Product Development Strategies for Entering the
Thermal Analysis Market

Diploma Thesis
by
Mario Hiebaum

Submitted to the Institute of Business Economics and Industrial Sociology
at
Graz University of Technology
0.Univ.-Prof. Dipl.-Ing. Dr.techn. Ulrich Bauer

TU

Grazm

Graz, December 2010



STATUTORY DECLARATION

| declare that | have authored this thesis independently, that | have not used other than the
declared sources / resources, and that | have explicitly marked all material which has been
quoted either literally or by content from the used sources.

Graz, 17" December 2010

(signature)

Diploma Thesis



Abstract

This work aims to provide product development strategies that enable the Austrian company
Anton Paar GmbH access to the global market in the field of thermal analysis. In order to
develop a strategy suitable for the company, a structured approach is used in which
information is gathered on different thermal analysis methods and their practical application
possibilities. Subsequently, an analysis of the thermal analysis market considers different
aspects like total market size and the potential for market development. A comprehensive
competitive analysis focuses on dynamic mechanical analysis method. The information
gained provides an overview of the price policy, product strategies and market share of
different competitors. The comparison of two product development strategies leads to a
recommendation given to the company. From today’s perspective, the expansion of the
existing product range by a new instrument which combines rheological methods with
dynamic mechanical analysis is recommended.

Kurzfassung

Das Ziel dieser Arbeit ist die Konzeption von Produktentwicklungsstrategien, die dem
Osterreichischen Unternehmen Anton Paar GmbH einen Eintritt in den weltweiten
Thermoanalysemarkt ermoglichen. Um eine fir das Unternehmen geeignete Strategie zu
entwickeln, wird ein strukturiertes Vorgehensmodell gewdhlt, bei dem zu Beginn
Informationen Uber verschiedene Thermoanalysemethoden und deren praktische
Anwendungsmoglichkeiten  gesammelt werden. Die Analyse des gesamten
Thermoanalysemarktes berlicksichtigt daraufhin verschiedene Aspekte wie
Gesamtmarktgrofle und Marktentwicklungspotenzial. Eine umfassende Wettbewerbsanalyse
konzentriert sich auf den Bereich des dynamisch-mechanischen Thermoanalyseverfahrens.
Die im Zuge der Wettbewerbsanalyse gewonnen Informationen verschaffen dabei einen
Uberblick ber Preispolitik, Produktstrategien und Marktanteile verschiedener
Wettbewerber. Aus der Gegeniberstellung zweier Produktentwicklungsstrategien wird eine
Empfehlung flir das Kooperationsunternehmen abgeleitet. Dabei ist aus heutiger Sicht die
Erweiterung der vorhandenen Produktpalette um ein neues Gerat, welches rheologische
Messverfahren und Verfahren der dynamisch-mechanischen Thermoanalysemethode in
einem Messgerat vereint, empfehlenswert.
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Introduction

1 Introduction

Research and innovation are key drivers for a high performance and competitiveness of
companies in Austria. Investments in research and development will also make an important
contribution in future to ensure the competitiveness of companies in an international
environment.

According to survey results from Statistik Austria, the corporate sector increased its
spending on research and development by over 55 % in the period of 2002-2007 (see also
Table 1.1). Final data for the year 2010 have not been available at the end of this work, but it
was expected to have an increase of R&D spending compared with the same period of the
previous year, as published in the Austrian Report on science and Technology. Despite the
worldwide economic crisis in 2009, the importance of technology and innovation for
companies in a competitive environment remains unchanged.z'3

Table 1.1 Spending on research and development in Austria, 2002-2007*

_ Spending on Research and Development [Million €]

Sector 2002 2004 2006 2007
Corporate sector 3.131 3.556 4.449 4.846
Total 4.684 5.250 6.319 6.868

The Austrian company Anton Paar GmbH® follows this positive trend and spends
approximately 20 % of its annual turnover on research and development.6 In this context,
the company aims on having a sustainable growth by strengthening its own innovation
capacity. Thermal analysis hereby has been identified as a potential field for corporate
growth. The main goal of this thesis was to find product development strategies which
support the company’s decision making process whether and how to enter the market of
thermal analysis.

! Bundesministerium fiir Wissenschaft und Forschung, 2010, pp. 3-72

2 STATISTIK AUSTRIA, 2009, retrieved December 07, 2010, from
http://www.statistik.at/web_de/static/ausgaben_fuer_forschung_und_experimentelle_entwicklung_1993_
bis_2007_nach__023530.pdf

* Bundesministerium fiir Wissenschaft und Forschung, 2010, pp. 18-24

* Data aggregated from STATISTIK AUSTRIA, 2009, retrieved December 07, 2010, from
http://www.statistik.at/web_de/static/ausgaben_fuer_forschung_und_experimentelle_entwicklung_1993_
bis_2007_nach__023530.pdf

> Note that in the following “Anton Paar” is synonymously used for the entire group.

® Anton Paar GmbH — company presentation, 2009, p. 6
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1.1 Background

Anton Paar GmbH produces high-end measuring and laboratory instruments for industry and
research.” It is an innovative Austrian company headquartered in Graz, Styria. Openness to
the requirements of customers and attention to developments in markets are the basis for
new product ideas. Thus, Anton Paar is planning to expand its business activities into certain
areas of thermal analysis.

Getting close to the customer to identify their requirements and needs has already been one
of the company’s success factors. As a result, certain customer requirements were detected
in the field of monitoring physical properties with change of temperature. This led to the
idea of serving the market also with well-designed thermal analysis measuring devices.

To continue this idea, following key questions had to be answered in advance:

1. What are the main principles of thermal analysis? What can the thermal analysis
methods be used for and which areas will be considered more in detail?

2. What are the core competencies and the competitive advantages of Anton Paar?

3. How can the thermal analysis market be defined? Who are the main customers,
competitors and rule-makers in this market?

4. How can a successful product development look like and what impacts and
consequences result out of that?

1.2 Objective of the work

The primary objective of this work is to establish a strategy for developing a new product in
the field of thermal analysis. Input for this strategy will include information regarding the
technology, the market, the capabilities, the customers as well as the competitors. Derived
from the questions in chapter 1.1, following sub-targets will cover the content of this work:

1. Overview of thermal analysis encompassing:
e Existing measuring principles, but narrowed down to most common used ones

e Practical applications of thermal analysis in different industries

” Anton Paar GmbH — presentation folder, 2009, p. 1
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2. ldentification of Anton Paar’s product portfolio and determining the overlap to
different fields, which are as follows:

e Overlap of the company’s competencies with fields from thermal analysis

e Demonstration of the company’s current situation whether there is a close
relationship of industries served by Anton Paar to fields from thermal analysis

3. Determination of the attractiveness of the market:

e Estimation of overall market size and selection of one market segment that
will be focused on

e Conducting a competitive analysis, where

= the competitors on the market including their market shares will be
identified and

= their product portfolio will be analysed.

4. Working out a strategy for new product development that will include:
e Concept development of new product on thermal analysis market

e Comparison of relevant approaches to derive one recommendation for
corporate development

1.3 Structure of the thesis

The present thesis concerns strategies for a new product development whereas special
consideration was given to the business environment of Anton Paar. In this work, a
structured approach is used to consider different aspects of product development systems
for accessing the market of thermal analysis. The structured approach is characterised by
four phases which are described in detail below. Figure 1.1 also represents schematically the
structure of the thesis.

Part 1:

An overview of thermal analysis measuring principles is given in the first part. The focus is on
important application areas and relevant industries for Anton Paar. In continuation, practical
examples show how thermal methods are applied in various industries.

Part 2:
In the second part, the core competencies and the competitive advantages of Anton Paar
are identified. This covers the current product range of Anton Paar, the existing

Diploma Thesis -3-
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technological know-how that is closely related to the thermal analysis methodology and the
suitability of the existing sales and service network.

The overlap of their competencies with fields from thermal analysis shows to which
technology the company has already access to. Furthermore, all industries are demonstrated
which are currently served by Anton Paar and which ones are coherent to the fields of
thermal analysis.

Product Development Strategies for the Thermal Analysis Market

Part 1:

Overview of
Thermal Analysis
(TA)

= TA measuring
principles

= Applications of
TA

Part 2:

Analysis of the
company

= Core
competencies

= Existing
technological

Part 3:

Analysing the
Market

= Market
segmentation

= Competitive
Analysis

Part 4:

Product
development
strategy

= Customer needs

= Type of new

product

= Recommenda-

know-how .
tions

= Qverlap to TA

Figure 1.1  Structure of the thesis®

Part 3:

The goal of the market analysis in part 3 is to determine the attractiveness of the market.
Therefore, the market size and the share of different market segments are determined and
future market trends are assessed. The target market selection process has the aim to figure
out one market segment that will be particularly focused on. A detailed competitive analysis

8 . .
Own illustration
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is carried out afterwards. The main competitors in the target market are identified and their
corresponding products and applications analysed.

Part4:

In a final step the customer requirements and needs are identified by applying existing
knowledge to the new concept and learning from competitors” strategies. In the last part of
the work, a developing strategy for a new product is worked out. Thereby, following
approaches are considered in detail: Whether to extend the existing product line of Anton
Paar or to design a complete new product. Corresponding tools are selected and applied to
evaluate these strategic choices and finally a recommendation is derived as to which
strategy should be selected.

1.4 Company profile of Anton Paar’

Anton Paar GmbH produces and distributes high-quality measuring and analytical
instruments for industry and research. At the moment, Anton Paar offers a wide product
range including density and concentration measuring devices, rheometers and viscometers
and other measuring devices for solids and liquids. In the field of density measurement,
Anton Paar is ranked number one in the world. Chapter 4.3 provides an overview about the
current product portfolio of Anton Paar.

1.4.1 Historical overview™

Anton Paar GmbH was founded in 1922 by Mr. Anton Paar, a master locksmith, who
cooperated with various companies, universities and research institutes at that time. In
1932, the daughter of Anton Paar, Margarethe Platzer, took over the business. She also
established the company’s first scientific, analytical instrument which was a small angle
X-ray camera. In 1963, Mr. Ulrich Santner becomes CEO of the company and also takes
responsibility to market the company’s products internationally. The development of the
revolutionary oscillating U-tube principle for density measurements represented an
important milestone for the company in the late 1960s. Since then, the company introduced
many new analytical instruments on the market and continued a close cooperation with
various universities and research institutes.

° Anton Paar GmbH — presentation folder, 2009, pp. 1-22
1 Anton Paar GmbH — presentation folder, 2009, p. 2
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1.4.2 Anton Paar key figures™

The following data, facts and figures from 2009 give an overview of the company’s structural

organisation.

Company structure

Founded: 1922

Owned by: Santner Foundation (charitable foundation)
Management

CEO: Dr. Friedrich Santner

Board of Directors: Chairman: Ulrich Santner

Company data

Employees: Over 1100 worldwide
Turnover (2009): EUR 102,1 million

R&D expenditures:  Approximately 20% of turnover

Anton Paar worldwide
Sales network: 110 partners worldwide
Export share: > 90%

' Anton Paar GmbH — Company presentation, 2009, p. 6
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2 Theoretical Framework of the Study

In this work, various theoretical considerations have been used for addressing the main
issues of product development strategies. The approaches and theories considered in this
work are explained in the following chapter. A closer look will be taken on the topic of core
competencies and how they can be identified in companies. In continuation, the technology
portfolio is considered more in detail as it provides a structured approach for selecting one
technology in the case study of Anton Paar. Porter’s five forces framework and different
models of a product development process constitute the end of this chapter.

2.1 The core competencies12

The core competencies model developed by HAMEL/PRAHALAD explains the importance of
collective learning in an organization and the relevance of coordination skills for production.
Core competencies are the source for gaining competitive advantage by the management’s
ability to bundle the technologies and production skills within an organization into
competencies which enable a fast reaction to changing demands and conditions.

This model also will be adopted for the purpose of analysing the past success factors of
Anton Paar and how core competencies also contribute to achieve competitive advantage in
the future. Identified core competencies of Anton Paar will be described later in chapter 4.2.

Main factors for identification of core competencies
According to Hamel and Prahalad, there are three main factors to identify core
competencies in a company:

1. Providing access to different markets: Core competencies should provide access to a
broad variety of markets. One core competence can help to develop core products
which serve not only one market but different distinguished markets like for example
consumer electronics, computer components and even automotive market.

2. Customer benefit: Core competencies are skills used in business to provide
customers a special benefit, the delivery of value from the customer’s view. The idea
is to provide consistent arguments for the customers why to prefer one product over
another.

3. Difficulty of imitation: Existing core competencies in an organisation should be
difficult to imitate for its competitors. Skills and capabilities are considered to be
“unique” and not easily transferred to another business or acquired from
competitors.

2 prahalad and Hamel, 1990, pp. 79-90
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Derived from that concept, core competence might not be associated with cost sharing by
use of common facilities nor is it a question of increase spending on research and
development. Core competencies are more related to processes or products of a company
which are difficult to imitate for its competitors and hence differentiate a company
strategically.

Identifying core competencies

For the process of identifying core competencies it is crucial to have a structured approach.
The two-step approach described below can be considered as a summarised form from Mind
Tools Ltd."

1. Brainstorming of factors which are important from the customer’s perspective. This
should include all arguments used by the customer why they have bought one
certain product - or vice versa - which are the critical points to convince the
customer.

2. Identification of own competencies where the company is good in and review the
existing competencies and the list of factors that are important for customers. All
factors are screened and compared with the three factors of core competencies
according to Hamel and Prahalad subsequently.

2.2 Market segmentation

Market segmentation is the process of dividing the market into different groups.'

Customers have different requirements concerning the product, so the market segmentation
process can help to find similarities in one group of customers or users.”> Hence,
segmentation can be useful to assign potential customers to homogenous groups.*®

Because the needs, preferences and requirements of consumers and business customers are
not similar, the concept of market segmentation uses a set of variables or characteristics to
distinguish between these two groups.'’

B Mind Tools Ltd, retrieved December 05, 2010, from
http://www.mindtools.com/pages/article/newTMC_94.htm

“ Kotler, 2002, p. 144

B Johnson, Scholes and Whittington, 2005, p. 91

'® Wedel and Kamakura, 2000, p. 7

7 Kotler, 2002, p. 147
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2.2.1 Segmentation of consumer markets'®

For the segmentation of consumer markets, the market segments can be distinguished in
geographic, demographic, psychographic and behavioural characteristics.

Geographic Segmentation

In geographic segmentation, the market is divided into different geographical conditions.
Distinguishing criteria can be nations, states, regions, cities or even climate regions. A
company can decide to be active in one single or in a few geographic regions or to operate in
all. Important for the latter consideration is the adaption on local circumstances.

Demographic Segmentation

The segmentation of markets based on demographic information is a widely used method to
determine the demand or the buying behaviour of consumers. With this segmentation
method it is possible to draw conclusions about the total size of the market and how
potential customers can be addressed.

Some of demographic variables often used in segmentation are age and life-cycle stage,
gender, level of income, generation or social class.

Psychographic Segmentation

In psychographic segmentation, groups of customers are formed according to their lifestyle,
activities or interests. Variables which are used in psychographic segmentation can include
lifestyle to reflect the people’s behaviour or personality as an indicator of preferred brands.
Another possibility is to use core values which describe the attitude or character of a person.

Behavioural Segmentation

Behavioural segmentation is based on the attitudes which consumers have towards a
product. In this method, behaviour measures such as knowledge, user status, usage rates,
loyalty status or the customers” willingness to buy can be used to differentiate groups of
consumers.

Benefit segmentation is the most widely used characteristic in this field, and it is based on
the principal benefits that customers are seeking from a product.*®

'8 Kotler, 2002, pp. 143-160
9 Wilson and Gilligan, 2005, p. 338
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2.2.2 Segmentation of business markets®

Many of the variables used in consumer market segmentation can also be applied to
business markets. Variables such as geography, benefits sought and user rate are of equal
validity for both markets.?

As proposed by BONOMA/SHAPIRO, business markets can be segmented by adopting the
five different variables demographic, operating variables, purchasing approaches, situational
factors and personal characteristics.?? Figure 2.1 shows the variables and questions that
have to be answered in deciding which group of customers a company wants to serve. These
business segmentation variables are ordered in declining importance.

Demographic

Industry: Which industries should we serve?
Company size: What size companies should we serve?
Location: What geographical areas should we serve?

Operating Variables

Technology: What customer technologies should we focus on?
User or nonuser status: Should we serve heavy users, medium users, light users, or nonusers?
Customer capabilities: Should we serve customers needing many or fewer services?

Purchasing Approaches

Purchasing-function organization: Should we serve companies with highly centralized or decentralized
purchasing organizations?

Power structure: Should we serve companies that are engineering dominated, financially dominated, and
soon?

Nature of existing relationships: Should we serve companies with which we have strong relationships or
simply go after the most desirable companies?

General purchase policies: Should we serve companies that prefer leasing? Service contracts? Systems
purchases? Sealed bidding?

Purchasing criteria: Should we serve companies that are seeking quality? Service? Price?

Situational Factors

Urgency: Should we serve companies that need quick and sudden delivery or service?
Specific application: Should we focus on certain applications of our product rather than all applications?
Size of order: Should we focus on large or small orders?

Personal Characteristics

Buyer-seller similarity: Should we serve companies whose people and values are similar to ours?
Attitudes toward risk: Should we serve risk-taking or risk-avoiding customers?
Loyalty: Should we serve companies that show high loyalty to their suppliers?

Figure 2.1 Major Segmentation Variables for Business Markets®®

2% Kotler, 2002, pp. 143-160

! Wilson and Gilligan, 2005, p. 338

> Bonoma and Shapiro, 1983, pp. 67-74

2 Kotler, 2002, p. 153, Source: Adapted from Bonoma and Shapiro, 1983
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A different approach to segment the market is shown in the market research report related
to laboratory equipment. This report reviewed and analysed the market of aqueous
analytical instruments. In the study, the market segmentation process was based on key
instruments such as pH meters, conductivity meters and other analytical instruments.**

A further market study showed that market segmentation based on the applied technology
also can be a useful approach.25 Past experience has shown clearly that also in the analytical
instruments industry of Anton Paar the market segmentation method based on product
technologies has been applied successfully.?®

2.3 Target market selection®’

One approach that supports the decision-making process of strategic management is the
technology portfolio according to Pfeiffer. The existing and well known portfolio analyses
like those from the Boston Consulting Group or the strength-portfolio from McKinsey are
also tools for the strategic management of companies. Such portfolio analysis tools are also
called market portfolios because they represent the products in a chart and classify them by
market share and growth rate. However, they don’t take into account the technology
development although this would also be a decisive factor for the competitiveness of
companies.?® The basic assumption of those market portfolios is that product and process
technologies develop relatively constantly and therefore must not explicitly be considered.?
As a result, technology portfolios which consider the aspect of technology development
have been established.*

2% CBS Interactive - Business Wire Publication, 2008, retrieved December 05, 2010, from
http://findarticles.com/p/articles/mi_mOEIN/is_2008_Feb_19/ai_n24266258/

2> Research and Markets, 2008, retrieved December 05, 2010, from
http://www.researchandmarkets.com/reports/616391/indian_laboratory_analytical_instruments_markets

% G. Murer (personal communication, October 09, 2010), Business Development Manager

%7 Eversheim, 2009, pp. 175-180

28 Baum, Coenenberg and Giinther, 2004, p. 175

*® Eversheim, 2009, p. 175

% pfeiffer et al., 1982, pp. 77-131

Diploma Thesis -11-



Theoretical Framework

2.3.1 Technology portfolio

The main goal of a technology portfolio analysis is to support the decision-making process
for strategic technology management.*! It can help the company to plan and provide
sufficient resources for securing their long-term success in business. The portfolio is
represented in a two-dimensional chart, where the product function or the process
technology is positioned. Based on the positioning of technologies in the portfolio matrix,
different strategies for future development activities can be conveyed.32

high

Technology
attractiveness

.

\\ * Further development

potential

* Application volume

* Compatibility

low

Y

low high

Resource strength

L ¢ Level of know-how
L ¢ Potentials
B

* Time needs

Figure 2.2 Technology portfolio with norm strategies according to Pfeiffer®®

> Eversheim, 2009, p. 180
32 Baum, Coenenberg and Giinther, 2004, p. 217
%3 Redrawn and adapted from Baum, Coenenberg and Glinther, 2004, p. 220
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2.3.1.1 Technology attractiveness™

Figure 2.2 shows the technology portfolio in a two-dimensional chart: one axis represents
the resource strength which is influenced by the company itself. In contrast, the other axis
represents a dimension which is almost entirely influenced by the company’s environment.
In the technology portfolio, this dimension is called technology attractiveness. A high
attractiveness is assigned to dynamic technologies whereas mature technologies are
considered to be more unattractive. The dimension technology attractiveness can be
segmented into the following assessment criteria:

e Further development potential: To which extent further development of the
technology is possible and, linked to this, what are the cost-saving and
performance increase potentials.

e Application volume: The number of application possibilities and which
quantities can be estimated are important criteria for assessing the
application volume.

e Compatibility: The issue of whether and how synergies can be achieved with
existing technologies has to be estimated resulting in the assessment of what
impact new technologies can have on current products and processes.

