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Global markets and related operational activities create ever-changing challenges. The
fluctuations of the global economy, in addition to customer demands, introduce dynamic
challenges that a company should be able to overcome effectively. In a project business
with long lead times, operational efficiency is essential while maintaining the ability to
be customer oriented.

The objective of the research work was to create an intelligent business co-evolution
framework based on scientific studies from systems theory, production theory and
information theory. The framework is based on a combination of theories, as the research
topic of this dissertation is not dominated by a single theory or discipline. The goal of the
case study was to demonstrate how a theory-based framework used to develop a real-life
operational business model into an updated and refined operating model brings significant
operational efficiencies at the enterprise level.

The study approached the problem through four research questions and aimed to verify
three propositions. As the research progressed, the need for three theories was identified.
The knowledge generated by these was tested over several years in a case study in a real
environment that provided answers to the questions identified.

As a result, the study found answers to the questions posed and verified the propositions
made. At the same time, a system model was concluded in which the business elements
work together in an integrated manner to form a streamlined operational entity.

The key contribution is that the intelligent business co-evolution framework has been
created according to scientific studies and by novel proof-of-concept case studies on
project business environment. The conceptual continuity has been fixed according to field
laboratory test runs and implemented in real practice. The second significant contribution
is the long-term development of the case study company's operational efficiency,
monitored by several indicators.

Keywords: co-evolution, business structures, operative business development, system
model, sustainable evolution
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1 Introduction

Since the early 20th century, developing different business models and production
systems has played an increasingly important role in globally industrialised countries.
The increasing understanding has widened the ideology of systems, production and
business models used to update existing models.

The global nature of modern business significantly complicates the operational business
model of companies. It is clear that there is no single original theory to manage the entire
business model, especially in a global multinational enterprise. Over time, old individual
theories have been developed, but a broader theoretical perspective is needed to develop
a firm's operational business model. Several key theories that can be applied have been
identified, widening perspectives and supporting the development process. These theories
have unique and common elements. Even these common elements can be viewed from
different perspectives based on the core of the underlying theory. The main theories
studied, which are not limited to these, are systems theory, production theory and
information theory.

These theories are introduced because of the specific areas on which they focus. Systems
theory is needed to manage the whole system rather than a single element or aspect.
Production theory is used to manage production and streamline Lean operations.
Information theory is needed to manage information when data masses are used across
all the individual elements of a business.

In business and management research, managers are unlikely to grant research permission
unless they see an organisational or personal advantage, making the research more
sensitive to the approach. Connecting stage holders with a wide range of knowledge
allows them to discover new insights that individual disciplines cannot achieve. Business
and management research needs to connect the worlds of theory and real practice
(Saunders et al., 2016).

The case study in a customer-oriented global project business investigated how the
development of the company's operational functions and new operating models have
influenced the company's performance by selected indicators. It was decided to develop
a system model where the business structures as elements work together in an integrated
way. At the same time, a functional overview of the continuous change management and
new business structures needed to make it work as a whole was created.

1.1 Research work motivation

The motivation arises from historical case study company problems. The case study
company operates in the global machine manufacturing project business and is a market
leader in many segments. Single machines and components are connected, creating large
operating lines that produce high-quality products. Global economic changes escalate
problems in business. The company’s backyards were full of material waste, which were
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undelivered and unpaid customers' products worth 15-20 million euros. This resulted in
financial problems and ownership changes. Figure 1 shows the historical change in
revenue and operating margin. In 2010 the operating margin went way below zero,
generating a clear motivation for improvements.

mm Revenue [ Likevaihto (Me) —g— Operating margin % (Likevoitto % likevaihdosta)

Figure 1: Trend view of changes in revenue M€ (blue area) and operating margin % (red
line).

Further motivation for research work arises from studying how carefully selected system
models, production methods and concepts are implemented in real field cases in the global
project-oriented business environment. The tools used have differed according to need.
Some changes have generated new changes and measuring metrics following these. The
real work has been mirrored by measured indicators, justifying new changes. The findings
have resulted directly in new changes or in the review and revision of previous changes.
Based on the nature of the case study project business and total delivery time from
quotation into production on the customers' premises resulting from the indicated changes
takes a long time. Typically, delivery time from project start to delivery of the products
is 6-8 months. Including shipping and transportation to the customer, it easily takes over
a year. After installation and commissioning, the answer or result of a successful or
unsuccessful project can take at least a year and a half to two years.

It is like turning a large ship if you describe how problematic monitoring and making
changes are. First, changes are small indications, and the results come in from far away
when the ship starts to turn. You have to rely partly on indicators created for the upcoming
future.
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1.2 Research work objectives

The objective of the research work was to create an intelligent business co-evolution
framework based on scientific studies from systems theory, production theory and
information theory. The framework is based on a combination of theories, as the research
topic of this dissertation is not dominated by a single theory or discipline.

The case study goal of the research work was to demonstrate how a theory-based
framework used in a real-life operative business model evolves into an updated and
developed operating model that brings significant company-level operational efficiency.
One of the key targets was to take into account customer expectations and fulfil quality
requirements while managing to create standard and customer-specific products cost-
efficiently in a modern global networked operating environment.

1.3 Research questions and propositions

The problem of seeking improvement in business productivity and profitability in a global
customer-driven project business environment raised the following research questions:

Q1. How to manage the business transition from project to product and to life cycle
business?

Q2. What are the essential changing business structures and elements?
Q3. How to measure the change and development of business structures and elements?
Q4. What is the integrated system model to manage the changing business?

After a long field study, the research questions raised made visible the following research
propositions:

P1. Business transition requires development of business structures in specific order.
P2. Business transition requires co-operatively defined measuring system.
P3. Integration of business structures in changing business needs system model.

Introduced research questions and propositions are from the centre of the research
configuration shown in Figure 2.
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1 Introduction

Thesis: Operative business development through system model P = Research proposition
and changing business structures Q = Research question

s

Q1. How to manage
the business transition from
project to product and to
life cycle business?

Q2. What are the essential
changing business
structures and elements?

Q3. How to measure the
change and development
of business structures
and elements?

Q4. What is the Integrated
system model to manage the
changing business?

P1. Business transition requires P2. Business transition requires P3. Integration of business

development of business co-operatively defined structures in changing business
structures in specific order? measuring system? needs system model?

Framework of Business Co-Evolution by
new business structures and system model

Proofs, Results, Discussion and Future Research Proposition

Figure 2: Installation of the research questions and propositions.
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2 Theoretical framework

This dissertation has focused on business co-evolution by new business structures and
related business model, which gave direction to analysing related theories. As there is no
single theory or discipline to master the research topic of this dissertation, several theories
have been identified as the framework's base. The theories are systems theory as co-
evolution, production theory as managing by operation and information theory as
managing by data. The setup of crossing theories is shown in Figure 3.

Figure 3: Setup of the theories and their perspective crossing zones.

2.1 Systems theory

System thinking, as a fifth discipline, is the one that looks for wholes. It concentrates on
discovering interrelationships and patterns of change rather than things and still pictures.
It is a discipline of seeing structures that underlie complex issues and distinguishes
significant high-leverage changes from low-leverage ones (Senge, 2006).

Systems thinking has existed for a long time but can be considered founded in optimism
before World War 11. The great innovations made in the 19" and early 20" centuries can
be considered responsible for today’s problems (Skyttner, 1998).

Separating and understanding the origin of regularities and their interaction is crucial to
understanding complex systems (Holland, 2000). A Complex adaptive system is a cluster
of parts interacting with each other’s and eventually creating System-wide patterns. There
are multiple perspectives on which every complex system is dependent. To consider
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different perspectives and understand patterns created by them, you need to understand
how people make meaning of their individual and shared realities (Eoyang & Holladay,
2013).

The balance point where systems somehow stay balanced between chaos and order is
usually called the edge of chaos. Where the components of the system are never grounded
(Waldrop, 1992)

In the system, dynamic complexity exists because systems typically are; 'constantly
changing, tightly coupled, governed by feedback, nonlinear, history-dependent, self-
organising, adaptive, characterised by trade-offs, counterintuitive and policy resistant'.
Complex systems generate more complexity, and cause and effect are often distant in
time and space. The delayed and distant consequences of our own actions are different
from and less salient than their proximate effects or are simply unknown. In the system,
the most complicated actions typically arise from interactions (feedback) between the
components of the system (Sterman, John D., 2000).

There are multiple levels of explanation given a systems perspective to complex
situations. At least the following levels of explanation can be recognised, starting with
the most common: event (reactive), the pattern of behaviour (responsive) and systemic
structure (generative). The last explanation, systemic structure, is the most powerful but
least apparent. It answers the second level by asking what generates patterns of behaviour
(Senge, 2006).

You can understand some issues by examining how major organisations, like engineering,
sales, project management and sourcing, interact. But to have a deeper understanding,
one needs to look for critical systemic force issues occurring within functional areas and
others caused by the industry dynamics. The interactions that must be examined to solve
the issue at hand, regardless of surrounding organisational boundaries, are called the key
principles ‘principles of the system boundary'. This is often difficult to practice since
organisations prevent people from detecting and visualising important interactions
(Senge, 2006).

Complexity can be found in different forms. Detail complexity is more easily recognised
and focused on rather than dynamic complexity. Dynamic complexity is related to
situations where cause and effect are substiles, and consequences are not obvious.
Traditional business analysis, planning and forecasting tools are not equipped to manage
and cover dynamic complexity. Understanding deeper and choosing dynamic complexity
instead of detail complexity is where the real leverage lies in most management situations
(Senge, 2006).

System thinking development is a learning process with two loops. The reductionist,
limited and static view is replaced by a holistic, broad and dynamic view, followed by
change and design policies and functions accordingly (Sterman, John, 2000).
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It is recognised that people in the same organisational structure are most likely to behave
similarly in complex systems. When to be efficient, system thinking and modelling
require an open mind; participants should recognise their limitations in view perspective
and defensive actions. Negative feedback means a self-correcting process, and positive
feedback means self-reinforcing (Sterman, 2000).

The organisation's core learning dilemma is that 'we learn best from experience, but we
never directly experience the consequences of many of our most important decisions'. As
Donella Meadows impressed: 'A truly profound and different insight is the way you begin
to see that the system causes its own behaviour' (Senge, 2006).

2.1.1  System approach

How to define a system? 'A system is a set of things people, cells, molecules or whatever
interconnected in such a way that they produce their own pattern of behaviour over time'.
To a large extent, a system generates its own behaviour. A system has the following
structure where three different interactively connected components are: elements,
interconnections and a function or purpose. The function or purpose can be considered
the least obvious part of the system and is the most critical determinant of the system's
behaviour. A living example of a system is an ice hockey team, where the elements of the
system are the players, coach, field and hockey. The rules of the game, game strategy
made by the coach, communication between players, and the laws of physics affecting
hockey, ice and the players are interconnections. The team's purpose is usually winning
the games, spending time and enjoying exercise or making money for the team (Meadows,
2008).

Systems can have subsystems built-in and different purposes structured in different layers
of the system. This makes it even harder to separate the systems' different functions and
purposes. Any of the subsystems' purposes can collide with the master system's purpose.
A key factor to a successful system is to keep the master system and subsystems in
harmony and focused on the same goal (Meadows, 2008).

The foundation of the systems is stocks; they are physical and nonphysical stored
elements. Elements which be seen, felt, counted or measured at any time. Generally,
changes in stocks set the rhythm of the dynamics of the system. Stocks can absorb inflows
and outflows, which are temporarily out of balance. Adjusting the stocks, lowering and
increasing is managed by the feedback processes. Feedback loops are balancing or
reinforcing. The balancing feedback loops are goal-oriented or stability-oriented as the
different reinforcing loops, which are snowballing, amplifying and self-multiplying
(Meadows 2008). Flows and stocks are essential elements in the dynamics of complex
systems (Sterman, John D., 2000).
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2.1.2  Industrial dynamics systems

An industrial system consists of six flows; the flow of money, orders, material, personnel
and capital equipment, which are integrated by an information network; the flow of
information. The information network is critical in giving the system its own dynamic
characteristics. 'An information-feedback system exists whenever the environment leads
to a decision that results in action which affects the environment and thereby influences
future decisions' (Forrester, 2013).

