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ABSTRACT

This paper presents results of the survey originally carried out in organizations from developed
European countries. Purpose of this research is to compare results brought by European and Serbian
populations. A very low response rate in Serbia unfortunately did not enable making valid comparisons, but,
even so, some indicators are obvious. They are described in detail in this paper.

KEYWORDS: Lean, Implementation, Serbia

INTRODUCTION

It is reasonable that present situation has a crucial impact on the direction and way of our thinking. If
we look at the present situation in Serbia, we can conclude that it is indeed far from excellent: unemployment
rate of about 25%, average salary of about 380 €, negative industrial production growth rate of 0.5% during
the last year (according to Serbia’s Republic Statistical Office, Web-1), foreign trade deficit during the last
year was 2.1 billion € and Serbia’s external debt is 26,3 billion € (according to Ministry of Regional
Development and Local Self-Government, Web-2). In the light of recent events (Serbia became candidate for
membership in EU), it is looks likely that Serbia will become member of EU somewhere in 2020. At that
moment, barriers between Serbian economy and EU will disappear. There will be no privileged positions in
trade and tax protection of Serbian economy will not exist any more. Having in mind the current state of the
Serbian economy, it has no chance to survive competition with EU economy. What, then, should we do?

Recalling some historical data (old Romans used to say that history is life's teacher - "Historia est
magistra vitae"), reveals countries in much worse situation, e.g. Japan. After the Second World War, Japan
was a completely destroyed country, with no industry and natural resources, which is not the case with
Serbia today. One of the things that helped Japan to become what it is today is lean. Thus, for the Serbian
economy, starting a lean journey could also be a first step on a road to improvement.

During the 2008, Allied Consultants Europe (ACE) conducted Operational and lean management
survey (Web-3). The main goal of the survey was to explore “how companies applying the lean management
principles are being used to outperform their competitors”. This survey is very informative, for two reasons:
(1) it provides referent point considering lean implementation in developed European countries and (ii) it
enables us to reasonable compare between Serbian and European organizations — our direct competitors in
the future.

Survey was conducted in Serbia by e-mail, and was sent to about 6500 organizations in Serbia. The
survey was created to be filled on-line.

Unfortunately, we received only 24 responses (0.3%). On one side, this is extremely disappointing,
because it suggests that our organizations are not interested in this topic (either they have no knowledge
about current management practices and motivation to learn about new business philosophies to change old
habits or they are unaware of seriousness of the situation). On the other side, it illustrates our present
situation — due to economic crisis, lack of concern and interest are predominant in most of our organizations,
and no one thinks about how to reach future, but only how to survive today. Low response rate may put the
validity of our conclusions under question, but this is all we have at the moment. Besides, some number of
respondents in original European research (34 from Sweden and 35 from Czech Republic) are nearly the
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same (speaking of the number of respondents) and could suggest that our results might be comparable and
conclusions valid.

COMBINED SURVEY

Original survey was conducted in organizations from 8 European countries: Italy (number of
organizations participating in the survey n=69), France (n=81), Switzerland (n=192), Holland (n=64), Czech
Republic (n=35), Germany (n=118), Denmark (n=178) and Sweden (n=34). Survey had 4 parts: Process
Improvement Activities, Achieved Results, Change Management and Future Ambitions.

Questionnaire had a series of questions to be answered using 5 point Likert scale, ranging from O to 4,
where 0 was the worst obtainable result and 4 was the best. This enabled calculation of each organisation’s
score for the following categories: “Improvement activities”, “Results achieved”, “Change in results over the
last 2 years”, “Change of management culture”, “Future ambitions for improvements” and finally “Total
score for all categories”, which definitely enabled answering the ultimate goal-questions:

* What do top performing organisations do to improve more than the others?
* Is there a relationship between the use of lean management and achieved results?
* What can be learned from the Top performers?

The following text presents the results of original European survey, as well as corresponding results
from our survey.

RESULTS OF THE SURVEY
In the original study, all responses are classified according to the following performance categories:

* Top performers. All organisations with a score between 75-100% of maximum score. 5% of the
European and 29% of Serbian respondents ended up in this category.

* Good performers. All organisations with a score between 50-74% of maximum score. 45% of the
European and 42% of Serbian respondents ended up in this category.

* Poor performers. All organisations with a score between 25-49% of maximum score. 40% of the
European and 25% of Serbian respondents ended up in this category.

* Worst performers. All organisations with a score between 0-24% of maximum score. 10% of the
European and 4% of Serbian respondents ended up in this category.

At the first sight of these data, one can assume that Serbian economy is much healthier than European.
This (obviously) wrong conclusion can be explained by two different types of errors. One error type is that
respondents in Serbia did not understand questions for they are not in a possession of sufficient knowledge
about lean. Another, most likely error type, is that we received response from only the better part of the
population and therefore did not receive the representative sample. The later is quite possible due to the
authors are involvement with some of the organizations in the sample (authors are involved with 4 of 5
organizations implementing lean, while they are somewhat acquainted with business of almost all of the
other organizations that ended up in categories “Top” and “Good”). As organisation's name was not the
mandatory field in the survey, we will treat Serbian response as the response of the better part of the Serbian
organizations in the rest of the paper.

As presented by the figure 1, Serbian organizations are very far from European, regarding
implementation of the lean. Denmark has only 4% of organizations that do not use lean and have no
intentions to. In Serbia that percentage is over 60! If we accept that organizations that implement lean are
mostly “top performers” (as found by the original European survey), we can conclude that most of the
Serbian organizations are (or, if they are not, they are not aware of the situation and definitely should be)
seriously threatened by entering European Union.
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Figure 1: Percentage of organizations implementing or planning to implement lean

Figure 2 shows that top performers significantly outperformed worst performers in average. It is the
case with each of the 17 categories as well (see figure 3).

Figures 2 and 3, and corresponding data show, that even anomalies can have anomalies. Anyone who
is familiar with state of the Serbian economy sees at a first glance that presented data are indeed unrealistic.
This is most probably caused by our old problem: we have the irresistible need to present ourselves much

much better than we really are. What opinions from the observed population show is that better part of
Serbian organizations is shoulder-to-shoulder with European top performers.
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Figure 2: Maximum and average scores of the Top, Good, Poor, Worst performers and Serbian
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Figure 3: Average scores for 17 categories of the Top, Good, Poor, Worst performers and Serbian
organizations
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Figure 4 presents respondents' opinions for the level to which the work is standardized. It is a little
surprising that Serbian average is higher than the European top performers’, but we have a long tradition of
documenting and standardizing work (that was something unquestionable during period of socialism), so the
high Serbian average seems quite possible. Of course, expressed levels of work standardization and
documenting today are rather disbelieving. Finding that the equal level of standardization in Serbian
organizations is the same as lean philosophy is expecting / requiring is also distrustful.

Widely accepted system of measuring performance (in lean organizations) is well known KPI system
(Key Performance Indicators). During the past years, 8 typical areas are targeted with KPI'’s in most
organizations that are implementing lean. Those areas are: Delivery performance, Reject/complaint rate (the
external quality level), Earnings per year per employee, Inventory turnover/Lead time, Idea suggestions per
employee per year (to measure employee involvement), Implementation rate of all incoming suggestions
from staff (to measure the quality and impact of incoming ideas), Employee Absenteeism and Rate of
investments in work improvements. Figure 5 presents results for all 8 areas, in Europe and in Serbia.
Relations between previously defined groups remain almost the same as previously determined. Some
comments follow.

80
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Top Good Poor Worst Serbia
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Figure 4: Standardized work at the Top, Good, Poor, Worst performers and Serbian organizations
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Figure 5: 8 typical areas of measuring with KPI's at the Top, Good, Poor, Worst performers and
Serbian organizations

Delivery performance for Serbian organizations is higher than the average for European Top
performers. This again can be treated as a pretty disbelieving result, but if we take into account that better
part of Serbian organizations responded to this survey and that almost each of those organizations went
through ISO 9001 certification process (it is well-known that ISO 9001 requires measuring of customer
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satisfaction, satisfaction of business partners and performance of work process and product), this results may
be partly treated as realistic. Again, we can say that the survey results might not be valid for the sample's
doubtful representativeness. More valid facts treating the subject of this research should be determined by
one much wider and more comprehensive survey.

The same conclusion can be drawn for the reject/complaint rate. Successful Serbian organization
realized that unsatisfied customer cost more than one product. Thus, in many cases, organizations accept
complaints even if they don’t have to.

Earnings per year per employee is generally considered as data of high confidentiality in Serbia, so we
didn’t ask for the exact amount (or span) of those earnings - the item remained in the survey only whether
organizations are measuring that KPI. This answer would anyway not be comparable to the European
average earnings. It is worth emphasising that Top European performers “earn on average 10 times more
than Worst performers”.

Inventory turnover is also value measured in most organizations from the better part of the Serbian
organizations. However, situation with this KPI is the same as with earnings per employee, so we did not ask
for the exact value, just if it is measured or not. This means that this value is also not comparable with the
corresponding value in Europe.

The following parameters: Number of Idea suggestions per employee per year (to measure employee
involvement), Implementation rate of all incoming suggestions from staff (to measure the quality and impact
of incoming ideas), Employee Absenteeism and Rate of investments to gain improvements are the KPIs that
are not so widely accepted among Serbian organizations and maybe those questions are least understood
among surveyed organizations (that is propbably why among Serbian organizations, lean organizations had
lower values than non-lean organizations!).

A special part of the questionnaire was devoted to change management, for good change management
system prevents organization from sliding back into old habits.

There are the 12 most common problems organization face when implementing lean: (1) difficult to
change the old behaviour, (2) difficult to sustain changes, (3) difficult to integrate with current IT systems,
(4) difficult to determine the duration of operations, (5) difficult to reserve time for lean activities due to
other duties, (6) difficult to measure the effects, (7) difficult to create the sense of urgency, (8) difficult to
manage projects, (9) lack of internal knowledge/resources, (10) difficult to communicate, (11) insufficient
support by middle management, (12) insufficient support by employees and (13) insufficient support by
senior management.

One of these problems, difficult integration with current IT systems is, to some level, treated in the
study Radlovacki et al. (1) 2011 where only a weak relation is found between information systems and
measuring organisational performance in Serbia (this relation is indeed stronger in the developed capitalism).
Almost the same group of authors in the study Radlovacki et al. (2) 2011 determined that organisations
employing IT administrator(s) are applying quality management principles (8 management principles
described in ISO 9004 standard, a part of ISO 9000 family) at a higher level than others in Serbia. In this
study, some attention is also attracted by the finding that the application of work improvement methods and
techniques (indeed related to lean) is the worst estimated among observed elements. This is still not changed
as found by some newly accomplished research done by the almost same group of authors. While carrying
through the research of examining relationships between quality management and organisational
performance in transitional economies (including Serbian), it is determined that in Serbia and wider region,
leadership is one of the main dimensions of quality management that is not related with some key elements
of quality management - customer focus and quality planning (see Delic et al. 2013). It is, then, not likely to
expect it to be related with organisational performance (the existing of this relation indicates that quality
management is effective and that its function enables top performance of an organisation). Leadership is
determined to be the main driving force of quality management and improvement in the developed
capitalism (Kaynak & Hartley 2005). That of course includes organisational performance. According to the
same study, leadership is a key to success of a supply chain (this is a very important subject, but not in this
study; we, unfortunately have a long way to implement effective improvements within organisations; supply
chains are just the next step).
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Further, there is a fair correspondence between Serbian and European organizations, as shown in
figure 6. Unfortunately, these findings do not tell us which actions are to be taken by Serbian organizations
to improve the situation. They just confirm old truth that human nature is the same, no matter the place or
circumstances.
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Difficult to sustain changes 54
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Little support from employees 42

Little support from senior management 40
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Figure 6: Change management pitfalls and differences between performance groups

It is interesting that Serbian organizations have best results at only one item: difficulties to sustain
changes. This could be caused by the fact that unions are not strong in Serbia as they are in Europe, so it is
much easier for management to use "pressure” to sustain changes (in which case they ruin possibilities for
voluntary involvement of employees in continual improvement activities).

