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Abstract

The globalization of manufacturing and competition promote the manufacturing supply
chain (MSC) integration to a wider scope. The extended enterprise supply chain concept,
which was initially adopted by leading international giants, like IBM, HP and Chrysler, etc.,
has become a new competence to collaborate among the entire supply chain from the sup-
plier’s supplier to the customer’s customer. A common understandable quality management
platform is an essential basis for the OEM and all other partners in the chain to integrate to-
gether. Quality management has demonstrated its power, and the international quality stan-
dards are more and more involved in the supply chain’s quality. However, quality manage-
ment is still limited to the inside of a single company and its direct suppliers. Based on the
available literatures, until now the quality management of the extended enterprise oriented
MSC has not been well explored.

It is helpful for an OEM and its suppliers to have a quality management model that provides
a common basis for building such a cross-company MSC and for maintaining its operating
efficiently. There are several challenging questions: (1) Which processes are involved in
quality management for an extended enterprise oriented MSC? (2) How can the quality of
those processes be ensured through collaborative quality activities in an MSC? (3) Which
kind of organization structure and improvement mechanism should be put into effect?
(4) Which factors influence the quality performance of an MSC? (5) How can we evaluate
the quality performance of the chain in order to implement improvement measures?

In this research based on leading industrial practices and existing theory, an ideal quality
management model with three levels and eight processes is created with the function model-
ing method. This is intended to give a general view of the quality management of the cross-
company MSC and related approaches. The quality organization structure, cross-company
quality planning, continuous improvement, quality management for cross-company proc-
esses (which include product development, outsourcing, production and delivery) as well as
the enable platform in the entire chain are discussed. Answers are provided for the first three
questions above.

Based on systematic evaluation methods, first a performance-based evaluation of an MSC is
discussed with the Six Sigma approach. Then a process-based evaluation system is required
to check how an MSC is doing to reach the long-term goal in the ideal model. To do this a
quality stage model, criteria and evaluation approach are established. Thus, the last two
questions above are also answered.

In order to demonstrate the application of the quality model and evaluation approaches, a
survey of top tier Chinese suppliers is carried out and a general view of the quality manage-
ment capability of Chinese suppliers towards the extended enterprise MSC is depicted. Fur-
thermore, a Chinese motorcycle manufacturing supply chain as a concrete case is analyzed
by comparing it to the ideal model and an improvement roadmap is drawn up.

Key words: quality management, manufacturing, supply chain, extended enterprise
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Chapter 1 Introduction
1.1 Research background

In the global economy multiple entities collaborate to deliver a product to the final customer.
As stated by the vice president of the Boston Consulting Group, “As the economy changes,
as competition becomes more global, it is no longer company vs. company but supply chain
vs. supply chain” [Henko1994]. Supply chain operation, especially in the phase of manufac-

turing, strongly decides the time to the market, quality and cost of a product.

For a complex product the supply chain consists of multi-tier suppliers, from material sup-
pliers, component suppliers, system suppliers, system integrators to OEMs. The whole
manufacturing supply chain (MSC) is working as an extended enterprise; every party has its
contribution to the whole chain. The efficiency of a manufacturing supply chain depends on
the intra-organization of every partner as well as on the links between. Today’s information
technology provides the possibility to make all the members able to work together, no matter
which geographic position they are in. However, there are several barriers that do not allow

the efficient operation of a manufacturing supply chain.

e Every participant in a manufacturing supply chain is an individual company. What it
considers is always from its interest and for its benefit. In the manufacturing supply
chain the buyer and seller relationship makes cost reduction and quality product or
service into a dilemma. When the conflict goes to an extreme, it causes short-term
business behavior. This places a manufacturing supply chain, especially the OEM,

under tremendous pressure from market competition.

e Traditionally, separated commercial working style makes the whole chain inefficient.
For many years the company improves its own lead-time, inventory and process, but
rarely looks at the possibilities of improving cross-company borders. Optimization of
cross-company activity is not considered as advantageous for the own company, but
in fact a higher inventory at the supplier also causes a higher purchasing price
[Stocker 2000].

e In the Council Insight of the 18" Meeting of the International Aerospace Quality
Group (IAQG) on Oct. 5-6, 2005 it was expressed that “the areas of potential source
of risk that are linked to the nonconforming product are new material, poor control of
sub-suppliers, understood methods, lack of visibility, no common vocabulary and
few industry standards” [Dell 2005]. A new survey released on Nov. 16, 2005 an-
nounced that “the prevalence of outsourcing in electronics has resulted in companies
losing control and visibility across their extended supply chain, creating increased
risks” [McGra 2005]. Today, the companies could have visibility to their direct sup-
pliers; some of their tier 2 suppliers, but the ones further down in the supply network,
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there is no possibility to recognize the risk. “It has been found that 80% of quality

problems are to be blamed on sub-tier suppliers” [Power 2001].

To improve the situation, many companies are re-designing their supply chains. Most com-
panies today focus on the challenge of coordinating activity with their first-tier suppliers and
distribution channels. But few have developed the skills needed to reach beyond this tier and
coordinate the sourcing of raw materials to their final delivery [Hagel 2005]. After much
exploring, leading companies like Cisco Systems, Dell, etc. found out that without improv-
ing the integration with its sub-tier suppliers and expanding the quality initiative to sub-tier

suppliers, the manufacturing supply chain still cannot meet its market goal.

From analysis of industrial practices in the manufacturing supply chain it is shown that a
quality management mechanism with a view of extended enterprise, which integrates all
partners, can provide an overview of the whole manufacturing supply chain: either OEM or
its suppliers in the chain. This gives them a common understanding of how they can improve
quality in a collaborative way in cross-company manufacturing activities and what are the
efficient approaches to assure cooperation in every important process that partners are in-
volved in. It should provide the focal company with executable procedures to reach the most
optimized result with the win-win principle for all members in the chain. It is not the same as
re-engineering, which is designed to bring a transacting change immediately, but it helps to
set a foundation for all members to improve the quality of the entire chain incrementally.

This is the way to improve competitive advantage with an extended enterprise concept.

All kinds of international and industrial branch standards, e.g. ISO 9000 series, ISO/ TS
16949, AS 9100, etc. give clear requirements for manufacturing companies or suppliers.
They are the foundational bricks for supply chain operation. But from the organizational and
operational standpoint of an extended enterprise oriented supply chain, there is still insuffi-
cient research on a concrete guideline for cross-company quality management. Those stan-
dards answered the question about how every company should be in an MSC, but they are
not expected to define how everyone could work better together with others for the whole

chain.

Some leading companies like Cisco, Dell, Toyota and Daimler-Chrysler have implemented
all kinds of programs to improve the collaborative quality of the manufacturing supply chain
for their goals. The Supply Chain Quality Task Group also emphasizes the work on “Getting
and promulgating common understanding and usage of key QA supply chain terms (dedica-
tion, graded approach, etc.)” [SCQTG 2003]. This research is intended to present such a col-
laborative quality management model and corresponding approaches based on best industrial

practices up to now and theoretical research in the field of the manufacturing supply chain.
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1.2 Research goal and methodology
Goal of the research

In a supply chain the organizations are only as strong as their weakest link, so the challenge
is to integrate all functions efficiently. All parties must understand and be able to implement
similar quality standards [Moham 2001]. This research is aimed at forming a concrete col-
laborative quality management model with executable approaches for cross-company manu-
facturing activities. It also concentrates on setting up an evaluation system to check a single
company’s quality management capability in an MSC as well as judging quality manage-

ment performance of an entire manufacturing supply chain.

The purpose is to provide the focal firm with a complete quality management view of an ex-
tended enterprise oriented manufacturing supply chain, to help suppliers integrate into an
MSC collaboratively and to help both to combine with each other under a general quality
principle.

Methodology

In the theoretical part, based on the review of previous research on quality management of
supply chains and the industrial practice in the leading companies, a comprehensive frame-
work for collaborative cross-company quality management is presented. A hypothetical
evaluation system is given for a single company’s quality management capability in an MSC
as well as for the entire MSC. The main research methods, which are used in this part, in-
clude literature analysis, case study, process analysis, function modeling and evaluation and

selection methods.