How to model an industrial system? First, you must identify the business case
organisation's problems and goals. The next step is to generate a model which shows the
interrelationships of the important factors in the case. This model will show results from
interactions between its component parts. These interactions are typically more crucial
than the separate component parts. Separate departments like engineering, manufacturing,
sales, finance etc., are too often displayed as separate skills, not as a part of a unified
system (Forrester, 2013).

In the industrial system development, Forrester described separate steps to follow in
enterprise design (Figure 4).

o The first thing is motivation, where there is a clear goal and open questions are to
be answered. The important problems are more rewarding to master but often take
no more effort than trivial ones.

e The second task is to describe the situation. The factors which are found behind
the answers must be visualised, described and connected. The result of the second
step should describe the exact factors and their interrelationships.

e The third step is the mathematical model. This model will provide information on
the mechanics of the interactions between the parts of the system.

e Simulation is the next step, which can be done in real life or cost efficiently by
computer.

e The fifth step is the interpretation of the results of the simulation. Questions to be
answered after simulation; Are the results as expected? If not, what is the reason?
New questions will arise after deeper analysis.

e The next phase is system revision, making improvements by redesigning the
system structures and policies. The results depend on the designer since this is a
process of invention and trial.

o The whole process should be reviewed and revised to repeat the experiment. This
should be done as needed to obtain an efficiency level where the design can be
used in real life.

Management science must look for improvement, not hang on to an optimum and
perfection (Forrester, 2013).
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Figure 4: Industrial system development steps.

During the model, the elaborating modelling team gathers information about the issues
by interviewing the organisation. Meetings between the core and modelling teams are
held where the model is critically reviewed and developed, starting from the early interim
phase towards a more sophisticated model (Sterman, John D., 2000).

Sterman wrote about his view on more extended principles for successfully utilising
system dynamics. These are the fundamental principles for the successful development
and execution of the system dynamics model:

1.
2.
3.

o

Develop a model to solve a particular problem, not to model the system.
Modelling should be integrated into a project from the beginning.

Be sceptical about the value of modelling and force the ‘why do we need it'
discussion at the start of a project.

System dynamics do not stand alone. Use other tools and methods as appropriate.
Focus on implementation from the start of the project.

Modelling works best as an iterative process of joint inquiry between the client
and the consultant.
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7. Avoid black box modelling.

8. Validation is a continuous process of testing and building confidence in the model.

9. Get a preliminary model working as soon as possible. Add detail only as
necessary.

10. A board model boundary is more important than a great deal of detail.

11. Use expert modellers, not novices.

12. Implementation does not end with a single project.

System thinking teaches by the principle of leverage that the most obvious solutions to a
problem do not work. It may give short-term results in the best case, but in the long run,
it makes things worse. System thinking demonstrates that minor well-focused
improvements can have significant results. And the biggest results are often found in the
least obvious direction. These high-leverage changes are hidden and nonobvious to most
of the system participants. The most obvious symptoms are more attractive to choose
from than symptoms of high-leverage changes, which are deeply hidden in the system
(Senge, 2006).

The concept of hybrid innovation has been introduced in synergy management, consisting
of a business space with three axes: business innovation, customer innovation and life
cycle innovation. Integrating the concept of hybrid innovation into the life cycle concept
and using the management architecture as a reference model for the available service,
product and knowledge structures provides an effective system architecture for the
synergy management framework of hybrid innovation in the transition phase of the
business life cycle. The architecture of complexity and the mapping of interactions
between different domains are essential elements of the framework. Figure 5 shows the
Dynamic System of Hybrid Innovation (Salminen, 2009).
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,r/ 1 Re-Engineering
|- Disintegration of Product and Service into
Smallest Elements and their Dependencies
- Learning and Imitation
- Elements are compared with each others and
missing parts, grey areas, are, detected
- Perception Models, black box, are been
created of both domains
- Platform is determined

-

3 Exploitation of Innovation Cycle

- Perception Models learn, interpret and give
back information into elements

- Specify Competence Needs

- Create Turbulence

- Development Schemes adapt

- System Dynamics

2 Product / Service Platforms

- Learning based on Re-Engineering phase

- Grey areas in each of the domains are
mirrored with each others

- Perception Model is been created

- Interrelationship determined

Figure 5: The Dynamic System of Hybrid Innovation (Salminen, 2009).

2.13

System of mass customisation

In the systems model of mass production, the interaction between manufacturer and
consumer has a feedback loop, which creates and reinforces standard products, mass
production techniques and large homogenous markets. In mass production, the ultimate
goal is to provide standard goods and services at prices affordable to nearly everyone.
This is the opposite of mass customisation, where the goal is to provide products and
services in a manner where options and customisation for nearly everyone's demands can
be satisfied. Pine proposed five fundamental steps in mass customising products and

services:

e Customised services are provided on top of standard products made by

marketing and delivery.

e Provide products and services embedded and customisable by the end customer.
o Point of delivery customisation where there is a limited time frame for

customisation during the sales phase.
o Enable quick response; products and services are delivered in a short delivery

time.

e Modularise standard components to configure various customised end products

and services.
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Mass customisation, compared to mass production, creates a new logic in the dynamic
system model. The new dynamic system feedback loop of mass customisation reverses
the old mass production one. Figure 6 presents a mass customisation feedback loop (Pine,

1999).

Process technology Product technology

CR> > fNemeduds: - CRD

NN

1.\

Mass Short product
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Figure 6: Mass customisation reinforcing (R) dynamic system feedback loop (Pine,
1999).

From the perspective of mass customisation to keep a company successful in the present
and the future, four different parallel activities are recommended. The first is the mass
customisation process, based on pre-engineered products, where you can produce
customer-tailored products almost immediately. Second is incremental platform
innovation based on the customer’s needs. Third is follow-on platform development to
obtain continual technological improvements and increase the value provided to
customers. The fourth one is to acquire latent customer information for breakthrough
innovation research in the field of new business with new products and services (Pine,

1999).
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2.2 Production theory

Historically, advanced approaches to streamlining production have been noted, such as
ship hulls equipped in the 15th century as an assembly line. Early high-volume production
or mass production can be found in industry segments like automotive, guns, clocks,
sewing machines, grain harvesters and bicycles, which drove the development of
production theory. The automotive-related industry has played a significant role in
developing production theory among other industry segments.

2.2.1 Evolution of different production models

History has shown different approaches to improve productivity in companies’ way of
doing their business. Many years of studies, innovations, implementations, corrections
and readjustments have evolved the efficiency approach to working models. The essence
of business or production models, which was stated brilliantly almost three decades ago,
can be described as eliminating waste. In the big picture, waste exists in different forms,
as concreate and abstractive in companies’ business models. The employees have been at
the centre of these ideologies, their learning and continuously improving culture.

In the early 1900s, the Ford production methods were adopted by many manufacturers
like Morris, Austin, Renault, Citroen, Fiat, Opel and Volkswagen (Wilkins & Hill, 2011).

Ford's first car was road tested on June 4, 1896, which was the beginning of the new era.
After Henry Ford was made adjustments and had learned plenty from it, it was sold. This
was the first used car sale made in the U.S. The second car was finished by 1898, which
was improved from the first one. The first U.S. driver’s license was issued to Henry Ford
by the mayor of Detroit (Curcio, 2013).

After the huge success of the Model T, Ford and his employees began to experiment with
assembly line production in 1908. The very first line was improvised and rope-operated.
In earlier history, pyramids were produced, and ship hulls were equipped in the 15"
century in an assembly line manner. Ford production's first assembly line was the
flywheel magneto's subassembly in 1913. During one year, the line efficiency was
improved from 20 minutes to 5 minutes, and workers decreased from 29 to 14 (Curcio,
2013).

Typical Ford mass production features used at that time were interchangeable parts, an
in-house press process and a moving assembly line. At the same time, production models
in high-volume manufacturing (mass production) can be found in segments other than the
automotive industry, like guns, clocks, sewing machines, wagons, grain harvesters and
bicycles (Non-Indexed Pages #2.1985).

Ford was an example of the successful mass production of cars and shared production
knowledge willingly or unwillingly. The production of cars and trucks in U.S. plants in
1903 was 1,708. In Canada in 1905, 117 vehicles were produced. Ford's different
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production facilities located in Europe began in 1912. It started in England, where they
produced 3,178 cars compared to at the same time, in U.S. plants 170,068 cars and Canada
11,584 cars. In 1931 production began in Germany, and after a few years, in 1935, new
production started in France. The number of cars and trucks produced in 1935 was quite
significant. In the U.S., 1,120,606 were assembled; in England, 66,605; in France, 9,692;
in Germany, 12,768 and in Canada, 80,172 (Wilkins & Hill, 2011).

Ford had its own rubber plantation in the Amazon to ensure the availability of rubber for
tyre production, which the company sold to the Brazilian government in 1945. Ford was
even urged to participate in the developing Chinese economy by Sun Yat-sen in 1924
(Wilkins & Hill, 2011).

Woollard was educated at the City of London School and Brick College. After college,
he took an apprenticeship with the London and South Western Railway. There he gained
practical knowledge of flow production. He was also involved in the development of the
Clarkson steam-powered omnibus. After getting more experience in car design as a
leading draughtsman (Weigel Motors), in 1910, he became chief draughtsman. In 1918
he was promoted to chief engineer and assistant managing director. He experimented with
flow production during the war to manufacture axles and gearboxes. As the general
manager of Morris Motors Engines Branch, he pioneered flow production and production
automation during the 1920s (Church, 1996). From 1924-1925 Woollard published
several papers presenting the details of Morris Motor’s flow production methods
(Emiliani & Seymour, 2011).

Mr Woollard described in 1925 in his theory of continuous flow production that the target
was not mass production; instead, it was the endeavour to secure continuous flow 'so that
a relatively small factory may meet the greater overseas plants'. Mass production should
be outdated by continuous flow production. Continuous production is not a new invention
itself. Different industries (food, newspaper, textile and others) have been practising for
many years (Woollard, 1954).

Shinga has significantly influenced different businesses' productivity. The first record of
him working on flow production was when he implemented it in 1943 at Amano
Manufacturing for torpedo mechanisms and reached a 100% improvement in
productivity. Between 1948 and 1954, he held production technology courses in Japanese
companies. In 1945 after having taught courses at Toyota, he was hired as the first
consultant to Toyota. He widely taught improvement training at Toyota and to its
suppliers' employees (Shingo Shigeo & Liker Jeffrey, 2007).

Shingo describes the basics of production as the absolute elimination of waste by
improving the four elements of the process: processing, transport, inspection and delay.
Of them, the only value-adding one is processing; the remaining three are non-value-
adding waste. These three should be eliminated as much as possible (Shingo, 1988).
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While making the business turn around at Danaher in the mid-1980s, Art Byrne and
George Koenigsaecker called the business development a ‘just-in-time' or Toyota
production system; this was before the term Lean was invented (Byrne & Womack, 2013).

Researcher John Krafcik coined Lean during the International Motor Vehicle Program
(IMVP). Because the system uses less of everything compared to traditional mass
production, it was called Lean production. There is a striking difference between mass
production and lean production's fundamental goals. Mass production aims for a decent
goal, 'good enough', compared to lean production, which aims for perfection (Womack
James et al., 1990).

In the book The Machine that changed the world, Jones, Roos, and Womack stated the
five essential elements of a lean business system. These elements are designing the
product, supply chain coordination, dealing with the customers, producing the product
from order to delivery and managing the combined enterprise. These five elements must
combine in a mutually supporting way to succeed in business (Womack James et al.,
1990).

