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Abstract

A small and medium sized enterprise (SME) with an assembly to order manufacturing system
(ATO-MS) depending on a global supply chain has especially challenges when it comes to
secure the quality. The parts procured from a global supply chain represent a big amount of
value invested in to the short line of the MS. Depending on the definition of quality from the
suppliers, how can the company react to this challenges? This project is focused on finding
good engineering strategies for each step of the MS which contributes to assure the quality of
the procured parts. Finally based on a theoretical case and the use of the house of quality as a

quality tool, the impact on the quality of the procured parts, by using this engineering strategies

is done.

Abbreviations:

ALB Assembly line balancing
ASP Assembly Sequence Planning
ATO Assembly to order

CEO Chief executive officer



CcOB Chips on board

COoC Certificate of conformity

CODP Custom order decoupling point

CTO Configure to order

DD Delayed differentiation or delayed product differentiation
DFMA Design for manufacturing and assembly
DFSS Design for Six Sigma

DFV Design for variety

DMAIC Define, measure, analyse, improve, control
FMEA Failure mode and effect analysis

HOQ House of quality

IDOV Identify, design, optimize, validate

ISO International organization for standardization
MC Mass Customisation

MS Manufacturing system

PDCA Plan, do, check, act

PDSM Polydimethylsiloxane

QA Quality assurance

QC Quiality control

QMS Quality management system

QMP Quality management principles



SOP Standard operating procedures
VOC Voice of the customer

WHO World health organization



1 Introduction

In a world where the global supply chain is a fully established fact. The increasing global
competition and the quest of competitive advantages makes it necessary to search for enablers
that can respond to those conditions and that can help companies to supply customers with high-
quality products able to compete in this market[1]. One of this area where companies try to use
the fact of a global supply chain as an advantage are companies located in remote regions. With
products that are especially designed to solve problems that are specific for those regions, like

climate challenges for arctic or warm region, or logistic challenges for remote regions.

Manufacturing systems like an ATO-MS have evolved, and trying especially to take advantage
of the possibilities of a global supply chain like big competitive markets and decreasing cost
prices of each part, saving developing costs of parts, changes in production technologies and
MSs et al. The development of new production technologies and new engineering techniques
offers new opportunities for companies, which are trying to compete on a global base. The Fact
of a global supply chain has also contributed to other effects. The average product life cycle
has significant decreased over the last decades also depending other reasons. The markets have
also been more unpredictable because of the number of influencing variables from a global

perspective.

1.1 Thesis Objectives and Research Questions

As mentioned in the introduction there are new challenges, which are a result of the changes
and the directions from a typical supply chain before and a global supply chain today. This
thesis will look in to the challenges regarding quality issues, which are emerging of supplying
parts from a global supply chain. The term quality is much harder to agree on, when the
company cannot use normal negotiations techniques to secure the definition of the term quality.
For an ATO-MS where the quality of the parts procured and put in to this type of MS is of
essential importance, this is a challenge to be dealt with. Because the quality of the finished
product depends in a high degree of the parts purchased from a global supply chain. When we
take every step of this type of MS, is it possible to find engineering strategies which can be
applied to support a quality assurance system. A company with an ATO-MS will try to supply

high quality products to their customers.

To test those engineering strategies for every step of the MS there will be established a case of

a product that can offer different variations to provide a wide range of needs from customers.
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Those products need to be broken down to their parts to be able to test the engineering strategies
against those parts.

In the end a quality evaluation tool needs to be provided, which is able to evaluate the impact

of the engineering strategies against the parts of the products.

1.2 Scope and Limitations

For the ATO-MS the different steps of this MS have to be defined. Then their responsibilities
needs to be established. What is really needed from each step? Which are the difficulties that
needs to be handled? As a result of this, a research on applicable engineering strategies for
each of the steps of the MS and how they are capable of handling the challenges.

The case study needs to be able to supply parts which can be used against the engineering
strategies and those parts need to be able to supply variations of the products. Finding a product

which can be produced with an ATO-MS needed in the arctic region.

To measure the effect of the engineering strategies to the parts and the impact to the quality a
quality assessment needs to be found which is capable of handling a variety of inputs from

different angles.

1.3 Background

The most important reason for customers, when it comes to why to buy the products they need,
is the quality of the product. After working in industry production for decades, the experience
of the author on this thesis is, that quality seems to be a difficult and comprehensive challenge
for each company. Some of the difficulties that always comes up, related to quality are, the
definition of the term quality, the communication of this term, and the ownership to those terms.
And the fact that knowledge always is a temporary state end never complete, at least when it
comes to this type of scientific. Since the conditions and the knowledge is in constant evolution,
so must also the research on this topic grow equivalent. The lack of research on the field of the
precise combination on SME with an ATO-MS depending and a global supply chain, and that
there seems to be no ideas around the possibilities of QA techniques when it comes to ensure
the quality of parts that are procured from global suppliers. So how can companies that try to
deliver their products to customers in areas that are not close to the production, use the given

facts and exploit the possibilities and cope with the challenges. To have no manufacturing of
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parts means at the same time to let go of the control of the quality of the parts during the

production.

2 Supply Chain

The genesis of the term supply chain started early on when human kind started to decouple the
part of collecting food from the part of its consummation. When it was discovered that the meat
was better after it was treated by fire, or the skin of the animals could be used to protect against
the cold. The next step in the supply chain was the step to developing tools for the purpose of
food collecting and processing. The completely decoupling was achieved when the process
from gathering to consumption included more than one or two steps, and even different
individuals were included in that process. Then over a very long period this was the state of the
art necessary to provide enough terms to handle the communication of the supply chain from
the raw material to the end consumer, not just being about food, but other products which were
invented on the way, like building accommodations, making things that improved the way of

living.

One special branch in the term supply chain at this time was the art of trade. When people met,
they exchanged gifts to each other, to build good will and confidence. By contact with more
and more different people, the experience, that there were some products that seemed to be
especially popular for exchanged in opposite to other products, those products then started to
be exchanged with the purpose of profit. With the growing of cities, merchants travelled over
longer distances from city to city to exceed their range of products and making a living out of
trading. Special products like silk from China lead to the development of trade routes like the
silk road from China to Europe [2]. The first regular trade route over a very long distance on
this planet. But for those supply chains the transportation where associated with very high risks.
While the profits where very high, also was the risk. And the term lead time was not even

invented.

This changed during the first industrial revolution, when the British cotton industry demanded
a regular supply chain that could deliver raw material in a predictable way. The development
of a predictable supply chain from around the world to the British cotton industry. Another
product desired of British customers at the time was Chinese tea. In 1866 it led to the great tea
race where two ships competed of the shortest travel time with tea from China to England. It
took the two leading ships 99 days to complete the race. The term lead time started to be
important in the supply chain.
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2.1 Supply Chain Performance Measures

Effectiveness and efficiency are two important expressions when it comes to determine the
performance of a supply chain. To build the right supply chain it is important that the supply
chain follows a balanced evaluation. To find the strategic fit between the customers demand
and the capability of the supply chain.

Responsive
Supply Chain

I S g

&

Responsiveness T
o

Spectrum 4

|

Efficient
Supply Chain

Certain Implied Uncertain
Demand Uncertainty Demand
Spectrum
Figure 1 Strategic Fit [3]
To find the strategic fit some measure points need to be defined and the importance of each of
the measure points needs to be defined to an overall evaluation. Not all points need to be equally

important for all parts that are purchased from suppliers. Important measure points are:

e Cost
o Flexibility
e Quality

e Responsiveness

e On —time delivery

e Backorder/stock out
e Lead-time

e Shipping errors

All those are important measure points for an evaluation [4]. How those objectives are met,
must be measured and compared with standards[5], or an evaluating by a) sending questionnaire
forms, b) visiting the premises of external providers, ¢) qualification testing of items, d)

catalogues of external providers, or e) trial orders[6].
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To visualize the importance of the supply chain a little example. We are living in a time where
the leader of one of the most innovative companies of the world (Apple) no longer is a product
based engineer, but an industrial engineer specialized in supply chain. Cook was quoted as
saying: "You kind of want to manage it like you're in the dairy business. If it gets past its
freshness date, you have a problem™. After that Steve Jobs died it was Tim Cook who took over
the company as CEO.

2.2 The Development of the Supply Chain from a Local Market Place

Arrangement to a Global Affair
The main function of a supply chain consisted of the movement of raw materials, sub assembly
and finished parts for a very long time[2]. But with the development of supply chain planning,
management and orchestration, the evaluation and risk assessment and the compliance with
laws and regulations made it necessary to develop the idea of supply chain management. Over
the last decades the term supply chain management experienced an extremely extensive change
in its contents, while the supplier-customer relationship over millenniums had more simple
relations, now it needed to be comprehensive. Two things happened, that changed the supply

chain completely.

2.2.1 The Internet

To be able to satisfy the claims that a modern supply chain carries with it, one of them being
the flow of information, the possibility of communication also had to develop. The global
supply chain needed a cost and time effective information systems, that can link multiple
companies together [7]. Even it was possible to have an instantly communication over long
distances over the Phone for a very long time, the development of a comprehensive supply
chain communication that can manage the vast amount of data that is needed [8]. The
communication also had to include, handling value added services like quality validation,
custom clearings, payment and other documentations. Something that the internet could provide

easily.
The benefits that the growth of internet communication provided for the firms are [9]:

1. On-line vendor catalogues from which byers can find, select, and order items directly from
suppliers without any human contact
2. The ability to trach shipments using a wide variety of modes including truck, rail, and air

transport
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3. The ability to contact vendors or byers regarding customer service problems from late
deliveries, stock-outs, alterations in schedule shipments dates, late arrivals, and a wide variety
of other service issues

4. The ability to reserve space in public warehouses for anticipated deliveries to market locations

5. The ability to schedule outbound shipments from private and public distributions centres on a

24-hour basis

The ability to provide 7-day/24-hour worldwide customer service

The ability to receive orders from international customers

The ability to check the status of orders placed with vendors

© © N o

The ability to place bids on projects issued by government and industry buyers

10. The ability to notify vendors of changes in configurations in products that are produced orders

11. The ability to pay invoices electronically and to check outstanding debt balances

12. The ability to track equipment locations including rail, cars, trucks, and material handling
equipment

13. The ability to directly communicate with vendors, customers, etc. regarding supply issues on a
7-day/24-hour basis via Email

14. The ability to schedule pickups and deliveries

15. The ability to be more responsive to customer service problems

16. The ability to reduce service costs and response time

2.2.2 Containerisation

The Container was invented in the 1960s to respond to the problems that occurred, in the
process of handling the goods at the harbours all over the world. The time craving process of
unloading small till medium sized parts from a truck and then loading the cargo to a ship. That
could take from hours to even days, depending of the size and weight of the freight. Then the
logical question arises, why is it not possible to load the complete truck in one peace on to the
ship and secure it there? While the cranes in all harbours where absolute capable for this task.
The invention of a box that could easily be moved from a truck on to a ship, capable of holding
all kind of goods, and which could easily be secured during the transport, and easily unsecured
for the next movement. The principle of intermodal transportation was also not a new topic in

the logistic.

After the introduction of containers as transport box in the 1960s, the container had a game
changing influence on the global freight distribution. The container was able to provide more
space that could be handled in less time in the distribution of goods. From than the handling of

goods has grown in all harbours all over the world. And all this by a lower cost [10].

Page 6 of 83



“Containerisation has transformed global trade in manufactured goods as dramatically as jet
planes have changed the way we travel and the Internet has changed the way we communicate”
Joseph Bonney, editor of the Journal of Commerce [11]. The container also influenced the term
of supply chain management, since it opened for a complete change of the way to transport

goods from A to B.

3 SME aweak customer

A weak customer is described as a customer, who has normally just one choice when it comes
to resolve quality problems with the suppliers. The only way the company has is to find a new
supplier which has a more compliant definition of the quality of the products with the definition
of the own company. With other words move from one supplier to the next[12]. Weak
customers have not the commercial power to impact the decision making of their suppliers
regarding to quality definitions. This applies to all areas of supplier customer relationship like
product quality, service quality, lead time specifications and the most important factor the cost
of the goods. For a weak customer it can even get worth, when they are dependent on a

monopolist for their products.

4 Manufacturing Systems

The ability to meet customer expectations when it comes to price, product variety and response
time is critical for the decision making of choosing the right MS [13]. In times of globalisation
suppliers face the pressure of customers expecting better quality for lower cost and that the lead
time is as short as possible [14]. And for all of those demands there are other suppliers that try
to beat you. Two of the effects of globalisation that had an important impact on the supply

chain, are MC and the shortening of product life cycles.

4.1 Supply Chain Objectives

Since we defined the term supply chain, the next logical step is the improvement of the supply
chain, to be able to improve it, we need to establish some understanding about, what is the
supply chain about and what can be improved. Since we know about the necessity of the supply
chain, to provide our customers with our best final product, the main objective is to maximize
the overall value generated [3]. The value that the supply chain adds to the final product must

be more than the costs of the supply chain.

But there are more objectives that needs to be considered when we talk of the supply chain [15].
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e Objective 1: To improve customer satisfaction and customer responsiveness

e Objective 2: To improve flexibility and risk aversion

e Objective 3: To improve information and material flow integration

e Objective 4: To optimize costs (other related performance measures are total cost, sales value,
profit, inventory holding cost, return on investment, and others)

e Objective 5: To optimize suppliers’ performance

4.2 Mass Customization

Finding ways to differentiate your company from your competitors in a high competitive and

segmented market, always with the focus on the customer [16].

To be able to satisfy the needs of your customers to the highest level of service, it needs the
understanding that customers are a homogenous group of people. That all customers are
individuals with their own preferences, needs and expectations. To be able to meet those
expectations, it is necessary to offer variations of configurations of products. Other causes for
variations are a) various customer requirements b) diverse regional needs c) different market
segments d) rapid technology changeovers e) price discrimination f) avoiding price competition
[17]. And this needs to be done to the efficiency of mass production [15, 18]. A variety of
products with the same essential elements is one way to fulfil the expectations of customers
[19]. More important is the ability to translate demands of customers in to new products and

services need. That requires the skill of listening to the VOC [16].

