub section.

This index system is composed of two first hiergrehdices: customer value and
automotive supply chain value. The customer vadueflected by flexibility, reliability,
price and quality indices, and the supply chairugas reflected by SC business process
value, SC partnership value, SC commercial valubS(@ innovation value. In addition,
the second hierarchy indices are further detaiéal inore evaluation indices, as show in
the following figure.
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5.2.2.2 Index Definition

According to the automotive SC evaluation concept, evaluation index system is
detailed designed as follows:

I.  Customer Value(,)

The customer value is the external expression @ef #utomotive supply chain

performance. The customer value is the value gaimgdcustomer purchasing the
products and services, and it is a very importamymonent of the supply chain integral
performance. Since customer satisfaction is thecaminated expression of customer
value, therefore the customer satisfaction is c@rsid to be the single evaluation index
for customer value.

The customer satisfaction index is an index wheftects the cooperative relationship
between supply chain partners, namely the compsdersatisfaction degree of the
downstream company to its upstream companies ertaic time period. The lower the
satisfaction index value is, the worse the upstreampanies’ performances are, and the
low value reflects the low productivity and managemlevel of upstream companies,
whose performance influences the normal operatiafownstream customers, and will
further influence the entire supply chain perforggn

The customer satisfaction degree can be represbyténd four second hierarchy indices:
flexibility, reliability, price, and quality.

1. Flexibility u,
1) Product flexibility

_ newproduct

= [100% (5.1)
totalproduct

11

with 0<u,, <100%

The product flexibility reflects the ASC’s capabjlof producing new parts catering
to the new vehicles in a certain period. By newisles we mean the complete new
cars, substitutive new cars, and modified new catis, The bigger the value is, the
more product flexibility it has.

2) Time flexibility

u, = (1- actuakeactprﬂme ) [1100% (5.2)
plannedeactiontime

with 0<u,, <100%

Time flexibility reflects the ASC’s response time tustomer needs. It includes
mainly 2 aspects: response time of pre-sale aret-sftle service, capability of
changing delivery time in sale. The response tiae loe measured as the average
response time of the supply chain to end custoamat the delivery flexibility can be
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3)

1)

2)

3)

measured by the difference between average delitiatg and the minimum
delivery time. The bigger the value is, the moneetiflexibility it has.

Quantity flexibility

_ demandnetby SC

[1.00% (5.3)
totaldemand

13

with 0<u,; <100%

Quantity flexibility is caused by the uncertaintiydemands from end customers. It
reflects the supply chain’s adaptive capacity ® ¢hstomer demand change. It can
be calculated as the ratio of the demand met bai8the total demand. The bigger
the value is, the more quantity flexibility it has.

Reliability u,
Sales loss rate

_ lostrevenudforecastd)
totalrevenue

[1100% (5.4)

21

with 0< u,, <100%

It reflects the situation when ASC cannot meetdéfined demands. The smaller the
value is, the less sales loss is, and the mom@btelthe supply chain is.

Product shortage rate

u, = sr_lortggelme(days)moo% (5.5)
timein sale(days)

with 0<u,, <100%

It reflects the ASC'’s ability of meeting the cusmdemands with current inventory
level. The smaller the value is, the less prodindrtage there is, and the more
reliable the supply is.

Delayed delivery rate

= numbeiof ordersdelayeqjloo% (5.6)
totalnumbeof orders
with 0< u,, <100%

It reflects the ability of meeting the delivery g#mrequirements of customers. The
smaller the value is, the less delivery is delayed, the more reliability it has.
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4) Early delivery rate

_ numberof earlydeliverecbrders
totalnumbetrof orders

[1100% (5.7)

24

with 0< u,, <100%

Together with the delayed delivery ratio, it reteedhe delivery punctuality of
automobile supply chain in meeting the customeuireqents. The bigger the value
is, the more reliable the supply chain is.

5) Waited order rate

_ numbeiof waitedorders
* " totalnumberof orders

1100% (5.8)

with 0<u,, <100%

It reflects comprehensively the shortage and edeliwery situation. The smaller the
value is, the fewer orders wait, and the more bé&ighe supply chain is.

6) Customer complaint rate

U = numberof customecomplaintsmoo%
2 totalnumberof trades

(5.9)

with 0<u,s <100%

It reflects the unqualified service or productsadhat offered by ASC. The smaller
the value is, the less the customers complain, thedbetter the supply chain
performs.

3. Priceu,

1) Price advantage

targetsalegjuantity)

31

_( targetSCrevenuej ( referenc&Crevenue leOO% (5.10)

referenc&C'ssalegjuantity
with ug, =0

It reflects the price comparison of the target AS@ other reference ASCs. Since it
relates to many supply chains, the price shouldvbighted with different single
products. The bigger the value is, the more pribeatage it has.

2) Promotion rate
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_ numbeof promotions
correnspodingpromotiontimeperiod

(5.11)

u32

with ug, 20

Promotion is a very important pricing strategy, aswhsidering the diversity of
promotions, the above formula simplifies the praommwtratio. Here in the later
evaluation, the promotion ratio per year is taken.

3) Cost-plus rate

_ salegprice—buyingprice
buyingprice

[1L.00% (5.12)

33

with u;; =20

It is the rate of price difference (selling and imgy and buying price. The bigger the
value is, the more benefits there are.

4. Quality u,

1) Products ok rate:

_ humberof ok products 1.00% (5.13)

“. " numbef totalproducts

with 0<u,, <100%

It is the rate of qualified product number to th&at product number. The bigger the
value is, the better the quality is.

2) Return/rework rate:

_ numbeof return/revork
totalsalesiumber

[1.00% (5.14)

42

with 0<u,, <100%

The products with quality problems will be returnedreworked, the satisfaction
degree could be calculated by analyzing the returrrework information. The
smaller the value is, the better the quality is.

3) Customer inquiry time

_totalinquirytime
numberof inquiries

(5.15)

43
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4)

5.

with u,; 20

It reflects partly of the customer service leveheTinformation customer asked is
supposed to be offered within the shortest timeretore the shorter time it takes for
the customer to get the required information, tigedr the service level is. The unit
here is minute.

Response time to customer complaints

_ numbeof overtargetedimeproblemsolving [1.00%

: (5.16)
totalnumberof complaints

44

with 0<u,, <100%

The response time is the time from customer comglaintil the complained

problem is solved. The shorter this time is, thghbr the customer satisfaction
degree is. When quantifying this term, a targeti@atould be set up firstly, after
comparing the actual values with the set value,aittaal values which are over or
under targeted value are numbered and analyzedsrmbber the value is, the better
the supply chain reacts to customer complaints.

Automotive Supply Chain Valuel,)

Business process valug

The automotive supply chain has greatly acceler#ibed feedback and response to

market information, under the support of Interhetranet and EDI techniques. In order

to meet the 6R delivery target, a well organizeditess process should be assured,
which includes the following indices:

1) Sales to production rate;,

It represents the rate of sold out product quartbtythe produced quantity in a
certain time period. The time unit is normally “ntloh or “year”. And as the
improvement of ASC management, the unit could Enesmaller, even the “day”.
Since it reflects efficiently the utilization of gply chain resources, normally the
closer it is to 1, the better the SC resourcewtilieed, the smaller the inventory is
and the better the product quality is.

And this is represented by 3 indices in detail:
a. Sales to production rate at SC node company

numberof productssoldat nodecompany [1.00%

5.17
numberof productsproducedat nodecompany ( )

u5101 -

with 0< ug,,, <100%
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It reflects the sales-production situation at Nedenpany in a certain time
period. And the here the Node company means th&repm supplier in the
supply chain. The bigger the value is, the betterproduct sells.

b. Sales to production rate at SC Core Company

Upso, = numbeof productssoldat corecompany 1.00% (5.18)
numbeof productgproducedatcorecompany

with ug,,,20

It reflects the sales-production situation at CGampany in a certain time
period. And here the Core company means the taxgepany in research.
The value could be even bigger than 100%, whichnsi¢he products are
from financial point of view “sold” to customersutbthe customers have to
wait until the product produced.

c. Sales to production rate in the entire automohifgsy chain

totalnumberof productssold 1.00% (5.19)
totalnumberof productsproduced

u5103 =

With U, > 0

It reflects the sales-production situation of tmtire ASC in a certain time
period.

2) Production to demand rate,

It represents the rate of produced products to deenanded products from

downstream. It reflects the demand-offer relatign&letween different nodes in the
supply chain. And according to the “Barrel Prineipll choose the lowest rate at the
node company for the evaluation of the entire sppphin.

a. Production to demand rate at SC node company

_numbef productsproducedatnodecompany 1.00% (5.20)
numbeiof productsdemandedrom downstream

521

with ug,; 20

It reflects the demand-offer relationship betwedre tupstream and
downstream companies. The closer it is to 1, theebthe node companies
cooperate with each other and the higher the oa detiver level it has.

b. Production to demand rate at SC core company
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_ humbeof productqoroducedatcorecompanymoo%

Ugy, = (5.21)
numbeiof productsdemandedrom customer

with u,,, >0

It reflects the entire supply chain’s market resg@oability. If this index is
bigger or equal to 1, the supply chain is consideoebe strongly productive
and fast reacting and competitive to market dem#ntiis index is smaller
than 1, the production capacity is considered taveak and not able to meet
the customer demand.

3) Average absolute deviatiam.,

n

>.Ip s
Ugg = ——— *100% (5.22)
2P
1
It reflects the inventory level of the entire autaile supply chain in a certain time

period. The bigger the value is, the higher theemwry level is and the higher the
inventory cost is.

In the above formulan is the number of node companigs, is the produced
quantity ofi" Node company in a certain time period, ands the sales quantity of
i™ Node company.

4) Production cycle timeu,,

It reflects the tact time and production intervdlao certain product in a mixed
production line in the node/ core company. As thated in the following figure, the
cycle time is normally referred to as the productioterval time for the same
product.

Equipment
Cycle Time M, :thei™ productionline
P :the j" product(j=1,2,...n
M, P, P, | Ps P, ! P a )
M, P, P, Ps P,
M, P. | P, Ps| P

Production Time
Figure 5-12 Production Cycle Time

As this cycle time index reflects the response eegef a node company to its
downstream company, in the actual evaluation, teerwith longest cycle time is
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5)

6)

chosen to evaluate the product cycle time in theeessupply chain. The following
two indices are taken into account in detail:

a. Production cycle time at node compainy;,

Ug,, = timeproductp batch(i) isproduced-

5.23
timeproductp batch (i — 1) is producedatnodecompany) ( )

The shorter the cycle time is, the better resptredniode company is to its
downstream companies.

b. Production cycle time at core company,,

Ug,, = timeproductp batch(i) is produced-

5.24
timeproductp batch(i — 1) isproduced(atcorecompany) ( )

To reduce the cycle time of the core company, séwveeasures should be
taken: 1. cope the node company’s cycle time witheGCompany and cope
the core company’s cycle time with customer demé&ndjse the optimized
production plan or efficient production facility @verwork to shorten the
node/core company’s cycle time. Among which the dpation plan
optimization is the best choice since it doesrguiee additional investment.