The book review stated in 1989 that the Toyota production system empowers its workers
by using them as an autonomic nervous system. In the Toyota production plan, the idea
of automatic nerve means lowering bureaucracy and making judgement-based decisions
at the lowest possible level. The Toyota production system provides keys to transcend the
traditional business limits in different areas 'Managers of finance, marketing, human
resources, production and accounting will find it directly relevant to their areas of interest'
(Starr, 1989).

Multinational companies develop company-specific production systems. These systems
can be called ‘company name' Production Systems as XPS. Multinational companies are
consolidating their local improvement programs into a whole enterprise-wide production
system. As a good example, Toyota shows its case of the TPS way of durable competitive
advantage. The value of company-specific production systems XPS competitive
advantage can be evaluated in the VRIO model. 'The VRIO model explains that sustained
competitive advantage can only be gained from resources that are Valuable (V), Rare (R)
and Inimitable (1) and Organisationally (O) exploitable resources'.

The VRIO model analysis of the TPS durable competitive advantage shows that XPS can
be the source of durable competitive advantage. Similarly, the Volvo Production System
(VPS) can be evaluated. VVolvo was a Western pioneer in lean production (Netland &
Aspelund, 2013). Figure 7 shows the pyramid production system applied by Volvo.
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S

Source: Volvo AB

Figure 7: The Volvo Production System Pyramid (Netland & Sanchez, 2014).

Shingd studied the Volvo method in the 1960s and visited VVolvo plants several times. He
noted the human aspect of work is understood differently by Volvo. The Volvo method
tolerated both worker character types, the ones who are indolent by nature (type X) and
the ones who are hardworking (type Y). Changing the characteristics of human nature
from X to Y cannot be done quickly. The Volvo production system tolerated inventory
'inventory is a necessary evil' (Shingo, 1988).

Sociotechnical systems theory was used at Volvo Cars to attempt to break Taylorism in
their Kalmar and Uddevalla factories. They combined efficiency and worker well-being.
It became visible that a superior overall system needs the most suitable elements from
Lean Production (LP) and Sociotechnical Systems Theory (STS) as a hybrid model. The
workers' well-being has been in focus throughout the history of STS. Considering the
work organisation's design, workers' natural motivation can be increased. ‘Integrated
work organisation' where production teams can master diverse tasks following STS
principles of multifunctionality. Tasks are connected to production flow and previous
indirect functions such as quality, control, maintenance and planning. Implementing lean
practices and integrated work organisation together can achieve better productivity than
just implementing a lean production model. In the early stages of STS, responsible
autonomy was a goal, which generated inventory buffers to protect production. Using
integrated work organisations with essential lean methods such as inventory reduction,
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just-in-time production and a pull system instead of a push system brings positive benefits
(Dabhilkar & Ahlstrom, 2013).

The Volvo business units have the freedom to choose whether or not to implement VPS,
a continuum of Volvo’s decentralised historical strategy. A central goal seen in Volvo’s
system is to create a learning organisation with greater change-tact time than the
competitors. In global industries, the growth and importance of company-specific
production systems (XPS) are indisputable (Netland & Aspelund, 2013).

World Class Manufacturing is another approach to productivity and efficiency originally
presented by Hays and Wheelwright in 1984. Later, Schonberger reinterpreted the
ideology and presented a new World-Class Manufacturing (WCM) model in 1986. Fiat
officially introduced its WCM model in 2006. As in lean production, one of the famous
books is The Machine that Changed the World (Womack James et al., 1990) Similarly,
for WCM, the book World Class Manufacturing — The lesson of simplicity Applied by
Schonberger (Chiarini & Vagnoni, 2015).

Agile manufacturing (AM) is a 21st-century approach to the manufacturing efficiency
model. Different eras of industries and production models can be identified, from the craft
industry to mass production to lean manufacturing and now agile manufacturing. The
agile concept is a flexible and quick response focused on the customer and customer-
designed products. New tools provided by information technology, such as concurrent
engineering, virtual manufacturing and information infrastructure, are deployed in agile
manufacturing (Gunasekaran, 2001).

The term for the concept of agile manufacturing was coined in 1991 by a team of
researchers at the lacocca Institute, Lehigh university. Agile manufacturing models do
not negate earlier manufacturing paradigms. They are more likely synthesising from there
to create a new 21st-century approach (Yusuf et al., 1999).

2.2.2  Waste elimination

In the TPS system, Ohno defined that the most vital objective to increasing efficiency is
to eliminate waste consistently and thoroughly. Thorough waste elimination has been the
starting concept of the Toyota Production System (Ohno, 1988).

Taylor’s view of waste, The Principles of Scientific Management (Taylor, 1911), in
production was the difference between optimal production in the theoretically best way
identified and managed by scientific management compared to the current production
level. Similarly, Henry Ford also understood that waste is a loss of production potential
(Koskela et al., 2012).

Shingd noted that there is nothing wrong with the saying 'eliminate waste'; instead, he
proposed an improvement, ‘find waste', which serves more the idea of solving specific
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problems and continuous improvement. He stated, 'There are many examples of waste in
workplaces, but not all waste is obvious. It often appears in the guise of useful work. We
must see beneath the surface and grasp the essence' (Shingo, 1988).

The concept of waste has been scientifically used for two centuries. The use of waste
ideology has continued through different eras. First, it emerged in the 19" century
flourished almost totally vanished in the second quarter of the 20" century and saw its
revival through lean vocabulary. Over time, the definition of waste has evolved lately to
being connected to sustainable values (Koskela et al., 2012). In the World-Class
Manufacturing ideology (WCM), Schonberger pointed out the point that: ‘accounting
time must be spent keeping track of and categorising the contributors to waste and delay’
(Chiarini & Vagnoni, 2015; Schonberger, 1996).

2.2.3  Flow production

Woollard understood and had a vision that the production flow starts from the sales
department and continues throughout the organisation (Woollard, 1954, p.104). He
described the early principles of flow and continuous production in his article Some notes
on British methods of continuous production in 1925 (Woollard, 1954).

The ideology of flow production and production levelling has been mentioned in the TPS
production system by Ohno. Shingo stated the importance of flow production and
deepened it, defining the flow curve with the statistical approach (Shinga, 1988).

Woollard was already working with flow production issues in the mid-1920s that were
later characteristics of the TPS system: work cells, part families, standardised work, just-
in-time, supermarkets, automation (jidoka), takt/cycle time, quick change over, multi-
skilled workers, arranging layouts and equipment in the phase in which value is added.
One of his principles states: 'The production system must benefit everyone; consumer,
workers and owners' (Emiliani & Seymour, 2011).

Lord Nuffield (William R. Morris) established technology transfer into Australia at the
end of World War Il and created a factory for Morris Minor and Oxford cars. The factory
opened in March 1950, with flexible manufacturing techniques, including just-in-time
supply principles. The manufacturing concept included modern storage and retrieval
techniques. A group of UK Longbridge engineers moved to Australia to support
technology transfer (National Committee on Engineering Heritage, 1999).

Henry Maudslay was an early machine-tool manufacturer and one father and improver of
the screw-cutting lathe in the early 1800s. Before the invention, screws were made
essentially by hand. The lathe made possible the standardisation of screws, nuts and bolts
vital to parts interchangeability (Gordon, 2015). Screwed bolts were perhaps invented as
early as 400 BC by Archytas of Tarentum. But it took several hundred years to get them
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under mass standardisation and agree on standards with uniform thread sizes (Kelleher,
2002). The standardisation of these basic elements was needed before large volume usage
and further development of productivity in production.

The first time Toyota requested Ohno to prepare standard work methods for textile work
was in the late 1930s. Since then, the map of proper working procedures has shown its
importance in production. The standard worksheet should clearly list these elements:
cycle time, work sequence and standard inventory. Later it proved to be the origin of his
plant-first principle (Ohno, 1988).

In the production system, the use of standardisation or the opposite as divergence depends
on companies' general policy shaped by sales, reported Woollard. He also noted that
regularisation better describes standardisation in production ideology (Woollard, 1954).

A measurable base for improvements is created when creating a standard way of doing
any value-adding job or work simultaneously. By clearly defining how work proceeds,
time, material tools, and the methods to be used, the base for the first work reference
standard is done where improvements can be compared and evaluated. Fixing variables
of working also gives more consistent quality and productivity (Byrne & Womack, 2013).

In the flow process, just-in-time production is described as follows by Ohno on the TPS,
'the right parts needed in assembly reach the assembly line at the time they are needed
and only in the amount needed'. This describes the basic idea of the just-in-time process.
If operated accordingly, there would not be a need for inventories. The real world has
shown it is not always possible to work without inventories; common sense is also needed
(Ohno, 1988).

W. Edgar Deming held quality and productivity seminars in Japan and taught that in the
business system, it is everyone’s task in the organisation to meet customers’ requirements.
The concept of fulfilling customers' needs is broadened to include internal and external
customers. The origin of Deming’s principle was that the next process is the previous
customer. This gives significant expression in just-in-time production with a pull system,
'the preceding process must always do what the subsequent process says' (Liker, 2004).

The just-in-time process practically removes all inventories and clears the transparent
image of production. The whole system stops when a simple part is missing or of bad
quality. According to Ohno's view, this is the power of just-in-time production. It will
remove all inventories and safety reservations and focus on lurking problems in the
previous production process before they threaten to stop production (Womack James et
al., 1990).

In the pull type, production productive actions are based on orders received. These orders
are firm orders emerging on actual need. This is fundamentally different from push-type
production, where the fundamental premise for actions is speculative need. Products are
pushed through production from the source (Shingo, 1988).
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This production model has an ideal state when everything is made as ordered and there is
no excess inventory. If the downstream process has no demand, the upstream process
stops producing. This prevents the build-up of unwanted inventory (Work In Process)
between processes (Stoller, 2015).

The implementation of the pull system is complex compared to the principles of the
simple idea. Companies often start their lean journey by implementing the pull system
instead of establishing one-piece flow, standard work and working operations with the
takt time first. In the lean business, the pull system can be seen as a fundamental concept
and should be kept in mind when creating a lean business (Byrne & Womack, 2013).

The roots of Kanban go back to 1953 when the first Kanban was applied in Toyota’s
machine shop. Ohno got the idea for the name Kanban from U.S. supermarket pull
systems. The basic idea is that the later process indicates a need for the goods, and the
earlier process gets input to produce goods just consumed by the later process. Kanban is
the operating method of the Toyota Production System. It is the method of carrying
information vertically and horizontally within Toyota (Ohno, 1988).

Kanban means 'tag' or 'ticket' and controls and coordinates the production. The major
problem with the Kanban system is that Kanban get lost. This method of controlling
production requires short setup times, small lots and short lead times from suppliers. The
Kanban is an autonomic nervous system of production control that functions with
minimal inventory (Shingd, 1988).

This Kanban system can be seen as a car fuelling process in everyday life. When the fuel
level gets low in the gas tank, you get an alarm indicator, and after that, you fuel your car.
Normally you do not fuel a car with an almost full gas tank. You keep minimum inventory
when filling the gas tank as late as possible (Liker, 2004).

2.2.4  Continuous improvement

The improvement should never end, Ohno claimed in the TPS system. The essential
continuous improvement area should be the timeline from when the customer places the
order to the point we collect the cash. Improvements are to focus on reducing the timeline
by removing non-value-added wastes (Ohno, 1988).

The improvement can be incremental or radical. Companies should adopt an authentic
culture of continuous improvement. Japanese adopt a systematic approach to continuous
improvement. The Deming Circle or Plan-Do-Check-Act is a cornerstone of the
continuous improvement of the Japanese ideology called Kaizen. It is the process of
making systematically incremental improvements (Liker, 2004).
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Shingo proposed six improvement principles, which were found to be efficient during his
time for making improvements. Attitude, Division of labour, Mechanisation,
Motorisation, Synchronisation and Standardisation. Standardisation is defined into four
subtitles; materials, parts, products and machines, dies and tools. Standardisation is an
effective way of improving productivity (Shingo, 1988).

