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Introduction

Today more and more companies decide to undertakatla of improvement of their

performance following the principles of Lean Prodlue. This new philosophy has spread in
recent years as a result of the companies’ nedwmk tmore competitive in a global market.
How? By reducing costs, eliminating wastes andaasing process efficiency and productivity,
paying greater attention to the customer’s needsk the quality of the finished product.

Implementing a Lean Transformation process thatael the indicated benefits is challenging
and requires the application of a right methodhwuitt which projects often fail or achieve very
modest results. In this Thesis, we will discussutltbe enforcement of Lean Production in a
local manufacturing firm called ELBI S.P.A, basedLlimena (PD). Over a period of six

months, | collaborated with an external consulwognpany called KaizenKey s.r.l., dealing

with the following three projects regarding Contis Improvement:

Improvement of Human Resources Management

What has been extracted from literature reviewshenLean Transformation process, is that,
despite the large number of tools and techniqued umsorder to achieve process optimization,
there seems that People, who are going to be tles wmo will lead the change, will
significantly affect the desired result. The intentis to create what is defined asotal
systery encouraging a high degree of personal respditgilfror this reason, we developed a
Skills Matrix of all the workers involved within ¢hoperative departments and we computed

two final KPIs of polyvalence of each skill (handdasoft).

Improvement of the Corporate Logistics Flows
The project concerned the definition of a new Imdélogistics that would guarantee a more
efficient management of the flows of materials aridrmation within and between the various

departments.

Improvement of Assembly lines by studying Cycle Tiras

The third project concerned the analysis of thel€Jéme of the assembly lines within the

department M. This analysis aimed to define a nelarzting and layout solution based on a
redistribution of workloads. In doing that, we deped a Time and Methods framework, which

is particular useful in order to calculate the 8t Cycle Time within the working cycle.



CHAPTER 1

LEAN PRODUCTION: ORIGINS AND PRINCIPLES

This chapter aims to illustrate the transition friba industrial production to that which is called

Lean, highlighting the main principles and featutes characterized this new philosophy.

1.1. The development of Industrial Production

From the end of the seventeenth century to today,world has witnessed an incredible
development of the Economic-Industrial system, mg¥iom a predominantly agricultural and
crafty arrangement to a much more contemporary ©his. new system was featured by the
use of highly automated machines and new energycesuall accompanied by a strong
component of technological innovation. More speaeify, there have been fouindustrial

Revolutionswhich have characterized the last two and adsadfuries.

The First industrial revolution took place from 1780 to 18B0England and spread, in the
following century, to other European countries ahd United States of America. This
revolution envisaged a new industrial system witbrkers who were employed within the
factories and the traditional energy sources, usditinow, were replaced by the application of
new ones. Some of these included combustible sswsueh as coal, which allowed the
introduction of steam engines to the industrialtexys (Chandler, 1990). This engine
represented the greatest technological foundatiuh its greatest expression in terms of
organization known as the "factory system". Thisvr&rangement concerned the entire
production chain: on the one hand, the ownersetdpital needed to invest in machines and
to pay workers' wages and, on the other hand, tbkkess who sold their labor force.
Subsequently, the "factory system" continued toaexipwithin and even outside of Europe,
radically turning in favor of new economic realgjesuch as Germany and the USA. The
Industrialization process strengthened as a refulh close connection between science,

technology and production.

This linkage set the scene for the beginning ofSkeondindustrial revolution, which was

established during the second half of the eighteeantury. During this revolution, there was
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a strengthening of several fields, such as energactric, oil & steel and transportation. In

addition, there was a significant progress in ddieresearch and medicine (Hughes, 1983).

In the years following the Second World War, thaeapt of theThird industrial revolution
was introduced. This concept led to the discoveryaoption of new energy sources such as
the atom, the solar energy and the wind. The dfehis revolution was the technological
innovation that brought about the birth of PC, sb@hrough artificial intelligence and
automation), the creation of the first spacecrafil aatellites, and the shifting to renewable
energy (Jeremy Rifkin, 2011). Within the industfield, a new "Factory system" took place,
known asPost-Fordist in which the concept of assembly chain was oeerstd by promoting

a more automated one. Furthermore, the meanin@ofsourcing” was introduced, with the
dislocation of traditional companies in low-coseas. In the past, as explained previously,
Industrial Revolutions have allowed humans to mm&y depend on their own strength and on
animals, providing millions of people with digitakills and thus, making Mass Production
effective.

Nowadays, the form of revolution that concerns huityas theFourth industrial revolution.
This revolution is characterized by the presenaaewd technologies that connect the physical,
digital and biological spheres to each other. Adddlly, this connection brings consequences
in all areas, mostly in the economic and productigiels, reaching out and even questioning
the meaning of "human being". More commonly, referred to as "Industry 4.0", pointing out
the trend of industrial automation that incorposageme new production technologies in order
to improve working conditions, increasing produityivand production quality. Accordingly,
advances in robotics through the use of artificilligence, nanotechnology, and material
sciences will lead this era and profoundly chamgeftinctions of the modern economy (Uzair
M. Younus, 2017). This transition is moving towsma concept of “Smart Factory” both in
terms of production and energy. Regarding proda¢ctsth new technologies that create a new
sort of operator made by machines, tools and sesyithanks to IT infrastructures and
techniques which allow to integrate systems betwdifarent companies along the supply
chain (from supplier to the customer). And in retgao energy, creating more powerful systems

by eliminating energy waste.

Historically, Industrial Productionhas evolved parallel ttndustrial Revolutionsthrough
various stages of development and establishingniteély, with the introduction of the

machinery into the production process and the tieguioundation of the "Automatic Factory".
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The first sweeping change concerns the transitimm fCraft to Factory production.
Specifically, Craft production, refers to the maautbtiring process completely carried out by
man, the craftsman, with his hands, without anylof machine or technology. This term is
related to the work of highly skilled artisans wkarking from home or in small workshops,
are able to add value and a highly degree of wat®tthe product, in order to meet the
requirements of the individual customer. This tygfemanufacturing process is prior to
Industrial Revolution. The craftsmen followed thkoke working cycle: from the idea, to that
of procurement of materials and to the manufactdidie product, until the final sale of the
good. Craft products have a high quality, becaosar artisan it is possible to obtain certain
effects or levels of detail using techniques whach unworkable in other kinds of production.
Very low production volume and lack of economiescdle were the negative aspects of this

labour technique.

A clear example of craft production concerns theHaad & Levassor (P&L) company, car
manufacturer, when Evelyn Henry Ellis, a membethef English parliament, decided to go
there in order to buy a new car (Womack et al. 0)9%he P&L’s work force was composed
by workers who were skilled craftsmen who producacs in extremely low volumes. Once
her particular instructions were understood, P&tided to produce this car, aware of the fact
that it could satisfy its consumer's need becauseyesingle component was made one at a
time and it was simple to apply such requests.IFirthe car was ready for the delivery in June
1895, when Ellis became the first person to driva@omobile in England. After almost twenty
years, several companies around Western Europs@niid America began manufacturing cars

in small volumes adopting craft techniques.

Overall, craft production had the following featstrehighly skilled workforce inside a
decentralized organization, coordinated by an owrrer kept in touch with everyone involved
in the system. For all the following reasons, thawdbacks of craft production are equally
obvious in hindsight. The production costs werdlagd they did not drop with volume, which
meant that only wealthy people could afford suats.cehere was a considerable lack in terms
of consistency and reliability, which were elusiaed each car produced was a prototype.
Moreover, the individual craftsman did not have tbsources to implement new innovative

techniques in its production system, as real telcigical progress needed a broader context.

Despite these drawbacks, a small number of craftyption firms have survived until now.
They try to focus on narrow market niches populdiggotential buyers who wish to deal

directly with the manufacturer, ordering highly tarsized products.
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The auto industry, around 1920 after World Warrhgoessed tMass Productionwhere
Henry Ford found a way, based on the principlemtdated by Frederick Taylor, pioneer of
the “Taylorism”, to overcome the problems inher@ntraft production with his Model T. The
pillar of Mass production, unlike what many peogtid believe, the “moving assembly line2”
is identifiable in the concept of “interchangealiliof components and the simplicity of
attaching them to each other. All this made possible configuration of what we call
"Assembly Line". H. Ford was even able to modifg aevelop innovative designs in order to
reduce the total number of parts needed duringribrufacturing process and made them
extremely easy to attach. Mainly, Mass productionsists in the process of creating large
quantities of standardized products, carried oustye type of mechanization as with an
assembly line. The ultimate goal is to achieve Ipgbduction volume through the use of a

detailed organization of the materials flow witlaiivision of labor.

Oppositely to craft production, where the prodsgirioduced in a single location or by a single
operator who performs the various production ph&ses start to finish, in Mass production
the entire process is subdivided into elementatiyities entrusted to a predetermined work
station. The operator has to perform only a sread, iighly optimized, of the total processing.
In the design phase of the assembly line, the dyde of each station must be made equal or
at least as close as possible to the cycle tira# tife other stations, using appropriate groupings
and subdivisions of the activities into more andengpecialized fractions, so that the line is
able to work without stops and overlapping. Thetfstep to make the process more efficient
was to deliver the parts to each work stationvahg the assemblers to stay at the same spot
during the whole working cycle. This was made passilso because the parts were created to
a standard design that could be used in differetats following the standardization process.
At the beginning of the process, the workers peréat only a single task moving from a
product to the next one around the assembly hatlltHis implied the problem about “walking
time”, where a worker was forced to move from aseatbly stand to another one. In order to
get over that problem, Ford introduced the “mowasgembly line”, which brought the product
past the stationary worker, giving the rhythm addqarction and of the single operator. Mass
production makes possible the reduction of produactiosts thanks to economies of scale and
allows an efficient use of “not particularly wethined labor”. This lack of labor skills refers
to the elementary nature of the repetitive aceegitentrusted to each operator, which makes
training needs very limited. However, being basedhe standardization of components and
products on continuous line processes, the regudtystem is inherently inflexible with high
initial investment cost, which makes it suitabldyoto products whose demand is largely
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predictable. This system, which is characterizethaye-scale batch production, dominated for
several decades the car-manufacturing industrieimgbthe only one adopted by the main

manufacturers.

From the second half of the XX century, after peat-period, a set of new techniques and
production principles based on Toyota's way of wbdgan to spread in several western
companies. Toyota invented an entirely new way amage and plan their production. During
the same time period, some Japanese producerscufaty in the manufacturing and
automotive industries, were getting relevant masketres to western producers. The reason for
this success was based on a profoundly differeatlymtion approach to wastes, quality,
customers and the role of workers. In brief, Toywiald better understand, compared to other
companies, the importance of these new producttaiead concepts. And, thanks to the
intuitions of Shigeo Shingo, Taiichi Ohno and o#h€efoyota developed a new production
system considered an evolution of the “Fordist bt line”, capable of responding to the
high variety of market demands while maintaininghhiquality standards and substantial

production volumes. This emerging production systeoalled thd.ean Production.

1.2. The Lean Thinking

The Toyota Production System spread as Lean Prioductr LP, because according to John
Krafcik, the inventor of this term, ituses less than anythihgompared to Mass production.
As athletes undergo hard training sessions with afldevotion, commitment and discipline to
reduce body fat and develop muscles, Lean appralachaims to reduce waste and improve
processes by trying to establish the idea of captis improvement within the corporate
culture. LP is even present in the book called "Mechine That Changed the World", by
scholars James P. Omak and Daniel T. Jones, imwh&y compared the production systems
of the major US and European automotive manufactuwéth that of Japanese Toyota,
explaining its superiority to all others and defigit as ‘an entirely new way of making thirigs
underlining how this was completely different frdwass production. This system can be
depicted by using the TPS house, which is a graphépresentation of the Toyota’s tools that

compose its production system (see Figure 1):

The left pillar, Just-in-Time is defined as the “right piece, at the right tinre the right
quantity”;
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The right pillar is identified with the termdidokg or intrinsic quality, or the adoption of

machines able to identify situations of non-compte on their own stopping immediately,

avoiding the production of defective products;

The highly motivated staff, who are entrusted vitie task of improving continuously the

process, represents the main pivot of the entirgsséoUnlike of the theories of H. Ford,

according to which managers and engineers havedb with the planning while the only

occupation of the workers is to run their own wofloyota’s aim is different: encouraging

operators in order to propose suggestions so liea¢ is one constant review of their way of

working and involvement in the process itself.

At the same time, TPS needs a stréogndation in order to provide a base on which Just-in-

Time and Jidoka can be implemented. This is acdidweugh stability and standardization of

the processes.

The finalGoal of the house concerns on cutting costs and thectiedh of the lead time while

keeping the highest possible quality.

Shorter Lead Times

TPS

Higher
motivation

Higher
Lower costs quality

First Pillar Second Pillar
Continuous
improvement
Just in Time Jidoka
Foundation
Stability

Figure 1: the TPS house

In the bookLean Thinking(by Womack and Jones, 2003), the authors useetine ‘tLean

Thinking”, in order to describe the ideology thabwk Toyota to develop the TPS. Its roots are

connected to the concept of “Continuous Improvememt approach to be adopted with the
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aim to add value to the product and, simultaneg@siminating waste. In order to carry on and
keep LP, there are some principles useful for@ihganies that are implementing this change,
which incorporate the overall ideas of this prodiecphilosophy and are as it follows:

1) Specify the value for the customer;

2) ldentify the flow of value;

3) Make sure that the value flow is free from intetrops;

4) Make sure it is the customer to request the valuma the manufacturer (pull logic);

5) Pursuing perfection.

1) Define the Value

The value is what really matters to the customdrtakes on meaning only when it is expressed
in terms of goods or services that a company qffaske to satisfy the consumer's need in a
given time and at a certain price. The paying austois, ultimately, the reason of existence

for the company itself.

Therefore, in order to define which are the aasggithat add value, it is necessary to know what
the customer gives value and understand what areusiness conditions that allow to produce
it. We need to focus on the features and key psasewith the aim to improve them (it makes
no sense to focus on what the customer does netdmmadded value). Finally, the customer
becomes the reference point for the definition ekte: the consumption of resources, which
occurs in relation to other purposes, is definetMlada This represents the main principle of

Lean Thinking because it determines the succetfgeaiext four.

15



2) ldentify the Flow of Value

The flow of value is made up of all Value-Added aahvalue-Added activities that allow a
company's product or service to flow along the $pplpain, starting from the “concept design”,
passing through the development, transformatiorawf materials in the finished product and

finally arriving at the customer's distribution apalyment.

It is important to map the flow of value, identifg where value is created and where it is not,
in order to make sure that every single operatoisasalue to the product and, consequently,
to the end customer. Subsequently, the entire \&ifeam must be mapped and analyzed, trying
to recognize all waste sources within the procBgsdoing so, three types of activities can be
identified:

. Activities that generate value (VA), for which Irc&ransfer the cost to the customer and it
would be willing to pay.

. Activities that are necessary but do not createes@VA), in fact they are not easily eliminated
in the short term without a structural redesigbuisiness processes (First type of waste).

. Activities that are not necessary and that do meate value (NVA), therefore they can be

eliminated immediately as they are clearly wastéBgcond type of waste).

3) Continuous Flow

To make the flow smooth, it is necessary to elin@rectivities that do not add value, so that
the product or service can flow continuously frdra beginning to the end of the process. After
defining the value and after the flow of value h&en completely mapped and any kind of
waste has been eliminated, the focus moves orcthatias which create value (VA). The idea
of Continuous Flow has led to the concept of Oree®iFlow, which intends to establish the
progress of semi-finished products in the produnctigstem following a continuous flow; the
material crosses the departments in the quickegt ama the inventories are reduced to a
minimum level. The goal is to implement the solatiolosest to the continuous flow,

characterized by:
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Minimum stocks
Quick set-ups
Immediate shipments

Machine that are very flexible and synchronizedyale times.

For these reasons, the manufacturing plant of a lisa can be characterized by a line layout
where all the equipment are arranged sequentallywing the process to produce one single
product at a time, without an intermediate stockMufrk-In-Process between one productive
stage and the next one. Furthermore, we can fireh LJgants organized in cells, called
“production islands”, in which there are all the teraals and machinery necessary for the
production of a single product or an entire famiilgying similar features.

4) Pull Logic

The principle of Pull” logic indicates that no activity is performed linhe customer

downstream (both internal or external) has askeit fas it is the customer to drive the market).
In this way, the stock level and the capital equepmcan be reduced. The pull principle
emphasizes the importance of the customer-supgdlationship and considers the internal
processes connected to each other. In fact eatttewf is "customer” of the upstream process

and "supplier” of the downstream one.