In the empirical study, survey by mail and on-site interviews have been applied. In order to
learn about the general situation of Chinese manufacturing suppliers, the mail survey is
adopted. A questionnaire for the top tier supplier is designed with 40 questions in every
function field of quality management related to the collaborative activities with its suppliers
and customers. The on-site interviews and discussions were carried out with the focal firm,

its key suppliers and their sub-tier suppliers in a Chinese motorcycle MSC.

1.3 General overview of the work

Supply chain management applies to all manufacturing industries: apparel, furniture, food
and beverage, automotive, paper products, pharmaceuticals. Supply chain management in-
cludes internal production, planning and logistics capabilities, as well as relationships with
suppliers and even with channel partners. In this dissertation the emphasis lies on discover-
ing collaborative quality management measures for improving the cross-company processes
and common interface among partners with a view to the whole manufacturing supply chain
in order to ensure product quality, cut total cost, and reduce cycle time in an extended enter-

prise.
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The second chapter will deal with the state of art of the extended enterprise oriented manu-
facturing supply chain. The quality management development from international and indus-
trial branch standards to theoretical research will be reviewed. Based on that research, the

concrete problem that should be targeted in this work will be defined.

In the third chapter the requirements for quality of an MSC are defined. By referencing the
quality management concept of ISO 9000 and the Supply Chain Operation Reference Model
(SCOR) as well as analyzing the main functions of the manufacturing supply chain, the main
processes that affect cross-company quality management of an MSC will be defined and a

collaborative quality management model will be established.

In the fourth chapter the quality foundation of management processes, key processes and
enable technologies and the platform will be discussed. Based on best industrial practices,
the quality organization, the quality planning as well as the continuous improvement mecha-
nism for an extended enterprise oriented manufacturing supply chain are extracted and de-

picted.

In the fifth chapter a quality performance measurement system of an MSC is built based on
the Six Sigma approach. In order to view the coordinated quality management capability in
an MSC as well as the quality management level of an entire MSC, a hypothetical classifica-

tion system with evaluation criteria is discussed.
In the sixth chapter the survey objects, methods and procedures are described.

The seventh chapter gives firstly a basic analysis of the quality management capability of a
Chinese focal firm and system/component suppliers in an MSC according to the survey data.
Secondly, the quality management practice in a Chinese motorcycle MSC is analyzed, the
problems and week points are examined and an improvement strategy and roadmap are

drawn up.

The last chapter concludes the findings of the work and points out future research that is
needed in this field.

The structure of the work and the research methods are summarized in Figure 1-1.
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Chapter 2 The Development Of Quality Management in the Manufacturing Supply
Chain

2.1 The Manufacturing supply chain and its features
2.1.1 Definition of the manufacturing supply chain

The supply chain encompasses all activities associated with the flow and transformation of
goods from the raw material stage to the end user as well as the associated information
flows. Supply chain management is the integration of these activities through continuously

improved supply chain relationships, to achieve a competitive advantage [Hanfiel 1998].

According to the definition by ISO Technical Committee 184 for Industrial Automation Sys-
tems and Integration, the manufacturing supply chain is a term for the layers of processes
involved in the design or manufacture of a product. These processes may be carried out
within a single company or may be carried out by different companies. A company design-
ing (or making) a product or a portion of a product may subcontract parts of the design (or

manufacture) to companies within the supply chain [Vaugh 2000].

A demonstration of the structure is shown in Figure 2-1".

Last-tier
suppliers

Second-tier
suppliers

First-tier
suppliers

First-tier
customers

Last-tier
customers

J00¢C

Manufacturing supply chain Physical distribution

Supply Chain Management

Figure 2-1 Supply chain structure

The whole chain can be viewed as two phases, i.e. the upstream network supply side and the
downstream network demand side. In the early stage, people consider a supply chain more as

physical distribution and logistics rather than manufacturing. Along with the globalization

"In the thesis the first-tier, second-tier and so on is equal to the tier 1, tier 2 and so on.
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and IT development, the manufacturing supply chain plays an important role in the whole
process. This research is more concentrated on the upstream network, i.e. the manufacturing
supply chain, considering the product manufacturing process from raw materials to the final

product, as well as information integration with customers.
In a manufacturing supply chain the partners play different roles:
= Focal firm

This is the dominant company in a supply network. From the entire manufacturing supply
chain standpoint, it is the ultimate manufacturer or the final producer who carries out the last
assembly or production process, e.g. the OEM manufacturer in an MSC. It plays the most
important role in the management of the supply chain and works as a leading force in an ex-

tended enterprise.
= Intermediate suppliers

They are the producers or partners in every tier of the manufacturing supply chain. For their
production they purchase material or middle products and modules from their up-stream
suppliers. They deliver their products to their down-stream customers. Therefore, every
member is a supplier to its customer and a customer to its supplier, as well as a sub-supplier
to its customer’s customer. Intermediate suppliers are members of an MSC; therefore their
quality performances influence the quality of the final products and the operation of the
chain. The quality management abilities of the key suppliers have a strong influence on the

focal firm and the whole chain.

In the MSC the intermediate suppliers are normally classified as tier 1 supplier, tier 2 sup-
plier, tier 3 supplier and so on. In the discrete manufacturing industry, they are classified as
system supplier, sub-system supplier, component supplier and part supplier as well as mate-

rial supplier.

. . 2 . .
In general, every member in the MSC is a manufacturer “ or a service provider.

2.1.2 Features of the manufacturing supply chain

From a traditional point of view, the manufacturing supply chain just involves buying and
supplying activities. The Global Supply Chain Forum, a group of international companies
and a team of academic researchers, stated that “successful supply chain management re-
quires a change from managing individual functions to integrating activities into a key sup-

ply chain process” [Roman 2001].

US AMR spent two years for benchmarking the supply chain performance across a number

of industries and found out that the supply chain is changing from ““a supply/internal orienta-

* In order to avoid confusion with the chain quality organization (that will be discussed in chapter 3 and chapter 4),
“manufacturer” is here equal to “organization” as defined in ISO 9001.
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tion to one focused on the demand signal and the integration of the multiplier value chain
(from your supplier’s supplier to your customer’s customer)” and the supply chain mangers’
role is shifting from “product movement to overall responsibility of the integrated supply
chain” [Friscia 2004].

As globalization, outsourcing and product complexity increasing, the manufacturing supply
chain is involved in different companies that work together by means of optimized manufac-

turing processes and activities.
The concept of the extended enterprise

The European ESPRIT program- PRODNET (Production Planning and Management in an
Extended Enterprise) states:

“The concept of extended enterprise is better applied to an organization in which a domi-
nant enterprise ““extends’ its boundaries to all or some of its suppliers” [Cama 1997].

E. W. .Davis defines in his book “Extended Enterprises - Gaining Competitive Advantage
Through Collaborative Supply Chains”:

“The extended enterprise is the entire set of collaborating companies, both upstream and
downstream, from raw material to end-user consumption that work together to bring value
to the marketplace™ [Davis 2004].

T. T. Burton and others describe in their book:

“The lean extended enterprises view all the entities in the total value stream (e.g. suppliers,
subcontractors, the company and customers) as if they were a single enterprise. The speed
and effectiveness of each partner in the total value stream determine how successful the
overall value stream will be among the competing value stream. This is a gold mine of op-
portunity, because 70 to 95% of many organizations’ product costs, lead time, design, supply
chain planning, and manufacturing are outside of their four walls” [Burton 2003].

From the view of the focal firm the extended enterprise oriented MSC is a community that
integrates all strategic partners together in order to gain competence. It functions as an ex-
tended enterprise, structuring all the tiers of manufacturing enterprises and other partners. It
is normally led by the focal firm, but collaboration between partners in planning, design,
production and delivery takes place in the chain to gain a competitive advantage as a net-

work capability rather than in a single company. Its main features are as follows:
e Competitive unit

The future lies in competing supply chains rather than in competing companies [Dutta 2004].
No single company can decide about its market position and success alone, and it is depend-
ent on other participants in the chain [Stocker 2000]. In many industries competition is
quickly changing from firm against firm to extended enterprise against extended enterprise
[Dynes 2005].
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e (Collaboration

Many companys’ experiences showed that the success of a manufacturing supply chain does
not only come from advanced technologies and infrastructures, but also from seamless coop-
eration between the participants in the chain. “Collaboration has made it possible to reduce
product development time by 50%, and 80% of product cost can be reduced if suppliers and
customers place into effect ”Collaboration” early in the design process” [Allerton 2004].