The results of the end part of the survey are used for discussing the plans and aspirations related to
improvement in the next 2 years. They are completely in contradiction with the previous results. As reported
by figures 7 and 8, employees in Serbian organizations are feeling that they have to work really hard to
manage improvements, because, deep in their mind, they know that the situation is not as good as their
opinions show (see previous parts of the survey).

Now becomes visible another unfavourable characteristic of how Serbia generally interpret the work
process improvements. If asked about improvements, Serbia says efforts must be directed to all imaginable
improvement actions. All at once! Figure 8 shows that respondents in Europe, no matter the group they
belong, have different opinions about areas that should be covered by improvements (they even almost agree
on what should be considered as a priority). It is more likely that respondents in Europe considered in detail
every item unlike respondents from Serbia. It is obvious that Serbian respondents did not have much
experience in improving their jobs. Otherwise, their answers would have somewhat higher dispersion among
improvement activities offered in the survey. In other words, they would have known that a large number of
parallel improvement activities at the same time may disable regular business activities to be performed as
planned.
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Figure 7: Ambitions to improve current results over the next 2 years
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Figure 8: Improvement activities for focus over the next 2 years

CONCLUSION

Surveys are excellent way of making overviews of the situation in particular area. To draw out valid
conclusions, it is necessary to have significant number of responses, which is not the case with this survey.
Unfortunately, only 24 responses do not form a valid sample. So, these conclusions should be taken with
reserve.

Original survey in European countries was conducted by Allied Consultants Europe, during 2008. We
repeated that survey on the sample of Serbian organizations to compare Serbian and European organizations.

Estimates collected from Serbian organizations are much more favourable than is the situation in
Serbian economy (according to our knowledge). Thus, we concluded that only better part of Serbian
organizations responded to the survey and, even then, it seems that collected opinions are too subjective.

European survey had an intention to answer on three crucial questions and we will here present their
answers and try to provide adequate answers for Serbian organizations.

(1) What do top performing organisations do to improve more than the others?

Results from European survey suggested that top performing organisations have focused on a wide
variety of improvement activities, have a clear roadmap of their improvement programme, a clear vision and
a long-term plan. We received only 5 answers from Serbian organizations that implement lean, and we
cannot make any distinction among organizations. This answer may serve as a guideline for our
organizations what to do on a way to improve their work process.

(2) Is there a relationship between the use of lean management and achieved results? Findings are that
“there is a clear relationship between those that apply lean and achieved results”.

Serbian results are so blurred with subjectivity (and possibly by misunderstanding the lean
terminology), that it is not possible to distinguish between lean and non-lean organizations. But, here lies a
useful lesson for some future survey in Serbia: avoid subjectivity by any means!

(3) What can be learned from the Top performers? Authors of the original survey gave us the most
significant characteristics of top performers:

¢ they have a clear, long-term roadmap to improvements related to their vision,

¢ they have a vision which secures a strong platform for the improvement programme related to a
project management system,

¢ they set clear targets: what to achieve and measure, with what frequency and what indicators,

¢ they create leaders that take ownership of the programme and become role models for the
cultural change needed (the importance of developing organisational culture in transition is also
a finding of Delic et al. 2013),
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¢ they focus on a few activities at a time (over a 1-2 year period),

e they become excellent at applying changes to avoid sliding back to old practice, before
progressing to the next few activities and

¢ they continuously exercise the organisation’s ability to accept change.

These characteristics can be used to determine the course of action for a Serbian organization.
According to figures 7 and 8, it is obvious that our organizations are planning significant improvements in
the next 2 years in every possible area. This indicates the lack of focus on few important elements, which is
one of the characteristics of top performers.

Also, it is possible to make some conclusions related to Serbian organizations only. There were five
respondents from lean organizations. Four of them are in private-foreign ownership and one in private-
domestic (according to our knowledge, owner of that organization worked for a long time abroad — in the
Europe). This means that our lean organizations started lean journey initiated by the knowledge coming from
abroad, not from Serbia. This is extremely serious warning for our education system. Another conclusion is
that we have to get rid of our bad habit to present us and our situation much better that we really are.
Ignoring problems will not solve them nor will they just disappear for no reason. Instead of that, we should
prepare a program for wider education about lean, Quality management and other proved improvement
frameworks, and promote the advantages of applying thereof, because there is no more time to waste.

At last, here comes the final conclusion regarding the core question of this survey: can we compete
with European organizations? The answer is yes, followed with a huge “but”. We found that only better part
of Serbian organizations responded. That means that our best / better organizations can compete with
European organizations. But, our better organizations are foreign-owned and that means that European
organizations from Serbia are competing with European organizations! What can we tell about domestic-
owned organizations? Due to the small sample and subjectivity in answering, we can’t tell. It is sure we have
our organizations to compete with European, but those organizations are just a few. Can Serbian economy
compete with European? We are afraid the present answer is “no”, unless we are ready to become serious in
accordance with the situation and start with a hard work on wide education/training programs and projects of
applying lean and other improvement frameworks in our organizations.
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ABSTRACT

This paper describes four lean transformation journeys in Swedish small and medium sized companies
(SME). All the companies have had successful lean transformation processes. Three of the four companies
has been a part of a national program, “The Production Leap” and one of the companies has mainly been
working internally with the lean transformation process. The paper shows that the point of departure is
important, meaning if the company has implemented parts of the lean concept prior to the lean
transformation process, e.g. tools like 5s. Furthermore, the context of each company is important when
designing the lean transformation process, e.g. the market situation, the maturity of the branch (suppliers and
customers), readiness for change in the own company, the support from the board in the company, etc. The
conclusions of this paper are that it is not possible to copy an optimal given journey to lean transformation
success, instead, it is necessary to develop the company and the lean transformation process depending on
companies own situation, both internally and externally. However, characteristic for all companies, are
strong focus on the lean transformation with large involvement of management and employees.

KEYWORDS: Lean, transformation, SME, case study

INTRODUCTION

During the past decades, the conditions for the manufacturing industry have changed considerably and
it has become important to manage a globalized market. This globalization has resulted in specialization and
international groups of companies. A company belonging to a large group of companies has often the
advantage to more easily develop operations and access to centralised supporting competence centres in their
development of performance. Possibilities for organisational learning between production units, different
companies in industry groups and between markets and countries are frequently exploited by those
companies (Hines et al., 2004). However, this situation is not the case for many small and medium sized
companies (SME). From studies in Sweden it has been recognised that there are large productivity potentials
in most SMEs (Almstrom et al., 2012). In their present situation, improvement it is both a question of
surviving and of expansion.

Lean as operations strategy has proved to be fruitful in order to develop companies. Many companies,
especially large ones, have developed their own lean applications, used to facilitate the implementation of a
common strategy through the whole company. SMEs have got behind, not having the possibility to evolve
and utilise new knowledge and practice. But, many SMEs being suppliers to large companies are expected to
improve their operations and implement lean as applied by their customers (Ballé and Ballé, 2009).
Moreover, SMEs experiences of lean are often limited.

In Japanese culture and lean, it is essential to focus on the process and the method (Lafayette De
Mente, 2003). It is thus important how the strategy is operationalized into operations and actions. In western
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culture, the results and effects are in focus and operations strategies are looked on as of less importance and
this have lead to difficulties in the lean transformations. Many issues are discussed as important in lean
transformation processes: the role of management, need of competence, use of external consultants, large
changes in relation to step by step changes and assessment tools are all controversy topics. Often,
management is pointed out as important for lean transformation failures. Emiliani and Stec (2005) state in
their study 11 reasons for failures, where the four in top concern management: the system, behaviours,
participation and continuity.

In Sweden a national program, the “Production Leap”, to strengthen the production capabilities and
support lean transformation of SMEs has been proceeding since 2007 (Medbo et al., 2012). This program
includes coaching of individual companies according to a formalized methodology. Based on experiences
from the program, the aim of this paper is to increase the understanding of successful lean transformation in
SMEs.

The paper is based on a multiple case study where four companies having successful lean
transformation trajectories are included. In descriptions and analysis, a framework with the meaning that the
(1) context (experiences and current situation) influence (2) the design of the transformation process and
both in turn influence the effect (result), is applied. Three of the four companies has been a part of the
“Production Leap”. Company representatives deeply involved in the lean transformation were interviewed,
i.e. managing directors, production managers or change managers. Also lean coaches and teachers from the
“Production Leap” contributed with information.

This paper is organised as follows. First, the four case company transformations are described,
followed by an analysis of each case, Thereafter the cases analysis is discussed. The paper ends with
conclusions.

CASE COMPANY DESCRIPTIONS

Company A has about 2000 employees and has a turnover of 2 billion SEK and is since 2011 part of a
multinational corporate group. The company develops, manufactures and sells products for the healthcare
sector.

The company started their lean implementation in 2005. At that time the company had increasing sales
volumes and generated a large profit but the delivery reliability was poor due to the high sales volume and a
large proportion of scrap and rework. Another problem was the functional organization resulting in lack of
clear ownership of the production flows. The knowledge about lean was poor when the implementation was
initiated. The initiative for the lean implementation was taken by the new production manager realising that
if the company should continue to grow they had to deal with the poor delivery situation. Prior to the start of
the lean implementation some key persons were sent to a ten days university course in lean.

The first step in the implementation was an education program to broaden the competence of the
employees in the daily work tasks and competence matrices were created. Since the company operates in the
healthcare sector, standardized work was already developed. A new suggestion system was early introduced
in order to involve the employees. Over 3000 improvement suggestions per year have been handed in. In
order to raise the level of knowledge of lean in the company, 60 employees including first line managers,
representing all departments, participated in a four days university course in 2006. At the end of the same
year 5S was introduced in the production. In 2006 they also started to level out the workload in order to
facilitate efficient production flows. Cross functional coordination teams were formed, each responsible for a
certain product family and the introduction of the coordination teams has resulted in a clear focus on the
production flow. Daily control meetings and lean production boards were also introduced. In the years that
followed operator maintenance, visual management and team concept has been implemented.

The company has not had any external help in their lean work. In the beginning, the lean activities was
initiated and managed by a lean team. Today the lean team is more a support team who supports the
organization with planning and expertise whereas lean initiatives originate from the top management and the
lean activities are owned and managed by the lines. The top management conducts weekly rounds in the
different team areas where the progress of the lean work is assessed.
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Regarding lessons learned the company state that a major problem in the beginning was the lack of
priority and follow up by the top management even though they were highly committed. Another lesson
learned is the focus on lean tools, e.g. 5S, consequently they missed to market lean as an integrated system.
The major benefits of the lean implementation are higher productivity, higher delivery reliability and
increased level of employee involvement.