The opposite logic is calledPtisi, which means managing processes in advance tdroes
needs, according to which firms anticipate theyenfrmaterials in the factory ensuring the
delivery time required by the market. This predintis determined by using what is planned
on the basis of forecasts (triggered by MRP infdromasystems) and, if these are incorrect,
inventories are generated. According to the pylidothe customer must request the material
needed to meet the demand of the downstream prdoesthe other end, the supplier must
have a stock of material, which is called "Supek®etiy in order to satisfy the customer's
request. This stock, once reached a minimum lewsded to buffer possible demand
fluctuation, must be restored to ensure the aviéitlabf material to the customer. This allows
the flow of value to deliver the right materials,the right time, in the right quantity, while
keeping a minimized warehouse at the same timéndrease the overall level of efficiency, it
IS necessary to extend waste disposal and theludtion of this new production management
to the entire supply chain.
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5) Perfection

The continuous pursuit fdPerfectionis the essence of the fifth principle of Lean amdre
generally, of the Japanese philosophy. The ainooti@uous improvement is based on the idea
of ideally striving for perfection through smalciremental steps, one after the other. Naturally,
a system will never reach absolute perfectiontgtcontinuous review of the processes, with
the aim of eliminating waste and increasing efficig serves to guide the strategy both at the
operational and the managerial level, in such a asmto never be satisfied of the objectives
achieved, continuing to pursue an ever-increasngllof quality and productivity. The ideal
perfection coincides with the complete eliminatiohwaste, so that in this condition, all
activities create value for the final customer.shi@nsion is the goal to keep active a systematic
process of improvement since perfection is noaacstoncept, but a dynamic one, because the
value for the customer changes over time. Findiig,last principle is fundamental to maintain
staff motivation high: without new goals and withawew objectives to be achieved, the
tendency is to settle down, considering the stgws as a non-modifiable situation, thus
blocking the entire process of improvement undemak
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CHAPTER 2

TOOLS AND TECHNIQUES OF THE LEAN
PRODUCTION

The following Lean Tools and Techniques constithtetwo pillars and the foundation of the
TPS house. They represent key and necessary ekefoettie practical implementation of this
new production philosophy, compared to the Fivendtples, which serve to create the
maximum value for the consumer. Moreover, it is ami@nt to know how they work,
understanding their potential and how they couldapplied and adapted to any business

context.

2.1. First Pillar: Just In Time

Just-In-Time (JIT) is a production planning methlodt is based on the idea of producing only
what is needed, when it is needed, and in the abmmeded. It confers speed and flexibility to
the logistics-production system and results ingitugyressive reduction of all types of waste by
simplifying production processes (VijayR. Kannarak Choon Tan, 2004).To do so, the firm
has to be able to switch the production very quickdveraging on set-up time reduction and
using specific techniques. In fact, its correctctioning depends strongly on the simultaneous
application of all Lean principles, methods andhtegues, as these confer the necessary

stability to the system. The main operational eletmef a JIT system are the following:

Layout

Kanban system

Heijunka
Single Minute Exchange of Die (SMED).

The advantages of JIT are many:

- Reduced the level of inventories and the Lead Tofrtbe process
- Increased reliability and the level of customerser
- Reduced storage costs and inventory management.
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The application of JIT requires a high degree aichyonization between the processes and,
within the supply chain, between supplier and austo In fact, a short delay in the
procurement of materials or processing could gse to a paralysis of downstream processes.
It is equally significant to improve the efficienof the system to prevent failures or stops
affecting the continuity of the flow and to shavath every actor of the supply chain, the
importance that the company has in creating vatue¢hie customer. Since customers are the
ones who trigger the production, the firm has tadnee more flexible in adapting to the
fluctuations in demand and it can do that espacittirough the flexibility of labor.
Consequently, it is important to convince bothrtr@nagerial class and the individual operators

to work together, concerning this new mentality.

2.1.1. Layout

The layout of the production plants, hence, plafisndamental role in achieving the goals of
JIT. In relation to JIT logic, the arrangementtaé tnachines and equipment should be modified
and properly located to optimize the productiomfltn batch-and-queuproduction the typical
layout is Functional and the resources are grouped for reasons ofigaagroximity. In
producing batches, every one of them is processed specific function or dedicated
department and then, once the working cycle ofwhele lot is completed, it is moved to

another function or department for the next step.
This type of layout creates several drawbacks aastersuch as:

- Anincrease in pipeline inventory
- Excessive handling of the material with significenainsportation costs
- Anincrease in Lead Time

- Recurring Bottlenecks between the various departsriaxolved in the production.

Contrarily, LP implies One-Piece-Flow productiomttinequires #roduct layoutinstead of a
functional one. A second strategic aspect of Jiicems to the flexibility of machines and of
men to adapt to changes in demand. Moving fronutitization of Big machines that have long
and complex setups, making big batches and quiidgting waste with the only purpose of
getting “economies of scale”; ®mallmachines that allow simultaneous processing aayg th
are easier to move and permit flexible scheduliptgpos with quick set-ups.
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With a Lean layout, having d-shapedproduction line, product families are grouped with
the work centers composed by machines and equipmidrdse categories are located
sequentially around this type of cellular layoutng which the operators moved doing their
job (see Figure 2). All these work centers shareroon process routings. In this way, this type
of layout requires less in-process inventory, reduthe cost of movement being there less
physical space and, consequently, it will be leasenmal handling due to “U-shaped”; since the
workers will have shorter travel distances withrammease in visibility and teamwork emphasis.
Each operator can be assigned different tasksthatkfore, some of them can work on the
same cell whereas others are assigned only onde Wiki production is running, the operators
are performing some manual tasks and the machometfje other hand, work automatically,
performing different tasks. One of the most reléaatures of this layout is that the entry and

exit from the line, where the production begins ands, are in the same area.

Figure 2: example of
U-shaped production

line.
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2.1.2. Kanban system

Kanban, one of the most useful tools for applyihy & a controlling and signaling system
which integrates, with the normal flow of materiéisat goes from upstream to downstream),
a flow of information that proceeds along the reeepath (from downstream to upstream),
capable of triggering production based on the neéflsal customer (see Figure 3).

) Haw Malerial Fatiri Assemb Finished G .
gt ol sl Figure 3: example of Kanban

L -2 operating scheme.
g )+
ﬂ - s 2 ﬁ m Source:
U \ U \ ’ www.sixsigmatrainingfree.com

Supplier Transpart Production Finishad Goods Customor
Kanban Kanban Kanban Kanban Kannban

In Japanese, the woidanban stands for “card” or “signal” and each of thenentfies a
product, a component or a semi-finished produdcticating its origin and destination.
Basically, they are used to link upstream and domeam divisions, which transmit a series of

instructions, by communicating information on matsrto be supplied or components to be

produced. In fact, the demand Kanban is sent fi@ptoduction stage to the upstream one, in

order to signal which components are needed arwhiains specific information (such as the
name of the supplier, the customer, the code,fdheifc re-order quantity, the description and

site). There are three types of Kanban:

1) Move or Conveyance Kanbawhich is a “single card Kanban” that authorizbe t
movement of a piece between two contiguous proogsslls: the downstream cell can
take a piece to work with from the upstream ongy there is a “Withdrawal Kanban”
that signals the required delivery of parts tortbgt stage of production.

2) Production Kanbanwhich is usually associated with a Kanban systymposed by
two cards, one for production and one for transimm, authorizes the upstream station
to produce and replace the items consumed by twastceam customer.

3) Vendor Kanbaninstead, signals to external suppliers the neethk required product

to be shipped.
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Generally, the number of Kanban card is relateti Wie quantity of pipeline inventory, each
Kanban is associated with a specific standard dyfbduct and it is attached with fixed -

sized container.

2.1.3. Heijunka

Heijunka is the Japanese word that medmvéling of productioh It is a technique aimed in
reducing the workload variability. Production casiy be leveled if the demand is constant or
if a regular rhythm is maintained in the upstreawcpsses so as to allow the same rhythm in

the downstream as well.
This approach recommends to apply levelling on &spects of production:

1) Leveling of production by Voluméy doing so, it would be necessary to produce
following the long-term average of the demand amdhtain an inventory proportional
to the difference between the average demand anokthks, thus ensuring the stability
of the production process and the frequency ofvdabs. Practically, everyday the
system should process the same amount of a cagairfi.e. 20 items of product A, 30
items of product B and 15 items of product C), adocw to what was mentioned
previously.

2) Leveling of production by Product mixtost of the time, production is a mix of different
products with several processing steps. In theicastich the production line does not
provide a single-product but a mixed-model, it ec@ssary to determine the optimal
production sequence. The reduction of product chawegy times, adopting SMED
technique, allows to program smaller and smallecH®s and increase flexibility to
changes in demand fluctuation. In order to plarptiogluction of products with different
levels of demand, the “Heijunka box” is used, whih visual control board that, taking
advantage of the Kanban cards, keeps the workloitlie various stations constantly
leveled for short increments of time, considering product mix requested by the end
customers. In this way, the mix of products are uf@actured according to a specific
sequence (i.e. #B>C, where the system tries to complete one sequmrerg day by

reducing lot size.
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2.1.4. Single Minute Exchange of Die (SMED)

The SMED (Single Minute Exchange of Die) is a meliogy introduced by Toyota company
to reduce product changeover times. One of theslsirgetups that Toyota had to deal with was
the replacement of the molds on the presses uskainothe panels of the bodywork. Using
Shingo’s techniques, an industrial engineer whokedras a consultant for Toyota, in 1971
molds’ changeover times were reduced from threeshtuan average of three minutes. In
recognition of these techniques, the term "Singieut® Exchange of Die" was coined, which
means thange mold in a single digit in less than ten minutes and then expressilile av

single digit.

Consequently, SMED became essential because grtddct changes are too long then the

tendency is to have batches too big before movimigp dhe next one. This creates several types
of waste such as: “overproduction” because it isdpced more than necessary, “higher

inventory levels”, “yield losses” if the productseabut of specification, and “lack of flexibility”

in reacting to changes in customer needs. Changéeopwam unproductive step of the process

since it does not increase the added value ofritadupt and absorbs labor and plant production

capacity.

The purpose of this tool is to have a Quick Change@QCO), or to be able to quickly switch
from one production to another in the same prodagblant. Four phases can be identified to
implement SMED:

1) Measure and analyze changeover activities:
during this phase, all the necessary activitiescareed out in order to critically analyze the
current set-up process. Regarding the changeatigitias, they can be either:
“Internal”, which are those that can be performed only ifftueess has stopped

- “External, which are those that can be performed when thegss is still operating.

Specifically, in the analysis the following acties are executed:
- description of the tasks performed by each operator
- timing detection taken to perform each operation.
- distinction between Internal and External actigtibased on the aforementioned
definition.

- listing of the tools used to carry out the varitasks and their location.
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2) Separate external and internal activities:
in this phase, the goal is to completely sepalaewo type of activities, taking into account
that:

- “External activities include cleaning, handling of toolsdacomponents necessary to
carry out the changeover, both in the initial phasée process and during the final
one.

- “Internal” activities, instead, should concern only the disathly, the assembly, the

centring and the adjustment of the equipment.

3) Change allnternal activities toExternalones:
bringing the activities out of the product changaoime by taking “Internal” activities out of
set-up operation can save a lot of time. Thenustbe analyzed whether or not it is possible
to change thelhternal’ activities in “External ones. How? Pre-preparing the activities and
the related equipment and making the changeoveepsomore flexible by speeding up the
required changes of equipment.

4) Practice changeover routines:
if several operators can carry out the activitiesutaneously, the total time can be reduced
without increasing the labor necessary for prodtf@nges. This final phase is aimed at
optimizing the sequence and operational methodsirdérnal” activities, both through
technical solutions (developing methods and imprgwork equipment with standardization),

and through organizational one (performing “Intérnaactivities in parallel).
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2.2. Second Pillar: Jidoka

Jidoka represents the second pillar of TPS housis. Japanese word is generally translated
with “Autonomation”, which identifies a technologhat uses control systems to manage
machineries and processes in order to stop theuptiod whenever an abnormal condition or
defects occur. It is extremely efficient becaudeeips to minimize defects before they reach
the customer. In fact, the machines are able fp @womatically and the operators can fix the
problem by interrupting the production proce3$erefore, the simultaneous presence of
appropriately trained operators is fundamentalhay have the authority to stop the whole
production process at the first critical signak(term ‘Automation with human toutls used

for this reason). The goal is to reduce waste aidcts by identifying the root causes of the
problem, then making improvements in order to emtat it does not occur again in the future.
Jidoka enables to separate men and machine, makaohinery free from the need to be

constantly supervised by the operators, allowingkexs to simultaneously control multiple

production stations.

2.2.1. Poka Yoke

Poka-Yoke (in Japanese "fool-proof") isVasual Managementool which prevents human

errors in carrying out a production operation amdsato make assembly and manufacturing
activities simpler and less error-prone even bg-kslled operators. This device is inexpensive
and, through automatic inspection not based on huntaraction, prevents defects by stopping

and communicating a signal each time any anomalgtiscted.
The inventor of this tool, distinguishes three typé& Poka-Yoke (Shigeo Shingo, 1986):

1) Contact devicesthe physical characteristics of an object, suslgeometry and color,
allow to identify the correct position of grip, grsion or manipulation of the tool or
subassembly and preventing them to combine indyrelgjects to each other, avoiding
malfunctions caused by a wrong one contact.

2) Fixed value devicegheck whether a certain number of operationdkas carried out.

3) Motion step devicegsheck whether all steps of a given process werpned in their

correct order.
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Depending on the type of error that is committedis ttechnique is able to provide
simple warnings or hinder the wrong action. Ocaaalicerrors deserve warnings, while
common ones deserve checks or impediments. Poka-dakbe applied to different areas, but
it works very well when you analyze manual operatitor which are required adjustments and
a constant supervision by the operator and whene tis a strong staff turnover with a poor

training thereof.

2.2.2. Andon

Andon is a type o¥isual Managemerdontrol, which is used as a system to inform djoesa
maintenance staff and management in general theake tls a problem occurring in in
manufacturing operations. It provides instant, blesiand audible warning to the operations
team that there is an abnormality within that afidas control is implemented through the use
of two basic elements, which are the “Andon boamdd the “Andon line or cord”. These are
located near the operator and every time the opadntifies a problem, he or she can activate
manually the alert signal pulling the cord or thitbn. Once that is taken proof of the existence
of the problem, a visual indication — commonly ikght (red if the line stopped, yellow if it
calls for an help and green if everything is nopnéich signals the production line status —
specified in which workstation there is a need@phAt that point, a supervisor should come
to the workstation to help out. Now, the goal vii# to solve the problem and restore the
operation of the process. If difficulties are fouarttl the problem cannot be solved, additional
help will be requested by pulling the Andon cordiag If at the end, the problem is not be

solved then the line is stopped until the issus feally fixed.
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2.3. Foundation: Stability

According to TPS house, it needs a strong foundahat is necessary for the implementation

of JIT and the Jidoka. Stability implies that thegess must be:

- “Capablé, where the operators and machines do not prodefesetive products and do
not make systematic errors.
- “Availablée, the operators work when they asked to do sothednachines work when

they are expected to do it.

In order to give stability to the entire processjesal tools must be used.

2.3.1. Standardized Work

The Standardization of works a method in which all the essential proceduesgiired to
perform a specific job or task are defined, codi@d shared within the company.

We can talk about Standard Operating Procedure®)S@dicating the document where, in
detail, are indicated, in succession, the operatwith their specific instructions and the way
in which they must be carried out, following thecsdled “best practices”.

At the same time, it forms the basis of an apprahahcan be developed and which allows the

Continuous Improvement. There are three compoma@ded to achieve standardization:

1) theTakt Timewhich represents the time needed to producegiestomponent (or the
entire product) in such a way as to satisfy thetaruer's request. For instance, it
represents the speed that the production procestdshave to meet the demand.

2) theCycle Timewhich is the time required to complete the cydlaroperation.

3) theStandard Work In ProgregSWIP), composed by the standard inventory nesaled
keep the process operating smoothly.
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232. 5s

5Sis a systematic and repeatable methodology tanigdi working standards and improve

operational performance. The goal is to eliminditéha wastes and everything related, which

are not functional to the activity performed. Tteshnique requires the involvement of the all

staff and, once entered into the attitude of eabqn, it is understood as a normal practice to

be performed. The 5S is even a "zero investment'tiat has a strong return in terms of quality

and productivity and it can be applied to the conypas a whole.

More specifically, the five S’s are:

1)

2)

3)

4)

5)

Seiri — Separate, which consists in identifying all tistecessary for daily work,
separating it from tools that are used less or eésser. By eliminating or storing what
IS not essential, the impact that the useless atgnp can have on everyday work can
be reduced.

Seiton— Tidying, where it is necessary to arrange inrecfional way what has been
kept, optimizing the use of space, defining thecepasition of each object and coding
it appropriately in such a way as to allow a resturcin the time of material research.
Seiso- Cleaning, keeping the workplace clean allowsojerator to check and fix the
tools provided by the company, in order to guamnite right functioning of them. A
clean and tidy environment also allows to bring iaefficiencies.