Order fulfilment total timeu,,
U = timeof orderend- timeof orderstart (5.25)

This index reflects the total response time to austr orders of the entire supply
chain. The shorter it is, the more sensitive thppbu chain is to the customer
requirement, and the more favourable it is to redihe customer cost and increase
the customer value.

Production flexibility u,

Flexibility is a very important index of measuritige adaptive capability of a supply
chain to the changing environment. It reflects hmapable the automobile supply
chain is when the customer demands change.

Assuming the customer demaddobeys normal distribution, namety~ N(x,o? , )
Q,., andQ,, are defined as the minimum and maximum productiat brings
profits in a certain time period; we assuuieis the customer demand at time period
t, N is the considered time period, and then the avedageand dand the demand
varianceS, are calculated as following:

N
dr :zdi/Ni (526)
i=1
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N
S;=>.(d, -d)’N-1 (5.27)
i=1

So the production flexibility is represented by t#r@bability of customer demand
within the production scope as:

u56 = I:)(Qmin < d < Qmax) (528)
u56 — ¢[Qmax B d'] ~ ¢[Qmin _ d'] (529)
Sd

7) Delivery flexibility u,

Us = (L ~Enl > (L ~t) (5.30)

The unplanned volume caused by the market demanativa will increase the time
for supply chain internal reorganization, plan, aptbduction. The delivery
flexibility reflects the node company’s capabiliy adjusting the delivery time, and

to adapt the sudden important orders and spedi@rer We assume’ is the time
when the node company gets the ordey, represents the latest time when wonk
(m=1,2,...n) has to be finishedz,, represents the earliest finishing time of work

m, so the delivery flexibility can be representedthg ratio of unoccupied time
within the delivery time and the total delivery g#m

8) Mixed flexibility u.g
22T,

Ugg = N (5.31)

This index is used to evaluate the products varmascope and response time in
certain time period. The mixed flexibility includesoducts mixing flexibility scope
(e.g. different product volume in certain time) andking flexibility response (e.qg.
the time to produce new products).

In the mixing flexibility scope calculation, N(tepresents the volume of different
product type produced in time periodandt > 0.

The mixing flexibility response time can be calt¢athasT,

j» which represents the
time to change from productto product j.

9) Total cost/revenue,,
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U, = purchasingcost+ inventorycost+ informationcost+ transportt&ion cost (5.32)

+ qualitycost+...

It includes the purchasing cost, inventory codiprimation cost, transportation cost
and quality cost, etc along the entire supply chamd by this index, the
effectiveness and cost intensification of supplgictare reflected.

10)Data sharing ratei,,,

_ actualvolumeof sharediatain ASC

Uy = [1.00% (5.33)
volumeof data tobesharedn ASC

It represents the percentage of the shared d#te total data that are supposed to be
shared of the entire automotive supply chain. imfmron sharing is a very important
character that the ASC works cooperatively anchés key point of maintaining a
successful partnership in ASC. The content of irtgodr information share
represents the supply chain management degree oéltited companies in the chain.
The shared information includes: demand forecastgssdata, production plan,
strategic direction, and customer target, etc, @alize the integration of the
companies in automotive supply chain.

11) Product quality improvement rate, ,
ug,, = okrateof productp in batch(i) — ok rateof productp in batch(i —1) (5.34)

6. Partnership valueg

Whether an ASC could succeed or not lies greatlytran cooperation of the node
companies. The satisfaction degree is a very importactor to maintain the supply
chain stable and developing, and to improve thareenthain performance. The
relationship between the adjacent node companiemsnthe satisfaction degree to its
adjacent upstream or downstream company, whichidesl the following indices:

1) On time delivery rateu,

= numberof 'Flmesof ontlmeQellverymoo% (5.35)
totaldeliverynumberof times

It refers to the percentage of on time deliverytiie total delivery times from
upstream company to a certain node company. Thienendelivery situation reflects
the cooperation capability among companies.

2) Profitability ug,

profit productunit

= _[1100% (5.36)
totalcostproductunit

62
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3)

4)

6.

It refers to the percentage of pure profit of prctdservice unit to the total cost of
product/service unit at the supply chain node caongs It reflects the profiting
capability and managing level of upstream compariige higher the index value is,
the stronger the upstream company’s profiting bié and the higher managing
level it has.

Product ok rateu,

_ quantityok products

= , M.00% (5.37)
totalquantityoffered

63

It refers to the percentage of qualified productise to the total product/service
offered by the node companies, and it reflectshality level of a supplier. The

lower the value is, the worse the supplier's qudétel is, and the on time delivery
rate could be effected by the rework etc, and ¢ited tost will also be increased and
correspondingly decrease the profitability rate.

Information exchange level,,

exchangethfomation [1100% (5.38)

u =
* " totalinformatian tobeexchanged

It is used to evaluate the degree of informatiommmnication between upstream
and downstream companies.

Commercial valueu,

1) Financial income situation,

a. Market share

productofferedby supplychaini (1.00% (5.39)

u =
' productofferedby sametypecompanies

b. Product cost reduction rate,,,

_ productcostin previougperiod- productcostin currentperiod

712 = : . - [1100%
productcostin previougeriod

(5.40)
c. Return on capitali,,,

U, = profit of supplychalnmembersmloo% (5.41)
assebccupancy

It refers to the average occupancy percentage afit o the automotive

supply chain asset. And it reflects the scope dfievaadding performance

after using the assets.
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2) Capital fund running situation-,
a. Funds turnover rate,,

_turnoverof funds
721

= , — [1100% (5.42)
occupatiorof capital

It refers to the percentage of funds turnover ®dhcupation of capital in a
certain time period, and it is a key index whichk8 the entire process of
ASC, and is used to evaluate the capital turnoitaatson in raw material,

labour, semi-finished products and finished proglucithe supply chain. The
automobile supply chain works by applying advanfe@nd products, and
collaborating cooperative partnership to achiefasger capital turnover.

b. Inventory turnover ratel,,,

_ inventoryturnover

u,,, = [100% 5.43
2 totalinventory ° (543)

It reflects the inventory situation in the autometsupply chain. The bigger
the value is, the shorter time the products areedfoand the stronger the
supply chain operation capacity is.

3) Economic development capability,
a. Revenue growth rata.,,

_ turnoverof currentperiod- turnoverof previougeriod

a1 = : [(1100% (5.44)
turnoverof currentperiod

It reflects the sales increase in a certain pedochpared with that of the
previous period. The bigger the index value is,tiwe efficient the supply
chain works.

b. Profit growth rateu.,,

_ profit currentperiod- profit previougperiod

: , : [100% (5.45)
profit previougperiod

732

It refers the profit increase in a certain periaampared with that of the
previous period. It reflects the value adding perfance.

7. Innovation valueu,

1) Human (intelligence) capitalg,
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_ intangibleassets- humancapital
totalcapital

[1100% (5.46)

81

It refers to the ratio that intangible assets amah&n capital together occupies in the
automobile supply chain. It reflects to some extdrg long-term development
capacity of a company.

2) Average training time/costy,

3)

4)

_ ZtrainingtimeDnumbelof trainedstaff

Ug, = 5.47
%2 totalnumberof staff (547)

or

u,, totaltrainingcost (5.48)

" totalnumbenf staff

It refers to the ratio of the total training timedatraining cost to the total number of
employees in a certain time period. It reflectsaanpany’s sense of knowledge
oriented organization, and the company’s perforreaot key reform. It is very
important to an automotive company for its sustal@aeveloping ability.

New product flexibility ug,

Ugs =C£*100%) (5.49)

t

It refers to the difficulty for a new product to laecepted by automotive supply
chain, and it is summarized in time aspect and agjgéct.

The new product flexibility based on time can berespnted a3, which is the

time to introduce a new product. The new produciilfiéity based on cost can be
represented a€, , which is the cost to introduce a new producthiz0, C= 0.

The ug, is represented as above the formula (5.49), wihereC is product unit cost.
The bigger the ratio is, the more flexible a newdurct is introduced.

Sales rate new product (serviag),

_ newproduct(serviceturnover
totalturnover

[1100% (5.50)

84

It refers to the percentage of new product (sejvicmover to the total turnover in
an ASC in a certain time period. It reflects the R&apability and comprehensive
sales ability of new product (service) in supphaich The bigger the value is, the
stronger the R&D and sales ability the supply ches.



Supply Chain Evaluation with Integrated Model 115

In general, the evaluation index system is contgduavith all the elements introduced
above. In order to precisely and comprehensivefjuate the automotive supply chain,
and increase the ASC efficiency, some more emplsasigld be put on to the following
questions:

a) To have the information shared among supply chamigypators as much as
possible, and therefore make sure the data accuwadybeing updated. The
evaluation result should be kept accurate and ttagebased on the quantitative
data analysis;

b) To update and improve the evaluation system aaegitdi the changing reality;
c) To combine the internal evaluation system withithiegrated system effectively;

d) To understand the evaluation results correctly andvert the result into
business intelligence which should contribute ®m¢bmpanies’ decision making
as reference.

5.3 Automotive Supply Chain Performance Evaluation Algorithm

The method used for ASC performance evaluationefned as Multilevel Dynamic
Fuzzy Integrated Evaluation (MDFIE). This methodhe comprehensive utilization of
AHP (Analytic Hierarchy Process) and FEP (Fuzzy |&a@on Process). In order to
more correctly evaluate the supply chain perforreanboth qualitative and quantitative
factors have to be considered and a trade-off lmtwiee tangible and intangible factors
has to be made. As defined in the previous subtehaip is obvious that the system to
be dealt with is of multiple criteria and multildvi@ierarchies. Based on the research
from many scholars, the MDFIE is then defined taleate the objective automotive
supply chain scenarios in this work.

5.3.1 Previous Research on AHP and FEP

The application of either AHP or FEP supportingisien making has been studied
since decades, based on mathematics and psychthegf{HP was developed by Saaty
in the 1970s and has been extensively studied efited since then. Saaty introduced
AHP as “a multicriteria decision making approachwhich factors are arranged in a
hierarchic structure”[Saa 90]. Ghodsypour and @Brised AHP for supplier selection
[GO 98]. And Mon et. al proposed a new and gendedision making method for

evaluating weapon systems using fuzzy AHP basecriropy weight, against the

traditional use in crips (Non-fuzzy) decision apptions [MCL 94].

An AHP hierarchy is a structured means of modelimgproblem at hand. It consists of
an overall goal, a group of options or alternatif@sreaching the goal, and a group of
factors or criteria that relate the alternativestite goal. The criteria can be further
broken down into subcriteria, sub-subcriteria, awdon, in as many levels as the
problem requires.

The first step in the Analytic Hierarchy Processoisnodel the problem as a hierarchy.
In doing this, the aspects of the problem are erplat levels from general to detailed,
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and then expressed in the multileveled way thatAH® requires. The design of any
AHP hierarchy does not depend only on the naturéhefproblem, but also on the
knowledge, judgments, values, opinions, needs, syait. of the participants in the
process. In my thesis work, the automotive supplgirt values are interesting and the
hierarchical index system is then designed basddisinterest.