Company B develops, manufactures products for the medical device industry with a high degree of
customization, has 700 employees and a turnover above 1.5 billion SEK. The production unit studied in this
paper is located in the middle of Sweden, has 60 employees and a turnover of 190 MSEK.

The company decided to start their lean journey in autumn 2010 and had limited previous experience
in lean. A new production line had recently been implemented with help from external consultants. The main
reason for the change in layout was poor delivery reliability (75%) and too long lead-time (31days). The
changes were mainly technical with limited involvement of employees and the expected results were not
realized. The company recruited a new production manager and decided to focus on implementing an
improvement process, driven from the line managers, with a high commitment from all employees.

The company was part of the “Production Leap” (2011-2012). They decided not to appoint internal
lean coordinators as they were hoping for a line driven improvement program, guided by the line managers.
They realized a need to strengthen the competence in lean and sent nine key persons in a ten days university
course in lean. A steering group for the transformation process was appointed and a pilot area chosen. In the
pilot area the operative work included development of a team for continuous improvement, 5S, standardized
work, daily control and problem solving. The process to implement the new working methods outside the
pilot area did not start in a systematic way during this timeframe. The company has also developed a
handbook describing the company philosophy and guiding principles.

At the same time (2011) the company decided to implement a companywide program for continuous
improvement with help from external consultants. This program has a process for policy deployment, were
all employees meet one day every half year. The improvement teams describe achievements accomplished
every half a year; the management team presents the company vision, overall goals and strategy; the teams
has the possibility to ask questions, give ideas to clarify the overall goals and strategy, ending up in the teams
formulating and agreeing on targets and activities for the coming six months for the improvement team to
accomplish. Every second week one hour per team is devoted to improvement work. The company invested
in education for the team-leaders in group dynamics and the role as a coach. An internal support structure for
coaches was implemented.

Initially the management team and steering group were highly committed and involved, but faded
when the pilot area work started. This is one major shortcoming, the management team should have been
more active. The employees in the pilot area were very enthusiastic and accomplished a lot of improvements,
in time the management team realized this and started to engage in the pilot area.

Regarding lessons learned the company state that the most important factor for success is management
commitment and ability to engage all employees in continuous improvement. Today the managers are
committed and the investment in capability has started to give results, in both lead time reduction (from 31 to
7 days) and in delivery reliability (from 75% to 99%).

Company C is part of a multinational corporate group. The unit described in this paper develops and
manufactures products for the building industry. The unit is located in west Sweden and has about 175
employees in production and has a turnover of 400 million SEK.

The company decided to start their lean journey in 2011 and had limited previous experience in lean.
On the other hand they had recently (2009-2010) restructured their production, a new layout with focused
production flows and production cells. This implementation was mainly technical and driven top-down
including a limited number of employees in the work. The aim was to be able to meet the expected increase
in sales. The company had poor delivery reliability and productivity due to frequent disturbances and a lot of
fire-fighting.

The production manager initiated the lean implementation in order to engage all employees in the
improvement process. The company was part of the “Production Leap” (2011-2012), including education of
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key persons in a ten days university course, forming of a steering group of 22 employees and operative work
in a pilot area. This was probably the most important factor for success. The steering group had meetings
every second week. In between the meetings the lean implementation was driven by the managers in the line
organisation. Recruitment of a lean coordinator was also important, supporting the managers in the different
activities.

Early in the process they decided to stop the production for one day to start up 5S. The reason was
mainly to demonstrate the commitment from management and to get a head-start for the whole company,
engaging all employees. 5S became a platform and after that the company formed local improvement teams.
Daily control meetings and lean production boards were introduced during 2011. At the end of 2011 the
management team launched the company Production System, a written handbook covering fundamental
values and guiding principles. In 2012 the focus was on introducing operator maintenance and standardised
work.

The company had external help in their lean work, mainly for training and coaching of the steering
group. The roadmap and activities were initially decided by the steering group but after the first year the
company decided to create an operative lean team. The lean coordinator is responsible for this cross-
functional team were all production managers and support functions are included.

Regarding results the company state higher productivity (10%), higher delivery reliability (75% to
93%), but emphasise that the most important result is a change in culture, mind-set and behaviour. Today the
root-cause is solved and the production teams implement improvements to a much higher ratio than before.
The involvement and commitment on all levels in the organisation is higher.

Regarding lessons learned the company state that the most important factors to success was training of
a large number of managers, to be able to support and train the production teams. Also the early engagement
of all employees in 5S enabled a platform for the transformation.

Company D has about 100 employees and a turnover just above 300 MSEK. It is a family owned
company situated in the northern part of Sweden. The company develops, manufactures and sells products
for construction machines, mainly excavators. The company has recently (in 2012) been divided in two
separate companies. The company described in the case is an own company since 2012. However it was
managed rather independently and situated in a separate building. The products are common in Scandinavia,
but relatively new on other markets and therefore the company is growing.

When the company started the lean implementation in 2008, they had recently gone through a project
in gender equality. The experiences from that project were used in the lean implementation, especially when
developing the booklet containing the company’s lean philosophy.

The main reason for starting the lean transformation was to strengthen the competitiveness of the
company. The company describes their competition situation as follows; the competition is global and the
customers will choose the supplier, which can offer the best quality at the best price.

The company was part of the program production leap (2008-2010) and followed the implementation
concept. There was a pilot group appointed for implementation, which is now a part of the case company.
The implementation started with introducing lean to all employees. VSM was performed and also 5S was
introduced in production and offices. The main goals during the production leap period were to implement
improvement groups and daily production control meetings.

One person was sent to a university course in lean and formed a lean management group. This group
was slightly larger than the normal management group. One person was appointed lean coordinator, whose
role was to be the internal lean expert providing assistance to managers and group leaders.

The result after the production leap was that all employees in production are involved in improvement
groups and also the production is controlled via daily meetings.

During 2012 a special project was run in the company which aimed at training pull controlled
production. Since there are many variants of the products, normal kanban was not possible to implement.
Instead a project group consisting of engineers, planners, managers and operators was formed to work with
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the case. The result after approximately six months is that the WIP for these products have been reduced in

the range of 80 %.

Table 1 Summary of case descriptions

Company A Company B Company C Company D
-High -Low delivery - Poor delivery -Need cost
Context, W L s .
int-of profltabll}ty reliability a}nd rehablh.ty. and red.uctlon.
gom ¢ -Low delivery long lead-time productivity -Aim for involve-
eparture reliability - Recent change - Recently ment of all
-High scrap and | in production implemented personnel
rework layout, but limited | production
-Low lean effect flows and
knowledge -Low production cells
commitment in - Limited
improvement knowledge in
work lean
1. Competence | 1. Production 1. Production | 1. Production leap
Transfor .

. 2. Suggestion leap leap 2. Formulated
mation system 2. Educationof | 2. Large and own lean
gro-cess 3. 58 managers and Cross- philosophy

esign 4. Leveling key persons functional | 3. Pilot group

workload 3. Companywid steering tested all new
5. Flow e program for group ideas

orientation continuous 3. Implementa |4. All personnel
6. Daily improvement tion of 5S introduced via

meetings in all areas “the lean game”
7. Weekly 4. recruitment

rounds by of a lean

managemen coordinator

t

Effects -Higher - Shorter lead- - Higher -Daily production
productivity and | time and higher productivity and | control meetings
delivery delivery reliability | delivery -Improvement
reliability - management reliability groups
-Increased level | commitment and | - change in -Lean knowledge
of employee ability to engage mind-set and in VSM and 5S
involvement. all employees in behaviour
continuous - management
improvement commitment
CASE COMPANY ANALYSIS

In Company A, the successful lean implementation can be explained by the early focus on employee
involvement (lean education and 5S), employee knowledge, early assign of resources (lean team),
management commitment (enthusiastic production manager, priority and follow up, weekly rounds) and
focus on visualisation and consensus building (cross functional coordination teams and daily control
meetings).

Company B has been mainly successful in their lean implementation. The implementation of a
companywide program for continuous improvement has had effect on both management and employee
commitment. The education of managers and key persons has resulted in better understanding and a high
commitment. However, the implementation of working methods from the pilot area to the rest of production
has so far been limited.
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The successful lean implementation in Company C can be explained by the large commitment from a
cross-functional steering group, education of all first line managers and the early decision to start up 5S in
the whole company to demonstrate the commitment from management and to engage all employees.

The lean implementation in Company D has been successful. The company’s lean philosophy was
developed and presented in a handbook, which facilitated the development and lean implementation. Despite
the lean coordinator leaving the company, the lean implementation continued. The introduction of daily
control and improvement groups further improved the strength of change. Crucial in the ability to implement
pull control was lean knowledge, especially value stream mapping. Most important in the process of
implementation was the top management full support and the employees’ engagement.

CROSS CASE ANALYSIS

There were both similarities and differences in the point of departure for the four companies. All the
companies were profitable and a common strategy for growing the market shares. Furthermore, all the
companies prior to the lean transformation experienced problem with the delivery reliability and long lead
times. The differences naturally comprised many areas, the basic organisation and layout was traditional
functional for company A and D while flow oriented for company B and C. Other topics related to lean that
differed were working environment and commitment from employees, insufficient process stability and
quality difficulties, experience of lean and different types of change programs, external support as
consultants.

In the lean transformation processes, the companies designed or ended up in different trajectories, but there
were also similarities. In all the companies the initiation of the lean transformation was a question of timing
as there was a strong interest for lean from operations management and manufacturing engineering
departments. One important similarity, highlighted in all the companies, was the commitment from the
management. Especially, the operation managers were real enthusiasts and really committed to drive the lean
transformation. In one of the companies, D, the managing director had also a prominent part. Furthermore,
all the companies focused on getting the employees deeply involved in the lean transformation process. This
was done in different ways, but all companies pointed out the importance to get commitment for the
employees.

All the companies got good results of their lean transformation efforts, both regarding traditional
quantitative measures as well as qualitative measures. The delivery reliability, which was a driving force for
all the companies, had greatly been improved. Furthermore, productivity, work in process and quality had
also been improved. There had also been improved commitment from the employees resulted in many
continuous improvements initiatives.

DISCUSSION AND CONCLUSIONS

In order to create a successful lean transformation in a company, leadership and management
involvement are essential, which is described and highlighted in all the cases. Here, it is important that the
management not just support the lean initiatives, but are deeply involved in the process, which is the
situation in all the cases. This supports earlier research describing the importance of leadership and
management involvement (e.g. Emiliani and Stec 2005). Furthermore, it is important for the managers to
spread their vision and strategies regarding the lean transformation to the whole organisation. This is often
been done by, a team of key persons in the organisation, developing a “production system” to describe the
company’s values, principle and methods. All the companies involved in this study developed their own
production systems. Thus, the successful lean transformations focused on processes and methods rather than
on result measures.

In all the companies, there has been one enthusiastic person, who has been the glue in the lean
transformation process and without him/her the lean transformation would not have been such as success.
This is of course a dangerous situation for the companies, if this person for some reason leaves the company.
Therefore, it is important for a company in a lean transformation process to work with the organisational
learning, in order to keep the knowledge within the company.
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In all the cases, the employee involvement has been highlighted as a success factor. How this is
realised differ between the companies. The 5S method could be a useful tool to involve the employees and to
create enthusiasm for the lean transformation process. Working with continuous improvement groups and
education are other methods for creating employee involvement in a company.