2.3.1.2 Resource strength®

As an external parameter, the technology attractiveness reflects the sum of all technical and
economic advantages which can be gained through a technology.36 The resource strength on
the other hand is an internal factor and represents the knowledge-based human capital and
the economic strength for development of technologies. The more resources in the company
are available for technology development, the higher the resource strength can be assigned.
Furthermore, the resource strength is always to be considered in relation to the
competitors.

** Baum, Coenenberg and Giinther, 2004, pp. 217-219
s Baum, Coenenberg and Giinther, 2004, p. 217
% Eversheim, 2009, p. 180
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Following criteria represent the second dimension resource strength:

Level of know-how: Evaluation of the company’s technological know-how
especially in contrast to competitors. Having a development advantage in the
present might result in competitive advantage in future.

Potentials: The financial strength regarding the technological field is taken
into consideration. This criterion also includes material resources as well as
human capital regarding staff competence. All this aspects support the
company to realize the identified potentials.

Time needs: This criterion evaluates both the company’s capability and the
speed of reducing the gap to competitors. And if the company already
reached a leading position, the ability to maintain or even to extend its
technology leadership is also considered in this part.

2.3.2 Standard strategies®’

Different norm strategies can be derived from the portfolio representation. Each sector is

assigned to a standard strategy that in turn provides recommendations for actions. Those

recommendations are deducted directly from the position of the technology in the portfolio

which is also illustrated in Figure 2.2. The recommendations for actions are mainly focused

on the resource management for research and technical development projects and for the

production process.

To each field of the technology portfolio matrix, a norm strategy can be allocated:

Disinvestment: Fields which are located in the lower or middle region in both
dimensions the technology attractiveness and the resource strength are
assigned to a disinvestment strategy. As technologies in this area normally
have less potential for further development, research and development
activities can be reduced and released resources are available to be used for
more attractive technologies. Those fields which are related to disinvestment
strategy also have been highlighted (light-grey) in Figure 2.2.

Investment: If both the technology attractiveness and resource strength are
high, recommendations can be made to extend current investments into the
technology. A dynamic resources allocation aims to maintain the high level of
resource strength.

37 Baum, Coenenberg and Glnther, 2004, pp. 220-221
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e Selection: In the remaining fields recommendations of actions mainly
distinguish between two alternatives: high investments if needed or
moderate decrease of resource allocations if further investments are not
possible. For high technology attractiveness and low resource strength (upper
left area) investment decisions and joint development projects with
cooperation partners appear useful. In contrast, a complete withdrawal from
business can also be a meaningful alternative. In the opposite area with high
resource strength but low technology attractiveness, it is possible to decrease
the scale of the resources used and focus more on core business.

2.4 Structural industry analysis (Porter’s five forces)*

There are a large number of influencing factors in a competitive industry that determine the
intensity of competition and the level of profitability. A structured approach can help to
assess the competitor’s behaviour as well as the profit potential of an industry.”® For
analysing and classifying the factors of competition, PORTER developed a framework called
“The five forces framework”. This framework can be adapted to any manufacturing or
services industry and comprises of five main competitive forces: the entry of new
competitors, the threat of substitutes, the bargaining power of buyers, the bargaining power
of suppliers and the rivalry among the existing firms (see Figure 2.3).

These five forces determine the industry profitability by understanding the five influencing
factors in the environment that influence the competitiveness. However, the profitability
may vary from industry to industry. HAWAWINI for example showed that industries in the
US such as pharmaceuticals or tobacco earn high profit rates whereas in other industries
(like the iron and steel industry) only a few companies report attractive returns.*® The basic
assumption is that the industry profitability is depending on the industry structure.** By
comparing the pharmaceutical industry with the iron industry from the foregoing example,
they offer different kind of products and they have also very different industry structures
which make one profitable and the other a strong competition with small margins.

® Porter, 1985, pp. 1-32

*® Grant, 2005, pp. 73-74

40 Hawawini, Subramanian and Verdin, 2003, pp. 1-16
* Porter, 1985, pp. 4-5
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Figure 2.3  The five forces framework of competition by Porter*?

2.4.1 Threat of new entry43

If the return on capital in an industry is positive and is expected to sustain on this level or to
increase over time, the threat of new firms entering the market is high. New entrants put
pressure on prices and costs and desire to gain market share in the new market. It is also
possible that big firms may leverage their existing capabilities and financial resources to gain
advantage in competition when they want to enter into new markets. In industry, the threat
of entry is expected to be low when there are high entry barriers for new entrants. Other
sources of entry barriers are economies of scale, access to distribution channels,
government policies and customer switching costs.

GRANT stated that high capital requirements of establishing R&D, production and
inventories can retard new competitors.** In general, entry barriers provide an advantage for
established firms over new entrants.

*2 Redrawn from Porter, 1985, p. 5
* porter, 2008, pp. 3-4
* Grant, 2005, pp. 75-77

Diploma Thesis -16-



Theoretical Framework

2.4.2 The power of suppliers

Companies in industry usually purchase materials, parts, finished products, or services from
other companies.45 This business creates a value for both the customer and the supplier. The
share of this value and hence the distribution of profitability for both partner depends on
the bargaining power of each side.

PORTER explained that powerful suppliers for example that have a diversified product
portfolio do not depend highly on one customer or a specific industry group.*® The strength
of supplier’s bargaining power is also being affected by the proportion of its revenues in an
industry. If revenues are allocated to one particular industry, suppliers are keen to earn high
rates of profit. Another influencing factor is the importance of the companies” products for
other industry participants. The power of suppliers increases when no substitute products
do exist on the market.

2.4.3 The power of buyers”’

Similar to the bargaining power of suppliers, buyers can also exert great influence to the
aspect of pricing, product quality, or service quality. Powerful buyers have negotiation
leverage relative to industry participants when the purchasing volume generally is high or
the order volume relative to the total revenues of the vendor is large. Customers also have
bargaining power if the products are standardized and equivalent products are easily
available. Switching costs to other vendors as well as the buyer’s price sensitivity are further
factors that have influence on the bargaining power of buyers. The greater the influence of a
purchased product on the total cost structure, the more sensitive buyers are about the price.
In this case, buyers focus strongly on the price and put pressure on lowering the purchasing
costs.

2.4.4 Threat of substitutes*®

The availability of substitute products also influences the industry profitability. When a
substitute replaces a product or alternative products or technologies emerge, new products
may become more attractive for customers and consequently the willingness to pay a higher
price for existing products decreases. The threat of substitutes is also high if the switching
costs to new products are low. Furthermore, the threat of a substitute is higher if it offers an

** Grant, 2005, pp. 81-83
*® Porter, 2008, pp. 4-5
* Porter, 2008, pp. 5-6
*® porter, 2008, p. 6
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attractive price-performance characteristic. For example, the willingness of consumers to
switch between airplane and train in order to travel between two cities strongly depends on
the travelling time as well as on the costs for one route.*?

2.4.5 Rivalry among existing firms™°

The rivalry among existing firms is another important competitive force that influences the
industry profitability over time. There are two main factors to which the profit potential of
an industry is depending on the rivalry among companies: The intensity of competition and
the basis of competition.

The higher the number of companies competing within a market is the more intense will be
the rivalry in an industry or business sector. The intensity of rivalry is also affected by size
distribution of each company competing in the same market. If the companies are
approximately equal of size and power, the rivalry among the companies appears to be
fiercer. Further aspects of competition intensity are exit barriers.

Costs associated with selling a business unit are referred to structural or economic exit
barriers. In addition to that, sunk costs which are costs that cannot be recovered from
capital investments form barriers to exit. Consequently, costs that arise from a market exit
lead companies to stay in declining business and operate at lower profitability than
desired.”*

The strength of rivalry among competitors also reflects the basis of competition. Rivalry in
industry often leads to a very hard price competition that also may lower the profitability of
the companies. Hereby, the cost structure plays a pivotal role. If the fixed costs of a company
are high in relation to the variable costs, pressure is exerted to register deals in order to
cover the costs. Companies accept falling prices in the way that revenues contribute to cover
at least the fixed costs.

The aspect of spreading fixed costs over greater sales volume is also related to excess of
capacity as referred to explanations from GRANT.”? So if the demand is declining or the
excess of capacity results from earlier overinvestments, companies have unused capacity
which they want to exploit and utilize better. A decline in prices and falling profitability may
be an ensuing result.

* Grant, 2005, pp. 73-74

*% porter, 2008, pp. 6-7

> Harrigan, 1981, pp. 395-412
>2 Grant, 2005, pp. 78-81
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2.5 Product development

The economic success of an organisation depends on their ability to understand the needs of
the customers and to transform the gained knowledge into new products. The goal hereby is
to design new products that meet the customers’ needs. This requires a generic product
development process which accumulates the experience and knowledge of many individual
organisational units, such as marketing, R&D, or production. ULRICH/EPPINGER defined the
term product development as a “... set of activities beginning with the perception of a market
opportunity and ending in the production, sale and delivery of a product.” The outcome of a
product development process is hereby referred to a physical product that is being sold to
the customers. However, a product development process can also be applied to develop
software or services.”®

2.5.1 Product development processes

TROTT found out that a product development process was initially perceived and defined as
a four phase concept including idea generation, idea screening, concept development and
concept testing. Here, the idea generation phase represented the initial stage and was
continued from subsequent phases where ideas were screened and selected. The main
target was finally to get out physical products from the process. As the entire product
development process resulted to be complex and incurred high costs, attempts have been
made to involve different organisational units early in the development process.
Manufacturing engineers, design engineers and marketers have been integrated to influence
the products while it was still under development.”

2.5.2 Definitions of the product development process

Product development process is a generic term for a process which consists of a sequence of
steps and includes many activities a company needs to conceptualise, design and finally
market a product. This definition according to ULRICH/EPPINGER exists among many others.
That is mainly attributable to the high complexity this topic is subjected to.>”

>* Ulrich and Eppinger, 2004, p. 2
>* Trott, 2004, pp. 397-399
> Trott, 2004, pp. 397-399
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The Product Development and Management Association for example use the term New
Product Development Process (NPD Process) and defined a process as a set of steps which
describe the efforts of a company to convert new ideas into new products or services.>®

MORGAN/LIKER used a different approach and described a product development system
which the automotive manufacturer Toyota had pioneered and applied to develop their
products. They investigated why Toyota was so successful on the market some decades ago.
The outcome of these research activities was the definition of model which is related to
different aspects of product development.®’

The way MORGANY/LIKER proposed to proceed in product developments has been explained
with a model called the Lean Product Development System (LPDS). As shown in Figure 2.4,
the model consists of the three subsystems process, people and tools and technology. The
main idea of the concept is to integrate people with different functions from different
disciplines into the product development system. Furthermore, processes are considered in
this model not only as a linear sequence of activities and tasks, but also value creation and
waste management are key aspects in this context. The third subsystem includes tools and
technologies which can be applied to manage better a product development system. In this
part, particular attention is paid to tools which support people in the product development
system in terms of problem solving, best practice methods, or learning principles.

Product
Development

Process

Figure 2.4 Lean Product Development System (LPDS) including three subsystems™®

*® New Product Development, 2010, Definition from Product Development and Management Association,
retrieved December 06, 2010, from http://www.pdma.org/npd_glossary.cfm

>’ Morgan and Liker, 2006, pp. 3-26

> Morgan and Liker, 2006, p. 16
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In this work special focus was given to the model of a generic product development process
as it was proposed in the study from ULRICH/EPPINGER (see chapter 2.5.3). This is
attributable in particular to the fact that this model is a comprehensive approach to
understand the complex relationships in product development processes. It is furthermore a
practical representation that facilitates the consideration of aspects from different
industries.

Another argument in favour of the linear model was that there is a possibility to adapt it for
economic evaluations. TROTT observed that linear models have gained attention in the past
because a product development process also can be seen as a cash inflow which is followed
by a cash outflow.>

2.5.3 The generic product development process®

In chapter 2.5.2, a product development process was already defined as a sequence of steps
and activities with the focus to get out a marketable product. These steps include tasks with
organisational activities where a set of information has to be organizes and passed to other
phases of the process.

The generic product development process, which is shown in Figure 2.1, consists of six
phases. The process begins with a planning phase, where market information is taken into
account and technology trends are assessed. The output of the planning phase is the project
mission statement, which represents the link to the following concept development phase.
During the whole project all tasks and activities are aligned to the project mission statement
as it includes a detailed description of the project with its goals and hence serves as a clear
guidance for the product development team. At the end of the product development
process, the product is launched and becomes available on the market.

Plannin Concept System-Level Detail Desien Testing and Production
& Development Design g Refinement Ramp-Up

Figure 2.5 Generic product development process®

>° Trott, 2004, pp. 397-399
% Ulrich and Eppinger, 2004, pp. 2-21
%1 Redrawn from Ulrich and Eppinger, 2004, p. 9
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There are many different ways how an organisation can be structured and processes are
used in companies. Every organization applies a process different than all the others because
the offered products and services are different in nature, properties and quality too.
However, a well-defined development process is beneficial because several aspects like the
quality of the end product or continuous improvements of the process can be better
assured. The generic development process according to ULRICH/EPPINGER is a structured
approach and consists of six phases, which are as follows:

0. Planning: Assessments of technology development trends as well as market
objectives have to be incorporated into the product design. Before an actual product
development project is started, a product plan is needed where the goals and the
capabilities of a company are defined (hence the name phase zero). The outcome of
the planning phase is the project mission statement, which includes a brief
description of the product, key business goals, targeted markets and assumptions
and constraints.

1. Concept development: The customer needs are identified at the beginning of this
phase. The resulting information about customer needs is a prerequisite for
establishing a product specification and generating product concepts for further
development. Various design concepts are also evaluated in this phase in order to be
able to select one or more concepts for detailed investigations.

2. System-level design: After the selection of one or more concepts that will be focused
on, a framework is established that outlines the product architecture and the inner
structure of a product. The knowledge about the design and functionality of the
product can be used to set up a master plan for the production.

3. Detail design: In the detail design phase all parts are specified in terms of its
geometry and tolerance and suitable materials are selected for each part. Technical
drawings serve for both the production of the parts and its tools as well as for the
request for proposal of externally sources components.

4. Testing and refinement: Prototypes are of particular importance in this phase as they
are used for assembly and functional tests. The first prototypes can differ from the
final product in geometry and material properties because rapid prototyping
methods may be used to produce initial prototypes. The tests which are performed
with prototypes serve for proofing the selected concept and for learning about the
functionality and reliability of the product. It is also possible in this phase to identify
errors or to integrate changes for the final product.
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5. Production ramp-up: The production ramp-up phase is the last one in the product
development process. Here, the final preparations are made to ramp-up a series
production. The aim of this phase is to conclude the development process and deliver
the project to production functions. Trainings of labour force are carried out as well
as last modifications in the production process are implemented as a final step. The
outcome of this phase is a finished product which is ready to be offered on the
market.

2.5.4 Successful product development®

Products that are successful on the market also reflect a successful product development
process. To achieve this, it is of great importance to have a lean manufacturing process that
transforms raw materials into finished products. This places high demands on the entire
manufacturing process in terms of cycle times, quality, flexibility and cost effectiveness. The
requirements of a lean manufacturing process are closely related to those of a product
development process. The defining attributes of a successful product development are as
follows:

1. Product development costs
Product quality

Product development time

W N

Development of know-how

2.5.4.1 Product development costs

The product costs comprise the production costs as well as the total development costs. As
being a decisive factor in the customers” decision to buy, the selling price is determined
mainly by the product costs. The selling price, in turn, influences the profitability of the
company. So the company’s profitability depends on the structure of fixed and variable
costs.

Fixed costs such as administrative salary, rent, or depreciation are referred to costs that do
not change with the output quantity. In contrast, variable costs such as direct labour costs or
material costs vary in proportion to changes of the output.®®

52 Mital et al., 2008, pp. 17-36
63 Hansen, Mowen and Guan, 2007, pp. 51-54
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Costs which incur in the research and development phase also determine the profitability.
These development costs have to be covered in order to get a successful product. Figure 2.6
shows the cumulative cash flow through the development phases. In early phases in which
research and development activities and prototype tests are made, there is no in-flow of
cash from sales. The cash in-flow coming from profitable sales turns the negative project
progress into positive. A product becomes profitable after the entire development costs are
fully covered.
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Figure 2.6  Typical cash flow for a successful new product®

2.5.4.2 Product quality

The quality of products is another dimension used to assess the performance of product
development efforts. The price that customers are willing to pay is determined by the quality
of the product. Furthermore, product quality is also reflected in market share a product is
able to gain.

64 Adopted from Trott, 2004, p. 358
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2.5.4.3 Product development time

ULRICH/EPPINGER described that a short product development time reflects the capability
of a company to react on changing situations on the competing market. The development
time determines when products become profitable. It further determines how quickly the
product development efforts receive an economic return. The shorter the development time
of a product is the more time is left to capture significant market share.®®

2.5.4.4 Development of know-how

Innovative products, which are successful on the market, and also the continuation of
launching new products on the market successfully, reflect the knowledge a company gained
with product development projects.66 According to ULRICH/EPPINGER, experience and
knowledge about product development processes can be used to make future projects more
efficiently.67

2.5.5 Variations in the product development process®®

The generic product development process, which was described in chapter 2.5.3, can also be
seen as a market-pull strategy: customer request for products or solutions and companies
begin product development in order to satisfy the demand.

MARTIN stated that a development process which is initiated in response to identified
market needs reflects the market-pull strategy. The market “pulls” the demand through R&D
functions, production and marketing as shown in Figure 2.7.%

Research & Expressed
Development 2 Production [ 2 Marketing [___3 I\/INark(ejzt
ee

Figure 2.7 Market-pull sequence’

® Ulrich and Eppinger, 2004, pp. 2-3

® Mital et al., 2008, pp. 17-36

®” Ulrich and Eppinger, 2004, pp. 2-3

% Ulrich and Eppinger, 2004, pp. 18-21
% Martin, 1994, pp. 43-47
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However, product development processes don’t look the same in all companies as each
company has different products as well as follow different corporate principles and
guidelines. In addition to the generic product development process that reflects the market-
pull principle, other common variants are as follows:

e Technology-Push Products
e Platform Products

e Process-Intensive Products
e Customized Products

e High-Risk Products

e Quick-Build Products

e Complex Systems

2.5.5.1 Technology-Push Products

In developing technology-push products, technological advances and new inventions trigger
a decision to develop new products. The company first begins to develop new products
which are based on the new technologies and looks for a target market and application
possibilities afterwards. An example of a technology-push products are Gore-Tex clothes.

MARTIN describes a technology-push strategy in the way that the a new invention is
“pushed” through the company’s R&D, production and sales functions onto the market,
regardless if the market has demanded the products before or not.”* A sequence of
technology-push interactions is also shown in Figure 2.8.

Research & . .
?
— Production [ 2 Marketing [ LR

Figure 2.8 Technology-push sequence’”

7 Martin, 1994, p. 44
" Martin, 1994, pp. 43-47
72 Adopted from Martin, 1994, p. 44
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2.5.5.2 Platform Products

New products built on existing technology platforms have certain characteristics that are
advantageous over those products which are developed from completely new technologies:
The efforts needed to develop a new product are lower and the costs related to the
production can be shared across several products.

Internal organisational activities External market

Development of Derivative product
product platforms development

Competitor
product

Competitor
product

A 4

Research and Platform A B1

Technology
Development

Product

B2 |1 positioning

Platform B

A 4

A 4
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e product

Competitor
product

v

Time

Figure 2.9  Schematic illustration of platform development and a derived product family”®

The difference to technology-push products hereby is that the technology used in platform
products has already demonstrated on the market its utility for customers. Figure 2.9 shows
how R&D functions in companies develop platform technologies which are the basis for a
whole product family.

In automotive industry, for example, platform products help to share production processes
whereas at the same time customer needs can be addressed with different car models.
MUFFATTO/ROVEDA pointed out in their study that one car structure regarding frame,
suspensions, engine and powertrain is used in different models of a unique family.”*

73 Redrawn and adapted from Trott, 2004, p.358
* Muffatto and Roveda, 2000, pp. 617-625
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2.5.5.3 Process-Intensive Products

Characteristics of process-intensive products are particularly constrained by the production
process. As the production process has strong influences on the properties of the products,
the design of the product and the design of the production process are assigned to be
correlated with each other. For process-intensive products, either both the product and the
production process are developed simultaneously, or the process for making the product is
chosen before the product is being designed. Examples of process-intensive products are
semiconductors, foods and chemicals.

2.5.5.4 Customized Products

Customized products underline the companies” ability to design special products to meet the
customer’s demand. When a customer requests a new product, the company begins to
design a tailored product in a structured development process. The new products are usually
slight variations of existing configurations. The development process of customized products
includes the specification of product properties such as physical dimension or material
properties. Motors, switches and batteries are examples of customized products.

2.5.5.5 High-Risk Products

During a product development process there are many issues that can prevent the success
of development strategy. Product development is a process that involves many risks,
including technical risks and market risks. That is why managing of risks especially during
development of high-risk products is becoming more important. High-tech products are
subject to risks and uncertainties related to proper function of the product (technical risk) or
to customer acceptance (market risk). In order to manage those risks, the generic product
development process is adapted by taking measures to address the biggest risks early in the
process. This includes testing activities in early stages of a product development for the
evaluation of customer acceptance of the new product. In case of high technical
uncertainties and risks prototypes or working models which are also built in earlier
development stages can help to test key features and functionalities of the products.