And as for FEP, Mikhailov and Tsvetinov [MT 04] pased a fuzzy prioritisation
method using fuzzy pairwise comparison judgemeattser than exact numerical values
of the comparison ratios, which then transformsitiigal fuzzy prioritisation problem
into a non-linear program. Jin et. al [JWD 04] meed a so called FCE-AHP method
(analytic hierarchy process - fuzzy comprehensiaduation), which is used to check
and correct the inconsistency of judgment matrix rhgans of accelerated genetic
algorithm, and offered the way of calculating elemeeights according to the fuzzy
relative membership degree matrix of single evadmaindex. Li [Li 01] constructed a
decision matrix and proposed a practical “propodioscaling method” for evaluating
mailing system. In general, the key process of FiSPthe identification of fuzzy
membership degree. Since the application of FE®aisle and universal, it can be used
for evaluating options and alternatives in différemdustries, as long as proper indices
and factors are chosen [JDW 04].

Another principle used in this work is the maximammbership principle. Membership
functions were firstly introduced by Zadeh [Zad ,6&jd according to his definition, the
membership function of a fuzzy set is a generabmabf the indicator function in
classical sets. In fuzzy logic, it represents tbgrde of truth as an extension of valuation,
and different from probabilities, fuzzy truth repemts membership in vaguely defined
sets, instead of likelihood of some event or cooditCivanlar and Trussell [CT 86]
presented a guideline to construct the membersigtibns for fuzzy sets whose
elements have a defining feature with a known pditya density function in the
universe of discourse, and Cheng [Che 97] evaluatesile systems by fuzzy AHP
based on the grade value of membership functimmRhe study of previous researches,
it can be seen that the membership function has éeglied in many different industries
and fields, and the final evaluation judgementsgfwork, is then also made according
to the maximum membership principle.

Most of the previous researches make the so cafletprehensive evaluation of multi
level systems by simply combining the AHP method BEP method together. It works
well when the system is not big, and the dynamaratteristics don’t count much to the
evaluation results. And it is also noticed, thesalation methods have been applied in
many different fields and industries, but not quited in supply chain evaluation. On
one hand, supply chain is rather a complicatedesysespecially in our reference case
the automotive supply chain, it requires not ongep understanding of supply chain
management itself, but also profound knowledgehef automotive industry; On the
other hand, the dynamic characteristics count miackhe automotive supply chain
performance, this again requires a comprehenspexisystem which should reflect at
least all the important features. Therefore, bagdup a proper index system is one of
the key factors for successful performance evalnatnd applying a proper algorithm
is another key factor. The index system has bedh uquin the previous sub chapter,
and in the following section, the MDFIE (MultilevdDbynamic Fuzzy Integrated
Evaluation) will be introduced — an algorithm defihespecially for this thesis work.
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5.3.2 Algorithm of MDFIE

As mentioned before, the method used in this werlleveloped on the basis of AHP
and FEP. To explain the algorithm clearly, the prchae of applying the evaluation
model will be firstly introduced, and then how &alize the evaluation functionally will

also be explained.

5.3.2.1 MDFIE Modd Application Procedure

In this evaluation, it's important to avoid takitfte indices as constants, and also avoid
taking the data from certain point of time to resemt the performance of a long time
period. If this representativeness cannot be adpideen the parameters with most
proper scales are to be chosen. In order to atisesSSC performance more properly
and more actually, the evaluation should take theply chain dynamics into
consideration, and in addition, the evaluation ltesare supposed to be adjustable
according to the indices at different time poirBgsides, a time parameter K is also
introduced, which in this door supply chain caseusth rather be called the scenario
parameter. Although the integrated performancéefdt scenarios won't be analyzed in
the later calculation, considering the possibleliapfion for other cases, it is still quite
an important parameter from my point of view. Sedzhon the index system and the
other necessary parameters, the performance ddreliff scenarios at different time
periods can be investigated and evaluated withntbedel shown as in Figure 5-13,
namely the Multilevel Dynamic Fuzzy Integrated Exatlon model.

’ a1ebaibby xapu| uonenjeas pareibaju| Azzn4 ‘

Figure 5-13 MDFIE Model

The procedure of applying the MDFIE is then introeldi as following:
1. Establish the index aggregate and the evaluation aggregate V
According to Figure 5-13, an evaluation system dietarchies is applied, which is
the index aggregate U in the later discussions. #edevaluation results are rated
with 5 levels: “Very good”, “good”, “ok”, “bad”, ath “very bad”, which make up the

evaluation aggregate V.

2. Calculate evaluation matriR
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The evaluation indices are categorized into quantg indices and qualitative
indices, and the evaluation matrX is defined correspondingly by 2 different
methods.

1) Evaluation of quantitative indices
The evaluation matriR =[r; ] of time periodK, namely scenario K, can be

decided by membership functigp = pu(X) .

2) Evaluation of qualitative indices

It is difficult to quantify the qualitative indicegherefore the fuzzy statistic
method is used. The evaluation experts or speedhlievaluation team are
required to assess the indices according to preetk#valuation categories, and

the frequencyN; , which is the frequency that the evaluation resfallisinto the
category V, , is collected and from whichi(U;) can be calculated as
wU;) =N;/n, where:n is the number of experts who evalugi€y);) is the
membership function that reflects the membership/ofo the category;,
which is called the single evaluation of index.

3) Calculate evaluation matriR

The evaluation matriR can be summarized based on the above calculation o
the quantitative and qualitative indices.

3. Define the weightings of indiced/

Though the indices shown in Figure 5-11 can reflbetASC from a certain aspect,
the importance of every index to the entire ASCfqremance differs from one
another. Thus the coefficients to reflect the défe importance of every index
should be allocated, namely the “weightings”. Theightings can be defined by
many different methods, e.g. by experiences, diegaluates, or AHP, ect. And in
this work, the weightings are defined by experignocamely according to the
working experiences in automotive companies aneénwgws with automotive
supply chain engineers.

4. Integrated Evaluation

The calculation is done according to Figure 5-1&rfrright to left, from the 4
hierarchy to % hierarchy and step by step finally the evaluatresultB, is
calculated as

B, =WIR= (blk B P o T P b5k) (5.51)
4

B=> M B, =(b bbb, b) (5.52)
k=1

Where the A, is the weighting of different time period, anixkzl;
b.b,b,b,,b, are the integrated evaluation value dfemint hierarchies.
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However, for our model, the overall performancehaf 4 scenarios in general is not
really making sense for the comparison, so fidalk not going to be calculated. But
for other cases when the integrated evaluation rgpereflects for example the
performance of different time periods, this resaltld be very meaningful, and to a
certain extent, this can even be treated as anbiéerchy.

The detailed calculation process is explained gufé 5-14 in next section.
5.3.2.2 Functional Realization of MDFIE

It is relative complicated to apply the MDFIE fowvatuation of supply chain
performance, and it is also a reverse calculatioegss. As mentioned before, to reduce
the calculation complexity, the index weighting® alefined by experiences, and the
algorithm is illustrated in the following chart.

]4”1 Hierarchy Evaluation Vector\ ’ Index Weightings
]3“‘ Hierarchy Evaluation Matrix\ l
v < |4‘h Hierarchy Weighting Vector ‘

]3“’ Hierarchy Evaluation Vector\

]2“‘1 Hierarchy Evaluation Matrix\
v l 3rd Hierarchy Weighting Vector‘

]2“‘* Hierarchy Evaluation Vector\

{2nd Hierarchy Weighting Vector‘

] 1st Hierarchy Evaluation Matrix\
v

llst Hierarchy Evaluation Vector\

] Targeted Evaluation Matrix \ : v
< 1st Hierarchy Weighting Vector ‘

|
] Integrated Evaluation \

Figure 5-14 Algorithm of MDFIE Process

The 4" hierarchy evaluation vectors make up an evaluatiatrix of 3 hierarchy, this
matrix is then fuzzy multiplied with"®%hierarchy weighting vector, and the result from
this fuzzy composition is the®hierarchy evaluation vector. Th&%hierarchy matrix
and vector, T hierarchy matrix and vector, in the end the fisahluation can be all
calculated in the same way.

The basis curl for the fuzzy multiplication is dluated as:

P, =W, R, =(W1Drlj)D(W2 Drzj)D...D(Wn Drm):[[vvi Drij]

5.4 Automotive Supply Chain Performance Evaluation
Realization

In this sub chapter, the corresponding data reggrthe vehicle door system supply
chains are collected and processed in section.B4.applying the MDFIE method, the
4 different ASC scenarios are then integrally eatdd in section 5.4.2, and by analyzing
the performance assessment results with membeddgpee function, the different
scenarios are compared in general.
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5.4.1 Data Collection

According the automotive supply chain performancalwation index system, the data
of the 4 scenarios introduced before are colledtedhis section, and the data are
summarized and processed as in table 5-1 and 5-2:
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Table 5-1 Customer Satisfaction Degree Statistics

Customer Satisfaction Degree

ASC | ASC I ASC Il ASC IV
Flexibility | Product flexibility | 0,1% 0,15% 0,25% 0,3%
U, Uy
Time flexibility 0,1% 0,2% 0,4% 0,4%
U,
Quantity flexibility | 90% 92% 95% 96%
U
Re'labl'lty Sales lost ratel,, 0,9% 0,6% 0,2% 0,1%
u, Product shortage | 0,8% 0,6% 0,2% 0,1%
rate U,,
Delayed delivery | 1,1% 0,9% 0,4% 0,2%
rate U,
Early delivery rate | 1,2% 1,5% 2% 3%
Uy
Waited order rate | 1,5% 1,2% 0,6% 0,3%
Ups
Customer 0,5% 0,4% 0,2% 0,1%
complaint rateU,
Pricing Price advantage 70% 80% 85% 90%
u, Us,
Promotion rate 0,5 0,5 1 1
Uy, (per year)
Quality Products ok rate | 95% 96% 98% 99%
u, Uy
Return/rework rate| 0,8% 0,5% 0,2% 0,1%
Uy,
Customer inquiry | 50 45 30 20
time U,z (Min)
Response time to | 3% 2,7% 1,2% 1%

customer
complaintsU,,
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Table 5-2 Automotive Supply Chain Value Statistics
Automobile Supply Chain Value
ASC | ASCIl | ASCIIlI | ASC IV
Business Sales to u 96% 97% 98% 99%
production >101
process ate U Ugy0 98% 101% 105% 108%
51
value Us Us 103 97% 99% 101% 103%
Production to Usyy 100% 100% 100% 100%
demand rate
u 90% 92% 96% 98%
Us, 522
Average absolute deviatiot, 8% 5% 3% 1,5%
E;gguctlon U, () 30 26 22 17
42 38 31 25
timeUg, Usa2 ()
Order fulfilment total timeU, 45 40 30 26
Production flexibility Ug 0,18% 0,2% 0,25% 0,4%
Delivery flexibility Us, 0,2% 0,3% 0,5% 0,6%
Mixed flexibility Ugg (min) 18 15 10 8
Total operation costl;, (mil €) 6 8 12 12.5
Data sharing ratélg, 60% 5% 88% 94%
Product quality improvement | 1% 2% 3% 5%
rate Ug, ,
Partnership | on time delivery ratel,, 85% 90% 95% 98%
valueu, Profitability Ug, 9% 11% 12,5% 15%
Product ok ratetl, 90% 93% 98% 99%
Info communication levell,, | 60% 5% 95% 98%
Commercial| Financial Usqy 2% 3% 6% 9%
income
valueu, o u 8% 12% 18% 20%
situation U, 712
Usys 10% 16% 25% 30%
Capital fund Uy, 70% 75% 80% 90%
runnin
nning 0 70% 78% 82% 88%
situation U, 722
development
capability U, (per year) | 10% 20% 25% 30%
l"173
Innovation | Human capitalg, 10% 20% 35% 45%
value u Average training timetg, 100 120 150 180
(h/year)
New product flexibility U, 0,1% 0,12% 0,2% 0,3%
Sales rate new product/service| 98% 99% 99% 99%
u84
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The data of different supply chain scenarios whieglve been described before are
collected and processed based on the ASC integmgdrmance evaluation index
system. Most of those data come from the ERP das®,bincluding the production
management database, sales database, and custtatienship management data base,
etc.