It is essential to assign resources to the lean transformation process, in order to make successful lean
transformations. This was especially highlighted by company A, but all the other companies committed
themselves to the ‘“Production Leap” program which makes them committed to spend resources in their lean
transformation process.

The conclusions of this paper are that it is not possible to copy an optimal given journey to lean
transformation success, instead, it is necessary to develop the company and the lean transformation process
depending on companies own situation, both internally and externally. However, characteristic for all
companies, are strong focus on the lean transformation with large involvement of management and
employees.
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ABSTRACT

In today’s market conditions, organizations may ensure survival only through adequate and timely
reactions to market changes and elimination of all activities that do not add value to goods/services, hinder
and slow down systems’ processes. The goal of the LEAN approach to process organization is cost
minimization, profit maximization and increase in competitiveness. Application of this approach
encompasses an appropriate level of systems’ flexibility, processes’ automatization, use of latest hardware
and software solutions in planning activities and managing processes and a maximal employee dedication to
constant improvement. Alongside these preconditions, it is necessary to apply LEAN tools and techniques, to
facilitate process effectiveness and efficiency, resulting in the mentioned cost reduction and a competitive
advantage. Through application of LEAN tools, as Value Stream Mapping, it is possible to, visually and in
an efficient manner, present activities that (don’t) generate added value to a goods or a services, and which
processes should be remodeled in order to meet user demands. Value Stream Mapping illustrates the
relationship of information streams and material flow. It is used for documenting the current state and
proposing a design for the future state of the system, which is practically illustrated on an example of a real
production system. The goal of this paper is to illustrate the current state of the aforementioned production
process, to identify space for improvement and to design the future state of the system.

KEYWORDS: lean, Value Stream Mapping, production process

INTRODUCTION

Products and services market development, i.e. increasing competitiveness, results in a need for fast
development and application of new, contemporary knowledge from the field of the process designing and
process management. Need for new, more functional products and services that suits growing client
demands, simultaneously causes problems in relation to their realization, hindering effectiveness and
efficiency of the production process and provision of services. It is possible to apply the LEAN concept in
order to obtain an efficient management of the production process, with the aim of eliminating loss i.e.
activities that don’t generate added value to a goods or services. The goal of this paper is to propose a
functional enhancement of a particular production system, through illustrating the current state of this system
and proposing application of specific LEAN tools.

The LEAN Concept

The beginning of the LEAN concept (the LEAN Philosophy) originates from the end of the 19th
century Japan; it gained wider application after the WWIL Japan, being a country with scarce natural
resources, located on a seismically unstable region, was additionally severely damaged during the WWIL. In
order to recover the economy and market competitiveness, Japan had to create competitive advantage
through high quality of the products and shorter delivery times, bearing in mind its extremely small
quantities of essential resources (natural, financial, human). For this reason it was necessary to perform high
level of technological, practical research, the results of which would later be implemented in industrial
processes. LEAN concept is, in fact, Toyota Production System (TPS), or production method. Taiichi Ohno,
chief of Toyota’s production plant in the years following the WWIL, is considered to be the father of this

17



LeanTech’13

concept. Today’s term (LEAN), was coined by John Krafcik in 1988, in his work "Triumph of the Lean
Production System". The term became popular after the publication of the book "The machine that
changed the world", written by professors James P. Womack, Daniel T. Jones and Daniel Roos. Generally
speaking, LEAN represents a specific approach to planning with a set of principles, defined with the aim of
securing an effective and efficient organization of the production process (or provision of services) and
supply, eliminating all activities that don’t generate added value to a product or service, as well as a tendency
for constant systems’ improvement.

Activities that were identified as loss, have been classified in 8 groups, according to (Liker, 2004), as
follows:

overproduction,
inventory / stock,
overprocessing,

transportation,

defects / errors,

1

2

3

4

5. waiting,
6

7. motion and
8

underuse staff creativity and innovativeness.

For the purpose of proposing a solution to a problem, defined in the following chapter, and for
improvement of a specific production process, we used particular LEAN tools; they have been briefly
referred to in the following text, with a couple of characteristic terms for the issue, essential for
understanding the entire process of application of LEAN tools and the aforementioned approach to
improving the production process.

Takt Time is the required work dynamics, in which the work items must be processed in order to meet
market demands. It is calculated by dividing the available working time with demand for a
production/service over a particular time period. It is the basis for establishing LEAN production. (Lee &
Snyder, 2006)

”5S* represents workplace organization principles. The goal of this approach is to render each
workplace organized in a manner that will accelerate and simplify the work of an employee. 5S is an
acronym made out of five Japanese words: Seiri - sorting, Seiton — straightening or setting in order to flow,
Seiso — systematic cleaning, Seiketsu — process standardization, Shitsuke — service (sustain). It offers crucial
support to implementation of the remaining measures of processes’ improvement, “such as shorter
equipment changeovers, just-in-time inventory systems, total quality management, and total productive
maintenance®. (Hirano, 1996)

Continuous Production Flow - One Piece Flow is a production management system, organized in such
a way that one employee addresses only one work item at a time and only one work item is guided between
operations within a process, without generating stock. Application of such an approach to production process
organization has the biggest impact on reduction of duration of material flow and on enhancing activities that
generate added value to a product/service in general. It requires previous analysis of all process operations,
client demands, existing equipment, number and skills’ level of the work force and the work environment.
(Dolcemascolo, 2006)

The “pull” system of work orders’ distribution was generated according to LEAN principles, as a
particular approach to production planning. It might be said that the beginning of production, in this
approach, is initiated by the user and his specific demands. Such an approach is a connection between user
demands, internal organizational processes and suppliers. (Zylstra, 2006) The essence of this approach to
system organization is in maintaining stock levels on the necessary minimum, reduced quantities of engaged
financial capital and high user satisfaction.
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Contrary to the “pull” system is the “push* production organization and work orders’ distribution
system. Basic characteristics of this approach, often referred to as traditional, are marketing-forecast based
and sales-function-forecast based production planning; accordingly, issuing of work orders, delays of
intermediate products on interoperation depots and, as a consequence, large amounts of capital in resources’
stock, intermediate and finished products. The difference between these two approaches is clear. In the
“pull* system, parts are not delivered until the destination plant or the production line does not give the
“ready” signal. In the “push system, parts are delivered as soon as they are finalized, regardless of the
conditions (state) in the destination plant or the production line.“ (Baudin, 2004)

Value Stream Mapping (VSM) is practically a visualization of all stages of the process (those that
do/do not generate added value), the ones that should be remodeled in order to ensure optimal user
satisfaction. A Value Stream Map identifies information streams and material flow and major obstacles in
them. It is used in documenting the current state of the system and well as the improved (future) state of the
process. One of key goals of this LEAN tool is to identify processes that don’t generate added value to a
product/service, in order to eliminate them. Most frequently used description of this tool is one from the
book “Lean Thinking“, where it was portrayed as “the set of all the specific actions required to bring a
specific product through the three critical management tasks of any business: ...the problem solving, ... the
information management, ...the physical transformation.” (Womack & Jones, 2010) There are eight steps of
the VSM process:

1. securing employee dedication to the LEAN concept (all participants in the process),
2. choice of a value stream (for a particular good/service),

3. understanding of the LEAN concept,

4. mapping of the current process state,

5. choice of (LEAN) measurable process indicators,

6. mapping of the future process state — demand, stream and leveling,

7. production of Kaizen plans (continuous improvement plans),

8. implementation of Kaizen plans (Luyster & Tapping, 2006)
Problem Statement

The case study was carried out in an organization specializing in machine processing on CNC
machines, production of parts and sheet metal subassemblies, installation and testing of a range of
appliances. Special attention has been given to the installation process of the most demanded product of this
organization-units intended for managing fluid flow (positioners). They are used for remote indication in a
range of electric applications and as junction boxes for direct installation of electromagnetic valves. Final
users of these appliances are organizations from oil, chemical, food, pharmaceutical and other industrial
branches.

There are 6 workers employed in the production (assembly) process of the aforementioned product.
Upon conducting an analysis of the current state, we have reached several conclusions: there is a
disorganization of the production space and inadequate distribution of work space within the plant — the first
work post- preparation of the housing and lid for final assembly, as well as the indicator assembly to the lid,
is about 15m away from the next work post in the process; this causes time loss when transporting products.
In addition, there are a number of containers (80x80cm) and palettes in the vicinity of each work post,
occupying significant space in the production plant.

The following relevant characteristic, significantly affecting the product installation process, is
displacement of the work material (parts) and tools, which in turn results in significant time loss in locating
them on work posts and shelves. These parts are mostly stored in cardboard boxes, without visible labeling,
which makes the process of selecting the appropriate material/part more complicated for employees. In
addition, there is disorder in all work spaces, with a lack of usable work space, occupied by materials and
especially tools not needed for an operation at hand. However, the most alarming problem that is, to a
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significant extent the consequence of all previously mentioned, is the prominent inefficiency of the
production process as a whole, where the organization engages employees 5,5 days a week (two shifts on
working days and one on Saturdays), in order to meet market quantity and quality demands; that is 2 shift of
12 hours, resulting in staggering 79200 seconds/day of the production — available time.

The production process is conducted in 6 work posts, defined as operational units. Operations contain
a specific number of actions (Table 1), whose number and duration are not uniform. The process is initiated
by preparing the housing and appliance lid for final installation, and is then carried out in a manner of a
classic “push“ system. Following finished actions, products are transferred to an interoperation stock
(palette) and transferred to the following work post (operation) when full capacity is reached. In addition,
lots’ size has been determined in respect to the size of palettes, which may host up to 36 units of product.

Generated through use of VSM tools, Figure 1 illustrates the current production process. The figure
indicates a disharmony in times required for specific operations. There are a number of reasons for this, some
of which are: inadequate specification of the operations (number and distribution of actions within them) as
well as number of workers allocated to them. Such a system results in creation of interoperation stock in the
production process and a unbalanced employee workload. The user has a current demand for 800 units of
product, every 2 weeks (1600 units/month). According to the presently available production time, in order to
meet this demand, the organization must produce 73 units on a daily basis, which is roughly the size of 2
lots. Calculation of the production process takt has determined that the takt for the current process
organization method is 1085 seconds, i.e. one product unit must be generated every 1085 seconds in order to
meet user demands. By measuring time needed for each activity, it has been determined that, under the
current state, the production process time is 2505 seconds for a single unit of product (in Table 1, all
activities and workplaces are listed).

Due to high costs of overtime work, the management requested a remodeling of the entire process, in
such a manner to maintain the current production level (1600 units per month, which is the current demand),
under following conditions: to reduce working hours to 5 days a week, two shifts per day, and institute
effective duration of shifts of 8 hours (with additional 30 break minutes, a single shift lasts 8,5 hours). In
addition, with predictions showing an increase of monthly market demands to 2000 units, a feasibility study
should be conducted as well as remodeling of the current production process.