GOODMAN et al. showed at the example of Intel how risk management is integrated in
semiconductor industry. They describe how a risk management process was developed and
a central risk database that helps to identify, assess and deal with risks during product
development had been deployed.”

> Goodman et al., 2007, pp. 105-108
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2.5.5.6 Quick-Build Products

In developing quick-build products, several iteration steps are made during the development
process where prototypes are built and functional tests are conducted. This allows the
development team to take advantage of gained experience from the test results and learn
how further development steps can be proceeded. With repeated cycles of design, build and
test activities the involved team can achieve a more flexible product development process. It
is also possible to involve customers in testing phases of the product in order to enhance
customer acceptance.

Software and many electronics products are examples where many detail design and testing
phases are repeated. The company Paterson Technology explained the strategy that was
applied during the development of the Microsoft’s first operating system MS-DOS. They
describe how a very short development phase resulted in a product that included the basic
functionalities by applying a quick-and-dirty approach.”®

2.5.5.7 Complex Systems

Complex systems are usually decomposed into several subsystems and many components.
Different teams then are able to develop the components, mostly independently of each
other. After having completed the development tasks, an integration of all components into
the subsystem and subsequently into the overall system is needed. Examples of developing
complex systems include air aircraft construction and jet engine design.

’® paterson Technology, retrieved December 05, 2010, from
http://www.patersontech.com/Dos/Byte/History.html
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3 Principles and Applications of Thermal Analysis

3.1 Definition of thermal analysis

The term Thermal Analysis comprises a number of measuring techniques that have one
feature in common: they measure the change of material properties in response to
temperature changes during a heating, cooling or an isothermal phase. ROUQUEROL tried to
find a definition which is simple and formulated in a general way. The definition of “Thermal
Analysis” presented by ROUQUEROL also has been approved to the International
Confederation for Thermal Analysis and Calorimetry (ICTA), and is as follows:”’

"Thermal analysis (TA) is the study of the relationship between a sample property and its
temperature as the sample is heated or cooled in a controlled manner."

According to MENCZEL/PRIME/GALLAGHER, the most popular techniques among all thermal
analysis methods are differential scanning calorimetry (DSC), thermogravimetric analysis
(TGA), thermomechanical analysis (TMA), dynamic mechanical analysis (DMA), dielectric
analysis (DEA) and micro/nano - thermal analysis ( p/n - TA). Table 3.1 also shows the
classification of more common techniques by physical property measured.”®

Table3.1  Most important methods and techniques of thermal analysis”

General Method Acronym Property Measured
Differential scanning calorimetry DSC AT, differential power input
Differential thermal analysis DTA AT

Thermogravimetry or TG or TGA Mass

Thermogravimetric analysis

Thermomechanical analysis, TMA, TD Length or volume
Thermodilatometry

Dynamic mechanical analysis DMA Viscoelastic properties
Dielectric analysis DEA Dielectric properties
Micro/Nano - thermal analysis u/n-TA Penetration, AT

7 Rouquerol, 2008, pp. 13-54
78 Menczel, Prime and Gallagher, 2008, pp. 1-12
7 Menczel, Prime and Gallagher, 2008, p. 2
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There are many more methods which are gaining increased importance, such as evolved gas
analysis (EGA)®® or thermo-optical analysis (TOA)®!, among others. However, it seemed
appropriate to set a focus in this work, as it was also the scope of the company to
concentrate only on the most common thermal analysis methods, which are as follows:

Differential scanning calorimetry (DSC)

Thermogravimetric analysis (TGA)

Thermomechanical analysis (TMA)

e Dynamic mechanical analysis (DMA)

3.2 Overview of thermal analysis principles®

This chapter will describe these thermal analysis methods more in detail which helps to
answer open questions by presenting an overview of the most common used methods. |
want to highlight the basic principle, the setup of a dedicated instrument and important
aspects of every method. Hence, this chapter provides an overview of those four thermal
analysis methods, to which the complete work is referred to.

3.2.1 Differential scanning calorimetry

Differential scanning calorimetry (DSC) is the most common thermal analysis technique.
According to MENCZEL et al., the DSC method is used in many applications including polymer
and pharmaceutical fields as well as inorganic and organic chemistry.® The basic principle of
DSC is that the heat flow into a sample is measured as a function of temperature or time.
The approach involves the application of a controlled temperature program to a sample and
a reference in order to determine the temperature or energy related to a range of thermal
events including melting or crystallization processes, measurement of glass transitions and
many other thermal parameters of chemical reactions. READING/CRAIG explained that
among the three possible temperature profiles heating, cooling, or isothermal program, the
heating profile is the most widely used approach.84

% Brown, 2001, pp. 139-156
 Mucha, 1989, pp. 876-880

8 Gabott, 2008, pp. 1-163

8 Menczel et al., 2009, pp. 7-240

8 Reading and Craig, 2007, pp. 1-22
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Within the differential scanning calorimetry method two techniques can be differentiated:
e Heat flux DSC

e Power compensation DSC

Heat flux DSC

Heat flux DSC involves one single furnace where both the sample and the reference together
are heated up or cooled down in a controlled temperature program. During the heating or
cooling phase the temperature of both probes is measured continuously. Figure 3.1
demonstrates where temperature sensors for each of the sample and the reference pans are
located. The main parameter, which is determined during measurement, is the temperature
difference between sample and reference. The temperature difference indicates the effect
of phase transition of the sample. As an example, the process of melting can be considered.
During melting of a crystal the temperature remains at the melting point despite a constant
heat flow reaches the sample. Consequently the temperature of the sample falls behind that
of the reference as the heat is absorbed by the sample material during endothermic
transition. By recording the temperature difference, DSC instruments convert these values
into a heat flow equivalent, which is displayed as a function of temperature or time
representing the result of the measurement.

e

Sample Reference
Ny GPu—an

~N

Thermocouples

Furnace

Figure 3.1 Schematic of a heat flux DSC*®

Power compensation DSC

In power compensation DSC, the measurement system consists of two separate furnaces,
one for the sample and a second for the reference. Both are controlled by a temperature
program where heating up or cooling down phases are applied. During one heating (or
cooling) rate, the difference in electrical power to maintain both measuring cells on the
same temperature level is measured.

8 Redrawn and adapted from Ehrenstein, Riedel and Trawiel, 2003, p. 3

Diploma Thesis -32-




Principles and Applications of Thermal Analysis

The difference in energy flowing into the sample furnace compared to the reference furnace
is displayed as a function of temperature or time. One type of instrument with power
compensation DSC is represented schematically in Figure 3.2.

4 [ ) A

Sample Reference

=N (o)

\ /

Platinum resistance
thermometers

P.= Heating power of sample furnace
P.= Heating power of reference furnace

Figure 3.2 Schematic of a power compensation DSC®

3.2.2 Thermogravimetric analysis

Thermogravimetric analysis (TGA) is a technique where the mass of a substance is measured
as a function of temperature or time. The sample is usually heated up following a controlled
temperature profile in a controlled atmosphere. The method is characterized by exposing
the sample to an atmosphere which can be inert, oxidizing, or reducing. Mass changes may
occur in both ways, either the sample loses material when for example volatile constituents
are evaporated, or it gains mass like in humidity controlled experiments where water is
absorbed.

TGA is a common used method in research and industry to study characteristics of materials
such as polymers and how diverse reactions occur on heating substances in a controlled
atmosphere. In pharmaceutical science this method is used to investigate the dehydration
behaviour and the quantity of water lost from solid drugs. Furthermore, TGA methods have
been employed in many studies including decompositions of inorganic and organic
compounds, thermal reactions of natural materials such as coal or wood and mass loss
measurement of foodstuff.?’

8 Redrawn and adapted from Ehrenstein, Riedel and Trawiel, 2003, p. 4
8 Galawey and Craig, 2007, pp. 139-192
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Measuring principle of the TGA method

In a TGA instrument, the central part is the thermobalance which detects mass changes as a
function of temperature or time. As shown in Figure 3.3, a compensation system is used to
compensate offset changes in reactant mass. With the combination of thermobalance and
compensation system the position of the sample remains the same when mass changes
occur. The main characteristic of all types of TGA instruments is that the sample is exposed
to a temperature controlled zone. However, several design variations of thermobalances,
involving different relative positions of the components do exist. The three standard sample
and furnace positions relative to the thermobalance include top-loading, side-loading and
bottom loading configuration, whereas the side-loading or horizontal arrangement is
represented in Figure 3.3.

Furnace

Thermocouple

Sample /

]

- L,

Compensation

Figure 3.3  Schematic of TGA principle with horizontal thermobalance®

3.2.3 Thermomechanical analysis

Thermomechanical analysis (TMA) measures changes in length or volume of the sample
under static load, variable load, or with zero load. The most important applications of TMA
measurements are determination of the coefficient of linear thermal expansion and the
glass transition temperature. For the measurement of thermal expansion coefficient, a small
force must be applied to keep the probe in contact with the sample. Further application
options are stress relaxation, creep and volume change tests. TMA is a useful thermal
analysis technique for the characterization of polymeric materials. Properties of materials
such glass transition and melting temperature as well as Young’s modulus of films and fibers
can be investigated with this method.®

88 Adapted from Ehrenstein, Riedel and Trawiel, 2003, p. 150
% Bair et al., 2009, pp. 319-386
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Measuring principle of the TMA method

The sample with cylindrical or rectangular shape is positioned in a furnace and heated up
with a controlled temperature profile. A quartz probe, which keeps contact with the sample,
with integrated displacement measuring system detects changes in volume of the sample.
The temperature of the sample is measured with thermocouples, which are located very
close to the sample. Figure 3.4 illustrates a schematic diagram of a vertical design TMA
instrument. However, a wide variety of instruments with different designs are available on
the market.”

— Linear motor
S|gnal
LVDT — (posmon

Thermocouple

Probe

Sample

-——Furnace

Figure 3.4 Schematic of a TMA instrument with vertical design91

3.2.4 Dynamic mechanical analysis

Dynamic mechanical analysis (DMA) involves applying a periodic strain on a sample and
measuring the resulting stress, or equivalently, applying a periodic stress on a sample and
measuring the resultant strain response. Figure 3.5 shows the basic principle of DMA
operations where the strain and stress are out of phase. A DMA measurement typically
includes the amplitude of the signals as well as the phase difference between them.”

% Ehrenstein, Riedel and Trawiel, 2003, pp. 185-223
°! Bair et al., 2009, p. 327
92 Chartoff, Menczel and Dillmann, 2009, pp. 387-496
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—-——-stress o
strain ¢

Figure 3.5 Sinusoidal oscillation of stress signal and response of strain signal of a linear-
viscoelastic material®

According to DUNCAN, the analysis of polymeric materials is the main area where DMA is
being used. Furthermore, DMA also has been widely employed for studying the molecular
structure of materials. In the food and bioscience sector, which represents another field of
DMA applications, glass transition temperatures of materials are determined and the
similarity of samples are checked. A more specialized application field of DMA is the
derivation of engineering data. Here, material data including the determination of modulus
and damping factor are generated over a wide range of frequency and temperature. This is
of special interest for producers of acoustic damping materials or designers of critical
components. In Figure 3.6, the main fields of applications of DMA instruments are shown in
a diagram.”

Derivation of
engineering

data
Food and 59

Bioscience
10%

Molecular
structure
characterization
40%

Polymeric
material
analysis

45%

Figure 3.6 The use of DMA divided into four main areas’>

3 Ehrenstein, Riedel and Trawiel, 2003, p. 255
* Duncan, 2008, pp. 119-163
% Own illustration, Data aggregated from Duncan, 2008, pp. 119-163
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Essential information about the complex stiffness of a material can be obtained with DMA
instruments. The complex stiffness is converted to complex modulus, which represents the
main parameter of the DMA principle. The complex modulus is a characteristic property of
viscoelastic materials. Mathematical relationships between moduli used in DMA are shown
in Figure 3.7.%

The complex modulus E* may be divided into real and imaginary components. For
viscoelastic materials, the storage or real modulus E” and the loss or imaginary modulus E”
are of particular importance. The storage modulus E’ represents the stiffness of a viscoelastic
material and the loss modulus E” represents the proportion of energy which is dissipated
during one cycle.97

Taking into account & as the phase difference between dynamic stress and dynamic strain
(see Figure 1.1), another important quantity can be defined. The ratio between loss modulus
and storage modulus may be expressed by tan &, which is known as the damping factor.*®

E*=E' +iE"
o]
E' = —Ocos(6)
€o
o
E" = Z2sin(8)
€o
E"  sin(8)
— = = tan(é
E’  cos(6) an(4)

Figure 3.7 Mathematical relationships for complex modulus E*, storage modulus E’, loss
modulus E” and damping factor tan &°°

Measuring principle of the DMA method

DMA instruments operate in a constant amplitude mode with variable frequency. The
defined amplitude of mechanical load is related either to a stress or deformation amplitude.
The sample is clamped at both ends so that a periodic signal can be applied. A typical DMA

instrument with vertical design is schematically shown in Figure 3.8.'%

% Duncan, 2008, pp. 119-163
%7 Chartoff, Menczel and Dillmann, 2009, pp. 387-496
% Duncan, 2008, pp. 119-163
9 Chartoff, Menczel and Dillmann, 2009, pp. 387-496
100 Ehrenstein, Riedel and Trawiel, 2003, pp. 255-323
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The most important factor in obtaining good measurement results is choosing the best
geometry of the sample. In order to find an appropriate geometry, the value range of the
material’s modulus has to be known or estimated in advance. A schematic of available

sample geometries is shown in Figure 3.9.*%

tension

s
/sample
~L—heater
o,
strain ' /'drive shaft
gauge

force
motor

Figure 3.8  Schematic of a DMA instrument with vertical design'®

Clamped bending is generally used for sample bars as it is an easy handling mode and covers
a wide modulus range. For materials having a high modulus value the choice of three-point
bending is recommended. High-modulus samples where three-point bending is usually
applied are for example fibre reinforces composites or brittle samples such as inorganic glass
and ceramics. Tension mode is generally suitable for film samples and fibres with low sample
thickness - samples with a thickness lower than 0,02 mm are also possible. Materials
representing a low modulus range such as rubbers and gels are usually measured in shear
mode. Compression mode can be used to determine for example the transition temperature
of powders. Foams with its typical low modulus values are also ideally suited for tests
conducted in compression mode.'®®

1% buncan, 2008, pp. 119-163
102 Ehrenstein, Riedel and Trawiel, 2003, p. 261
1% Duncan, 2008, pp. 119-163
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a) b) ¢ e A

d) e) )
L L
Key
— Instrument fixed clamps
I'I Instrument driveshaft (moving) clamp
N N Sample

Figure 3.9 Schematic of available sample geometries. (a) single cantilever bending; (b)

dual cantilever bending; (c) tension; (d) compression; (e) three-point bending;
(f) shear'®

3.3 Applications of thermal analysis'®

This section shows different application possibilities of thermal analysis. Data and
information which have been collected for this topic relate on many different sources. These
sources are in particular publications in journals and books, online articles and application
reports from thermal analysis companies. All fields of applications which have been
identified within this thesis are explained in the following section, whereas the most
important thermal analysis methods are correlated to each single application field.

104 Adapted from Duncan, 2008, p.132

1% Gabbott, 2008, pp. 164-446

Diploma Thesis -39-




Principles and Applications of Thermal Analysis

3.3.1 Application to thermoplastics and rubbers

Thermal analysis provides valuable information on polymeric materials regarding the
composition and physiochemical properties of thermoplastics and rubber materials. Due to
the large macromolecules polymers are comprised of, they have broad melting points,
molecular weight distributions and glass transition temperatures. In the case of both
thermoplastics and rubbers, degradation can occur due to harmful influences such as
ultraviolet light, heat, radiation and specific environmental chemicals such as ozone. Or in
the case of rubbers, curing (also known as vulcanisation) is employed to achieve satisfactory
products. To study these properties and also many other influencing factors, thermal
analysis is ideally suited to enable analysis of polymeric materials. Some of the more
important properties of thermoplastics and rubbers that can be measured by TA techniques
are listed below:

e Chemical composition

e Cross-link density and cross-linking reactions
e Thermal conductivity

e Glass transition temperatures

e Crystalline melting temperatures

e Heats of reaction (e.g., curing or degradation)

e The influence of additives and thermal history (e.g., processing temperature)

Many different analytical techniques can be used to analyse thermoplastics and rubbers, but
the common used techniques TGA, DMA and DSC will be considered more in detail in this
chapter.

TGA

Thermogravimetric analysis measurements are mainly used to determine the composition of
polymer products and precursors, but can also be used to measure thermal stability and
study the effects that additives such as antidegradants can have.

In the analysis of polymers, temperatures from ambient to 1000°C can be used in either
oxidising (e.g., oxygen or air) or non-oxidising (e.g., nitrogen or helium) atmospheres.
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DMA

Unlike TMA, DMA can analyse properties of polymers as a function of temperature as they
are deformed under a periodic stress. It is the most sensitive thermal technique for the
determination of the glass transition temperature (T,) of plastics and rubbers. DMA is also
able to provide information about the modulus (stiffness), damping (energy dissipation) and
viscoelasticity of polymers.

DSC

DSC is a very useful tool for providing information to identify unknown plastic samples, also
in combination other techniques such as infrared spectroscopy. Although DSC is less
sensitive to determine the glass transition temperature (T;) than DMA, it is also used to
determine the T, of rubbers and plastics. However, DSC also has got advantages: for instance
no specific sample geometry is required and the amount of material required to perform an
analysis is much more less.

3.3.2 Thermal analysis of pharmaceuticals

SAUNDERS stated that one range of equipment that is commonly used in pharmaceutical
drug development is that of thermal analysis. This field of investigation helps to understand
the physical properties of drug substances, drug substance/excipient interactions and final
drug product stability.*®®

DSC and TGA, which are two important thermal analysis methods in the field of
pharmaceutical drug development, are shortly explained in the following section.

DSC
According to READING/CRAIG, DSC is the most widespread used method within the

d.*” One important parameter that can be obtained from a DSC

pharmaceutical fiel
experiment is the determination of the melting point of a test compound. For the
pharmaceutical industry it is furthermore of vital importance to investigate the polymorphic
behaviour of drugs in terms of its dissolubility and bioavailability. The term bioavailability

refers to absorption of drugs depending on its route of administration.**®

1% saunders, 2008, pp. 286-329

Reading and Craig, 2007 pp. 1-22
Bioavailability, 2007, Definition from The Merck Manual, retrieved December 05, 2010 from
http://www.merckmanuals.com/professional/sec20/ch303/ch303c.html
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SAUNDERS also explained how DSC curves may be obtained when examining solvates and
hydrates in pharmaceutical drugs. According to LOHANI/GRANT, crystals which consist of
distinctive molecules are formed during crystallization from solutions. A solvate is a
crystalline molecular compound in which molecules of the solvent are incorporated into the
lattice of the parent substance. When water is used as a solvent, the solvate is also called
hydrate. The solubility and the dissolution rate of a solvate influence the bioavailability of
drugs.109

TGA'?

TGA is a simple and conceptually accessible means of characterizing pharmaceutical
samples. However, complex analyses are needed in order to take full advantage of the
possibilities offered by TGA. The most common use of TGA in pharmaceutical fields is the
characterization of hydrates, where the water content within the solid can be estimated.
Furthermore, the method may be used to:

e Assess glassy materials in terms of measuring plasticizer levels such as water.
Hereby, TGA is a useful complementary technique to DSC.

e Study both conventional and controlled release dosage forms, as a means of
understanding solvent binding.

e Obtain a more detailed analysis of the kinetics of dehydration and the nature
of the drug or excipient—water interactions.

3.3.3 Thermal methods in the study of foods and food ingredients™’

Properties of foods and food ingredients and how they change to variations in temperature
are important in understanding food production processes and variation in food quality.

A wide range of physical properties of foods can be studied by using thermal analysis
methods. As an example, amorphous states of pastes and viscous liquids, such as starch
solutions in sauces or sugar syrups are considered in this field. Furthermore, hard solids like
dried extrudates of starch and gelatine are of interest in food science.

Concentrated food systems (low-moisture and frozen foods) are often in a non-equilibrium
state which results in formation amorphous, non-crystalline structures. There are also many
materials which are present in the crystalline form and expose melting behaviour ranging
from recrystallization of gelatinized starch to the melting and crystallization of sugars and
fats.

109

Lohani and Grant, 2006, pp.37-40
Bottom, 2008, pp. 87-118
Roos, 2008, pp. 197-203
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Low-temperature behaviour of food is another area where research activities are carried
out. This is relevant to ice cream, frozen desserts and ready meals where ice-formation,
recrystallization and enzymatic reactions can be observed.

A variety of different analytical techniques can be used to monitor changes in the physical
properties of food components. However, TGA, DSC and DMA have become common and
important analytical methods in physiochemical characterization of foods.

3.3.4 Application to biomaterials

Biomaterial can be defined as “any nondrug substance that can be used as a system or part

ny
material can be a biomaterial as long as it fulfils the medical and surgical requirements, and

of a system to treat, enhance, or replace any tissue, organ, or function of the body".112 A

therefore a wide range of materials such as metals, ceramics, glasses, polymers and
composites are applicable for the use in the human body. Various types of application where
biomaterials are used in medical products and devices are shown in Figure 3.10. Polymers
can have a wide range of properties and therefore constitute the largest group of
biomaterials.