5.4.2 Application of MDFIE on the Case of Vehicle Door Supply
Chains

Then the MDFIE process is applied to evaluate thyeply chains according to the
evaluation index system, and the automotive supesformance evaluation is here
considered as a 4 hierarchy integrated evaluatiablgm. Here the evaluation for
supply chain scenario | is firstly made:
1. Establish the evaluation aggregateand index aggregate U
The evaluations are divided into 5 levels: verydyagood, ok, bad, very bad
v ={V, (verygood),V, (good), V, (ok), V, (bad), V, (verybad)} (5.53)
The 4 hierarchy index system is constructed asvid|
1) Hierarchy 1
U={Ul’ Uz} (5.54)
2) Hierarchy 2

a. U, ={u.u,uu,} (5.55)
b. U, ={ u.u,u,,ug} (5.56)

3) Hierarchy 3

a U, ={ Uy, Uy, U (5.57)
b. u, :{U21’u22’U23!U241U25’U26} (5.58)
C. U, :{ u31,u32,u33} (5.59)
d. u, :{ u41’u421u43’u44} (5.60)
€. U :{ u51’u52’u53’u54’u55’u56’u57’u58’u59’u510’u51j} (5.61)
f. U :{ u61’u621u631u64} (5.62)
g. U, :{u711u72’u73} (5.63)
h. ug :{ u81’u82’u83'u84} (5.64)

4) Hierarchy 4

a. Ug :{ Us101: Usio2: Usloa} (5.65)
b. us, { u5211U522} (5.66)
C. Ug :{ u5411U542} (5.67)
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d. ugy :{ u711’u7121u713} (5.68)
€. Up :{ u721!”722} (5.69)
f. Uz :{ U731 U732} (5.70)

2. Calculate the evaluation matrRk

An evaluation group is organized with specialiggppliers, customers, quality
engineers and financial inspectors, etc. Basedherotiginal data, an evaluation is
firstly made to the @ Hierarchy. Evaluation vectop; is calculated by using

membership function, and thus result in the evadnanatrix R; .

The score is marked as following according to ta@stics of the first supply chain:

Evaluation vector ofi.,,: ps;0, = (0,1 0,5 0,3 0,1 0) (5.71)
Evaluation vector ofi.,,: Ps0 =(0,1 0,2 0,5 0,2 0) (5.72)
Evaluation vector ofi.,.,: Pss=(0,1 0,2 0,5 0,1 0,1 (5.73)

By combiningps,,,, Psign» @NA P53, the evaluation matrix is then got:

01 05 03 01 0
R,=/0,1 0,2 05 02 0 (5.74)
0,1 02 05 0,1 0,1

In the same way, following evaluation matrices ddug got:

02 05 03 0 O]
Ry, = (5.75)
0,1 04 04 010

0,3 0,4 0,2 0,1 O
R., = (5.76)

04 04 01 01 0
0,2 04 03 01 0
R,,=/0,3 05 02 0 O (5.77)
02 03 04 010
(0,1 05 0,3 0,1 O

R., = 5.78
” 102 0503 0 0 (5.78)

(5.79)

(0,1 0,3 05 0,1 O
10,1 02 04 0,2 0,1

Again in the same way, based on the scores®dfiigrarchy, the evaluation vectors
Of Ug;, Ug, Ugg, Uy, , Ugg, Ugg, Uy, @andug,, are calculated as follows:
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p, =(0,3 0,4 03 0 0) (5.80)
p =(0,3 04 02 0,1 0) (5.81)
P, =(0,2 0,3 0,5 0 0) (5.82)
p,,=(0,3 0,4 0,3 0 0) (5.83)
p,=(0,2 0,3 0,3 0,1 0,9 (5.84)
p, =(0,3 0,4 0,2 0,1 0) (5.85)
P, =(0,5 0,3 0,2 0 0) (5.86)
p.,=(0,4 03 0,2 01 0) (5.87)

The rest of the "3 Hierarchy indices are calculated as:
p,=(0,3 0,5 0,2 0 0) (5.88)
p,=(0,2 0,3 0,3 0,1 0,]) (5.89)
p,=(04 0,3 0,2 0,1 0) (5.90)
p,, =(0,3 0,4 0,2 0,1 0) (5.91)
p,, =(0,2 0,3 0,3 0,2 0) (5.92)
p,,=(0,3 04 02 0,1 0) (5.93)
p,,=(0,5 0,3 02 0 0) (5.94)
p,,=(0,4 0,3 0,2 01 0) (5.95)
p,=(0,4 04 02 0 0) (5.96)
p,,=(0,3 0,4 0,2 0,1 0) (5.97)
p, =(0,3 0,5 0,2 0 0) (5.98)
P, =(0,3 0,4 0,3 0 0) (5.99)
p,,=(0,2 04 03 0,1 0) (5.100)
p,=(0,3 0,4 0,2 01 0 (5.101)
p,.=(05 0,3 02 0 0 (5.102)
p,.=(0,3 0,3 0,3 0,1 0) (5.103)
p,,=(0,3 0,4 0,3 0 0) (5.104)
p,,=(0,3 0,4 0,2 0,1 0) (5.105)
p;=(0,2 04 0,4 0 0) (5.106)
P, =(0,3 0,4 0,2 0,1 0) (5.107)
P, =(0,2 0,4 03 0,1 0) (5.108)
P, =(0,3 05 0,2 0 0) (5.109)
P =(0,5 0,3 0,2 0 0) (5.110)
P, =(04 03 02 0,1 0) (5.111)
3. Define the weightings of 8hierarchy indices according to experiences
w,, =(0,25 0,5 0,25 (5.112)
w,, =(0,5 0,5 (5.113)
w,, =(0,5 0,5 (5.114)
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w,, =(04 03 0,3 (5.115)
w,, =(0,6 0,4) (5.116)
w,,=(0,5 0,5 (5.117)

4. Fuzzy calculation of ® hierarchy evaluation matrices

According to the formulaB, =WoR =(b, b, b, b, by ) ., calculate the
evaluation results of thé®hierarchy by fuzzy conversion:

01 05 03 01 0
p., =w,,oR,, =(0,25 0,5 0,29-/0,1 0,2 0,5 0,2 0

(5.118)
01 02 05 0,1 0,1
=01 025 05 02 09
cwoR.=(05 09- 02 05 03 0 0
Ps, 52 ° N5y , ' 01 04 04 01 0 (5.119)
=02 05 04 01 0)
o, =Wy, oRy, =(05 08 > 24 02 010
54 — Wss © Ry , 7104 04 01 01 0 (5.120)
=04 04 02 0,1 0)
02 04 03010
p,,=w,°R,=(04 03 0,3/03 05 02 0 0 (5.121)
02 03 04 01 0
=03 04 04 01 0)
0, =w,oR,=(0,6 04| o+ > 93 010
o e 02 05 03 00 (5.122)
=02 05 03 01 0
o, =W oR,=(05 08 93 02 010
73 73° Ry3 ' , 0,1 02 0,4 0,2 0,1 (5.123)

=01 03 05 0,2 0,

Those vectors are then normalized as:

_ 1
1.1¢

©0,1 0,25 0,5 0,2 0,1 =(0,087 0,217 0,435 0,174 0,087
(5.124)

Ps1
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p52=1—].'2(0,2 05 04 0,1 0)=(0,167 0,417 0,333 0,083 0) (5.125)
p54=1—:'11(0,4 04 0,2 0,1 0)=(0,364 0,364 0,181 0,091 0) (5.126)
p7l:1—:'l2(0,3 04 04 0,1 0)=(0,25 0,333 0,333 0,084 0) (5.127)
p72=1—:.11(0,2 05 0,3 0,1 0)=(0,182 0,454 0,273 0,091 0) (5.128)
p73=1—2(0,1 03 05 0,2 0,)=(0,083 0,25 0,417 0,167 0,083

(5.129)

To form the evaluation matriR,, the evaluation vectons,,, P, , Ps3s Psss Psss
Pss s Ps7» Psgy Psg s Pso @NAPg,; are combined together as the evaluation matrix.

By which we get

p, | [0,087 0,217 0435 0174 0,087]
P, | 0,167 0,417 0,333 0,083 0
Pss 03 04 03 O 0
Ps, | |0,364 0,364 0,181 0,091 O
Pss 03 04 02 01 O
R.=|ps|=| 02 03 05 0 0 (5.130)
Ps; 03 04 03 O 0
Psg 02 03 03 01 01
Pso 03 04 02 01 O
Ps1o 05 03 02 O 0
| Psia| | 04 0,3 0,2 0,1 0
p,] [025 0,333 0,333 0,084 O
R, =|p,,|=/0,182 0,454 0,273 0,091 0 (5.131)
p,;| |0,083 0,25 0,417 0,167 0,083

And analogously, the rest of th&"hierarchy evaluation matrices are calculated as
follows:

p,] [03 05 02 0 0
R,=|p,|=/02 0,3 0,3 0,1 01
ps| |04 03 02 01 0

(5.132)
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'p,] [0,3 0,4 0,2 0,1 0]
P,| 10,2 03 0,3 0,2 0
03 04 02 01 0
R, =|" = (5.133)
P,| |05 03 02 0 0
Ps| |04 03 02 01 0
ps| |04 04 02 0 O
'p,,| [0,3 0,4 0,2 0,1 0]
R,=|p;,|=/03 0,5 02 0 O (5.134)
ps| (03 04 03 0 0
'p,] [0,2 0,4 0,3 0,1 0]
0,3 04 02 01 0
R, = Pez (5.135)
P| (0,5 03 02 0 0
P.] |03 03 03 01 0]
'pe,| [0,3 0,4 03 0 O]
03 04 02 010
R, =|Pe (5.136)
Pes| 0,2 04 04 0 O
'Pes| |03 04 02 0,1 0]
'ps,| [0,2 0,4 0,3 0,1 O]
030502 0 0
R, = Pz (5.137)
P&:| (05 03 02 01 0
P| |04 03 02 0 0
5. Define the weightings of 8hierarchy indices according to experiences
w,=(0,4 0,3 0,3 (5.138)
w,=(01 02 02 02 01 02) (5.139)
w,=(04 02 04) (5.140)
w,=(04 02 02 02) (5.141)
w,=(015 01 015 01 01 015 01 015 (5.142)
w,=(03 03 03 01 (5.143)
w,=(04 03 03) (5.144)
w,=(02 02 03 03 (5.145)