Collaboration is the lubrication for a chain to function smoothly and flexibly.
e [T as the enabler

Achievements in the field of IT make the integration of the manufacturing supply chain pos-
sible. Web-based technology provides the platform and tools for realizing global sourcing,

design, manufacturing and delivery.
e Management inside as well as its interface

The focal firm and its partners in a manufacturing supply chain develop the management
from the inside of a single company to manage the interface between companies in the chain.
It is a management activity across companies and supply chains, but also closely related to

the internal management capability of every participant.
The manufacturing supply chain is normally viewed from a different standpoint.

From a single company’s standpoint, the manufacturing supply chain consists of its suppli-

ers, its distributors and its customers. It often appears as “a company’s supply chain”.

The completed product, however, is really the result of the entire supply chain. This supply
chain starts with raw materials and finishes with the final products, encompassing all the
steps of the supplier’s suppliers and ranging to the end manufacturer. Thus, the entire manu-

facturing supply chain consists of every single company’s supply chain.

A comparison between the two definitions of supply chain is given in Figure 2-2.

Suppher_s PN Q@zﬁb
Q O < | | \

Customers  Focal firm  Tier 1 Tier2 *eeseeee Last-tier
suppliers  suppliers suppliers
Single company’s supply chain Entire supply chain

Figure 2-2 Two scopes of supply chains

The National Initiative for Supply Chain Integration (NISCI) insisted that “managing a sup-

ply chain means not just one’s direct suppliers, but their suppliers, right on down sometimes
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to the most basic raw materials” [White 2004]. Quality depends heavily on the implementa-
tion and coordination of quality management activities upstream in the supplier’s operation”
[Mendz 1997]. “The companies that fail to manage their supply chains will face not just in-
dividual competitive companies, but entire supply chains with synchronized goals and ener-

gized and involved management” [Trimmer 2001].

It is a very complicated issue to manage and optimize the entire supply chain. In this re-
search, it is based on the strategic view of an extended enterprise oriented manufacturing
supply chain going beyond the boundaries of only single supply chain quality management
activities. The central idea is to set up a quality basis in the whole MSC. However, on the
tactics level, the MSC is implemented by every participant through a closely planned quality

management practice to its own supply chain.

2.1.3 State of the art of the manufacturing supply chain practice

The concept of the supply chain was established 30 years ago. Along with technical devel-
opment, supply chain theory and practice have made tremendous progress. Many software
companies offer manufacturing supply chain solutions in order to optimize the daily process
and to enable more intelligent and economical decisions with efficient planning processes.
The purpose is to enhance visibility across the whole supply chain; then to improve the sup-
ply chain reaction agility. Manufacturing supply chain management is moving from single
company to cross-company first-tier supplier integration and then to multi-supplier integra-

tion.

In the 90s Cisco Systems Inc. created a Manufacturing Connection Online (MCO), a busi-
ness to business (B2B) supply chain portal for its contract manufacturers, suppliers, distribu-
tors and logistics partners. It provides a central access point for manufacturing applications,
reports, planning tools, forecast and data, inventory information and purchase orders. This
system allowed its first-tier manufacturers to interact with Cisco as though they were part of
the company. The system worked adequately until mid 2000, when a world-wide high-tech
component shortage occurred. A missing link in Cisco’s supply chain management system
caused second and third-tier suppliers to over-order parts and components, for which Cisco
was required to pay. The incident highlighted the need for increased visibility across the en-
tire chain for all manufacturing supply chain partners. This accelerated its
‘e-Hub’ initiative. Its goal was to deliver end-to-end visibility, optimization, event alerting,
and performance, as well as other information beyond tier 1 manufacturing supply chain
partners to tiers 2 and 3 [Davis 2004].

Some time later, HP presented the next generation of a supply chain solution. It is a network
of all the touch-points in the extended supply chain with cross-enterprises collaboration in
product development, product lifecycle management, sourcing and procurement, supply and

demand matching, logistics and distribution, sales force automation and customer support.



Chapter 2 The Development of Quality Management in the MSC 21

By linking the factory floor with the supply chain management environment, it provides real-
time information on manufacturing progress and levels of quality that are achieved. It also
enables the scheduling of the manufacturing environment in nearly real-time. By simplifying
and standardizing supplier-based activities across the enterprises, it reduces costs, complex-

ity and risk [Hpso 2004]. The system structure is shown in Figure 2-3.
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Figure 2-3 HP’s next generation of supply chain solution [Hpso 2004]

However, according to the report of Capgemini in 2003, just 56% of the investigated Ger-
man companies have a clear strategy for the internal and external connection of value-added
processes [Capgem 2003]. Many companies, especially small and middle size manufacturers,
still have a lack of knowledge for operating their supply chains efficiently. As Schweizer Co.
CEO Rainier Hartel, one of Europe's largest PWB fabricators, said: “the supply chain was
very often nothing more than a slogan. The understanding of the complex procedures over
the complete supply chain is not as easy, and the systems to control them are not fully ready”
[Pietz 2002]. In order to improve avoidance of weak links and to group the suppliers into
homogeneous classes (especially small supply companies) VIVACE - Value Improvement
through a Virtual Aeronautical Collaborative Enterprise, which is a manifestation of the
European Commission's desire to fund cutting-edge research in the aeronautical sector - was
set up to take account of the all overall supply chain needs and views. Its so-called “Capture
of 3™ Tier Suppliers Requirement” project relates to new work environments for acronautics,
and ensures that those requirements are adequately taken into consideration in the research

and innovation initiatives of large enterprises [Lisanti 2005] [Jean 2003].
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2.2 Quality management and its role in the MSC

2.2.1 Quality management theories and the trends

Quality management has been tied together with supplier/supply chain in the literature.
The fourth item of Deming’s 14 points suggests:

“Move towards a single supplier for any one item on a long-term relationship of loyalty and
trust” [Deming 1986].

In Crosby’s book: “Quality without tears”, he writes about this operation:

“Suppliers are educated and supported in order to ensure that they will deliver services and
products that are dependable and on time” [Crosby 1995].

In Masing’s “Quality Management Handbook™, it is stated:

“The suppliers must have the same quality demands with the manufacturer in order to reach
the quality of the final product” [Masing 1999].

Above, the supplier’s effect on quality and performance is emphasized. However, the quality
management concept is always focused on only one organization, which is bordered inside a

single company, taking into account the direct suppliers but not the supply chain as a whole.

How to carry out this quality management to suppliers is stated for the purchasing process in

ISO 9001:2000 Quality Management Systems — Requirements:

“The organization shall evaluate and select suppliers based on their ability to supply the
product in accordance with the organization’s requirements. Criteria for selection, evalua-
tion and re-evaluation shall be established. Records of the results of evaluation and neces-
sary actions arising from the evaluation shall be maintained” [ISO 9001].

Along with rapid development of global production, the supplier’s performance plays a more
and more important role for the success or failure of other companies. The new version
ISO/TS 16949: 2002, in conjunction with ISO 9001: 2000, provides a common quality sys-
tem approach in the supply chain for suppliers/subcontractors. Here many more elements for
supplier management have been added, and these can be applied throughout the automotive
supply chain [Quali 2004].

ISO/TS 16949: 2002 specifies:

“Where an organization chooses to outsource any process that affects product conformity
with requirements, the organization shall ensure control over such processes. Control of
such outsourced processes shall be identified within the quality management system” [ISO
16949].

This development of the ISO standards reveals that quality management has expanded from

the evaluation and selection of suppliers to the control of related processes, from signal com-
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pany-oriented to throughout supply chain-oriented. Figure 2-4 illustrates the developing

trend of quality standards -- from single-company to across many companies.

Therefore, many leading companies have singled out quality management practices of their
suppliers throughout the supply chain as a key strategic edge. Final assemblers like GM and
system integrators like Northrop Grumman not only manage their top-tier suppliers but go as
far as to the sub-tier suppliers, especially for the key components [Choi 1999] [North 2004].
At the same time, in order to make the whole chain more efficient in their quality audits,
three big auto makers have simplified the supplier auditing process to eliminate duplicate
audits in their second-tier suppliers [Plumb 1992].