Seiketsu— Standardize, defining repetitive and consolidateles to continue the
standardization of resources and production spadegting standard procedures.
Shitsuke- Support, ensuring that the four previous stepsapplied with commitment
and perseverance over time in all company depatsnby supporting the Continuous

Improvement point of view.
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2.3.3. Total Productive Maintenance (TPM)

The TPM is a set of principles and practices aimeidcreasing the performance of machines
improving the methodology, organization and plagrenthe maintenance process. It aims at
optimizing the effectiveness of manufacturing equamt and tooling, reducing at minimum
machine failures and emergency maintenance.

It is based on the teamwork activities and invohadislevels of the organization: from
supervisors to operators, passing through the ptadumanagers. TPM requires operators and
maintenance staff to work together, on a dailydyasi routines of maintenance - like cleaning,
oiling and visual inspections — to prevent failyresimprove the OEE (Overall Equipment
Effectiveness) and to extend the life cycle ofélgeipment, by using preventive maintenance.
Some of the most important elements of the TPMlaPeS. Ahuja, J.S. Khamba, 2008):

- Preventive maintenancenaintenance performed at regular time intervalsed on a
schedule designed to avoid stops or breakdownsgebtfey occur.

- Predictive maintenancemaintenance that uses tools to analyze the "sfdiealth” of
the machines and try to anticipate when the macisirebout to break, in order to
intervene by arranging it before it happens.

- Failure maintenancethe repair of the machine after a fault.

- Corrective maintenancearrangement to the machinery to reduce the frequef
micro-stops and faults and reduce the timing abadh case of breakage.

- Autonomous maintenancmaintenance performed by organized teams of tqrsran
complete autonomy compared to other technicians eargineers involved in the

maintenance department.
2.4. The final goal: Cost, Quality, Time and Motivation

In relation to the TPS house, its roof represehésfinal aims of the entire Lean system.
Manufacturing products with the lowest possiBlests ensuring an excellent level Quality
that meets the expected standards and delivererg tb the customer by reducing thead
Timeas much as possible, is what Lean is supposed.tdtdhe same time, there must be a
highly motivated staff who participates in Lean jpods and can promote Continuous
Improvement in the whole companyS aims to achieve all these goals simultanearsiy

for this reason, Lean strategy is driven by the pidars, Just in Time and Jidoka.
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2.5.  Continuous Improvement (the Third Pillar)

As previously explained in the description of theSThouse (Figure 1, Chapter 1), there is a
third pillar, the Continuous Improvementvhich is understood as the main pillar of LP.In
Japanese, it is defined as “Kaizen” and intendedcsture of sustained improvement targeting
the elimination of waste in all systems and proess¥ an organization. It involves everyone
(from operators to managers) and implies a limitacestment (Nadia Bhuiyan and Amit
Baghel, 2005). If taken individually, the changesd® by the Kaizen are modest and
incremental, however, over time, the cumulativernowpment can be very wide.

Unlike Kaikaky which is a Japanese word that means “breakthfolghzen is a reversible
methodology and, therefore, it is a low risk methadact you can always go back to the old
operating modes since no high costs were incuilfegiroperly implement a Kaizen strategy,

managers must take into account the following cptscéMasaaki Imai, 2015):

1) kaizen and Management

2) processes and results

3) keep the improvement through the PDCA cycle
4) quality first of all

5) talk with the data

6) the downstream process is the customer.

The first step is up to the management that mystess its commitment to draw up and

spread a clear strategy in which an implementailan is defined with precise deadlines.

1) Kaizen and Managemenwithin the Continuous Improvement methodology,
Management has two main functions: “Maintainingtldimproving”. Maintenance
Is intended as compliance with operational, tecbgiocbl and managerial standards,
while Improvementefers to the activities aimed at raising the lefedtandards in

force (see Figure 4).
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2)

Top Management Figure 4: division of tasks in the

Middle Management Improvement corporate hierarchy.
Bowdew | 2 ;a;;,;.;m_ | source:Masaaki Imai (2015)
Workers T T T Gemba Kaizen, Franco Angeli.

The improvement can be split in two types: Innawatand Kaizen. Thénnovation
allows us to obtain a considerable leap onward#diryg significant investments in new
technologies, thereby generating a change of dirednstead, the goal &faizenis to
focus on incremental improvement measures of maiest exalting the moral of the
workers, by promoting the team-work approach withlbinvolvement of the people,
supported by training and effort of the entire fstaée Figure 5).

Top Management
Middle Management

Supervisors
Workers

Figure 5: differentiation of types of improvement.

Source Masaaki Imai (2015) Gemba Kaizen, Franco Angeli.

Processes and resultgery often, Kaizen strategies do not providedbsired results
because companies do not focuspoocesseslf the processes are not improved, the
resultswill not change and will remain the same. Therefaris necessary to focus on
the key activities that generate value for the@ustr. Therein, it must be a convinced
adhesion on the part of the Management, for twonmeasons: to show all workers the
importance of improvement projects and sustainrhitives over time, avoiding the

risk of failure due to a decrease in staff motivati
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3) Keep the improvement through the PDCA cythe Plan-Do-Check-Actcycle, or
Deming cycle, is an iterative method consistindpoir steps, used as a tool to preserve
the Continuous Improvement of products and prosedsevas made popular by the
famous "guru” of the quality, W.E. Deming, anddaig foundations on the “scientific
method” because, compared to it, its main principlthe repetitiveness of the cycle:
once the hypothesis is confirmed or rejected, a itexation of the cycle allows to
further extend the knowledge, bringing us closéhtogoal, typically the perfection of
the process or product. Using of the PDCA cyclemaamntinuously looking for better
methods of improvement (M. Sokovic, D. PavleticK€rn Pipan, 2010).

The four phases, in which the improvement proceshvided, are the following (see

Figure 6):

1) Plan: during this phase the objectives to be reached dafined, all the
data related to the problem in question are cateend, based on these, the
main causes to be removed are identified. Therecessary to formulate an
action plan to solve the problem.

2) Do: the managers put into practice the actions egeapossibly within the
agreed time, and they collect the data to be aadlyzthe following two phases.

3) Check the implemented solutions are subjected to ataahsontrol over time,
in order to verify the results and the sustaingbdif what has been achieved.
The data collected in the previous phase are stualiel compared with the
predetermined goal, checking every deviation betweat is planned and how
the improvement actions were actually implemented.

4) Act if the previous phase ("Check") shows that thBoadmplemented is an
improvement compared to the current standard, tihierbecomes the new one
standards for how the organization should act ("Act the future. In the
hypothesis that checking phase does not show armmuament compared to the

previous standard, then this standard remainsraefo
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4)

5)

Quality
Improvement

v

Time

Figure &he PDCA cycle process.
Sourcdittps://en.wikipedia.org/wiki/PDCA

Quiality first of all: if the quality of a product does not meet the rezgents, the
company is not competitive, despite low priceshmrsdelivery times. Precisely for this
reason, one of the basic technique of Kaizen piybg is the Total Quality
Managemen{TQM), which is delegated to the entire organ@matiTQM's activity is
not limited to quality control carried out in prartion, but constitutes a global strategy
to help the managerial class to increase competiéiss and profitability by improving
all aspects of business management. It means fhetioke of the company to improve
the features of a product in numerous ways: in $eoh performance, reliability,

adherence to specifications, durability, usabikgrvice and perceived quality.

Talk with the datathe improvement to be achieved goes through EBrolfbolving
approach; according to that, Kaizen is a probleiusg process. Trying to solve a
problem without startindgpata means relying on subjective feelings, often contmg
wrong conclusions. Improving, instead, means mp¥iom the current state to the
future state, achieving the desired goal, and isocdn not be done if the performance
is not measured objectively. The quality and readarollection of data represented a
fundamental point in the implementation of the kK&izn the company.
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6) The downstream process is the custoragrrocess consists of a sequence of activities

2.6.

whose ultimate goal is to create value for theamstr, transforming raw materials and
information into finished products or services. E@cocess has its own supplier and its
customer and the downstream process must alwaysoh&dered as &ustomey
whether it is internal or external to the compamiis is very important because
supplying a defective or low-quality piece to amemal customer means ultimately
transferring it to the final one. Only when all theople working in the company are

conformed to this principle, it is possible to nraxie the value offered to the consumer.

Value Stream Mapping

Value Stream Mapping (VSM) represents the procéssltection of all the activities required

to bring a product through the main flows, from renaterials to the final customer, passing

through the intermediate transformation and assgprbcesses (Rother and Shook, 1999). The

analysis of the flow of value is based on the oVeyatimization of the whole system, and not

only of the single process: the goal is to elimenall wastes without removing value to the

product, increasing exponentially the efficiencytloé process. The whole process and the

respective flow of information and materials arpresented graphically with the use of some

predefined symbols and icons. Thanks to the VSM, gvocess maps are performed:

1) Current State Magsee figure 7)this first outcome concerns a description of how th

process is currently organized. The current proggsanalysed starting from the
customer and going backward, identifying any poé¢nalue leak. The identification
of wastes passes through their measurement adaguimg significant indicators such
as: set up times, cycle times, inventory levelschree efficiency indexes, delivery
times, quality performance and many others. In oralenap the flow of materials, the
main production phases, the time and the numbepeafple working for each
workstation are determined first. Subsequentlygtientity of stock materials is defined
along the process and where the defects causen riéduvs. On the other hand, to
highlight the flow of information, it is necessaxy calculate the processing time and
order fulfilment (both for suppliers and for custens) with reference to the functions
involved. Necessary modifications and changes xtoséme aspects of the current
operations will be part of the Future State Map.

35



Production
Amual producton Plan|  Gontrol Maﬂ:at Forecast
CI.I.I‘,O!I\ ar|
QA
Mlﬁ/
oo dait?

b

:w aa-,-s

/._
" EHS (pH -
o —
Assambly &
A L Vielding Inspocton
e Ry
2 peogle 2 pecple 3 peaple 3 pecple
CiT = 2min CIT =4 min CiT=Tmn CiT = 2 min
CO=2r CiG=3hr CiO=dhr il = 3 min
Ugtime = T4% Uptime = §1% Uptime = 48% Upbme = §3%
£ days 10 days 15 days B days 3 days
2 min I 4 min 7 min | 2 min |
120 |bs 15 Ibs 40 |bs 20 Ibs
80 Ibs I i S lba I ] 20 Ibs [ I 5ibs
Totdl Lead Time = 68 gavs Total Mater|ais Used = 195 Ibs
Vaiue Adged Time = 15 min Matarlais Nooded = 110 |by

Figure Example of Current State Map

Sourcevww.leanmanufacturing.it

2) Future State Mag{see Figure 8): this second outcome shows hovsyseem should
look after all the inefficiencies and wastes hagerbremoved. This future map depicts

an ideal state of operations and it helps the dgweént for the application of the Lean
techniques. This final state will be the currentalg@and it requires a proper
implementation of specific Lean tools.
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2.7. Wastes: Muda, Muri and Mura

In compliance with what has been said before, Vagpresents the point of departure and
arrival of Lean Production philosophy. Specificalthe corporate organizational structure
should be managed and adapted only around prodésseseate added value to the customers.
As a result, the main goal of any organisation rbedb focus its efforts and resources only on
what has value and deliver it to its final custosn@lossman, 2009). For this reason, preserving
value activities means that companies have to editei within their processes, any kind of
waste that consumes resources but does not adebhreyto the product (Nicholas, 1998). As

we see, waste plays a central role in Lean managieme

In Japanese, “waste” is translated into Muda arsrélated to every action done by a company
that a customer is not willing to pay for (Rk@wski, 2014). It is not the only type of wastettha

can be performed by the company; there are othetypes of waste called Muri and Mura.

2.7.1.Muda

Taiichi Ohno, during his period of work in Toyotaentified seven types of Muda. Lean
Production’s techniques listed so far have pregidet objective of identifying these wastes
and, in case it is not possible to completely reedoall of them, at least reduce them

considerably. The following wastes are suggesteiiymack and Jones, 2003):

1) Over-production

It means producing a large quantity of goods coexbdo what the customer actually has
requested or, even better, before the actual asdezcorded by the supplier. Basically, it
follows Push Logic and, for this reason, it is d&stacle in reaching the final goal of the TPS
house because it absorbs time, efforts (in term&n#rgy) and, generally, unnecessary
expenses. Moreover, this waste tends to hide ptmuproblems, as well as causing other

types of Muda, since Overproduction must be stareaed, etc.
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2) Waiting

This Muda occurs when operators lie idle becauseethre goods that are not moving along
the process or because they are waiting for infaondo be delivered or tools or machines to
be available. Obviously, this time, which is spesiting, does not generate value. Rather, it

reduces productivity and increases costs relatduetprocess.

3) Transportation

It is related to all the movements of material,tpand products from one place to another,
without it being necessary and so without adding\atue. Excess transportations can be due
to poor layouts and organization of production,rabterized of large batch sizes and multiple

storage locations.

4) Over processing

it is due to the fact that more resources are tised those actually needed to perform an
activity. These unnecessary and not value addintyitees bring inefficiencies and are
extremely costly and time consuming. They can mopbt into the final selling price of the

good, because customers are not expected to apigréoem.

5) Inventory

Stocks, in the form of raw materials, semi-finisloedinished products, represent a capital that
has not yet produced earnings for the company ergéed value for the customer.
Inventories are likely to hide problems and defedtsig the supply chain, making them more
difficult to be discovered and solved.

6) Motions

They are related to unnecessary movements perfoosneaarkers or machines,
like moving from one workstation to another becaoisa poor workstation layout, or looking
for parts, documents or tools. Generally, they eaudecrease in the efficiency of the process

and additional costs because workers do excessilleng.
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7) Defects

They are errors, imperfections or non-compliancéctwhead the product to be out of the
standard specifications. Even the re-working aedéturned goods that not satisfied customer
requirements are considered defects. When youradeiping defects you are wasting financial

resources and time, decreasing the overall quallijyppur operations.

2.7.2. Mura

The waste Mura meansifievennesor “inconsistencyand it is indicates the fluctuations in
demand and workload. Such variations within thedpobion process are not due to the final
customer but by the firm itself. It is important keep under control these variations in

production schedule by adopting Production Levgltechnique such as Heijunka.

2.7.3. Muri

The waste Muri meansuhreasonablene$sor “overburdei. It reveals when a company
overloads its operators and machines under unregesgrformances or, more often,
dangerous activities. Loading excessively workitadf sfor example by making workers forced
to work at an unsustainable rhythm and in a no®rgic place, could lead to more or less
serious injuries and, consequently, to people'®rdbsism and to a potential reduction in
motivation. The same reasoning can be applied tthimary: excessive wear can cause wasted

time due to fixing or maintenance.
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CHAPTER 3

ELBI S.P.A

In this chapter, | will present ELBI S.P.A., thengoany in which this work of analysis and
improvement was performed in the field of Operatiammnagement based upon the principles
of Lean Production. More specifically, the compawily be described both from the historical
point of view and from the various production preges that characterize the business in which

it operates.

3.1. The History

In 1965, a group of four people who were sellingpamsion tanks through subcontracting

operations originally founded ELBI S.P.A. in a ggga

From 1970 to 1990

In the early 1970s, the founders decided to pueclems/ast warehouse and there was a
subsequent displacement, with a growth to 50 enegsyat Vigodarzere plant. Furthermore,
there was an expansion of the range of productyeaffto hot water cylinders and central-
heating boilers. In the early 1980s, after a suddgransion in the North African foreign market
and having overgrown the capacity of the Vigodarzaant, ELBI S.P.A moved to Limena,
where its current plant is still present. This dof location came along with a new factory
acquired after a bankruptcy of a previous one, #xmanding its production capacity. A few
years later, ELBI S.P.A began producing surge tamid diaphragm expansion tanks, those
with membrane. The business model of that time vees®d on economical savings for large-

scale production.
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From 1990 to 2000

In the early 1990s, the company started a new ptaduline processindplastic material,
adopting rotational-moulded polyethylene technologyanufacturing tanks for the
Thermohydraulidivision. The goal was to reduce production cbgtsvorking plastic instead
of iron, but such strategy did not work, becauserdhwere some obvious problems in
manufacturing and regarding the properties the ymbitiself.

Therefore, the management decided only to staprtheéuction of tanks for the containment of
drinking water, not under pressure with rotatiomaulded polyethylene. In the same years,
Elbi of America, Inc. based in Houston, Texas, ¥@asmded. This choice was a result of an
attempt to enter the American market more firmlyegi the need to acquire ASME's
certification in order to operate in United Statdse only way to afford it was to found a
company in the abovementioned country. Initiallys hew company played the role of simple
marketing and sales activities, learning aboutthiires and mentalities of a vast and complex
business like the American one.

In 1994, theGreen Systenbusiness sales division was established, whichs deih the
production and distribution of pots for plants afidwers made of rotational-moulded
polyethylene technique. The know-out and the ravens used were the same ones of the
tanks, but what changed was the type of mold. Tmepany, in this way, entered in a new
market, the gardening and green furniture one ifirdtaly and immediately afterwards even
abroad.