Ohno noted, 'without standards, there can be no Kaizen'. The work process and the
management process need to be standardised. Before standardising work or every step in
the process, you cannot hope to improve it. When you have a standardised way of
working, you can determine what aspects of the process are currently causing the
problem. After a clear picture of a better process can be seen. Then the implementation
plan can develop, measure the results and adjust the process accordingly, which is the
PCDA process (Womack James et al., 1990).

The evolution of PCDA started in the early 1920s. At Bell Laboratories, Walther
Shewhart invented the early-stage concept of control charts. W. Edwards Deming revised
the Shewhart process control cycle and created a plan-do-check-act cycle. It aimed to
reduce variation between desired and delivered performance. The 1SO9001 quality
management standard recognises the PDCA model as managing processes and creating
process-oriented thinking (Gupta, 2006).

2.2.5 Value stream and current state analysis

Value streams are surrounded by different organisational functions. Each function has its
own responsibility to create value for customers. The problem is if each function is blindly
looking at its tasks and nobody is responsible for the whole value stream (Liker, 2004).

The value stream and process can improve remarkably if the process is analysed from the
customers' perspective and proceeds with different identified steps. Recognised steps are
to draw a current state map where different waste is identified, then define the future
process flow by making a future state map, create an implementation plan, visually
measure progress and focus on continuous improvement of the changed map and process
(Liker, 2004).

2.2.6  Company-level improvement

Company-level improvement has been studied and identified five useful steps that lean
companies have taken (Womack & Jones, 1996) Direct quote:

1. Define value precisely from the end customer's perspective in terms of a specific
product with specific capabilities offered at a specific price and time.

2. ldentify each product or family's entire value stream and eliminate waste.

Make the remaining value-creating steps flow.

4. Design and provide what the customer wants only when the customer wants it.

w
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5. Pursue perfection.

The method of developing organisational processes and flow of work suggested by Liker
(Liker, 2004) has been recognised during the study.

Identify different customers (internal and external) in the process.

Recognise and understand both repetitive and unique processes.

Map the flow to define value-added and non-value-added issues.

Create a future-state value stream map with process improvements according to
lean tools.

5. Implement improvements and use the PDCA cycle to continue development.

PR

Significant improvement in company-level performance has been recorded during
companies' work with lean ideology, Table 1.

Table 1: Porsche study (Womack & Jones, 2003).

Porche's Lean Transition - Key Results 1991 1957
Production Cycle Time - Welding to Finished Car 6 weeks 3 days
Inventories - Avg. days stock per part 17 days 3 days
Effort - Assembly hours per car 120 hours 45 hours
Quality (Defects per million for bought parts) 10000 100
Quality (Defects per car post-assembly) 100 25
Concept to Mew Model Launch 7years  3years

2.3 Information Theory

Industrial revolutions are recognised as four revolutions. The first was in the 18" century,
the transition from muscle power into mechanical production with water and steam
power. The second revolution was in the 19" and 20" centuries during the era of mass
production and electricity. The third revolution started in the 1960s from computing
through personal computing into the internet era in the 1990s. The fourth revolution is
where increased cognitive power is accelerating human production. It is about
fundamentally changing the culture of living, working and relating to others (Schwab,
2016).

The Fourth Industrial Revolution is the engaged use of cyber-physical systems in
industries, particularly manufacturing sectors (Schwab, 2016; Xu et al., 2018).
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Cyber-physical systems are the incorporation of computation and physical processes.
Built-in computers and networks monitor and control physical processes through
feedback loops. There are interactions in both directions between computing and physical
processes (E. A. Lee, 2008).

Ath
= Artificial
3rd intelligence
*Semiconductors = Cyber-physical
= Computer systems
2nd « Intermet

= Mass production
= Electricity

1st
= Steam engine

= Mechanical
production

Figure 8: Phases of the Industrial Revolution (Schwab, 2016).

2.3.1 Continuous integration of data

Inside the large frame of the Fourth Industrial Revolution is an essential component of
Industry 4.0, which emerged as an initiative in Germany early 2010s, concentrating on
the application of digital technologies to manufacturing. Industry 4.0 focuses on the
relationship between digitalization, organizational change and productivity improvement
in manufacturing and production systems (Philbeck & Davis, 2019).

Germany Trade and Invest describes Industry 4.0 as referring to 'the intelligent
networking of machines and processes for the industry with the help of information and
communication technology'. Industry 4.0 started as a national strategic initiative by the
German government's Ministry of Education and Research. Industry 4.0 was established
in 2011. Four major sectors are recognised within industry 4.0, the Automotive and
Lightweight Technologies Sector, ICT and Software Sector, Machine and Equipment
Sector and the Microelectronics Sector (GTAI, 2018).
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Applications from different disciplines, such as cyber-physical systems (CPS), Internet
of Things (loT), cloud computing, industrial integration, enterprise architecture, service-
oriented architecture (SOA), business process management (BPM), industrial
information integration, among others, are giving rise to the emergence of Industry 4.0,
which is also known as smart manufacturing and cognitive manufacturing (Xu et al.,
2018).

The development and progress of Industry 4.0 is creating a growing demand for a skilled
workforce through the intelligent networking of machines and materials, automated work
processes and innovative software solutions in the Internet of Things (GTAI, 2018).

Industry 4.0 is used as business architecture in supporting business-based ecosystem
development. The business ecosystems are dynamic networks of entities where
participants create value by communicating with each other (Ruohomaa & Salminen,
2019).

2.3.2  Industrial maturity levels

The use of Industry 4.0 data allows different levels of maturity to be identified. The
starting point is usable and correct data. Relevant information should be usable and visible
in real-time to all necessary internal and external stakeholders. With the foundation in
place and reliable and consistent information, more advanced levels of the Industry 4.0
development process can be achieved.

At an early stage, production can be described as using computers, but these are not
connected to each other on a network. In the most advanced stage, the system operates
autonomously, making decisions and optimising operations independently. Figure 9
shows different maturity levels (Schuh et al., 2020).
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Almost every object can gather and transmit information through embedded technology
in the 'Internet of Things' (loT). Increased connection of operations technology to
information technology (IT) makes available new and unprecedented collaboration across
the enterprise, which is able to link processes and facilities to suppliers and customers in
new and value-adding ways. Securing data and infrastructure set new challenges in these
connections (Rockwell Automation, 2014).

In Enterprise Resource Planning (ERP) systems, data quality is an essential requirement
for the proper function of the whole system. Data quality has several definitions,
commonly referred to as accuracy, usefulness and timelessness. The business data quality
should consider three phases when inputting data, processing data and output. The real
data usefulness will only be known once the effects of a decision based on this
information are known (Hernes et al., 2020).

Companies with large worldwide operations can suffer impacts of poor data quality
resulting in customer and employee dissatisfaction, problems with reputation and
additional costs (Glowalla & Sunyaev, 2014).

Defects and improperly captured data can have several root causes, which are invisible to
the operator using the data. ERP data integrates and supports various corporate data-
related activities like engineering, manufacturing, sales, purchasing, production, finance,
accounting, personal management and implementing advanced business processes (Lee
et al., 2010).

Challenges are to master products according to the paradigm of mass customisation where
the goal is developing, marketing, producing and delivering cost-efficient way products
and services with enough options, variations and customisation that nearly every
customer finds precisely what they want. The more efficiently a company satisfies
individual customer requests and needs, the greater the sales (Pine, 1999).

Toyota has continued improving kaizen using artificial intelligence (Al) and a computer
vision platform provided by Toyota's partner Invisible Al. The target for this partnership
is to support continuous improvement in safety, quality and operational efficiency leading
to an unsupervised computer vision system that learns continuously and, based on that,
provides business value (Invisible Al Partners with Toyota to Install Ground-breaking
Computer Vision Platform Across North America. 2022).
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3 Methods

Based on the scientific study of different theories, a business co-evolution framework was
created, implemented, tested, and further developed into a proof-of-concept made on an
actual case study in a modern customer-driven business environment. The case study has
proceeded on the company level focusing on the operating model-related development
with daily business life. The long-time findings and progress have had many effects, both
radically and incrementally. The research was carried out in the running years 2012—-2016.
Almost all organisational levels and functions contributed and worked during that time.
Long-time information and data were collected through development meetings with many
iteration rounds, department meetings, management meetings, management reports,
financial reports and the ERP system.

The ethical and ideological goal was to have a neutral organisational view and look out
for the best interests of the personnel and company as a whole rather than looking out for
the interests of one department or person.

3.1 Research approach and process

The research process is based on business and management research process since the
study is closely connected to the evolution of operative business models in a customer-
driven project business environment. Methods under different theories and production
philosophies have been utilised. Applied theories include systems theory as co-evolution,
production theory as managing by operation and information theory as managing by data.

Figure 10 illustrates a schematic view of the research process by Saunders (Saunders et
al., 2016). The process is guided by separate stages, which are shown as a straightforward
process. In a real-life case, research stages are overlapped and are generally revised in
several ways.
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Forward |  SUDmMIt your project report | ------ » Reflection
planning And revision

Figure 10: Business and management research process (Saunders et al., 2016).

As the research process suggested, the research topic was defined, and the research
questions were designed and formulated. These questions are described in the
introduction.

The more profound process of formulating research design can be approached through
the research onion presented by Saunders in understanding research philosophy and



3.2 Research design and implementation 41

approaches to theory development (Saunders et al., 2019). It visualises the choice of data-
collecting techniques and analysis methods the research onion is shown in Figure 11.
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Figure 11: Research onion (Saunders et al., 2019).

3.2 Research design and implementation

There are elements of different philosophies in the study. It cannot solely claim that the
philosophical approach is either Positivism or Pragmatism. More likely, the ideology is a
combination of these two. In the suggested 'Heightening your Awareness of your
Research Philosophy (HARP)' test, the highest scores were achieved by Pragmatism, and
the second was Positivism in evaluating this research. 'Pragmatists recognise that there
are many different ways of interpreting the world and undertaking research, that no single
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point of view can ever give the entire picture and that there may be multiple realities'
(Saunders et al., 2019).

Theory development status in research is the next phase in the research onion. There are
three approaches to theory development: Deductive, Inductive and Abductive. In the
deductive approach, the aim is to use data to test the theory. In the inductive approach,
the focus is on using data to develop a theory. The last one is abductive, where the
approach is that inductive interferences are developed, and deductive interferences are
tested iteratively throughout the research. This abductive approach was applied to this
research.

In this study, different methods are utilised in mixed order depending on the phase of the
research study. The methodological choices used are illustrated in Figure 12.

‘ Methodological choice |

——————————————————— Multiple methods

I
I
i
Quantitative | N Qualitative

L et >
study study ---- Mixed methods

‘I' A J

Multlnjletr_wd Multlr_net_hod Mixed methods Mixed methods
quantitative qualitative imol I
study study (simple) [complex)

Figure 12: Methodological choices used in research (mod. from Saunders et al., 2019).

In the study, quantitative and qualitative methods were applied during the research
process. The numeric data was output from the ERP system and applied management
reports. Non-numeric data was recorded in development meetings and transferred into
process map revisions. The following results are a combination of applied mixed
methods.

A principally qualitative research design was applied, and strategies according to these
were applied. Elements of the following primary strategies were identified and applied:
action research, case study and grounded theory. The following the strategy process
descriptions are defined by Saunders, direct quotes from Saunders (Saunders et al., 2016).

e Action research is an emergent and iterative process of inquiry that is designed to
develop solutions to real organisational problems through a participative and
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collaborative approach, which uses different forms of knowledge, and the
organisation beyond the research project.

o Case study strategy has the capacity to generate insights from intensive and in-
depth research into the study of a phenomenon in its real-life context, leading to
rich, empirical descriptions and the development of theory.

e Grounded theory is a process for analysing, interpreting and explaining the
meanings of social actors' conduct to make sense of their everyday experiences in
specific situations.