Quality management across companies and supply chains Entire supply chain

ISO AS ISO/TS
9100 ISO/IEC 1SO 16949
17025 13485 Automobile
Aerospace 2003

Laboratory

Medical
device

ISO 9001:2000

. e Single company
Quality management inside of a company

Figure 2-4 Development trend of quality standards

The requirements for quality express the needs or translate the needs into a set of quantita-
tively or qualitatively stated requirements for the characteristics of an entity to enable its
realization and examination [Herrmann 1998]. The entity has been defined as the product,
process and system, and the quality requirements are represented as the specification, proc-
ess capability and system standard, e.g. ISO 9000 Series. But quality requirements, quality
assurances and the controls of cross-company activity related to a supply chain still call for a

great deal of research. Figure 2-5 shows the quality management objects in development.
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System (ISO 9000 Series, ISO/TS 16949 etc.)
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Figure 2-5 Quality management objects in development
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2.2.2 The role of quality management in the MSC
J. L. Cawley defined:

“The evolution of the quality role in supply chain management (SCM) will be shaped by the
goals of reducing procurement risk and overhead. This involves reducing the effects of sub-
standard materials on process efficiency, product quality, and exposure to product liability.
The long term goal of SCM quality programs is to reduce risk and variation, increase func-
tionality and profitability” [Cawley 2002].

C. J. Robinson and M. K. Malhotra stated:

“The quality practices must advance from traditional firm centric and product-based mind-
sets to an inter-organizational supply chain orientation involving customers, suppliers, and
other partners” [Robin 2005].

In earlier time, “quality challenges were predominantly specification or process led and
linked to equipment being unable to produce components and products of quality desired by
customers to a desired specification in a reliable fashion. This was largely an enterprise chal-
lenge” [Puri 2002]. Today’s challenge is changed. The quality of a product depends not only

on the activities carried out within the enterprises, but also on every stage in the value chain.

Quality issues can cause a tremendous disaster for complete supply chain by breaking ongo-
ing production. Once a supply chain is interrupted, it is extremely difficult to back in order.
A study at Georgia Tech School of Management found out that “from 1989 to 1998 supply
chain incidents caused company stock value to drop 20 percent over a 180-day period, more

than any other external or internal cause” [Hoske 2004].

Just the opposite, quality management can bring a supply chain tremendous benefit. Quality
projects are not like re-engineering: they focus on incremental improvement but not on
monumental breakthrough. The companys’ savings from their largest quality project for the
supply chain ranged from $10,000 to a height of $50 M. The average savings are $ 5 M ac-
cording to research by Best Practices LLC [Best 2005].

However, “in most cases, companies are not tackling the supply chain quality issue with as
much vigor as they should”, pointed by the president of Northwest Analytical. Wall Street
analysts list supply chain quality problems as the number one threat to the value of the stocks

of most global companies [Merritt 2001].

Actually supply chains cannot be controlled alone by a single company. In the frequently
changing unpredictable global environment, synchronizing suppliers in a connected response
to customer demands/changes should be the company’s number one goal [Hoske 2004]. In a
traditional MSC operation, the end assemblers transfer their quality and cost requirements to
their suppliers; their suppliers forward these to their sub-suppliers. Apparently, in an MSC
every participant manages the quality to its suppliers, so the final product should meet the

requirements of the end customer. However, just passing on compliance demands and proce-
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dures of requirements cannot reach the best efficiency for a manufacturing supply chain. The
automobile industry is the leading branch in the quality management of supply chains. The
main OEMs have made an effort to set up a concept with extended enterprise, which inte-
grates all the suppliers in the supply chain in order to align the process among members, so
that materials and information can flow smoothly and with minimal cost and time expendi-

ture.

Only when every supplier in a supply chain is aware and puts effort into it, the chain is able
to work more effectively and thus provides a competitive advantage. “This requires similar
definitions of quality and training leading towards the methods of incorporating quality and
improving it” [Mangi 2001]. Final customers and their needs/requirements should be trans-
formed into requirements for all the participants in a manufacturing supply chain network.
Each individual actor contributes in an integrated manner to satisfying the final customer.
“Highly coordinated quality management practices/procedures and continuous monitoring of
quality parameters are the ‘glue’ that has allowed the supply network to operate as a ‘whole
chain’ ”[Roman 2001].

Therefore, it will be a meaningful topic to review the quality from the standpoint of the
whole manufacturing supply chain - extended enterprise, not just from a single manufac-
turer’s view, but for all the partners based on a integrated framework to promote the com-

mon understanding of quality management processes in an entire MSC.

2.2.3 Research and application situation

In the wide field of quality management for supply chains, some researchers have done work

which can be viewed as the following types.
e Work based on the principles of TQM

B. M Beamon and T.M. Ware presented a Process Quality Model (PQM). It attempted to
provide a procedural approach to assess, improve and control the quality of the supply chain
process. It consists of seven integrated modules, from identifying the process, technology
and tasks being performed, identifying customers and their requirements, expectations, and
perceptions, defining quality, identifying current quality performance measures, evaluating
the current process and setting quality standards, improvement process, to the controlling
and monitoring process [Beamon 1998]. It is a theoretical framework, however, and it did

not define any quality elements in a supply chain, so it is too abstract to apply.

D. F. Ross developed Supply Chain Quality Management (SCQM) as the participation of all
members of a supply channel network in the continuous and synchronized improvement of
all processes, products, services, and work cultures with emphasis on generating sources of
productivity and competitive differentiation through the active promotion of market-winning

products and services; thereby providing total customer value and satisfaction [Ross 1997].
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B. Villarre and others came up with a diagnostic analysis tool for supply chain improvement,
which consists of a strategy alienation phase, the assessment of the current situation, the
identification and evaluation of further improved areas as well as a phase of implementation

and control [Villarre 2004]. It focuses on a single company’s supply chains.

The above-mentioned research is based on the principles of TQM established by Deming,
Juran, Crosby and Feigenbaum. The improvement efforts derived from this foundation are
based upon a change in culture. The changes are small and everyone participates [Villarre
2004].

e Work based on quantitative models and simulation

The quality of a supply chain can be improved through further improvement for inventory
management, demand forecasting, product production and distribution and redefinition of the
structure of the supply chain. All kinds of tools based on quantitative models and with simu-
lation functions are offered. Many leading international companies have implemented such
programs. However, it requires participating teams with special knowledge and capabilities.
Without a general understanding about supply chain operations and quality management

processes, it is impossible to reach the expected goals in a whole chain.
e Other related reference models and research

G. Stegemann and others carried out a project in the Technische Fachhochschule Wildau, the
so called “Integrated Quality Management in External Value Added Chain” in 2001. It ana-
lyzed supply chain quality management in the phase of distribution, repair and customer ser-
vice of automobile products. The project was implemented by researchers together with the
companies in the chain. It gave a theoretical model of quality management for a value added
chain as well as a practical application reference in a down-stream supply chain [Stegem
2001].

R.G. Batson and K.D. McGough of the University of Alabama set up a quality planning
model for the manufacturing supply chain by conducting in parallel strategic planning proc-
esses for production and the supply chain. It integrates two six-step strategic planning proc-
esses into the model, showing how closely supply chain planning is linked to production
planning [Batson 2006]. However, it only considered the first-tier suppliers and did not in-

volve much in quality activities themselves.

Based on the above, it can be concluded that the quality management model for a manufac-
turing supply chain with the goal of improving the whole chain’s performance has still not

well been researched.



Chapter 2 The Development of Quality Management in the MSC 27

2.2.4 Overview of Chinese suppliers and the MSC

The global supply chain has extended rapidly from the advanced industrial countries into
developing countries. China as the fastest developing country with good industry infrastruc-
ture and low labor costs is becoming one of the most important outsourcing regions. More
than 50% of North American manufacturers are planning to begin or expand outsourcing or
sales/marketing operations in China [Moad 2005]. However, many western companies have
had negative experience with Chinese suppliers. James Carbone said in his article “Expect
Opportunity, Risk in China’s Supply Chain”: “Product quality from indigenous suppliers is
often an issue... The indigenous suppliers may have the cheapest price for parts but may not
have the quality systems that western suppliers do ... The issues involved in outsourcing in
China can be daunting for any size OEM or EMS provider” [Carbon 2004].