In 1996, Elbi of America switched from the mere orpexport business of products coming
from China, U.S.A. itself or Italy, becoming offatly the production headquarters for the fixed-
diaphragm tanks (D series), thus bringing productimser to the target market. Towards the
end of the 1990s, the third commercial divisiortte company, calleAmbiente took place,
which deals with the design and production of coretid and bells, always manufactured with
rotational-moulded solution, for the collectionsallid urban waste, and to market a wide range

of accessories for urban hygiene and decor.
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From 2000 to Today

In the early 2000s, there was the acquisition efftench-owned Lander company specializing
in the field of environment. The acquisition brougbme a new business dealership, involving
urban supplies, and two related main contracts fonthe Florentine market and the other for

the Roman one.

In 2001 a new production facility was opened in Mgwo, in the south of Italy, mainly
dedicated to the manufacture of products madetafiomal-moulded technology. The plant is
equipped with two ovens for rotational molding andhachinery for polyethylene extrusion

and pulverizing.

Since 2006, ELBI S.P.A. has become a distributoPfaygrounddivision, offering a range of
equipment for parks and schools for children withdmonths to 16 years of age. In 2007, the
Living business unit division was born, driven by thedgarmarket, with products developed
by prestigious architects and designers, alwaysmaith polyethylene materials and intended

to the furniture market.

In 2008, ELBI S.P.A. entered in the well-being netrlbecoming an Italian distributor, with an
offer of innovative well-being track consisting several sporting gears for athletes or
sportsmen. The 2008 is also the year of the restydi the Green System Division, with the
advent of new design products for the furniturekaticomes the need to create a new image,
expressly dedicated to this new target. The newdyr2lst wants to be the expression of a
renewed image of both the traditional offer, thedga one, and the new products under the
Living division. This new collection is describesl“a fresh, modern, contemporary image that

looks to the future with curiosity and dynamism”.

In 2014, ELBI S.P.A. decided to acquire a compaged in the American territory that so far
was its supplier, in Los Angeles. The purpose igfalequisition was for the company to expand
its presence in the US market with a sales compgegialized in selling products for the

connection of the gas. Approximately a couple adrgdater, in 2016, a new subsidiary was
founded in Philadelphia. The goal was to beconeaddr in the eastern part of the U.S., both

at the level of distribution and brand awareness.
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Today,ELBI S.P.A. is a company that maldifferentiationits strong point. The variety of its
products, which include very different technologaesl know-outs, imposes a very flexible
organizational structure, both from a commercial anproductive point of view. For this
reason, ELBI S.P.A. is implementing new solutiangs Operations management, through the
use of Lean Manufacturing techniques trying toropte process efficiency. At the same time,
at the commercial level, ELBI S.P.A. presents dors that work independently taking care of
the relationship with the customer, following thpesific needs of the reference market.

The goal, for the next years, is to increase itemae with a penetration strategy into emerging
markets, such as South America and Asia. Anotherogigh could be to develop new synergies
through the acquisition of strategic companiegjrggup new production and/or commercial
subsidiaries, expanding the action range being m@gent globally.

3.2. The Products

Nowadays, ELBI S.P.A. concentrates its activitiedaur distinctBusiness Divisionsyhose
products are manufactured according to strict gualrocess and control criteria, and they are

as follows:

1) Thermos-hydraulic: its product range includes oh¢he most exhaustive offerings
regarding thermos-hydraulic market:

- Hot water cylindersthese are suitable for the installation in cand industrial systems
and for the production and storage of hot watehf@ienic-sanitary purposes thanks to
their features of functionality and reliability.

- Expansion tanks for heatingre products designed to absorb the volume chahge
water or of other liquids, therefore they allow @@rect working of a heating plant
during all its operative phases.

- Bladder autoclaves for sanitary watdts function is to sustain system pressure by
feeding additional water into the system at theuiregl pressure.

- Multifunctional tanks for heating and hot waténese are designed to be fitted both into
sanitary system as expansion tanks, in order torbhthe water expansion volume
generated by a variable temperature, and as tamksofd water sanitary systems as
well.

- Tanks for solar systemthese solar panels work with higher temperatoosspared to

those of conventional systems.
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- Polyethylene tanks for underground and above grotimeise are for underground use
only if they follows these specifications: storagavater or other liquids and rainwater
recovery.

- Cold-water tanks (galvanized and/or glass linefhese could be galvanized or glass
lined tanks with cold water or compressed air.

- ASME tanksthese are suitable for use in commercial andsticu fresh potable hot
water applications or in hydronic heating systerhens they keep the system pressure

below the relief valve setting preventing, in thvay, dangerous pressure build-up.

2) Garden 2% Art: this division is composed by four differentegories:

1) Terra collection it reproduces the tradition of ancient art of dass terracotta
handmade. A collection that translates and delikeswledge, memories and
traditions to the present. A journey through time apace.

2) Fiore collection:it represents the innovation of design, a prooésssearch of new
shapes in continuous evolution that flourish irearstyle: fresh, sober, original. A
continuous, slow and silent evolution: life flowimgnile progress advancing.

3) Nude collectionelegance and simplicity are the fundamental ataristics of this
collection. Thanks to the wide choice of sizes Hredvariety of colors offered, the
vases of the Nude collection are ideal to furnisfthboutdoor and indoor
environments.

4) Pet collection shapes and structures, materials and colors msidor the
maximum comfort of our great animal friends. Thatwhy thinking about their
comfort and the functionality of the objects neeegsfor their well-being is a

serious matter.
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3) Living 21% Art: the aim of 2% division is to “explore”. In fact, its collaborati with
the main Italian designers allows it to extend llbendaries, changing the perception
and developing creativity. Since collaboration dsknowledge, Living Zlrepresents
a collection of landing points discovered and mdrie new art maps. The depth of this
research also depends on the combination of mistedalors, shapes, images and
density. It offers a wide range of products likeattng and tables, furnishing and
bookshelves, coloured and lacquered pots and, @aigntlight and lamps.

4) Ambiente: the range of products included in Ambeeditvision is composed by 2 and
4-wheel containers up to 2,000 liters of capasitgtionary containers up to 3,200 liters,
a complete range of bells for separate waste atmle from 2,000 to 3,500 liters of
capacity, a large series of urban furniture basketd, at the end, two domestic
compartments. In addition, there are also semielduand buried bells with volumes
included between 2,500 and 5,000 liters. All pradwomply with European standards

and duly certified.

3.3. Production processes

The production processes, given the wide rangecafyzts offered, are very different from one
to another. Metal processing currently accountafimost 70% of production activities, where
technologies are used for stamping, cutting andlingnsheet metal, welding of carbon steel
and stainless. There are even activities in thegasing of plastic and painting, ending with the
assembly and packaging of the final products.

Basically, in ELBI S.P.A. there are six departmemt®re the main processes take place, while
some products or components are purchased exteorabometimes, some of them undergo
some modifications that are outsourced and theurrretio the company carrying out the
processing cycle.

The business model used mainly by ELBI S.P.A. esdhe calledviake-to-stockproducing
goods in huge quantities for the warehouse on #sestof sales forecasts, thus working on
production lots and always keeping a stock of fiath product available. On the contrary, for
some markets thielake-to-orderprinciple is applied, where orders are initialllected and,

as a result of them, production is performed, bsedhese are diversified from the earliest
stages of processing and their production canaot sitil the order of the consumer has been

acquired.
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In order to better understand the several produagirocesses that characterize ELBI S.P.A.’s

operations, below there is a description of thekwearried out in each of the company

departments. The company has six different prodaaepartments, which are as follows:

1)

Department B and Department C

The department B together with the department Gleresuppliers of the department
M, where all the mechanical processes that ledtigacreation of the semi-finished
product are carried out, starting from the raw makewhich is mainly composed by
sheet metal. In these departments, we canBxghnsion tankswvhich are divided into
two product lines coded ERCE and DV, ahgtoclaveghat fall into the product line
coded AFV, AC and AF.

The department B consists of two sub-departmeatedB low’ and “B high'.

In the "B low" department, the whole range of ragiaar flat tanks is produced (all the
litres). The phases of the manufacturing processaifollows:

Pressing in this phase, starting from the sheet metal, taps of the same size and
height are pressed, using mechanical processirggo€them has a larger hole, in which
the spacer pipe will be subsequently welded, istdae other one presents a smaller
hole, since it will be threaded and it will be irteel the valve and the membrane.
Drilling and welding of the spacer pipe and threfad valve insertionthe operators,
who collect the caps that have completed the pirstessing, carry out these activities,
unlike the pressing, manually. The cap in whiclréhe the spacer pipe represents the
"air" side, while the other one where there isii@mbrane will represent the "water"
side.

Membrane clampingn this step, the membrane is hermetically ireskmside the cap
through an automated process and then set by #ratop. In this department are also
produced AC2, AC5 and ACB8 product codes. Their @semg are practically the same
as those previously listed, yet they require ongengiep: the mold undergoes a
modification inside a trimming machine that is usegolish the sheet. The first cap
will have a flange, instead of a spacer pipe.

Then, they are welded in the same line where tlitei8rectangular tanks are produced.
There is also the 5 and 8-liter line, where theremrocess from pressing to clamping
is completely automated. This product has a "vakidé and a "spacer pipe" one.
Regarding the ER and DV products, there is alsé l&eXs line.
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2)

Furthermore, 24-liter STPs are also produced, warehwater-cooled tanks, having in
both cups the spacer pipe but processed in the sayas the 8 liters. Then, there are
AC25, AF25 (with 16 bar pressure) that have thegiaand the GPM model which has
an horizontal shape and further processing suaheasial welding of some accessories
in a line apart.

In the "B high’ department, there are five presses devoted t@tbeuction of: AS25
and AF60, which work like an AC25 and they are albtarized by two spherical caps
rather than rectangular. AFV, ERCE and DV prodind between 100 and 150 liters,
which undergo the same processing as the prevites & RCE and DV product codes
suffered one more step that is the membrane clampistead the AFVs did not. The
department C provides the same activities of thatviBh in addition the production of
the hose clamps for both of them. The hose clamppraduced in two different lines,
one from 8 to 24 liters and the second from 500, By a machine and, subsequently,
automatically welded. Then, they are distributethtotwo departments based on what
it is needed. In this department, the first typ@mass ranges from 200 to 500 liters and
the others from 12 liters to 80. ERCE, DV and ARWquct codes of such liters are

made here.

The processing of the ERCEs takes place in this way

Two caps are pressed, the first without the edgehich there will be the hole for the
spacer pipe, while in the other it will be the edgel the hole for the valve insertion.
Once the caps have been made, the base is welddteanetically the membrane is
clamping with the use of the hose clamps alreadgyred, which serve as support.
Once membrane clamping, the circumferential weldsrapplied, giving life to the raw

product, which has thus completed the working cycle

The processing of DVs is different because, theyadlrpressed with the edge and then
sent to topraturd’ process externally and when they come back &ldther caps,

without edge, are pressed and then, they follovs#ime stages of the ERCEs.

The processing of AFVs, instead, is still differefitvo caps are pressed, the first
without the edge, in which there will be the halblique and not vertical for the valve
insertion, while in the other it will be the edgedahe hole for the flange. Once the caps

have been made, in this case there will be notiosesf the membrane and of the flange
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which will be assembled in the department M. Theitebe the welding of the base and
the circumferential one.

These processing are valid for all products withi@ range mentioned above, except
for the 80 liters. Regarding the ERCEs model, ¢inéycaps without edge are produced,
those where the spacer pipe will be welded. ThHesd caps with the edge and the hole
for the insertion of the valve will be pressed asitultaneously, the previous ones are
clamped with their respective membranes. AboutAR¥, caps are pressed one with

the edge and the other without in successiongtisige according to the type of press.

Department M

In this department are assembled all the prodheatscome out from the departments B
and C. There are, in total, six assembly linesdéid into two blocks according to their
capacity (in liters): on one side we have B1 andaB@, on the other side, there are D,
E, F and G. In the first two, B1 and B2, all theqtuicts (expansion tanks and autoclaves,
spherical or rectangular) from 2 to 30 liters asseanbled, while from D to G only the
ones from 35 to 500 liters.

This department also includes the painting protessworks as a link between the raw
product, from department B or C, and the assenmined

There are two painting systems, accessible froin #departments. The painting handles
the raw product, which is a semi-finished one. Epidtess can work with only one
color at a time, therefore, simultaneously, therergystem work with two colors.
Generally, different colors are used: blue, redtevéind gray. Red is for the ER product
line, blue for the AFV, white for the DV, while gras used for some specific markets
or for a certain type of customer. The difficuligd in better managing the painting
chain, planning the production, trying to minimizaglor changes. The chain is loaded
and unloaded manually.

There are two loading areas, one between depardrdeand M and the other between
departments C and M, where all the raw productsaltected and secondly, according
to what is planned and required by production aadedd on the what is actually
available, the painting chain is fed, composeddikis on which the products are hung
up. Once the product completes the painting processmanually removed from the
hook and brought to the assembly lines or, if itasnprised between 2 and 30 liters,

deposited in a cage. All the tanks or autoclavemf200 to 500 liters decrease the
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production capacity of the chain since, given tloeinsiderable size, they occupy the
space of two hooks. For example, immediately &t@&00 liter expansion tank there
will be a free hook. For this reason and for thet that we work in production batches,

the overall production capacity of the paintingioha never fully exploited.

Department A

In department A there is the production of the bdadder autoclaves for sanitary water,
the hot water cylinders, the ASME tanks, the glasdl cylinders up to 5000 liters and
the cold water tanks galvanized. The processingimnvihe department A begins with
the production of the coils and of the tube sheetstainless steel. The activities are as
follows:

Bending of tubes, assembly, rolling, welding asting there is the processing of coils,
which are worked on a line and modified and assedhatcording to the required size
and after, they are coiled, giving them spiral ghépere are more than 50 different
types coiling). Later, they are taken to anothee hvhere the sleeves, the tie rods and
all that is needed to be anchored on the ferrdenaided.

The next step is the “plasma’it is an automated machinery supported by a
programmable logic controller (plc), based on thewes (forward, backward and the
force regulator), in which the ferrules are drill&ubsequently, the processing of the
ferrules takes place, which are initially workedrmally and after, they undergo a
longitudinally calendering process, giving them ¢lggndrical shape. Then, depending
on the type of product, a coil or a cylinder (ewmtdly purchased) or even both are
inserted.

Now, it is the turn of the fundshey are purchased externally and worked at the
basement level or by welding them the sleeves eflémge, before being inserted on
the product.

Later on, there is the circumferential welding desting: those are the last steps of the
processing, where, first, the flange, the sleevespes could be applied, depending on
the product type and secondly, the raw productnally tested: filled with water,
brought to the necessary atmospheres and tested.

Once the test has been completed, they are stoettansitory warehouse where they
will then be brought to painting or glazed (in tepartment R) or galvanized externally.

The products that undergo the galvanizing processecback to the department A,
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where a further finishing process is performedtanthreads and then, they are moved

to the finished products warehouse.

Department R

This department is, for some products, the conswh#rat A. According to that, the
products that arrive here are still raw and thely va either glazed or insulated or will
undergo either the processes or even none of theshthe installation of the membrane
for compressed air. The vitreous enamelling origaprocessing and the insulation
one are performed on those products that must icomater, being used for heating
systems. The enamelling treatment makes the cylsulgable to contain hot water for
sanitary purpose and resistant to corrosive phenanietakes place inside the product
through special oven and it is divided in two linascording to the product capacity:
from 100 to 1000 liters, where the surface is wdshen glazed and, once out of the
oven, if necessary, is insulated. Regarding thelati®n process, there are three
different types:

1) The first involves the use of a mold in which paBftihane is inserted and, once the
process is over, it is finished by applying an laest cover (in some of them, the
coil is even inserted), packaged and brought imdfihished products warehouse.

2) The second involves the use of a particular typgpohge (only for tanks that work
with water at high temperature) and another typepofyurethane, which is
processed at a different density.

3) A more compact type of polyurethane characterizeghird one and it is dedicated

for tanks that work with water at a lower temperatu

Nowadays, there is a new type of polyester insutatiwhich is mandatory for the
European market of the thermo-hydraulic divisiand & is exclusively for Class C
products (hot water boilers up to 2000 liters). EISBP.A. purchases such type of
insulation externally and it applies directly t@ tburface of the product.
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Department P

This department carries out all the processing laétig for the Garden, Thermo-
hydraulic, Ambiente and Living divisions. This pe®s provides processing of a
particular plastic materials, called polyethylehattis purchased externally or shipped
from Modugno. The “raw materials warehouse” of ELBIP.A. supplies this
department only with small metal parts and accéssoecessary for processing. There
are seven ovens that work with molds of differergs, in fact some of them are specific
for certain types of product. The product manufaoy mainly focuses around the
processing of the oven and it is divided into thiéofving phases:

Loading phases, where initially the operatorshié molds and insert the polyethylene
necessary for processing. Some molds can be satelblaefore being assembled.
Once the product has finished the cooking, whi&kedalace at a temperature between
260 and 300 degrees and lasts between 14 to 3Qtesnjmdepending on the type of
product and, therefore, the mold used, the neptistthe cooling, which also fluctuates
from 14 to 30 minutes.