There are different success factors that drive the MC. Such as the demand for variation and
customization and that the customers are also willing to pay for the services delivered. Ore that
the market conditions are appropriate, that the services that is delivered gives your company a
competitive advantage. And that your supply chain is capable of delivering the services or
products needed. That the technology needed is available in your supply chain. That the nature

of your products allows customization in an efficient level [16].

Starting in the 80s, three factors arises that were crucial for the ideas of MC. The ideas of
flexible manufacturing and information technology was properly enough developed, for those
tasks. That an increasing demand for customizable products needed to be meet. And that

includes a significant shortening of the product life cycles where a fact.

One of the disadvantages of MC is, that the complexity of products, needed for trying to satisfy
the variations of the customers, needed to be increased. That would give each company an
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extended supply chain, but as a reward the capability to better respond to the different needs of

all customers.

4.3 CODP

The CODRP is traditionally the point in the supply chain where the custom order arrives [18].
The CODP is that specific point where the supply chain is divided from the part where
production of the parts and components is based on forecast orientated from expected demand
relied on experience and market surveys, and where the production of the finished product is
orientated toward specific customer order requirements [20]. Or the point that departs the mass
service with a lower unit service cost from the customized service with a higher unit service
cost [21]. Because of the intention to keep a maximum grade of efficiency in the upstream
activities and a maximum grade of customer satisfaction in the downstream activities [18]. The
point where the parts and components kept as inventory are assembled towards the finished
products. Where the value of goods changes from an investment in to realizable value.

In the times of MC and the needs of satisfying customer demands, the requirements of finished
product variations will inevitably move the CODP upstream in the supply chain, while the To
be able to keep the CODP as fare as possible downstream, the variety of the finished products
shall be realized on different strategies like using the same essential components for all finished
products [17, 19].

> Engineer > Fabricate> Assemble > Deliver >

Figure 2 CODP

5 ATO-MS

The ATO-MS is characterized by assembling procured components directly in to finished

products [22]. That offers the opportunity of delivering products that are taking care of a
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brought spectre of customers that have differentiated expectations, and in the same time keeping
the lead time and the costs down [19].

Therefor this MS is often used when it comes to implement the ideas of MC in to the products
that a company is offering to their customers. The system offers short lead times and fast
responds time, based on the twos step core system of procuring, inventory and assembly. And
at the same time taking advantage of mass production systems from global suppliers.

An ATO-MS includes both elements of assembling and distribution system. As shown in figure
2, the supply chain of an ATO-MS requires several components that are configured in to several
different products [19, 23]. Demands occur only for the finished products, while the system
needs an inventory of components that the company needs to store to keep the lead time as short
as possible. But if the customer can agree on an extended lead time, then the configurations to

fulfil the customer expectations to the finished product can be meet in a greater extend.

Components Products

Distribution System  Assembly System

Figure 3 Relations Assembly-Distribution[19]

ATO-MSs are difficult to analyse and manage. The difficulty appears when looking in to
several factors as a) demands for the different components being correlated, b) supply lead
times for different components being different, and c) order fulfilment being dependent on the
availability of multiple components. While the multiple components kept as inventor have to
be allocated to different finished products for different customers [24]. The two most important
bottlenecks in an ATO-MS are the assembly capacity and the amount of inventory that the

company keeps [25].
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This two-step system has because of the shortness his challenges. Since there are just two steps
where the value of the end product can be effected, both parts have a big impact on the end

value and therefore need to be especially careful be analysed of what happens there.

5.1 The Structure of an ATO-MS Company

Beside the two step core system, the procurement/inventory and the assembly before delivery,
an ATO-MS needs more in order to develop and offer products which fulfil the needs and
requirements of the customers. Comparable with every other company and independent of the
MS the building parts are almost the same, listed here as 7 steps (a-g) starting with a) a strong
management that is responsible for decision making and implementation, b) a pre-design and
design phase where development of new products is realized responding to the needs of internal
and external customers c) the procurement phase, one of the core systems for an ATO-MS, who
provides a constant flow of components/modules for assembly the finished products ultimately
responsible for the company revenue d) inventory which is a necessary evil, needed for constant
supply flow but should be kept low to reduce the amount of captivated capital, e) assembly, the
place of the MS which needs to be analysed and constantly improved to be efficient, and
simplified as much as necessary to avoid mistakes, since each mistake here will directly lead to
consequences for the finished product and the customer experience, f) the customer delivery,
where the exchange between the product of the company and the equivalent value from the
customer mostly paid in money, and g) the service phase, important for each company to
increase the revenue stream and include quality and reliability evaluation. Beside those parts
from the MS the custom order is also an important part. In figure 4 are the steps from the core

system realized with the black arrows, and the information flow is realized with blue arrows.

Customer

Figure 4 ATO-MS
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5.2 Quality Matters

When it comes to an ATO-MS the company will face a vast amount of quality challenges which
has to be focused on. The main focus naturally is belonging to the customer. The concept of
quality is always those of a contract between a supplier and a customer, and the fulfilling of
this contract. While the customer has expectations related to the product covering different
dimensions of quality, defined by Garvin [26] as a) performance (primary product
characteristics) b) features (bells and whistles) c¢) reliability (frequency of failure) d)
conformance (match with specifications) e) durability (product life) f) serviceability (speed of
repair) g) aesthetics (fits and finishes) and h) perceived quality (reputations and intangibles), so
is the suppliers interested in identifying as many as possible of those expectations and translate
them in to requirements, of which the company try to meet as many as possible. And first when
there is a sufficient balance between those two parts, then we can talk about good quality. The
company has the responsibility to ensure that the interests of the customers is taking care of
through all steps of the MS, including parts that are procured. And to develop systems that not
only can respond to scheduling manufacturing but to be able to respond to emergency
conditions, to be able to serve customers that experience situations that needs instantly response
[21].

For an ATO-MS it is the supplier which holds the key for the quality of the products purchased.
It is the supplier who has the right to define the quality characteristics for their products. So

what the supplier delivers is what the customer get[12].

5.3 Management

As any other company an ATO-MS needs a strong management with focus on a company
philosophy regarding to quality and economy results, which needs to be established trough each
step of the MS. Those are goals that the company wishes to achieve over a) a long time period
and b) goals on a daily basis operation. Establishing those gaols and provide support needed to
achieve those goals. Specific for an ATO-MS is that the company is trying to respond to
different customers with different problems that needs to be solved. Therefore the management
needs to focus on the requirements of the customers, understand the needs and translate those
in to finished products. With a special focus on the global supply chain, while the

components/modules procured are so important for the value chain of the company.

The management, keeping it all together with the main task to find the best quality tools for all

of the organization’s activities. Focus on customers, suppliers, planning and leadership,
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improvement and learning, empowerment and teamwork, human resources, management

structure and quality tools [27].

5.4 Design Phase

To be successful in the design phase, the manufacturer must understand the functions that a
customer has to perform, the constrains that the customer is experiencing and the desired
outcomes that the customer wishes to achieve [28]. Because of the idea of MC, the complexity
of the products has to increase, to be able to satisfy the variation of needs of the customers. In
the start of the design phase the company needs to be aware of the different causes for product
variations, which are a) various customer requirements b) diverse regional needs c) different
market segments d) rapid technology changeovers e) price discrimination f) avoiding price
competition [17]. When it comes to solve challenges resolving out of that context, then the
solutions found have to implement three different layers of design as product design, process
design and network design [15].

Since every decision that is taken in this phase can create a bullwhip effect for the rest of the
MS, it is important to ensure that the design phase is collaborating with all the other steps of
the MS [29]. The decisions made in this phase should rely on a comprehensive evaluation for
every step taken. The design phase is carrying most of the weight in the whole MS when it
comes to the costs and the satisfaction of both internal and external customers and of the end-

users.
5.5 Procurement

5.5.1 Buying

Procurement is an upstream phase in an ATO-MS. Therefore, procurement is depending on
estimation based on experience and market surveys. Important for the procurement phase is to
ensure that the products procured have the best overall quality performance in the next steps of
the MS and for the finished products. While an ATO-MS is depending on the global supply
chain, the quality of the products supplied will differ from supplier to supplier. Therefore an
comprehensive assessment of all the aspects of quality as well as the factors of cost and lead
time is needed [15]. Another important aspect about the procurement is the amount of value
which the procured parts represent, related to the overall value of the finished products. The
two-step core system of an ATO-MS means that the parts which will be added in to the

inventory and further to the assembly.
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5.5.1.1 Supplier Assessment

In opposite to in-house manufacturing the company must relate to other companies for the
production, and there are several challenges related to that. And since the company operates in
a mass customization branch, where the customer shall be enabled to choose from more than
one finished product, the number of suppliers will increase equivalent so will the amount of
information needed to be exchanged. To be able to choose the right supplier that fits all the
specifications for your parts needed, a method for the evaluation on all available suppliers must
be developed. The main objective of supplier selection is to identify suppliers with the highest
potential for meeting company’s needs consistently that will provide benefits to the supply

chain such as better quality, low costs and on-time delivery for all products [30].

The quality of the assessment of suppliers in general depends on the quantity of relevant
information and the criteria used for the selection. Criteria’s for supplier assessment are a) the
quality of products and the ability of securing the quality b) competitive in price ¢) timing of
supply, including aspects as lead-time, delivery fulfilment, d) flexibility, including ability to
speed up supplies and capability of communication d) administration e) after-sale support f)

technology g) finance h) risk j) public relations k) environment [30-32].

5.6 Inventory

For an ATO-MS the inventory part is the first part of the core system where the parts,
components, subassemblies which are procured are stored and waiting to be used for the
finished products. When it comes to inventory there are a lot of things to consider. Big
companies try to eliminate the need of keeping inventory. They rather shape the supply chain
in a way, that the delivery of the parts needed, happens directly in to the assembly line. To hold
the lowest amount of inventory by keeping the capability to supply the assembly line with parts,
components, subassemblies needed to keep the lead time for the servicing the customers as low
as possible. In general, there are factors that forces all companies to keep stock, also the amount

of stock needed. Inventory costs money but is necessary [31].

e The uncertainty of market demands that for all parts and components where the demand is based
on forecasting, the company needs to keep stock of those. Since a continually service and all
the time availability must be guaranteed[14].

e There is always a more or less big variety in the demand of parts (e.g. some of the factors that

impact the demand may be a nature occurrence that will affect not just your company, but all
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the companies that work in the same branch. The variation of demands which includes following
patterns a) trend b) seasonality c) random variations d) cycle [33].

o Lead time of delivering purchased parts will always be a very important issue. Inventory of
parts kept on the reason of lead time[24].

e One reason for inventory is to be able to deliver parts that are malfunctioning with a very short
lead-time.

e When it comes to serve customers demands there should be considered that there will not just
be the normal service scheduling after a designed plan, but also customer that have special or
emergency

e Some of the parts purchased will be hold back as long as possible to give the chance of
customizing those parts after the specifications of the demands of the customers.

¢ Whiletoo little inventory leads to losses of sale, and dissatisfaction of customers over increasing
of lead time to delivery, and an over amount of inventory keeps the cost high for handling
keeping track of all parts, and in the long-time spectre it leads even to obsolesce parts,
components or subassemblies [18].

Inventory management models are differentiated by criteria’s such as volume and size of the
cargo that is stored, economic lot size and production and forecasting demands, changes of
availability and prices of components stored [34].

5.6.1 Dimension of Quality

For the products that are kept as inventory the term quality should cover different aspects. Two
important stakeholders that needs to be satisfied are external stakeholders like the end-user and
internal stakeholders like the different parts of the MS of the company. If we are taking the five
approaches to define quality: a) The transcendent definition b) product-based definition c¢) user-
based definition d) manufacturing-based definition e) value-based definition [35]. The product-
based definition, which are describing the quality as one or more precise defined and
measurable quantitative variables. For the user-based definition the quality lies in the “eyes of
the beholder”. The term quality defines through the satisfaction of the customer. When it comes
to the manufacturing-based definition the concern laying in engineering and manufacturing
practices. Identified as “conformance to requirements”. Where the parts are measured on the
relations between invested resources and the result on a technological base. In contrast to the
value-based definition where the relationship of invested resources and the result is defined on

a financial base.
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To be able to manage the inventory of those parts, there are done some research focusing on
the efficiency of the operation regarding the number of finished products of an ATO company
and the number of components stored. And the differences between one and multi-period
systems [19, 23, 24, 36-38]. There is also a differentiation about different types of inventory.
WIP inventory, semi-finished goods, and finished goods inventory [13, 33]. Those analysis are
about the manufacturing-based and value-based aspects of keeping inventory, to analyse the
Trade-off between inventory volume and service level [25]. And for all approaches of quality
it is important that they are regularly reviewed since both the expectations of the customers and

the technological conditions for the company are in constant development.

5.7 Customer Order

That is the point where the production changes from forecasting-based to demand-based and
the production is related to the specific requirements of the customer order. All upstream
activities are now pulled toward the next step in the production line. Now all forecasting is
showing its qualitative potential. The evaluation of the inventory kept related to the lead time
of being able to deliver the finished products as fast as possible relative to the amount invested

until to this point.

The customer order is a document where all delivery terms and conditions are specified [31]. It
is of crucial importance that all wishes and requirements that are agreed on with the customer
are detailed noticed in the customer order, that the wishes and specifications from the customer
are specified as precisely as possible. The responsibility of the company to ensure that the
customer receives exactly the product that is agreed on. While the company tries to relay as
much as possible on the strength of the products developed, but also tries to apply as much as

possible to respond on the wishes of the customers.

5.8 Assembly

The assembly line in an ATO-MS is the place where the components/modules are put together
in to finished products and as part of the core system the assembly part is where the company
adds value on a daily basis. The idea of MC implies a certain variety of products, this is resulting
in a need of flexibility of the assembly process. Since the product range is relatively high,
related to the number of products that are produced per batch, there is a need to design assembly
lines that fit to the challenges of converting the assembling for different finished products [17].

Factors which impacts the choice of the assembly line are a) annual production volume b)
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number of parts in the assembly c) total number of parts to build all product styles d) product

life cycle ) number of shifts per day f) assembly worker efficiency[39].

Because of the possibility of variations in the quality of the purchased products that comes from
your suppliers it is necessary to ensure the quality of all parts, components and subassemblies
that will all merge together in to the finished products of the company. Therefore, the quality
understanding will equally merge together in to the finished products of the company. Every
mistake of your suppliers will therefore from this point on, be the mistake of your company and
damage reputation of the company in the market. At which point should the quality, reliability
of each product be ensured, is it enough to verify the functionality during the end control of the
finished product, ore should each subassembly be checked, even each part?