The time horizon was set into the perspective diary of longitudinal studies, focusing on
study change and development. Figure 13 shows the research design in this study,
highlighted with red ovals in the research onion.
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Figure 13: The research design positioned in the research onion (mod. from Saunders et
al., 2019).
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4 Results

The background to the case study results is based on work carried out in a large
multinational project machinery manufacturing company, a global market leader. The
results include several years of company-wide collaboration with different departments
in the organisation, resources working together in an iterative process and a large amount
of collected measurement data.

The results can be broken down into several layers. The integrator is the system model
that produced concrete outputs, such as 'Delivery of new production capacity', called the
overall process map, which generates new processes and findings of areas for
improvement. In order to measure the effectiveness of the system model, it is necessary
to understand the processes, their interactions and the results obtained from the whole.

4.1 Case study ideologies used in managing business transition

A combination of the three vital business development tools from systems theory and
production theory was mainly utilised with other tools from chosen theories. These
chosen methods are more likely to support each other and not be in conflict or exclude
themselves.

The key applied and guiding ideologies are the following:

1. Industrial systems development: Steps in enterprise design by Forrester.
2. Five steps lean companies take by Womack and Jones.
3. Method of developing organisational process and flow of work by Liker.

The following Figure 14 demonstrates a combination of three chosen methods that
supports the approach to the evolution of the business model. There are marked as
coloured dots of crossing and supporting points from the different key methods chosen.
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[n the industrial system development Forrester described separate steps to follow in
enterprise design.

o The first thing 1s the motivation, where the clear goal and open questions to be
@ answered. The important problems are more rewarding to master, but often takes
no more effort than trivial ones.
e The second task is to describe the situation. The factors which are found behind
© the answers must be visualized, described and connected to each other. The
result of the second step should describe exact the factors and their
interrelationships.
¢ The third step is the mathematical model. This model will provide information
() mechanics of interaction between the parts of the system.
e Simulation is the next step, which can be done in real life or cost vice by
() computer.
o The fifth step is interpretation of the results of simulation. Questions to be
answered after simulation; Are the results as expected? If not, what is the reason
o why not? New questions will arise after deeper analysis.
e Next phase is the system revision, to make improvements by redesigning the
o system structures and policies. The results are depending by the designer, since

this is a process of invention and trial.

e The whole process should be reviewed and revised to repeat the experiment.
This should do many times as needed to obtain efficiency level where design can
put into real life use. (Forrester 1961,p.44)

Management science must look for improvement, not to hang on optimum and perfection.
(Forrester 1961 p4) @

After studying 50 companies and their lean journey Womack and Jones ended up
identifying five useful steps what Lean companies have taken. (Womack, Jones 1996)
Direct quote:

1. Define value precisely from the perspective of the end customer in terms of a
specific product with specific capabilities offered at the specific price and time

. Identify the entire value stream for each product or product family and eliminate
waste

3. Make the remaining value creating steps flow

4. Design and provide what the customer wants only when the customer wants it

5. Pursue perfection

Y

The method of developing organizational processes and flow of work suggested by Liker
(2004) has recognized during the study (Fig. 1).

. Identify different customers (internal and external) in process.

. Recognize and understand both repetitive and unique processes.

. Map the flow to define value added and non-value added issues.

. Create future-state value stream map with process improvements according lean
tools.

([ ({4 5 Implement improvements and use PDCA-cycle to continue development.

5 000

Figure 14: New applied combination from different ideologies.
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These summarised findings were; a continuous improvement process, identifying the
whole value stream and eliminating waste, define the value precisely from the customer
perspective.

The starting point goals based on theories were set to be the following:

e Waste elimination is the obvious target. The case study company history showed
backyards full of material waste, nearly destroying it. Waste can be material or
immaterial.

o Identify the entire value stream, including value-added and non-value-added
issues. Based on that, develop a value stream where steps flow. This value stream
should serve the company level's best interest and not be made based on one
internal organisational player's interest or opinion.

e From the customer's perspective, design and provide a product with specific
capabilities at a specific price and delivery time only when the customer wants it
and is willing to pay. The critical element is not to tie up project costs to projects
before customer commitment until their payment is thoroughly secured.

After continuing to progress, it will make more goals visible; some are more important,
and some are trivial.

4.1.1 Identify the situation and model creation

At first, the task is to identify the situation using current state analysis. The task is to
reveal the factors found behind the answers. An important task was to identify the whole
value stream in the process and clearly define value from the customer's perspective.
When clearing out the value stream, you need to identify operators influencing the value
stream. Those are found to be different internal and external operators or customers.
Because of the company’s outsourced business model, one operator can be internal or
external or both simultaneously, Table 2. While analysing, the situation was kept in mind
and separated both repetitive and unique processes (Vuorela et al., 2022).
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Table 2: Identified process operators.

Swim Process operators
line Operator Internal | External

1 Customer X

2 Sales X

3 Service X
Export & Trade

4 ] X
Finance
Project

3 X
Management

] Engineering X X
Purchasing &

7 ) X bt
Sourcing

8 Supplier X X

At the same time, the current state analysis was made; it was a recorded process map
named 'Delivery of new production capacity'. This process describes the system model of
the whole business case covering the timeline from starting with the customer quotation
phase and ending with the product warranty to the end customer. In the model, each
identified operator got their own swim line. Also, the main map includes several sub-
processes.

Since the system model is large and complicated with many operators, the model was
built in different steps as a model development sub-cycle, Figure 15. The method used to
work with task level included the following steps:

Identify active and non-active swim lanes
Interview swim lane representatives

Create the first model according to the interviews

Start reviewing the model with task-related swim lane operators (1 up/x/1 down)

Interpretation

Revision when consensus has been reached
Repeat or return to the main cycle
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Several workshops were kept to identify the current status, and a model was created that
described it accordingly. Multiple workshops and interviews are usually needed to cover
the information needed for the next new revision of the system model as 'Delivery of new
production capacity'. These early revisions represent the current state map and gradually
evolved into a developed operating system model.

' ™

‘ Identify ‘
/ S v \
l/-il\. I/-i'\_
Repeat or return .
Create model of to main cycle Interview
process # Delivery
& . A L A
of neu_v production = |dentify active and non-active swim
capacity lanes
= Interview swim lane representatives
— = Create first model according to the
interviews
_ = Start reviewing model with task-related
swim lane operators (1up/X/1down)
= Interpretation
= Revision
e ™ = Repeat or return back to main cycle ' ™
‘ Revision ‘ Design model
A iy . iy
\ oy /
Review task level
process

Figure 15: Model development sub-cycle.

4.1.2 Revision based on interpretation of simulation results

The manual simulation was made with all swim lane owners. In the simulation and
interpretation workshop, three groups of swim lane owners went through the system
model with the actual project and recorded the findings. An interpretation was made based
on the results of a real-world simulation. New interpretation-based developments were
implemented into the system model with the new revision.
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4.2 System steps to manage business development

A new model for business transition management has been created and tested in an
extensive case study in a customer-driven project business environment. This model helps
to bring the knowledge of the different silos in the organisation as a common interest
rather than developing it from the perspective of one silo and the people working there.
The version number of the process map of the system model was rev.25 at the end of the
study, and since then, it has continued to grow. Since moving to the next revision usually
requires several interviews and workshops before a new revision is made, this means that
the model has been tested multiple times. Below is an illustration of the 'Systems
development model to manage business development’ (Figure 16). The process as a whole
has shown that the more clearly things are presented, the easier it is for everyone to take
a stand and make decisions on the issues at hand.

Model development sup-cycle
= |dentify active and non-active swim lanes
The Goal = Interview swim lane representatives
“ = Create first model according to the interviews
/ = Start reviewing model with task-related swim
lane operators (1up/X/1down)
= Interpretation
= Revision
= Repeat or return back to main cycle

The
Description of
the Situation

Repeat
Experimentation

Create model of process ( 3
# Delivery of new ‘ Identify ‘
production capacity ; L ) \
oy \
—_— —_— Repeat or
— return to Interview ‘
System main cycle
‘ Revision ‘ The Model \ / J
Make simulation and interpretation L ) _
g with all swim lane owners (if D—
\ possible with several groups) ’[ Meodel development sub-cycle
- —
. Design
Interpretation Simulation ‘ Revision ‘ model ‘
-
R " Review task | l
I

evel
process
. J

Figure 16: Systems development model to manage business development.

The model is divided into two components, the lower section looks at the task level and
the upper section at the overall level. The result is a process map describing the overall
picture of the object under consideration (in this case, the company's operational model).
If necessary, open issues to re-evaluate are returned from a higher level to a lower one for
further consideration.
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In the beginning, all swim lane operators, both active and inactive, should be identified.
Then interview the swim lane operators and identify their opinions and tasks for the first
model process map. The next step is to revise the model and go through the swim lane
operator associated with the task and the adjacent swim lane operators (1 up/x/1 down)
then interpret and revise until a consensus is reached. The process is repeated with
different tasks and operators until the map is ready for the next level. The upper-level
interpretation and development cycle is carried out in several groups, with all active
operators represented in each group as far as possible.

4.3 Value stream with steps and tack connected to flow

The current state study identified the value stream in the old operating model. It was
discovered that the process allowed starting activities and tasks simultaneously before
clearly indicating that external customer commitment was done. There were also findings
of problems with the internal customers, where undefined and unfinished work was
moved forward in the organisation. This generated concrete material waste and
immaterial waste. The clear target was to organise and standardise the chain of work so
that unwanted work has no room to arise. Certain steps authorise the next phase of the
project delivery chain (Vuorela et al., 2022).

The work with the timing model and tack time was also part of the production flow.
Different production phases are connected and scheduled differently to ensure a harmonic
balance between customer commitment and the delivery process. When the project
delivery timeline and critical financial points are defined, it is possible to go deeper into
the process and adjust production schedules. Model schedules are connected into product-
type structures. Some tasks were discovered to be forward scheduled and some backward
scheduled depending on the need in the bigger picture.

According to Womack et al. (1990), Ohno instructed that "Without standards, there can
be no Kaizen'. The actual work and management processes must be standardised before
possible real improvements exist. Standardisation needs to cover the whole process with
every step in the model (Womack James et al., 1990). In this case, the work of progress
at the operative business level needed to cover the whole work chain, including products
and the actual delivery process. Below, Figure 17 shows a comparison of simplified
process models before and after work.
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Figure 17: Value flow described before and after (Vuorela et al., 2022).
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4.4  The System model

The long development work of the operative system model has been realised into a
process map, which describes and standardises the entire delivery process and utilises the
organised flow of the value stream. In the map, you can see different operators who can
be either internal or external, which gives even more complexity to the process. Eight
operator processes were identified and registered in the process map.

This system model connects different sub-issues and processes into a long chain of tasks
and activities from the quotation phase to the warranty. It has been a long-time roadmap
which has been generating new development needs. These newly developed issues are
transferred back into the process map (Figure 18). Reflections between sub-processes and
issues between the big road map back and forward have been continuous. This has been
a major resource for new development.
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Figure 18: Overall view of the system model and partial magnification from it (Vuorela
etal., 2022).

Since the complicated system model is large, the key is needed to visualise the process
map and connect sub-positions. In the centre are timeline stages, which need to be reached
before described actions are allowed to happen. The connected timeline stage numbers
guide to the related sub-position in the following numbers of the following chapters. On
the next page, Figure 19 shows the system model.
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Figure 19: System model (referred to in the following chapters).
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4.5 Obligations to customer

Connected system model timeline stage numbers (presented in Figure 19): 3, 4,5

Customers are responsible for providing payment or necessary information to the seller
in a specific time frame to ensure wanted delivery and delivery time. The sales contract
template was changed according to the 'big picture' to allow sellers to adjust the delivery
time if agreed payments or information is unavailable in a certain timeframe. Critical
information for project delivery was recognised and put into timeline of standard delivery.
Particularly important were identified as acceptance of layout, defining test cables, reel
dimensioning, electrical connections and defining wanted spare parts.