6. Fuzzy calculation of ® hierarchy evaluation matrices
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03 05 02 0 O
p=w,oR,=(04 03 03)o|02 03 03 01 01 (5.146)
04 03 02 01 O
=03 04 03 01 0
[03 04 02 01 O]
02 03 03 02 O
, 03 04 02 01 O
p,=w,oR,=(01 02 02 02 01 02) 05 03 02 0 0
04 03 02 01 O
04 04 02 0 O
=02 02 02 02 0)
(5.147)
03 04 02 010
p,=w,oR,=(0,, 0,, 0,,)0/0,3 05 02 0 0 (5.148)
030403 0 O
=0,, 0, 0O, 0, 0
02 04 03 01 0
3 04 02 01 O
p,=w,oR,=(04 02 02 02)
5 03 02 0 O (5.149)
03 03 03 01 0
=02 04 03 01 0)
p,=w,°R,=(0,,1 0,, 0,10, O, 0,10, O,,1)
(0087 0217 0435 0174 0087
0167 0417 0333 0083 O
03 04 03 O 0
0364 0364 0181 0091 O
03 04 02 01 O
o/ 02 03 05 O 0 (5.150)
03 04 03 O 0
02 03 03 01 o1
03 04 02 01 O
05 03 02 O 0
04 03 02 01 O

=«n§

015 015 015 0))
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03 04 03 0 O
, 03 04 02 01 0
p,=w,oR,=(03 03 03 01)o
02 04 04 0 O (5.151)
03 04 02 01 0
=03 03 03 01 0)
025 0333 0333 0084
p,=w,oR,=(04 03 03)o| 0182 0454 0273 0091 (5.152)
0083 025 0417 0167 0083 '
= (025 0454 0333 0167 0083
02 04 03 01 0
, 03 05 02 0 O
Py =wWgoR,=(02 02 03 03)o
05 03 02 01 O (5.153)
04 03 02 0 O
=03 03 02 01 0)
To normalize those vectors | get:
pl=l_12(o,3 04 03 01 01)=(025 0334 025 0083 0083 (5.154)
pzzé(o,z 02 02 02 0)=(025 025 025 025 0) (5.155)
p3:ﬁ(0’3 04 03 01 0)=(0273 0363 0273 0091 0)  (5.156)
p,=(@02 04 03 01 0) (5.157)
ps=é(0’15 015 015 015 01)=(0214 0214 0214 0214 0143
(5.158)
p,=(03 03 03 01 0) (5.159)
1
=——_(025 0454 0333 0167 008
Pr = og7¢ . 3 (5.160)
=(0194 0353 0259 0130 0064)
pfi)(oﬁ 03 02 01 0)=(0333 0333 0222 0111 0)  (5.161)

Based on the above calculation, | get thfeh@erarchy evaluation matrices:
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p,] [025 0334 025 0083 0083
025 025 025 025 O
R, =|?|= 2 (5.162)
p,| | 0273 0363 0273 0091 O

P, 02 04 03 01 0

p,] [0214 0214 0214 0214 0143
03 03 03 0L O
R, =|"|= . (5.163)
p.| 7| 0194 0353 0259 013 0064

p,| | 0333 0333 0222 0111 O

7. Define the weightings of"2 hierarchy indices according to experiences

w,=(02 02 03 03) (5.164)
W, =(03 02 03 02) (5.165)

8. Fuzzy calculation ofLhierarchy evaluation matrices

025 0334 025 0083 0083
025 025 025 025 O

0273 0363 0273 0091 O
04 02 03 01 0

Pl’ = Wl o Rl = (0,2 02 03 073)0

=03 03 03 02 0083
(5.166)
0214 0214 0214 0214 0143

03 03 03 01 0
0194 0353 0259 013 0064
0333 0333 0222 0111 O
=(0214 03 0259 0214 0143

P,=W,oR,=(03 02 03 02)o

(5.167)

To normalize these two vectors | get:

p1=—11183(o,3 03 03 02 0083 =(0,254 0,254 0,254 0169 007)
(5.168)
P,=—= (0214 03 0259 0214 0143
13 (5.169)

=(0189 0265 0229 0189 0127)

Based on the above calculation, tiehierarchy evaluation matrix can be got:
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P] [0254 0254 0254 0169 007
- "= (5.170)

P, - 0189 0265 0229 0189 0127
9. Define the weightings of*lhierarchy indices according to experiences
W=(04 06) (5.171)
10. Fuzzy calculation of the evaluation result

, 0254 0254 0254 0169 007
Bl=WoR=(04 06)o

0189 0,265 0229 0189 0127 (5.172)
=(0254 0265 0254 0189 0127
After normalization we get:
1
B, =——(0254 0265 0254 0189 012
! l089( K (5.173)

= (0233 0243 0233 0174 0117)

Until now, the integrated evaluation result of sém | has been calculated available,
and with MDFIE method, the performance evaluatiesuits of the other automotive
door supply chain scenarios are also calculatédllasving:

B, = (0257 0354 0169 0117 0103 (5.174)
B, = (0287 0249 0233 0143 0088 (5.175)
B, = (0386 0247 0201 0119 0047 (5.176)

According to the maximum membership principle, @&ncbe clearly seen that the
performance of ASC | and ASC Il are “good”, sinbe maximum membership degrees
0,243 of ASC | and 0,354 of ASC Il are located e t“good” category. The
performance of ASC Il and ASC IV are “very goodince the maximum membership
degrees 0,249 of ASC Il and 0,386 of ASC IV areated in the “very good” category.
And if we look into more detalils, it can be notidbdt the evaluation result of ASC Il is
better than ASC I, since it’s closer to good ang/\ymod, the membership degree values
of these two categories are both bigger; and disoevaluation result of ASC IV is
better than ASC Ill, since to the very good restik,also closer and the degree value is
larger. All in all, the evaluation result can bersnarized as:

ASCIV >ASCIIl >ASCIl >ASCI (5.177)

And this is to say, the deeper the integration eegs, the better performance the door
module supply chain has. However, some more aspspegially the restrictions of this
evaluation method should be taken into considara®well:
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a. Restrictions of the index system: As mentioned feefthis index system is built
up based on the understanding of interests forcisin project case, and for
different purposes, people may have different indgstem. It could be either
more complicated or more simplified, and it coulsbabe just with some of the
interesting indices which are required for the wdlial cases. So the restrictions
of the index system can not be neglected in thed @aaluation results.

b. Inaccuracy of the weighting definition: The weiglgs applied in this system are
defined according to experiences, though they aggested, discussed and
finally determined by the responsible specialishkey are still not accurate
enough. Because for different evaluation purpdsenidices may actually have
different degree of importance, so in the realfsaleation cases under other
circumstances, weightings should possibly be reddfiaccording to the certain
conditions.

In addition, the weightings can be calculated withny other methods, such as
AHP, minimum deviation, and regressive analysis; EIWD 04]. Those
methods are theoretically more accurate for gettivgy weightings, however,
since the weightings are then calculated again Wu#zy methods, it doesn’t
make much sense to have the weighting values morerate in this case.
Therefore the experienced value is used on one foamdducing the calculation
complexity, and on the other hand for serving thedeation purpose more easily
while the weightings can be flexibly adjusted.

c. Subjective evaluation results from the lowest higrg: Since some of the
evaluations are made by experts scoring, thoughdtites are taken for every
single indices of the "4 hierarchy, except the quantitative values, the &um
restrictions can not be eliminated for the qualiatvalues anyway. Therefore
the evaluations are somehow subjective, and witkrdnt criteria and different
evaluation specialist teams, the result may diffefem each other. But here in
this work, since the calculation has been donealsty by hierarchy and the
membership degree of final evaluation vectors aitegbvious, especially that
of scenario IV, the results locate dominantly ie tategory “very good” and
then in the category “good”, it is still very refkeng to the real supply chain
performance.

In general, despite the above restrictions, thdopaance evaluation results are still
quite reliable. Since the automotive supply chgstem is such a complicated system, it
is possible to evaluate some certain aspects witar onethods, but for an integrated
evaluation, this MDFIE method is more suitable emate preferable.

5.5 Discussion

Based on the index system built up according toatitemotive door supply chain case,
the ASC performances are evaluated hierarchy bradtiey, and the final results are
calculated as well in the above sub-chapters. énetind of this chapter, | would like to
discuss more about the evaluation results, anduttieer steps we are supposed to do
based on the results.
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5.5.1 Further Indication of the Evaluation Results to ASC Design

The four different automotive door supply chains imwvestigated with MDFIE methods,
from the evaluation results it is known that thef@enances are getting better as the
integration degree gets deeper. In ASC scenatioel OEMs have to deal with many
suppliers who supply the single door componentt) e management complexity and
the supply risk are very high. The upstream layje©OBMs has many nodes and each
node company’s performance has to be considerechvauds a big deal of work to the
OEMs, and the entire supply chain performance iantime still not very satisfying, as
can be seen from the evaluation results, the padoce is only assessed as “good”.

Then in the ASC scenario Il, some components anegbgted as door module, and the
module supplier is now taking more responsibilitieom the evaluation result it can be
noticed that the performance is better than ASThen as the supplier integration gets
to a larger degree, as to a relative extreme situa ASC scenario IV, one supplier is
supplying the entire door: the previous OEM workheav done by a big supplier who
has not only the ability of production but also R&D capability and comprehensive
managing responsibility. This big supplier is rigldw managing the previous Tier 1
suppliers, and it's playing an important and speit in the new supply chain design.
The full involvement and large responsibility makdifferent from any of the previous
Tier 1 suppliers, and this new ASC player here dllater defined as a special tier in
Chapter 6. Some newly appeared special providerishwéare dealing with design,
development, logistic and other service work, &iflo be defined afterwards in the next
chapter.

5.5.2 Benefits of ASC Performance Evaluation and Optimization
Methods

Whenever dealing with the automotive supply chasighs, the SC performances have
to be evaluated and through which we get the kadigrther activities. The evaluation
system built up in this work offers an objectivderence for the real case study in
automotive industry. It has the following advantgm comparison with other
evaluation methods:

1. Unified and objective system

Though previously the human reasons have beendtalkeut as a restriction of the
system, nevertheless, compared with other evaluagetems, this system and method is
still enjoying the advantage of being relativelyjeabive and impersonal. The
characteristic of unification can reduce or evamiglate the unfairness and incomplete
results to a large extent.

2. Help to figure out the weak points of automotively chains
Through the performance evaluation, it is morecgdfit to find out the weak nodes of
the supply chain, and implement adjustments aceglygli The evaluation helps to keep

the supply chain lean and with a minimum waste.

3. Basis of management policy
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The evaluation results can be also used as a quadi inspect the work efficiency,
performance of individual workers and the managdragstem. For example the results
can be used as the basis of rewards and penatgnsys

Base on evaluation results, there should be a wayake the improvement, and very
generally, the optimization method is suggesteilesrated in the following Figure 5-
15.