Also the assembling in itself carries the risk of mistakes in it, resulting from the variety of
products and the amount of different components/modules needed to build all finished products.
The procedures which are used to manage the assembling of all parts without offering mistakes
to happen and the necessary tools who provides help and quality assurance. Even the necessity

of automated assembling procedures needs to be evaluated to.

Since the assembly is part of the core MS, adding value to the finished products on a daily basis,
this part needs to be made as effective as possible to save lead-time and again avoid the

possibility of mistakes.

5.9 Delivery

The delivery part is where the product meets with the expectation of the customer directly.
Where the first-time user experience is deciding of the real quality of the product. Where the
supplier has to deliver on what is promised. The real value for the money spend. Therefore, it
is the responsibility of the company to secure this experience by making sure of, that the
customer is receiving the precise product which he is promised in the customer order. That
during the logistics of the finished product a protection of the product is guaranteed, no damages
can occur during a responsible transport. Since all the value is now added to the finished
products any damage would entail high cost. To make sure the finished product is arriving at
the customer unharmed, the protection needs to cover bad weather influences like cold, rain,
sun and protection from normal transport stress. The delivery part also includes all the necessary
papers needed of the customer are supplied. Verification that the customer specifications and

the finished product are equivalent. Verification of the security of use after regulated standards.
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And a detailed introduction in how to use the product so it offers the greatest amount of yield

in performance on a daily basis and over a long time period.

5.10 After Sales Service

After sales service has a variety of functions, where one is the increasing of the revenue stream
by selling necessary maintenance parts [40]. Another is analysing the reliability of the different
components and the functions they perform and detecting improvement opportunities of the
finished products. Are all components behaving like intended, or are their unusual behaviour
of the modules related to unexpected problems occurring? For the customers the failure of
functions of the product leads to loss of income and incurring of increased costs. The costs
incurring for the customer can be divided in to two different types a) the fixed costs which
comprises the costs of parts and labour for the repair and b) variable costs which comprises the
eventual costs continuing for labours needed additional without the necessary service provided
and the loss of income from the offered service provided [41]. Which is extremely unfortunately
for both the customer and as a result for the company’s reputation. The service needs to be able
to provide very short led times for the service and change of necessary products/components

and continues use of the product for the customer.

6 1SO 9001 and QMS

ISO 9001 is a standard that specifies the requirements of a QMS. It does not refer to a specific
goal or objective that should be accomplished, rather it proposes guidelines on how to
implement company processes that contain procedures, duties and roles to achieve product
homogeneity and product specifications established by the customer [42]. Where customers
includes both internal and external customers [43]. ISO 9001 is a compilation of good company
practices that have evolved over many years [44].

Potential benefits that can be achieved by implementing a QMS in to the companies
organizational structure are a) the ability to consistently provide products and services that meet
customer and applicable statutory and regulatory requirements b) facilitating opportunities to
enhance customer satisfaction c) addressing risks and opportunities associated with its context
and objectives d) the ability to demonstrate conformity to specified quality management system

requirements [45].

The seven basic QMPs that are responsible for developing and maintaining the QMS are a)

customer focus b) leadership c) engagement of people d) process approach e) improvement f)

Page 18 of 83



evidence-based decision making g) relationship management [46]. Depending on the nature of
the organization, the ways of applying and implementing these principles may vary. The
recognition of those principles will help the company to successfully implement a QMS in to
the organization of the company. For large organizations it is a standard demand, that their
suppliers establish and maintain QMS with accreditation to 1ISO9001[6].

6.1 Process Approach

Process characterization is defined as identifying elements and understanding their linkage for
operations [6]. The 1SO9001 standard promotes the process approach when developing,
implementing and improving the effectiveness of a QMS, and as one of the QMPs. To manage
the processes the PDCA cycle with an overall focus on risk-based thinking should be used. The
PDCA cycle, based on 1SO9001, can be applied to all process. The PDCA cycle guaranties
that every process undertaken will be evaluated and verified, that the processes performed
achieved the desired effects and is providing a constant improvement.

6.2 Implementation

As mentioned in the chapter before the ISO9001 standard promotes a process approach for
implementing a QMS in to the organization of the company. Implementing of a QMS in to the
structure of a company should be organized in a project planning management discipline and
its related tools [47]. The most important step to a successful implementation of ISO 9001 in
to every company is that 1ISO 9001 is a matter of commitment. The successful implementation

starts by the management and its committing to the implementation and

While the companies implemented I1ISO 9001 in to the company structure for the purpose of
marketing and sales beneficences, so where the experienced benefits related to the management
development like a more operational efficiency [47].

6.3 1SO 9001 and Lean

The principle of lean and the principles of ISO 9001 are in concert with each other. While lean
is defined as” A systematic approach to identifying and eliminating waste and none-value-
added activities, trough continuous improvement, by flowing the product at the pull of the

customer, and respecting and involving the employees, in pursuit of perfection.” So those a
QMS also
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As in Lean Six Sigma so has the ISO 9001 processes that are related to management, support,
operation, performance evaluations and improvements. (FMEA, statistical techniques for
manufacturing, reward schemes for improving process continually, periodical reviews of

customer orders to satisfy their requirements, additional controls for contract manufacturing)

7 QA

QA is aregulative process to measure quality performance in order to compare it with standards
[48]. Or in other words QA refers to the full range of practices employed to ensure that results
are reliable [49]. ISO 9000 defines QA as a part of QMS focused on providing confidence that
quality requirements will be fulfilled. Based on the assumption, that quality defects can occur
at any part of the active MS, QA must be considered as a complete system used throughout the
complete MS. Since QA is a maintaining tool for quality, meaning that QA will try to avoid
failure by using technics and tools that assure the quality in a pre-defined area, well- validated
methods are essential to the establishment of a good QA program [50, 51]. Its ultimate goal is
to minimize the occurrence of errors. Once a QA programme is implemented, quality control
activities are undertaken to confirm that the results are accurate and reliable. A god QA system
allows to identify limitations, focusing on minimizing risk of errors. The implementation of a
QA programme provides with an infrastructure needed to promote high performance over a
long time period. In a quality study of the WHO R, Briggs defines components of QA in a
laboratory environment like management, training, SOPs, laboratory facilities, equipment
maintenance and calibration [49]. In higher education the use of standardization is more suitable
[52].

7.1 Components

Management

Successful implementation of a quality system is supported by the establishment of
effective management [50]. Each organization determines the extent of documentation
required and the media to be used. Dependent on the size and type of the organization,
the complexity and interaction of processes. While the QA manager is responsible of
document control and execution of QA procedures, all personnel is responsible of using

the right procedures and documents.

Education
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All types of training to staff members to ensure a good level of competency relevant to
their work to enable good quality work [49, 50].

Standardization

Standard in its definition is defined as widely agreed on. So therefore standards needs a
common understanding of the terms which the standards are regarded to and which can
be agreed on.

SOP

SOPs shall contain all types of employee training records, that documents a good
competency relevant to their work, All QC procedures related to internal and external
control activities, use of equipment for assembling and control mechanism [49].

Continual improvement

Continual improvement of the organization’s overall performance should be a
permanent objective of the organization to enhance the satisfaction of customers and
other interested parties [50].

Equipment and facilities

For the production and control of products or services the needed equipment shall be
calibrated and maintained. All equipment needs to be supported by providing suitable
facilities that ensures a proper function [49].

QC

Verification of QA system. While QA is responsible to ensure the quality in the chosen
processes, so is QC activities responsible to confirm that the results are accurate and
reliable. Compliance to quality assurance programme implies that whenever an error is

detected, an investigation of its cause begins, and appropriate remedial actions are taken.
Documentation

Each organization determines the extent of documentation required an the media to be

used [50]. The updated versions of quality system documents must be available to all

the staff. The quality management manual is to be considered as the top-level document.
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7.2 Quality Assurance Ability

As in the chapter before described the meaning of Quality assurance is to preserve an agreed
standard of quality. When the quality of the products is extending the parameters which are
predefined, then the use of Lean Six Sigma methods will be used to improve quality assurance

ability, there are several Quality engineering technique applications that provide help for the

different stages of a MS.
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Figure 5 Quality tools[53]
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Process Tools Basic Tools Statistical Tools

Benchmarking Data Analysis Control Charts
ERP Project Mgt Computer-aided Testing (CAT)
Focused Factory Surveys Computer-aided Inspection
JIT PIT Teams Gage R&R
Lean Costs of Quality
Awards PERT
Six Sigma 7 Basic Tools
Failsafing 7 Managerial Tools
DMAIC 5-8
Supply Chain Tools Design Tools Management Tools
Supply Chain Management Environmental Design Leadership
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Figure 6 Quality tools[54]

8 Engineering Strategies

Each company designing and developing products which shall satisfy the needs of their
customers and be able to make money out of the system, they need to establish an outstanding
quality performance in every step of the MS. For each step of the MS the company need to use
engineering strategies to ensure the quality performance. Those strategies need to reflect on
how the company is defining the term of quality for each step and that each step is tight together

with an overall quality definition.

Focusing on an SME with an ATO-MS and the idea of MC the necessity of finding engineering
strategies which answers to the challenges of this combination and finding ways to mitigate the
complexity of those challenges. Which engineering strategies exist, and which are applicable

for this combination.

8.1 DRV

The design of products after the idea of MC which offers products that inherence the capability

of serving different customers with their specific needs. The solution to these challenges is the

design of products which are offering varieties in functions parameters, design parameters or

operational parameters. Products that are developed to distinguish a company from competitor
Page 23 of 83



companies. The global market is trying to react on fulfilling perceived needs of customers, by
establishing companies in a more segmented market by conquering market niches. In that way

the companies are trying to reach specific customers[55].

Other variables that are influencing those processes are shorter life time cycles of products, the
emergence of new materials and new technologies. And even the needs of the customers are
changing in the same speed of time. When the products of the company are able to satisfy the
customers today, then attractive requirements after Kano’s model will be one dimensional
requirement by tomorrow and must therefore new requirements needs to be developed by the
day after that. One way to keep up with those changes is the DFV. By using variation of
products, it will be easier to analyse successful and not so successful changes. So, changes in
the products perceives rather as continues changes then giant steps in the product development
where the customers have problems to recognize the original product. And also, not all changes
are equally successful. The impact of those changes shall not be essential for the whole branch,
just on a product variation. When it comes to changes in new materials and new technologies,
the variation of products makes it possible to play more around with those and being able to

catch the reaction to those changes in a balanced way.

And especially for a company with an ATO-MS it cannot be stressed enough, how important
the design phase is. Since the MS consists of mainly two parts which are responsible of adding

value to the finished product. Those two are procurement and assembly.

8.1.1 Product Variety Management Strategies

Product variety is defined as the diversity of products that a MS provides to the marketplace
[56]. The variety of products is not just accompanied of positive effects. In reality the customers
are often confused about the differentiation among the product variants, if the differences do
not stand out clearly enough. Offering more product variants incurs expenses from product
design to production, inventory, selling and service [55]. It is therefore important to aligning
customer’s values with a specific set of product features. On the positive site’s which product
variety can offer, is the potential of expanding market shares and even open the market for new

customers.

Page 24 of 83



Innovation,
Differentiation Max. Customer Value Supply Chains Adaptation
Customer Requirements  Variants Release Ship-to-Order
Market Segmentation Strategies After Market
Customer Choice Maximize Markets Customization and
Navigation Pricing
Configurators
Globalization /
L Variants Scope Localization
Variant Space
Devel at :"l:du?s Portfolio :’:guft-tgom:r
y
;l::‘k Pn::ua ity Business Models Inventory Policies, and
= Agility Service & Maintenance
Programs
Design for Variety Product Families vxiam::‘med PR
2 (Product Architecture,  Products Platform e "‘x et
§ Modulul'ly, . Optimal Modularity & Platf
& Integrability, DSM) Adaptive PP :"n"‘: ";":""““"f;
Customization & Robust Processes o
Evolution / Co-Evolution
Personalization Variant-induced %
= 6 2 Finish- to-Order
Assemble-to-Order
Design for Variety Gro?p Iec:» 8Y
(Parametric Design, Coding & Cellular
Scaling, Y Composite Parts Flexible Manufacturing
I ity) Master Process Plans Reconfigurable
Parts Families b S et
Adaptation
Variety Figure 8 Variety Management Strategies[17]

Figure 7 Variety Management Strategies [55]

8.1.2 Product Families

Designing and developing product families is recognized to be an effective method to achieve
the goals of MC and product variety [56]. The core is to minimize the internal diversification
of production and maximize the external diversification of product functions for customer. A
product family is made up of the products which are similar in function, structure or technology
[57]. A weakness with product families is that while increasing commonality may reduce costs,
but at the same time it might also compromise with the performance of some of the products in
the family. More generally product family strategies that occur in the design phase are a)
product line positioning b) commonality, or c) the optimal configuration of design variables for
each product in the family[58].

8.1.2.1 Based on Modularity

Two of the strategies to cope with the challenges of product families are to design
modularization and standardization in to product families, to ensure the quality of the finished
products [59]. Modular product development means that the design is trying to define all the
different functions of the finished product in to sub functions. Down to the smallest reusable
independent entity, that can be used for the variety of products. Each of those entities would be
a module which will be implemented.as a part of the product. Most of the modules are fulfilling
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a distinct function. These modules offers benefits like a) reduced lead times b) decrease
assembly time c) ability and agility in supply chain management d) minimizing the level of
inventory e) product postponement or DD f) flexibility of the supply chain for the purpose of
delaying the production until the custom order arrived g) increasing of function alternatives h)
decreasing the number of small parts g) providing the opportunity to procure modules that are
developed from the supplier, and need just to be integrated in to the finished products . The
process of developing a modular product gives an opportunity to mix and match all the

components in to standardized modular products [60].

8.1.2.2 Based on Standardization

When the designer have managed to define the different modules necessary to provide all
required functions for the variety of the products, each of the modules can be defined as a
standard to use. This is another strategy in designing products after the ideas of MC and building
product families. This standardized modules can be used in the product families but also across
families to the complete product range. But this is just one use of standardisation. Another way
to improve the efficiency of designing new products is to use standardised parts required from
third parties. Where the development and all connecting required steps is done by a third party.
The availability of those types of products and their advantages will be described in the next
chapter.