The critical tasks for the organisation and customer are standardised according to the
timing model needed to ensure a promised delivery time for the whole project as customer
project information (CPI). Customer layout acceptance for engineering is needed within
four weeks from the received down payment to get the flow of work running without
waiting and the risk of unwanted additional work. Information on acceptance of the
product's dimension, material handling and customer supply components electrical
connection is needed four months before line delivery.

In most customer cases, spare parts for the line are delivered with the main delivery. The
reason for this is typically transportation cost efficiency and customs declaring processes
in the destination country. This needs a timing model where the first consistent customer
line is engineered and configured. After this list of recommended spare parts is generated
and delivered to the customer 3.5 months before delivery. Customers need to give a final
list of spare parts three months before delivery to get spare parts with the main line
delivery.

There have been cases where one customer's inability to provide requested information
or change causes a chain reaction and can even affect other customers' deliveries. In high
season the delivery time change is not the same as the amount of delay; rather, it can be
the next available production slot. The process of critical customer information is
described in Figure 20.
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Figure 20: Process of critical customer project information (CPI).

4.6 ABC product classification

Connected system model timeline stage numbers (presented in Figure 19): 2, 4

Working with the system model helped to understand how much additional non-value-
adding work was being done on product-related issues. The real problems were the
number of products that were being updated and kept alive without a clear need. In
addition, standard products could not be easily identified from customised products when
needed.

There was a need for standard product recognition to provide benefits for marketing,
sales, project management, procurement, suppliers and aftermarket. However, it must be
possible to provide customers with customer-tailored products through a separate process.

Typically, there could be more than 450 pcs. of products, with sup-products, options and
variation beneath them. Also, each product must have valid electrical and mechanical
structures and possible software. There is a needed pre-packing list, cost structure, risk
assessment and valid customer documentation like operating instructions. It was an
untenable task for personnel to keep all these product structures in shape, updated and
with known delivery times. The product classification was divided into the active product
as A-products, old after-due date products as B-products that used to be valid A-products
and customer-tailored C-products made from A- and B-products. Figure 21 describes the
ABC classification hierarchy (Vuorela et al., 2022).
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In the new product mastering model, standard and nonstandard products are clearly
identified. Standard A-products have proven functionality with locked specifications
made from defined parts and components. They constitute the foundation of the product.

« Known cost « Unknown cost » Modification

« Known « Unknown into A- or B-
delivery time delivery time product

« Known and « Known and » Need “Offer
locked locked Calculation”
specification specification form

« Proven « Proven « Development
functionality functionality project

« Product « Qutdated A- « New product
updated only product
2 times / - Need “Offer
year (01.06 Calculation”
and 01.12) form

Figure 21: Rules of product ABC classification (Vuorela et al., 2022).

The A-products are updated twice a year to ensure correct components, costs and delivery
time. B- and C-products are not updated to save time and effort. You could even state that
there is no need to order all the world's newspapers just in case if there is no usage or
need for them. Figure 22 shows that the A-product update is scheduled twice a year.
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Figure 22: Product update schedule.

The standard A-products have connected pre-defined work hours needed to create a
product from order to delivery, which is not available an unknown C-product before the
offer calculation has been made

The elimination process of old A-products was together decided so that products which
don’t have activity in the running year plus two previous years will automatically drop
into B-class. The definition of this time frame came from the best knowledge of typical
cycles of case business. New products are introduced into the system as B-products to
ensure technical and cost structure. When new B-products are a project with warranty
status, they can be awarded into A-products in the upcoming twice-a-year product update.
The old dropdown B-products can lift back up A-products if they have steady demand
and are evaluated case by case.

4.7 The process of managing the offering of both standardised and
customised white paper products

Connected system model timeline stage numbers (presented in Figure 19): 2,4, 5

A large number of required products other than A-products became visible, indicating a
need to master B- and C-products. Also, the timeframe from the quotation phase to the
realised project forced the systematic recording of component-related modifications.
Separate offer calculation processes and tools were created, which ensures a standard way
to offer customer-tailored specific products (Vuorela et al., 2022).
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white paper products

These products are in the quotation phase, recorded and evaluated to discover possibilities
and limitations to making a customer-requested product. As a result of the process is
collected additional delivery time and cost what are needed to build the customer-specific
product or find out if the suggested solution is not possible or more suitable product is
available as a standard product.
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Figure 23: Flow of offer calculation.

The global sales organisation set challenges in the process and the time spent on the offer
calculation process. The maximum time to make a requested OC-form (Offer Calculation)
is one week, which in many cases is less than targeted. But in more complex requests,
there is a change of need for a longer time to collect all the information and solution.
Figure 23 shows the flow of offer calculation process. This process enables the next level
of mass customisation.

When there are many quoted projects with a broad amount of customer-specific OC
products, it is good to view how much extra work is needed in upcoming projects. This
requires an estimate of the number of person-hours needed to complete the project. The
properly filled OC forms together with standard products estimate workload and give
time to react if needed with extra resources. If the customer requests extra product cost
on the OC form exceeding €20,000, the project is introduced into R&D (Vuorela et al.,
2022).
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4.8 Process to improve standard products offering based on customer
phase latent information

Connected system model timeline stage number (presented in Figure 19): 2, 4

Collecting the customer base requests/inputs during the running year make it possible to
create new offerings based on global customer requests. It is probably needed if customers
are willing to pay for the additional feature. New products or product features from the
OC database can be ranked according to how many times different requests have been
made. When inputs from different types of customer wishes are combined, it is possible
to acquire latent information that single customers cannot wish for or describe. The most
popular ones are studied and can be made into next year’s standard offering (Vuorela et
al., 2022).

The benefit of a thoroughly completed OC form is that it can be used as a ready-made
budgeting tool for new products or features. Since tasks, hours needed, and cost
estimation have already been recorded, there is no need duplicate work when planning a
new product or product inputs (Figure 24). This speeds up the evaluation cycle when
information needs to be collected for decisions.
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OFFER CALCULATION SUMMARY

Internal use only

Number of offer calculations per category and SB/AR code

Data last updated: 30.8.2016 Open selected Offer Calculation | e e

Cat. SB/AR code Description Sales Contract Offer calculations

| SBO106307|Extruder MXC 80-240 : 2
C| SBO0106308|Extruder MXC 100-24D 3
C| SB0106309|Extruder MXC 120-24D - 3
C| SB0106310/NMC 150-24D 15E0500098
c| 580108020|Extruder Control Cabinet MX - @)

_C| SBO109010/AC_Extruder Control Cabinet NXW |- T
C| S5B0203006|Crosshead THX 35-75 3
C| SB0203009|THX 50-90 7 2
C| SB0203017|Modification to NHW 20 sealing tube with N2 |- 2
C| SB0203019(Modification to NHW 50 sealing tube with N2 [15E0600009 1
C| SB0203020|Single crosshead for max @130 mm cables | 16E0200015 1
cl SRN4NION1INual fluar nav.aff KR 430 1AFN100023 1

Engineering (¢ proposal) for Description of Modification (Add Date/Initials):

Powerflex 753 drive + accessories (30kW) extra costs. 27.10.2105/VRK
Powerflex 753 drive + accessories (250kW) extra costs 27.10.2105/VRK

DELIVERY TIME: MODIFICATION COST:
(= from project launch to Packed date) Mechanics

A-product Electrics
Modifications Assembly

TOTAL 0 weeks Engineering

OFFER VALID:

Commissioning (Mec+HW+SW)

,/ 0,00 €

9 589,64 €
0,00 €
2700,00 €
0,00 €

weeks ADDITIONAL COST TOTAL

12 289,64 67

Figure 24: Offer calculation collection model sheet.

4.9 Model line structure follows product classification

Connected system model timeline stage number (presented in Figure 19): 2

The model line is a ready-figured production line consisting of several machines. The
model line should consist only of A-products. It should have been predefined what
production capacity is promised to be delivered to the customer. Model line is the next
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higher level in the product hierarchy, and it should be the type of structure of line level
as the single machines have in the product level.

When the model line is thoroughly configured, including details like layout, Pl diagram
and acceptance products with used raw materials, it is possible to make the first quotation
package based on it with little technical line-specific knowledge.

The model line offering was noted to include other than A-products, which was not the
desired case. As a result, a tool was created for identifying product consistent in the
model lines and delivered lines. The tool was useful when needed to identify
development progress because it reveals the current status and level of progress. The
target was to remove nonstandard products from model lines but provide customer-
tailored products through the OC process. The target is to recognise products and sales
options beforehand so that the organisation can profitably provide sold line consistency
to the customer in the correct delivery time.

In the long run, it is good to have a balance between standard products and customer-
tailored products. It is more resource-consuming to produce a nonstandard product than
produce standard products. But correctly budgeted and sold nonstandard products can
provide a bigger profit. These need to be considered when balancing products and
resource capacity. In this business segment, it is rather mandatory to be capable of
providing customer-requested customized products. The case company and business
model have targeted the 70%-80% level of standard products from yearly volume.

4.10 Component feedback process

Connected system model timeline stage numbers (presented in Figure 19): all stages

The product and quality issues were found to be problematic areas. Different kinds of
information and signals from various sources were recorded in the organisation. The
process was created for product-related issues to ensure continuous improvement into
valid products. Urgent issues like safety, for example, are handled separately, but valid
issues from these also are brought into the ‘component feedback process'.

The business sector operated machinery faces vide range problems. In cable machine
manufacturing, single machines called components are put together to form a production
line. When different components are connected timely and by production speed in a
process, it creates an technically demanding process, which produce in high-quality cable
for several kilometres depending on the line type. When operating the line, there can be
at least speed, vibration, dynamic, pressure, heating, cooling, process, extrusion,
electrical, software and safety-related issues.
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All the signals are collected in one place, which is the quality manager. The quality
manager keeps on the task list where all these signals are reported and followed. The
reason for this was that the in the project business, you can get inputs related to the same
issue from different sources; customers, project management, commissioning etc. These
inputs are pre-evaluated by the task-related component manager and team manager, who
are the owners of the specific component. They can collect background information for
the case and prepare a proposal for evaluation and decision meetings, usually held every
second month. Figure 25 shows the continuous component feedback process.

These evaluation and decision meetings are kept with the predefine team. There is a
learning function since similar kinds of problems can arise from different product
families. Normally component (single machine) has different engineering subcategories;
mechanical, electrical, software and process. The problem can be pointed to one
subcategory, or problem-solving may also need a combination of the usage of these teams.
In these meetings, it is evaluated whether the input is valid to proceed or not. In product-
related issues, it is critical to understand whether a needed feature is good for the product
or is one customer-specific idea. A feature or option not providing customers value is
useless to put into production.

Evaluation &
. Continuous decisions every
Continuous Input , - 1 week
P Recording 2" month
R&D
Bleeding [:>
Solver U
Product
improvement

Commissioning
feedback

Customer
feedback

Project closing
feedback

Progress check for on going
tasks before each Forum

L .

Figure 25: Continuous component feedback process.

It is essential to continue to increase the number of inputs. Motivating is if the person
who created the issue gets feedback on the decisions. Also important is to follow up on
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how accepted inputs are done. The yearly readiness of approved inputs is followed year
by year.

4.11 Risk assessment process for products and production lines

Connected system model timeline stage numbers (presented in Figure 19): 5, 6, 7

The risk assessment process needed to be standardised because a major problem was that
there was no similar product risk assessment at company level. More likely, assessments
were done in a very different style depending on the person doing the work. A similar
effect was found in the user manuals.

A standard process ensures the same level and style are used to assess different products.
This was based on a separate risk assessment team that worked with the component
responsible for the product assessed. A commercial tool was utilised, and personnel were
trained to work with it. The assessment can be a part of the new product development,
which enables inputs for product design. A template for operation instructions was
created to unite style and common elements to be copied into each product's operation
instructions. Valid risk assessment is the base for operating instructions (Figure 26).