Player ______, Target Knowledge

Hierarchical solution: limited
Market solution: simple SC circumference

« increase of quality/ flexibility
« increase of innovation capability
« profit of time allocation

OEM Individual profit maximization
Network solution: complex SC circumference
|
v
o ) N
© Network optimization through
E » market efficiency Optimization of the material and service network through
2 » market specialization
5 » hierarchical trust [« Optimization of the institutional nets
= « hierarchical information integration
@ > to — « Optimization of the social nets
2 * resource access/ sales guarantee
S « decrease of cost/complexity * Optimization of the information nets
<
2
=
w
(o]

\—

A 72

« Classic/non-classic contracts for simple SC circumference (market coordination)
« Relational contracts for complex SC circumference

Contractive regulation: ) oY )
« Price/ cost, quantity, quality, appointment, etc. Superior target: optimization of social nets
« Innovation promotion/ know-how protection * Clearness and available rights

« Clear regulation of the inter organizational cooperation * Avoidance transactions cost
« Fair chances/ risks divide « Limit of information asymmetry

« Penalty agreement for mistakes « Avoidance one sided dependence

« Control mechanism « Abandonment of the misuse of power and opportunisms
« Timely aspects: short-/middle-/long cooperation * Profits and retained security

« Spatial aspects: local, regional, inter-/national « Trust transfer
« Specific investment (local)

Superior target: optimization of information
network targeted on open — complete - communication
*Avoidance of transactions cost
«Avoidance of limit of information asymmetry
«Avoidance on sided dependence

Network optimization

Figure 5-15 Multivariable Handling Concept to Optiation of an Automobile Supply
Chain

Above the optimization process was actually a meation of the model developed by
Schonert [Sch 08], and it illustrates a multivalgabandling concept to optimize an
automotive supply chain. In this optimization copigea way of optimization of the
different networks is suggested, including insitttnél, social and information networks
through aspects like resources, production, orgdioizs and marketing and so on. By
investigating of the price, quality, quantity, tadues, risks, controlling, etc into details,
and modifying the supply chain structure, a firmabet of supply network optimization
based on the information sharing, risk avoidancebmarealized.

The optimization is supposed to be carried out gmalhthe ASC participators from

different tiers. Here in this work only this genenay of optimization is offered based
on the evaluation study, the detailed optimizinlysons will not be discussed since for
the different cases, solutions may vary much fraoheother. Some new automotive
supply chain phenomena and proposals will be dssxifurther in Chapter 6.
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6. Analysis and Conclusions of the two Evaluation
Cases

In a highly competitive environment, an effectivedaefficient global supply chain is a

must for automotive manufacturers and their suppli@he industry landscape is
exposed to a set of critical challenges and tréhalisare leading, if not accelerating, the
need to fine-tune supply chain strategies and ¢pesaeven further. The increasing
requirements for thorough information exchange eiffiective communication across the
supply network are critical for managing and opzimg the supply chain on a flexible

basis, and meantime keeping costs under controileWfost global car manufacturers
and Tier 1 suppliers are in the process of addrgdsiese requirements, smaller Tier 2
and Tier 3 auto suppliers have to make big effiortsatching up the developing pace.

Recent emphasis on global climate change is areasorg pressure on automotive
manufacturers to make the right decisions in maagss including R&D, manufacturing
and the general supply chain scope. In fact, eondgvel targets, currently in question,
threaten to alter the entire structure of the auatiustry. In regard to the “green”
challenge, the focus on the environment might neshthe supply chain scenario even
more radically. Rising energy and regulation consgeand the demands of continuous
customers require automakers and their suppliersdoce the carbon footprint of their
overall operations - including supply networks.

These challenges hit an industry already plagu#s mgh costs, low profit margins, and
accelerating competitions. Only a handful of essdleld layers are consistently
delivering satisfactory profits, and most of they@rs are undergoing some form of
restructuring. Meantime the general macroeconomitcfamancial circumstances are not
necessarily favourable, either. The world econowasy éxperienced a recession since end
of year 2007, and automotive industry has beeresnff the most from this recession
and is still not fully recovered. The overcapagtpblem is not yet solved and will be
existing longer. The cost of energy and raw matedantinues to increase due to rising
global demand. Strong fluctuations in exchangeiatatest rates pose another challenge
and are difficult and costly. The general circumsts are critical and challenging.

In this dynamic business environment, a superippluchain is one critical element to
help automotive companies differentiate themselk@s the competitors. The situation
is reinforcing the need to redefine supply chanategies, layouts, operations, and IT
level, and this redefinition can only be made bame@ proper performance evaluation.
Therefore in this chapter, supply chain evaluatimethodology will be further
investigated, based on the conventional and intednaodels applied in this work. And
two other aspects will also be discussed as key ptdyers in automobile industry,
especially the automobile supplier industry, whask the application of RFID and the
higher supplier integration. The RFID techniquerespnts the future way of increasing
automotive productivity and improving quality of ethinformation flow, and the
formation of half tiers represents the evolutieantt of the supply chain structure. In the
end of the chapter, a new automotive supply stracwill be proposed based on the
previous investigations.

6.1 Summary Methodology Automotive Supply Chain Eva  luation
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Supply chain performance evaluation is a very irtgodr part of supply chain
management, and it is essential for assessing dhwletion degree of supply chain
target and supporting the decision making.

The indicators for evaluating the supply chain d$tobe properly reflecting the

operation situation and the relationship amongstiygply chain participators. The effect
to the entire supply chain caused by every singlmpany should be taken into
consideration during the supply chain evaluation. the following sections, the

evaluation models applied in this research work bel investigated and the evaluation
results will be analyzed.

6.1.1 General Evaluation Models and Methodologies

There have been many supply chain studies dealitigtihe methods for evaluating the
performance of supply chains: Some evaluation systare based on SCOR (Supply
Chain Operations Reference) model, some are basedigply chain BSC (Balanced
ScoreCard) evaluation system, and also some adihefsased on the so called SaT (Sink
and Tuttle) system, etc. These are basically theeotileading methods for supply chain
performance evaluation.

The SCOR model is more focusing on the measureahtimprovement of internal
and external business processes, and it is alstucting the SEM (Strategic Enterprise
Management), which is normally investigated basedttee benchmarking. The BSC
system is not only an evaluation system but alsmamifestation of management
thinking, and it is rather an integration of evaioa, management, and communication
than an individual evaluation tool. Then about 8& system, it is developed with the
basic model of “supplier — input — manufacturingutput — customer — results”, and
contains seven basic evaluation indexes, which thee efficiency, effectiveness,
productivity, profiting capability, quality, innotian and working environment. The
characteristic of the SaT system is the close coation of performance evaluation and
the strategy making process, and this system islynased in logistic companies.

Besides, as the financial indicators used to bgimpdathe key role in performance
evaluation, methods such as ABC (Active-Based @Ggytiand EVA (Economic Value
Analysis) have been also applied, from the aspettprofit, investment, and ROI
(Return On Investment) etc.

On all account, the basic principles of supply oharformance evaluation are listed as:

« Clear emphasis: selective analysis for key indexes;

+ Clear reflection of the supply chain process;

« Clear reflection of the entire supply chain’s pemiance, instead of only analysing
the behaviour of one single supply chain participan

« Updated dynamic analysis rather than post-mortesiysis;

+ Reflection of supply chain participants’ relatioishcoverage of all interesting
objects, enlargement of evaluation scope.

As finer design for automotive supply chain is rieeg from almost every point of view,
the above listed targets are new challenges folABE evaluation and its subsequent
optimization. Besides the before mentioned methagles, the two evaluation models
established in this research work will be analyfedh mainly characteristic point of
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view in the following section, and the evaluati@sults will be analyzed as well. Some
suggestions will be offered based on the evaluatsnlts and will be further discussed
in the next sub chapters.

6.1.2 Characteristics and Results Analysis of Two Evaluation Models

As is discussed previously, indicators for finaheiad accounting operations used to be
very important for improving the financial situaticof the enterprises, but are still
inadequate in the supply chain performance evanaind improvement. In order to
make up the gap for the traditional methods, twalet® based on the special needs of
automotive supply chain management are investigatéiois work, with other methods
and evaluation aspects instead the ones listeceabov

In the first model, a case of automotive door medulpply was studied, based on the 3
scenarios happened during the localization proCHsis. case was mainly investigated
from the module supplier's point of view, so somaiminteresting indicators were
chosen for the evaluation, namely as discussedréddfte cost, transport routing,
stability, flexibility, and reliability. Additiond}, to cater with the green requirement, the
carbon footprint was also calculated when analyzigtransport routing. The reasons
for choosing such indicators are based on the bictigaest. As in the researched case, it
is not really necessary to care about the entipplgwchain from the very basic material
or component suppliers to the final car users theitinterest of door module supplier is
of highest priority. So all the calculations weretually done within the module
supplier’s scope.

Besides it's a localization process, the evolutiend of the three scenarios is also
somehow a gradually integrated supply processhasdenario Il achieves the highest
integration by complete local supply. Since beforeéChapter 4, the evaluation results
implied this scenario is superior to the other sgenarios from every single perspective,
therefore under this certain circumstances wher dctual case happened, the
conclusion is that the localization and integrasopply enjoys the biggest advantage.

However, the conventional model focuses on singieedsion evaluation, though big
efforts have been made to evaluate the supply grailormance comprehensively from
different perspectives, the evaluation results oah be perfectly integrated. These
evaluation results may reflect the supply chairardipg certain orientation or interest,
the balanced configuration of supply chain desmgrstill difficult to find, especially
when the supply chain is big and complicated andlinng large quantity of elements.
The lack of consideration about overall supply nhaerformance and the relationship
between the various members of the supply chaonésof the key limitations of this
model. As the impacts and constraints, and theativefficiency of the supply chain are
with non-linear relations, how the coordination safpply chain elements affect the
performance is an interesting question to be solkedddition, since the supply chain is
with multi-level structure and multi-level intersstit is necessary to establish the
corresponding hierarchical model to evaluate, winighonly evaluate the entire system
by analyzing sub-system behaviour, but also conducbmprehensive evaluation by
balancing the relationships of all supply chairtipgrators.

Then another integrated model was developed invtbi®, which makes it possible to
solve the interest balance problem by introducingirdegrated index system, which
consists four hierarchies in this case and reflegexry one’s interest by setting up a
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proper weighting factor for them. This index systiesnadjustable according to different
companies’ own situations, and the weighting systmuld also be adjusted as the
change of time, or supply chain focus, or any kifghossible changes especially when
the point of departure for the evaluation is chahdgased on this thinking, the system
model itself, is a flexible system, which can bea@méd to any supply chain

configuration by defining and setting up new evabraparameters.

Therefore one of the key achievements of this vi@tke establishment of the integrated
model, especially the index system. Since thisesyst adjustable, it can be adapted in
the automotive companies by picking up the appabprindexes or defining new

indexes for the researched objects, not necessaridyg OEM or big suppliers. And the

completion of this new system also make up thetditin of the previous researches,
which focus mostly on the supplier selection andl@ation, rather, this new system

takes the customer satisfaction, service level @go into consideration, which caters
more to the current requirements of automotive sugipain management.

With a clear evaluation purpose, the evaluationltesf the second case were quite
logical. By using the integrated model, four supgiain scenarios about the automotive
door system supply were investigated and evaluattdthe established comprehensive
index system, through the own developed MDFIE aflgor. As the four scenarios are

with gradually deeper integration degree, the amioh of the case under this certain
circumstances is that deepest integration suppbysithe biggest advantages.