The last step is the unloading of the product ftbm oven, where it is subsequently
finished (through deburring, labelling and checkihg quality of the product at the
visual level), if provided, it is drilled, and tiséeeves are inserted (only for the products
of the thermo-hydraulic division). Eventually, thase storage outside the department,
while those of the Living, Garden and Ambiente siioh are move to the finished

product warehouse specific to this business.
Instead, some products are manufactured startiogn fpolypropylene, which is,

compared to polyethylene, much rigid and tend®torth less easily during the cooking

process.
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CHAPTER 4

LEAN TRANSFORMATION

In this chapter | will briefly explain what is medny Lean Transformation and | am

introducing the three projects carried out.

4.1. Literature review

Nowadays, in order to be competitive in a globatkeg many organizations are transforming
more and more moving from a traditional manageragptoach to a Lean one. In relation to
what happened several decades ago in Toyota aperhran the automotive industry, this
success serves as a benchmark that companiesuahytiseek to imitate in achieving similar
and satisfying outcomes. Developing a Lean transftion process that achieves the expected
goals is not easy and it needs the applicationpreaise method, without which such projects
often fail or get very modest results. Althoughréhare many techniques and tools that can be
adopted by those who decide to undertake a Leasftnanation path, many organizations
struggle to attain successful implementation. Tdemstand better the failure mechanisms and
some crucial success factors of Lean transformatias important to take into account the
following question: “Which are the key and criticdhges of the Lean evolution?” It requires a
complete commitment from the top management, beitbiggest challenge is to involve the
middle management and workers and make them ahairéhere is a need for change and the
effectiveness that Lean Production can have. Asadlr mentioned, for many companies the
major objective of a Lean transformation is in fearch of a competitive advantage without
managing human and relational aspects or develagingrganisational learning process by
improving the use of the broad skills within therisforce. For this reason, it is not only primary
to implement Lean techniques inside business psesedut an organisatisnculture needs
transforming as well. In fact, the inability in abtishing a lean organizational culture and the
lack of people support, not provided by managemard, often a significant failure in the

implementation of this philosophy (Sanjay Bhasitl 2, Sim & Rogers, 2009).
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A\

Successful Lean Transformation focuses on theioaktiip between human resources and
performance management practices. Those orgamsdtiat dismiss the value of people, as a
key driver, can get stagnant results (Liker & Hase2008). As we know, Lean Thinking is a
set of principles, methods and tools for the Cautirs Improvement of processes in
organizations: it is a philosophy, an organizati@mgproach, which consists of doing more with
fewer resources, involving always everyone. lttigy based on the management of human
resources, which is the most relevant aspect, shmedusiness climate influences the results
achieved by companies and often compromises themalcultural transformation capable of
producing a radical change in workers, which predugreat operational and economic
benefits, summarized in:

improvement in the quality of service;

improvement in the quality of the product;

improvement of process efficiency.

A Lean business transformation process consolidetesiccess if the change of people, and
the way in which they "face" their work, becomeagoal and not just a result.

The Continuous Improvement is the real method tinglerlies the change. It enters in daily
working life of each employee, automatically infheeng the way of thinking, operating and
reacting. Consequently, a new culture of innovatma learning, both in management and
within the various departments of the organizatismestablished.

Some scholars point out the fact that inadequaaegd management techniques together with
a lack of expertise to shift corporate culture tagger a collapse of Lean transformation (Liker
& Hoseus, 2010; Saurin, Marodin, & Ribeiro, 2011).

The challenge that companies are dealing with aoscenostly the aspect linked to the
importance of motivating and supporting their waske'hey will lead the implementation of
the Lean and decree its success or failure. Leadteralso needed and the company must set
up some communication channal$ hoc,so that all staff are highly motivated and confite

about the path taken. (Fiona Keru Mwacharo, 2013).
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4.2. Lean Transformation in ELBI S.P.A.

An external consulting company, called KaizenKdyaarried out the transformation process
in Elbi spa, which started around February 201&ifTimtervention, with the use of workshop
activities, led to an increase in know-how on Léachniques within the company and, to a
subsequent improvement in the optimization of pobida processes.

These workshops are focused and structured teaetpasjects adopted to improve a work
area and achieve specific goals.

The first analysis carried out by KaizenKey sridaisfew days, in order to understand the state
of the company. Basically, the analysis consistedhapping some of the major processes,
measuring a sufficient number of data that alloywrtgpose an improvement project that does
not cover many years on, but it is essential to piee first two workshop activities and then
proceed with the involvement of the company's kespurces, according to its needs.

The First workshop began in March 2016, where it was decigetbcus on the Finished
Product warehouse of the thermo-hydraulic divisiarivalue Stream Mapping of the main
processes within the warehouse was performed aadting from a current situation
characterized by Rushcontrol logic, there was an increase regardingatirelability of the
material and an optimization of the order fulfillmieThe final result was achieved thanks to
the transaction to Rull concept, triggered by the customer, with the ohiiction of Kanban
system.

TheSecondvorkshop was related to the creation of trolleysiposed by specific materials for
the procurement of the assembly lines by Kanbatesysand subsequently extended to the
management of all membranes used in the departBe@snd M. These trolleys are brought
by the logistic service to the operators, who wiarthe department M.

The first two workshops completed the initial arsady Afterwards, it was decided to develop
a new project from November 2016 to December 20iti more continuity and a strong
structure. In order to start with this new longatgslan, KaizenKey srl analyzed and developed,
at the macro level, a new functional organizatibart

During the previous workshops some problems haverged concerning: the lack of clarity
on the different roles of people (who does what #ordwhat is accountable); the lack of
someone who would be support KaizenKey srl durlmg path of change; the absence of a
Logistics manager and a Production planning departrthat was not widely managed and

structured.
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Generally, at the organizational level there wasdrang gap of definition of responsibilities.
With the implementation of this new organizatioihlrt, the role of each actor has been
defined, empowering him or her and creating theltmms for a future efficient organizational
management.

The next workshop took into consideration the comuimaé Back office on the definition of
standard procedures regarding the fulfilment dfip@ng order. One of the goal was to increase
the reliability on delivery times. Before doingshworkshop there was a complete separation
between what is the order confirmation and thelfo#nt of the same, since the back office
worked passively. Specifically, it received the emglthat were loaded on the specific date
requested by the customer, directly confirmed &wed turned to the production planning staff
and the shipping office who had to work hard inesrtb have everything available for such
date (goods and trucks for shipments). The proble® that those dates were not respected
with consequent delays and losses in turnovereeliat the non-delivery and dissatisfaction of
the final customer. Today, instead, with the ben@bvided by the analysis carried out during
the workshops, the Back office has an active folgarticular, it receives the order from the
customer, inserts an order proposal within the wgrkiay which is immediately transmitted
to the Production planning department that has dmeto confirm it or not, based on the
availability of the material, considering the LeBidhe and if some purchase is needed. At the
beginning of the third day, a confirmation of threer is sent back from the Back office to the
customer, according to the delivery date entereth®yroduction planning staff. The customer
has 24 hours to make some complaints, otherwisednsidered approved.

Subsequently, we moved to the Department A with eav rworkshop concerning the
management of bottoms surface rounded. They weexthi purchased externally or by
subcontracting arrangements with very long throughime and the result that they did not
arrive on time thus generating a problem in terinsissing. There was the risk of buying too
many materials or, on the contrary, not having whiatneeded. After an accurate analysis of
the different types of these raw materials, theehmajor suppliers of Elbi and after having
established a new warehouse management on thisigiyddaizenKey srl introduced the
Kanban system regarding the bottoms surface roundéth this new methodology, a
framework contract is defined, where the purchageepis fixed, while deliveries and
withdrawals are based on the effective consumpboaddition to the bottoms surface rounded,

the Kanban logic has been brought on the thresidivs of finished products as well.
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During my internship period in Elbi, from July 201 December 2017, | had the opportunity
to collaborate with KaizenKey srl on three differéean Transformation projects, which will
be presented and discussed here below.

4.3. First project: Improvement of Human Resource

Management

What has emerged from the Literature review regardihe implementation of a Lean
Transformation turnaround is that, despite thedargmber of techniques and tools available
used to achieve process optimization, there sebatsPeople, who are going to be the ones
who will lead the change, will significantly affettte desired result. One of the major pillars,
according to Lean philosophy, regards the “Involeetrof everyone”. The intention is to create
what is defined as “Total system”, encouraging ghhdlegree of personal responsibility,
engagement and ownership of the job, through aeminibased on “Respect-for-humans”.
Every process and, in parallel, everyone in theuoigation are considered an essential part
towards Continuous Improvement. The organizatiartcklesigned previously, responds to the
managerial level (being functional) and, for theason, the need to develop a mapping skill of
all the workers involved during the year 2017. Thient to completion of the previous
organization chart, having in this way an overaklgsis of the company concerning Human

Resources management and their skills.
4.3.1. Analysis

The analysis began with the development of a Skikstrix, which is a simple visual
management tool aims in controlling and monitorifigskill levels. It displays all tasks and
skills required to work in a predetermined area @nd also used to aid human resources
planning. We have performed a skills matrix for gvdepartments, as well as those of
production and warehouse, and then we have companednalysis based on the results
obtained. The aim of this project was to understdred real productive capacity of each
individual worker, related to the different actieg carried out in the department of belonging.
Afterwards, we have calculated a KPI of polyvalefmeeach department. Furthermore, it was
important to comprehend the sensitivity of the depant head in assessing and managing the
human resources for which he is accountable. Irerotd fulfil the research objectives, a

qualitative analysisnethod has been implemented.
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It consisted of interviews made to each individuatker and then compared to the thought of
the department head, interviewed as well. Nonthefdepartment heads was interviewed in
order to assess his level of competence, becaegeath assumed to be able capable to execute
independently all the activities conducted in tlepaltment, having a KPI of polyvalence
around 100%. Instead, before starting the intarsjeve have faced with all the department
heads in order to get an idea on what are the adiwnties and the macro processing areas of
each department. In this way, we have defined dheatiedHard skillsand for each of them,

a value between 1 and 5 was assigned during tbevietvs, based on the answers given by any

individual worker, according to the following clé@ssation (see figure 9):

5: completely independent (coach)
4: quite expert (developer)
3: normal (practitioner)

2: little experience (learner)

YV V V V V

1: never done (untrained).
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Analysis

Hard Skills

Internal movements

[N

Transfer to PRO and Shipping area

C/SC external painting line

Transfer from B to C

Load painting line

X| X| X| X

Planning the right mix for the painting line

x

Color changeover and start-up

Unload of the painting line and products handling

Insertion of the valve

Pre-charge of the product

Testing

Labelling and packaging

Insertion of membrane and flange

X| X| X| X

Insertion of the valve

Pre-charge of the product

Testing

Labelling and packaging

Insertion of membrane and flange

X| X| X| X| X

Insertion of the valve

Pre-charge of the product

Testing

Labelling and packaging

Painting

Machine operator and loading

X

X| X| X| X| X

Unloading

X

Figure 9: example of a Skills Matrix of worker 1 in the Defpaent M (Hard skills).
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Figure 9 describes an example of Skills Matrix u$edevaluate the workers within the
department M, regarding the analysis of the Haitisskhe structure of the matrix is very
simple: on the rows, there is the list of all tetivities which are 25 in total, and tiéacro-
processing aregswhich are 7 in totalffom being a Dolly operatof to work on “Painting to
Pro”), while, the skill level related to each activity is higtiigd on the column#ccording to
the answers, a synthetic KPI is calculated corneging to the value reported in the Skill matrix
for a given worker-activity or worker-macro areardgmnation. Obviously, the higher the KPI,
the greater the skills of the individual workerMaié (see Figure 10).
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Figure 10: calculation of the KPI of polyvalence of Worker i the Department M (Hard
skills).

59



In the Figure 10, we observed that the Worker lagfhal KPI 0f50%, which is calculated
from the average of the individual KPIs of each mgmrocessing area.

For example, the KPI ofAseembly of expansion tarikequal to 60%, is calculated according
to the average of Hard skill level related to theveer given by Worker 1 and compared with
the maximum achievable, which is level 5 (beingaat).

Secondly, we calculated, for thAssembly of expansion tanksthe percentage concerning its
weight on the total maximum assumable level of yalgnce of the entire department. In order
to do that, we took into account the level of eathhese five activities (within this macro
processing area), and compared them to the totahmian number of polyvalence achievable
(equal to 125, given by the multiplication of Surdoenchmark - with 25 - the total number of
activities in this department). In this way, we goKPI equal to 12% specific to this macro
processing area. However, the overall KPI of theleflepartment is equal 48,8%.

The same reasoning has been applied to all theansonk the department M (27 workers), thus
having a two final results concerning tdobal average polyvalence leyelompleting the
analysis related to the Hard skills (see figure 11)

FINAL KPI OF THE
DEPARTMENT M
Figure 11 Final
HARD SKILLS 52,61% 58,71%
Dolly operator 37,50% 6,00% KPIs of the
Internal painting 46,61% 7,46% Department M
Assembly of Expansion tanks 79,29% 12,69% (Hard skills).

Assembly of autoclaves 72,43% 14,49%
Assembly of ASME tanks 72,43% 14,49%
External painting 30,00% 1,20%
Painting to PRO 30,00% 2,40%

From the table above, we observed two KPIs equa2161% and58,71% respectively

The First one concerning the average of all the macro-pedsgsareas within the department
and theSeconds related to the total level of polyvalence congplato the maximum achievable,
as already mentioned previously.

The following radar chart (see Figure 12) highlgytie distribution level of the Hard skills
among the different macro-processing areas. Thaebigpolyvalence index is obtained in the
areas related tassemblkills, in fact this is the main activity performadthe department M.
The other macro-processing areas, Dkdly operatorandinternal or external Paintinggot an
average KPI around 36%, less than half of thaseémbly.
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Figure 12 radar chart
about KPIs distribution

HARD SKILLS

Dolly operator of the macro-processing
80,00%

60.00% areas-
Painting to PRO ’ Internal painting
40,00%

Assembly of

External painting Tt TS

Assembly of ASME Assembly of
tanks autoclaves

In order to get a general framework of the overatrent level of each individual worker, we

also developed 8oft skillKPI, composed by the following (see figure 13):

Collaboration

Sense of belonging
Ability to work in a team
Having clear the role
Ability to make a decision
Motivation

Serenity

Problem solving capacity.

For each of these categories, in the same way dsdat skills, a value between 1 and 5 was
assigned during the interviews. Specifically, s&lévonProblem solving capacitsefers to the
ability of finding and solve a problem in the slasttpossible time without immediately asking
for any help or unnecessarily bothering a colleaguesting further time. On the other hand, a
level 1 onHaving clear the rolaneans that the specific worker has not clear \@hdthow he

or she should perform his or her own work, as hehar is not aware of what are the main
priorities. Getting a good score in each of thelsissdemonstrates strong interpersonal,
cognitive, accomplishment and managerial skills vigrkers, a favorable condition for

implementing and supporting a Continuous improvetroger time.
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Soft skills 1 2 3 4 5
X
X
X
X
X
X
X
X

Figure 13: example ofSkills Matrix of Worker 1 in the Department M (Sakills).

In the Figure 13 is described an example of Skilddrix used for evaluate the workers within
the department M, regarding the analysis of the Salfs. We examined 8 different softs skills
with a final KPI calculated in accordance with theue reported in the matrix for each given
skill. Obviously, the higher the KPI, the greatee skills of the individual worker will be (see
Figure 14).

SOFT SKILL LEVEL BENCHMARK

5

40%
40%
60%
80%
20%
20%
40%
20%

PN PR R WNDN

FINAL KPI OF
OPERATOR 1

Figure 14: calculation of the KPI of polyvalence of Workemilthe Department M (Soft
skills).
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In the Figure 14, we observed that the Worker lagbhal KPI of 40%, which is calculated
from the average of each individual KPIs comparethe benchmark of 5 (the highest level
desirable). At the end, the Worker 1, after bemgrnviewed, obtained two conclusive KPIs:
50% for the Hard Skills and0% for those Soft.

The same reasoning has been applied to all theansonk the department M (27 workers), thus
having a final result concerning tldobal average levetompleting the analysis related to the
Soft skills (see figure 15 and 16).