: Operation instructions ‘
Component responsible

. r Customer documentation
El:‘g dame o Standardized Company
Risk assessment team documentation template and
IBF Safexpert |instructions to complete Tailored customer

documentation

CE Marking

Risk Assessment Eimmemeens

ATTT AT
4 —
AT AT
A A
Q@ ———@=—"

——— e et cnd
="

Figure 26: Model structure from risk assessment to customer documentation.
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4.12 Standardisation of the document process

Connected system model timeline stage numbers (presented in Figure 19): 4,5, 7

There were a problem with the usage of project-related documents. Several times
documents which were not ready and authorised to pass forward were used by the
organisation for different purposes. This caused unwanted costs or delays that are known
as waste. The native engineering documents were mixed into the process, and thus wanted
to separate them from the process.

A clear hierarchy was created between the ERP and the document management system.
The ERP is the master to call needed documents but was only allowed to access a separate
pdf vault where released documents have been placed. The native engineering vault was
the environment where engineering work was created. The pdf vault is where a document
approved for further proceeding is automatically moved after the document has been
released in the engineering vault. From the ERP, direct access to the pdf vault was created,
where you can view and print the document. Figure 27 shows the documentation
hierarchy between different systems.
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Figure 27: Documentation hierarchy between different systems.

At the next level, the company has created and developed its own system to master a
standard way of handling customer and engineering documentation. The system
automatically masters documents in a standardized way. This reduces the number of
hours needed for different purposes, and when documents are stored and processed by a
program, there is little room for human errors.

The program generates customer documentation, a pre-packing list and engineering
documentation. Documents are attached to the ERP with different document classes,
which are collected by the purpose and the document class attached to this. This covers
all the needed document types and is easily adapted according to the needs. For example,
customers are provided with different document packages at different stages of the
delivery project. In the final phase, all the documents are collected and provided to the

customer, where the customer can use the documents with the delivery document
program.

It can also be used for the following purposes: collecting a single document or set of
documents, gross needs lists, bill of materials and purchasing documents. The purchasing
documentation is the same for all suppliers and saved automatically in a specific folder
with standard naming, which ensures easy usage by the next organisation.
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Pre-packing lists are mastered with the tool from the type structure in the ERP and are
generated to customer specific from there with the customer information.

4.13 Long-time change measured on several key business indicators

When choosing measurement indicators to monitor change, the current business model
for doing business must be considered. In this case study, operational progress was
measured by the following main indicators: On Time Delivery (OTD)/Quality
cases/Quality cost.

These three elements are needed to monitor the progress of the operational business. The
OTD reflects how several tasks and parameters succeed in the early stages, just before
the project delivery is on its way to the customer. Quality cases show how the customer's
promises are being fulfilled during the commissioning phase. This gives a picture of the
situation that usually prevails a year or a year and a half after delivery. Finally, quality
costs provide a perspective on the failure or success of the commissioning and warranty
phases. This is usually an indication years after the actual contract with the customer has
been signed.

All these indicators are different issues in the process separately and combined together.
In the early phases of the development process, when tasks and products were more in
unknown grey area, it needed a more extensive effort to solve real root cases in problem-
solving. When the process developed further, the problems appeared differently.

4.13.1 Change in On Time Delivery 2012-2016

On Time Delivery (OTD) gives an accurate view of the company's operative capabilities.
It reflects how sold goods can execute and deliver to customers on time. The base work
for this is in defining product level. There is a need for a defined product hierarchy (Figure
28). First, a valid product structure is needed with specific performance as a known
engineering structure. After that, you can have a specific cost structure defining product
cost and delivery time. There has to be a valid sales structure based on these two, which
is the key to the contract made with the customer. Each product should be able to
configure from readymade options and variations or, if needed, customer-tailored features
are available through a separate process. This is called the OC process and should be used
in the quotation phase with the customer. These are the key elements of the OTD shown.
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Figure 28: Hierarchy from the engineering structure into the model line.

On Time Delivery has seen steady progress in the measurement timeline. It began at the
bottom level at 76%, measured in 2012. After research work, it grew steadily to 93%,
measured in 2016, Table 3.
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Table 3: On Time Delivery (OTD) development history (Vuorela et al., 2022).

Count of Line No

Year oTD
2012 76%
2013 82%
2014 86%
2015 88%
2016 93%

4.13.2 Change history in the amount of quality cases

The amount of quality cases typically shows activity after the main project delivery has
been sent to the customer and ends when the warranty period starts. This is called post-
delivery, and the amount per month follows them.

Items delivered under post-deliveries are tracked for several reasons. Mainly, corrective
actions related to late or missing deliveries from the main delivery can be seen. Often,
information coming from the customer is forced to deliver some items under post-
delivery. Corrective actions are also delivered here if there is a failure in packaging or
transportation. When there is an error in customer handling or onsite installation-related
actions, they are seen in the post-delivery. Product quality-caused corrective actions are
naturally delivered post-delivery. The deviation between customer process expectations
and provided equipment capability may also cause corrective actions seen in post-
deliveries. Figure 29 shows the change history in the amount of quality cases (blue
column) with trend lines of the six-month running average (the upper red line is the
number of missing items, and the black line is the number of projects).
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Figure 29: The amount of quality cases with trend lines (as a unit of measure) (Vuorela
etal., 2022).

In statistics, in late 2016 and early 2017, old laboratory test lines were delivered with
some new products under post deliveries. This needed to be done because conflict caused
the transfer from the old ERP into the new system. Several years ago, the old laboratory
line materialised in the old ERP, and it was decided to do it this way by cost, labour and
vice.

The amount of post-deliveries per month has decreased steadily under the study timeline.

4.13.3 Change history in quality costs

The quality cost has two sub-classes: Cost after closing the project and Guarantee cost.
Cost after closing the project reflects how well all items have managed to deliver in the
actual shipment. It also reflects how much effort is needed to satisfy contractual promises
to customers, both product and process vice. The Guarantee cost indicates the product
quality level in specific use. Figure 30 shows the change history in quality cost % of gross
sales.
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Figure 30: Quality cost % of gross sales (Guarantee cost in orange and Cost after
closing project in blue) (Vuorela et al., 2022).

The quality cost percentage of 2017 does not have full information from late projects
since project delivery from order to the warranty phase typically takes more than a year.
Cost information is included according to the project's original opening date, and costs
are updated until the project is closed. There was some statistical interference in late 2016
and early 2017 since the laboratory test line was sold and delivered with additional
components to a customer in the project position 'cost after closing project'.

'Guarantee costs' are stable at 0.5%, and 'Costs after closing the project' have a long-term
lowering trend reaching 1% of gross sales.

4.14 Supporting measured metrics

Beneath these major indicators comes a second layer of metrics, supporting indicators to
achieve the development of major parameters.

4.14.1 Product level change

Since in large organisations, different continuous feedback improvements appear to come
in quite a lot; it is essential to follow up on how many continuous product improvements
have been done and are ready from the yearly phase.

Remove non-used products from the standard selection. Focus on keeping useful products
in shape in all product layers and help free up resources from keeping inactive products
up to date.
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The product level amount of A-products versus other B- and C-products has been closely
followed up on in Table 4. When the appearance of actually delivered projects is
followed, it indicates how well the standard product offering reflects customer base needs.
Also, an interesting view is to follow up on how well non-standard products are
recognised on sold projects. The recognition of product classification on quoted and sold
projects is crucial to the data quality used in other metrics.

If the data is studied on the model line consistency of products, there should not be other
products than A-products in the model line offering. When model line consistency is
found in different product classifications, the cost and delivery time might not be valid.

Table 4: Change history in product class appearance.

Count of Line No ABC Category

Year A B C NULL Grand Total
2012 Total 2% 0% 1% 97 % 100 %
2013 Total 70% 2% 1% 27 % 100 %
2014 Total 75% 6% 2% 17 % 100 %
2015 Total 0% 7% 20% 3% 100 %
2016 Total 63 % 17 % 19% 1% 100 %

4.14.2 Effects in resourcing

The standard products have a predefined timing model for the different tasks and the
hours required to complete them. The scheduling of required tasks makes it possible to
monitor if there is a cumulative increase in the number of overdue tasks and react
accordingly. The workload chart is presented in Figure 31.

When the OC process has recorded the additional hours needed to create a custom new
feature or product, the work required to complete the project is displayed. In delivery
projects, these hidden "white paper” change hours often plays a significant role in the
overall project workload. As a result, resource requirements are better reflected in the
overall projects sold by the company.

Projects in the quotation phase can be reflected in the workload charts. Projects that reach
a certain estimation level to move from the quotation stage to the ordered project will
appear in the load table, which will help in planning in many areas. The estimated
workload of a project is automatically converted into an actual workload when projects
change from a quotation to an order.
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Figure 31: Model of workload chart.

The product classification makes it possible to obtain additional capacity for engineering
work during the high season. It is easier to get extra hands on the design of standard A-
products than on complex non-standard customer products. Suitable OC projects can also
be outsourced based on ready-made calculation forms.

4.15 Maturity level change

During the case study, it was found that the company had information that was not clear
and visible at the beginning. Most of this information was product information, with a
mixture of standard and customised products. Once the view of standard products and the
separation from non-standard products became more explicit, the system could be further
optimised. The case study company reached level 3 on the Industry 4.0 maturity scale in
Figure 32.
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Figure 32: Notified development change on Industry 4.0 maturity level.
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5 Analysis and Discussion

There has always been a need to improve the efficiency and profitability of doing
business. Co-evolution and continuous development are needed to keep up the phase and
improve operative efficiency. History has shown the success of different theories, old
valid knowledge and tools when developing different business models. The difficulty is
to find and utilise the correct and efficient combination of those in the case-specific
business segment.

Even though theories have evolved, single theories do not cover all modern company
activities. There are unique theory-specific elements when studying different theories, but
common crossing elements with perspective sight differences are found. The main
theories applied in the study, and not just limited to these, were systems theory,
production theory and information theory, which were mainly contributed as follows;
system theory in co-evolution, production theory in managing by operation and
information theory in managing by data.

In the case study, the business segment targeted is a large project machine manufacturing
business, where there are long lead times from the quotation phase to accepted delivery.
This also sets limitations in measuring the change. It is necessary to note that not all the
measured change is conducted in development work in the case study. More likely,
changes in the world economic situation somehow affect measured results. In the project
business, the business model is easily non-standardised and reflects more customer-
oriented flexibility. This opens opportunities for conflicts and challenges when one target
is standardising the operative model. Still, the key factor identified is maintaining needed
project business flexibility towards customers.

The research's one primary goal has been understanding the complex business model and
its evolution with change history when applied with updated and developed operation
models. At the beginning of the research project, visible research questions are based on
the development process and through a better understanding of the open questions,
research propositions are formulated.

The following research questions were raised at the beginning of the project:

Q1. How to manage the business transition from project to product and to life cycle
business?

Q2. What are the essential changing business structures and elements?
Q3. How to measure the change and development of business structures and elements?

Q4. What is the integrated system model to manage the changing business?
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After the study based on the research questions, the following research propositions
became clear:

P1. Business transition requires development of business structures in a specific order.
P2. Business transition requires co-operatively defined measuring system.
P3. Integration of business structures in changing business needs system model.

After analysing theories and case study problems, the research questions and research
propositions were found to connect in the following ways:

e Proposition 1: Questions Q1, Q2
e Proposition 2: Question Q3
e Proposition 3: Question Q4

The related theories, methodologies and assumptions were reviewed or made from the
research and case study framework. The following chapters open each research
proposition and related questions one by one.
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5.1 Development of business structures in specific order

Proposition P1 (Business transition requires development of business structures in
specific order) related questions are:

Q1. How to manage the business transition from project to product and to life cycle
business?