The cases being evaluated by the two models aheceitain similar characteristics, and
enjoy certain common points such as the data ressuboth of them are originally
based on the automotive door system supply, thahghintegrated model is actually
dealing with a much more complex supply chain aodtains more participators and
components.

The evaluation results could be used for decisiaking, still, it requires higher
precision. One thing that can help in increasirggghecision is the quality of data to be
captured - a well maintained data base with timglgiate may contribute much to the
evaluation work and sustainable improvement.

Based on the evaluation results of the two models)e suggestions are proposed in the
next section for further improvement of the supghain performance.

6.2 The Application of RFID Technique in Automotive Supply
Chain

While most global OEMs and Tier 1 suppliers arethe process of addressing the
previously mentioned requirements for the new cditipe, information technology
plays an increasingly important role in the autaweoindustry. Effectively turning IT
from an “operational delivery” function into a “ategic, differentiating” asset, is now a
new challenge the decision makers are confrontkmgong all the new techniques,
RFID is catching up more eye lights of the exeasgiv

As is known, the continually changing market envm@nt needs the effective control of
the production processes. Essential condition efdbntrol is that the information is
available in time and of good quality. The quickesly it can be assured is directly from
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the production processes where it arises. To laittéinget it is essential to collect the
pieces of data and integrate them with the coranal planning systems. Thereafter the
E-kanbans are used, MES system are implemented,fuatiter more, a new and
promising solution based on the RFID technologprioduction control system, is also
started to be applied in some of the automotiveufaturing companies.

As is summarized from some existing researches ragdown study, the RFID
technology enjoys the following advantages:

« Not requiring line of sight access to be read,;

« The tag can trigger security alarm systems if reaadvom its correct location;

« Scanner/reader and RFID tag are not so orientagasitive;

« Automatic scanning and data logging is possibléevit operator intervention;

« Each tag can hold more than just one unique prochaz;

« Each item can be individually ‘labelled’;

« Tag data can be comprehensive, unique in parts/ammparts, and is compatible
with data processing;

« With the right technology a plurality of tags camdoncurrently read;

« It can be read only or read-write;

« There is a very high level of data integrity (clcdea check sum encoding);

« Provides a high degree of security and productesatitation — a tag is more difficult
to counterfeit than a barcode;

« The supporting data infrastructure can allow datmieval and product tracking
anywhere provided the scanner/reader is close énouidpe tag;

« Combined with its authentication is the ability noonitor shelf life - a societal
advantage in the pharmaceutical and food industry;

« Since each tag can be unique they can act as dtgdeature if lost or stolen e.g. a
stolen smatrt travel card can be cancelled;

« The technology is rugged and can be used in hastl@onments (heat and pressure)
to carry data to remote equipment;

« The technology lends itself to being updated, faanaple, as a car goes through its
life its service record can be electronically lodgdth the car.

Especially in the automotive industry, the applmatof RFID helps the real time control
and reducing of manpower, meantime increasing fexating accuracy. Besides the
great power RFID already demonstrated in the pribolucsystem, the traceability
capability RFID offers considerably improves thentounication among supply chain
parties and thus correspondingly improves the iefiicy. More important, it improves
the service level tremendously, and make it morssite to meet the downstream
partners’ and in the end the end customers’ reou@irgs, and increases the customer
satisfaction degree.

However, despite of the promising advantages RFH3, hthere are also some
disadvantages. One of the factors that slow downagbplication of RFID is the high
cost of installation. For large scale applicatibrs tcost has to be reduced in the near
future. And another big disadvantage is the inggcaf RFID technology at the current
level. As the development goes further and techgyol® more improved, this problem is
supposed to be solved soon in the near future.
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6.3 Introduction of a New Tier - Tier 0,5

As discussed before in Chapter 3, the modularityuirements demonstrated the
evolution trend of the suppliers, and it is alsedicted that some of the mighty

restructuring trends afoot in automotive supply ichbased on the performance
evaluation results, among which one important vgathat the future emphasis of OEMs
are being transferred more and more to the brarajégnmanagement and automobile
financial business instead of the traditional “M&wuring”. This is to say, the OEMs

are outsourcing more and more “non - core” processesupply chain partners so that
they become more market responsive themselves ecahie less exposed to demand
fluctuations by reducing their investment in fixedsets. The extent and nature of
outsourcing have been subjects to many experin@mdsnew solutions. The growing

demand for niche vehicles is set to encourage OHEbdsise suppliers in further

innovative ways. There is plenty of scope for sigftmore engineering and production
work upstream to the inbound supply chain.

A key aspect of outsourcing is the developmentrdfamced capabilities by suppliers.
An obvious cost benefit is that supplier wage raiesoften less than those at the OEMs.
In addition, time (synchronous production and d&ito point-of-fit) and quality (zero
defects) benefits are also expected, together iwtiteasingly sophisticated engineering
and operational capabilities. This can be seenstaged development.

6.3.1 From Tier 1to Tier 0,5

As the traditional definition of supplier tiers waalked about before, to make the
differentiation clearer between the current Tiearid the Tier 0,5 that is about to be
introduced, a detailed categorization with two kindf Tier 1 suppliers is firstly
presented:

Tier 1 basic: Suppliers with in-house design capability and jgeb management
capability who can assure timely delivery and reabte quality reliability.

An example would be a system manufacturer who hdliglays stock and who delivers
“just in time” to set time windows.

Tier 1 synchro: Suppliers who provide all of the basic capalatibut with virtually no
safety stock and actually closer integration ofdtigs and IT expertise to OEM.

Parts are delivered ‘just in sequence’, with stbelkng limited to what is needed to
transport parts from the supplier's plant to thetomer. Additional capabilities for the
supplier are synchronic logistics and IT expertis# is closely integrated with the OEM,
greater flexibility and more secure emergency piaces. They operate through ‘clone’
plants that are situated in supplier parks no ntioea@ 10 minutes’ travel time from the
OEM'’s production line.

Based on the above classification of Tier 1 suppliand all the investigations done
before in this work, a new concept of Tier 0,5 igyeeat interest. Actually it would be

rather defined as the Tier 0,5 Supplier, and mesnalso the Tier 0,5 OEM, for its big
involvement in the OEM work and the special suppiae it is still playing. Therefore

in this work, the Tier 0,5 will be exactly defined:
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Tier 0,5: Full service providers, integrated in OEM aciest whose business covers a
scope of automotive marketing study, engineeringigihe manufacturing and entire
upstream and down stream supply chain management.

For emphasising its supplier role, this Tier 0,%ls0 called the Mega System Supplier.
Basically, this new player integrates componergystem manufacturing through supply
chain management to achieve the optimum design gi¥en module. They carry out
pre-emptive market research and develop innovalesigns together with OEM or
through “shelf engineering”, where the innovativesigns are developed in advance of
need and placed “on the shelf’ for potential rayseé in future. This new tier will also be
taking care of the entire supply chain managemeninkegrating the information,
material and even finical flow which involves natly suppliers but also OEMs. Tier
0,5s are partners in major cost reduction projetteach model change, and in the
process of engineering innovation, and also ithedlcontinuous improvement activities
in between.

There were actually some experts talking about-eafled “Tier 0,5” concept or similar
concepts before, for example Harrison [Har 04] ardcutives from Magna Steyr in
their interview, but no one really made a reseandiis field and no one has been able
to give a clear definition. Besides, the conceplytivere talking about before is more
like the Tier 1 Synchro defined in this work. Se fhier 0,5 definition which is put out
here, is theoretically new to the automotive stitetdesign, and more concrete structure
proposals will made later.

6.3.2 Further Supplier Integration

Some global suppliers like Magna etc. were closelegrated with the product
development teams (PDT) of OEM, and the R&D integraof suppliers means fast-
tracking the process between digital mock-ups andyztion tooling. Among the entire
supply chain, making it more competitive is theg&rof cost, quality and delivery
timing control.

One aspect of Tier 0,5 integration is like in F@Qologne R&D centre, the co-location of
supplier engineers, which means that the Ford PiiZEtevely supervises the design and
development process. Nevertheless, this is a &gnif departure from a process
whereby the OEM hands over detailed designs tosthmplier whose role was then
limited to component assembly, this is one arearavttee Tier 0,5 vision is beginning to
emerge. Another is that some big system integsatppliers now take responsibility for
external as well as internal sourcing and integratif some entire auto parts such as the
entire door system (window regulators, door fraglesure system, glass, mirror and
central control unit etc.) as investigated in thesec of this thesis work, or cockpit
(including the heating, ventilation and air conaliing systems plus ducting, cross car
beams, steering member, airbag system and mostoglies and the plastic mouldings),
and the rest are bought in. By which sales of timpkers have accordingly much more
full responsibility for fixed assets and capitalpayed.

So in the new era, the Tier 0,5 suppliers will o)e thand make certain percentage of the
components, and on the other hand undertake lcgiand management responsibility
for all the rest in its new role as a big systerppdier. It has to be responsible for
integrating the efforts of a number of Tier 1 andr2 suppliers, and totally or partially
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in charge of the commercial issues and engineéssues. In some existed experiences,
a system supplier who is quite close to the Tiérdhncept supplier, has to deal with
many upstream suppliers among which some are “ie@fpsvhere the OEMs handle
prices and commercial agreements while the “Ties” (handles everything else
(including parts ordering, expediting and QM), aswme are “nominated”, where it
handles the pricing and commercial agreements ab. Wlese “imposed” or
“nominated” suppliers however are somehow a bafaethe long good, since supply
contracts for components are awarded on a glolpglgiasis, the resulted imposed and
nominated suppliers are mainly selected on pricgrderiteria but not others. The major
benefits of modular construction and the Tier @fegration can only be realized if full
integration of the various components takes plddhe design stage and the supplier
QM targets are fulfilled at the same time whenghee target are achieved.

Furthermore, increasing responsibility is not hagppg only in development and
manufacturing. OEMs are also trying innovative agghes in terms of assembly, with
some platforms, suppliers assemble a number of leedao final assembly at OEM
plant and attach them directly to the vehicles logirtown. The benefits that OEMs
achieve are reduced asset intensity, reduced sgppiy management costs, as well as
improved quality and productivity.

In general, the Tier 0,5 concept is quite a promgidrend of the automotive industry,
and the 0,5 vision can be realized with the mo more cooperation between OEMs
and system suppliers, and among suppliers. Onlyatteue integration is achieved, the
Tier 0,5 vision is not far away from being succabsf

6.4 The Future Automotive Supply Chain

Comparing to the automotive supply chain structliseussed before in chapter 2, a new
structure based on the investigations done in mésearch work is then defined. As
following in the figure, between the Tier 1 and OFtfere is a new tier, namely the
Mega System Supplierdefined as Tier 0,5. And between every two adjadiEms,
another 3 party service tier is introduced, which consedjyeistthe Tier 1,5 and Tier
2,5 etc. These additional tiers are mostly comsistif the external engineering design
companies and logistic providers. The introductainthe half tiers is defining the
automotive supply chain more precisely.
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Figure 6- 1 New Automotive Supply Chain Structure

The reason of these two innovations is on one lf@anthe requirement of real situation,
and on the other hand a suggestion to improve thenetive supply chain. The
advantages of this new structure will be introduicetthe following two sections.