Thermal characterisations will provide general information of biomaterials in terms of
stability, shrinkage, expansion, effect of sterilisation methods, insulation and storage. In
addition, the thermal behaviour of a material forms an important part of characterising a
material’s properties which are also related to its clinical performance. For example,
biomaterials will need to be sterilized to reduce the risk of infection before they are used in
clinical environment.

2 Morris, 1992, p. 262
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Figure 3.10 Examples of biomaterials used in medical products and devices'**

DMA

DMA can be a useful technique for the characterization of biomaterials since material

properties such as stiffness or damping can be determined. Application examples of DMA

method used for biomaterials are as follows:

e Particulate and fibre reinforced polymer composites as bone substitute

materials

e Absorption and hydrolysis behaviour of polymers and composites to assess its

degradation characteristics

e Development of porous foams for tissue engineering

113

Hill, 1998, Copyright John Wiley & Sons Limited. Reproduced with permission.
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DSC

As a technique, DSC can be used for the characterisation of the thermal properties of
polymers and composites used as biomaterials. The resultant graphs can be used to identify
various numbers of parameters such as glass transition temperature (Tg), crystallisation
temperature (T.), melting temperature (T,,) and the heat of cure.

Examples of applications using DSC in the field of biomaterials are as follows:

e Locating of the polymer T; and how this would change as a consequence of
filler addition is being studied during development of degradable composite
foams for bone tissue engineering.

e Polymeric material characterisation in dental and orthopaedic applications:
Absorbable Polymers play an important role in the field of tissue engineering
where scaffolds of Polymers can be combined with biological cells and then
applied to bone regeneration.

e Thermal stability and degradation of collagen films and sponges

DTA

Bioceramics and bioactive glasses are biomaterials which are used in bone healing. Bioactive
ceramics or glasses contain amorphous and crystalline regions which combine good
mechanical properties of the material with additional bone-bonding abilities. Due to high
transition temperatures, ceramics and glasses are typically assessed for their thermal
properties using high-temperature DTA equipment.

3.3.5 Application to inorganic compound glasses and glass-ceramics

Thermal analysis gives a greater insight into inorganic compound glasses and hence can help
to understand their nature. Glasses and glass systems that can be analysed with thermal
analysis are intended to use for optical purposes as well as for various other applications.

DTA & DSC

Both differential thermal analysis (DTA) and differential scanning calorimetry (DSC) are
techniques for determining temperatures of phase transitions like melting point,
solidification onset and recrystallization onset. The difference of the sample temperature
and the reference material temperature is measured with the DTA-method. It is an older
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technique than differential scanning calorimetry,’** but DTA equipment has been used for
the characterization of glasses and ceramics as it has the ability to measure at higher
temperatures (~1500°C). In contrast, with the differential scanning method (DSC) the
change of the difference in the heat flow rate to the sample and the reference material is
measured. Unlike DTA, DSC allows a quantitative determination of heat capacity and also the
enthalpy of a phase transformation. It is also more sensitive and rather more versatile than
DTA.

TMA

Thermomechanical analysis (TMA) gives an accurate measurement of the change of a
mechanical dimension of the sample under an applied temperature ramp. This allows
measurements of a range of properties useful for characterising glasses, for instance linear
thermal expansion coefficient, dilatometric softening point, viscosity—temperature
behaviour of the glass-forming liquid, and so on. Thermal history of annealed glass can affect
both the thermal expansion coefficient and the dilatometric softening temperature.
Annealing of glass is a process where it is slowly cooled to relieve internal stresses after the
forming process.'*®> Thus, TMA is an important method to determine the conditions for hot
shaping, joining, annealing and avoidance of thermal shocking of inorganic glasses.

3.4 Alternative applications of thermal analysis

Although thermal analysis offers a range of techniques which have been applied for
characterization of materials, the scope of this work has only allowed the most important
and relevant ones to be covered (see previous chapter). Some more common applications of
thermal analysis that have been identified are briefly mentioned below.

3.4.1 Thermal analysis in nuclear power generation

A further application of the thermal analysis technique is the characterization of materials in
the field of nuclear power generation. Materials which are being used in nuclear facilities are
carefully selected. The material-specific requirements such as thermal shock resistance and
resistance to radiation and corrosion are of special importance.'*®

114 Klanénik, Medved and Mrvar, 2009, pp. 128-129

Tempered Vs. Annealed Glass. Definition from eHow, retrieved December 05, 2010, from
http://www.ehow.com/about_5398576_tempered-vs-annealed-glass.html
Joshi, 1978, pp. 1-8

115

116

Diploma Thesis -46-



Principles and Applications of Thermal Analysis

Several thermal analysis methods such as DSC, TGA, DTA and TMA are used for the
characterization of materials for nuclear applications. Some applications where thermal
analysis methods have been applied for the study of material properties are as follows:'*’

e Optimization of the uranium transformation process where uranium from ore
in the ground is extracted and converted and subsequently enriched for the

use as fuel for nuclear power plants.**®

e Monitoring and control of fuel fabrication process where uranium dioxide
119

powder is pressed to fuel pellets and loaded into long tubes afterwards.

e Investigation of material issues for nuclear-waste management. Nuclear
waste which belongs to low-level waste (LLW) according to the U.S.
classification system has to be stored in highly durable waste packages. Waste
containers which are made of stainless steel provide protection against the
nuclear waste.'*

e Characterization of materials for reactor vessels. Nuclear reactor vessels are
made of special metal alloys as they are exposed to high temperature and

. . 121
high corrosive atmospheres.

3.4.2 Characterization of paintings and coatings'*

Thermal analysis is a proven technology for characterization of paintings and coatings and
helps to understand the relationship to process parameters (e.g., mixing time). Important
techniques to study influencing factors and behaviour of coatings are stated below.

Dynamic-mechanical analysis (DMA) methods are being used to study film properties, the
film-formation process and the material properties of paints after application. In this
context, TGA is also a common used method for analysing the non-volatile content and
thermal stability of coatings. For two-coat systems such as gel coats and laminating resin,
the thermo-mechanical and dilatometric methods are suitable for determining the
coefficient of thermal expansion (CTE).

7 setaram Brochure, 2008, pp. 2-11

United States Nuclear Regulatory Commission, 2009, pp. 1-3
Nuclear Energy Institute, retrieved December 05, 2010 from
http://www.nei.org/howitworks/nuclearpowerplantfuel
Yim and Murty, 2000, pp. 26-29

United States Department of Energy, 1993, pp. 1-5

Neag, 1995, pp. 841-864
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3.4.3 Characterization of printed circuit boards

Thermal analysis can also provide information about the performance of materials used in
printed circuit boards (PCBs).

Requirements to printed circuit boards used in electronic products range from increased
thermal stability to proper mechanical properties. Hence, PCBs are constructed from woven
fibreglass fabrics filled with epoxy resin. Both the style of used fiberglass and the degree of

cured epoxy influence the nature of the PCB material.**®

DMA is a suitable technique to determine the glass transition temperature of these
epoxy/fiberglass mixtures. The degree of cure and the need of additional curing of the epoxy
can be derived from DMA measurements.'?*

The DMA method allows studying the effect of delamination of printed circuit boards that
may occur during production process. In a standardised test procedure for PCBs, the
dimensional change of the material at elevated temperature is recorded. Information about
the quality of the produced boards can be gained from the observation of the delamination

time which is indicated by a steep increase of dimensional change.125

3.4.4 Thermal analysis in electrical cable manufacture

Cabling for power transmission and distribution has to maintain electrical integrity as well as
it may be required to operate at relatively elevated temperatures and to continue providing
service under fire conditions. As many of the materials used in cable manufacturing are
polymeric, thermal analysis offers the possibility of investigating material behaviour at
higher temperatures. In addition it is a useful method to verify the polymeric components
and the ageing properties of materials.

In this field, DSC is applied for investigations of cross-linked polymeric products which are
used in cable insulation.

Silicone rubber can be used as cable insulating material for applications where cables are
designated to operate under fire conditions. Emergency lightning for example are exposed
to maintain until evacuation is completed. The behaviour of such fire-retardant materials at
high temperatures is studied with the thermo-mechanical analysis method.

Polymeric materials are very often used for cable sheaths and insulation. In TGA
measurements, the combination of the weight-loss curve with the derivative has been found
to be of value in studies of such materials.

123 Altera Corporation Application Note 528, 2008, pp. 5-8

TA-Instruments Application Note TS-46, n.d., p. 1
TA-Instruments Application Note TS-9A, n.d., p. 1
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3.4.5 Thermal characterization of asphalt

Asphalt and asphalt-containing materials find application in construction of roads as well as
in roofing of houses.*?®

One main criterion for choosing polymer additives in asphalt is to improve mechanical
properties such as resistance to permanent deformation, fracture and high-temperature.
That improved properties denote better durability performance of bituminous roof
membranes'®’ and increased thermal stability of asphalt mixtures for road surfaces.’® TGA,
DMA, DSC and different other thermal analysis methods have been used to investigate
material properties of asphalt.

126 Freemantle, 1999, p. 81

Paroli and Delgado, 1996, pp. 38-40
Mothé et al., 2008, pp. 105-106
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4 Analysis of the Company — Case Study of Anton Paar

In order to identify the core competencies of the company, the two-step approach derived
from Mind Tools has been used (see also chapter 2.1). First, important factors for customers
in their decision making process of buying a product from Anton Paar have been identified.
Afterwards, core competencies of the company have been identified that will provide
competitive advantage by bundling the technologies, skills and capabilities within an
organization into comprehensive competencies.

In continuation, it has been analysed whether and how several areas of the company
including the product portfolio, the technological know-how, the sales and service network
and the industries served by Anton Paar are related to the field of thermal analysis.

4.1 Important factors for customers

The goal of the first brainstorming phase was to find important factors for customers. The
result is shown in Figure 4.1 and is also described in detail below:

e High quality: When customers are making investments for high-tech
measuring instruments they are expecting to receive a high-quality product.

e Reliability: Anton Paar offers and distributes its goods and services mainly to
other companies and thus the reliability of the equipment in terms of
maintaining the required functions is very important. Furthermore it should
also provide reproducible data under stated conditions.

e Service and Support: With the delivery of any device, the customer expects

service availability 100% of the time.'?

Regardless if customers need
technical support or if they want application support, it is always expected to
have short response time to requests and to get comprehensive customer

support from a highly experienced team.

e Technical guidance: There are many difficulties and challenges in business
environment which companies have to overcome every day. In many cases
business customers of Anton Paar are not able to describe the problem or to
formulate what product or service exactly they really need. Hence, they
require technical guidance to find proper solutions for their fields of
application.

129 Hiles, 2000, p. 2
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Technical
Service & guidance for
Support application

solutions

High quality Reliability

Customer

Figure 4.1 Important factors for customers of Anton Paar**°

4.2 Identification of core competencies

In a second step, existing competencies of the company have been identified. Those
competencies have been combined with the list of important factors for customers and were
unified afterwards to the most important core competencies. Resulting from this process the
core competencies of Anton Paar have been identified and are as follows (see also Figure
4.2):

e High-precision production: Anton Paar is known for the outstanding quality of
its instruments which is based upon precise and modern production
technologies.

e In-depth knowledge about liquids & fluids: Special knowledge in the flow
behaviour of liquids and fluids as well as comprehensive skills in finding
industrial applications has made the company a main contact partner for the
food and beverage industry. This is also reflected in the company’s product
range: Great number of products are measuring and determining physical
parameters of liquids and fluids.

130 . .
Own illustration
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Product development competency: In order to be able to meet specific
customer requirements, Anton Paar learned to combine information and
issues from customers and to integrate them in the product development
process.

Expertise in analytical technologies: Over the last centuries the company has
gained a lot of experience in developing, manufacturing and distributing
measuring and analysis instruments. Furthermore, extensive knowledge for
analytical technologies has been built up. This knowledge reflects the
successful  development of laboratory equipment and process
instrumentation.

Market shaping: Past experience has shown that the company maintained a
close relationship with their customers. That enabled the company to
understand identified gaps and develop innovative solutions to shape the
market.

high-precision Core
production Competencies

product
development
competency

in-depth expertise in
knowledge about analytical
liquids & fluids technologies

market shaping

Figure 4.2 Core competencies of Anton Paar®**

131

Own illustration
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4.3 Product portfolio of Anton Paar'*

This chapter gives an overview of the complete portfolio of products that Anton Paar is
currently manufacturing and distributing.

The company has six different product groups which are as follows:

1. Density and Concentration Measurement
Rheometry and Viscometry

Analytical and Synthetic Chemistry
Material Characterization

Refractometry and Polarimetry

o v A w N

Engineering & Production Services

4.3.1 Density and concentration measurement

The density is defined as the mass of a substance per unit volume. Density measurement is
an important part of the analysis of material’s physical properties. Anton Paar produces and
distributes density measuring devices based on the U-tube principle (see Figure 4.3). Hereby,
a sample is introduced into a U-tube that is excited to oscillate afterwards. By determining
the characteristic frequency of the sample, its density can also be obtained.

In addition to the density, the concentration of a mixture of two components can also be
measured with proper devices. In this field, the company’s products can determine
concentrations of carbon dioxide in beverages, sugar concentrations in soft drinks or alcohol
concentration in alcoholic beverages.

132 Anton Paar GmbH — presentation folder, 2009, pp. 1-22
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Figure 4.3 Oscillating U-tube principle for measurement of density133

4.3.2 Rheometry and viscometry

Rheology is the study of flow and deformation behaviour of different substances. With
rheological experiments, information can be gained about the flow behaviour of liquids as
well as about the deformation behaviour of “soft solids” and solids. To characterize the
rheology of a liquid or solid, accurate measuring instruments called rheometers are used.™*

Figure 4.4 shows two rheometers from the product portfolio of Anton Paar.

Figure 4.4 Anton Paar rheometers, equipped with cylinder measuring system (left) and
cone/plate measuring system (right)**

33 Anton Paar image server, 2008, Oscillating U-tube principle

Mezger, 2006, pp. 16-18
Anton Paar image server, 2008, Physica MCR series 12
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The viscosity is another important factor to describe the flow behaviour of liquids and gases.
In all flowing substances, internal friction induces a resistance to flow. The measurement of
flow resistance expressed by the viscosity of a fluid is done by viscometers. **

4.3.3 Analytical and synthetic chemistry

Sample Preparation

For the detection of traces of chemical elements in diverse products, an antecedent special
preparation of the sample is often necessary. During a microwave-heated process with
precise temperature and pressure control, the samples are finally converted to measuring
solutions. These solutions can be used to analyse the composition of the base product.

Microwave Synthesis

Microwave synthesis is a common used technique in preparative chemistry. With this
technique, a big reduction of reaction time from hours to minutes can be achieved. The
principle is based on the combination of microwave heating and reactions under pressure
which is applied on the sample.

4.3.4 Material characterization

X-ray Structure Analysis

X-ray structure analysis can be used to gain information and knowledge about the molecular
structure of crystalline substances. From the diffraction of x-ray beams in a solid the
arrangement of atoms within a crystal can be determined.

Electrokinetic Analysis
Colloidal systems consist of two substances where fine particles are dispersed in another

137 7o describe the electrochemical interactions

substance called dispersion medium.
between the dispersion medium and a particle, colloidal measuring instruments can

determine the zeta potential (electrokinetic potential) of colloidal systems.

3% Mezger, 2006, p. 19-28

Colloid, 2010, Definition from Encyclopaedia Britannica, retrieved December 06, 2010 from
http://www.britannica.com/EBchecked/topic/125898/colloid

137
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4.3.5 Refractometry and polarimetry

The refractive index of materials can be determined with refractometers. This index is used
to assess the characteristics of materials and to ascertain the concentration of a substance
(e.g., sugar) in liquids.

A polarimetric instrument measures the angle of rotation of a polarized light which passes

an optically active substance.’*®

The optical rotation method can provide information about
the purity or the concentration of a solution. It is well-established method in the food &

beverage and sugar industry.

4.3.6 Engineering & Production services

Anton Paar also produces high-precision mechanical components as well as fully functional
complete devices including control unit. In production, modern machine tools provide a
broad range of manufacturing technologies such as CNC, SMT or laser processing.

4.4 Technological know-how related to thermal analysis

This chapter will describe the existing technological know-how of the company in relation to
the thermal analysis methodology. It also includes the overlap of in-house knowledge with
fields from thermal analysis and shows to which technology the company has already access
to.

Anton Paar develops and produces precise rheometers and also offers a wide range of
system accessories and extension modules. During measurements, temperature variation
has a great influence on rheological behaviour of materials. Hence, the company already
developed various temperature control methods for its rheological measuring devices,
ranging from temperature control with liquid circulators or Peltier elements to electrical or
convective heating systems. Additionally, those heating systems can be combined with
extension modules to clamp bars as well as films and fibres. Available fixture systems for
different load types are shown in Table 4.1.

138 Mayo, Pike and Forbes, 2010, p. 109
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Typical applications of the dynamic mechanical analysis technology range from determining

material properties of fibres, films, bars, rubbers and gels and other geometries. It is shown

in Table 4.1 that system accessory for the rheometer already covers two kinds of loadings

within DMA, to be specific torsion and tension.

However, other loadings for sample

geometries like single or dual cantilever bending, three-point bending, shear or even

compression cannot be applied.

Table 4.1  Fixture systems available as accessories for the Anton Paar rheometer®

Type of loading  Sample type

Anton Paar nomenclature

Picture

Torsion Rectangular SRF: Solid Rectangular
bars Fixture
Torsion Round SCF: Solid Circular
bars Fixture
Tension Films and fibres SER: Sentmanat Extension
Rheometer
Tension Films and fibres UXF: Universal Fixture

139

Own illustration, Data aggregated from Anton Paar image server, 2008
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Overlap to fields of Thermal Analysis

The schematic representation in Figure 4.5 shows all different product groups from Anton
Paar alongside the measuring principles of thermal analysis. The product groups on the left
side from the schematic diagram are represented in accordance to the organisational
structure of Anton Paar. A slight overlap of a certain area from the product group rheometry
and viscometry with the dynamic mechanical analysis method from thermal analysis has
been figured out. As described in chapter 4.3.2, the rheometer, which is one product within
the product group rheometry and viscometry, already is able to conduct measurements
according to the DMA principle. Of course, a rheometric instrument needs to be equipped
with proper fixtures in order to clamp the sample. At the moment, fixtures are available for
clamping solid round and rectangular bars as well as for films and fibres. Furthermore, Anton
Paar’s rheometer only offers two loading types (tension and torsion).

Product groups of Anton Paar Thermal analysis methods

Material
Characterization

Analytical
Chemistry

Refractrometry &
Polarimetry

Figure 4.5 Small overlap of the DMA method with one product group from Anton Paar**

4.5 Sales and service network

The content of the respective section is the reflection of the company’s sales and service
structure. For this purpose the current situation will be demonstrated and its suitability
analysed for increasing product diversity.

140 . .
Own illustration
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General statement

Anton Paar has a worldwide sales network to cover the requirements and needs of their
customers. In addition, they offer a professional after-sales service which should guarantee
rapid support in service cases.

Sales & Service structure

The strategy of the company is to offer a sales and service network aimed at providing
comprehensive support for applications as well as for maintenance and service. The main
sales and service activities are divided into two areas: Countries with regional subsidiaries
and geographical regions with distribution partners. For each area equally the sales of new
products should be complemented by local service and support. For countries with no
subsidiary or distribution partner, the headquarters manages directly the business activities.
Figure 4.6 gives an overview of the global sales and service structure of Anton Paar.

Expansion plan

With the aim to introduce a new product, no major changes on the current sales strategy
would be necessary since the competitiveness of international market oriented firms is
greater than that of local oriented firms. However, a mature product launch process where
both the sales force and the service team are well prepared and trained would lead to
greater customer acceptance. Additionally, further preparations including a marketing plan,
documentation and a production plan have to be made prior to the product launch.

Bl Company headquarters  gg Countries with individual Sales operated by Sales operated by
Anton Paar GmbH subsidiary, sales office sales partners Anton Paar GmbH
AUSTRIA or joint venture

Figure 4.6 Worldwide Sales & Service network of Anton Paar**!

! Anton Paar GmbH — company presentation, 2009, p. 9
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4.6 Industries served by Anton Paar

As shown in chapter 3.3 and in chapter 3.4, thermal analysis is an established and widely
used method in many areas. A summary which encompasses areas of application of thermal
analysis methods is listed below:

1. Application to thermoplastics and rubbers

2. Thermal analysis of pharmaceuticals

3. Thermal methods in the study of foods and food ingredients
4, Application to biomaterials

5. Application to inorganic compound glasses and glass-ceramics
6. Thermal analysis in nuclear power generation

7. Characterization of paintings and coatings

8. Characterization of printed circuit board

9. Thermal analysis in electrical cable manufacture

10. Thermal characterization of asphalt

The two most important industrial applications in terms of sales volume are assessed to be
the polymer industry and the pharmaceutical industry.'*?