In China the suppliers can be classified in three categories.

e The first category: Purely owned by western manufacturers, like Motorola or Intel, who

opened up their own plants in China.

e The second category: Joint ventures. Western manufacturers have merged with Chinese

companies.
e The third category: Local indigenous suppliers.

China has been changed from a totally government-controlled economy to a somewhat free
market economy, especially after entering the WTO. However, Chinese manufacturers used
to focus on improving the competition advantage by expanding the production capability,
but without making much effort in connection with supply and market. Supply chain man-
agement was introduced in China in the 1990s. However, due to cultural differences, lan-
guage difficulty, lack of experience and a common understanding for supply chain quality, it
is more difficult for Chinese suppliers to join and collaborate in a global manufacturing sup-

ply chain.

However, more then 100 thousand manufacturing enterprises in the third category still make
up the main part of potential cooperation partners. The enhancement of their quality con-
sciousness in the supply chain will be a tremendous improvement for constructing more effi-

cient global manufacturing supply chains.

2.3 Summary: Required research work in the field

From the discussion above, it is clear that the performance of an extended enterprise (cross-
company and chain) manufacturing supply chain is dependent not only on a single com-
pany’s quality management but also on their partners and the collaboration between them. In
order to ensure quality, to cut total cost and improve efficiency in a cross-company manufac-

turing supply chain, it is necessary to have a general model, which can be viewed as a refer-
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ence for OEMs and suppliers in every tier. It will help the partners in an MSC to understand,

communicate and work together in order to reach the goal above.

In this dissertation the central question is how one can assure the MSC’s operation without
error and more effective. A prime goal of this study will be to discuss all the aspects that
relate to the quality of the manufacturing supply chain, and it will try to build a foundational

structure for it. The work includes three parts. The first part answers the question about:
e What should the quality management for cross-company MSC be?

Which cross-company processes influence the performance of a manufacturing supply

chain?

Which processes are involved in the quality management for a cross-company manufacturing

supply chain?
How can the quality of those processes be ensured through collaborative work in an MSC?

Which kind of organization structure and quality activities can promote the collaborative

improvement in an MSC?
What enable technology and platform are available for supporting quality activities?

If a system cannot be measured, it also cannot be improved. How can the quality perform-

ance be measured? Therefore, the next step should be:

e How to evaluate a single company’s MSC quality management capability and the to-
tal quality performance of an entire MSC?

How can the quality performance of an MSC be classified?
What are the criteria for evaluating the quality management level of an MSC?
How can the quality management capability of an MSC be evaluated?
The last part is:
e How could the model be applied to a concrete manufacturing supply chain?

By concentrating on the previous research work and the analysis of quality management
practices and measures for suppliers as well as supply chain quality management in many

leading international manufacturing companies, answers for the first two parts will be given.

Based on the theoretical work and a survey, a general review of the quality management
condition of Chinese focal firms and system suppliers will be analyzed. Further, a Chinese
manufacturing supply chain will be chosen, and an investigation will be carried out by inter-
viewing the key members in the three levels. By taking the ideal model as the development
goal, the problems and week links will be detected and an improvement strategy will be pre-

sented.
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Chapter 3 The Creation of a Cross-company Quality Management Model
3.1 Definition of quality requirements and quality management

e The quality definition according to ISO 9000:2005 [ISO 9000]:
“Degree to which a set of inherent characteristics fulfils requirements”.

The requirements for quality consist of three elements: quality requirements for products,

quality requirements for processes and quality requirements for systems.

The goal of supply chain management focuses on Cost, Quality and Time. From the ex-
panded concept, the quality requirement for the manufacturing supply chain can be viewed

as following:

To produce the right products at a lower cost and a shorter cycle time to meet final custom-

ers’ requirements under the efforts of all the participants in an MSC.

Here, this entity is defined as the manufacturing supply chain. All quality management for
the product, process and system, which has already been very well defined at a single com-
pany level, has a direct connection with the manufacturing supply chain. However, as Prof.
Averboukh stated, “new business chains must be very flexible and should be organized and
maintained in a stable way and be capable of providing solutions which meet the end-
customer requirements and expectations in quality, quantity and time” [Averbou 2005].
From the standpoint of a cross-company organization, the key quality features of a whole

manufacturing supply chain could be viewed as having five characteristics:
Time to market

The time needed from the customer’s requirement analysis to product development, to series
production and to the final product is a key characteristic. Today, the tempo of a product’s
upgrade is so rapid, that for a time-based competitive product, like a digital camera, coming
merely two weeks later to the market will make a big difference in price and consumer pref-
erence. An MSC who can deliver in a shorter time to the market will be much more competi-

tive than another one, who takes a longer time through the chain.
Quiality in and between tiers

Some research has asked the question: “Is quality only related to the product itself or to the
way the product is produced as well?” [Neergaard 2002]. The quality within every tier of the
producers and their cooperation in the whole chain all influence the final product. The final
product’s quality depends on whether the quality requirement can be passed on to lower tier
suppliers and then the physical material flow reaches the right producer at the right time
within the chain. It happens very often in many car manufacturing operations that cars must
be called back from the final customers at high expense because of a defect in some compo-

nent or part from the suppliers or sub-suppliers.
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Cost of the whole chain

The cost of a final product is the basis for the survival of a manufacturing supply chain. For
many focal firms, up to 80 percent of the final product’s costs comes from suppliers. There-
fore, if non-valued-added work can be eliminated, e.g. redundant inspections at the sup-
plier’s factory and then at the customer’s along with unnecessary transport between the sup-
plier and customer’, etc. in the chain, the final product’s cost will be reduced. The cost does
not only occur for every single company, but increases the total cost in the entire manufac-

turing supply chain.
Service between partners

Service consists of the willingness and activity to provide conveniences for the customer. It
includes accessible and responsible contacts, accommodating change orders, availability and
communication for potential problems, quick response to the requirements of the customer,

and clear, timely documentation. Better service makes the chain more efficient.
Agility of the chain

The ability to adjust literally in real-time to changes in MSC is critical [Burton 2004]. A
manufacturing supply chain must be able to adapt and react to market changes rapidly. It can
be realized by technical advances in every member organization, as well as by efficient co-
ordination between the members of the manufacturing supply chain. This ability allows the

entire manufacturing supply chain to respond faster to dynamic demands.

In general, it can be said that shorter cycle time, lower cost but higher quality, better service

and stronger agility are worthwhile characteristics for an MSC to pursue.
e Quality management according to ISO 9000:2005 [ISO 9000]:
“Coordinated activities to direct and control an organization with regard to quality””.

Here the organization is not a single company any more, it is the extended enterprise that
consists of all the partners (companies) in a cross-company manufacturing supply chain.
With regard to the quality requirements of an MSC, the coordinated activities to direct and
control the MSC should be built into a quality management model, which integrates quality
planning, quality control, quality assurance and quality improvement with the quality goal of
an MSC.

3 Here the customer is also the member of a manufacturing supply chain. In the chain everyone is a customer of its supplier
and the supplier of its customer.
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3.2 Related research in depth

In the filed of quality management of manufacturing supply chains, some research results
have been found in this direction.

In 2002, Rajiv Puri’s and Sandeep’s paper outlined the existing business problems of quality
assurance and control in manufacturing and presented the emerging solution space. It ana-
lyzed that in the new global economy, multiple entities collaborate to deliver a product to the
end-customer, and the quality of a product is a determinant factor of the work done across
the supply chain by myriad entities. This study provided a wide view of the aspects that
should be changed and improved in this field. It gave an IT enabled Collaborative Quality
Management (CQM) model, which is focused on quality assurance and control activities that
can be done on-line with a central quality database [Puri 2002]. However, the problems it
mentioned: the lack of the clearly defined processes for managing quality throughout the
sourcing, product development, manufacturing, delivery and service, have not been essen-

tially discussed.