Table 1 — List of activities in respect to operations (Current State)

No | Activity Work place
1. | Paint quality control
2. | Excess paint removal
3. | Paint protection sticker removal
4. | Attaching of external lid stickers wp 1 :
5. | Tracing of the cabling scheme Préparatlon. of
— housing and lid for
6. | Screw driving . .
- - — installation
7. | Attaching of the “OPEN-CLOSE*" sticker to the indicator
8. | Fastening of the adapter inside the indicator
9. | Fastening of the “O-ring“ to the indicator lid
10. | Cutting cable to measure
11. | Cable insulation removal
12. | Assembly of cable pedals on cables WP 2:
13. | Connecting cables with terminal Circuit switch
14. | Connecting cables with switches assembly
15. | Assembly of insulation tiles, switches, spacers and screws
16. | Installation of circuit switch in unit housing
17. | Electric breakdown test WP 3:
18. | Twisting the blue plug Electric breakdown
19. | Certification of the tested piece by stamp testing
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No | Activity Work place
WP 4:
20. | A bly of the axle set
0 ssembly of fhie axfe se Installation of axle
21. | Installation of the axle set in housing set in housing
22. | Attaching of the “O-ring* to the lid
23. | Assembly of grounding pads and screwdriving
. ; : . WP 5:
24. | Adjusting of switch guides and functional test )
P . P . Installation and
25. | Lid installation, screwdriving and Shim test . .
X — — . appliance testing
26. | Installation of indicator and indicator lid
27. | Installation of metal lid with warning sticker
28. | Preparation of the cardboard box WP 6:
2. Packaging of the appliance and accompanying product Packaging
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After remodeling of the production process, changing locations for specific operations (work posts)
and re-allocation of the activities per operation / WP (Table 2), the new VSM presents proposed future state
of the process (Image 2). The remodeled process is carried out in a continuous production flow, rather than
the previous push system. According to this approach, each employee completes his / her set of actions
before forwarding it to another work post to continue with the following operation. We have accomplished a
1271 seconds time reduction in the process — now 1234 seconds, by applying production leveling, balancing
the number of actions and their duration throughout operations (guided by technical-technological feasibility
principles), introducing parallel operations and appointing two additional employees to the process
(improvement is made without assuming the improvement of employees’ productivity).

In-process stock has been reduced by 80%, which primarily resulted in less occupied space in the shop
floor. It is, however, necessary to emphasize that these are exclusively resources (parts) in quantities
necessary to produce one lot of appliances (units). Prior to the remodeling, the process also contained stock
of intermediate products. Palettes containing intermediate products have been removed from 4 different
locations; they occupied considerably more space in comparison to ones storing materials and parts that are
located by each work post and formed cardboard boxes in the packaging operation. A single palette is still
present in preparation of housing and lid for final installation, bearing in mind the dimensions of these parts.
Also, application of 5S tools has enabled sorting of installation parts, their classification along shelves and
labeling of boxes with clearly visible stickers that simplify and shorten the process of finding the right ones.
Further, it is performed a cleaning and straightening of each work post and removal of all excess tools and
leftover parts. This, in turn, facilitated a friendlier, more usable and ergonomic work post for each employee.

We have calculated takt production time with several sets of preconditions, and have acquired several
values that imply different conclusions.

Conditions 1 — demand is 1600 units/month, duration of the process is 2505 seconds, 6 employees, 11
shifts per week with duration of 12 hours each (available production process time is 79200 seconds).
Resulting takt time is 1085 seconds (current state).

Conditions 2 — demand is 1600 units/month, duration of the process is 1234 seconds, 8 employees, 10
shifts per week with duration of 8 hours each (available production process time is 57600 seconds).
Resulting takt time is 720 seconds (enhanced state).

Conditions 3 — predictions show that market demand will soon rise to 2000 units/month, duration of
the process is 1234 seconds, 8 employees, 10 shifts per week with duration of 8 hours each (available daily
production process time is 57600 seconds). Resulting takt time is 576 seconds (condition for the projected
increase in demand).

Table 2 — List of actions in respect to operations (Improved, Future State)

No | Activity Work place
1 Cutting cable to measure
2 Cable insulation removal WP 1:
3 Assembly of cable pedals on cables L
. . . Circuit switch
4. | Connecting cables with terminal
: : : assembly
5 Connecting cables with switches
6 Assembly of insulation tiles, switches, spacers and screws
7 Assembly of the axle set WP 2:
Circuit switch
8. | Installation of the axle set in housing installation,
assembly and
9. | Installation of circuit switch in unit housing installation of the

axle set in housing

10. | Paint quality control

WP 3:
Preparation of
housing and lid for
installation

11. | Excess paint removal

12. | Paint protection sticker removal
13. | Attaching of external lid stickers
14. | Tracing of the cabling scheme
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No | Activity Work place
15. | Attaching of the “O-ring* to the lid

16. | Screwdriving

17. | Fastening of adapter inside the indicator

18. | Fastening of the “O-ring” to the indicator lid

19. | Attaching of “OPEN-CLOSE* sticker to indicator

20. | Assembly of grounding pads and screwdriving

21. | Electric breakdown test WP 4:

22. | Twisting the blue plug Installation and
23. | Certification of tested piece by stamp appliance testing
24. | Adjusting of switch guides and functional test

25. | Lid installation, screwdriving and Shim test

26. | Installation of indicator and indicator lid

27. | Installation of metal lid with warning sticker

28. | Preparation of the cardboard box WP 5:

2. Packaging of the appliance and accompanying product Packaging
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When duration of all operations is divided with takt time, the results shows that 2.5=3 workers are
necessary to meet user (market) demands, in the current state and set of preconditions; second set of
preconditions (enhanced state) requires 3.5=4 workers for the same task, whereas increased demand and
production augmentation requires 4.35=5.

Validity of engaging 8 employees in the production process, as prescribed in preconditions of the
enhanced system state (Image 2), is expressed in a reduction of the total number of paid working hours per
week by 152 (792 hours in the current state, 640 hours in the enhanced), and increased system flexibility in
the sense of possible further demand growth (possibility to meet the demand for even 3600 units/month
under set preconditions), because the organization strives towards a daily increase in sales and market share.

In order to avoid overproduction (predicted 2000 units/month would require about 9 of 16 available
working hours in total), special attention will be given to continuous improvement activities, increased
control of performed operations by each worker (in order to reduce the share of rejects and post-processing
in overall production) and engaging workers in other processes in the organization, which has several other
production lines for a range of products.

CONCLUSION

The goal of the LEAN approach to product/services process organization is to maximize profit and
give organizations a competitive advantage, with the lowest possible cost. It is necessary to secure
unobstructed flow of items between steps in the production process and not to allow excess intermediate
stock of unfinished products; this also applies to materials and finished items that are waiting their order.
This paper illustrated a way in which a LEAN approach to process organization can realize significant
savings in resources and, logically, increase in profits, through a case study of a production process of a
specific product and application of LEAN tools, primarily Value Stream Mapping.

The paper analyzed the state of the current production process of a particular product, it indicated
improvement options and offered an enhancement proposal, by using LEAN tools (VSM, 5S, Continuous
Production Flow). We proposed a reorganization of work posts (operations) in respect to distribution of
actions within operations. These measures resulted in reduction of process duration from initial 2505 to 1234
seconds, balanced employee workload, better organization of work posts, reduction in in-process supplies by
more than 80% and an increase in process flexibility, in respect to increase in market demand. It also enabled
a reduction in employee shifts — total number of shifts reduced from 11 to 10 per week (2 shifts a day, on
working days), with working hours reduced from 12 to 8 hours, elimination overtime cost.

Proposed solutions are certainly not final for the aforementioned production process. They are merely
a representation of an approach to enhancing and optimizing the current state and create a possibility for
further analysis and new improvement suggestions. Possibilities for further enhancement are primarily in
better utilization of employee working hours, and may concentrate on analysis of each action at hand,
specific moves and by different sequence of actions within operations. In addition, certain operation may be
carried out simultaneously, through remodeling of work posts in the production plant.

Application of the LEAN concept in all processes and employees’ understanding of the approach is an
important precondition for ensuring strong dedication of employees to the organization and their
identification with organizational goals and its progress.
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ABSTRACT

Acceptance and application of LEAN philosophys, its tools and principles is in constant increase. There
are numerous examples of different systems in which they are implemented. Thus, their implementation has
spread in health care facilities, educational institutions, various service systems and even government
institutions of some countries adopt this philosophy - LEAN government. Systems for product disassembly
at end of product’s life, which are increasingly gaining on importance, by their nature, are very specific.
While getting familiar with the nature of the problems that exist in the disassembly systems, it is important to
find a way to overcome them. LEAN philosophy, with its application results seems to be a good way to do it.
The aim of this paper is to explore the possibilities of applying the tools and principles of LEAN philosophy,
to identify characteristics and problems in the implementation and suggest ways to solve them. The research
given in this paper presents the main conclusions of the LEAN philosophy implementation in disassembly
systems, the difficulties encountered along the way and gives directions for further research in this area.

KEYWORDS: disassembly, product’s end of life, LEAN, end of life strategies

INTRODUCTION

The processing of products at the end of life cycle through disassembly and recycling is becoming the
standard in product’s life management. However, in a system for disassembly as a preparatory process for
recycling, there are numerous problems which may greatly reduce efficiency of the overall system
performance. The efficiency of labor is reflected in the quantity of products treated and disassembled, as well
as in the quality of selected materials suitable for recycling processes after disassembly operations. One of
the main reasons for reduced system efficiency is the lack of information about products that arrive to system
for disassembly and due to improper work organization.

Disassembly is defined as the process of dismantling of the product into its constituent parts or
subassemblies [2]. It also includes the analysis of product’s state and selection of separate parts. It is always
a set of operations that are performed on technological systems for disassembly with the help of specific
tools. Generally, the goal of the products disassembly is [2] [3]:

e Extraction of valuable parts/components that are common in other products that are still in production,
e Extracting of valuable parts/components that are common in other products that are still in use,

e Removal of hazardous parts,

¢ Increase of purity of the product remains,

e Separation of usable parts from the product remains and storing them for later re-use,

Reduction of the amount of cutting residues and waste that will be sent to the landfill disposal and
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® Achieving production standards that is environmentally safe.

Disassembly of products includes disassembly of certain elements of the product, and then analysis of
the situation, condition diagnosis and selection of disassembled components in to the appropriate material
flows [3]. When preparing for the process of the appropriate product disassembly, there is no information
about the necessary tools and ways of implementing operations of disassembly process. The particular
problem is the lack of recommendations for strategies according to which products disassembly should be
carried, quality of parts to be checked and their selection in the appropriate material flows to be performed,
thus insuring that the quality of disassembly and recycling systems outputs.

Products in disassembly systems come in different quantities, types and quality. In any particular case,
the quantity, quality, and product’s time-of-life products can vary unpredictably. The difference between
manufacturing and disassembly system is the in the flow of incoming parts and materials. In conventional
manufacturing systems, they arrive correctly at regular intervals, while in the disassembly systems they
arrive in unpredictable quantity, quality and type of product. Therefore, the first step for planning the
organization of disassembly system is identification of groups of products which will be coming into the
system [4].

It is in the interest of manufacturers to achieve a balance between efficient use of labor, tools,
machinery and space. In disassembly processes it is difficult to control the main supply chain, thus making
an improper inventory in stock. Another complex problem of disassembly system is variability of the
products that arrive to the warehouse. There are two issues that comprise this problem. First, the problem of
product amount variability creates confusion in the termination, resulting in a stock in the processing on both
ends of the system - the intake and exit. Second, some preparation is necessary - final time, the labor process,
tools, equipment, etc... These characteristics make the whole process unpredictable.

Systems for disassembly can have various configurations, complexity and size. Major contribution to
the success when designing large and complex disassembly system is achievement of economic goals and
efficient use of resources [4].