FINAL KPI OF THE
DEPARTMENT M
SOFT SKILLS 65,63% . .
oI 71.43% Figure 15: Final KPI of the
Sense of belonging 60,00% Department M (Soft skills).
Ability to work in a team 62,86%
Having clear the role 92,14%
Ability to make a decision 52,14%
Motivation 61,43%
Serenity 69,29%
Problem solving capacity 55,71%

SOFT SKILLS
Figure 16: radar chart about

Collaboration KPIls distribution of each Soft
100,00%

Problem solving g0,00% kv skills in the department M.
capacity -00% belonging

Ability to work in a

Serenit
y team

Having clear the

Motivation
role

Ability to make a
decison

In total, the department M got two final KPIs eqt@b8,71% for the Hard skills an@5,63%

for the Soft ones.
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HARD SKILLS

m HARD SKILLS
B IMPROVEMENT

SOFT SKILLS

W SOFT SKILLS
= IMPROVEMENT

In addition to the questionnaires made for Hard @oft skills, we carried out two other
guestions to deepen the engagement: “What do yok #fvout the company?” and “What

would you suggest or improve within the company?”
Each worker’s answers to these questions were gobimpo five macro areas providing the

following results (see Figure 17 and Figure 18):

THINKING ABOUT ELBI

m LOW SATISFACTION AND
MOTIVATION
NOT MERITOCRATIC

W FEEL REALIZED

E NO COMMENT

Figure 17: Analysis
regarding the
“Thinking about Elbi”

in department M.

THINKING ABOUT ELBI (%)

FEEL NOT LOW SATISFACTION
SOLID NO COMMENT
REALIZED MERITOCRATIC | AND MOTIVATION
3% 30% 7% 43% 17%

33%

50%

17%
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SUGGESTIONS ON ELBI Figure 18 Analysis

regarding the
“Suggestions on Elbi” in

= TRAINING PROGRAM department M.
CONSIDERATION

m CONDITION

B ORGANIZATION

B NO COMMENT

SUGGESTIONS ON ELBI (%)
TRAINING
CONSIDERATION| CONDITION | ORGANIZATION | NO COMMENT
PROGRAM
3% 22% 25% 36% 14%
3% 47% 36% 14%

As we can observe from the above pie charts, otiyrd of the workers of the department M
feel fully satisfied and have a positive consideratbout the company.

On the other hand, half of the workers complaingualibusiness management, which is not
based on meritocracy and, overall, it feels gehedissatisfied and not motivated to achieve
company goals. A significant data is certainly 17166, which evidences that a part of workers
did not want to express any thought on the complémsould be meaningful to understand how
this 17% is subdivided. For instance, who preferredto comment because the judgment was
negative and who, instead, has not commenteddomgplete disregard such as not caring about
the company but only of its own employment statnsany case, we can assume that almost
60% of the workers in the department M do not hepesitive thinking about the company.
Regarding the potential corrective actions thaehasen suggested, we note that there is a very
low percentage that requires intervention in teofngersonal training and growth courses.
However, about half of the workers has expressddsare to see their condition improved,
referring to the place and the way in which the kvarcarried out. They asked for a greater
consideration that goes far beyond what is the leindgily work, since the most of them
perceives the company as distant and barely pre&ditile more than a third complains about
problems in the organization, referring to a mgainent between what must to be done and
how it should be as well as in terms of respongybliletween the different actors within the
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department. Even in this instance, there is a pe&ige of abstainers equal to 14% who
preferred not to comment on this issue.

Subsequently, after having collected all these #@taeach workers and computed the final
KPIs, we interviewed the department head of theadegent M and compared the two

evaluations, first for the Hard and the secondterSoft skills (see Figure 19).

HARD SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
Dolly operator 37,50% 28,89% -8,61%
Internal painting 46,61% 32,59% -14,01%
Assembly of Expansion tanks 79,29% 47,41% -31,88%
Assembly of autoclaves 72,43% 46,67% -25,76%
Assembly of ASME tanks 72,43% 29,63% -42,80%
External painting 30,00% 25,93% -4,07%
Painting to PRO 30,00% 23,70% -6,30%
AVERAGE 52,61% 33,54% -19,06%
SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
Collaboration 71,43% 47,41% -24,02%
Sense of belonging 60,00% 53,33% -6,67%
Ability to work in a team 62,86% 45,93% -16,93%
Having clear the role 92,14% 44,44% -47,70%
Ability to make a decision 52,14% 31,85% -20,29%
Motivation 61,43% 48,15% -13,28%
Serenity 69,29% 52,59% -16,69%
Problem solving capacity 55,71% 30,37% -25,34%
AVERAGE 65,63% 44,26% -21,37%

Figure 19 Comparison between workers and department he&thohand Soft skills KPIs.

In the above tables, the KPIs with the highest lameést value, in relation to what emerged
from the analysis based on the answers given byvthkers, are highlighted in blue, while
those in red are the values with the most sigmtiadifference between what was initially
detected and what emerged after the interview thighdepartment head.

As we can observe, the final KPI for the Hard skgrovided by the department head is 36%
less than the one emerged from the analysis wathvtirkers (52.61%), while for the Soft skills
there is a lower difference, but still substanggjual to 33% less. In both cases we have a strong
reduction with the main differences i$sembly activitiésregarding Hard skills and in
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“Having clear the rolg as of Softs ones. With these last data, theyarsabf department M
can be considered concluded.

All this evaluation method was carried out fortal Production departments of Elbi (including
the raw materials and the finished products warsés)) by comprising a total amount of 137
workers and other 8 departments (see next figures).

Moreover, for each department we have calculatedvbhrage age of the workeithe

average level of remunerati@nd theaverage work seniority

» Department A

HARD SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
Dolly operator 40,38% 32,38% -8,00%
Bottom surface rounded 77,62% 34,29% -43,33%
Giving the spiral shape to coilg 38,48% 33,33% -5,14%
Assembly 57,69% 48,57% -9,12%
Rolling and welding 59,05% 43,81% -15,24%
Testing 61,90% 31,43% -30,48%
Warehouse management 32,86% 28,57% -4,29%
AVERAGE KPI 52,57% 36,05% -16,51%

SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
Collaboration 78,10% 67,62% -10,48%
Sense of belonging 66,67% 65,71% -0,95%
Ability to work in a team 64,76% 52,38% -12,38%
Having clear the role 98,10% 77,14% -20,95%
Ability to make a decision 60,00% 39,05% -20,95%
Motivation 64,76% 47,62% -17,14%
Serenity 78,10% 71,43% -6,67%
Problem solving capacity 63,81% 38,10% -25,71%
AVERAGE KPI 71,79% 57,38% -14,40%
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» Department B

HARD SKILLS WORKERS DEPARTMENT HEAD | DIFFERENCE
66,86% 72,00% 5,14%
40,57% 33,33% -7,24%
AVERAGE KPI 53,71% 52,67% -1,05%
SOFT SKILLS WORKERS DEPARTMENT HEAD | DIFFERENCE
81,33% 81,33% 0,00%
76,00% 58,67% -17,33%
73,33% 69,33% -4,00%
88,00% 76,00% -12,00%
44,00% 45,33% 1,33%
58,67% 61,33% 2,67%
72,00% 76,00% 4,00%
57,33% 42,67% -14,67%
AVERAGE KPI 68,83% 63,83% -5,00%
» Department C
HARD SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
58,19% 71,76% 13,57%
50,63% 58,82% 8,20%
57,25% 44,71% -12,54%
AVERAGE KPI 55,36% 58,43% 3,07%
SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
72,50% 81,18% 8,68%
78,75% 76,47% -2,28%
52,50% 74,12% 21,62%
93,75% 77,65% -16,10%
57,50% 55,29% -2,21%
71,25% 74,12% 2,87%
70,00% 77,65% 7,65%
66,25% 51,76% -14,49%
AVERAGE KPI 70,31% 71,03% 0,72%
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» Department R

HARD SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
40,00% 37,14% -2,86%
56,79% 40,00% -16,79%
49,87% 42,86% -7,01%
59,29% 50,00% -9,29%
62,14% 54,29% -7,86%
60,95% 52,86% -8,10%
AVERAGE KPI 54,84% 46,19% -8,65%
SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
77,14% 81,43% 4,29%
61,43% 68,57% 7,14%
71,43% 78,57% 7,14%
82,86% 85,71% 2,86%
54,29% 74,29% 20,00%
67,14% 71,43% 4,29%
78,57% 70,00% -8,57%
61,43% 74,29% 12,86%
AVERAGE KPI 69,29% 75,54% 6,25%
» Department P
HARD SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
72,41% 55,17% -17,24%
71,95% 46,21% -25,75%
69,66% 59,31% -10,34%
54,90% 29,66% -25,24%
43,45% 37,93% -5,52%
30,80% 29,66% -1,15%
42,41% 37,93% -4,48%
31,72% 62,07% 30,34%
AVERAGE KPI 52,16% 44,74% -7,42%
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SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
75,71% 70,34% -5,37%
60,71% 66,21% 5,49%
68,57% 62,07% -6,50%
90,71% 67,59% -23,13%
53,57% 57,93% 4,36%
71,43% 63,45% -7,98%
74,29% 63,45% -10,84%
57,14% 60,00% 2,86%
AVERAGE KPI 69,02% 63,88% -5,14%
» Raw materials warehouse department
HARD SKILLS WORKERS | DEPARTMENT HEAD |DIFFERENCE
86,67% 90,00% 3,33%
93,33% 100,00% 6,67%
93,33% 100,00% 6,67%
83,33% 50,00% -33,33%
66,67% 60,00% -6,67%
71,67% 100,00% 28,33%
AVERAGE KPI 82,50% 83,33% 0,83%
SOFT SKILLS WORKERS | DEPARTMENT HEAD |DIFFERENCE
100,00% 100,00% 0,00%
100,00% 100,00% 0,00%
73,33% 100,00% 26,67%
73,33% 100,00% 26,67%
80,00% 100,00% 20,00%
100,00% 100,00% 0,00%
80,00% 100,00% 20,00%
80,00% 80,00% 0,00%
AVERAGE KPI 85,83% 97,50% 11,67%
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» Finished products warehouse (Thermos-hydraulicsitin) department

HARD SKILLS WORKERS | DEPARTMENT HEAD | DIFFERENCE
66,11% 57,78% -8,33%
80,00% 66,67% -13,33%
32,67% 35,56% 2,89%
36,30% 22,22% -14,07%
83,33% 55,56% -27,78%
AVERAGE KPI 59,68% 47,56% -12,13%
SOFT SKILLS WORKERS | DEPARTMENT HEAD | DIFFERENCE
80,00% 84,44% 4,44%
62,22% 77,78% 15,56%
68,89% 77,78% 8,89%
91,11% 82,22% -8,89%
62,22% 60,00% -2,22%
60,00% 77,78% 17,78%
60,00% 82,22% 22,22%
62,22% 62,22% 0,00%
AVERAGE KPI 68,33% 75,56% 7,22%

> Finished products warehouse {®arden/Ambiente divisions) department

HARD SKILLS WORKERS | DEPARTMENT HEAD | DIFFERENCE
76,67% 73,33% -3,33%
77,78% 66,67% -11,11%
95,56% 80,00% -15,56%
20,00% 20,00% 0,00%
60,00% 100,00% 40,00%

AVERAGE KPI 66,00% 68,00% 2,00%
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SOFT SKILLS WORKERS DEPARTMENT HEAD DIFFERENCE
Collaboration 60,00% 73,33% 13,33%
Sense of belonging 46,67% 60,00% 13,33%
Ability to work in a team 53,33% 66,67% 13,33%
Having clear the role 100,00% 80,00% -20,00%
Ability to make a decision 40,00% 60,00% 20,00%
Motivation 53,33% 66,67% 13,33%
Serenity 60,00% 86,67% 26,67%
Problem solving capacity 53,33% 60,00% 6,67%
AVERAGE KPI 58,33% 69,17% 10,83%
Overall Thinking about ElbandSuggestionfor improvement:
THINKING ON ELBI (%)
NOT LOW SATISFACTION
SOLID FEEL REALIZED NO COMMENT
MERITOCRATIC | AND MOTIVATION
12% 36% 3% 24% 25%
48% 27% 25%
SUGGESTIONS ON ELBI (%)
TRAINING CONSIDERATION| CONDITION ORGANIZATION NO COMMENT
PROGRAM
2% 26% 25% 23% 24%
2% r 51% 23% 24%
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HARD SKILLS N° of macro - N° of SOFT SKILLS N° of workers
DEPARTMENT WORKERS | DEPARTMENT HEAD| DIFFERENCE |processing areas| activities | WORKERS | DEPARTMENT HEAD | DIFFERENCE

A 52,57% 36,05% 16,51% 7 29 71,8% 57,38% 14,40% 21

R 54,84% 46,19% 8,65% 6 34 69,3% 75,54% -6,25% 14

PRODUCTION M 52,61% 33,54% 19,06% 7 17 65,6% 44,26% 21,37% 27
DEPARTMENTS C 55,36% 58,43% -3,07% 3 2 70,3% 71,03% -0,72% 16
B 53,71% 52,67% 1,05% 2 14 68,8% 63,83% 5,00% 15

P 52,16% 44,74% 7,42% 8 19 69,0% 63,88% 5,14% 29

AVERAGE 53,54% 45,27% 8,27% 6 23 69,14% 62,65% 6,49% 2

WAREHOUSE FP(TH) 59,68% 47,56% 12,13% 5 2 68,3% 75,56% -7,22% 9
DEPARTMENTS | 2Lt/GARDEN/AMBIENTE | - 66,00% 68,00% -2,00% 5 13 58,3% 69,17% -10,83% 3
RM 82,50% 83,33% -0,83% 6 27 85,83% 97,50% -11,67% 3

AVERAGE 69,39% 66,30% 3,10% 5 2 70,83% 80,74% -9,91% 5

| GLOBALAVERAGEKPI |  5883% 52,28% 6,55% | 697% | 68,7% 1,0%
Figure 20: overall Skill Matrix of ELBI S.P.A. regarding Haahd Soft skills (Workers + department Head).
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4.3.2. Comments and results

The analysis in the various departments showsaa discrepancy between the results obtained
through interviews with the workers and the spe®fies with the department heads. In most
cases, there is a negative average differencelation to the experience and the point of view
of the head. Hence, we noticed an average KPIshaiver than that suggested by the workers.
For this reason, the most significant differendb®ge of the A and M departments) were
highlighted in red. We have considered "not rel¢vdahose less than or equal to 10%.
However, in few departments (ie department C) teeesome macro-processing areas with a
higher polyvalence KPI than initially observed, shgetting a positive difference. As we can
see in the final summary table (Figure 20), theessvdepartments have been divided into two
categories, those relating to production and thiesbcated to warehouse management. This
choice was made considering the activities carotdwithin the warehouses very similar to
each other and consolidated at the procedural,|despite these departments perform different
tasks being one devoted to the management of imgpmiaterial and the other two of the
outgoing (including the shipping office). In faate note that, on average, among warehousing
departments there is a higher Index of polyvalemcégrms of Hard skills, equal to 70%. On
the contrary, for the production departments westavaverage Index of polyvalence just over
50%. Therefore, there is a strong reason to beltbae the activities carried out in the
production departments are much more specific, ltlaugg a slower and less automatic degree
of learning. The comparison with the heads is adstanore considerable within the production
departments. Relatively to Soft skills, these havaore homogeneous distribution between
the various departments and there is a small diffe between the two categories, in fact we
have a final KPI of 69.14% in production departnsegmid one equal to 70.83% in the others.
In this case, the KPI provided by the interviewshvihe heads of departments is more in line
with that obtained through the individual ones.di&ely, putting together all the data on Soft

skills, we detected the following two rankings ofyvalence (see Figure 21):
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RANKING SOFT SKILL WORKERS
1 Having clear the role 90,00%
2 Collaboration 77,36%
3 Serenity 71,36%
4 Sense of belonging 68,05%
5 Motivation 67,56%
6 Ability to work in a team 65,45%
7 Problem solving capacity 61,91%
8 Ability to make a decision 55,97%
RANKING SOFT SKILL DEPARTMENT HEAD
1 Having clear the role 76,8%
2 Collaboration 76,3%
3 Serenity 75,6%
4 Sense of belonging 69,6%
5 Ability to work in a team 69,6%
6 Motivation 67,8%
7 Ability to make a decision 58,2%
8 Problem solving capacity 55,5%

Figure 21 ranking of the soft skills according to the twbarviews carried out.

The first four positions remain unchanged in bahkings, pointing out a very high KPI in

reference tadaving clear the rolewhich is going to be a cornerstone for what Wélthen the

improvement process. Conversely, in the last fasitpns there is a change in the sequence

of Soft skills detected, confirming however the chée intervene in terms éfroblem solving

capacityandAbility to make a decisigrwhich are closely related to each other. Comiackb

again to the Hard skills, among the different piithn departments the degree of polyvalence

varies in a minimal way, with an average level a®®3%. This is a proof of an intrinsic

rigidity that is common to the departments and independent of theaimber of employeeés

rather than therflumber of activities within'it Presumably, this rigidity is due to an inflexabl

management, still linked to the previous ownership.
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The consequence is a non-diversification betweenrtany departments, even if we consider
the most performing ones in terms of "quantity el or revenue", having a KPI of
polyvalence that does not exceed 55%. In additfanfollowing three indexes were calculated
at global level, necessary to complete the analysis
1) Average age of the workeegjual to 47,4 years.
2) Average level of remunerati@yuals to4,1 out of 5, in accordance with National
Labor Contract.