6.4.1 Solution to Overcapacity

As is concluded by many experts and research uesit one of the biggest problems in
automobile industry is overcapacity, especiallyhie@ new booming areas like China and
India, where the auto industry has been enjoyimpable digit growth. Clever use of
capacity and the capacity risk bound to it has bexthe central factor for success in the
automobile industry. To balance with other concemlsile keeping the industry
competitive, the suggested scenario in this woilkwat only increase the supply chain
participators’ satisfaction degree, but also helgdlve the over capacity problem from
the following mentioned two aspects:

1. Vertical Integration

When the responsibilities are more transferredufgpbers, and big suppliers are more
involved in R&D processes, the investments inclgdifixed assets and human
intelligence of the OEMs can be greatly reduced.dxample the vehicle door supply, if
the supplier is supplying the entire door, inste&dbuilding up the complete assembly
line in their own OEM plants, only a test centr@éeded for the inspection at the OEM.
Even more than VMI, all the OEM should care is ggithe requirements to a certain
degree, no matter a black box design or grey baxgdethe mega suppliers will take
care of all the activities in achieving the OEMget; including cooperation with
external design companies, or managing the upstsegupliers for the door production,
ect. Generally, this job transfer will greatly reguthe OEM assembly complexity, and
increase the capacity utilization accordingly.

2. Horizontal Integration

It is always difficult to convince the competitdoscooperate with each other, especially
when they are sharing the same market level. Tdrispetition is a main cause of the
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reduplicated investment of the OEMs besides thdydamicreasing variety and
individualization requirements. But if we transi@ore responsibilities into the mega
suppliers, it will help the horizontal integratiohOEMs in a significant way.

Since the mega system suppliers are not supplyiegsmmgle OEM, and since products-
like in our case the door systems, share actuadlgyncommon parts and even common
modules and subsystems, it is more possible to theveategration at the mega supplier
level. For example the Tier 2 can supply only tteargping parts while Tier 1 combine
them into different door modules with different domation of the same window
regulator and ECUSs, then the Mega system suppiercombine the door modules with
different outer frames and then supply to differ@EMs, by which the actual supply
chain of doors is now reduced to a very simple lvith greatly increased capacity
utilization for the suppliers, especially comparedth the previous multifarious
intersectional supply chains.

In addition to the central production of like padsd platforms at Tier 0,5, the
geographical advantage of the suppliers could bésbetter taken with the integration
discussed above.

6.4.2 Solution to E- mobility

The research of new energy vehicles actually carrdeed to the 50s last century,
together with the booming production of traditionahicles. After a long run of the
R&D trail, the powertrain and fuel strategy goesotlgh the phases of oil (diesel fuel/
gasoline), natural gas (SynFuel CNG), renewablenk8al/ Electricity/ Hydrogen),

among which the electrotraction battery and elé@otion fuel cell are listed as the
development target.

Besides the obvious effect in powertrain and fueltegy, how the E- trend affects auto
design, is a question to be answered. To copethétigreen and sustainable target, when
people are all focusing on the battery techniquies, E-trend is also challenging the
vehicle body designs: the structure, materialsgtions, will definitely be influenced as
well, and if we come to the study of current puiid E-prototypes or the series
produced E-autos, the huge differences from befoeexisting traditional autos can be
noticed.

After all the success and failures, the industry baen sharing now the same opinion:
The electricity is the most applicable power foe fature vehicles. Although the high
cost of battery and limitation of one-time chargiogntinuation are still the biggest
obstacles, compared to other concepts, the comatieation of E-auto is still quite
promising. So even it is predicted the traditiomaticle will be still leading the market
in the next 10 years, the auto companies shoufatdy@ared for the coming E-trend.

Then quite logically, the automotive companies amnfronting the problem of
designing appropriate logistic concepts to copé wie E-trend, both the infrastructures
and the supply chain concepts. And if we look deep® the market segmentation,
besides the existing OEMs who are making a loffiofrts in the E-auto research, many
other new auto makers come to this business ane dlawady presented good results.
The characteristics of those companies are that dine relative small, but flexible in
production and management. They focus mainly orbttly design and final assembly,
and they have most of their systems outsourcethélimitation of their own capacities.
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According to the investigation of this work, difest companies focus currently in

different areas, and the market pilots are workimggnly in the pickups, shuttle buses,
special vehicles, and low speed city autos suitdblethe current urban system

especially the “Mega Cities”. The different marketentations give those auto makers
enough space to develop themselves. Based on\bstigation of the current existing

E-auto prototypes, people may very easily get dpdet@ the individualized design of

the autos, either small and cute, or big and s$tylsome vehicles totally changed
people’s traditional auto image.

Accepted or not, the suppliers have to change twicepts to occupy the new niche
market, and the SC designers have to design nephyscipains to meet the requirements
for this new market situation. Therefore the mptats suppliers should consider how to
change their material and design to cope with tbht Istructure; cockpit suppliers
should consider what kind of new functions are negliin the new vehicles, and what
others can be replaced; and the door system supplave to consider even, how a
vehicle door should look like in the future wherm twto itself looks no longer like an
auto. And since the door systems used to be caesides one of the most complex
systems, with different materials like steel, pasglass, textile, rubber, and applying
different techniques like stamping, blanking ,welgli coating, joining, etc, it will be
extremely difficult for the suppliers to solve thew supply chain dilemma.

In general, all the OEMs are confronted with twolgems: how to ensure the efficiency
when customers order totally different autos froache other (especially the outlook
design), which requires high degree of BTO; and hmwake the best utilization of the
supply chain capacities and achieve biggest stdimddion when meeting individual

customer’s needs. This situation challenges theeg® supply chain greatly, especially
to the roles every company is supposed to playomotive companies have to define
their position more clearly, since it is no longetask located only to the OEMs, it is
rather a task to the collaboration and integratibsupply chain members.

Then based on the above analysis, the new strudefieed in the previous section
offers a good organization which makes the reatimadf E-Auto easier, and the actual
supply more logic and efficient, since the workdsawill now be spitted by different

partners with an optimal utilization of their owtrength and advantageous capability,
and total resources of the E-automotive supply rcleain be effectively utilized by

appropriate collaboration of supply chain partnénsthis solution, the mega system
supplier, namely the Tier 0,5, will be playing areplaceable important role, and for the
E-auto supply chain, keeping flexible by the fuacthg of Tier 0,5, is extremely

important for the coming change.
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7. Summary and Outlook

This research has been done under the automothastiy background and the
researched period covers the recession time amyepctime. Therefore on one hand
the work has its scientific contribution, and ore tbther hand, the conclusions also
contribute to the real case problem solving. Irs ttihapter, conclusions of the entire
research will be presented, and some recommenddtorithe future research will also
be proposed.

7.1 Research Summary

The summary of research can be elaborated in tloeviog points:

1. The automotive industry is facing unprecedentechcba and challenges than
ever before. On one hand, the market is expanditly avdramatic speed, and
high volumes are demanded by the markets, theeeatitomotive industry is
experiencing a booming development; On the othedhaigh requirements
from the customers and fierce competition with ¢benpetitors are challenging
this century-old industry. The design of the auéwms supposed to be safer,
greener, and more individual, meantime the deliveag time are required to be
shortened in every possibly way. Time is good Ihallenging.

2. The competition is no longer a simple competitiomoag the different single
companies, rather, it's becoming the competitiosugply chains. This requires
not only the management of production and finana@ounting, but every
other aspect that is involved in the supply chain.

3. The automotive supply chain is one of the most darajed supply chain since
the automotive industry is a global industry, anastof the supply chain issues
are then global issues with large quantity of eleisie This makes the
automotive supply chain management normally cragsétworks.

4. Collaboration between the supply chain memberdaylely required than ever
before. Technology sharing and information shaang especially required in
the new supply chain environment.

5. In order to better design the automotive supplyirchar improve the current
supply chain, performance evaluations are needed.eValuation can be done
before a supply chain is established, which magrofood choices for the
design; the evaluation can also be done duringuipely chain operation, which
offers real-time dynamic assessment and discowebdtttleneck of the supply
chain, meantime offer improvement solutions as.well

6. For certain cases, evaluation from certain intergstperspectives with
conventional model might be enough. But for largel @omplicated supply
chain system, integrated model for the overall @atabn is necessary.
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7. The conventional model applied in this work welbkated the performance of
a door module supply case, and under that circuroesa localization supply is
a good solution.

8. The integrated model applied in this work well exdéd the performance of a
door system supply case, and under that circumssametegration supply is a
good solution.

9. The integrated model built up can be widely usedatimer cases as well, only
with adjustment of the index system when needed.

10.The MDFIE method of fuzzy calculation solves thaleation well, especially
with the imprecise data resources. And this mettasdbe used in other cases as
well.

11.To improve the supply chain performance in practsmame new technologies
such as the RFID etc. are suggested to be appliedh on one hand may
increase the productivity, and on the other haraly strengthen the information
management and the collaboration of the supplynchaitners.

12.Based on the analysis of current over-capacity Ipropmore out-sourcing of
the non-core business from the OEMs is necessdrighvalso means a deeper
integration of suppliers in the original OEM woskrequired.

13.E-mobility is a definite trend of the future autotiwe industry. Companies who
catch up this opportunity and make the first foohtpin E-mobile market, may
have big advantage in the future competition. Bt E-mobile has meantime
many different characteristics compared with theitronal vehicle industry,
market players have to make efforts in gettingadalé in this new market.

14.In most of the cases, based on the deeper outsglriitegration and E-
mobility requirements, new automotive supply chainucture is necessary.
Where the integrated Tier 0.5 is supposed to ptayrgortant role and some
other half-tiers are supposed to occupy the niob&tipn in the automotive
supply chain, meantime offer more efficient andlidjed services.

7.2 Recommendations for Future Research

As in this work a research mainly concerning thtomsaotive supply chain evaluation
has been made, both conventional model and inesjratodel are proposed and
analyzed by vehicle door system supply. The two efodre applicable and able to
generate reasonable evaluation results which Inelpe supply chain improvement and
optimization, however, in the real industrial apption, there is still space for model
modification:

a) The proposed models require many manual work, #leulations are done
manually with the help of Matlab. A user friendlyaduation software or system
with easy interface should be probably developgdwhich the engineers only
need to input some basic data, and the results bearthen automatically
calculated by the software or system. This is g #ae algorighum behind the
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model especially the integrated model could be admpnalized, and all the
manual calculation processes should be avoidediand by the computer.

b) The system developed in this work is suitable ®dpecial case applied for this
research, by adjusting the index system, the moolgld be used for evaluation
of other cases as well. And the researchers mdyg bpi a software or system,
where the indices could be defined freely by ther.us

c) There are different kinds of algorithms which cam @Wised for supply chain
performance evaluation, besides the MDFIE methaetl ua this work, some
other methods could also be developed by usingralgorithms like “gray
correlation analysis method” or “genetic algorittirasd so on.

It is expected that the recommendations may enhituecesefulness of this research, and
may contribute to the development of better supghain performance evaluation
systems, and help in the supply chain optimization.
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