A survey which was commissioned by Anton Paar showed that the thermal analysis market
can be divided into five main business segments: ***

1. Polymer Industry
Pharmaceutical Industry
Inorganic Chemistry (especially inorganic materials)

Food- and Food Ingredients Industry

v kA W N

Others

As a next step, these business segments have to be associated with the industry segments
served by Anton Paar. Measuring instruments produced and marketed by the company are
already used in numerous industries. Figure 4.7 gives an overview of current industry
segments served by the company. Comparing Anton Paar’s industry segments with those

2 G. Murer (personal communication, October 09, 2010), Business Development Manager

1“3 Company internal information - market overview of thermal analysis, 2009, p. 3
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from thermal analysis, there won’t appear any new industries which are of relevance for
thermal analysis methods and are completely unknown for Anton Paar. In other words, the
company already has access to all the industries which are of importance in the area of
thermal analysis. This shows that entering into the new thermal analysis market would not
be a completely new field for Anton Paar. Hence, existing knowledge about customer
requirements could have a positive effect on the development of a new business field,
namely thermal analysis.

Food &
Beverage

Polymers,
Paintings &
Coatings

Petro-
chemistry

Industry

Segments

served by
Research & Anton Paar Chemical
Education Industry

Pharma &
Cosmetics

Figure 4.7 Industry segments served by Anton Paar'*

144 own Illustration, Data aggregated from Anton Paar GmbH website, retrieved December 06, 2010, from

http://www.anton-paar.com/Industries/3_Corporate_en

Diploma Thesis -61-




Analysing the Market

5 Analysing the Market

5.1 Overall market size for thermal analysis equipment

Collected information from in-house data sources showed that the global market for thermal
analysis instruments can be assumed with US $330 million by 2008. Furthermore, a decrease
in sales of 10% to 15% for the fiscal year 2009 was presumed. Because of the on-going
worldwide economic crisis this reported decrease in sales was assessed to reach US $290 to
US $300 million in 2009."*

Another approach to understand the industry and to estimate the market size is to use
annual reports of companies which are conducting their business in this area.’*® The US
company TA Instruments is chosen in this case. Along with Waters Division, the TA Division is
an operating segment of the publicly traded company Waters Corporation. The TA Division
manufactures and distributes thermal analysis, rheometry and calorimetry instruments. The
company also develops and supplies software solutions for the company’s instruments as
well as for other manufacturers’ instruments.**’

In the company’s annual report, the net sales for products and services of TA Instrument
systems was total US $147,6 million, of which US $109,3 million was accounted for TA
Instruments’ products and US $38,24 million was reported for TA services. Based on internal

information from Anton Paar*®

, the TA Instruments” thermal analysis sector accounts for
about 80% of total sales and the remaining 20% being split between rheometry and

calorimetry instruments.

Anton Paar estimates that TA Instruments possesses market share of approximately 35%
which is the largest share in the thermal analysis market.**® Considering the given figures,
the global market for thermal analysis products and services can be estimated with US
$337,4 million for 20009.

The validity of this study was confirmed by comparing the company’s market research data
with the estimation of the global thermal analysis market as demonstrated above.
Summarizing these study’s findings, the market size of the global thermal analysis products
and services is expected to have reached US $330 million by 2009. As already shown in the
case of TA Instruments, revenue from new products can be expected to be between 70%
and 80%, consequently services account for 20% to 30%.

s Company internal information - market overview of thermal analysis, 2009, p. 1

Porter, 1980, p. 371
Waters Annual report, 2009, p. 3
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147
18 G. Murer (personal communication, October 09, 2010), Business Development Manager

149 Company internal information - market overview of thermal analysis, 2009, p. 1
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5.2 Market segmentation by industry

In this chapter, the thermal analysis market will be segmented with reference to the
demographic segmentation method of business markets shown in chapter 2.2.2. The market
was segmented into the four industries polymer industry, pharmaceutical industry, inorganic
material characterization and food and food ingredients industry. Further branches with a
market share lower than 5% are mentioned in the category “Others”. The distribution of
market shares is based on company internal data.*®

The largest of these four segments is the polymer industry, which accounted for about half
of the overall market in 2008. Next largest by size is pharmaceutical industry at
approximately 20% of the overall thermal industry market. As seen in Figure 5.1, these two
industries represented approximately 70% and formed the largest group of end use
segments for thermal analysis equipment.

Total Thermal Analysis Market by Industries

Others
10%

Food
5%

Inorganic

15% Polymer

50%

Pharmaceutical
20%

Figure 5.1 Thermal analysis market share distribution in %, Year 2008""

150 Company internal information - market overview of thermal analysis, 2009, p. 3-4

Own lllustration, Data aggregated from company internal information - market overview of thermal analysis,
2009, p. 3
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5.3 Future directions

This chapter covers future projections and directions of the thermal analysis market.
Although no accurate figures could be figured out, a few important market trends have been
identified.

Global market development

A global study published by Global Industry Analysts about the market of calorimeters and
thermal analysis equipment provided information about different market trends. In this
study, the global market was analysed and subsequently segmented by calorimeters and
thermal analysis equipment. In the global market analysis for thermal analytical equipment,
the largest product group was estimated to reach US $429 million by 2012.2

Growth potential

The Asia-Pacific region may be considered as a potential growth field for thermal analysis
equipment. Market growth in the Asia-Pacific region for thermal analysis and calorimetry
equipment was expected to reach a compound annual growth rate of 4,8% over the years
2011 through 2015.*

In a report published by the Indian Analytical Instruments Association, India as an emerging
country among Asia-Pacific nations has been identified to have a future growth potential for
the thermal analysis market.™*

In contrast, important markets for calorimeter and thermal analytical equipment have been
in the past the United States and Europe with a combined market share estimated at 71% in
2008."°

Laboratory Equipment World underlined in their study about laboratory analytical
instruments the significance of the pharmaceutical industry for the worldwide market.*® It
was estimated that approximately 40% of total revenues was contributed to the
pharmaceutical industry. Furthermore, considering the laboratory analytical instruments
market, a movement in a westward direction towards the United States was also mentioned
because they provide a framework through which research and development activities are

promoted.

132 viocus Inc, 2008, p. 2

33 Viocus Inc, 2008, p. 2

Gopalakrishnan - Indian Analytical Instruments Association, n.d., pp. 1-2
Vocus Inc, 2008, p. 1

16 Laboratory Equipment World, retrieved December 05, 2010, from
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Importance of pharmaceutical science

The largest demand for thermal analysis instruments comes from the polymer industry as
seen in chapter 5.2. But the pharmaceutical sector will also become of increasing importance
in the future. READING/CRAIG for example described how various thermal analysis principles
can be used to study problems in the pharmaceutical area. Differential scanning calorimetry
(DSC) can be stated as the most widely spread method within the pharmaceutical field.*’

However, the dynamic mechanical analysis principle (DMA) is also gaining increasing
significance in pharmaceutical and related industries. This is partly due to the fact that
polymers and polymer biomaterials are of special interest in pharmaceutical applications
and the DMA measuring principle can provide valuable information about viscoelastic

properties of polymers.158

To conclude the importance of the pharmaceutical industry for thermal analysis, a statement
from Waters Corporation can be mentioned where the strategic orientation of TA
Instruments towards the field of pharmaceutical and life sciences was explained.159 TA
Instruments currently has the largest market share in the thermal analysis equipment
market.*®®

5.4 Technology portfolio analysis for target market selection

The suitability of the technology to the company’s resources and capabilities will be
evaluated in this section. At the moment, Anton Paar is not capable to serve the entire
thermal analysis market with analytical instruments. Hence a further selection of one
suitable technology allows a targeted market analysis which is necessary for a successful
market entry. The four thermal analysis methods DSC, TGA, TMA and DMA have been
considered in chapter 3.2, of which one method will be selected now. The methodical
approach of the technology portfolio analysis described in chapter 2.3 is used to find out one
thermal analysis method which will be best suited for a sustainable development of Anton
Paar’s business.

All data used for the assessment of proposed options for the targeted market are based
upon information provided by and agreed with the corporate development department of

17 Reading and Craig, 2007, p. 1

Jones, 2007, p. 324

159 Bouley, 2007, p. 1
160

158

Company internal information - market overview of thermal analysis, 2009, p. 3
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161

Anton Paar.””" For the rating of different criteria, a scaling ranging from 0 to 5 points has

been used. The basis of scoring, which was used for all criteria, is shown in Table 5.1.

Table 5.1  Allocation of points for assessment criteria*®

Compliance Rating

very good, high 5 points
medium, equal, average 3 points
small, low 0 points

The criteria know-how level, potentials and time needs herewith describe the resource
strength of the company. In the assessment of different options shown in Table 5.2 the two
criteria know-how level and time needs have been considered as more important. Thus,
those criteria have been weighted by factor of 2.

The ratings for the individual criteria are as follows:

Table 5.2  Weighting and rating of resource strength criteria'®®

Technology Know-how level Potentials Time needs

Weighting 2 1 2

DSC 3 0 0 6 points
TGA 0 0 0 0 points
TMA 3 0 0 6 points
DMA 5 5 5 25 points

As seen in Table 6.1, the highest resource strength was assigned to the DMA method. This is
mainly attributable to existing knowledge about DMA in conjunction with Anton Paar’s
product segment of rheometric devices. However, basic knowledge about DSC and TMA
methods has been gained from the field of X-ray diffraction where those combined methods
are also used for material characterization. It was assessed that significant financial
resources and a certain amount of time would be needed to reduce the gap to the

181 G. Murer (personal communication, October 12, 2010), Business Development Manager

Own illustration, Adapted from Baum, Coenenberg and Glinther, 2004, pp. 222-223
Own illustration, Adapted from Baum, Coenenberg and Glnther, 2004, pp. 222-223
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competitors in terms of technological competence. Hence all other methods except DMA
have been rated low for the criterion potentials as well as for the criterion time needs.

For the assessment of technology attractiveness, the criteria development potential,
application volume and compatibility have been used. As shown in Table 5.3, development
potential and compatibility have been weighted by factor of 2, hence seen as more
important. The ratings for individual criteria regarding technology attractiveness are as

follows:

Table 5.3  Weighting and rating of technology attractiveness criteria®*
Technology Development Application Compatibility Total

potential volume

Weighting 2 1 2
DSC 0 5 3 11 points
TGA 0 3 3 9 points
TMA 0 3 3 9 points
DMA 3 3 5 19 points

Table 5.4 provides an overview of different technologies with the corresponding rating,
broken down by the two dimensions technology attractiveness and resource strength.
Considering the weighting factors and the points given for each criterion, the maximum
value of 25 points was achievable. These maximum points have been converted to the scale
of 100%. Based on the percentage distribution, the different technologies have been
positioned in the technology portfolio.

Table 5.4 Overview of thermal analysis technologies with corresponding points expressed
in %165
Technology Resource Technology
strength attractiveness
DSC 24% 44%
TGA 0% 36%
TMA 24% 36%
DMA 100% 76%

164

165

Own illustration, Adapted from Baum, Coenenberg and Glinther, 2004, pp. 222-223
Own illustration, Adapted from Baum, Coenenberg and Glnther, 2004, pp. 222-223

Diploma Thesis

-67-



Analysing the Market

Figure 5.2 shows the technology portfolio with positioned thermal analysis technologies.
Since no information has been available about the strategic importance of each technology,
they have been represented in dots of equal size.

A
Technology  100% -
attractiveness
4 DMVA
67%
€ DSC
33% 0 TGA Q TMA
0% >
0% 33% 67% 100%

Resource strength

Figure 5.2 Technology portfolio including positioned thermal analysis technologies from
the perspective of Anton Paar’®®

Now the results can be compiled in order to analyse different technologies and determine its
suitability for Anton Paar. On the basis of the technology portfolio analysis, no further
investments are recommendable in the field of DSC, TGA and TMA. As such technologies do
not yet exist in the product portfolio of Anton Paar, the company would enter completely
new territory. On the other hand, DMA as a technology positioned in the area of the
standard strategy for investment recommendations is subject for further considerations
now. In accordance with the standard strategies described in chapter 2.3.2, the high
resource strength in field of dynamic mechanical analysis principles should be promoted and
extended. The high resource strength in this field is attributable to Anton Paar’s high
technological competence and know-how gained in the development of rheometric devices.
Those rheometers are instruments not only suitable to study the flow behaviour of different
substances, but also DMA measurements can be made with suitable accessories.

186 Own illustration, Adapted from Baum, Coenenberg and Glinther, 2004, p. 223
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To conclude the target market selection process, the DMA principle emerged to be
recommendable to make further investments. Consequently, later considerations about the
market and according product development strategies will be mainly focused on the
dynamic mechanical analysis (DMA) principle.

5.5 Competitive analysis

This chapter provides an overview of the major players as well as smaller companies in the
field of thermal analysis. Special focus was given to the DMA principle, which was considered
and described in previous chapter as being the targeted market segment. There are many
different companies selling various types of dynamic mechanical analysis which have been
identified. However, the goal of this chapter was to give an overview of the main players
with special emphasis on DMA. Data were collected from information available on public
domain.

The study was based on and carried out by following criteria:

e |dentification of companies active in the field of thermal analysis

e The company of interest must be a manufacturer of thermal analysis equipment;
distributors which only offer and sell thermal analysis products have been excluded

e The company must have at least one product with the DMA measuring principle in
their product portfolio

Identification of companies

In this section investigations were made about the major companies in the thermal analysis
industry in order to gather a better understanding of the industry’s characteristics. The first
step was the identification of companies in the industry. In continuation, fact-sheets have
been worked out for each of the companies which were identified as major players.

Table 5.5 lists some of the commercial DMA instruments which are currently available on the
market. As noted, fact-sheets with detailed company information are available for the
companies listed under (a) major players. Companies which are mentioned under (b) other
vendors are usually smaller companies with a limited product portfolio. Those smaller
companies are only listed in Table 5.5 and no fact-sheets are available.
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Table 5.5 Different DMA instruments from some current manufacturers®®’

Manufacturer Model Contact Information

(a) DMA Instruments from Major Players

TA Instruments Inc (US) Q800 www.tainstruments.com
RSA I

Mettler-Toledo International Inc DMA/SDTA 861e www.mt.com

(Switzerland)

Perkin Elmer Inc (US) DMA 8000 www.perkinelmer.com

Netzsch Group (Germany) DMA 242 C www.netzsch.com

Sl NanoTechnology Inc. (Japan) EXSTAR DMS6100 WWW.sii.co.jp

(b) DMA Instruments from Other Vendors

01db-Metravib (France) DMA 25 www.01db-metravib.com
Triton Technology Ltd (UK) TT DMA www.triton-technology.co.uk
GABO QUALIMETER Testanlagen GmbH  EPLEXOR® series www.gabo.com

(Germany)

Bose Corporation, ElectroForce Systems ElectroForce® 3100 www.bose-electroforce.com
Group (US)

Linseis Messgeraete GmbH (Germany) TMA - PT1000 www.linseis.net

The fact-sheets which have been worked out for each of the companies classified as major
player are shown in Appendix A. Those fact-sheets include information about each company
regarding their published corporate financial data and the products from every business
units. Relevant facts and figures to the number of employees and the worldwide locations
are listed in the section of global footprint.

As a second step, the product portfolio of thermal analysis instruments has been examined
in greater detail. Therefore all thermal analysis instruments including the number of
different available device types have been identified and documented subsequently. Finally,
special focus was given to the DMA instruments of each company.

167 . .
Own illustration
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Technical specification of the DMA instruments included the range of temperature,
frequency, force, displacement, damping factor, stiffness and modulus.

5.6 Structural analysis of the thermal analysis industry with special focus on
one market segment

In the case of Anton Paar, the company is going to decide whether it will enter the thermal
analysis market by extending its technological competence in the field of DMA. Figure 5.3
shows the five forces framework which is adapted now to help analysing the situation of
Anton Paar and the existing thermal analysis market. For this purpose it was assumed a
model where the company is considered to be in the position of a DMA technology provider
in a context of active competition.

Threat of new entrants: moderate

* High technological competence needed

» High threat of new entrants from
rheometry sector

* Possibility of new entrants from acoustic
and vibration engineering area

A 4

Rivalry: high

* High competition

Power of suppliers: low among leading Power of buyers: high

* Long-term agreements for key companies * Large volume orders
components »| * Smaller companies < * Leveraging their position to

* Most of used raw materials and with well established negotiate better prices

available u

A

Threat of substitutes: low

* No substitute technology expected in
near future

* Technical advances for drive systems
possible

Figure 5.3  Porter’s five forces framework of competition adapted to the thermal analysis
industry with special focus on the DMA market segment*®®

168 Own illustration. Adapted from Porter, 1985, p. 5
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Threat of new entrants
The threat of new entrants is assessed to be moderate. High technological competence is

needed for the development of a suitable DMA instrument and hence the barrier to entry is
high. The experience and technological know-how is also considered to be a precondition to
achieve successful product innovations and near-to-market development results. On the
other hand, know-how about technologies that are closely related to the field of dynamic
mechanical analysis may lower the barriers to entry. Further explanations regarding areas
related to the DMA method are considered below.

In order to give an estimation for the threat of new entrants in the future, aspects which
include adjacent areas to the DMA technology are examined in greater depth. As the DMA
method investigates the characteristic of materials by applying an oscillating force at a
certain frequency, similar areas are considered where dynamic mechanical oscillation
techniques are also used. This includes areas like rheological investigation and other
disciplines for analysing vibrations in engineering systems.

Anton Paar is already competing worldwide with manufactures of rheological measuring
devices. In this context, the probability that rheometer manufacturers also will enter the
thermal analysis market is quite high. Companies like Malvern Instruments Ltd or Brookfield
Engineering Laboratories Inc which have gained knowledge in applications of dynamic
mechanical measuring technologies are likely to expand their business to the field of thermal
analysis. Two other big companies which produce and distribute analytical measuring
devices and in particular rheometers could also be mentioned here. Both Thermo Fisher
Scientific Inc and also Waters Corporation already launched successfully thermo-analytical
instruments on the market. This confirms the former assumption of possible entrants
coming from the field of rheometric instrumentation.

CROCKER described that “The vibrations in machines and structures result in oscillatory
motion that propagates in air and/or water...” and explained in his book the link of vibrations
to acoustics and sound.'® The study of noise and vibration control is closely related to the
principles of dynamic mechanical analysis methods where mechanical oscillations are
externally excited. Hence, manufacturers of acoustic and vibration control systems primarily
benefit from their existing knowledge and may transform this to other areas like those of
DMA. The company Metravib is held up as an example of taking the entry strategy into the
DMA market proceeding from the acoustic and vibration engineering area.

169 Crocker, 2007, p. 1
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Power of suppliers

The bargaining power of suppliers is considered to be low. For certain key components or
critical raw materials, long-term purchase agreements with suppliers may be concluded. In
addition, several measures may be adopted in order to maintain a strong relationship with
one supplier or to pursue a parallel sourcing strategy. However, most of the raw materials
and components used for the manufacturing of such devices are commonly available in
industry and can be sourced from different suppliers.

Power of buyers

The buyer power is likely to be high if there is a concentration of buyers or even large
companies such as multinational corporations order products and services in high volumes.
Past experience from Anton Paar has shown that powerful buyers have benefited from large

170

order volumes in terms of price and conditions.””” Therefore customers which leverage their

position to achieve better price agreements can be expected.

Threat of substitutes

Taking account of the current situation on the market of dynamic mechanical analysis
instruments, it is expected that no substitute products or technologies can be found in the
near future. Analysis methods which are based on physical-chemical processes to investigate
the molecular structure of materials might also be suitable for material characterization.
However, the probability is estimated to be low that the DMA principle will compete in
future against technologies for material characterization such as the X-ray scattering
method. The success of devices for molecular structure analysis on the DMA market would
be limited as they have a greater complexity and hence a higher price.

The drive systems are a key topic for DMA measuring instrumentations as they are of great
importance for an optimal positioning of the clamping systems, including the samples.171
Current drive systems are based on different technologies like those including magnetic
coupling, air bearings and servo-mechanical actuators or combinations of these. However,
new technologies suitable to realize alternative and better drive system concepts may arise
in future. For example, further developments in piezoelectric technology could be applied to
deliver a substantial increase in accuracy in measuring dynamic mechanical properties.

Although technologies like X-ray scattering can deliver similar information like DMA and
alternative technologies for drive systems will establish, the future development of this
aspects is uncertain and hence the threat of substitutes is assessed to be low.

70 G. Murer (personal communication, November 4, 2010), Business Development Manager

i Chartoff, Menczel and Dillman, 2009, p. 478
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Competitive rivalry
The thermal analysis market is assessed to be highly competitive. According to PORTER, the

intensity of rivalry depends on the structure of competition.*’

A highly competitive market
may result where the competitors are equal of size. In contrast, the rivalry is less intense
when there is a clear market leader. To analyse the competitive structure within the thermal
analysis market, the competitors are shown in Figure 5.4 and are listed in descending order
with respect to their market share. As no reliable and current data was available for the
DMA market, considerations have been made about the overall thermal analysis market.

As seen in Figure 5.4, the largest player in the thermal analysis market was TA Instruments,
which accounted for just over a third of product sales of the $331 million market in 2008.
Next largest by size was Mettler-Toledo at 17% of the total thermal analysis market. Figure

5.4 shows that in 2008 around 83% of the global market were dominated by five companies.