8.1.2.3 Based on Scalability (Parametric Design)

Parameterised component families are using the same components, but with different
parameters like operational, geometrical or performance parameters. The meaning with
parametric design is to save development costs and time in the design phase by trying to reuse
as much as possible from other parts or components which was used before and simplify the
process. The simplest parameters to reuse are the geometrical variables. To change the lengths,
widths or height of a part is the easiest way of parameterisation. But it is also possible to change
other parameters of components like the performance parameters, if the supplier offers
components with different performance parameters while keeping the geometrical parameters
comparable the same, or a combination of performance and geometrical parameters. This
method is very useful for an ATO-MS. It supports the idea of MC by offering more

customization with less use of resources.
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8.1.3 DFSS

With DFSS the focus is in preventing problems instead of fixing problems, while the same
principles are used as in Six Sigma, the DFSS is going more upstream and recognizing that in
the design phase the most important impact on the quality and the avoidance of problems can
be done[61]. The effort invested in this phase is paying very well of during the rest of the MS.
The initiative of DFSS has the goal of increasing the revenue of the investment of time and
effort[62]. To balance the needs of the customers together with the needs of the company
regarding to capabilities of the whole MS. To be able to design parts, components and products
so they fulfil the needs of both parts will guarantee successful new-product development. In
case of an ATO-MS where the main parts of the MS are the inventory and the assembly the
focus of the company should be directed towards supplying parts which make it possible of
decreasing the time of assembly as much as possible, and to simplify that assembly parts to the
degree, that the possibility of mistakes is reduced as much as possible.

8.1.4 DFMA

The system of DFMA is developed over a very long time with help of decades of research and
thousands of man hours of experience to support product design with decreasing of product
development time, lower manufacturing and assembling cost and improving product quality.
The idea behind DFMA is that 70% of the cost of the products is fixed at the stage of design[39].

DFMA keeps the focus on all the used components used for all products and identifying the
parts of all components and defining parts which are equally used in different components. And
if the number of equal parts exceeds a certain proportion, then if it is possible to combine those
two components in to one more complex component and achieving the same performance just
with less effort in regard of amount of parts needed[63]. This type of design responds very well

to delayed product differentiation in the inventory.

8.2 Procurement

Procurement is the point of the MS where the first value is added, in form of financial
investment in to procured parts, which in its fullness will be represented in the finished product.
And since the value adding chain of an ATO-MS is as short as it is, all inputs in to the value

chain are of the most importance.

In this chapter the focus will be on which engineering strategies can be used to ensure the best

quality for the parts or components procured. Especially because those parts cover so much of
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the value of the finished product. How can the fact of a global supply chain be exploited to offer
a good financial and a good qualitative deal for the company?

8.2.1 Collaboration

One way of turning the challenges of a global supply chain and procuring products from
suppliers in to an advantage is to collaborate with those suppliers. For an SME with limited
resources when it comes to negotiate with other suppliers, the best way of collaborating is to
find other SMEs where they can benefit from expertise of each other[64]. While the expertise
on specific areas of those other SMEs can be used to boost the own product and give a step
ahead for the overall performance of the company, so can the expertise of the own company
and knowledge on problems and their solutions give positive effect on the supplier when both
companies allow to tap in to the resources of each other. And for the company a bigger return
on the investment. The connection between two companies and their different location can also
be used to extend the sales market when the interests of both companies are aligning. Other
side-effects of good collaboration are increasing of a) process efficiency b) flexibility c)
business synergy d) quality and e) innovation[65]. To maximize the success of a collaboration
there are strategical elements like a) technology b) business case c) intra-organisational support
or d) corporate focus. And cultural elements like a) trust b) mutuality c) information exchange
and d) openness and communication to be considered[66]. Miscommunication with
misunderstandings is the main reason of collaboration failure[65]. Since communication is the
glue which holds the supply chain together, so there for a balanced, two-way, multilevel contact
is of the essence. The decision how close the collaboration should be is always dependent on
the benefits which can be obtained, from an arms-length distance where the information flow
will not be so extensive, until a real collaboration where the amount of profit for both companies
is proportional to the information exchanged. In this case the companies share resources and
commitment and intra-organisational support. Types of collaboration to be considered are a)
strategic alliances b) joint ventures c) cooperative arrangements d) virtual collaborations €)

vertical, horizontal and lateral integrations with advantages for both company’s[67].

8.2.2 Commonality parts

Another way of trying to benefit of a global supply chain and at the same time to serve the ideas
of MC is to buy parts that are produced in larger volumes[68]. Products which are used in a
vast amount of different finished products. The effect which can be achieved by buying parts

which are produced in a larger scale is called the economy of scale and scope. The term which
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describes this type of parts best is commonality parts. Normally the term commonality is a
strategy that is used for components/modules which are implemented in as many as possible
products of a product family in a product design phase[69]. But this type of parts doesn’t need
to be limited to a product family of one company but rather be used for all different type of
companies. While the idea of economy of scale and scope in the scientific research is an object
of interest, when it comes to the companies using this system, so is the research of second part
users of the system difficult to find. Therefore, to prove some of theories which will be stated

in this chapter it will be done by using examples, experience and common sense.

8.2.2.1 Economies of Scale and Scope

The economy of scale means the relationship of the scale of use of a proper combination of all
productive services of a company and the rate of output of products[70]. Very simply explained
on one effect of this theory is that the fixed costs stay the same by producing more parts, while
just the variable costs are increasing, and therefore the profit if the revenue stream also will
increase. The optimum size of a production facility is not so easy to evaluate. While growth not
continuously provides increased profit. On one point the extending of production lines and
needed equipment will be followed by an increasing of fixed costs and in the end the raise of
the fixed costs will even extend the profit of the extend of production. One way to mitigate this
problem is by adding new technology and better production tools in the production line and
using Lean Six Sigma to optimize the production system with the goal of decreasing waste and

increasing the efficiency of the system with growing output and profit.
8.2.2.2 Effects for Second Users of the System

8.2.2.2.1 Resources:
Instead of using resources to develop all the parts necessary, implement in the own products, it

is possible to apply many parts needed, from other suppliers or even other producers of the
equivalent type of products. Which really saves the company of a big amount of resources for
research and development. Here is also another idea supporting to by parts/modules rather than
developing them self. It is the idea of being able to develop profound knowledge of the part of
the products where the company wants to be distinguishable from their competitors. Instead of
being differently in all parts, it is better to being not just good, but superior in one specific area
than your competitors. Therefore, the use of commonality parts will save resources to achieve

this goal
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8.2.2.2.2 Quality
As mentioned in chapter 8.2.2.1 the economy of scale and scope offers the opportunity of

making the production line more efficient by using the tools of Lean Six Sigma. By using those
methods not just the effect of more efficiency is gained, but also the effect of better control of
the output of those processes. And following of this facts, the conclusion can be made, that the
quality of the products produced in that content will automatically also increase. More precisely
not the quality of each product, but the quality of the overall production. The meaning of Six
Sigma is to improve the reliability of the process performance so that it gives not more than 3,4
defects per million opportunities. As higher the commonality of the products purchased is an
as wider the use of these parts by different companies implemented in their finished products
is, than the possibility of higher quality output is given. Because of what is mentioned above
there is a positive effect for second users of commonality parts. The need for quality control of
purchased parts before implementing them in to the inventory of the company and finally in to
the finished products is significant decreasing. When a company is buying screws for example.
Than normally, SMEs are not concerned about the quality control of this type of product, they
will directly be used in the assembly. Not properly working parts implemented in the finished
product will entail a significant increasing of costs when detected late. Therefore, an FMEA of
each part implemented is important. For commonality parts the probability of failure will

decrease.

8.2.2.3 Commonality and Cannibalization

When commonality between the different models of one product family is used in a degree,
where the models produced of a company makes it impossible to be able to distinguish between
those products and a similarity of different products is too high in a degree that the customers
will by one product instead of buying another products, then this type of choices are called
cannibalization. It is important that every variation done in a product family offers a wide

enough differentiation of function in the product family.

8.2.2.4 Lead Time and Prize

When the company decides to by parts, one of the most important factors for the decision of
the supplier will be the price of the parts. And also, in this part the amount of produced parts
will reflect on the price of the parts. As more parts are to find in different products as more
parts will be available on the market, which again result in more competition from more
suppliers of those parts which again will be reflecting in decreasing of the price. And with more

competition and more parts available on the market the lead time from the suppliers will go
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down. Which again has a positive effect, while the time period where the capital is captivated
by the parts in inventory can be shortened down significantly.

8.3 Inventory

As mentioned in chapter 5.6 there are several reasons to keep inventory, and even more reasons
to keep it as low as possible. For the inventory where the main capital of the company is
captivated by the different components/modules purchased and stored the value of those needs
to be preserved over the longest time possible. While the worth of the components/modules is
deteriorating with every day going by, and in the worth case even can reach the state where
they are obsolete before implemented in to the finished product. Therefor the parts, which are
stored in the inventory need to meet certain quality parameters, which secures the value. Here
some engineering strategies that will ensure the quality of the products stored, as long as

possible and helping to keep the amount of parts as low as possible.

What all the different engineering strategies have in common is to keep the parts in the
inventory as low as possible. And making every part in the inventory count. As valuable as

possible.

8.3.1 Delay Product Differentiation

It is not always smart to try to allocate the procured parts towards their final use right after they
are bought. When modules are sharing many parts between them, then it must be considered to
by the parts and keep them undifferentiated in store and wait with the allocation towards the
final use until the customer order arrives before building them in to subassemblies[13]. In this
case the components are keeping their value best when they can be used in as many as possible

different subassemblies.

8.3.2 Product postponement

Product postponement is a strategy which intention is to delay the allocation of the
components/modules purchased as long as possible towards the final assembly. Starting in the
design phase the finished products will be designed around those components which often serve
specific functions in the finished products. Depending on the customers and the customer order
those functions will then be added to the finished product or not. The best yield of this type of
functions is achieved when they can be represented in as many as possible of the finished

products.
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8.3.3 Delaying of production

For some of the components which are needed for the finished products, after the idea of MC
and even extended to the idea of personification of the finished products, then the delaying is
comprising not just the allocation of the components but extending the delaying to the
production of the components. The meaning is to provide the highest term of service to the
customer regarding personification of the finished product. The possibility for the customers to

be able to implement the purchased products in to the companies own product or service line.

For all those engineering strategies the responsibility for implementing the ideas is laying by
engineers in the design phase of the products. The components/modules which the finished

products contain needs to perform especially well in this phase of the MS.

8.4 Customer Order

The customer order is the point of the MS, where the customer and the company are describing
the product and the associated functions on which both parties are agreed on. As mentioned in
chapter 5.7, the importance related to the customer order is that the customer order needs to
include a description of all specifications of the finished product in a very detailed manner. For
the customers those specifications are related to the problems which they need to solve. And
for the company it needs to relay on the core experience. If those two claims are reasonably
balanced than there can be placed a customer order. The customer order also needs to include
other specific information like a) a specific lead time for the delivery of the product[71] b) a
detailed price information for the product and all additional services c) who is responsible for
the delivering of the goods d) detailed warranty or guarantee information’s ) which laws apply.
And more specific agreements need to be considered for each sale. For the company the

customer order is the point where all activities are now driven by customer specifications.

For the case of a quality assurance system the point of the customer order is not a part where
engineering strategies are developed to support the quality. Except from being comprehensive

and including detailed descriptions of important information.

8.5  Assembly
The assembly line as part of the core MS for an ATO-MS needs to be designed in a way that it

can support the different variations of finished products according to idea of MC of an ATO-
MS.
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The first step is to define all the different products which have to be assembled with all the
underlying modules/components/parts implemented in the products. Therefore, an analysis of
all the components/modules contained in the finished product is required to find an
economically assembly system [39]. Assembly process planning with time and cost
analysis[72] and assembly line and control mechanism. In an ATO-MS the assembling is the
only place where the company is adding value, and which will be represented in each finished
product and therefore can be related in its fullness to each of the finished products. All costs
will be reflected directly in to the finished product and therefore this part is one of the most
important parts to be analysed, planned and improved continuously. But starting with an
analysis of the assembling process, which components/modules are really necessary to be
assembled in the finished line or which components should be pre-assembled in to modules to
be implemented in to the finished product. Resulting in a decreasing of the lead time for the
main assembling. At this point it can be established how strongly the cost of the assembly is
connected to the design of the finished product and it’s under laying components. One of the
intentions of this analysis is to minimise the number of parts that needs to be assembled into
the finished product to reduce the lead time for assembling. This analysis should already happen
in the product development process, so also the assembly system is influencing the design
phase. And not pushing problems ahead and trying to solve them, but rather try to analyse
possible problems before they occur and find ways to mitigate or solve possible problems on

forehand.

A normal analyses of the assembly part happens with a combination of knowledge- and
intelligent methods [73]. For the ASP using knowledge- and intelligent methods needs to be
combined to find the right assembly sequence[74]. The knowledge-based part of establishing
an ASP can e.g. consist of an assembly-disassembly process, where a finished product first is
completely assembled, and afterwards is disassembled again, and this for several times to
establish the most efficient assembly sequence. While intelligent methods are related to an
analysis in a 3D simulation environment. Where the design and the layout of the assembly line
can be realized, manual assembly station will be ergonomic studied ore tools and fixtures

needed for an reliable assembly process will be designed[72].

An assembly line and its underlying assembly sequence should be handled as a flow-orientated
system[75, 76]. The normal approach to analyse the assembly system is through an ALB[75].
To be able to assess an assembly line, assembly lines needs to be seen as flow-line systems,

where the amount of different finished products and allocated components/modules can be
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optimized with optimization algorithm so called ALB[75, 76]. Performance analysis using the
ALB and Improvement of assembly lines should happen with lean techniques. But this thesis
comprises the ideas of engineering techniques for the case of quality assurance and therefore
those techniques would exceed the scope of this thesis. Important for the efficiency of this part
are the time but also the capability related to precision in the assembling and the reliability of
the process. Mistakes in this phase will drive the costs exponential. While the different products
mostly consist of the same or similarly components/modules which serve different functions,

the assembly line for each finished product will be partially equal.