DISASSEMBLY COSTS

TIME OF DISASSEMBLY

Figure 1: Dependence of disassembly cost from disassembly time [4]

Disassembly can be applied on most of the products. However, long time for disassembly operations
make the process uneconomic, so the profit made by recycling parts and materials is often less than or equal
to the cost of performing disassembly procedures (Figure 1). Also, costs are dependent on the number of
performed disassembly operation (Figure 2).
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Figure 2: Disassembly complexity impact on costs [4]

Lean concept deals with doing right things at the right time, at the right place and in the enough
quantity to achieve minimum waste and to increase the effectiveness of the system. Standardized work is one
of the LEAN’s tools which is the baseline for continuous improvement (KAIZEN). According to LEAN,
standardized work has several major elements [7]:

1. The order of standard operations — is the exact order of operations which the employee must adhere.
Standardized movements provide the same job duties for employees as a part of the operation
execution process, thus reducing variation of the working process. Ideally, the procedure should be in
accordance with the hand movement (MTM).

2. Standardized time — tact time, is a frequency of work completed at work station (work place). Its
purpose is to accurately determine and oversee the production rate of the work station. In LEAN
manufacturing, tact time of each production process is actively guided and controlled in order to
ensure a steady flow.

3. Standardized supplies — are the required minimum of inventory that can make up a possible
discontinuity in production and provide a constant production flow.

In an effort to increase the efficiency of the disassembly system (i.e. waste management), which has
been the subject of research, by applying LEAN philosophy, the basic principles of LEAN concept are taken
as a starting point [1]:

1)Recognition of losses (WASTE) - The first step is to recognize what is the value for the customer
(from customer’s perspective). Any material, process or product characteristic that does not lead to the
creation of value from the customer’s perspective, is the unnecessary cost and should be eliminated.

2) Standardization of processes - LEAN concept requires extremely accurate and detailed manufacturing
procedures which at any time define the condition of materials, time needed, continued operation and
result of activities which the employee has carried on. In this manner, the number of job variation is
reduced thus minimizing potential error made by employees.

3)Continuous flow - Lean aims to implement a steady stream, freeing the manufacturing process of
bottlenecks, waiting, interruptions and overriding.

4)Pull System - The objective of this system is to produce only what is needed and when it is needed.
Production is initiated by a signal from a workstation that is located further downstream. Thus, each
workstation produces only what is needed for next workstation in the series.

5)Quality at the source - The goal of LEAN concept is to detected manufacturing defects in the making.
To make this feasible the workers have to question the quality of parts as part of the treatment process.

6) Constant improvement - the constant quest for perfection by removing losses from production. In this
way, all employees of the company are involved in this ongoing process.
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In later developed research, application of LEAN philosophy will be considered in a wider and more
detailed context, taking into account a greater number of principles and tools of LEAN philosophy.

THE SYSTEM FOR DISASSEMBLY OF PRODUCTS - STATE ANALYSIS
The starting point of the analysis

Under the current conditions, the waste management system in which the research was conducted
essentially consists of the following activities:

a) Collection - process of bringing, separation, sorting, packing in proper working packages and
properly labeling of waste materials.

b) Transport — transport of discarded electrical and electronic equipment, chemical and other waste by
vehicle registered for ADR transport and transport of dangerous materials. All drivers hold ADR certificates
for the transport of dangerous goods. Preparation for transport, loading, unloading and reloading is
performed by persons who are qualified by the Ministry of Interior. All workers are properly trained and
have ADR certificates.

c) Storage - Storage includes classification, depending on the state of waste, dispose of it for
temporary storage of waste materials in a proper and environmentally safe way to their final dispatch to end
buyers or authorized processors in the country and abroad.

d) Treatment - a process that involves disassembly (disassembly of component parts) and then, after
disassembly making the selection of disassembled components in to the corresponding flows of materials.
Once prepared, materials are sent to appropriate centers for processing and recycling. Treatment of materials
includes specific approach related to the extraction of raw materials and separations of the components that
have the characteristics of hazardous substances.

Further research will be focused to the application of the basic LEAN principles and tools in the part
of the system that relates to the production itself and to the part where disassembly of product and
preparation of disassembled components, parts and materials for transport to recycling centers is done.
Disassembly of products - the treatment and analysis of losses

The observed disassembly system has three processing lines (lines for disassembly):

1) Line for processing of electronic and electrical waste,

2) Processing line of chemicals used in graphic industry,

3) Line for processing of cables.

Line for processing of electronic and electrical equipment is the focus of the research. In this part of
the disassembly system there are numerous problems that result in reduced effectiveness of the system.

Line for processing of chemicals used in graphic industry is for storage and disposal. Waste gathered
this way is redirected to appropriate centers for further processing.

Cable processing line includes just a technological system (machine) that performs milling of gathered
cables and separation of copper and plastic. The impact of man is reflected primarily in the activities of
providing materials (wire for recycling) and preparation of materials for processing on a machine.

Analysis of the line for processing of electronic and electrical waste

During this analysis starting point was the analysis of the main seven losses that exist in various
production systems: transportation, waiting, overproduction, errors, unnecessary movement, excess treatment
and idleness of people. Most of the losses exists in every disassembly system and are frequently very salient.
To be able to inspect losses in disassembly system, the process of disassembly must be monitored.

The process of disassembly of products consists of the following activities:
- Forklift delivers a pallet with electrical, electronic and other equipment to the gathering site,
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An employee select devices from pallet and performs disassembly of certain products (components),

Parts that are detached by disassembly are disposed in containers,

When the container is full, pieces in it are put into jumbo bags provided for storage,

- Some jumbo bags are located next to the disassembly work stations, but some are disposed quite far
away in the storage area,

When the process of separation of parts is done, the forklift caries jumbo bags to the warehouse.

Transport

Lack of marked transportation routes in the system is a major problem (Figure 3). Transport analysis
shows that routes of transportation are often blocked by pallets that are stored in places where they should
not be, and thus block the passage of workers, who have to wriggle between pallets. Forklift often cannot
pass until the pallets are moved (Figure 3. and Figure 4.).

The consequences of such organized material transport are too much manipulation in transport, long
transport times, increased transportation costs, etc...
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Figure 4: Pallets on the transport route

There is no exact plan how to dispose incoming products for disassembly, nor disassembled products
ready to ship (Figure 3 and Figure 5). Products that need to be disassembled are scattered across the hall
without a plan of disposal.
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Figure 5: Scattered product waiting to be processed
Forklift is used to manipulate with pallets. Intensive use of diesel fuel run forklift is exposing
employees to gases which are highly carcinogenic.
Causes of losses in disassembly system

Workplace losses vary and are numerous. Every type of losses on the work places could be recognized
trough 7 basic wastes: Overproduction, Wait Time, Transportation, Over processing, Inventory, Motion,
Defects/Rejects [7], [8], [10], [11]. Each of losses affects the inefficiency of whole system and contributes to
lack of productivity and employee safety.

Some of the observed causes of losses are [4]:
e [Lack of information about the product,
e [Lack of knowledge about the structure of the material,
e [Lack of knowledge about special procedures,
* Wrong selection of materials,
® Process slowing down due to variable product selection and
¢ Losses due to movements during the operation.

The current method of disassembled parts disposal requires a lot of employee movement during the
selection of materials. It consists of 12 small plastic containers (Figure 6), stacked next to each other (in 4x3
formations). This method takes up a lot of space in the hall. Employees are losing time while disposing of the
disassembled product, and they generally choose to "throw" parts in the container, which is very dangerous
to the safety of other employees and can cause damage to the product. It is also difficult for them to dispose
these disassembled parts, as they have to circle the container.

Figure 6: The arrangement of elements for collection of materials after the disassembly is completed

5S analysis

After completing an overview of the company’s resources, according to the technological process and
the recorded conditions, the following was determined:
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® Workplaces where disassembly is performed are usually crowded with unnecessary things, such as
tools not fitted for current job, which are creating a mess in the workplace (Figure 7).

Figure 7: Workplace and tools in the workplace

e Containers for the disposal of certain disassembled products components are often poorly spaced,
situated to one another, and are far from the workplaces which are used for products disassembly
(Figure 6 and Figure 8).

Figure 8 The position of the container for the disposal of disassembled parts

Visual management analysis

There are no visual signs in the production area. Under the direction of visual management there
should be a set of the following signs: boards, announcements, signs on the floor, marks for the movement
for forklift and pedestrians, marks for the disposal of the products received for disassembly and disassembled
product, label for hazards materials, andon boards, table for storage tools, boards for measuring and
monitoring of the employees performance [10].

Situation analysis in terms of standardization

Based on performed analysis and taking into account the specificities of the disassembly process, it is
not difficult to notice that the current state of the observed system is that there are no signs of standardization
or efforts to standardize the disassembly process. The reason for this is primarily because there is no
awareness of the importance of standardization. On the other hand, the disassembly process is quite specific
and in this fact lays another reason for the current state of affairs for the issue. The absence of
standardization activities in different processes within the system can be considered one of the major factors
of influencing to decrease the efficiency of the system.

CONCLUSIONS OF THE ANALYSIS AND SUGGESTIONS FOR THE IMPLEMENTATION OF
LEAN TOOLS
First step of 5S and visual management

After recording of conditions and deficiencies, issues resolving is the next step. One possible way of
improving the situation is by eliminating the unnecessary items in the workplace, these items are not required
for disassembly operations. The red tag is used to identify unnecessary items. Red tag contains information
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about the name of the item, the category in which given item belongs, the reason for flagging, the required
intervention and the action taken and the date of identification and signature of the employee who hung the
tag. Red tag should be completed and attached to any object that is not needed in a particular area. All
labeled items must be stored. Their later use will be questioned. Next is sorting the remaining items in the
workplace and achieving better workplace environment. Now, employee will be able to find necessary tools
a lot faster than before. As part of this phase of the work and the implementation of LEAN, it is necessary to
develop appropriate plans and procedures for the storage of products for disassembly. Then it is necessary to
proceed with the implementation of 5S towards developed and well-known elements of 5S (Sort, Shine, Set,
Standardize, Sustain).

PROPOSAL OF INTRODUCING VISUAL MANAGEMENT

Tables for the disposal off tools and containers for disposal off parts

Each board should be placed next to particular job position, close to the workers. On the board, there
are places provided for each tool that is often used. When an employee takes a particular tool, dashboard
view will immediately show which tools are missing, and the worker after using the tool will return it in the
designated place (Figure 9).

Ay, L] &
Figure 9: Visual management and 5S tools

Problems with the disposal of parts (Figure 6) can be solved in a manner that containers line up in
three rows of three or four containers in the row, as shown in Figure 10. In this way, the disposal of parts will
be simplified and within reach of workers. Cost savings will be realized in the additional space in the hall.
When the container is full, it is easy to exclude it from the rear, and to set a new one in its place.

Figure 10: Proposal for warehouse storage of parts

Safety marks

Mark the space for the placement of containers with yellow lines, where the workers will dispose the
parts after some disassembly operation is finished (Figure 11).
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Figure 11: Lines for container setting

Mark the places for the disposal of jumbo bags which contain disassembled parts ready for further
transport (Figure 13). Therefore access of forklift to the bags will be easier. In Figure No. 12 shows the
current way of placing jumbo bags. They are left next to each other, so that one cannot be easily accessed if
necessary.

Figure 13: Proposal for jumbo bags disposal

It is necessary to mark the space for movement of workers and forklifts, to determine ways of
transport, in order to avoid possible injuries (Figure 14).