This can also be related to the concentration ratio which reflects the percentage of industry
sales that is accounted for by x number of companies in that industry. As described by
ARNOLD, the x number can be any number of companies, although four and eight is
normally used and the number is small too. A high concentration ratio implies that few
companies account for a larger portion of industry output. In this study, the concentration
ratio of five companies was determined because further considerations also have been
referred to the five major players.’”?

With regard to the DMA market, the rivalry is also assessed to be high among existing
competitors, although the competition is not as fierce as like in other thermal analysis
market areas (such as DSC). Chapter 5.5 showed that DMA products are already available on
the market from the five leading companies, namely TA Instruments, Mettler-Toledo, Perkin
Elmer, Netzsch and SlI/Seiko. In addition to that, other smaller companies like Metravib or
Triton also have well established their DMA products on the international market. It can be
expected that the companies continue to improve the design and performance of their
products and compete on the market with new products to competitive prices.

In order to summarise these considerations, the different aspects are mentioned briefly
again. The largest proportion of the total thermal analysis market is related to five
companies. But also smaller companies offer a wide range of products and seek to expand
their market presence. Hence, the rivalry among the companies is assessed to be high.

72 porter, 2008, pp. 6-7

73 Arnold, 2008, p. 513
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TA Instruments
Mettler-Toledo
Perkin Elmer
Netzsch

Sll/Seiko

115 35%
53 17%

48 14%

25 8% approx. 83%

Schimadzu
Rigaku
Setaram
Thermo
Linseis

Others

10 3% Total product sales: $ 331 million

Figure 5.4 Worldwide thermal analysis market situation in 2008 - product sales in million

Dollar and companies” market share as % of total market

174

174

2009, pp. 3-4

Own illustration, Data aggregated from company internal information - market overview of thermal analysis,
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6 Product Development Strategies for the Thermal Analysis Market

6.1 Identification of customer requirements

The process of identifying customer needs is an integral part of the product development
process as described by ULRICH/EPPINGER. The aim of the identification of customer needs
is to create valuable information that comprises a good basis on which developers can
design products or solutions and experience from expressed needs. By evolving this direct
experience, it is easier to exploit the potentials of a technology and find innovative solutions
for specific problems of customers. Hereby, the analysis and identification of the needs is
linked to the concept development phase (see Figure 2.5) and includes a competitive
benchmarking as well as the establishment of product specification.175

ULRICH/EPPINGER explained methods how valuable information from the customers can be
gathered and hence customer needs may be recognized. One effective method is to conduct
interviews either with one customer separately or with a group of key-users. Another way to
create high-valuable information is to observe the product when it is in use. The latter
method has been used by Anton Paar to reveal important facts about customer needs.
Within this work the focus was set on the product observing method to obtain raw data
from customers.

Figure 6.1 shows the results of interpreting the customer needs underlying the raw data
gathered from the customers. The process of identifying customer needs included a series of
measurements which have been conducted with competitors” instruments.

> Ulrich and Eppinger, 2004, pp. 53-70
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The DMA instrument determines complex mechanical properties of materials.

It can be used to study molecular structures of materials including polymers, food, metals,
biomaterials and other viscoelastic materials.

It detects phase transitions of the sample.

It determines mechanical properties — complex modulus and damping factor of different materials.

The DMA instrument provides high convenience.
It is easy to use.
It allows easy handling of samples, tools and clamping systems.

It provides an intuitive user interface which offers the most important functions (support for
different applications, user-specific settings).

The DMA instrument conducts accurate measurements and provides reproducible data.

It records data over wide ranges of temperature including upper temperatures where materials
become soft and deform and lower temperatures reaching minus 100 degrees Celsius and below.

It characterizes material properties beyond its glass transition temperature.
It offers a wide frequency range.

It is able to apply strong forces.

The DMA instrument has an attractive purchase price, low operational costs, and low nitrogen
consumption if a cooling system is used.

The DMA instrument generates low noise levels.

The DMA instrument performs measurements which comply with international standards and
guidelines.

The DMA instrument is safe to use.

Figure 6.1 List of customer needs based on competitive benchmarking176

6.2 Development of product platforms

Development of product platforms describes a conceptual approach involving a
development process in which a group of related products is derived from one technology
platform. Many benefits are addressed to product platforms, of which some of them are
reduced costs in development and production and a greater flexibility to satisfy the needs of
customers. Other benefits are the possibility of sharing production capacities across many
product groups and a reduced system complexity and development time as it was described
by SIMPSON/SIDDIQUE/JIAO.Y"” A detailed description of product platform development can
be seen in chapter 2.5.5.2.

78 own illustration, Customer needs derived from a DMA study of polycarbonate samples in 2010.
177 Simpson, Siddique and Jiao, 2006, pp. 2-10
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This chapter is also related to the concept of product platform development and particularly
points out two scenarios which have been considered for the special case of Anton Paar.
These two scenarios have been selected based on the past development of Anton Paar’s
product portfolio, whereas the current product strategy of existing competitors also has
been taken into account. The two scenarios, to which further considerations are related to,
are as follows:

e Scenario 1: Expansion of the product range

e Scenario 2: Development of a new thermal analysis platform

6.2.1 Expansion of the product range

The first scenario considers a thermal analysis instrument which is based on the existing
rheometer technology. Therefore, the existing rheometric instrument of Anton Paar might
be redesigned to a modular concept. This concept comprises all functions and features of
the rheometer that have been available up to now and additionally includes all types of
loadings and clamping fixtures of a standard DMA device. In doing so, the rheometer would
also be capable of measuring different modes for different sample geometries which are in
particular single cantilever, dual cantilever, tension, compression, three-point bending and
shear (also shown in chapter 3.2.4).

Figure 6.2 illustrates the first scenario where the existing rheometer platform is used to
develop a new analytical instrument which comprises functionalities of a rheometer as well
as full functionality of a DMA device. Platform A hereby represents any number of other
product platforms which currently exist in the product range of Anton Paar, like for example
the product platform for density and concentration measurements. The positioning of the
new instrument within the DMA market and how the market is currently facing price
competition is explained in detail in chapter 6.3.
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Internal organisational activities External market
of Anton Paar

Competitor
product:
Mettler Toledo
DMA/SDTA 861
€136K

Competitor
product:

TA Instruments
DMA Q8000
€100K

Development of Derivative product
product platforms development

Competitor

product: I.- : III

Netzsch ==
DMA 2420 | ]

€98K [

A 4

Research and S Product B1

Technology

Development | Rheometer | Rheometer &
Platform DMA

Product positioning

Competitor
product:
SlI/Seiko 1
DMS 6100 ﬂ]
€76K —

s

Product B3

Competitor

product: -
Perkin Elmer ? ‘,i‘ "
DMA 8000

€69K

»
>

Time

Figure 6.2 lllustration of scenario 1 — Use of rheometer platform for development of new
instrument with combined functionality of a rheometer and dynamic
mechanical analyser178

6.2.2 Development of a new thermal analysis platform

In scenario 2, the establishment of a new thermal analysis platform is being considered. The
thermal analysis technology might be introduced as a completely new platform among all
platforms currently existing in the product range of Anton Paar. This means that research
and development activities focus on development of a thermal analysis product platform
from that a group of thermal analysis instruments can be derived in future. However, at the
beginning it might be more a question of developing one product with dynamic mechanical
analysing functionality because the research and development capacities of the company
are limited. But in the long-term perspective also the development of other thermal analysis
instruments may be a useful approach to expand in the related market.

178 Own illustration, Adapted from Trott, 2004, p.358
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Figure 6.3 shows how a new attempt will be made to set up a thermal analysis platform.
Research and development functions hereby have to establish a new technology which is
introduced in the portfolio of Anton Paar. Based on the new platform, a stand-alone DMA
instrument which particularly satisfies the customer needs is designed. In this scenario,
Anton Paar’s DMA instrument would face direct competition with other companies as the
DMA instrument would be of similar engineering concept to the currently existing products
on the market. A differentiation to the existing products can be achieved by improved
technical characteristics, lower price and a greater user convenience. In Figure 6.3, any kind
of other analytical instrument that may be derived in future from the thermal analysis
platform is represented by the element indicated with “Product B2”.

Internal organisational activities External market
of Anton Paar

Competitor g
product: K - B
Mettler Toledo & L/

DMA/SDTA 861 N
£136K J i

Competitor
product:
TA Instruments

|
I
[}
I
[}
I
I
[}
I
[}
I
Development of Derivative product :
|
: DMA Q8000
[}
I
I
[}
|
I
|
|
I
I
|
I
|
|
I

product platforms development

e

€100K

Competitor

product: EP_ :?
Netzsch o=
DMA 2420 |

. t'li.'_. -

Research and

Technology Platform A
Development

€98K =

Product positioning

[ ———

‘Thermal Analysis:
Platform

: Competitor

| product:

: Sli/Seiko 1

1 DMS 6100 ﬂl
€76K -

=

I

l

: Competitor

1 product: - ﬁ_ —~ -4
| Perkin Elmer ¢ ¥
I

I

I

I

I

I

DMA 8000
€69K

-

Time

Figure 6.3 lllustration of scenario 2 — Development of new thermal analysis platform and
derivation of whole product group*”®

175 Own illustration, Adapted from Trott, 2004, p.358
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6.3 Position in the market

Deeper analysis of the present situation on the market is an important step in the
positioning strategy. Product positioning is referred to the way customers perceive a product
relative to the competitor’s products. In many cases customers differentiate the products,
among different other attributes, by their price and quality.180

The positioning study which was conducted within the course of this work was focused on
the current pricing situation on the market. For this purpose, information has been gathered
about the list prices of the products from the five main players on the market. This
information has been obtained from both a subsidiary of Anton Paar where price
estimations of the competing products already have been available and from price
information directly available from the companies.

Mettler-Toledo DMA instrument price calculation
DMA/SDTAB861 accounts for approx. 136 KEUR

Prices indicated in EUR +59639
Last updated: Nov. 2010
DMA/SDTA861 75870
Force range max. 12N +4880
- g
Suness rnge \s
Fresuensy e J “
Basic Software STARe +3410 y——
Software Option DMA +2640
Liquid nitrogen cooling +1500

peripheral board

Liquid nitrogen
dewar 100L

Large clamping
assembly

3-point bending clamp

Dual-Cantilever clamp

Large compression
clamp

Small clamping
assembly

Small tension clamp
Small shear clamp

Total

+8120
+4390
+274D
+2450
+2460
+4390
+2380

+789

- [&

Figure 6.4

Price calculation of DMA instrument from Mettler-Toledo

181

180
181

Trott, 2004, pp. 356-361
Own illustration,

Data aggregated from Mettler-Toledo, 2010, pp. 2-6

Diploma Thesis

-81-




Product Development Strategies for the Thermal Analysis Market

A product price calculation of one competitor’s product is shown exemplarily in Figure 6.4.
The DMA instrument from Mettler-Toledo has been demonstrated as an example as it was
the product with the highest price. A closer look on the indication of prices of the product
revealed some interesting aspects regarding the pricing strategy of this company. Nearly half
of the total product price is accounted for optional accessories. Furthermore, it can be seen
that their pricing structure is based on a modular concept which means that every single
additional feature has been mentioned separately. Technical specifications regarding all
DMA instruments which have been examined are shown in appendix A.

Competing with other products

TROTT described that competing products are also compared to each other whereas
customers recognise objective and subjective factors.® The aim of this part was to compare
the existing rheometer including DMA functionality with other DMA instruments on the
market.

Mettler-Toledo: DMA/SDTA 861 135.509
TA Instruments: DMA Q800 99.400
Netzsch: DMA 2420 97.735
Sll/Seiko: DMS 6100 75.680

Anton Paar: Rheom. MCR 301

Perkin Elmer: DMA 8000 68.957

Figure 6.5 Price comparison of DMA instruments as of November 2010, Prices indicated in
Euro'®®

As shown in Figure 6.5, the rheometric instrument of Anton Paar is in the lower price
segment as compared to five other DMA instruments from the main competitors. However,
this comparison has been made with the premise that not all types of loadings are currently
covered by the rheometer MCR 301. The comparison also leads to an important insight

182

Trott, 2004, pp. 360-362
Own illustration, Data aggregated from list price information directly from the companies, Data aggregated
also from market research study by subsidiary of Anton Paar, 2010
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regarding the price range of all products. By comparing the instrument where the highest
price was reported with that one where the lowest price was offered it can be seen clearly
that the cheaper device accounts less than half of the price of the high priced instrument.
Additionally must be mentioned that in this part no technical specifications of the products
have been compared with each other.

6.4 Final results and recommendations

After having considered two different scenarios for product development strategies in
chapter 6.2, the pricing competition among companies offering DMA instruments had been
analysed subsequently. The advantages and disadvantages of both scenarios are compared
in this chapter. For that purpose scenario 1 representing the rheometric instrument with
combined DMA functionality is studied in detail firstly. In a second step, the advantages and
disadvantages of scenario 2 will be compared. The strategic deliberations in this chapter
always have been related to the perspective of Anton Paar.

6.4.1 Advantages of a combined rheometer & DMA instrument

The left side of Table 6.1 shows the advantages of scenario 1. It is assumed that the new
concept of combining a rheometer and a thermal analysis instrument in one device will be
its unique selling proposition on the market. There is no other DMA instrument that offers a
combination of rheometry and thermal analysis currently on the market nor is it known that
any other company is planning to introduce an analytical instrument with a similar concept.
This could help to gain competitive advantage as the comprehensive product functionality
might be a crucial differentiation characteristic to other DMA instruments.

The current available rheometer of Anton Paar can be used as a technology platform from
which the design of a new product might be derived. That means, in turn, that the effort for
research and development activities would be lower compared to scenario 2. Furthermore,
existing technological know-how related to product technology can have a positive impact
on reducing the development time. Finally, the costs might also be considered in relation to
the whole product development process seen as a single investment from the company’s
perspective. According to NEEDLES/POWERS/CROSSON, the return on investment (ROI) is
defined as the ratio of operating income to assets invested and helps to explain changes in

return on investment also for a single investment centre.’®

Hence a lower capital
investment during a product development process would lead to a higher return on

investment.

184 Needles, Powers and Crosson, 2008, p. 1152
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6.4.2 Disadvantages of a combined rheometer & DMA instrument

A basic disadvantage of the related scenario would be a higher expected target price. It is
assessed that the higher complexity of the device as it is a combination of two single devices
would lead to a higher price. Hence the company will even face a fiercer competition in the
DMA market.

The aspect of developing this new market might also become more disadvantageous
because more work to convince the customers of the new product features would be
needed. The disadvantages are also mentioned briefly on the right side of Table 6.1.

Table 6.1 Comparison of advantages and disadvantages for a combined rheometer &
DMA instrument'®

Advantages Disadvantages

* Combination of rheometry & * Higher target price

thermal analysis .
* Relatively new market

* Differentiation from existing
competition

* R&D effort

* Existing technological know-
how

* ROI 1 (single project)

6.4.3 Advantages of a stand-alone DMA instrument

The advantages and disadvantages of scenario 2 which considers a completely new designed
DMA instrument are analysed in this step. Table 6.2 gives an overview of all aspects which
have been identified for a stand-alone DMA instrument.

A new DMA instrument including clamping fixtures for all sample geometries is a similar
approach which also has been applied by other companies in the past. The key issue here is
to successfully differentiate the new product from the existing ones on the market. Based on
past experience of Anton Paar about product development processes, it is also expected to
get out a well-designed product at the end of the product development process which
particularly addresses the needs of current DMA customers. And as the new product is

185 . .
Own illustration
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especially designed for DMA applications, the system complexity would be reduced and
hence a lower target price is assessed to be reached.

The overall usability is another aspect which is taken into account. Considering the combined
solution of a rheometer with complete DMA functionality, a modification of the system
setup and reconfiguration activities would be needed in order switch between rheometry
and DMA measurements. When this reconfiguration effort is compared with the reduced
handling effort for the stand-alone DMA instrument, the latter solution would be preferable.

6.4.4 Disadvantages of a stand-alone DMA instrument

The introduction of a new DMA instrument in the current portfolio of Anton Paar also means
that a product development process must be initiated for a new technology platform. In this
case, knowledge about the DMA technology as well as information and experience about the
latest devices on the market must be gained in advance. Not only this knowledge transfer
process but also the whole product development process would need more time till a
finished product can be launched on the market. This leads to the assumption that time to
market and costs become far more critical.

Finally, the internal competition of the new DMA instrument with other analytical
instruments from Anton Paar is being considered. As shown in chapter 4.4, the current
available rheometer from Anton Paar already encompasses some of the DMA measuring
modes. In the case of introducing a stand-alone DMA instrument it would compete against
the solution with rheometric instrument equipped with DMA accessories. The customer
would have to choose between two similar solutions within the product range of Anton Paar
which neither would be an optimal solution.

Table 6.2 Comparison of advantages and disadvantages for a stand-alone DMA
186

instrument
Advantages Disadvantages
* Target price expected to be * Long-term process of product
lower development
* Specialised instrument * Higher costs in R&D

designed for DMA applications + Competition against Anton

* No assembly or modifications Paar’s own products
on instrument

186 . .
Own illustration
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6.4.5 Recommendations

On the basis of information which has been collected during this work and considering the
advantages and disadvantages from the previous chapters, a recommendation for Anton
Paar can be made now.

In view of the current situation of Anton Paar, recommendation is given to expand the
existing rheometer platform by a new instrument which combines rheometry and dynamic
mechanical thermal analysis methods (see scenario 1 described in chapter 6.2.1). The
combination of two measurement methods in one instrument would clearly differentiate the
product from others in the market. Additionally, the aspect of internal competition of a
stand-alone DMA instrument against the existing rheometer series from Anton Paar is also
of considerable relevance. However, a strategic direction of the company towards
development of a stand-alone instrument for thermal analysis might also be a reasonable
alternative in the long-term perspective.
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7 Conclusion

The aim of this work was to investigate product development strategies for Anton Paar
which will form the basis for future management decisions.

Many different applications of thermal analysis have been identified in the first part of the
work. The most important applications of thermal analysis methods are related to the
determination of material properties in the field of polymers, pharmaceuticals, foods,
biomaterials and inorganic compounds.

The core competencies of Anton Paar as well as the company’s business environment have
been analysed in the second part. This shows that a small overlap of the dynamic mechanical
analysis (DMA) method with one product segment of Anton Paar already exists. A
consideration of all industries relevant for thermal analysis applications came to the result
that these industries are also served by Anton Paar. Hence, entering a market whose
characteristics are already known would bear lower risks for the company. Considering the
company’s current sales and service network, it can be mentioned that no major changes
have to be made as the company is already well positioned at an international level.

In the course of this work, the DMA technology has been selected as target market. As no
precise data for the DMA market are currently available, the market research study was
focused on the overall thermal analysis market. In this context, the total market size for
thermal analysis instruments is assessed to have reached approximately US S 330 million as
of 2009. The Asia-Pacific region has revealed a potential growth field for thermal analysis
equipment. Additionally, the importance of the pharmaceutical science in the field of
thermal analysis has been pointed out in this study.

This work also provided a deeper understanding of the current competitive situation. Many
companies operating in the thermal analysis business sector have been identified, but the
focus has been given to the five major players. It is estimated that these five companies have
a cumulated market share of approximately 83% of the total market. The rivalry on the DMA
market is also assessed to be high as there are many companies currently operating in this
field and it can be expected that also the companies with smaller market share continue to
improve the performance of their products at competitive prices.

In order to conclude the work, a recommendation can be given towards an expansion of the
rheometer platform. Implicitly, this point of view considers the advantages of the extended
functionality of the product as well as less resources needed for new product development.
It also must be noted that the alternative way to develop a stand-alone DMA instrument
might be a useful and interesting approach for the future.