3) Average work senioritgqual to 16,3 years.

Finally, we did aMuda checkconcerning the wastes that have emerged fromatinadysis,
which are the following:

- In some KPIs there is a marked difference betwhertwo assessments, workers and
department headificlearnesps

- The average age of workers is high in all operatirggasisk on generational change

- The salary framework is above average compareldet@ctivities carried out and the
responsibilities of each individual workdrigh and inappropriate labor cost

- Complete absence in human resources managemei wth Gembarfost of the
workers still refer to the previous governahce

- The department heads are little supervised andedigvith business goals, as they do
not have aspecific operational standar@nd each of them has itsvn way of
management

- The departments are very rigid, with a very low réegof polyvalence that does not
signal differences between the various operatiagsralthough these are very different
from each other in terms of technical skitlsg company needs an increase in the degree
of polyvalence inside and among the departments

- The department heads work little on people’s growtliact among the workers there

is a very low level of technical competence andpeal training.

We are facing with an organizational business te#tat needs an intervention in terms of
reorganization and structural consolidation. Frtas analysis are emerged sofin@ Do that
can be realized to have a solid base on which wevoak towards Lean transformation process,

pursuing Continuous Improvement.
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The following corrective actions have been suggest

- A clear and evident lack of human resources managemplies the need to hire an
HR manager, who is a leader that can support amaghtivorkers through a specific
development prograpaccording to the needs of the company.

- The mismatch between what was observed in thedratysis with the workers and
then with the department heads suggésseed to set a period of support to the latter,
so as to justify the most far parameters, creatstgndards (procedures, job
descriptions) by acting to create a certain linearity of infation. The goal is to focus
on value-added activities, considered critical,alhinave a strong difference, to make
sure to increase the polyvalence index on thess altenay be that the department head
does not fully exploit his human resources bectesie not aware of their knowledge.

- Create a team that can rotate between departménitd) can begin to carry out a period
of Job Rotationespecially trying to increase as much as postiel@olyvalence of the
departments that work together (i.e. departmentS Bnd M), as these they are very
similar in terms of production process.

- Define the minimum operational structurdentifying the exact needs of stéfiow
many people are needed in that department to mgragaction? How many of these
must be 100% polyvalent and how many, instead, nbestspecific? There is a
seasonality within the department? If yes, how shdwe managed? With temporary
resources or with the same people but with a higbgree of training?).

- Combine more departments in the sgieeelling the activities that are similar to each
other, specifically when we talk about warehousemagement, which are three
separate entities that do not communicate with e#uér).

- Actively intervene with new recruitment of opergtstaffin such a way as to prevent
the risk of generational turnover, which is actyakry high (about 70% of the staff
will retire within the next 10 years).

- The corporate cultural level should be analysed endeeplyby observing those who
have obtained academic qualifications (licensgdpdias, etc.) and, in relation to this,
recommend a training course in line with the rdeypd, redefining new remuneration
and career levels more aligned with each other.

- Creation of a Visual Boarth the various departments, where in each of thdibe
highlighted the level of polyvalence of the depatitself, pointing out the degree of
each worker. Then, depending on the several impnem actions, based on a new HR
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management together with an internal training dgwelent, we will observe if there
has been or not an increase in these reported KPlIs.

The fact that there is a clear lack of supervidignthe department heads on their
employees indicates that the top management, im daes not supervise them enough,
since they are considered as "simple controller® wionitor the work of their
subordinates”. In fact, the department heads atedoimg their part and they are
completely uninformed about how to work on peopléhaut having any kind of
cultural background.Training courses in leadership, coaching and pensbn
managemenivould be considered appropriate in order to createore dynamic and

transversal working environment.
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4.4. Second project: Improvement of the Corporate bgistics

Flows

The second project addressed by KaizenKey srl cordethe definition of a newnternal
Logisticsthat would guarantee a more efficient managemeénhe flows of materials and
information within and between the various departtselt includes all material handling
activities, from the acceptance and quality conadivity, to the storage, picking up and
feeding of the several production departments &ndlly, the shipment to third parties or
customers. Accordingly, the logistics aims in opaing the connection of the various phases
of a production process.

Internal Logistics are the core of the companysinmss, having to connect inputs to outputs
in terms of optimization, minimizing losses and iauag the generation of stocks that could
negatively affect the company's financial statesieHfving an integrated Internal Logistics
that works smoothly allows you to work more effitly once you have decided to intervene
with improvement projects in the production depanis, having around an already-working

logistics context.

There was an evident lack regarding the Internagidtacs service, in fact there were many
problems in terms of missing component and, fos tt@ason, we could not meet two

fundamental needs:

1) The first refers to the fact of providing a quallbgistics service to production
departments (considered as "surgeons").

2) The second concerns the introduction of the "nufige'te, i.e. the management of
procurement materials to the production centersefably lines, mechanical

workings, etc.).

At the same time, it is essential to intervene lue warehouse management optimization by
ensuring the right level of stocks, through a meaontrol on the transitions, rearranging the

resources and immediately sorting out those negefsaproduction.

The work carried out by KaizenKey srl lasted tworkaéhops on problem solving analysis.
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4.4.1. Analysis

The First workshop allowed us to study what can be a funelitnternal Logistics, avoiding
to commit a whole series of wastes that slow ddvenhandling materials process. In order to
do that, we developedMuda chechby discussing the problems concerning the cusernice

level of logistic, which is as follows:

- Too many places for unloading goodbere are many areas where the incoming
material is unloaded because of a small Raw Matéfaehouse.

- Raw materials are located throughout Elhi high level of material handling and an
obvious danger related to the use of trucks antledothat are always around the
company by often doing different paths.

- Unsuitable unloading placeshe unloading place of material is not appropriftwe
consider its subsequent use. In fact, most ofithest, it undergoes further movements.

- There is no scheduling of incoming material arrgzat all the materials are scattered
in the company without a very precise logic, itmsre difficult to have them under
control and report any lack them. If the notificatistarts late, there will also be a delay
by the purchasing department in restoring the mgsgoods. There is little collaboration
between the various actors along the supply chmd(ction departments, production
planning, purchasing department).

- Lack of goods acceptance and management of arrivath regard to the inbound
logistics, many materials are not checked carefolly sent directly into production
departments.

- There is no point of welcoming drivertis is not positive in terms of security and
privacy.

- There are three loading points for shipping docutedraw materials warehouse,
purchasing and shipping officeghe activities of waybills loading are administéie
three different areas.

- The management of shipping documents is low adaleé vt can cause difficulties in
the management of both the document itself andyphassing material or wasting time
in search because the expected quantity is not.diéareover, the materials upon
acceptance do not have the right identification(tag may involve problems in terms
of quality, given that each product must meet aegtandards and specification). If the

material is not properly identified, this requitée intervention of the department head
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to understand what product it is. This proceduogsidown the start of the production
process and it may happen that the production tlepat is supplied in an inappropriate
manner, with poor quality products, risking thepgiing of a product that does not meets
the requirements.

- Lack of information on new incoming materiaisis not always clear which material
has actually been stored because it is often pleccadvrong location. There is a poor
communication between the planning of productiopadegnent and the raw materials
warehouse.

- Low level of information on urgent materiathere are urgent goods to be produced,
these are not readily performed, ending in nosBatig the final consumer.

- There is no specific location of the materighis occurs on average in all the
warehouses, without any concept of standardizafldve picking process is slowed
down by the lack of specific procedures, as welhatsbeing sufficiently supported at
the IT level.

- There is no standardization of containers for inammmaterial: there are several
containers that contain the same components takingpace when it would not be
needed. There is no clear positioning of the mateend a fix location. It is not known
exactly where the material will be placed, sinalttation is not clear. It has not even
been agreed about who has to monitor the materchicgentify it correctly.

- Logistics is not measurabléhe splitting of these activities into many depents and
a global management of the materials, which isdefined, do not allow us to have an
idea on what is the actual “logistics cost”. Be eevaf the impact that internal logistics
has on the company it is an imperative, in orddérg@ble to manage it in the right way.

Subsequently, all the unloading areas of the inngmrmaterial were identified (see figure 22),

with a specific legend (see Figure 23), accordintpé various product families (see figure 24).
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PRODUCT FAMILIES

1) Cardboard packaging

2) Membranes

3) Screw
4) Anodes

5) Resistors

6) Consumables
7) Labels

8) Coils and sheets

9) Accessories for plastic and mechanical procgssin
10) Seals
11) Powder for painting

12) Polyethylene

13) Purification accessories

14) Material for the assembly of the Dab

15) Insulation material
16) Enamel

Figure 22: current Layout of Elbi regarding unloading areas.

Figure 24: product families of ELBI S.P.A.
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LEGEND
Worker 1 A Coils + sheets + accessories
Worker 2 B Consumables + raw materials
Worker 1 C Coils per department C
Worker 1 D Coils per department B
Worker 3 E Membranes
Worker 4 F Galvanizing material (in and out)
Worker 5 G Flanges and empty baskets
Worker 8 H Polyethylene, molds and pallet for Plasto (Modugno)
Worker 9 | Enamel + consumables
Worker 10 L Material for injection and lacquered
Worker 6 M Raw material for department A (pipes and large sheets)
Worker 7 N Bottom surface rounded
Worker 8 (0] Recycled material (out)
Worker 1 P Scrap (out)

Figure 24 legend of the 14 different unloading areas antkess involved.

As we can see in the Layout of Figure 22, 10 warkeanage all the unloading areas in Elbi,
which in total are 14 (see Figure 25). Thus, tlaeeenot only the workers of the Raw Materials
warehouse that deal with the management of incomiaggrials, but there are 10 people who
operatively lend themselves to perform the afordrmorad activities, even before the material

is handled into the production departments for sgbent processing.

Workers involved in unloading
material phase

® Worker 1
m Worker 2
M Worker 3

Worker 4
® Worker 5
= Worker 6
m Worker 7
m Worker 8
m Worker 9

W Worker 10
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Workers involved in unloading
material phase

H Worker 1

= Worker 2

Worker 3

Worker 4

® Worker 5

m Worker 6

B Worker 7

B Worker 8

H Worker 9

m Worker 10

Figure 25: percentage of material unloading activities forreaworker involved.

Regarding the three loading points for shippinguheents, according to the Muda check, those
activities are carried out by 4 workers (1 withive tShipping office, 2 within the Purchasing

department and 1 within the Raw Materials warehpuse

Then, we analyzed how many arrivals, in purchaskebgnsubcontracting arrangements, there
have been in the different unloading areas highéiglin the layout (respectively, see figure 26
and 27).

LOCATION IN ARRIVALS % LOCATION IN ARRIVALS %
A 304 14% A ) 1%
H 33 1% .
| 144 6% F 74 49?
L 58 3% [ 18 12%
N 72 3% M 9 6%
TOTAL 2239 100% TOTAL 151 100%

Figure 26 arrivals by purchases. Figure 27: arrivals by sub-contracting arrangements.

In relation to figures 26 and 27, all the waybdtslected in the last year were counted, from
01/07/2016 to 31/06/2017. Each of these have besatated with a single outgoing movement
(unloading/management of the material). Althougts thestimate is high, it is understated
because a waybill could also provide, for examplepallets that would involve 10 movements.

Thus, the resulting number of this analysis isrthieimum achievable or better, this describes
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the best-case scenario. Summing up, we can corib@egvery shipping document requires at

least one outgoing movement.

In the considered year, Elbi received 2239 wayhifistotal, of which 1598 in area B
(consumables and raw materials) and 304 in areeois(and sheets). We can state that the
85% of arrivals by purchases are concentrated anaingas (B and A). While, for those by sub-
contracting arrangements, we have 151 arrivalsta ind a greater incidence in the F area
(through galvanizing material), equal to almostf ludl the total amount. Subsequently, we
focused on the arrivals in major areas (locaticanB A). We noticed that shipping documents
arrived in those two locations, marked in the layand then further moved to other areas (see
Figures 28 and 29).

UNLOADING
AREA "B" -
RMW
\ 4 \ 4 VL v
IN AREA "B": IN AREA IN AREA "D": IN AREA "C": IN DEP. "M":
47% "M": 4% 0,6% 0,4% 11%
{V v v
IN AREA "I": IN AREA "H": IN AREA "L": IN AREA MAG.
9% 21% 1% 100:6%

Figure 28: analysis of the 1598 wayhbills in area B.

UNLOADING AREA"A" -
COILS

v v A ¥
IN AREA"A" : IN AREA "C": IN AREA "D": IN AREA "M":
34% 16% 23% 27%

Figure 29: analysis of the 304 wayhbills in area A.
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According to figure 28, only 47% (751 waybills) raim in the area B, as the others moved, in
different percentages, to the areas highlightedergraph. In the case of coils and sheets (figure
29), only 34% (119 wayhbills) remain within the afeavhile the 66% goes into administration
in the areas C, D and M.

This analysis confirmed what was highlighted in khada checkapparently, it seemed that
most of the incoming materials were concentratedoime specific areas but, unfortunately,
this is not what actually happens. More precisttlg, arrivals are concentrated in some areas

and then further sorted across the company.

Referring back to all those "letters”, from A tonRarked in the layout, which have a very strong
impact on handling material. Such high handling, managed and organized appropriately,
implies that many people are involved in the tramspf goods. The goal is to understand how
this handling takes place, in order to managetteben the future, avoiding 10 workers to deal
with Internal Logistics. Rearranging the layouttbé plant and introducing new flows of

material and information, we can achieve an impnoset in terms of quality and costs.

Furthermore, we calculated the various flows caomogrthe movement of the material from

one department to another in terms of annual kitersdraveled (see Figures 30 and 31).

Figure 30. analysis of the main Internal Logistic flows.
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| LEGEND |

| 5349 | > [ POLYHETHYLENE RAW MATERIALS (H) | Figure 31 legend of the analysis of current

985 | > [ ENAMELLING RAW MATERIALs (1) | lOdistiC flows in km.
[ 207 | > | COILS (A=C+D) |
> | GALVANIZING (F+N) |

| 258 | > [RAW MATERIALS AND CONSUMABLES (B)

[ 9258 | > | INTERNAL HANDLING (B+C+M) |

[[17167 | « [ ToTAL ]

The total annual kilometers traveled are equa¥tGY, up until the current situation. According
to figure 31, the internal management of the makéetween the production departments B, C
and M gives the large movement (9258 km). In addjtthat concerning the management of
department P, through polyethylene and molds,liscensiderable (5349 km). They account
for almost 85% of the total logistic flows (1460@hk Even in this case, we counted a single
outgoing movement (in kilometers) for each incomamgval, when actually it is evident that
there are many more. We were able to realize tieetwining of Internal Logistic flows within
the company, understanding how the various depatsyage dealing with it. The logistic flow
that emerges from the Spaghetti Diagram (figured&®cribes a dangerous situation in terms
of safety, since a high and uncontrolled handlihthe material may cause a greater risk of

damage to the goods.

Once this analysis was completed, we figured owt km improve this condition without
proposing actions that included big investmentsz&masuggests “improvement in small steps
with the minimum investment possible”. If we hadsened by questioning all the production
departments, this would have led to a result thas wertainly different but it implied a
considerable investment. Therefore, we decided¢onhat was available without undertaking
huge organizational maneuvers. During the brainstty phase, several improvement
proposals emerged, on which we discussed analyticalorder to decide which was more
suitable. Eventually, we developed a new plantuaysee figure 32 and 33), which requires an

Internal Logistics that would work as follows:

- the current Raw Materials warehouse will be movedhe 21st/Garden/Ambiente
warehouse. In the new configuration, there wiltheecoils of the entire company in the

current raw materials warehouse (those for the rimeats A, B and C) and the raw
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materials (pipes and large sheets) necessary dopritcessing of department A. The
capacity of the warehouse will not be fully expeit as there will be an area dedicated
to other activities such as the maintenance relatedrpentry. Therefore, the coils and
sheets will be managed separately from the raw mahtas it has been decided to
concentrate in a specific area all the material tfaa similarity in terms of “type and
use”. Approximately 70% of the mechanical procegsm Elbi uses sheet metal as
process input, so this represents a large percewnfade total amount used. In the new
layout (Figure 32), the letters ACDM indicate whas just been said.

- The new Raw Materials warehouse, indicated in délyeut by the letters OBLHIFGE
(see figure 32), will include all consumables, raaterials from the thermo-hydraulic,
plastics and enameling departments and the comahentaterials of the entire
company. A quality control area will also be crelategarding acceptance of incoming
material, in order to make sure that such matesiate it has arrived in production, it
has been appropriately checked.

- Moreover, there will be an only one warehouse efFmished Product, including all

the divisions of Elbi, from the thermo-hydraulicttee Garden. This will help to manage

the shipment of the finished product that will berencontrolled.