Figure 14: Transport routs
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Info board and performance tables

It is necessary to set the table for measuring and monitoring of the employees performance. In this
way, all employees will have access to current state, as production takes place, and will be notified if
something is not going according to plan. Important is to set info board panels for hanging of various
documents e.g. productivity diagrams, effectiveness sheets, defects, maintenance check lists and various
other analysis and images (Figure 15).
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Figure 15: Info board and performance tables

Ergonomics issues

Ergonomics of job positions for employees in disassembly processes is not on a high level. Before
disassembly process can start, an employee must carry the product from the palette to table to get it
disassembled. This operation is not a problem when it comes to small and simple products. The problem is
when for example, an old TV that is robust and heavy has to be lifted. An employee who repeatedly lifts
heavy objects at the work place is endangering his health.

To minimize the burden of the worker one of the possible solutions is the introduction of cranes to
work places where heavy objects appear. Problems that occur as a result of poor ergonomics issues are loss
in time and in performance, resulting in other losses addressed by LEAN approach.

The proposal for changes in the project layout

In line with the aim to achieve increased productivity and worker safety, to reduce transport routes and
costs and to reduce losses in the system, it is possible to provide more options for changing of the spatial
structure. The paper will present a proposal (Figure 16).
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Figure 16 Proposal of spatial structure
CONCLUSION

Application of LEAN approach to the systems for disassembly is a completely new area for research.
As already noted above, systems for disassembly have numerous problems ahead. For this reason, the
application of LEAN in that kind of a production system is very challenging. Many problems and
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specificities in the work of disassembly system have resulted in opening new areas of research in the field of
LEAN application.

Work standardization can be considered for one of the main causes of reduced efficiency and
effectiveness of the disassembly system. Knowledge of the technological process for disassembly is
generally not available for most products. Their development by the system for disassembly is expensive and
requires additional efforts and a great amount of work that needs to be invested in order to make production
processes for a large number of classes and variants of products. A great job was transferred to the last link
in the chain of managing products throughout the life cycle. In this sense, systematic approach is required to
solve this problem. Mutual exchange of information between product manufacturers and disassembly
systems will contribute to that cause. For this reason, the first step in an effort to improve the situation is to
create opportunities and possibilities for standardization of work processes in the system for products
disassembly.

Implementation of 5S, visual management and Kaizen are the first steps in this direction that should
"fix" working conditions and to create basis for further research.
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ABSTRACT

This paper presents a practical implementation of some of the Lean tools in the manufacturing process
in order to optimize the layout and flow of material in case of one work station. The final objective of the
optimization is to reduce losses, which is the main role of the LEAN methodology. Procedures that
systematically find out useless activities in the production process will be studied in this paper, as well as the
source of errors in order to influence the quality, cost and time of production. The focus of optimizing the
layout and flow of material is to eliminate all losses and all activities that do not add value. Optimization will
be implemented in three aspects: scattering i.e. losses, mapping (draft of flow of material on layout with
accompanying marks and ratings) and indicators (10 specific indicators that assess the production line or
plant).

KEYWORDS: Lean, manufacturing process, optimization, layout, flow of material

INTRODUCTION

Nowadays the most important thing in the industrial sector is to produce the product of good quality,
in required quantity and deliver it to the customer on time. That activity is carried out by the use of diverse
resources, people, machines and other forms of equipment. As it is mentioned in the introduction, the subject
of the analysis of this paper will also be the joining of all these resources into one functional system, i.e. its
improvement.

The improvement of Layout in one factory can be one of the key factors for improvement of
productivity (Watanapa et al., 2011).

The projecting of Layout of one section is complicated, due to existence of several factors, such as:
people, the position of machines, the flow of production materials and auxiliary material through the work
station, connections between the machine and the work station, connections among several work stations.

The analysis of the existing layout can be chosen as the first step with the aim of identifying the
problem, and with the aim of increasing the productivity with minimal investments.

LAYOUT PLANNING

As we have already mentioned, Layout of one factory represents the place where all machines, work
stations, warehouses (raw materials, final product — FG, production materials, components, WIP (Work In
Progress) parts, empty containers, etc.), all premises, maintenance, premises for employees, TPA (truck
preparation area) as well as the employees themselves (figure 1) are located.
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Figure 1 . Figure of well organized Layout

On the occasion of projecting of layout, one should take care of the following:

that the disposition of machines and equipment do not endanger the safety and health of people,

that the work surface is adequately used (rotation / m2),

that the handling of material is as little as possible (short transport paths),

that the productivity of equipment is as high as possible,

that the equipment is as available as possible for maintenance,

that the equipment is visually available for control,

that the equipment is flexible for possible changes, and in accordance with the shape of the building.

THE ANALYSIS OF THE EXISTING LAYOUT AND FLOW OF MATERIAL

The first step in the analysis of the existing state is the analysis of space occupancy, check of validity
of the equipment disposition (in flow, out flow), as well as the manipulation line of raw materials,
components, waste and final product.
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Figure 2 : Picture of the existing layout

As it can be seen (figure 2), the factory space that is analysed is divided into 3 large entities: Injection,
Assembling and Warehouse. Total surface of these three entities is 4,180 sqm. In this paper the focus will be
on the analysis of the production entities of the sections of Injection and Assembling.
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The current ratio of occupied and free space in the production premises, as well as the surface that
these two spaces occupy, is shown in table 1.

Table 1: Representation of space occupancy

Space occupied Surface (sqm)
Injection 59% 2,210
Assembling 70% 619

Table 1 shows that space occupancy in the injection section is 59%. If the space that is free, due to the
lack of equipment whose arrival is yet to come, is excluded from that percentage, but only the part of the
space where the machines are located is analysed, one comes to the number of 70% space utilization (figure
3).
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EMPTY SPACE
30%

Space for future projects
11%

Techical space
3%

QCD panels
0%

Tooling dpt.
4% Training area

Spoilers  WIP Stock
1%

FireWall 2% 3%
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Figure 3: Injection occupation

Table 2: Representation of space occupancy by the elements in the injection section

INJECTION
Description Surface (sqm) Number of pieces
Machine 400.45 11
Belt 62.83 11
Electrical cabinets 5.95 9
Place for tools 30.55 9
Frigel 21.32 10
Gas station 1.33 1
Robot control unit 2.87 9
Working Table 10.95 8
Red Box 7.12 7
Techical space 67.26 /
QCD panels 3.96 11
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Figure 4: Assembling occupation

The walking zones, transport paths and the space between machines have the largest share (table 2) in
space occupancy with 20%, and then followed by machines with 18%, conveyor belts and WIP stock with

3% each, work station of assembling of spoilers with 2% etc.

Table 3. Representation of space occupancy by the elements in the assembling section

ASSEMBLING
Description Surface (sqm) Number of pieces
Machine 26 9
Working place 37.35 9
FR + Table 7.73 4
Work table 3.07 3
Red Box 2.52 9
Support for separators 0.92 4
Rotative table 27.17 7
Support for components 0.35 1

In the assembling section (table 3, figure 4), the most of the space is occupied by WIP stock (26 %),
the walking zones and transport paths (24%).

THE APPLICATION OF LEAN TOOLS IN LAYOUT OPTIMIZATION

As it is seen from the analysis from the previous section, the space in the production sections is not used
to the maximum. In order to optimize i.e. to use the space to the maximum as well as the layout itself and

flow of material, it is necessary also to use some of the tools of Lean, such as:

e Spaghetti diagram - for optimization of flow of material and identification and elimination of losses

(waste) in the process.

e Kanban - for optimization of amount of stock of semi-product (WIP stock) as well as the

organization of flow of material between two production entities

e 58 and Standardize Work — for optimization of workplace itself.

42




LeanTech’13

Spaghetti diagram

Spaghetti diagram is a very useful tool by means of which, in a very visual way, flow of material,
information and people can be presented, and later also be analysed through some process. Also, this diagram
can be used in the analysis of movement of the operator on one work station, and also for the identification
and elimination of all losses in the process. Every activity that does not add value to the customer is called
‘waste’, (Alukal G. and Manos A., 2006; Melton, 2005). There are 7 (according to some authors 8) main
types of losses: defects, over-production, waiting, transport, inventory, over-processing and motion.

The analysis of the movement of material between the work stations (WIP - Work In Progress parts) is
presented with the help of spaghetti diagram (figure 5). Based on that analysis, the following can be
concluded: for production of which parts is the distance between the work stations largest (marked in red
colour). As it is mentioned, one of the losses is transport, so that it is of key importance to optimize this part
of process.
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Figure 5: Spaghetti diagram
Kanban

KANBAN is a manual informational system that enables signalling "to the supplier" to send exactly
specified quantity of goods, at fixed time and in the specified quantity to the ordering party, and also ordering
of the same quantity for production. "Supplier" is every workplace or even the manufacturer, which preceeds
the schedule of material processing. Kanban is Japanese word that means "card" or "sign". Apart from the
cards, the empty space or trolley, or any other form of signalling for the buyer to say "I want more" can be
used for communication. The basic idea of Kanban system is the imitation of supermarket. The buyers take
the goods from the shelves, and the staff fills the difference that has appeared of the stock in the warehouse.

One of the most important concepts of the Lean production is the division of production batch into as
little as possible, and the introduction of Kanban system has an important role in it.

Kanban system should ensure:

automation of production process,
mastering of stock size,

reducing of interruption of supply,
improvement of production effectiveness,
that the problems become more noticeable.

In observed case Kanban system has been introduced between two production entities, injection and
assembling, and with the aim to prevent excessive production, which represents one of the losses, and also
that every irregularity in realization of production plan is easily noticed.
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After the system implementation, a special attention is paid to the fulfillment of the following 5
conditions:

1. Number of parts in every packing unit must be exclusively the same as the number marked on
Kanban card — in the case of excess or deficit of parts the control is lost of the production time per
packing unit and lead time in that case can stay out of control,

2. The next step of production must get exactly specified quantity of production materials and at an
exact time,

3. Number of parts at the end of the production line must coincide with the sum of all Kanban cards
that have passed through the work station — the production without Kanban card is strictly forbidden,
the production of parts beyond the number marked on the card is also strictly forbidden.

4. By improving the very process of production (by increasing the number of tool change and by
reducing the time of its duration, by reducing the total time of delay etc.) one should also aim at
reducing the number of Kanban cards i.e. reducing the production batch.

5. Observation of the standard work (it will be explained in the next chapter) — detailed description of
work, step by step, with Kanban cards.

On the occasion of calculation of the batch size, influential factors that are taken into consideration
are:

Available time of the machine for production during the day, cycle time of the part, number of tool
changes that is possible to be done on the machine on which the product that is the subject of the analysis is
produced, the duration of tool change.

The batch size (LE) is one of the factors in the calculation of required number of Kanban cards besides
the maximum time required for replenishing of the stock (TA), the minimal stock that can endure the
fluctuation (SM), the value of Kanban card (Vk, 1Vk = 1 transport trolley = 36 parts), the demand of the
buyer per day.