Another issue for the assembly line which is to be considered are the possibilities of mistakes
that can occur during the assembly which have also have to be minimised. Normally the right
procedure to avoiding mistakes is to establish SOPs which are a very reliable tool to decrease
the possibilities of mistakes. SOPs are a very powerful tool in the quality assurance. They

describe very precisely how to do certain steps in the assembly procedure.

It is necessary to ensure that the assembling of the finished products is regarding to the

specifications defined in the customer order.

As shown in the figure below the assembly lines can be classified after different of the possible
characteristics. The classification after the categories of a) manual assembly b) special purpose
assembly machines c) robot assemblies [39] is missing in this figure. For an ATO-MS the
classification after the product characteristic gives the best result related to engineering

strategies for a quality assurance system.
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Figure 9 assembly lines [77]

8.5.1 Single Model Assembly Line

In a single model assembly line, where there is just one single product model which is
assembled. The single model assembly line is the least complex assembly line. Every
consideration for this type of assembly line is to increase the efficiency and securing the
reliability of each step of the assembly. The challenges with the system are related to the time
used on each station, while processing times alternate between all stations, from high processing
time to lower processing time. As mentioned before the different steps will be treated like a
flow-system and using the bottleneck management to optimize the system[76]. A negative site
with the single model assembly line is the amount of investment when a new model needs to
be added. Therefor the numbers of output of each model needs to be relatively high in relations

to the investment for the assembly line.

— > ..

Station 1 Station 2 Station 3 Station 4

Figure 10 Single Model Assembly Line
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8.5.2 Mixed Model Assembly Line

A mixed model assembly line is a line which is designed to assembly the same models of a
product family. The products are sharing the same parent’s modules/components and different
functions are added to the parent’s product. The challenges for this assembly line is that the
process time for each station is different and the combination of all of them. While each station
can, but must not, be part of the line, the problematic of ALB is increasing potentially with each
station that is needs to be part of the assembly line. Another challenge of this assembly line is
the sequence planning for all the different models. While the combination of all assembling
stations for each of the models may contradict other models. Meaning that for one model the
best solution might be that station three should be done after station two and before station four,
while for another model station four needs to be executed before station two. The mixed model
assembly line is not suitable for assembling of more than one product family. While the
combination than makes it impossible to provide an efficient assembly line.

.
Station 1 Station 3
Station 2 Station 4

Figure 11 Mixed Model Assembly Line

8.5.3 Multi Model Assembly Line

The multi model assembly line needs to provide the capability of simultaneously assembling
different product model types[78]. Where every station of the assembling line always has to be
operational. The best way to provide this is the cellular organization of the assembling line.
Using batches where the flow of the assembly line is controlled by the stations which needs to
be executed and providing an efficient flow of products through the assembling process. The
challenge for this type of assembly line is to provide a constant flow of the line and avoiding
bottleneck problems. To mitigate those problems, some of the stations can provide flexible
assembly tasks for resolving bottleneck problems.

Page 36 of 83



N N N N

Station 1 Station 3 Station 5 Station 7

Station 2 Station 4 Station 6 Station 8

Figure 12 Multi Model Assembly Line

8.6 Delivery to the Customer

The part of the MS where the finished product is arriving at the customer can maybe defined in
to two parts. Starting with the most important thing, that the customer is receiving the product
in the same condition as it left the factory. The first-time experience of the customer with his
new product needs to be conserved towards the best positive experience possible. For smaller
product even that can be used as an advantage. The company will provide packaging, which
can achieve different goals as a) protecting from stress under transport and possible damages
b) the way to pack the product can be used for brand building with the design of packages that
supports product recognition [79], and c¢) contributing the overall first time experience, while it
is always fun to unpack a new product and there are the sight and the touch sense involved.
Opening a package with a new product is always releasing the new product smell which also
contributes to a first-time user experience. Designing the package after an idea of prolonging
the unpacking process in a way that opening the new product needs additional time to extend
the experience a bit longer. This part also comprises the important part that the customer is
receiving a product which was ordered precisely defined in the customer order. As defined in
Chapter 8.4 There are specified functions which the finished product needs to fulfil. Those
functions are in detail described in the customer order and therefore needs to be according the
customer order. There is always a possibility of circumstances arising which delay the point of
delivery ahead in time. Which is a difficult part while when the product is in transport, even the
responsibility is declared in the customer order, the product in itself need to be able to resist
more difficult conditions during storing, without changing characteristics in functions or
appearance. Unfortunately, this part of the MS provides little research and engineering

strategies.

Page 37 of 83



The second part that the delivery must cover is the paper part. When the customer receives the
finished product he also needs a detailed introduction to all the functions of the product, and
how to use them properly and how the customer can ensure a long product life cycle. Additional
getting warnings of how not to misuse the product by showing explicit the limits in which the
product is operating and in which the product will lose the capability of well-functioning. It
needs additional a detailed packaging list with all parts that follows the delivery. Other papers
that might be necessary are a certificate of origin when the product is being exported in to other
countries. And a CoC which states that the product is meeting a minimum set of regulatory,

technical and safety requirements.

8.7 After Sales Service

As mentioned in chapter 5.10 after sales service offers a variation of functions which the
company can profit of. From increasing the revenue stream to a source of valuable information
for continues improvement of the products regarding quality and reliability. After sales service
can also offer a main competitive differentiator[80]. The building of seller buyer relations to
connect the customer to the company for long time periods with mutual benefits for the
company and their customers[81]. Where the customer benefit with increased reliability of
product functionality and in case of malfunctioning with short repair lead times. For the
company after sales service offers increasing of the revenue stream which can be divided in to
three sub parts as a) sales of spare maintenance parts, which are parts that have a specified life
time cycle and therefore are designed to be easily replaced, b) periodically maintenance which
is happening periodically dependent on the time in action and c) accessories where the company
offers products that are useful to add to the product like protect covers or adding new
functions[40]. The importance of after sales service has been acknowledged in times where the

competition of suppliers is globalized.

The decision regarding on how to build after sales service is closely connected to the cost of a
product failure happening for the customer. The cost again can be divided in to two types which
are a) fixed costs which mainly are the cost of repairing the malfunction and b) variable costs
which comprises the continuing costs like the labours needed additionally for the job and even
the costs of loss of income from the service the company’s customer provides to their

customers.
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Figure 13 Relationship Service-Design[41]

As shown in figure 13 the two types of cost because of a malfunction of the product has an
impact on the decision on how to react to a malfunction. While the variable costs are connected
to the function that the product must fulfil, so are the fixed costs very close related to the design
of the product. When the cost of both the variable and the fixed cost is very low, then the
question of repairing the malfunction at all is current. Depending on the costs of the finished
product the question is relevant to even replacing the product. For more expensive products the
design of the product needs to allow to change malfunctioning parts. And then depending on
the price of the part a decision can be made of to dispose or repair the part. Which in itself then
has to be designed to be repairable. When generally the product is worth to be repaired the
design is mostly done with module based design which makes it possible that the service easily
attribute the failure to one specific module, which then should be relatively ease to change
called module swap out[41]. In case of high variable costs related to a malfunction of the
product, the company needs to be able to offer very short lead times for service and repairing
the malfunction. Normally the service should be able to repair on site while having a variation
of parts with them. The lead time for the service needs to be as short as possible. This is only
possible when the company has a knowledge of their products and an updated database of parts

which are more error prone then others. For modules/parts which have both high variable and
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fixed costs the design of the product need to be able to offer continues monitoring or a built in

redundancy for specific components/modules[41].

8.8 Cross-connections

After going through all the different steps of the MS and the engineering strategies which are
found in the research for this paper, one point revealing is that there are cross connections
between the different engineering strategies from the different steps of the MS. When a part is
designed in the context of a standardisation, than in the step of procurement the strategy of
supplying commonality parts is supplemented by this strategy. Standardized parts are also
supporting the strategies of delay of product differentiation thinking smaller parts in the step of
inventory. For the step of after sales service, the strategy of rapid response is supported from
the inventory strategy of product postponement, while as longer as the parts are not
implemented in to the finished parts, those parts are still available for repair of malfunctioning
finished products and not . Those cross connections between the strategies and the steps of the
MS, are visualized in Figure 14. Those cross connections of supporting the engineering
strategies in between different steps is another value added to support the quality of the finished
products. And as more connections which can be made, that makes the complete model
stronger. This affinity diagram shows very good the strong connections of all steps of the MS
and the underlying engineering strategies. The strongest connections are from the design part,

where each strategy easily can supplement the other strategies trough each step of the MS.
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8.9 Summary
For the case of an ATO-MS relaying on a global supply chain there were found o profound
amount of engineering strategies for each step of the MS. In specific the design phase has to

offer different reliable solutions which will have positive impacts to the other steps of the MS
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and seems to be the most important part, and it is therefore no surprise that the most specific
strategies for an ATO-MS where found for this part, while for the rest of the MS the strategies
are more generally independently of the MS. The study of the available engineering strategies
shows, that the only advantage for SMEs in comparison to big companies is to collaborate with

other SMEs and try to exploit the specialized knowledge of another SME.

Two points which are sticking out are the Customer order and the delivery of the product to the
customer where there could not be reviled engineering strategies which are supporting the

quality of those steps of the MS.

9 Quality Tools

Working in a predesign phase the intention is to find a specific quality tools which can provide
amethod to evaluate the quality impact of the parts which will be procured and needs to perform
in all steps of the MS represented by the engineering strategies. The preferences which the
quality tools need to be able to supply are an overall assessment of different type of parts which
are used in different type of products, regarding the idea of MC. And all those parts needs to
perform against the products and the engineering strategies in each step of the MS. And again,
thinking from the perspective of a predesign phase, therefore the complete MS. Concentrating
on the design phase there are not so many tools which can supply this type of evaluation. Tools
like SIPOC in its one-dimensional system evaluating one process at the time, and FMEA can
offer additional information for an evaluation. To be able to digest all those inputs needed QFD
seems to be the best tool. It is a comprehensive tool which allows to be fed with a vast amount
of input and digesting the information to an applicable result. QFD mainly used in the design
phase where the product development is the task, QFD are used in different type of analysis
than just product development with examples like risk management analysis [82] or service
QFD[83], this tool should not be limited to the product development, but rather be used after is

capabilities.

9.1 QFD

The QFD developed as a product design and development tool that is responsive to customer
needs throughout each stage of the production [84]. The QFD is a multi-attribute decision-
making tool [62, 82]. While the life time cycles of the products are getting shorter, the
developing of new products must happen in a shorter time period than before. And the
production line of those new products needs to be able to deliver higher quality from the first
day on [85].
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Instead of analysing which causes that are contribute to undesirable outputs using the cause and
effect diagram (fishbone-diagram), the HOQ was developed where the causes of positive
quality was identified [61, 84]. Those analysis grew completely in to the HOQ with large

projects.

Avreas that are using the QFD are transportation and communication, electronics and electrical
utilities, software systems, manufacturing, services, education and research and other
industries. With functional fields like product development, quality management, customer
needs analysis, product design, planning, engineering, decision making, management,
teamwork, timing costing and other fields [86]. There is areal value in QFD when it is so widely
used. The main principle benefit of using the QFD is that all persons in the MS are starting

thinking together in the same direction[87].

9.1.1 The VOC and Kano’s Model

One of the most important areas that the QFD has an impact on is the voice of customer [85,
88]. In times with a global supply chain and MC there is increasing competition in the market.
The need of finding competitive advantages with in specific market segments where the core
competence of the company can be exploited As a result of this customer satisfaction strategies
are becoming more important. [89]. To understand the needs of the customer it is important to
know both the spoken and the unspoken needs. Kano in his model of Quality distinct between
three different types of requirements that are important for customer satisfaction. While the
one-dimensional requirements are those that the customers mostly answer while be asked for
their wishes, like a good design or all the functions that are expected to be there, those
requirements can impact in both a positive or negative way, while those expectations are
fulfilled or not. When it comes to must be requirements like the perfect functioning of all
features will just impact the experience of the product in a disappointing way, when not met.
Nobody will take it as a bonus when it works. But when it is not working as supposed, then the
customers will be dissatisfied. When it comes to attractive requirements, those are requirements
that the customer didn’t even know that they where needed before the customers experienced
the functionality of those functions. Functions that are showing that the producers know more
about the real value of the product than even the customers that will stand out of the products
of competitors. And they will create only positive satisfactions while they are fulfilled [90].

But listen to the VOC might be not so easy, while at first just listen is not good enough, when

the meaning of it is not understood. To understand deeply the characteristics of the VOC and
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then obtain the useful information [91]. In practice first when the use of the VOC and the QFD
gives results in increasing sales numbers, then the VOC is really understood. To obtain the right
information, which provides you with a competitive advantage, from the VOC it is necessary

to ask the right questions.

Customer safisfied
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Attractive requirements - specified
-measurable
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Figure 15 Kano’s Model of Quality[90]

9.1.2 The HOQ

The HOQ is a complex matrix, which can be divided in to several steps to organize different
inputs like the VOC, the engineering parameters and the competitor comparison for an overall
analysis. In the start phase of a product development the HOQ converts the needs of the
customers in to technical specifications on how the products need to perform to the needs, e.g.
a customer need for a cup of coffee needs to include a technical specification on the size of the

coffee, translated in to volume, and how important this measurement is.

9.1.2.1 Partone

Different type of customers

Starting by defining the different type of customers for the product. In general, the customers
are differentiated in three different types. The internal customers, the intermediate customers

and the final customers[87]. Internal customers are shareholders, management and the
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employees. The intermediate customers are more like retailers and businesses that will be
responsible for serving finish customers. And the main focus in every evaluation must be the
end customers which are the final users of the product and where the products needs to perform
after their wishes, since they are paying for the product and therefor need to perform after

expectations.

The needs of the customers

For the end user of the product, the importance is not just that the products perform after the
expectations, but as we learned from the Kano’s model, the product needs to perform in all
three types of expectations. For the users of the products a distinction after Kano’s model should
be used. Which leads to step two, establishing the VOC in the what’s which represents the
needs of the customers. To learn the skill of listening to and collecting the VOC, which can be
challenging, it needs a lot of practice. The VOC is about the quality of the data that you are
collecting, meaning that you receive the information that you really need. As shown in chapter
9.1.1 the VOC is a complex matter, with expectations that the customers are aware of, but also
expectations that the customers are not aware of. To find the right needs for the customers is a
process that can be divided in to these 4 steps (gather the VOC, analyse the VOC, define
customer prioritized needs, validate customer needs, begin the HOQ work). This is to be filled
in to the left side of the HOQ [62].