Diploma Thesis -87-



List of Figures

List of Figures

Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8

Figure 2.9

Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Structure of the thesis .....oouii i 4
Major Segmentation Variables for Business Markets ........ccccccoevecivvivieeneeennn. 10
Technology portfolio with norm strategies according to Pfeiffer.................. 12
The five forces framework of competition by Porter........cccceeeevveccviveennnennn. 16
Lean Product Development System (LPDS) including three subsystems....... 20
Generic product development ProCeSS .....uuiiiieccciiieeeeee e ee e 21
Typical cash flow for a successful new product .........cccceeeeecieeiicciieee e, 24
Market-puUll SEQUENCE.....ueeeiee ittt e e e et ee e e e e 25
Technology-push SEQUENCE .........uuiiiieeee et e e e 26

Schematic illustration of platform development and a derived product family

........................................................................................................................ 27
Schematic of @ heat flTuX DSC.......cociiiiiriiiiieeeeeee e 32
Schematic of a power compensation DSC.........cccevevviveieiiieeeenciiee e 33
Schematic of TGA principle with horizontal thermobalance ......................... 34
Schematic of a TMA instrument with vertical design .........cccceeevieeiiiiineeennns 35

Sinusoidal oscillation of stress signal and response of strain signal of a linear-
ViSCOEIAStiC MAterial ..ccccuvieee e e 36

The use of DMA divided into four main areas.........ceeeeeeveeeeieeeeeeieeeeieeeeeeennns 36

Mathematical relationships for complex modulus E*, storage modulus E’, loss
modulus E” and damping factor tan & .........cceooeevveeeeciiei e 37

Schematic of a DMA instrument with vertical design........ccocveveeeieiiicinnnnnnn. 38

Schematic of available sample geometries. (a) single cantilever bending; (b)
dual cantilever bending; (c) tension; (d) compression; (e) three-point bending;

I 1= 1 USSR 39
Figure 3.10 Examples of biomaterials used in medical products and devices.................. 44
Figure 4.1 Important factors for customers of Anton Paar........cccccovvveeeeiiecccciiiieeeeeen, 51
Figure 4.2 Core competencies of ANTON Paar......ccveeeeiieiieiiiiieeeeeeec e eeeenreeeeees 52
Figure 4.3 Oscillating U-tube principle for measurement of density.......c.cccceevvviieeennnns 54
Diploma Thesis -88-



List of Figures

Figure 4.4 Anton Paar rheometers, equipped with cylinder measuring system (left) and
cone/plate measuring system (right) .......cccoeeevieeiiieccie e 54
Figure 4.5 Small overlap of the DMA method with one product group from Anton Paar58
Figure 4.6 Worldwide Sales & Service network of Anton Paar.......cccccceeevvciieviiiciieneenns 59
Figure 4.7 Industry segments served by Anton Paar........cccceeeeeieccciiiieeee e 61
Figure 5.1 Thermal analysis market share distribution in %, Year 2008 ............ccccc........ 63
Figure 5.2 Technology portfolio including positioned thermal analysis technologies from
the perspective of ANTON Paar.........oooiceiiiiieeeie e 68
Figure 5.3 Porter’s five forces framework of competition adapted to the thermal analysis
industry with special focus on the DMA market segment..........ccccecvveeennnneen. 71
Figure 5.4 Worldwide thermal analysis market situation in 2008 - product sales in million
Dollar and companies” market share as % of total market..........ccccceeenneenn. 75
Figure 6.1 List of customer needs based on competitive benchmarking ....................... 77
Figure 6.2 Illustration of scenario 1 — Use of rheometer platform for development of new
instrument with combined functionality of a rheometer and dynamic
MECNANICAl ANAIYSEN ..uuiriiiieie e e e e e e ee e e e e e 79
Figure 6.3 Illustration of scenario 2 — Development of new thermal analysis platform and
derivation of whole product Sroup ......cccueeviiiiiiii i 80
Figure 6.4 Price calculation of DMA instrument from Mettler-Toledo...........ccccuveeee..n. 81
Figure 6.5 Price comparison of DMA instruments as of November 2010, Prices indicated
T T =X o 82
Diploma Thesis -89-



List of Tables

List of Tables
Table 1.1 Spending on research and development in Austria, 2002-2007............c......... 1
Table 3.1 Most important methods and techniques of thermal analysis..........ccce........ 30
Table 4.1 Fixture systems available as accessories for the Anton Paar rheometer....... 57
Table 5.1 Allocation of points for assessment criteria........cccccvvivveeeeeiicccciiieeee e 66
Table 5.2 Weighting and rating of resource strength criteria..........ccccceeevcieiiiiiineeens 66
Table 5.3 Weighting and rating of technology attractiveness criteria............cccccuuuneee.. 67
Table 5.4 Overview of thermal analysis technologies with corresponding points
EXPIESSEA N 0 ceeeiiieeiiiiiiee ettt et e st e e e st e e s st ae e e e s bbee e e snbraeeeeane 67
Table 5.5 Different DMA instruments from some current manufacturers.................... 70
Table 6.1 Comparison of advantages and disadvantages for a combined rheometer &
DMA INSTIUMENT ..ottt 84
Table 6.2 Comparison of advantages and disadvantages for a stand-alone DMA
INSTFUMEBNT .o 85
Diploma Thesis -90-



List of Abbreviations

List of Abbreviations

CEO
CNC
CTE
DEA
DMA
DSC
DTA
e.g.
EGA
GmbH
ICTA
Inc
V.
LLW
LPDS
Ltd
LVDT
u/n—TA
MCR
n.d.
NPD
p.
pp.
PCB
TA
TC

TD
Tm
TMA
TG
Tg
TGA
TOA
R&D
ROI
SCF
SER
SMT
SRF
UK
us
UXF

Chief executive officer

Computer numerical control
Coefficient of thermal expansion
Dielectric analysis

Dynamic mechanical analysis
Differential scanning calorimetry
Differential thermal analysis
Exempli gratia; Latin abbreviation of “for example”
Evolved gas analysis

Gesellschaft mit beschrankter Haftung
International Confederation for Thermal Analysis and Calorimetry
Incorporation

Intravenous

Low-level waste

Lean product development system
Limited; Limited company

Linear variable differential transformer
Micro/Nano - thermal analysis
Modular compact rheometer

No date

New product development

Page

Pages

Printed circuit board

Thermal analysis

Crystallisation temperature
Thermodilatometry

Melting temperature
Thermomechanical analysis
Thermogravimetry

Glass transition temperature
Thermogravimetric analysis
Thermo-optical analysis

Research and Development
Return on investment

Solid circular fixture

Sentmanat extension rheometer
Surface mount technology

Solid rectangular fixture

United Kingdom

United States

Universal fixture

Diploma Thesis



References

References

Altera Corporation (2008). PCB Dielectric Material Selection and Fiber Weave Effect on High-
Speed Channel Routing. Application Note, AN-528-1.0, Retrieved December 05, 2010,
from http://www.altera.com/literature/an/an528.pdf

Anton Paar GmbH. (2008). Image server.
Anton Paar GmbH. (2009). Company presentation.

Anton Paar GmbH. (2009). Presentation folder.

Anton Paar GmbH. (2010). Company website - Industries - Applications. Retrieved December
06, 2010, from http://www.anton-paar.com/Industries/3_Corporate_en

Arnold, R. A. (2010). Economics. Mason, Ohio: South-Western Cengage Learning.

Bair, H. E., Akinay, A. E., Menczel, J. D., Prime, R. B., & Jaffe, M. (2009). Thermomechanical
Analysis (TMA) and Thermodilatometry (TD). In J. D. Menczel, & R. B. Prime, (Eds.),
Thermal analysis of polymers: fundamentals and applications. Hoboken, New Jersey:
John Wiley & Sons.

Baum, H.-G., Coenenberg, A. G., & Glinther T. (2004). Strategisches Controlling. 3. Auflage.
Stuttgart: Schaffer-Poeschel.

Bioavailability. (2007). In The Merck Manual. Retrieved December 05, 2010, from Merck
Sharp & Dohme Corp.:
http://www.merckmanuals.com/professional/sec20/ch303/ch303c.html

Bonoma, T. V., & Shapiro, B. P. (1983). Segmenting the Industrial Market. Lexington,
Massachusetts: Lexington Books.

Bottom, R. (2008).Thermogravimetric Analysis. In P. Gabbott, (Ed.), Principles and
Applications of Thermal Analysis. Oxford: Blackwell Publishing.

Bouley, J. (2007). Waters boosts position in thermal analysis market with Calorimetry
Sciences acquisition. In Drug Discovery News. Old River Publications LLC. Retrieved
October, 19, 2010, from
http://www.drugdiscoverynews.com/index.php?newsarticle=1630

Brown, M. E. (2001). Introduction to Thermal Analysis: Techniques and Applications. 2™
edition. Dordrecht: Kluwer Academic Publisher.

Bundesministerium fiir Wissenschaft und Forschung (2010). Osterreichischer Forschungs-
und Technologiebericht 2010. Wien.

CBS Interactive (2008). Key issues facing the Aqueous Analytical Instruments Market in the
US. Business Wire: Issues from 2008. Retrieved December 05, 2010, from
http://findarticles.com/p/articles/mi_mOEIN/is_2008_ Feb 19/ai n24266258/

Diploma Thesis -92-



References

Chartoff, R. P., Menczel, J. D., & Dillman, S. H. (2009). Dynamic Mechanical Analysis (DMA).
In J. D. Menczel, & R. B. Prime, (Eds.), Thermal analysis of polymers: fundamentals and
applications. Hoboken, New Jersey: John Wiley & Sons.

Colloid. (2010). In Encyclopzedia Britannica. Retrieved December 06, 2010, from
Encyclopadia Britannica Online:
http://www.britannica.com/EBchecked/topic/125898/colloid

Crocker, M. J. (2007). Handbook of noise and vibration control. Hoboken, New Jersey: John
Wiley & Sons.

Duncan, J. (2008). Principles and Applications of Mechanical Thermal Analysis. In P. Gabbott,
(Ed.), Principles and Applications of Thermal Analysis. Oxford: Blackwell Publishing.

Ehrenstein, G.W., Riedel, G., & Trawiel, P. (2003). Praxis der Thermischen Analyse von
Kunststoffen. 2. Auflage. Miinchen: Carl Hanser Verlag.

Eversheim, W. (2009). Innovation Management for Technical Products: Systematic and
integrated product development and production planning. Heidelberg, Berlin: Springer-
Verlag

Freemantle, M. (1999). Asphalt - What's that stuff? Chemical & Engineering News. American
Chemical Society, Volume 77 (47), 81. Retrieved December 05, 2010, from
http://pubs.acs.org/cen/whatstuff/stuff/7747scit6.html

Gabbott, P. (2008). Principles and Applications of Thermal Analysis. 1** edition. Oxford:
Blackwell Publishing.

Galwey, A. K., & Craig, D.Q.M. (2007). Thermogravimetric Analysis: Basic Principles. In
D.Q.M. Craig, & M. Reading, (Eds.), Thermal Analysis of Pharmaceuticals. Boca Raton:
CRC Press.

Goodman, A., Hinman, E. J., Russell, D., & Sama-Rubio, K. (2007). Managing Product
Development Risk. Intel Technology Journal, Volume 11, Issue 02. doi:
10.1535/itj.1102.02

Gopalakrishnan, V. (n.d.). Thermal Analysis Market in India. Indian Analytical Instruments
Association.

Grant, R. M. (2005). Contemporary strategy analysis. 5" edition. Oxford: Blackwell
Publishing.

Hamel, G., Prahalad, C. K. (1994). Competing for the future. Boston, Massachusetts: Harvard
Business Scholl Press.

Hansen, D. R., Mowen, M. M., & Guan, L. (2007). Cost Management: Accounting and Control.
6" edition. Mason: South-Western Cengage Learning

Harrigan, K.R. (1981), Barriers to entry and competitive strategies. Strategic Management
Journal, Volume 2 (4), 395-412.

Diploma Thesis -93-



References

Hawawini, G., Subramaniam, V., & Verdin, P. (2003). Is performance driven by industry- or
firm-specific factors? A new look at the evidence. Strategic Management Journal,
Volume 24 (1), 1-16.

Hiles, A. (2000). Service level agreements: winning a competitive edge for support & supply
services. Revised and updated Edition. Brookfield, Connecticut: Rothstein Associates.

Hill, D. (1998). Design Engineering of Biomaterials for Medical Devices. New York: John Wiley
and Sons.

Johnson, G., Scholes, K., & Whittington, R. (2005). Exploring Corporate Strategy: Text and
Cases. 7" edition. Harlow: Financial Times / Prentice Hall.

Jones, D. S. (2007). Thermorheological (dynamic oscillatory) characterization of
pharmaceutical and biomedical polymers. In D.Q.M. Craig, & M. Reading, (Eds.),
Thermal Analysis of Pharmaceuticals. Boca Raton: CRC Press.

Joshi, N. R. (1978). Thermal stress resistance and thermal expansion coefficient of Zirconium
Diboride. Nasa Technical Report, Document ID 19820069258. Retrieved from
http://ntrs.nasa.gov/search.jsp?R=1034412&id=58&as=false&or=false&qs=No%3D10%2
6Ntt%3DZirconium%2BDiboride%26Ntk%3Dall%26Ntx%3Dmode%2Bmatchall%26Ns%
3DHarvestDate%257¢1%26N%3D0

Klanénik, G., Medved, J., & Mrvar, P. (2010). Differential thermal analysis (DTA) and
differential scanning calorimetry (DSC) as a method of material investigation. RMZ —
Materials and Geoenvironment, Volume 57 (1), 127-142.

Kotler, P. (2002). Marketing Management, Millenium Edition. Boston: Pearson Custom
Publishing.

Laboratory Equipment World. (n.d.). Laboratory analytical instruments industry is growing
despite odds. Retrieved December 05, 2010, from
http://www.laboratoryequipmentworld.com/laboratory-analytical-instrument-
industry.html

Lohani, S., & Grant, J. W. (2006). Thermodynamics of Polymorphs. In R. Hilfiker, (Ed.),
Polymorphism in the pharmaceutical industry. Weinheim: Wiley-VCH.

Martin, M. J. C. (1994). Managing innovation and entrepreneurship in technology-based
firms. New York: John Wiley & Sons.

Mayo, D. W., Pike, R. M., & Forbes, D. C. (2010). Microscale Organic Laboratory: With
Multistep and Multiscale Syntheses. 5™ edition. Hoboken, New Jersey: John Wiley &
Sons.

Menczel, J. D., Judovits,L., Prime, R. B., Bair, H. E., Reading, M., & Swier, S. (2009).
Differential Scanning Calorimetry (DSC). In J. D. Menczel, & R. B. Prime, (Eds.), Thermal
analysis of polymers: fundamentals and applications. Hoboken, New Jersey: John Wiley
& Sons.

Diploma Thesis -94-



References

Menczel, J. D., Prime, R. B., Gallagher, P. K. (2009). Introduction. In J. D. Menczel, & R. B.
Prime, (Eds.), Thermal analysis of polymers: fundamentals and applications. Hoboken,
New Jersey: John Wiley & Sons.

Mezger, T.G. (2006). The Rheology Handbook: For users of rotational and oscillatory
rheometers. 2" edition. Hannover: Vincentz Network.

Mind Tools Ltd (2010). Core Competence Analysis. Retrieved December 05, 2010, from
http://www.mindtools.com/pages/article/newTMC_94.htm

Mital, Anil, Desai, A., Subramanian, A., & Mital, Aashi (2008). Product development: A
structured approach to consumer product development, design, and manufacture.
Oxford: Butterworth-Heinemann.

Morgan, J. M., & Liker, J. K. (2006). The Toyota product development system: integrating
people, process, and technology. New York: Productivity Press.

Morris, C. G. (1992). Dictionary of Science and Technology. California: Academia Press

Mothé, M. G, Leite, L. F. M., & Mothé, C. G. (2008). Thermal characterization of asphalt
mixtures by TG/DTG, DTA and FTIR. Journal of Thermal Analysis and Calorimetry,
Volume 93 (1), 105-109.

Mucha, M. (1989). Thermo-optical analysis as a complementary method in the study of
phase transitions of thermotropic liquid crystalline polymer and its blends with
polycarbonate. Colloid & Polymer Science, 267, 876-880.

Muffatto, M., & Roveda, M. (2000). Developing product platforms: analysis of the
development process. The International Journal of Technological Innovation,
Entrepreneurship and Technology Management, 20, 617—-630.

Neag, C. M. (1995). Coatings Characterization by Thermal Analysis. In J. V. Koleske, (Ed.),
Paint and coating testing manual: fourteenth edition of the Gardner-Sward handbook.
Philadelphia: American Society for Testing and Materials (ASTM).

Needles, B. E., Powers, M., & Crosson, S. V. (2008). Principles of Accounting. Boston,
Massachusetts: Houghton Mifflin Company.

New Product Development. (2010). In Product Development and Management Association.
Retrieved December 06, 2010, from http://www.pdma.org/npd_glossary.cfm

Nuclear Energy Institute. (n.d.). Nuclear Power Plant Fuel. Retrieved December 05, 2010,
from http://www.nei.org/howitworks/nuclearpowerplantfuel

Paroli, R. M., & Delgado, A. H. (1996). Analysis of asphalt-based roof systems using thermal
analysis. Preprints of papers presented at the 211th ACS National Meeting, New
Orleans, L.A., USA, pp. 38-42. Retrieved from U.S. Department of Energy Office of
Science:
http://www.anl.gov/PCS/acsfuel/preprint%20archive/41_1 _NEW%200RLEANS_03-
96.htm

Diploma Thesis -95-



References

Paterson Technology. (n.d.). A Short History of MS-DOS. Retrieved December 05, 2010, from
http://www.patersontech.com/Dos/Byte/History.html

Pfeiffer, W., Metze, G., Schneider, W., & Amler, R. (1985). Technologie-Portfolio zum
Management strategischer Zukunftsgeschdiftsfelder. 3. Auflage. Gottingen:
Vandenhoeck & Ruprecht.

Porter, M. E. (1980). Competitive strategy: techniques for analyzing industries and
competitors. New York: The Free Press.

Porter, M. E. (1985). Competitive advantage: creating and sustaining superior performance.
New York: The Free Press.

Porter, M.E. (2008). The Five Competitive Forces That Shape Strategy. Harvard Business
Review (January).

Prahalad, C.K., & Hamel, G. (1990). The core competence of the corporation. Harvard
Business Review (May-June), 79-90.

Reading, M., & Craig, D.Q.M. (2007). Principles of Differential Scanning Calorimetry. In
D.Q.M. Craig, & M. Reading, (Eds.), Thermal Analysis of Pharmaceuticals. Boca Raton:
CRC Press.

Research and Markets (2008). Indian Laboratory Analytical Instruments Markets. Market
research by Frost & Sullivan. Retrieved December 05, 2010, from
http://www.researchandmarkets.com/reports/616391/indian_laboratory_analytical _i
nstruments_markets

Roos, Y. H. (2003). Thermal analysis, state transitions and food quality. Journal of Thermal
Analysis and Calorimetry, Volume 71, 197-203.

Rouquerol, J., Wadso, I., Lever, T.J., & HAINES, P.J. (2008). Developments in nomenclature. In
M. E. Brown, & P. K. Gallagher, (Eds.), Handbook of thermal analysis and calorimetry.
Recent advances, techniques and applications, Volume 5. Amsterdam: Elsevier.

Saunders, M. (2008). Thermal Analysis of Pharmaceuticals. In P. Gabbott, (Ed.), Principles
and Applications of Thermal Analysis. 1°* edition. Oxford: Blackwell Publishing.

Setaram (n.d.). Nuclear: Thermal analysis and calorimeter solutions. Setaram Brochure,
Retrieved December 05, 2010, from http://www.setaram.com/Nuclear.htm

Simpson, T. W,, Siddique, Z., & Jiao, J. (2006). Product platform and product family design:
methods and applications. New York: Springer Science+Business Media.

STATISTIK AUSTRIA (2009). Ausgaben fiir Forschung und experimentelle Entwicklung 1993 bis
2007 nach Durchfiihrungs- und Finanzierungssektoren. Erhebungen der Statistik
Austria. Retrieved December 07, 2010, from
http://www.statistik.at/web_de/static/ausgaben_fuer_forschung_und_experimentelle
_entwicklung_1993 bis 2007 _nach__023530.pdf

Diploma Thesis -96-



References

TA-Instruments. (n.d.). Thermal Solutions: Characterization of Printed Circuit Board Materials
by DMA. Application Note TS-46. Retrieved December 05, 2010, from
http://www.tainstruments.com/pdf/literature/TS46.pdf

TA-Instruments. (n.d.). Thermal Solutions: Predicting printed circuit board delamination.
Application Note TS-9A. Retrieved December 05, 2010, from
http://www.tainstruments.com/pdf/literature/TS9.pdf

Tempered Vs. Annealed Glass. (n.d.). In eHow. Retrieved December 05, 2010, from
http://www.ehow.com/about_5398576_tempered-vs-annealed-glass.html

Trott, P. (2008). Innovation management and new product development. 4th edition.
Harlow: Financial Times / Prentice Hall.

Ulrich, K. T., & Eppinger, S. D. (2004). Product design and development. 3rd edition, New
York: McGraw-Hill.

United States Department of Energy (1993). DOE Fundamentals Handbook: Material Science.
DOE-HDBK-1017/2-93, Volume 2 of 2. Springfield: National Technical Information
Services, U.S. Department of Commerce.

United States Nuclear Regulatory Commission (2009). Fact Sheet on Uranium Enrichment.
Retrieved December 05, 2010, from http://www.nrc.gov/reading-rm/doc-
collections/fact-sheets/enrichment.html

Vocus Inc. (2008). Calorimeters and Thermal Analysis Equipment Market. In PRWeb. San
Jose, California. Retrieved October 19, 2010 from http://www.bio-
medicine.org/biology-technology-1/Calorimeters-and-Thermal-Analysis-Equipment-
Market-to-Exceed--24539-Million-by-2012--According-to-New-Report-by-Global-
Industry-Analysts-9014-1/

Wedel, M., & Kamakura, W. A. (2000). Market segmentation: conceptual and methodological
foundations. 2" edition. Dordrecht: Kluwer Academic Publishers.

Waters Corporation (2009). Annual Report. Retrieved October 19, 2010 from
http://phx.corporate-ir.net/phoenix.zhtml?c=77764&p=irol-reportsAnnual

Wilson, R. M. S., Gilligan, C. (2005). Strategic marketing management: planning,
implementation and control. 3" edition. Oxford: Elsevier Butterworth-Heinemann.

Yim, M. S., & Murty, K. L. (2000). Materials Issues in Nuclear-Waste Management. Technical
Journal JOM by The Minerals, Metals & Materials Society, 52(9), 26-29.