Nk= (((TA +SM)xCMIJ)+LE / Vk) (1)

Table 4. Number of packaging units by the products and required surface

Packaging Max batch Packaging/ Surface
Description No. of PU dimensions size WIP stock
m2
(mm) (set) (m2)
APILLAR FRONT 22 800x600 880 0.48 10.6
APILLAR REAR 56 800x600 1,008 0.48 26.9
RDS 42 1,200x600 504 0.72 30.2
TST 36 800x600 720 0.48 17.3
HOOD TRIM 18 1,200x600 540 0.72 13.0
C PILLAR SHORT 36 800x600 324 0.48 17.3
BUMPER TRIM 5 1,200x600 800 0.72 3.6
TLT 56 1,200x600 448 0.72 40.3
B PILLAR UPPER 24 800x600 864 0.48 11.5
B PILLAR LOWER 24 800x600 960 0.48 11.5
BSM REAR 16 800x600 800 0.48 7.7
BSM FRONT 16 1,200x600 800 0.72 11.5
HOLDER TRIM 36 1,200x600 1,080 0.72 25.9
TOTAL 227.3
AVAILABLE SPACE FOR WIP 162.74
-64.56

If we compare the data (table 4) for required number of packaging units and the surface that is

necessary for their placing (227.3 sqm) with available surface for placing of WIP parts (162.74 sqm), one
comes to the conclusion that all PU units cannot be placed on this surface. As can be seen from the table,
semi-products of 2 items (TLT with 40.3 sqm and RDS with 30.2 sqm) occupy the most space.
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The next step that is imposed is to check which of the products can be produced ON FLOW, so as to
eliminate the transport means. The production ON FLOW in this case means that the process of assembling
is done immediately after the outflow of the part, without the transport on the other work station.

Decision-making matrix

Help with decision-making whether something is more payable to produce IN FLOW or OUT FLOW
will be offered by the matrix (figure 6) that consists of the set of logical, empirical questions. As it is
explained before in the text, to produce IN FLOW means to perform the operation of assembling
immediately after injection of parts, without additional manipulation, i.e. without the transport of parts from
one station to the other. The production OUT FLOW also carries with itself WIP stock where the parts are
put away between 2 operations, injection and assmebling.

The matrix that is composed to be the help at faster and better decision-making consists of 42
questions divided into two entities (assembling in flow and assembling out of flow) with 21 questions each.
Each of 2 entities is divided into three fields with 7 questions each, with different influential factors.
Influential factors are 5, 3 and 1 or -5, -3 and -1 depending on which entity we talk about. Questions by
columns are also classified according to the influence of their answer to the final decision. For example,
some of the questions from the first column with the biggest influential factor of that entity (-5), assembling
out of flow, are: is assembling mandatory only on the cold part?, or the size of the part is small? It is
anticipated that, if the answers to these questions are positive (mark 1), i.e. that assembling is mandatory on
the cold part, as well as that the dimension of the part is large, the additional points will be attributed to the
decision that the part is more payable to be produced OUT FLOW. As it can be seen from the matrix (figure
6), assembling out of flow has negative coefficients, while assembling in flow has positive. For each of the
questions the mark 1 is given if the answer is positive or 0 if the answer is negative. The final result of every
column is obtained by multiplication of every column with its influential factor.

The final result that can be positive or negative is obtained by the sum of all columns. In case it is
positive, assembling in flow is the solution that is more payable.

We have chosen to analyse two products for whose placing in WIP stock we need the most space
(table 4).

The matrix (figure 6) shows the result of the analysis for one of the elements on the basis of which it is
concluded that the part that has been the part of the analysis is payable to be produced in flow. Also, by the
same analysis it is presented that the same case is with the second element.
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On the basis of the analysis that has been done (spaghetti diagram, Batch size, Kanban calculation and
decision-making matrix), it is established that two "critical" products, from the viewpoint of required space
for placing of semi-products and the distance between the work stations, should be produced IN FLOW. By
this application we have got enough space for placing of all semi-products, we have eliminated the transport
path that is too long between the work stations, and by the integration of spoilers into assembling zone, we
have got new 170 sqm under the crane for placing of new machines. You can see the picture of the Layout
before and after the analysis in figure 7.

Figure 7: Picture of the Layout before and after the optimization

5S and the standardization of the workplace

Some people mistakenly think that 5S initiative is for cleaning, the most probably because one of the
final results of the application of 58S is clean workplace. As a matter of fact, the basic function of the first S
(sort) is the elimination of losses (waste), such as unnecessary moving of things, as well as searching for
tools and material. Also, the other steps 2S — set in order, 3S — shine, 4S — standardize and 5S sustain serve
for developing and disciplining of working habits on work station, which should enable easier
implementation of the lean methodology.

After the implementation of 5S, it is necessary to standardize the work station. One part of
standardization is done within the implementation of 5S standards (4S), but it is also necessary to standardize
the work of the operator. The standardization of work is done so that it is ensured that every operation at
forming of the final product is always done in the same way as well as that the final product is always of the
same quality no matter who produces it (the main operator or its substitution).

Also, by the standardization of work operations the variance in the process is reduced, which
represents one of the main sources of losses (Jeffrey K. Liker and David Meier, 20006).

To repeat, by 5S standard we have defined what is necessary of tools and other means of labour to be
located on the work station, as well as their location on the work station (figure 8), while by Standardize
work document we have defined the sequence of performance of the operations, the way of their
performance (figure 9), sequence and their duration (figure 10). Standardize work consists of three parts:

® Vivid representation of performance of the operations and their sequence,

e Layout of work station and the way of movement of the operator while performing the
operations (figure 10),

e Work combination table (figure 10).
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Figure 10: Standardize work sheet 2 & 3

CONCLUSION

As it is stated in the introduction of this paper, the lean methodology and the lean tools are used for the
purpose of the elimination of all losses in the process, and which is imposed by modern business where the
buyer and his/her satisfaction is in the first place. So as to achieve maximum quality of some production
process, it is necessary to direct the energy only to the processes that add value, i.e. to the processes that the
buyer is willing to pay.

This paper has shown that the application of the lean tools in forming the layout and in creating the
path of the flow of material is one of the basic elements in forming high-grade production process. By the
use of spaghetti diagram, the analysis of flow of material through the production process is firstly done, then
the possibility of overproduction is eliminated by the introduction of kanban system, and the production of
only the necessary semi-products is ensured, in specified quantity and in right time. When the basis of the
new process is established, the elimination of the excess of material from work stations is done by the
application of 5S, and the standardization of work by introduction of standardize work.

Besides the application of the lean tools, the focus in this paper is put also on the decision-making
matrix that should make the decision easier whether it is something more payable to produce IN FLOW or
OUT FLOW. The advantage of the use of this matrix is in the fact that the process of decision-making is
brought down from the expert level to the level of engineer decision-making. It means that while making
such decisions in the future there will not be necessary to include the expert team in making of final decision,
but it will be sufficient to do the analysis on the level of engineer group.

After all changes that have been done in the production process, the losses in the form of transport of
the parts from one station to the other are eliminated, and that is for the parts where these distances have
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been the largest, there have been made enough space for placing of complete WIP stock, and also additional
170sqm are formed for placing of additional machines in the area where the manipulation is possible with the
crane.
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ABSTRACT

In today’s global market an effective supply chain management (SCM) is crucial for business success.
The current challenge is to make SCM more competitive, capable of responding to customer’s demands, and
ready to eliminate all processes that add no value. That is why some different approaches and solutions are
required, and one of them is the lean concept. A Lean-SCM approach is a relatively new concept which has
emerged from the implementation of lean philosophy into SCM. A lean-SCM concept has been proved to be
an effective SCM model primarily by eliminating all forms of wastes in the entire supply chain making it
transparent and efficient. The main purpose of this paper is to obtain a better understanding of a lean-SCM
concept. A lean-SCM framework, opportunities and practical implications are presented and discussed. The
research scope indicates that multiple benefits can be achieved for all participants in the SCM system. The
value of this paper is in its systematic attempt to present the framework of lean-SCM integration and
application.

KEYWORDS: lean, SCM, lean-SCM concept, framework

INTRODUCTION

Lean philosophy has been defined as a new business strategy whose primary goal is to reshape
manufacturing processes making them more efficient and transparent by continuously adding new values to
the products or processes in the focus of observation as previously shown (Ilin and Simic, 2012). For a long
time, lean has been developed and utilized in the manufacturing setting. Supply chain management (SCM)
presents the movement and storage of raw materials, parts, various inventories, finished goods and the
related information flows from the point of origin to the point of consumption. A Lean-SCM approach is a
relatively new concept which has emerged from the implementation of lean philosophy into SCM. Decision
making in a lean-SCM context is challenging because of the complexity, dynamics, and uncertainty inherent
to both supply networks and the types of waste (defined as any processes, including use of resources, which
do not add value to customers) as previously shown (Liu et al., 2013.).

The purpose of this paper is to provide an overview of lean-SCM framework, opportunities and
practical implications. At first, SCM concept, lean concept and a lean-SCM concept are explained.
Furthermore, the main focus is on four different phases in the SCM system and the following integration
with lean concept: lean supply, lean transportation, lean manufacturing, and lean distribution. In addition,
two examples from practice are presented and discussed. The structure and the content of this paper have the
purpose to decrease dilemma regarding some basic questions about lean-SCM concept: “what is the right
definition of a lean-SCM concept?”, “at which areas of SCM lean has the strongest impact?”, and “what are
the measurable results from the practical lean-SCM implication?”.

RESEARCH FRAMEWORK
SCM concept

The Council of Supply Chain Management Professionals (CSCMP) is the most well-known
organization regarding SCM. CSCMP define SCM as:
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“...planning and management of all activities involved in sourcing and procurement, conversion, and
all logistics management activities. Importantly, it also includes coordination and collaboration with
channel partners, which can be suppliers, intermediaries, third party service providers, and customers. In
essence, supply chain management integrates supply and demand management within and across
companies.” (Web-1)

Originally, supply chains have been designed to manage forward logistics as previously shown (Ilin et
al., 2013). Within the organization, the supply chain refers to a wide range of functional areas. These include
SCM related activities such as inbound and outbound transportation, warehousing and inventory control,
sourcing, procurement, push and pull strategy, cross-docking, and supply management. Inbound
transportation refers to the movement of raw materials, parts, various inventories and the related information
flows from suppliers to manufacturers, warehouses or retail stores. Outbound transportation refers to the
movement of final products and the related information flows from the end of the production line to the end
user. Warehousing refers to the storage of raw materials, packing materials, spare parts, components, final
products, etc. Inventory control refers to the supervision of supply, storage and availability of goods in order
to ensure transparent supply. Sourcing refers to different logistics strategies in the supply chain design.
Procurement includes market research, make-buy decisions, requirements planning, ordering and control,
etc. A push strategy refers to the forecasting of demanded customer’s products, while a pull strategy refers to
the transfer of final products or information flows demanded by customers. Cross-docking refers to the
removing of goods from an inbound trailer to an outbound trailer, without ever stocking the goods in the
warehouse. In addition, evolution of SCM is presented (Figure 1).
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Figure 1: Evolution of SCM (Web-3, edited by authors)
Three different types of supply chains are defined as shown by Vonderembse et al. (2006):

1. A lean supply chain, which employs continuous improvement efforts which focuses on eliminating
waste or non-value steps along the chain.

2. An agile supply chain, which responds to rapidly changing, continually fragmenting global
markets by being dynamic, context-specific, growth-oriented, and customer focused.

3. A hybrid supply chain, which combines the capabilities of lean and agile supply chains to create a
supply network that, meets the needs of complex products.

LEAN concept

As shown by Kilpatrick (2003) and Liker (2004) basic principles of lean concept are:

Identification of losses (waste);
Standardization of processes;
Continuous flow;

Pull system;
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