The relatively importance

In the third step the needs which are established in the second step receive a relatively
importance score which relates to the different needs to each of the customers, while not all
needs are equally important to all customers. It will be therefore a distinguishing with
importance graduation. Represented in numbers from zero to ten. And then the percentage

distribution of all scores.

9.1.2.2 Parttwo

Converting the needs of the customers in to engineering parameters

The fourth step is to convert the VOC in to engineering parameters which needs to be
measurable parameters. How can the developers respond to the VOC by using engineering
parameters that relates to the needs? That’s why this part is called the how’s. How can the needs

be converted in to engineering parameters?
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The correlation of the engineering parameters

The roof of the HOQ to adding the correlation matrix which shows the different correlations
between the engineering parameters. Which again adds more important information to the
HOQ. When there are done changes done to one engineering parameter, then often those

changes have impact to other parameters, and this will again change the outcome of the product.

9.1.2.3 Part three
The main body

The sixth step is, where the relationships between the VOC and the engineering parameters is
evaluated in the main body, mostly done by fuzzy numbers. Where the relations are evaluated
by stating the strength of the relations by a spectre between one and ten.

9.1.2.4 Part four

Evaluation of the competitors

On the right hand side of the HOQ the evaluation of the competitors found their space.
Developing new products should always be done with the focus on the competitors. The
evaluation will show the equality, or the differences of the products, related to the products of
the competitors. Which gives the opportunities of the own product to distinguish from the

products of the competitors.

9.1.25 Part five

The technical matrix

In the last step the relative importance of all engineering parameters related to the VOC is
evaluated in the base of the HOQ, which indicates the importance. The part of the HOQ where
some of the results of the evaluation is visible. The results to see in this matrix are a combination
of the what's, the importance of the what's for each customers and the connection to the how's.
Which resolves in a matrix that contains a ranking of the best how's and where to focus in the

development.

9.1.2.6 An overview on a typical HOQ
Under is a figure of an HOQ, which visualises all the different parameters which are established

in the different steps.
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Figure 16 The House of Quality [62]

9.1.3 The Four Phases of Product Development
In figure 17 it is shown how the QFD can be used in the development of new products, not just

as a single event tool, but a tool that can be used for the four phases of a product development.

Starting with the product definition, then the product development, than the process

development and in the end the process quality control [87].

System
Design
| Requirements |
| System or Part |
O | Requirements |
O | QFD Level 1 . ‘
= =)
=3
2D =|
. 'z 2| QFD Level 2
Specific atid
Targets 2|
Specific
Targets

System or Parl
,r

Requirements

Component

Parameters

| Manufacturing |

Processses
QFD Level 3 =
=
| = =
|2 5
Process = =
|<=

Figure 17 QFD Total System Analysis [92]
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10 Summary

For the evaluation of the quality impact of the engineering strategies the HOQ offers a wide
spectre of opportunities to compare different type of inputs and evaluating the outcomes. Very
convincing tool because of the brought spectre of inputs possible and the analysis toward a

result matrix, and with an appendix to allow analyses of competitor products.

11 The Case of a Variety of LED Illumination Products for Vehicles

To test the QAS with the engineering strategies and the quality assessment tool, there will be a
theoretical case established. The company first considered as a collaboration partner where not
able to offer the time needed to support this project. The time it took to establish that the
company in mind could not offer collaboration made it necessary to establish a fictive case,
keeping the time of delivery for this project in mind. A case which can provide products that
can be served from an ATO-MS, products which are needed in the arctic region, and products
which can be produced in variations to satisfy the ideas of MC. Regarding the main challenges
of the arctic region which are the long arctic winters, where the sun is not reaching over the
horizon for several weeks, and being relatively dark over months. The sun is, during that period,
not available to offer the light necessary for the human eyes, to secure the work done by the
people. While the amount of work which needs to be done anyway is equal, meaning the same
as in the time with enough light. Therefore a case is chosen which offers the necessary light
needed. For a vehicle the consumption of electricity is directly related to the size of the battery
and the power which it provides. That makes the use of LEDs as a means of illumination an
interesting case, when it comes to looking for efficient and power saving methods for lighting
up the vehicles and its surrounding areas. LED lights contain different components/modules,
which can be bought from a global supply chain and be assembled together in a facility in the

arctic region.

The case will be a company which produces LED illumination products for vehicles that are
used in a commercial content. LED light products consist of some different
components/modules which can be analysed of the ability of how the different engineering
strategies have an impact through all the steps of the ATO-MS. How can modified versions of
the main product offer more than just one usability to satisfy different customers? Where the
product can be modified after customer specifications. To produce LED illumination products
the company is depending on a global supply chain with low customer service, when it comes

to the requirements from the company. Every customer who will by LED products has their
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own preferences, why they need to find a product to solve a specific problem. For vehicles used
in a commercial content light is an important thing, for different circumstances like driving,
work insight and around the vehicle, securing the visibility for the vehicles when the vehicle is
parked in or close to the traffic flow while needed stationary service is provided. This company
will offer a connection between the different illumination products for their customers. As it is
now, most customers by each product separately and install them. So there is no connection
between those different products needed, and no product will work together with the other

products.

12 LED Lights

LED light has been around for over 5 decades. The invention of the practical LED is attributed
to Nick Holonyak in 1962[93]. Used frequently over many decades in status indication
applications for the industry. LEDs in the early stages had not the potential to be used as
illumination devices, while the output of light was too low. Then in the last decade, when the
improvements made, allowed the amount of light output to be significantly increased. The use
of LED for illumination was growing strongly and refunding other sources of illumination
devices like traditional types of bulbs, halogen or CFL bulbs. The use of LED has several
advantages over other light sources. LEDs offering better results in cost safety quality and
reliability compared to other methods. LEDs offering a power saving of at least 50% compared
to the other methods. While offering extent life cycles the maintenance is also significant
decreasing. And LEDs offering the mitigation of safety risks, as a solid state device it is
extremely resistant against shock and vibration, has a low environmental impact during the

production and a low risk of ignition in areas where this can be dangerous[94].

Today’s LEDs are working with 160Im/W but this is increasing, which makes them as nearly
70 % more energy efficient as other illumination technologies[94]. Other advantages of LEDs
are the instant on-off capabilities and their capability of working in extreme temperature

environments both hot and cold. The approximately life time expectancy of a LED is 100000hr.

12.1 LED Circuits

Depending of the voltage which the power supply is serving to the circuit LEDs as any other

electrical material can be used in both serial and parallel circuits.
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12.1.1 Serial Circuit

In a serial circuit the positive connection of the first LED is connected to the negative
connection of the following LED and then the positive connection from this LED will be
connected with the negative connection of the next and so on. Until on the last LED the opposite
connection as the first can be connected to the power supply to close the circuit. When LEDs
are connected in serial then the Voltage of every LED needs to be added when calculating the
required power supply. For each LED counting 3V, times 4 gives a necessary Voltage from the
power supply of 12 V. LEDs are designed to operate between 2 and 4 V, which means that the
voltage of every LED is not equal for all LEDs. Normally the Voltage for each LED is counted
with 3V. Disadvantage is that if one LED is failing the circuit is broken for the current flow and
all the other LEDs will stop lighting unless a bypass is built in and allows the current to flow

around the failing LED.

3V 20mA 3V 20mA 3V 20mA 3V 20mA

12 V20mA

Figure 18 LEDs in Serial Circuit

12.1.1.1 Parallel Circuit

The parallel coupling of the LEDs in a circuit means, that the positive connection of the power
supply is connected to all positive connections of the LEDs. Which means that the power supply
needs to supply a Voltage of 3V and current flow of up to, number of LEDs times 20mA. The
parallel circuit has the advantage of, that if one of the LEDs is failing then the rest of the LEDs
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will still be working, and even the stress of the remaining LEDs will increase because of the
increasing of the current flow. This type of circuit is good for the intent of increasing the amount

of Lumen output and by that increasing the amount of light.

3V 20mA 3V 20mA 3V 20mA 3V 20mA

171717

3 Vup to 80mA

Figure 19 Parallel Circuit

12.1.1.2 Combining Serial and Parallel Circuits

The best solution for to build up the LEDs is to use a combination of serial and parallel coupled
circuits. While the serial circuit is used to respond to the amount of power provided by the
power supply, so can the parallel circuit respond to the needed Light output by adding an

amount of equally serial circuits in parallel.

12.2 LED

As mentioned before, LED light-emitting diodes are generally operating with a forward voltage
of 2-4V and a forward current ranging from 10 to 30 mA which is relatively low compared to
traditional light sources. The amount of voltage in which the LED is operating is also depending
on the emitting of the wavelength. Those values are varying depending on the semiconductors
used. Depending on the semiconductors not only the value of the voltage but also the
wavelength of the light and corresponding to that the colour of the light. LEDs are manufactured
in different sizes and shapes. LEDs contain no harmful materials. Working with low energy

output
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SEMICONDUCTOR MATERIALS

Aluminum gallium arsenide (AlGaAs)
Aluminum gallium phosphide (AlGaP)

Aluminum gallium indium phosphide (AlGalnP)

Aluminum gallium nitrate (AlGaN)
Aluminum nitrate (AIN)

Diamond (C)

Gallium arsenide phosphide (GaAsP)
Gallium phosphide (GaP)

Gallium nitrate (GaN)

Gallium nitrate (GaN) with AlGan quantum barrier

Indium gallium nitrate (InGaN)
Sapphire (Al,0,) as substrate
Silicon (Si) as substrate
Silicon carbide (SiC)

Zinc selenide (ZnSe)

LED EMISSION

Red and infrared

Green

Bright orange red, orange, yellow
Near to far ultraviolet

Near to far ultraviolet

Ultraviolet

Red, orange and red, orange, yellow
Red, yellow, green

Green, emerald green

Blue, white

Bluish green, blue, near ultraviolet
Blue

Blue (under development)

Blue

Blue

Figure 20 Semiconductors[93]

12.2.1 Colour Variations

With LEDs it is possible to combine different Semiconductors which emmits light of different
wavelenghts resulting in different colours. When combining two colours in one LED by adding
one additional annode, then this LED can actually provide three colors when both colours are
activated in the same time for example red and green to obtaine yellow which makes it a

tricolour LED. For a RGB (red, green, blue) LEDs is one mor anode necessary to sypply the

third colour.

12.2.2 COB

COBs are LEDs which are, as the name says, already installed LEDs to a circuit board, wired

in serial or parallel circuit depending on the specifications that the COB is designed for.
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Driverless COBs are circuits of installed LEDs that have drivers directly built inn directly in to
the circuits which ensure a constant current flow. The characteristics of the COBS are the same
as by the LEDs just with different values. The intention of COBs is to provide enough light

output for different specifications in one object without soldering all LEDs.

|- -
) H
Figure 22 COB

12.2.3 Lumen, Candela, Lux

Three different expressions which are used to state the number of light photons which is
generated by the LED. Lumen is the best way to describe the efficiency of a LED, since it is
the number of light photons produced by the LED related to the electric power that is provided
as input. Going out from a candle which produces 1 lumen. Light efficiency of an LED is
160Im/W [94]. But this value is temporary, because of the continues development of LEDs.
Lux is measured by lumen/m2. That means the amount of light on one area of one square metre.
For a candela the definition is the luminous intensity on a given point and a given angel from

the light source.

12.2.4 Parameters
e Watt
e Lumen

o Efficiency (Relation between power input and lumen output)

12.3 Power Supply/Driver

Since LEDs in its nature are fluctuating in the production process, meaning that LEDs are never
equally regarding both the forward voltage and the current needed for the LEDs to work. That
there is a need to respond to those challenges. In figure 23 the relationship between the VVoltage

and the corresponding current flow is visualized. That for a LED starting with a needed forward
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Voltage to work, the change of the amount of the current flow is very high related to a small
change of forward voltage. Therefore, for LEDs a stabile current flow is important to work in

an optimal environment and securing a long-life cycle.

A driver in generally is a control circuitry that provides an output which is equally to the
characteristics of the LED to supply, and controls the flow of current in specified
parameters[93]. Different type of drivers are responding to different type of voltages which are
supplied in the power grid over the world, or from different types of voltage supplied by
batteries and always keeping in mind to provide a current flow in specific parameters. The
power supply is also responsible for converting the supplied voltage from the grid or the
batteries in to a voltage which replies to the circuit in which the LEDs are connected[95, 96].
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Figure 23 Relationship Forward Voltage and Current[97]

12.3.1 Parameters
e Voltage

e Current
e Environment

e Power Grid or battery

12.4 Heatsink

The effect of producing light photons always includes also the production of heat. Therefore a

thermal management is needed[95]. Normally used are aluminium or aluminium alloy material
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to distribute the heat away from the LEDs/COBs since the thermal conductivity of aluminium
is one of the best when we consider metals. Generally, metals have the best values of
conductivity of all materials. Better thermal conductivity behaviour then aluminium (237 W/m
K, in its purest form and right under 200W/m K as an alloy) has only copper (around 400 W/m
K) and gold (around 300(W/m K))[98]. The idea is to provide the highest surface area on a
relatively small perimeter of the heatsink. The thermal management can be done by active or
passive heat distribution. Passive heat distribution is only using normal heat exchange between
the heatsink and in to the air surrounding the heatsink. Another method is active heat
distribution, where the heat exchange between the material and the air is supported by e.g. a fan
increasing the amount of air, which transport the heat away, or water cooling, which also

supports the amount of heat transport.

12.4.1 Parameters
¢ Amount of area needed to distribute the produced heat
e Active/passive heat distribution

e Air or even water cooled

Figure 24 Heatsink

12.5 Reflector

The reflector is used to increase the yield of the provided light from the LED/COB towards a
specific direction. Maybe not necessary when lighting up a room, since the intention is to
generate light equally over the whole room. While flash lights or lights used on vehicles want
to generate the light in a forward direction from the light source and the person behind the light

source. The reflector will bundle the light and focus it in a specific direction.
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12.5.1 Parameters
e Size
e Material
o Reflect capability

o Capability of heat resistance

e Livecycle

Figure 25 Reflector

12.6 Housing

The Purpose of the housing is to provide the entity an enclosure which protects all the parts
necessary against the impact of the environment. The housing of an LED lamp is always very
different depending of the different requirements which are important for this specific light.
Starting with the amount of parts which the light entails, this will be important for the size of

the housing.