A new model to manage business transition has been introduced in Figure 33. This
development model brings the knowledge points of the different organisational silos into
common understanding and creates development that serves the benefit of the whole
organisation, not just one organisational silo. Conceptual continuity has been fixed
according to field lab development runs and extensive field tests in the case study.

Model development sup-cycle
= |dentify active and non-active swim lanes
‘ The Goal ‘ = Interview swim lane representatives
= Create first model according to the interviews
= Start reviewing model with task-related swim
lane operators (1up/X/1down)
= Interpretation
= Revision
= Repeat or return back to main cycle
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Description of

the Situation

Repeat
Experimentation

Create model of process i 3
# Delivery of new ‘ Identify ‘
production capacity ; L ) \
— — ( Repeat or 3 \
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Make simulation and interpretation _
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Figure 33: Model of the process of how to manage the business transition.

Q2. What are the essential changing business structures and elements?
The following essential elements to focus on were identified as follows:

o Eliminate waste, which can be material or immaterial. Finding the correct root
cause is complex and must be thoroughly resolved.
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o Identify the entire value stream, including value-added and non-value-added
issues. Then develop a value stream where the steps flow.

o Define value from the customer perspective, design and provide products with
specific capabilities at a specific price and delivery time when the customer
wants it and is willing to pay for it.

e Manage information through the mass management of product information
based on detailed product data validity and accessibility.

5.2 Business transition requires measuring system

Proposition P2 (Business transition requires co-operatively defined measuring system)
related question is:

Q3. How to measure the change and development of business structures and elements?

When choosing elements to measure, there is a need to consider the business's specific
limitations and company model to operate in the market. In this case, the business
segment is connected to the global project business with a long time frame from the
quotation phase to final customer acceptance, where the warranty period begins. These
three central meters were followed during the operative business model evolution: 1) on
time delivery (OTD), 2) amount of quality cases, and 3) quality cost shown in Figure 34.
These operational indicators have been selected co-operatively by the company's
management team.

e Ontime delivery (OTD) gives perspective on how promises to the customer can
be fulfilled before delivery.

e The amount of Quality cases are typically reflecting activities after the actual
delivery.

e Quality cost is divided into two sub-meters cost after closing the project and
Guarantee cost.

Count of Line No : 1l Quality Costs, % of Gross Sales
* 1 35%
Year oTD Tl | an%
2012 76% AR 25% +—Ht-g—
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Figure 34: Main measuring elements.
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5.3 Need of the system model

Proposition P3 (Integration of business structures in changing business needs system
model) related question is:

Q4. What is the integrated system model to manage the changing business?

The system model evolved from the current state analysis through several rounds of
revision into an updated operating model. The system model is balanced and dedicated to
specific business segments and models with products connected to it in its own era.
Changes in these elements likely drive the need to update or fine-tune the system model.
Figure 35 shows the whole system model.
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Figure 35: View of the whole system model.

The system model configures and describes the process map 'Delivery of new production
capacity', which covers all operational activities from the quotation phase until the
customer's product warranty ends. The main process includes several sub-processes,
where appropriate.
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The same system model can be analysed based on the earlier product model. To work,
the system model needs well-managed product structures. The chart shows the product-
based angle of view connected to the system model from simplified business elements
from quotation to customer delivery (Figure 36). The process is divided into four sections.
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Figure 36: Essential business elements from quotation to customer delivery.

At the quotation phase, the sales structure (no. 1 in Figure 36) is based on a model line of
A -products. In addition to the functional characteristics, the cost structure and required
delivery time are defined for standard A-products. As the sales negotiations progress, the
customer's desired package is refined. Options and variations that the customer does not
want are removed from the model products. At the same time, modifications desired by
the customer are registered and evaluated by the OC process. This generates the necessary
additional cost and delivery time for unknown products if they are executable compared
to the standard product.

The contractual scope (no. 2 in Figure 36) phase locks customer-chosen consistency with
recorded modifications. This determines the delivery content, cost structure and delivery
time clearly.

The engineering type structure (no. 3 in Figure 36) is based on standardised product
structures that produce known product characteristics through defined solutions. Options
and variations are built into the products. The type structure is modified to match the sold
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entity by removing options and variations not chosen by the customer. In addition,
customer customisations defined on the OC forms are made.

The delivery scope (no. 4 in Figure 36), with a final customer-specific delivery structure,
is the basis for creating customer-specific documentation and sourcing structures. Based
on the final delivery content, a pre-documentation is built at the initial stage to help the
customer move forward with their project. The spare parts quotation to the customer is
also based on this content.

5.4 Limitations of the results

The limitations of the results are due to the nature of the business observed. The case
study company operates in the global machine manufacturing project business and is a
market leader in many segments creating a diverse set of challenges to solve. Changes in
the global economy combined with internal and external factors create their own
limitations in the problem environment. Variables in the global economy increase or
decrease sales in different regions. Customers in each continent and country tend to have
different approaches and timing for doing business. The same variation applies to the
types of products that customers need. On the production side of the business, operating
under an outsourced global model, variations in supplier capabilities can be observed. All
these together affect capacity, cost base and delivery times. Changes in the global
economy also create challenges in other business segments, which are indirectly reflected
in the case study company.

Because each enterprise has to manage its everyday work and not focus on full-time
development, the rhythm and timing of development activities must be adapted according
to resource constraints and opportunities. This places time constraints on development
activities at both organisational and financial levels. Organisational theory and
organisational change in the case study company were not studied.

5.5 Future Research Challenges

This study explored the development of operational business through the development of
a systems model and integrated business structures. The theory was applied to a case
study company, where a streamlined business approach was developed through a systems
model. Due to a large amount of data available, the study did not examine the
organisational theory and organisational change in the case study company. In this area,
interesting future research areas can be found, such as how to use more effectively the
global latent information from the customer generated by the process to expand
employees' competence and develop the product offering. The case study company has a
history of challenges in finding and training new personnel resources due to the highly
specialised nature of the business (Figure 37).
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Figure 37: How the process reflected on learning in the company.

The management and accuracy of product information also affect sales and market
behaviour. Having the product structures in place at the component level enables the
standardisation of model lines. In a case study company, the level of readiness of a model
line offering affects the amount of work done per quotation submitted. The completed
model lines also drive the market for ready-made production solutions and the
specifications of the products that can be manufactured with them. This works to some
extent but requires further development and more in-depth theoretical analysis.

Enlarging Life Cycle Care and Management Services knowledge and offerings is possible
through the right data and learning curve. This future opportunity for business expansion
should be further explored as it has excellent potential to be realised.

An interesting area of future research is to pursue the next level in Industry 4.0:
adaptability. Here Al-based self-optimisation takes place within the constraints of human-
made boundaries. This also requires the availability of relevant information from design,
production, logistics, sales and other relevant business operators.
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6 Theoretical contribution

Research areas such as systems theory, production theory and information theory are not
new. However, these, as a whole, integrated into the global project business, are less
frequently seen in scientific research. Therefore, this integrated whole creates a new
theoretical contribution.

In the customer-oriented global project business, it has been studied how the development
of the company's operational functions and new operating models have affected the
company's efficiency with selected indicators. At the same time, the overall functional
picture of continuous change management and the new business structures required for
its operation to work as a whole have been created.
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concept on managing
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Integrated
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(Framework)
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Managing co-
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Figure 38: Setup of the conceptual framework.

The overall conceptual framework provides a view of the whole, which is then used to
integrate the individual concepts to form a functioning overall (Figure 38). The concepts
of 'Product Classification' and 'Data Harmonisation' provide product knowledge and a
database for development. The concept of 'Process Harmonisation' is needed for
operational development. By building on these sub-concepts, the overall system concept,
and framework, can be created and further developed to manage the whole. The above
enable data management between different stage holders and operational business
development, which is monitored and controlled by continuous measurement.

These concepts are adapted from theory to fit the case study business model, working not
as a single entity but as an integrated whole.



84 6 Theoretical contribution

The main contribution of this study is that an intelligent business co-evolution framework
has been created according to scientific studies and novel proof-of-concept case study on
the case business environment. Conceptual continuity has been fixed according to field
lab (case study business) test runs and implemented in real practice.
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7/ Managerial Implications

The study approached the problem through four research questions and aimed to verify
three propositions. As the research progressed, the need for three theories was identified:
systems theory, production theory and information theory. The knowledge generated by
these was tested over five years in a case study in a real environment. The extensive case
study found the answers to the questions identified, and the propositions were verified.

The objective is operational business efficiency while cost-effectively providing the
customer with the requested product with the desired features at a known price and
delivery time.

The extensive numerical data in the study is drawn from a case study of a company's ERP
system and its management reports. Over several years, the non-numerical data has been
captured from development meetings and transferred to the various revisions of the
process map and the functional business structures. The results are a combination of an
applied mixed methods research model validated in a real global project business
environment. Cooperatively selected business indicators have verified the direction of
change and development. These have demonstrated the right trend over several years and
have continued to move in the right direction.

A limitation of the study is the volume of material and the long period of observation
during which the world economy and markets fluctuate. The case study company's global
project business is strongly linked to developing the infrastructure of countries and
continents, which is reflected in the market. Organisation theory and organisational
changes in the case study company were not studied.

Development projects are challenged by the business of the company's day-to-day
operations and the resource challenges they pose. These often take priority, and
development projects have to take their place in the queue. Also, different organisational
silos may have their own objectives and those of individuals, which may conflict with a
neutral understanding of the common good, creating friction. It can be argued that the
more clearly a problem can be described, the easier it is to understand and decide on it.
The challenge to be taken into account as a result of resource limitations will be the ability
to identify the right and most productive development objectives and prioritize between
them.

The study's theory and results apply to business development in the manufacturing
industry, especially in a global project business like the case study. In these, the open
problem domain can be approached by understanding the system model using the
following components (presented earlier): item-based data validity, master data,
information harmonisation, managing by data, network management and life cycle
management.
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8 Conclusions

The challenges presented by global markets and related operational activities are
constantly changing. Global economic changes and customer demands create dynamic
challenges that the company should be able to overcome effectively. In a project business,
where lead times are long, operational efficiency is essential while maintaining customer-
oriented capability.

The objective of the research work was to create an intelligent business co-evolution
framework with integrated individual concepts to form an overall functioning framework
based on scientific studies from systems theory, production theory and information
theory. These concepts were cooperatively proof tested in a case study on the global
project business environment for five years implementing various methodologies based
on three theoretical areas.

The goal of the case study was to prove how a theory-based framework used to develop
a real-life operational business model into an updated and refined operating model brings
significant operational improvement at the enterprise level. One main objective was to
consider customer expectations and meet quality requirements while creating standard
and customised products cost-effectively while operating in a modern global networked
environment.

The study approached the problem through four research questions and targeted the
verification of three statements. As the research progressed, the need for three theories
was encountered. The knowledge produced by these was tested over five years in a case
study in a real environment.

The case study approaches the topic through a system model, which evolved to include
optimised business structures. The integrated components of system develop the
operational business, particularly in the following sectors: product and item data
management, safety, quality and the delivery of a new project, including its complexity
management. The system as a whole has various system elements built in that act actively
to gather information for subsequent elements, or passive elements that are activated
when necessary and controlling elements that give direction or permission to act. The
interaction of business structures in a system built in this way enables an integrated whole
with greater efficiency than the sum of its individual elements.

The study answered the questions raised and confirmed the research propositions
presented. At the same time, a system model was created in which the business elements
work together in an integrated manner to form a streamlined operational framework.
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The key contribution is that the Intelligent Business Co-evolution Framework has been
created based on scientific research and novel proof-of-concept case studies in a project
business environment. The conceptual continuity has been validated through field
laboratory tests and implemented in real-world practice through organisational
collaboration, shown in the research approach outline, starting with the theories,
proceeding from the inner frame and opening towards the proven case study setting of the
outer frame in Figure 39.
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The second significant contribution is the long-term development of the successful case
study company's operational efficiency, monitored using several metrics.
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8 Conclusions
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