Diploma Thesis -97-



Appendices

Appendices

Appendix A: Company fact-sheet

Appendix B: Price calculation of different DMA instruments

Diploma Thesis

-08-



Appendix A: Company fact-sheet

Appendix A: Company fact sheet

JAN TA Instuments
A2 Mettler-Toledo
A3, Perkin Elmer
Ad....oeeeennnn. Netzsch
AS5...nnnn. Sll/Seiko

Diploma Thesis



Company fact-sheet

Appendix A

SUENNET RN

3|ge|leAR JOU Blep = 'B'U :3J0N

sisA|eue [eLliay) MBIAISAO 18X IBLU (UOIIBLLIOI [eUIS)UIl Jeed UOlUY UO paseq ,,
|enuuysHodal-oli=dey9/ / /=04 |WYZ Xiusoyd/iau ii-ajelodion xydy:dny woly '0LOz ‘Lz 1990100 paAslley ‘6002 Hoday
[eNUUY SY3 Ul 3|qe|leA. ‘uojjewiojul Auedw oo Uo pased sem sy "SI|es 80|AI9S pue sajes jonpold Sjuswinijsu| Y papnjoul sajes Jau [ejo] ,

abedgam sjuswinisu| 1 '$90IN0g
'seijjioey pue|bug ‘Asimerd 'S301jj0 piaYy
pue aiemelaq 'spsed maN  Buipnjoul ‘'sanioe;
Je painjoejnuew ale syenpoid [BUOlBUISII
6002 u! sa|es Jau [e0} Jo (FZ'8E Anpwosyy Aoy siemelaQ L/ pue sanijioe)
$ OIN) %G¢ ‘xoldde pajuasaidal ‘apyseD Map Je palnyoejnuew sajels payun
S8|BS 90IAI9S SjUBWINISU| WL «x S92A0|dwa oo 'xoidde| ale sjonpold sisAjeue jewlay] £z selelado sialepn ey
9PIMPHOM |[210} ‘suoliejouuy
EEINES) asy saljl|1oe} Bulnjoeinuepy SUoNe20T saako|dw3 juudiood [eqo|S
L€ 0aQq :papud A4 WOD SJUBLINIISUIRY MAMA
vsn
alemelaQ 'a|ised MeN
uoljezlia)oeieyo s|elsyew Jo ssipadold 800Z 'SA 6002 % Ul <|r
[elI2]ew 10} SjuawnIsul MO} JO UOljeZII)oRIBYD uoljeziiajorleys |elayew (% |- 29sB8I0a(]/asealou| b
Aswiiojeooudly pue Aljawiioe) 10} sjuswnIsu| Allswoayy| 1o} spuswiniisul siskjeuy [ewlsyl (2’6ol 800z 4e|log-Sn oI r/ru\
e'u eu B'ulg'/yL 6002 1ellod-sn ol uojjesodio] sialepp
Answiioen ABojoayy sisfjeuy |ewiay ] 'sa1nbyy ul sjuswniisu| yL
sdnoig Jonpold / sUoIsIAI] / SHUN ssaulsng se|eg saloualnD Auedwo)

Jleed uojuy Pw/\.\\

0L0Z'0}'L.Z :pajepdn ise|

Ansnpu| sishjeuy |ewiay |

HOWo) Jeed uojuy Joj sishjeuy asaladwo)

-A1/1-

Diploma Thesis



Company fact-sheet

Appendix A

SpuaWnsy| 1

o|qe|ieAe Jou elep = "e'U 810N

ed ;01X 01 0l abuel sninpojy ed ;01X 0} 0l abuel sninpopy
‘e’ abuel ssauyng ‘e’ abuel ssauyng

ey abuel eyep ue | ey abuel eyop ue|

‘B'U uoiInjosal Juawadedsiq ‘B'u uolnjosal Juswade(dsig

wrlpogL S0 F abuel Juswaoe|dsig wr 0pooL SO0 F abue. Juswaoe|dsig
NSE " L000 sbuel so104 N8L " L0000 abuel s0104
ZH 08 " Z0000'0 abuel Aousnbaig ZH 00Z " L00 abuel Aouanbaly
M0 Aoelnooe ainjeladwa | M0 Aoeinooe ainjeladwa |

9,009 " D.0G1- abuel ainjeladwa | 2,009 " D.0GL- abuel ainjesadwa
a|diounid Bunnseapy vYING a|diound Bupnseap

g

Il YSY sjuswiniisu| v L 0080 sjuswnisu| L
:uoieoynads |ealuyos ._._

(suonpuoo Aupiwny pue anjeladwa) pa||ojuocd 1o4) 1lozk|euy uondiog odep z HETG)

(9oueuIn) pue aouBleq [BJUOZLOY YIM) OSA-VYOL || OSA-¥OL Snosueynwis

vo3

v3d

(sBulieaq Jie “10jow Jeaul| SALIP-103Ip UNM) YING 2 vYING

aia

YINL L YINL

(abuel ainjeladwal-ybiy pue ‘wnnoea ybiy-enn ‘ainssaid-ybiy 10}) dH-voO 1 L

AWUCN_NDOE._W_.:. 0>_u_wCUw|r_@_£ __.._O_am._mn_o wnnoea nwm«m._ m::.mw: r_m__._ 10} @oueUIn-y| Lu_.é,v vYol¢g vYoLuol

(agepeae jeuondo ale uonesuadwoo Jejeweled ajeInooe 1o} (|80 Bullnseaw pue Jejdwesone 2110qol) OSd € ol=la

v.1d

sjonpold sisAjeuy [ewia]

uojjewlou| Jayung

-A1/2-

Diploma Thesis



Company fact-sheet

Appendix A

ops|oL-19HeN

600z Hoday |enuuy opa|ol-IseN :$90IN0S
saafojdwa gpQ| xoidde s9]B1S palun
‘6002 ‘wopbury pajun ‘puepazimg
6002 Ul S3|es Jau Jo 9,z ‘xoidde ul S3|es Jau Jo %,z's 'xoidde ‘Auewlag) ‘eulyD Ul g xoidde 000l "xoidde
‘SPIMP|IOM '|e10} ‘SuojjejouUY
somag| asy saljl|ioey Buunjoenuely SUOIe20T saafodwg judioo4 [eqo|S
L€ ‘08 papua A< WIOD JUUI AW,
puelazums
‘uoy|ueN/easUdYRID
sonf|euy ssao0ld
uonoadsu| }onpold ‘alemyosg| ‘suonnjos AlsiwayD pajewoiny
(juswabeuew |eLysnpu| 'swalsAg a|BOg 3DIYaA ‘alemyjog AlojeiogeT ‘(siarawl Onu._o._.\mw LM
AIOJUSAUl pUB Wa)l) 21eMY0S ‘sonsiBo pue uoepodsuel || Hd 'swalsAs sishjeue |ewisy | 800Z 'SA 600Z % Ul 7
[le}ey ‘2lemyog pue so|eog ‘sleulwla] |elysnpul| ‘sioyelyl]) suawnsu| [eonAleuy (%2 L- 9sealoaasealou|
payIOMIBN ‘s9|eag suojepurig| ‘sjuswnuisul BulyBiapn |elisnpul|  'sapadid ‘seoueleg Alojelode(e'e /6L 800z ‘elloa-Sn oIN
%<Z) '600C Ul sa|es Jau jo % %< :600C Ul Ss|ES 12U JO % %9p 6002 Ul S9|Es 13U JO % |6'8ZL L 600< Jej°eg-sn OIN Ou| [euoljeUIB|
suonnjog BuiyBiap [1e30y sjuswnisu| [eu3snpu| sjuswnisu| Aicjeloqen :s2InBiy Ul op3loL-1311°IN
SUOISIAIQ/SHUN Ssaulsng EETES EETRIVEITe) Auedwo)

Jeed uojuy P/\q

010Z'0}'0Z :Pajepdn jse|

Ansnpu| sish|euy |ewlay |

HOWso) Jeed Uojuy 1o} sishjeuy aAladwo)

-A2/1-

Diploma Thesis



Appendix A: Company fact-sheet

opajol-ias N

3|gE|IEAR JOU BJBp = 'B'U 9JON
‘apow uoiew.ojap uo Buipuadsp Aiea Aew Aousnbaly xep ,

eu abuel snjnpoy

_ W/N 0L " Ob abuel ssauyns
00L " L0000 abuel eysp ue |

_ wu g0 uonn|osal jJuswaoe|dsig
wrl 09l ¥ abuel swaoedsiq

_ N OV~ L000 abuB] 25104
+ZH 000L " LO0'0 abues Aouanbai4

_ M G0 Aoeinooe ainjeladwsa |
0,005 " 0,051 abuel ainjeladwa |

_ vYING g|diound Bulinseay

2198 Y.1dsS/VIND

ops|oL-19BeIN

‘uoyjeayyioadg [eolUYDa | |

sI1Byl10
T@NZMCN co_ua._ow pue ,._opmc._o.z.omam ol _._mHmEo.z.omam SseWwl g|ge|leAB S3110SS200Y _mco_un_ov osavol L 080-vYol shosuelnuwig
vO3
v3aa
v1as-vYNd L viNg
ills
V.1ASVWNLZ YINL
VOLUDL
(2inssaid ybly) DSA dH L
{sajel Bujjooo pue -Bunesy ybiy) DSq Yyseld |
osdl osa
v1a

sjonpold sishjeuy [ewia]

UoIEWIOoU| Jaypng

-A2/2-

Diploma Thesis



Company fact-sheet

Appendix A

Jaw3 upjled

3|qe|leAR JOU Bjep = "B'U :3}0N

600z Hodal [enuue Jsw3 upjiad

1$821N0g

B0y PUE BISy
‘adoing ‘seouawy
ayy noybnoiyy

‘e'u 600Z Ul S3[BS JO %6'S eu S9113UN02 0G| 00zg "xoidde
EEI ‘|ejoy ‘suolyejouly
ENINES) asy safy1oe} Bunnjoenuepy SuoNeooT sasfo/dwg wudioo |eqo|
¢ ‘Arenuep papua A4 WOo IaW|aupad M
saljeloge| vsn

10} seo1M8s pue poddng
‘JoXIE|\ SS0IAISS AIOJeIoqeT]
|oJ3u0d ssao0ud

|elysnpul pue Ayjenb Joj siosuas
pue 'si0}08]9p ‘UoliBlUSWINIISUI
[eonAjeuy JSNIETY elisnpu|
suoljeol|dde |eyuswuolAUS IO}
$10)09)8p pue siosuas ‘swalsAs
uoljo9)ap s|ellajew snosabueq

uono31ap pue Bujpuey pinbi)

sa|bojouyoay

Weyyem Joens Jejuim

JOMIBIN AJINOSS B AlSjES sapgag Ay 4o

(Bupoyuow Ayjenb ‘syjusBeal JIBN Joleasay JaumunJed

19)em 'B°2) Buiysay |ejuswUCIIAUL Buibew [eoipaw 800Z 'SAB00Z % Ul ° h

1o} sa1Bojouyos) pue|  ‘s1apIosip 2119uUab 10} UONISISP | %8- aseaveq/esealou|

swalsAg JoXIEj [BJUSWIUCIIAUT Aues JoIe sonsoubelq|0'096 L 8002 1eJj1og-SN Ol A
1'slo’L g'9el o'zie’l 600¢ Jellod-sn oI oy
juawbag yjjeaH [ejusawucIIAug juswbBag yjjeaq uewny :sainbiy ul Jaw|3 upjad
SUOISIAIQ/SHU SSaulsng s3leg sapualng Auedwo)

Jeed uojuy hu/\q

010Z'0L'LE :pajepdn jse|

Alisnpu| sIsAleuy [ewlay |

HAwo) Jeed Uojuy Joj siskjeuy aAnnadwo?

-A3/1-

Diploma Thesis



Company fact-sheet

Appendix A

lawi3 upliad

3|ge|IBAE JOU BJEp = "B'U :9J0N

Bd 5,0} 03 0}

abue. sninpoy

W/N g0l "' 002 abuel ssauyng
¢ 100000 abuel ejjap ue L
wu | uopnjosal juswaoe(dsig

wrl pooL ¥ sbues uswaoedsig

NOQl "' 2000 abuel 20104
ZH 00€ " 1000 abues fousnbaiyg
‘eu Aoeinooe ainjesadws |

2,009 " 06L- 2buel ainjeladwa |
VYIAL + YIND 3|diound Bulinsesy

i

»
A -
R

E

0008 YN

law|g unjiad

‘uopeoljioadg [eoluyoa ||

Adoosoljoads "1ejawoloads ssepyydelBojewolys sesy ‘Iejalionoads o1 4

slaylo

0SQ-vO.l shosuejnwig

vod

v3da

(YW.L+VYWA) YIND L

YWa

1d

YIANL

VoLl

voLuol

(a19e)ieae Aiawiiojedojoyd [euoido 'Sajel BUIUUEDS JSB YIM SJUSWNASUl |BUORUBAUOD) DSA ¥

osd

v.id

sjonpolid siskjeuy [ewia]

uojjewloju| Jayung

-A3/2-

Diploma Thesis



Company fact-sheet

Appendix A

YosZisN

2|qe|IeA. 10U BJEp = 'B'U :9J0N

600Z/800Z 1284 |e0sl} 'JusLsie)s [eloueUl pejepl|osuod

sBedgam dnolb yosziaN '$90IN0g
eollawy yinog
‘eollaWy YUON
‘U ‘B'u ‘B'U ‘elsy ‘adoing ul Lee
E '|e10} ‘suojjelouuy
ERIINERS asy salj|ioe} Buunyoejnuep suoledo| saakodw3 juldiood [eqo|
0€ 'aunp :papus A4 WO YISZIBU MMM
Auewian
eleAeqg ‘qes
suolsuadsns pue spijos 10} I
swiaysAs Buisiadsip pue Buixiy 800Z 'SA B00Z % Ul
sisf|eue [ewiay) ‘Buipunib sdwnd .o} swa1sAs Julor| %t 2Se8109(]/aSEaIoU|
10} swaysAs pue sjuswniisu|| Alp pue jam Joj swaishs Buipuls ‘swayshs dwnd pue sdwind|z6z 800z 0/nJ oI =um~.—.m z
8'6y G'LL G'Zsl .'082 600Z 04n3 oI dnoin
Bupsa ] g Buizhjleuy Buisiadsiq 3 Bulpulis sdwng :sainbiy ul yoszjaN
SuoIsIAIQ/sHUn ssaulsng sajeg| selpuaIINgD Auedwop

leed uojuy PM\\

\J

0L0Z°01°1Z :pajepdn jse|

Ansnpu| sisfjeuy |ewlay ]

Hawo) Jeed ucjuy Jo} siskjeuy aannedwo?)

-A4/1-

Diploma Thesis



Company fact-sheet

Appendix A

YoszieN

3|qE|IBAE JOU BIEP = 'B'U (9]0N

ed ;0L " &d .0l abues sninpoy
eu abuel ssauyng
0L " 900000 abuel ejjap ue
wu g0 uofnjosal Juswaoe(dsiq
wr gz abuel Juawaoe|dsiq

olWeUAp

N 8 -/+ "Xew

pue 2jje}S N 8 "Xew
‘N9L "Xew abuel aolo4
ZH 00l " ZH 100 abues Aouanbalg
MLF Koeinooe ainjesadwa |
2,009 " D.0LL- abues aimesadwa |
YINQ a(diound Bulinseapy
D erZ YIND YaszjaN

‘uojjeoyjoadg [eoluyoa | |

(a1nidny Jo sninpojy ‘uoissaidwod Ul deslD ‘peo| Jspun sSaULIojoRIeY) sjuswnlsul Buniss | Aiojorjey €

(121891 AyAIIONpUOD [BWIBYY ISjaWw Moy Jeay 'snjesedde yse|4) sjuswinsul AJARONPUOD pue ANAISNYIQ [eway] 9
(1s38WiI0IRD UOKOESY DNEGRIPY) DYV €

(1919wuicieD 3pO 2idNININ) DNIN L

s12y10

(ebuel ainjeisadwsa) ybiy joul) DSA-vOL

0Sd-vOLl shosuejnuis

((¥4114) 1o12wonoads paleljul-wiojsuel] J1aUNo4 [oul) yo3 € vo3
v3az V34

YNNG L VIAQ

(uoneoydde |euozuoy yBR-wnnoeA ‘ul) 710 & 1

(sjopouw Jno-aseyd aie YL Z YoIym jo) YINL € VAL
(souejeqoueN- pue aoueeqoJoIN-OWIaY 1) YO 1 9 vOLUOL

(eBuel ainssaud ybiy ‘sbuel ainyeladway ybiy 'jour) DsSQ § 2sa
v.13/08ad L v.1d

S}onpoid siskjeuy [ewis |

uonewIoU| Jayung

-A4/2-

Diploma Thesis



Company fact-sheet

Appendix A

oyles

a|qe|leAR J0U BJEp = 'B'U :3J0N

WY XapuUIA{BXYIN0gE/AUBAIOO/US L0 IS AMM//ARY WO ‘0LOZ ‘|| JOqUSAON paraLlay ‘6007 Ad 104 Sainbl sa[es [enuue pajepljosuoy ,

abedgam ||S $921N0S
Auewias)
JaW[T upjiad Upm uoneladood Jaulio) pue ‘ysn "eulyQ ul (eoho|dwa awn
184E /00Z ‘10 AlBNUE 90UIS YIoMBU sallelpisghg ‘uedep ved g Aelodwal
90IAISS pUB S3[BS SPIMP[IOM MBN 'y e'u ul sao1yo Autep Buipnioul) s
‘apImplIom ‘[e10} ‘suonejouuy
2oInIag| asy sapi|Ioe} Buunioenue |y suoneoo] soako|dw3 juLdioo [eqo|
Aleniga ;papua A4 WO JUIIS MMM
ueder
sjonpoud EBquO
YING pue YINL
Aungeljal ybiy pue
sanbiuyosy (sW-421) V1Q/91 8dA weaq .
(AydeiBoluo | Jsjswouoads ssew |enp [ejuczLioy
paindwo)) 19 SUOJE)ISYIoM 421 pue (s30 sadoosouoiw ‘08 xnjy jeay
pue 1D3dS ‘13d| weaq uolpasnooy -47|) Jelewoloads siazhjeuy agoud Bujuuess|  Buipnjoul welsAg 8002 "SA 600 % Ul
Buipnoul swaisAs pue uonos|e ucissiwe|  Ael-x Jusdsalony uoisioaud-ybly,  sishleuy [ewisyl|'e'u 9sB9108(J/9s88.0U| ’ H H m
Buibew| Jejnosjoy |Buluuess pauigwion leondo 40| enisiadsip ABlaug| pue uopnjosal-ybiH4| eouewlopad YBiH | 'B'U 800Z UsA Ol | @
'eu ey 'u ’u ’'u ‘BU0EBEL « 6002 UaA oy | uonesodio) sbulpjoH oXles
(@) (nds) adoososoip 2ul
Buibew Jejnosjoy weag uo| pasnoody sisfjeuy 4| sisfjeuy JyX| 2aqoid Bujuueosg sisAjeuy |ewsayl :sainby ul ABojouyosajouen |IS
sdno.9 jonpold / SUOISIAI] / SHUN Ssaulshg soles selousLnD Auedwo)
040’4111 :pajepdn jse|

Jeed uojuy «[/d

Ansnpu| sisAjeuy lewiay |

HQWo Jeed uojuy Jo} sishjeuy aanadwod

-A5/1-

Diploma Thesis



Company fact-sheet

Appendix A

oleg

8|ge|leAE JOU BJEP = B'U 8}0N

aBuel sninpojy

Bd ;00 ~&d 0k

B'u abues ssauyns

Bu abuel eyjap ue|

''U uopnjosal juawade|dsig

’'U abuel uswaoe|dsig

G abuel aolo4

ZHO0Z ' 100 abues Aousnba.q
B'U £oeinooe ainjeladws |

2,009~ 0GL- sbuel ainjesadwa
YINa ajdiound Bunses|y

0019SNQ ¥v.1SX3

ABojouysajouep |IS

‘uoeoyloads [eoluLoa ||

SleliO
08Q-VO L snosueynuig
vo3
v3aa
(saL@spOOQ - [eWlou) YING | viNg
71a
(sauasQQ0g - @oueUINy s|geabueyoxs Yim) YINL |
‘(1un Buylooo opewoine [eucndo 'viNL Ayanisues YBIH) YINL | YINL
(seuasp00g - [ewlou) Y1a/vOL | (seBueyo ubiam [2as] Bl yum v 10/ L Snosuelnwis) Y.1ANOL | YOLOL
(sauaspQ0g - [ewlou) Dsq L (9sd Alagisuss YBIH) 9SA 2 2sa
v1d

$1onpold siskjeuy [ewa]

uoneLuIoU| JaypnS

-A5/2-

Diploma Thesis



Appendix B: Price calculation of different DMA instruments

Appendix B: Price calculation of different DMA instruments

Bl...ooooonnnnnn. Anton Paar Rheometer
B2 Mettler-Toledo DMA instrument
B3 .o, TA Instrument DMA equipment
B4....ovuen. Netzsch DMA instrument

B5. oo SlI/Seiko DMA instrument
B6...oovrrrnen. Perkin ElImer DMA instrument
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