For the materiel used in the housing there are some different considerations. The most important
is the environment in which the lighting device will be used. While the material needs to provide
a protection against the environment. Another consideration to be done is the possibility of
saving parts. In case where the housing is also taken over the role of the Heatsink in one
function, the housing needs to provide a degree of heat conductivity regarding the heat produced
from the LEDs. That will save material and assembly time. The houses also need to answer for

the requirements of mounting the light. If it is a head light the capability of combining the light
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with headbands. For stationary and headlights, the capability of connecting it to the vehicle
with mounting brackets.

12.6.1 Lenses

Lenses are a part of the enclosure which will allow the light photons to travel out of the
enclosure and provide the area around with light. The material used for lenses LED products is
e.g. PDSM. Polymer lenses possess a variety of benefits e.g. low cost, high optical property,
flexible shaping and high mechanical resilience[99]. For the lenses the same criteria’s are

relevant as for the housing to reply on the environmental challenges.

12.6.2 Sealing
For the connection of the different parts which the enclosure entails and the breakthroughs
needed for different functions, those needs to be protected against breaches. To do this using

gaskets, which are securing against hazardous intrusion of humidity, dust or other particles.

Table 1 Enclosure Gasket[100]

Temperature in °C Restriction Comment
Polyurethane -40to 70 Good compression Easy to create
set resistance irregular shape
Neoprene -55 10 120 Offers excellent Most common
chemical, abrasion material used
and tear resistance.
Waterproof
Nitrile -40t0 121 Excellence Poor resistance to
compression set ozone
resistance
Silicone -40 to 232 Excellence More expensive than
compression, many other materials
weather and
temperature
resistance
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Viton -28 to 204 Good chemical More expensive than

resistance many other materials

12.6.3 IP Classifications

IP is the degree of protection which an enclosure offers against hazardous parts witch can
breach the barrier of the enclosure[101]. The classification is regarding from the protection
against water and solid foreign objects like dust particles. Starting with an IP 20 classification
where the degree of protection against foreign objects is 2 and the degree of protection against
water ingress is 0. So that this product should be used inside the house. While an IP 68 describes

the highest degree of enclosure of foreign objects and the highest degree of water protection.

12.6.4 Parameters
e Ability to contain and protect all parts
e Capable of being easy extendable to more lights if needed
e Customizable
e Being the face of the company, needs an recognizable design
e Environment

e [P classification

2 N

- J

Figure 26 House

12.7 Control Units

Control units are a mean to provide increased user-friendliness to the product. For LED
products there are different types of controlling mechanism possible supporting the
functionality of the LEDs. Starting with a mandatory On-Off switch that starts and stops the
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function of the light. In the case of an LED product the demands to resist electrical voltage and
the flow of current is relatively low since LEDs don’t need the big amounts. Depending of
course on the amounts of LEDs which shall be controlled by the switch. Always depending on
the environment in which the product is used there will be additionally control mechanisms
provided. When the switch is not located close to the LED, than a control light which makes
the state of the light more visible might be considered.

12.7.1 Parameters
e Easyto read
e Easy to understand
e FEasytouse
o Durability

e Withstands the challenges form the environment

Figure 27 On-Off Switch

13 Product development

To provide LED based illumination products implemented in vehicles which are used in
profession, there needs to be done an analysis of the different possible customers for this kind
of service. A provider of a complete illumination solution needs to take care of the needs from
a variety of customers, since there are a big difference of the needs of those customers always
keeping in mind the ideas of MC. The products which are provided should be treated like an
additive service to the existing functions of the vehicles and will not interfere with the installed
system of the vehicle. For the case of the alternator there might be some limitations when the
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amount of LED products exceeds the capability of the power supplied. If we are considering
the low power consumption of the products this should really not be a problem.

13.1 Customer Evaluation

Based on the customer analysis for the development of new products there are the three different
types of customer’s, the internal -, intermediate — and external customers. The intention for this
thesis is to establish a case which provides information on how the engineering strategies are
contributing for a quality assurance system, therefore the development of the theoretical case
is important for the evaluation of the needed products and their underlying parts, and from there
the relationship of those parts to the engineering strategies and how their interaction contributes
to the quality assurance. Since the value of this Thesis is directed to the quality assurance system
for a company with an ATO-MS, the product evaluation will not be a comprehensive evaluation
with questionaries’ of probably customers. The evaluation of the customers will be based on

logic observation on normal traffic in the every day.

13.1.1 Internal Customers

The Internal customers for LED illumination products are represented by the different steps of
the MS. To secure the quality of the finished products in the best way possible, the products
and the underlying parts which are injected in to the MS needs to satisfy different quality
standards for each step of the MS, visualized in Figure 4. Those quality standards are

represented by the different engineering strategies for each step.

13.1.2 Intermediate Customers

Intermediate customers might be e.g. retailers, which sell vehicles to end customers and try to
offer a better service to their customers by offering special service to customize the vehicles
even more to the requirements of their customers. This type of products can be used as a
competition advantage. But using a third part suppliers, the retailers are very interested to drop
the price for this service as much as possible. So, for the producer of the LED illumination
products, a collaboration could be considered. The advantages for the intermediate customers
would be a better service to their customers, and for the company the retailer could be an
important source for the expectations of the end users, since they have a big customer base. For
the intermediate customers the same criteria’s are important as the criteria’s for the end

customers.
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13.1.3 External Customers

Those are customers which have bought a vehicle and are using it in commercial business and
whom experience a lack of service of light. A generally surveillance on vehicles which are
observed on the street on a daily basis shows different type of vehicles. Vehicles which are
providing services to the local area, they whom are servicing on the roads as connecting lines
between local areas, and vehicles which provide emergency help to different customers in
different context. What they all have in common is that they need to be able to see things, since
the Human eye needs light to see things. While a vehicle delivered from the manufacture
normally is not providing a good lightning system which serve the need sufficient. The vehicle
producing company is always trying to balance the service of between the requirements from
regulations, the wishes of the customers and the price. Mostly other functions are more

prioritized then sufficient light.

13.2 Product analysis

While internal- and intermediate customer’s interests are more centred towards technology and
costs, for the development of the products and parts the vast majority of the need’s lays by the
external customers. Therefore, it will be done an analysis of the needs of the different products

regarding the external customers.

Table 2 Customer needs

Needs

Service to the local area e Improving the visibility of the road for

the drivers and the surrounding areas

Carpenter, Plumber, Electricians, Cleaning between the service points

service, Post, Care service for older people e Improving the visibility in the vehicles

and more. for the equipment necessary to provide
the services.

e For the remote area of the arctic region
sometimes it is necessary to stop direct
on, or so close the roads that the vehicle
is interacting with the ongoing traffic
and therefore the vehicle needs to be

visible for the other road users.
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The need of controlling the lights is
strong connected to the existing system
of the vehicle. Therefore, the control of
high beams might be connected to the
existing control system.

Transportable light useable independent
from and outsight of the vehicle for

unforeseen events.

Servicing the roads and connecting the local .

areas

Road maintenance, Goods transport, Snow

Plowing and more.

Very important that the visibility of the
road for the drivers and the surrounding
areas is improved, because of the
standard of the roads in the arctic region
with winding roads and the length of the
transport routs, almost no other light
sources than the lights on the vehicle.
Related to other road users, those
vehicles often have special needs of
visibility since the service those type of
vehicles are providing for the roads,
often interacts with the ongoing traffic.
The services those type of wvehicles
provides are mostly implemented in the
vehicles as e.g. the snowplow ,so that the
drivers needs to be able to oversight the
correct working of the functions
Transportable light useable independent
from and outsight of the wvehicle for

unforeseen events.

Emergency .

Fire trucks, Medical Emergency, Police cars

Car rescue and more.

For emergency vehicles the most
important factors are see and be seen. As
time is of the most important essence for
those vehicles. The time for the transport
to the service point needs to be

minimized as much as possible.
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e When this type of vehicles needs to travel
on the roads, then they need to travel fast.
Therefore, to be able to see any
participant who is directly or indirectly
interfering with the traffic flow is
important to secure that the vehicle is
arriving save at the service point.

e When those vehicles are arriving at the
service point the capability of
illuminating the functions of the vehicle
and the surrounding area to be able to
provide the best service they are called
for to do.

e And also, this type will need to stop on
or close to the road, interacting with the
ongoing traffic on the road and being a
potential danger, and therefore to be
visible for other road users is also very
important.

e Also, for this type of customers as for the
others easy control of all the illumination
products from both the vehicles seat and
from outside the vehicle is fundamental.
Outside the vehicle direct on the point of
interest two solutions are possible.
Number one a remote control or number
two extern switches.

e Transportable light useable independent
from and outsight of the vehicle for

unforeseen events.

Throughout the analyses of the different categories of customers using vehicles, there are
different type of products which can be provided.

Product one - head light high beam
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For all type of vehicles, the visibility of the roads and the surrounding areas is one of the main
challenges when driving. While driving the long distances between villages in the extended
dark winters, on winding roads that are twisting trough the natural profile of the area. But there
are not just other road users which interact with the traffic on the roads, also wildlife e.g. mouse
and reindeers, which are interacting with the traffic and often are cause dangerous situations
when observed too late. Therefore, a light which improves the visibility ahead of the vehicle

when driving

Product two - working lights

Working lights which are serving two purposes. One is to observe the correct working of a
function e.g. snow plowing, and the second is to provide illumination while working stationary,
when the vehicle is parked, the surrounding area needs to be illuminated to provide secure and

controlled service.

Product three — room lights

To provide the intended services to customers it is sometimes necessary to keep equipment
stored in the cars like tools or parts required, or transport goods from one service point to the
next. To keep control of the equipment or goods which are stored in the inside of the vehicles,
a sufficient illumination can save time, increase the quality of the service by providing better

working conditions.

Product four — warning lights

To secure the traffic flow on the roads the vehicles needs a high visibility rate to other road
users to avoid dangerous situations when those vehicles needs to stop on or close to the roads,
still interacting with the traffic flow. To improve the visibility to other road users a light which

attracts the attention of the other road users.

Product five — hand light

It is not always possible to mount light sources which reaches all areas, at and around the car
sufficiently. A hand light which is easy to transport, and which can shed light on any possible
point and from any possible angle which is needed.

Product six — head light
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In a lot of situations, the drivers of the vehicles need to assure illumination, while to be able to
simultaneously use both hands and move around. A headlight would be able to provide this

function. For this type of product a accessory to

Product seven — advertising light

Promoting the own company is for every business a necessity to keep and improve the number
of customers. To be able to provide a service which makes other road users e.g. people walking
around the villages aware of the company and which service they are providing an easy

investment.

Using the advantage of the fact that LED illumination products are using less power by

providing more of the light needed without draining the on-board batteries to its limits.

For all this different type of products there needs to be variations of each of the products since
there are not only one type of vehicle used. Those variations need to provide differentiations in

sizes, light output and others.

Product eight — Main Control Unit

One additional product which the company can offer is a central control unit, by the number of
different type of products which the company can offer one element that are providing

additional information and better control of the functionality is a central control unit.

13.3 Parts development

Because of the analysis of the different products and because their needs to be variations of all
products, and because of the analysis of the parts needed for LED illumination products, the
next step is to develop the parts needed for those products and their variations. Not all products
can use the same type of parts, therefore, the different products then needs variations of the

parts.

Table 3 LED Product
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Front- White | 12V/24 | Necessary The light Protection Automatically | Mounting
beam V power | and should be against with the brackets
light supply depending directed environmentally | vehicles
DC-DC | onthe towards a impact implemented
converte | number of moving high beams
r LEDs direction
Working | White | 12V/24 | Necessary Not necessary | Protection On-Off Mounting
light V power | and since the against switch brackets
supply depending intention isto | environmentally
on the light up as impact Depending on
DC-DC number of much as the use of the
converte LEDs possible of the light located
r working area close to the
around light or on a
main control
panel
Room White | 12V/24 Necessary Not necessary | Protection On-Off Mounting
light V power | and since the against switch brackets
supply depending intention isto | environmentally
on the light up as impact Depending on
DC-DC number of much as the use of the
converte LEDs possible of the light located
r working area close to the
around light or on a
main control
panel or by
remote
control
Warning | RGB 12V/24 Necessary Not necessary | Protection On-Off Mounting
light V power | and since the against switch located | brackets
supply depending intention isto | environmentally | on a main
on the draw attention | impact control panel
DC-DC | umber of from the or
converte | ) gps surrounding

r

area
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Hand White | Impleme | Necessary To increase Protection On-Off
light nted and the amount of | against switch
battery depending light from the | environmentally
on the power supply | impact battery
DC-DC number of control
converte | | e _
; charging
status on the
front panel
Head White | Impleme | Implemented | To increase Protection On-Off Headband
light nted in the the amount of | against switch S
battery housing light from the | environmentally
power supply | impact battery
DC-DC control
converte
] charging
status on the
front panel
Advertis | RGB | 12V/24 | Necessary N/A Protection To increase Mounting
ing light V power | and against the attention brackets
supply depending environmentally | toward the
on the impact light extra
DC-DC | humber of light effects
converte | | £ne like
r wandering
light
Main White | Non- N/A N/A Cover all parts Installatio
Control | and specific n
Unit RGB | driver
necessar
y
13.3.1 LEDs

There are two different type of LEDs necessary two satisfy the different finished products.

LEDs which are providing white light to illuminate a specified working area and RGBs which

are providing coloured light to attract attention to the vehicle. For the white LEDs the possibility

of using COBs which are providing improved light output by saving time and space of installing

more LEDs in circuits which can be designed for defined voltage output. For the vehicle
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interesting for this case this is either 12v or 24V. For the warning light there will be used RGB
LEDs which provide coloured light. There are two reasons for that. One is that the vehicle is
parked in a way that interacts with the traffic flow as an obstacle while executing a service, and
the other is that the vehicle is moving in the traffic serving a function which also interacts with
the float of the traffic as an obstacle. The circuit connection of the LEDs should be designed
regarding the 12V/24V power supply from the on-board system, then adding parallel circuits

to reply to the needs of the amount of light.