In 2000, Stocker and others gave a seven-components quality model for supply chains. The
components model defined seven parts that essentially influence supply chain process man-
agement and supply chain quality: Product Development Management, Procurement Man-
agement, Inventory Management, Production Management, Distribution Management, Mar-
keting Management and Supply Chain Controlling [Stocker 2000]. It has enhanced the inte-
grated supply chain, i.e. cooperation between suppliers and customers. But it is still focused

on one single company and more concentrated on the supply chain inside the company.

P. Neergaard built a tentative model of quality management for a global supply chain, shown
in Figure 3-1. His research is based on a contingency approach to quality management. The
synthesis of his research is that a number of contextual factors influence the way in which a
specific company organizes itself. The contextual factors likely to influence the choice of
controls in the supply chain are costs, size, strategy, and culture [Neergaard 2002]. It defined

quality in a broader sense than usually done in the quality literature.

Contextual factors Controls
Cost - trust
) \ - code of conduct
Size | - certification
Strategy - organization
- knowledge transfer
Culture

Figure 3-1 Quality management for a global supply chain [Neergaard 2002]
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Generally speaking, there is relatively little research on the quality management of a supply
chain’s environment, even though many technologies and approaches have been used in

many areas of supply chains.

3.3 Basic description of the general model
3.3.1 Modes of supply chain quality management

From industrial practice, the traditional and popular way to manage quality is supplier qual-
ity control as discussed in §2.2.1. The mechanism is that the focal firm (ultimate manufac-
turer) transfers the requirements for quality, cost, and delivery requirements to its suppliers,
and the supplier passes its requirements to its sub-suppliers. The control mechanism is de-
picted in Figure 3-2. It is a point-to-point control mechanism and is still the basic process for
an MSC. However, due to a lack of bilateral cooperation and optimization based on the en-
tire manufacturing supply chain, the cost cutting and efficiency improvements in the entire
MSC cannot be reached.

Requirements Requirements
Sub-supplier Supplier Customer
Features of the mechanism: Disadvantage of the mechanism:
Buyer demands Without knowledge share and with little infor-
mation

Simple process

. Lack of trust and bilateral support
Low cost for chain management
No smooth operation

Strong cost pressure and conflict

Figure 3-2 Traditional supplier quality control

As the maturity of information technology and quality content develops, an integrating qual-
ity management for cross-company supply chains is required. The goal is to reduce waste, to
cut total cost and to guarantee product quality and short cycle times for the entire MSC, not

just for one single company, through collaborative quality management, see Figure 3-3.
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Figure 3-3 Collaborative supply quality management

Just as C. G. Cobb described the quality concept in his book “From Quality to Business Ex-

99,

cellence”:

...along with the integrating technology development — standards-based system,

the next step will be to integrate the business process across the entire supply chain” [Cobb

2003]. Based on this concept, the development phase can be seen in Figure 3-4.

-Reduce waste

-Flexible process
-Improve total
efficiency in entire

-Lower price -Improve efficiency .
-Product with -Prevent error, supply chain
agreed quality lower total cost
-Timely deli
imely delivery T Integratd
T business
. Collaborative process
Supplier quality across the
quality entire suppl
control management : pply
across MSC chain

Involved functional fields:

-Procurement -Procurement department -Finacial department
department -Quality department -Procurement department

-Quality -Product R&D Department -Quality department
department -Production department -Product R&D department

-IT department
-Top manager

-Production department
-IT department
-Distributors

-Dealers

-Top manager

Figure 3-4 Quality management development in a supply chain

Here, collaborative quality management is an incremental way to improve the performance
of an MSC. Even though some new techniques in this field are still in development, there is
presently industrial experience and enable technologies to make it work. The integrated busi-

ness process is a critical way; it focuses on the entire process integration together with re-
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engineering, i.e. a completed, extended enterprise. But by implementing collaborative ex-
tended enterprise oriented quality management in an MSC, it develops a basic way to reach

the new phase of the total integration of a supply chain.

3.3.2 Choice of modeling methods

A proper modeling method must be chosen for a certain research object. There are many
kinds of modeling methods for describing a system. Table 3-1 lists their characteristics and

application scopes.

Table 3-1 Modeling methods and comparison[Ning 2000]

Method Future

Language based descrip- | Expression that describes the processes.

tion Concentrate on single tool and environment description. Complicated, difficult to
maintain.

Diagram based description | Applies activities flow diagram. Easy to view.
Stated structure, depends on the experience of the designer.

Rule based description Rule based expert system. Flexible for modeling, good for process execution.
Difficult to obtain knowledge. Does not support version management and con-
figuration management.

Petri-net based description | Good at describing the processes of condition and change.
Difficult to guarantee the efficiency of process operation as well as to describe
improvement in the processes and the organization.

IDEF modeling family An efficient method for complicated system analysis and modeling.
IDEFO0 Describes system function activities and interaction. Focus on function modeling.
IDEF1x Describes system information and interaction. Focus on information modeling.
IDEF3 Describes processes and interaction.
IDEF4 Software development method.

In this study the goal is to define the functionality of quality management to the cross-
company and multi-tier manufacturing supply chain and the required support bases. Consid-
ering the complicated processes and activities, IDEFO is an optimal tool to express its func-
tionality. It is chosen as the main method for building a quality management model in this
work. Another method, e.g. diagram based description, is also used for the expression of

different implementation processes.

IDEFO is a method of modeling activities or processes. The diagrams contain processes,

shown by a rectangle, and information flows, shown by arrows, see Figure 3-5.
IDEFO0 defines a process together with its inputs, outputs, means and controls.
A process is defined as an activity that adds value to its input and creates an output.

To perform the activity the process requires a set of means that allow it to function, and the
process is controlled in how and when the activity is done by the controls [Vaugh2000].
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IDEFO
Controls
In Out
_ Process
Means

Figure 3-5 IDEFO notation [Vaugh2000]

3.3.3 Creation of the general model
a. 1ISO quality management architecture
The ISO 9000:2005 standard defines the quality management including [ISO 9000]:

Quiality policy: Overall intentions and direction of an organization related to quality as for-
mally expressed by top management.

Quality objective: Something sought, or aimed for, related to quality.

Quality planning: Focuses on setting quality objectives and specifying necessary opera-
tional processes and resources to fulfill the quality objectives.

Quiality control: Focuses on fulfilling quality requirements.

Quality assurance: Focuses on providing confidence that quality requirements will be ful-
filled.

Quality improvement: Focuses on increasing the ability to fulfill quality requirements.

For product realization, C. S. Ma has divided the quality management aspects into three
processes: the management process, the product realization process and the support process
according to ISO 9000:2000 [Ma 2003]. This basic framework has been maintained in the
ISO 9000:2005 standard as shown in Figure 3-6.
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Management process

Customer Input Output Customer
interest — Product ))realization ) process Yr——"> interest

I

Support process

Figure 3-6 Quality management processes [Ma 2003]

b. Function configuration analysis

The Supply Chain Operation Reference (SCOR) model developed by the Supply Chain
Council provides process reference models that integrate important business processes to-
gether, i.e. plan, source, make, deliver and return. It is a standard language that helps manag-
ers to focus on management issues across inter-company supply chains, see Figure 3-7
[SCOR 7.0].

Plan

Deliver

Suppliers’ | Supplier
Supplier

Customer i Customer’s
Customer

Internal or External Internal or External

Figure 3-7 SCOR five distinct management processes [SCOR 7.0]

SCOR clearly states that it does not address quality issues, and also it is not involved in
product development. However, as D. Dutta analyzed, “SCORs gap shows that product de-
velopment, especially in short life cycle industries such as fashion, has always been collabo-
rative and across companies. ...... As Level 0 evolves, the SCOR model should start to ad-

dress supply chain effectiveness with product development as an integral part” [Dutta 2004].
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From a quality management standpoint, return has been clearly defined in manufacturing and

delivery specification to suppliers.

Based on ISO 9000:2005 quality management content, a manufacturing supply chain can be
considered as a series of processes that are implemented by all the members in the chain as
an extended enterprise. The activities of MSC quality management can be viewed in three
levels: management layer (control), operational layer (process) and support layer (means) in
accordance with the IDEF0 modeling method.

Management layer [M]: In this layer the processes set up the quality organization, planning
and improvement mechanism for an MSC in order to guide it to follow the quality goal

through regulation and critical characters, which influence the value chain directly.

Operational layer [P]: In this layer the processes affect the final product’s realization and

contribute directly to the performance of the manufacturing supply chain.

Support layer [S]: In this layer the processes do not directly work on the chain, but they pro-
vide the possibility for the above layers to carry out the quality policy and reach quality ob-

jectives.

According to this function definition, the quality composition of a manufacturing supply

chain is configured as below in Figure 3-8.

M1
M2
Management layer 7 M3
01 o2
Operational layer 03 o4
S
Support layer |
M1 Chain quality or- Ol  Quality management for S Information & Communication
ganization product R&D platform
M2  Cross-company 02 Quality management for
quality planning outsourcing
M3 Continuous im- 03 Quality management for
provement production

04 Quality management for
delivery

Figure 3-8 Composition of quality related processes in an MSC
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Based on the analysis of the activities in a manufacturing supply chain and previous research
as well as many leading companines’ practices in the quality management of their supply
chains, three levels including eight function areas are defined as the main aspects of the qual-
ity management in an MSC. There are quality management for key processes - product de-
velopment, outsourcing, production and delivery - , the general management processes -
chain quality organization, cross-company quality planning, continuous improvement, which
control and coordinate the common key process for every partner in the chain -, and the en-
able technologies and platform that function as the means to supports all the processes.

In the management layer:

The chain quality organization forms a quality steering structure to manage quality in the
cross-company MSC in order to promote information share between partners, reduce redun-
dant activities, prevent possible risks among the cooperation and make the MSC operation

more efficient.

The cross-company quality planning provides the integrated quality and production plan-
ning as well as the coordinating mechanism for product design, outsourcing, production and
delivery function in the MSC by collaboration between the focal firm, customers and tier
suppliers. The quality policy, quality objectives and planning process are defined in this

process.

The continuous improvement creates a promoting mechanism in a cross-company MSC to

improve the quality in every link.
In the key process layer:

The quality management for product design and development (R&D) decides on the com-
petitive ability for a chain. If a manufacturer can integrate his suppliers at an early phase in
its R&D and they can apply development quality control concurrently, it can greatly reduce

the cost for later change and risk.

The quality management for outsourcing ensures the correct quality requirement transferal
from the focal firm to sub-tier suppliers and builds an integrated quality control and quality
development for suppliers to prevent the incoming material quality problems in the entire
MSC.

The quality management for production tears down the boundaries between factories at
different levels of suppliers and through quality data sharing to adjust production in order to

fit the final quality specification or prevent mistakes in advance.

The quality management for delivery guarantees the delivery of the right material to the
right place at the right time in the MSC.

The enable technologies and platform provide the possibility to realize the quality manage-

ment concept in a real-time and global way.
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All the members in an MSC should participate and collaborate in these function areas. This

provides for quality objectives of the MSC to be realized in an efficient way.

Table 3-2 shows the contributions of all function areas to the quality of a manufacturing
supply chain.

Table 3-2 The contributions of quality activities to the MSC

Scl:lﬂ:ges Chain quality | Cross-company CI QM for | QM for QM for | QM for | Enable
MSC organization | quality planning R&D | outsourcing | production | delivery 1T
Time E E E S C S S S
Quality E S E S S S C B
Cost E S E S C S C B
Service E B E B C B S E
Agility S E S E E E E S

The contribution to an MSC:

S: Strongly contribute

E: Effectively contribute

C: Contribute

B: Basic control/support but not direct effect

Here: QM: Quality management, CI: Continuous improvement

c. Interaction model and its decomposition

A description of the QM general scheme has been discussed above. In order to describe the
control mechanisms and interaction between all the processes and the functions inside of
them, by means of IDEFO we can now describe the quality management for a manufacturing

supply chains in detail.

According to the IDEFO method, the model can be defined as input, output, control and
means for MSC quality management as follows:

Process: Key processes of product design and development, outsourcing, production and

delivery.

Control: Chain quality organization, cross-company quality planning, continuous improve-

ment.

Means: IT platform and databases.

Input: Concept from the final customer’s requirement
Output: Delivered product

The quality management model of an MSC is illustrated in Figure 3-9.
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Figure 3-9 Quality management model

Through the design process, the final customer requirement has been transferred into design
documents, which include the purchasing list. The purchasing list is the input for outsourc-
ing. The outsourcing output is the purchased products® (systems, components or parts),
which get into the production process, and then the output as finished products will be deliv-
ered to the customers. This is the general process running in an MSC and is carried out by

every partner.

During the process above, the chain quality organization controls and coordinates all the
processes and activities between different participants in the chain by means of the work of a
supply chain quality team (will be discussed in Chapter 4). Cross-company quality planning
sets up the common quality goal for the entire chain and communicates the requirements of
the focal company to sub-suppliers. By uniting with cross-company forecasting, the partners
in the chain can replenish their inventory together at the lowest cost. Continuous improve-
ment forms a mechanism that promotes the participants in the chain to improve in all proc-

esses and links.

The IT platform provides the communication ability among all the controls and processes.
The databases provide the design, outsourcing, production and delivery experience and

knowledge to offer support to all the processes and controls.

* The purchased product or material includes systems, sub-systems, components and parts from suppliers.
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Every process can be subdivided into sub-processes that demonstrate collaborative activities

among all the participants, which will be discussed in detail later in Chapter 4.

3.4 Summary

In this chapter, by analyzing the ISO 9000 quality management function and Supply Chain
Operation Reference (SCOR) model as well as the quality requirements for an entire manu-
facturing supply chain, a quality management model of an MSC is drawn up. It consists of
the processes of the quality organization, cross-company quality planning and continuous
improvement in the management layer, quality management for R&D, outsourcing, produc-
tion and delivery in the key process layer as well as the IT enable platform as the support

layer.

The chain quality organization, cross-company quality planning and continuous improve-
ment direct and control the manufacturing supply chain with regard to the general quality
standard. The IT platform and related databases give the support for quality management
activities in the whole chain. The quality management in product design and development,
outsourcing, production and delivery are the four main functional processes that relate with
all partners in the chain and influence the quality of an MSC. If a collaborative working
mechanism has been built in and the quality management has efficiently been implemented
in those fields, the quality foundation of a manufacturing supply chain is in place. It can give

the MSC a stable base to improve and develop incrementally.
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Chapter 4 Model Decomposition and Analysis of Functions/Approaches

In this chapter the foundational processes for a collaborative quality management in a manu-
facturing supply chain, i.e. management processes - quality organization, cross-company
quality planning, continuous improvement -, key processes - quality management for new
product development, outsourcing, production, delivery - as well as enable technology and
platform will be discussed in detail.

4.1 MSC quality organization

In the extended enterprise every participant concentrates on his core competencies and out-
sources his non-core business, forming a cooperative network of business alliances. The
structure is open, dynamic and flexible, but calls for robustness. In 2000, a survey in Indus-
try Week reported that “although there is much talk about value chain management and col-
laborating with partners across the entire supply chain, less than 2 percent of executives re-
port that their firms function as full extended enterprises”. This deficiency has been traced to
cultural and corporate barriers. Lack of senior management commitment and inability to tie

supply chain-wide efforts to strategy are considered as the main reasons.[ Tanine 2000].

4.1.1 Organization principle

Flynn and others think that supply chain management is transacting from a traditional verti-
cal perspective (usually to minimize costs) to a horizontal perspective. The new horizontal
perspective recognizes that organizations have a symbiotic relationship, where each contrib-
utes to the other’s success [Flynn 2005]. An effective organization of a manufacturing sup-
ply chain coordinates all the different individual companies in a chain as quickly as possible
without losing any of the quality or customer satisfaction. To reach this goal, the companies
in the chain that seem to work independently should function together as an extended enter-

prise.

Parker and others defined a new role as the supply chain integrator, who differs radically
from those found in traditional supply-management, who have focused primarily on issues of
cost, delivery and inventory control. Instead, it “can maintain product coherence from con-

cept to customer often across numerous firm boundaries” [Parker 2002].