13.3.2 Driver

The power supply is strongly related to the on-board power supply of the vehicle which is based
on a 12V or 24V system. The driver for the LED lights needs to be designed to regulate the
current flow regarding the number of LEDs used in the product. Since the amount of current is
so important for the durability of the products, depending on the number of LEDs used to
provide the right amount of light needed. To reply to the different type of products the drivers
need to be designed exactly after the requirements of the different products. In the case where
the amount of current flow needed is exceeding the capability of the area of the wires, then

converting the output to a higher voltage is a possibility.

13.3.3 Heatsink

The heatsink of the light needs to respond to the amount of heat produced by the LEDs from
the different illumination products. For each LED which needs a particular area that can transfer
the produced heat of the LEDs. And when the LED is no longer working, then the effect on the
other LEDs in the circuit is increased, and therefore the output of heat is increasing. The best
answer regarding the amount of heat which needs to be distributed is the amount of energy
distributed in to the system when all the LEDs are no longer working. For the different products
and their underlying variations, the heatsink needs to be designed regarding to the amount of
heat produced from the LEDs.

13.3.4 Reflector
Reflectors for this type of products are designed in size and shape regarding to the type of LEDs
used. As lower the amount of variations of LEDs used in the finished products is, as lower the

variations of reflectors needs to be.
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13.3.5 Housing

The most important thing to think of when to design the housing is, that the housing will be the
face of the company. Therefore, the design of the houses is extremely important to contribute
in to the success of selling the products. Buying most of the parts from a global supply chain
exploiting the possibility of cheap parts while produced in high volume, the houses are a totally
different case. The amount of resources invested in to this product needs to reply on the
importance of this product. It needs to be absolutely perfect. For each of the products and their
variations, the houses need to provide the capability of protecting all the parts needed and to be
able to provide the capability of an amount of personification of the finished product. This could
mean special colours which are defining the customer, or personified sticker which are covering
wide areas of the housing, again to make the product interesting for the customer. For the case
of protecting the parts needed, the complexity of the design of the housing is strongly connected
to the amount of each of the different models and their underlying parts. Personification of the
finished product is also given when the customer can choose between different functions which

are built in to the finished products. Not all functions are equally important for all customers.

13.3.6 Control Units

The most essential control unit for illumination products is the On-Off switch, which provides
the control of when the on-board power system is draining the batteries. The On-Off switch of
the different lights can consist different switches situated on different places e.g. close to the
light and at the main control panel close to the driver seat. In certain occasions it can be an
advantage when those switches provide the capability of remote control or are dimmer able. To
report the status of the light an On-Off switch might not be sufficient enough to provide needed
information. Extended with a control light which shows visible if the light is in an on or of
position draining the battery or not. Often lights which are forgotten to turn off are the main
reason for drained batteries. Maybe adding a sound control stating that one product still is
draining the battery after turned off the main engine switch and opening the door of the vehicle

to leave it.

Always important is the status of the battery, if it is the battery of the product or the battery
implemented in the vehicles electrical system. How much power is left for the consumers to
drain? A battery control system protects from bad surprises by providing information’s of the
status of the battery. The battery control system shall consist of a status report on the charge

left in the battery, and a control function of how the status of the temporary charge to the battery
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is. For the case of illumination devices that are operating off grid, where the power is provided
from a battery and considering the arctic region with its partly hostel weather conditions with

temperatures fare down below in minus degrees, do not underestimate the importance.

Combining all this control functions of the different lights in a central control unit situated close
to the driver seat and providing all the necessary information’s needed to empower the user to
provide the service intended to the customers and keeping full control, so that there will as few
as possible bad surprises as possible. The variations of the control units to each of the product

should be limited.

13.3.7 Accessories

To secure the capability of implementing all variations of the different products to the specific
customer vehicles, every product needs the capability of flexible mounting. For this their needs
to be developed mounting brackets. The brackets needs to be designed to support a flexible
mounting of the products to almost each point of the vehicle to secure the best output of light

supporting the overview, control of different.

For the headlights there needs to be required headbands for the lights which should be capable

of allowing a high level of personification for the customers.

Both the hand light and the headlight with their own implemented batteries, which allows a
high rate of independency from the vehicles system, they need to be supplied with power and
therefore need a charging station. This station should be implemented in to the vehicles system

and be located inside the vehicle not too far from the driver seats to guaranty an ease of use.

Related to the ideas of industry 4.0 to implement the control ability of all products in to a
company control system, which provides information that can be used for maintenance and
allows the company to improve and evaluate continuously the products. This type of products

will not be discussed in this thesis, because that exceeds the scope of the thesis.

14 Evaluation of the Case

A company, which is providing LED based illumination products for vehicles used in
professional context seems a good case to evaluation the impact of engineering strategies to
establish a quality assurance system. LED products entails a few parts needed. The need to
provide variations of products to respond to the idea of MC has an effect on the parts needed

for the products. For the LEDs the need of variations is relatively small. Using the capability

Page 70 of 83



which COBs offer. The driver are limited to the on board 12V system and need mostly reply to
the amount of LEDs. In relation to the LEDs/COBs the variations needed for the heatsink is
also relatively limited. Reflectors are not needed in all finished products. Also, here not a lot of
variances needed. The houses needed for all the different products and their variations requires
the most capability to variation. Those houses protecting all the parts, needs the highest
capability of variations to provide the intended functions. The control units are probably the

best way to provide advantage from other suppliers of those type of products.

15 Using the QFD

The intention of using the QFD in this study is to provide information about the impact of using
engineering strategies as a main to build a system for high quality products for a SME with an
ATO-MS. As the most important building blocks for an ATO-MS system is the input to the MS
represented by the parts procured from the global supply chain. The QFD will be built up around
those parts. The customers for those parts are the products with their underlying variations. For

the practical part of the HOQ a template is used which were available on the internet [102].

15.1 Part one

The customers in this case are represented by the different products developed in chapter13.2,
placed on top of the left side of the HOQ, and their underlying variations. Each of those products
need the parts developed in chapter13.3. The parts are provided with a colour differentiation,
dependent on what the parts are used for. E.g. battery control, On-Off switch, On-Off control
lights are all from the category control units and are therefore indicated with the same colour.
When it comes to the evaluation of the parts regarding to the finished products the system used
is by numbers, where a 5 represents a must have situation and the number three represents a

possible to use situation. The reasons for that are explained in chapter 13.
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Figure 28 HOQ part one

This part of the evaluation worked out relatively well since each of the products needs parts to
build a LED light. And for all of the products the parts described to build a LED light are

similarly for all products, as the LEDs the driver and an On-Off switch. While some parts are

just needed for a few until down to one specific product like the headband for the headlight.

The distribution of all parts is relatively good for all products, visualized in the weight chart in

Figure 28. Except from the main control unit which is conceived for another purpose, which is

improvement of control, and therefore uses mostly specific parts just for this product. So the

design of LED illumination products provides parts with a high degree of recurrence.
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15.2 Part two

For the second part of the evaluation, using the HOQ, the main part for this thesis comes in to
play. The different engineering strategies which are found in this thesis are filled in to the
ceiling of the house. On top, the roof is represented by the correlations between the different
steps of the MS and the related engineering strategies are stated. From a strong correlation
signed with a plus sign to a negative correlation signed with a minus sign. When no direct
correlation could be stated than the place is not signed at all. Each step of the MS are defined
with a specific colour code. The different steps of the MS are directly connected to the
engineering strategy and described together with them. In between the ceiling and the roof the
intentions of which of the engineering strategies should be improved or which of them the

impact rather should be decreased.
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Figure 29 HOQ part two

For the analysis of this part of the HOQ please look to chapter 8.8 where an analyses of the

strong relations between the different engineering strategies of each step of the MS is done.
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15.3 Part three

The different engineering strategies which are found in this thesis are now to be tested against
the parts and the connecting products from part one of the HOQ. The meaning is to show how
the parts and the engineering strategies are working together, and how they can tribute to the
quality of the parts. To state the relationships between the parts and the engineering strategies
a system is used where a dark point state a strong relationship while a white point state a

moderate relationship and a white triangle state a weak relationship.
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Figure 30 HOQ part three

This part of the evaluation shows that for each part used in this case there is at least on
equivalent engineering strategy in each step of the MS. Except for the assembly, where it could
not be stated that the parts would be able to work closely together with one of the engineering
strategies, which actually came as a surprise. In case for the assembly line the relationship is
not directly stated by the parts, but by an indirect relationship represented by the different
products and their variations. Which is not visible in this HOQ, what is a weakness using this

tool. For the rest of the parts and the relations to the engineering strategies shows that they work
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well together. After reviewing the evaluation that is done in this part it shows clearly that some
of the choices done could be done differently by other people with other background or

experience with good reasons.

15.4 Part four

For this thesis the part of evaluating the value of the own product against the products of the
competitors is not conducted, since there are no different quality systems which need to be
compared. Not as the writer knows of. For the future an evaluation of different measure systems
for the term quality is absolute something to think of. But this thesis is does not provide a
research on this topic.

15.5 Part five

The results of this HOQ, the technical matrix. All results in this part are a result of the
connections between the parts, the different defined products as the customers, as well as the
evaluation of those two in relationship to the engineering strategies. The results of this matrix
is done by the sum of the strength of the relationship of each part to each engineering strategy
times the weight chart of the evaluation of part one of the HOQ.
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Figure 31 HOQ part five

Starting with the design phase the best result shows for the design based on standardization.
Since the parts are relatively simple parts almost 50% of all parts have this design type as the
best method. This is well as it can be expected. As a result of this and to again support the cross
connections of the different strategies in the procurement step, the best result is attained by the
procurement from commonality parts. For the step of inventory since most of the parts are using
the product postponement strategy, when thinking of the evaluation of part one of the HOQ
where most parts are related to most products, than this result is easy to explain. Since the parts
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are not directly responsible for the choice of the best type of assembly line just indirectly,
explained in part three of the HOQ, the results here are inconclusive. And to state one more
time the cross connection of all the strategies used, in the after sales service step the strategy of
disposable parts is showing the best result. Good to explain by small parts bought from the shell

of other suppliers.

15.6 Evaluation of the HOQ

The evaluation, using the HOQ with the parts, as points of interest, and the engineering
strategies, as a method to provide high quality parts, as an input to an ATO-MS, shows a good
capability to provide information needed, to decide how a design phase should handle the
design of those parts to supply high quality products to their customers. It can be stated, that
for each of the parts one or more engineering strategy for each step of the MS was found, is it
than to courage’s to state that also for other parts needed there could be found at least one
engineering strategy for each step of the MS. Which in the end could be defined as that all the

engineering strategies are offering quality improvement to the parts.

One point discovered by during the work with the HOQ is the lack of experience of doing this
type of evaluation. The times each step and each evaluation needed to be done and redone was
because of the lack of experience not surprising. By going deeper and deeper in to the matter

new points to consider showed up all the time which resulted in a new version.

16 Conclusion

This thesis has three different parts which are separately important for the wholeness of finding
and proofing engineering strategies which assure the quality for the products of a SME with an
ATO-MS, and the impact of the quality. Starting with the engineering strategies for each step
of the MS. The first thing revealed was how difficult the research was for this kind of problem.
It was not possible to find research with the same or even comparable content. The topic of a
quality assurance system using engineering strategies for a complete MS seemed not to exist,
or at least could not be found. When going step by step for the MS, than it was visible that the
design, the assembly and other steps where topics of the research. For two steps of the MS it
was not possible to find research on the use of engineering strategies to improve the quality.
The customer order and the delivery of the products to the customers, where there was just
sporadically research found. Research done on specific content in this two parts, not for the
whole step of the MS. Such as how to design the cover of a product, to support the brand. For

the part of the delivery of the products to the customer no research of substantial content was
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found. Also this facts supports the discovery that there exist no complete research on securing
an overall quality by using engineering strategies for a complete MS, always from the
perspective of an engineer trying to design high quality parts. And even the design phase offered
no engineering strategies to support the quality of the parts when using standardized parts and

the supporting effects of this strategy. For more information on this context see chapter 8.2.2.

But now to the results of this thesis. In this thesis the use of engineering strategies for each step
of the MS to assure the quality of the parts procured from a global supply chain for the products
of an ATO-MS is described. The intention is to look in to a general understanding of how to
combine the supply of products for a remote region with an ATO-MS and the dependency on a
global supply chain. Which strategies can be used to insure that the idea of developing and

supplying products can be make true.

For an ATO-MS there where found a variety of engineering strategies for a lot of the steps of
the MS except the ones mentioned before in this chapter. The engineering strategies found
seemed absolute capable to support quality improvement for the step of the MS. The strategies
found are explained in this thesis and when it comes to the proof of quality improvement than
the discovery of the cross connections between the different engineering strategies and the

different steps of the MS is very profound.

To prove the impact of the engineering strategies a case was established of a illumination
products, which provided capable parts to be used in this thesis. The parts where relatively
simple parts but still able to provide liable results. The most important part for the prove of the
different engineering strategies found was that the parts not just responded to a specific part of
the strategies but responding to the complete variety of strategies. And the parts could deliver

on this part of the evaluation too, even if not so strong.

The third part of this theses was the quality tool, where the HOQ was used to make the
connections between the engineering strategies and the parts to prove the impact of the
engineering strategies to the improvement to quality of the parts. Despite the problems with the
direct and indirect relations in the HOQ, which might be resolved in using the HOQ for different
levels, the use of engineering strategies is considered as a success. And particular the visibility
of the results and the capability of this tool to understand the connections between the different
strategies and why it is important to improve the parts with regards to some of the engineering
strategies.

Page 77 of 83



One point of this thesis was the fact that the company in mind is a SME. For this type of
companies the advantages of the engineering strategies are, as in opposite to big companies
where the part of collaboration with their suppliers is in a higher degree possible, the SME can
use the part of purchasing commonality parts can be increased. Where a global supply chain
can be used as an advantage, with their bigger markets and wider product variety produced for
a global market, so that those not necessary mean a decreasing of quality. Global markets also
incurring increasing of customer base and increase of production volumes. So in recognizing
and using the different engineering strategies also a SME can find solutions to supply high

quality products which correspond to their needs.

The usefulness of this thesis is to understand the connection of all steps of the MS for an ATO-
MS system and how important especially the design phase is. For each engineer who will design
parts, capable to the idea of DFSS, should make themselves known to each of the engineering
strategies down to its core, and the responding cross-connections between them. This will
contemplate to prevent designers from making mistakes.
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