The focal company should act as the integrator. It leads the activities “to build process net-
works that encompass hundreds or thousands of participants across multiple tiers of ex-
tended operating processes” [Hagel 2005]. It defines standardized interfaces for the quality
activities by bringing participants together for specific projects; establishes the incentive
structures required to reward participants and ensures that each participant meets appropriate

quality standards for its outputs.
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To make sure that the chain maintains its core competence as well as improves its total qual-

ity level, two quality organization principles should be considered.
e Understand the entire manufacturing supply chain

The focal firm should have the entire view of its MSC. As Chrysler expressed that a Chrysler
coordinated, goal-driven process unifies and extends the business relationships of suppliers
and supplier tiers in order to reduce cycle time, minimize systems cost and achieve perfect
quality. To reach this goal, Chrysler carried out supply chain mapping from raw materials to
end-users. The suppliers are required to map their own supply chains, so that Chrysler can
have a full picture and is used to find improvements in processes and material flow to cut
costs [Allpar 2003].

e Establish a core chain with the key suppliers in different tiers

The multi-tier MSC is a huge network. It includes different types of suppliers. D. M. Lamber
and others have given a model in which the focal firm should manage its first-tier suppliers
and the suppliers on other tiers who belong to the focal firm key members. See Figure 4-1
[Lamber 1998].

Tier n to Tier 3 to Tier 2 Tier 1
initial Tier n suppliers suppliers
suppliers

| — 2
|

1,

Tier 3 to n suppliers

Focal firm

Initial suppliers

—

[

>-
£ f

L

i :

Figure 4-1 The core chain with key suppliers® [Lamber 1998]

> The thick lines represent the key supplier network.
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It is essential to form a key supplier network in order to build a long-term and trust backbone
for the MSC. This is the basis for chain stability and agility. The key suppliers should be
chosen by the focal firm together with its direct suppliers according to the mapping of the
MSC.

Based on the key supplier network and the entire view of an MSC, the quality requirements
of the MSC will be transferred and “broadcasted” in the entire chain.

4.1.2 Organization structure and responsibility

The focal firm is the main organizer and coordinator. It views the manufacturing supply
chain as one extended enterprise, which inherently brings competitive advantages for itself
as well as for its partners. In order to integrate all the partners together to fulfill the quality

requirements in the extended enterprise, a three level organization structure should be built

in to the MSC, see Figure 4-2.
Chain advisory board

Sourcing and quality team in every company

Figure 4-2 The organizational structure of the MSC

= Chain advisory board

Feigenbaum emphasized that “managers and organizational involvement in improving qual-
ity are the quality facilitators” [Feigen 1983]. Philip Crosby insisted on the need to establish
quality councils for communicating on a regular basis [Crosby 1997].

In the MSC as the steering committee, - i.e. the chain advisory board, in which all the key
suppliers and other partners participate - it is essential to form a solidarity chain. This con-

sists of the executive personnel of the partners, e.g. CEO, presidents. It represents the inter-
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ests of the network and the single members. It clears quality policy and sets down the strate-
gic quality objectives, it supervises the activities of the MSC quality team and assumes re-
sponsibility for the continuous improvement of the supply chain. It makes important deci-
sions on the development of the chain and provides support to the executive team — MSC

quality team.
= MSC quality team

This team consists of the personnel of the focal company (OEM), key suppliers in the first
and second-tier as well as other suppliers and partners. These are the professional people
from the supplier quality team in the focal firm as well as the representatives of key suppliers
and other partners, e.g. from their purchasing departments or quality departments. The qual-
ity team structure is shown in Figure 4-3. In the quality team all functions can be divided

into three kinds of roles:
Chain managers

The chain managers who come from the focal company (OEM) lead the quality collaborative
activities in the extended enterprise. They generate the links among the extended enterprise

and coordinate all the partners in the network. Their functions include:

Chain auditors: Chain coordinators:
Senior professionals Representatives of key suppliers

Chain managers

Representa-
tives of
focal firm

Quality management organisa-

.. Chain coordinators:
tion in an MSC

Representatives from
other partners

Chain auditors: Chain coordinators:
Senior professionals Representatives of key suppliers

Figure 4-3 The structure of the MSC quality team

» Responsibility for the management. They uphold the connection in the chain, coordi-
nate different competences and cultural differences, evaluate results and introduce new

mecasurcs.
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» Responsibility for control. They make and act on joint plans, observe the quality im-
provement goal, coordinate the activities of chain auditors, monitor and measure the
actual performance, compare the actual performance with set targets, lead actions to

correct and improve.

» Responsibility for information and reporting. They carry out information exchange and
analysis and transfer it to the MSC quality team members, report to the chain advisory
board.

Chain coordinators

They originate from members in the manufacturing supply chain and play the role of linking
the network and their own companies. They communicate with the chain managers and co-

ordinate the tasks of the chain with their own companies [Stegemann 2001].
Chain auditors

The chain auditors are senior professional members of the MSC quality team. They also in-
vite third party quality auditors as well as the people from the chain advisory board when

necessary. Their tasks are as follows [Stegemann 2001]:
» Implementation of the cross-company quality audit
» Evaluation of general cross-company quality improvement processes and
» Confirmation and monitoring of corrective and improvement measures.
= Sourcing and quality team in every company

It consists of the supplier quality team in the focal firm, the sourcing team of the sourcing
department and the quality team from the quality management department in every individ-
ual company in the chain. This personnel is responsible for the quality management and co-
ordinates actives inside the company and between their customers and suppliers. Their repre-
sentatives work as the members of the MSC quality team for the quality management within

the whole chain. Their tasks are as follows:
» Optimize the inner business processes within their companies
» Build the base for across department collaboration
» Integrate different business areas as well as customers and suppliers in the process

» Be responsible for cross-company material flow and order processes, identify bottle-
neck situations, optimize processes, information flow and costs and define service

levels between the internal and external customers

These people are often the product supply chain managers in their companies. They take the

responsibility for running a product group.



Chapter 4 Model Decomposition and Analysis of Functions/Approaches 47

Through this three level quality organization the quality management in an MSC is inte-

grated together from the single company to the entire manufacturing supply chain.

4.1.3 Qualification of the quality team

The collaborative manufacturing supply chain needs all personnel to involve themselves and
understand the principle. The most important personnel is the people in the MSC quality
team. It consists of chain managers, chain coordinators and chain auditors. They are also the
supply chain managers for their own company’s supply chain. As Steffen Elsaeser, consult-
ing company Cap Gemini Ernst & Young said: “The Supply Chain Manager is a cross-
company authority. He combines the traditional functional areas of purchasing, production
and logistics”. They are active in connection with the functional departments inside of their
own companies and with other chain members as well as the collaboration in the four key

Processces.

The Supply Chain Managers must be highly-qualified people. But just a good education is
not enough. The most valuable thing is operative experience, not only just operative know-
how, but also communication and project management skills and capabilities. The qualifica-

tion for a supply chain manager is as follows [Kranke 2002].

» Rich experience in the field of purchasing, marketing, production planning, manufac-

turing control, distribution, and logistics

Basic knowledge of the branch

Prominent project management experience

Across-functional and process-orientated thinking

Basic IT skills

Cooperation and teamwork abilities

Very strong personality to deal with conflicts and solve problems

Excellent communication capability on workforce and management levels

YV vV V ¥V V VY V V

Motivation all the way through to the cross-company’s goals
» Leadership competence

It is a basic requirement for a manufacturing supply chain to assign, train and improve quali-
fied supply chain managers. The MSC quality team is the key to improving the cross-
company quality standard. Some leading companies in supply chain management, like the
plastics company Nypro Clinton, have already worked in a team (so called cross-company
quality improvement teams) to remove wastes and reduce the cycle time of the entire supply
chain and have set up partnerships with seamless operations throughout the supply chain:

from the raw materials to the customer [Godfrey 1998].
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4.2 MSC quality planning and forecasting

ISO 9000:2005(E) states that quality planning is the part of quality management focused on
setting quality objectives and specifying necessary operational processes and resources to
fulfill these quality objectives [ISO 9000]. Now the quality objectives and their decomposi-
tion will be discussed first.

4.2.1 Defining quality policy and quality objectives
= Quality policy
In ISO 9000:2005 (E) the quality policy is defined as the overall intentions and direction of

an organization related to quality as formally expressed by top management [ISO 9000]. In
the MSC the quality policy is to build an MSC to fit its quality requirements - shorter time to
market, operational quality and efficiency between different tiers, lower cost of whole chain,
better service between partners and agility of the chain, which have all been discus