1l AW MATERALS LH

W A e SE o

IMMESHED MRODULTS
Wl B 1 LTS PO WH R RO
HYDRALLIL AMD GARDEN
(2010

oy

Figure 32 new plant layout of Internal Logistic.
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1)

LEGEND
Coils + sheets + accessories
Coils per department C
Coils per department B
Raw material for department A (pipes and large sheets)
Consumables + raw materials

A-C-D-M

Recycled material (out)
Material for injection and lacquered
B-O-L-H-I-G-E- |Polyethylene, molds and pallet for Plasto (Modugno)

F(in) Enamel + consumables
Flanges and empty baskets
Membranes
Galvanizing material (in)

P Scrap (out)
N Bottom surface rounded

F(out) Galvanizing material (out)

Figure 33 legend of the 5 unloading areas of the new layout

In developing this new layout concept, we carefalhalyzed, in terms of “Pro” and “Cons”,

the two main displacements, which are as follows:

Transfer of the Raw Materials warehouse in theenur21st/Garden/Ambiente warehouse

Pro:

There is an increase in storage capacity, compaodtie previous warehouse, equal to almost
150% more:the fact of being forced to storage the raw malkerand components in all
production departments (14 different unloading sresaeven due to a too small Raw Materials
warehouse. With this new arrangement, it will adsltyance some space that can be used as
"quality control area” and "goods acceptance”, Whaie not currently present in Elbi.

Materials management will be more under contwith this kind of configuration, having a
centralized Raw Materials warehouse increases dbsilplity to better manage the materials
by reducing the percentage of "missing” and, comsetly, it will be much easier to signal a
problem of this type and a possible recovery, thhoan efficient stock management.

There will be mostly only 2 main unloading are@5% of all arrivals will be absorbed in only
two areas (ACDM and OBLMIFGE, according to the lagoIn this way, some space within
the company will be available and can be adoptedddy operational activities.

Creation of a customer-supplier logistic servibaving established goods storage areas (the

suppliers) and knowing what the actual use of eaaterial within the manufacturing process
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2)

is (the consumer), it will be possible to institateelationship of this type: associate to each
items a precise processing, helping the traceglildng the production process.

Creation of a centralized office for the receptwiall drivers within the new Raw Materials
warehousethe drivers, both suppliers and customers, atsuygervised in any way.

There will be a reduction in the time of researcid &odification of the materiathe material
will be properly managed in a centralized area. Woekers of such area will take care of
maintaining a direct relationship with all incomisgppliers.

The unloading of materials will take place in a emd area:this takes place in many areas,
most of which are not covered (thus facilitating keys and preserving the quality of products).
Shorten the distances to the P, R departmentshanéinished Product warehouse.

By freeing up the current Raw Materials warehowssgh space will be necessary to manage
the coils and the sheet metal with a single stoi@ge therefore, the safety and management

in handling these specific materials will be inGed

Cons:

There is an increase in mileage to departments, B @nd A, regarding the supply of these
departments.

Some transportation of materials will be done aldsfthe passage is not covered and it is
longer than beforke this can complicate the transport of the fingipeoduct or of the material
in the production departments for subsequent psiregs

There will be a need to buy a crame such a way that the Ex Raw Materials warehasige a

better position to manage the storage of coilsr{esoc investment around 50000 Euro).

Transfer of the Finished Products warehouse 21si8B8Ambiente into the Finished Products
warehouse of the Thermo-hydraulic division

Pro:

Unigue warehouse of Finished Products for all theduct divisionshaving only one Finished
Product warehouse implies moving from 2 loadingaref outgoing goods to a single 1, with
a consequent optimization of the transportations.

Optimization in human resources managemertcan take advantage of the interchangeability
between the staff of the Thermo-hydraulics warebarsl that of the 21th/ Garden/Ambiente,
because they will work together in storage andmhip of the finished products of Elbi. In
addition, the current finished product warehouséhef Thermo-hydraulic is working on two

shifts, guaranteeing a continuous working time®@hburs during the day. This is definitely a
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service to be exploited also at the commercial l)elveing able to load the trucks more
consistently and having in just one area all thisfied product of the company.

Today, the finished product warehouse of the Thdmawaulic division deals partially with

the shipment of the finished product 21st/Gardemiante with this new layout, there would
be a reduction in terms of distance, as the manageai the finished product would pass
completely to the Thermo-hydraulic warehouse.

There would be an opportunity to adapt the 21st@arAmbiente division to the IT system of
order fulfillment already adopted in the Thermo-taudic warehouseexpand the Kanban logic
of the finished product even for the other divisiptaking advantage of what was previously
developed through the workshop with the commeR#adk Office. The integration can lead to
a standardization of procedures and related prese¢lsough a more uniform logistic flow.

Cons:

There is an increase in mileage for some logistws this is the case of finished products
manufactured in department P that must be broughihé¢ thermo-hydraulic warehouse,
traveling a longer and partially external routedsefbeing stored in the warehouse.

The handling of some finished products of the 2b&t Garden division would be a bit
precarious transporting this type of product from one dememnt to another by traveling
outdoors requires the configuration of ath hocroute to avoid the risk of falling and any
damage to the product, considering remarkable oheme of such products.

Today, only one packing machine is available infthished products warehouse of Thermo-
hydraulic division another one will be needed for new products thatralso be packed before
being stored.

Today, in the finished product warehouse theranlg one fork-lift truckprobably, it will need

at least one more, as there will be an increasemiload.

There are some objective difficulties regardingkpig some Garden products from the second
floor up: the location of the goods, within the warehowg#,be strategically studied, in order

to guarantee operators the fastest and easiest@ip&ssible, even for those bulky products.
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| LEGEND | Figure 34 analysis of future logistic flows

[ 5266 | > [ POLYHETHYLENE RAW MATERIALS (H) | in km.
| 985 | > | ENAMELLING RAW MATERIALS (1) |
[ 129 | > | COILS (A=C+D) |
> | GALVANIZING (F+N) |
| 290 | > [RAW MATERIALS AND CONSUMABLES (B)
[ 9258 | > | INTERNAL HANDLING (B+C+M) |
[ 16298 | « | ToTAL

In accordance with the new layout, there was alsawerall reduction in the kilometers
traveled, despite the increase in the distancesdone specific materials. This was not the
primary goal, rather than creating the conditiamsduaranteeing an Internal Logistic service
that works efficiently, with less area for unloagligoods and management of shipping
documents. We also analyzed whether in the finigleduct warehouse of Thermo-hydraulic
division there is enough space to storage the ptedef the 21st/Garden/Ambiente. We did
such analysis at the end of July 2017, when thelkarse was almost saturated as it was getting
ready for the management of winter stocks. We ofeska negative difference of -57 pallets.
This means that, in the 21st/Garden/Ambiente waredthere were 57 pallets more than what
is available in the Thermo-hydraulic.

There are two considerations to make about it. Withe 21st/Garden/Ambiente warehouse
there has been no work done in terms of "cleanfrapsolete goods", thus the negative delta
can be reduced. Some pallets can be reviewedns tefrquantity and type of product requiring.
In this way, we will need less storage capacitithim Thermo-hydraulic warehouse. It must be
taken into account that in the Thermo-hydraulic elause there are different shelving that
presuppose a re-palletization of the goods. It beaglifficult to manage a saturated warehouse,
if there is a need to produce an extra order.

The workshop ended with this proposal, which issaon that KaizenKey supported during

these activities. From here on, there will be ferttvorkshop activities, conducted by several
participants who will lend themselves to the resian of the aforementioned project, through
a sharing and a commitment in achieving the sek Jdw next workshops will be useful to

understand and to wonder how we can afford it. Bpalty, make this new layout proposal

the starting point for a better Internal Logistsesvice.
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The Second workshop aimed to the “Transfer of the finished duats of the
21st/Garden/Ambiente warehouse into the finisheddyets warehouse of the Thermo-
hydraulic divisiori. The first activity concerning the realization betnew Internal Logistics
is about emptying the 21th/Garden/Ambiente warebpumsorder to make space for the new

Raw Materials warehouse.

In doing that, we analyzed the different activitibat were performed within the warehouse,
identifying all those that absorb resources (Wastghout creating additional value. We found

the followingMuda

Excessive inventory of finished goodsost of the warehouse included the stock of Hieds
products based on a sales forecast and customersqitirough MRP system), which is not
properly managed, in fact the amount of goods idicaously accumulating.

There was an inconsistency between the volume sctapd the loading unitmost of the
pallets consisted of a quantity of unsuitable goedsling up occupying a larger volume and
creating inventories.

Unnecessary or repetitive checkbe checks on the products stored, during shipnveere
carried out several times, first by the departnieraid of the 21st/Garden/Ambiente warehouse
and, subsequently, even by the one of the Therndoallic warehouse.

Moving goods not necessatiiere was a high pallet handling, both in theagie phase, as the
locations were not defined, and in the picking daging to optimize the total duration of this
activity (which is the most expensive within theralgouse management). The type of route to
follow is not suitable.

Lack of Standardization of internal proceduresyage and picking processes key principle

of Lean warehouse is the concept of StandardizaGoeating standard work does not mean
transforming people into robots but means creajundelines from which to improve.

The goal was to create a Lean Warehousing, tramgigrthe traditional top-down leadership
into bottom-up initiatives: each worker must beupesvisor of the overall warehouse system

and everyone is required to help the company ireacty its goal of Continuous Improvement.

The first operational activity was the reorganiaatof the warehouse, in terms of new layout
and mapping of the processes, through a correct AB&ysis, which allows identifying an

effective product storage strategy in order to mime movements and wastes.

The ABC technique is based on 80/20 rule (Paré&®7)l, which states that most of the effects

depend on a limited number of causes (approximattngirns out that 80% of the effects

depend on 20% of the causes). This analysis darifthich are the items that need more
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attention. It is extremely useful in order to deficlasses of articles, based on their criticality,
and locations within the warehouse, giving themxad position. In this way, we can get a
reduction in the time required to carry out thdydpicking activities How should we proceed?

All products are listed by sorting them in descagdirder based on sales turnover, in terms of
guantity sold. For each product, present within Bist/Garden/Ambiente warehouse, we
calculated the average quantity sold in the lage&s (2015, 2016 and 2017). Then, we
calculated the “% incidence” of each single prodbgtdividing the respective total average
over the past three years with the total sum obtlegage sales over the past three years. Then,
the cumulative percentage of sales for each pradwalculated, by summing up the previous
ones, one by one. We proceed to the division optieducts into the 3 classes (A, B, C), by
grouping in the class A the products that in the@glative give rise to an approximate value of
80% (according to the Pareto law). In class B,dlae the products that fall in the cumulative
next band, from 80% to 95%. In class C, on therdtla@d, there are the products that occupy
the complementary band to get 100% (see figure 35).

ITEMS ~  Stock ~ 2015 ~ 12016 * 12017 ~TOTAL |~ |AVERAGE ON THE THREE YEARS | ¥ %INC |7 COMULATIVE |¥|ABC |~
VASO CONICO FESTONATO ANTICATO CF 55 126 1510 1494 1230 4234 1.411 1,99% 1,99% A
VASO CONICO FESTONATO ANTICATO CF 45 346 1398 1392 1330 4120 1.373 1,93% 3,92% A
VASO CONICO FESTONATO ANTICATO CF 65 133 1381 1524 1155 4060 1.353 1,91% 5,83% A
VASO CONICO FESTONATO ANTICATO CF 40 246 1069 1069 986 3124 1.041 1,47% 7,30% A
CASSETTA MILLERIGHE ANTICATO MRC 100 54 1125 1135 786 3046 1.015 1,43% 8,73% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 55 69 1055 1044 912 3011 1.004 1,41% 10,14% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 45 202 1052 991 860 2903 968 1,36% 11,50% A
CALICE CON FOGLIE BIANCO  CAF 45 92 458 1418 980 2856 952 1,34% 12,85% A
VASO CONICO FESTONATO ANTICATO CF 75 121 962 898 817 2677 892 1,26% 14,10% A
VASO CONICO FESTONATO ANTICATO CF 35 235 933 888 734 2555 852 1,20% 15,30% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 65 96 847 830 607 2284 761 1,07% 16,38% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 35 136 794 755 570 2119 706 1,00% 17,37% A
CASSETTA FESTONATA ANTICATO  FR 80 88 667 867 469 2003 668 0,94% 18,31% A
CASSETTA FESTONATA ANTICATO  FR 100 103 581 1129 289 1999 666 0,94% 19,25% A
CASSETTA MILLERIGHE ANTICATO MRC 80 116 663 617 694 1974 658 0,93% 20,18% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 75 69 757 701 459 1917 639 0,90% 21,08% A
VASO CONICO FESTONATO ANTICATO CF 30 167 654 643 604 1901 634 0,89% 21,97% A
CASSETTA CON FOGLIE ANTICATO CR 50 144 756 513 502 1771 590 0,83% 22,80% A
VASO LISCIO DOPPIO BORDO ANTICATO DBL 42 90 645 593 502 1740 580 0,82% 23,62% A
VASO CONICO FESTONATO ANTICATO CF 85 31 614 594 475 1683 561 0,79% 24,41% A
S/VASO CIRCOLARE ANTICATO STVC 31 49 636 599 416 1651 550 0,78% 25,19% A
S/VASO CASSETTA ANTICATO S/MRC 100 39 537 521 545 1603 534 0,75% 25,94% A
FENICE 100 CASSETTA LISCIA ANTRACITE 47 438 414 570 1422 474 0,67% 26,61% A
S/VASO CIRCOLARE ANTICATO STVC 38 55 536 456 393 1385 462 0,65% 27,26% A
FENICE 100 CASSETTA LISCIA BIANCO 53 532 489 338 1359 453 0,64% 27,89% A
CASSETTA FESTONATA ANTICATO ~ FR 60 99 403 402 514 1319 440 0,62% 28,51% A

Figure 35: ABC analysis of the products within the 21st/Gardembiente warehouse.
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CLASSIFICATION OF THE ITEMS [ABC ANALYSIS)

TOTAL STOCK ITEMS AYERAGE ON 32};‘2‘;": THE THREE CURRENT LEYEL OF INYENTORIES
1215 88489 30609
cLass | N OF mems | QUANTITY 98 FRODUCTS |5 on imems % ONSOLD | LEVEL STOCK ITEMS | > ON STOCK LEVEL
A 301 70758 5% 803 13637 a5
313 13306 26% 5% 7334 2ax
601 4425 a9 5% 578 31%

Figure 36. ABC classification regarding 21st/Garden/Ambientrehouse.

What emerged from the analyiSee figure 36)

We have a total amount of 1215 items, which haveegded sales in the last 3 years (88489
products sold). Only 301 items (25%) generated & %e outgoing movement. As many
items (313), related to B-Class, generated 15%hefsbld. C-Class highlights a significant
figure, where 601 items (almost 50% of the totaigrate only 5% of sales. In summary, 614
items (A-Class + B-Class), just over half, genef&i® of sales. The other half is composed by
the C-Class. The total quantity in stock, at thie ddi this analysis, is equal to 30609 products.
A-Class, with 13637 products, occupies 45% of ttaltcurrent inventories. There are more
C-Class products than B-Class stored within theetvause, although B-Class affects sales
more consistently. A-Class requires special atbardss it is the class that generates the greatest
outgoing movement, which implies a high turnoveaer&onsequently, it is good practice to
provide an adequate stock, in order to avoid p@kstock-outs, which would be particularly
serious, given that these are items with a highaheimB-Class shows a lower criticality, given
the lower influence on the company's sales. C-Ctasthe other hand, has a less impact on the
inventory turnover, therefore we can give lessmditt@ during the operational phase.

The ABC method represents a valid solution to onmnventory management. In its various

forms, it allows:

Prevent stock-outs rislensuring a storage level as right as possible,dbasejuantities sold
and the cost of stock-out.

Reduce stocks of products sold ldesusing on A-Class products.

Analyzing the life of productsubdividing the products into Classes, considegwven if these
have a seasonality or not.

Set the best locatiorlocate high turnover products in an area that al@avmore efficient
management.

Reduce stocking and picking tineandardizing procedures.
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1)
2)

With the aim in reducing inventory management castsl increasing the company’s

profitability.

Within the 1215 items considered, there are 288tedlto the Living division and Injection
processing. According to company directives, thmdpction of these two product categories

has been temporarily suspended for commercial nsaso

Then, it will pass from 1215 items to 932, whichivae finally transferred to the finished
products warehouse of the Thermo-hydraulics. TheABC analysis is as follows (see figure
37):

CLASSIFICATION OF THE ITEMS (ABC ANALYSIS) - WITHOUT LIVING DIVISION

A¥YERAGE ON SOLD OF THE THREE

TOTAL STOCK ITEMS

YEARS

CURRENT LEYEL OF INYENTORIES

932

T0373

27363

CLASS

N° OF ITEMS

QUANTITY OF PRODUCTS

S0LD

* ONITEMS

% ON SOLD

LEVEL STOCK ITEMS

% ON STOCK LEVEL

241

56713

263

803

12673

45

243

10713

263

153

6746

243

C

448

3547

483

L

8550

3

Figure 37: final ABC classification regarding 21st/Garden/Biente warehouse.

As we can see in Figure 37, we still have a higitgr@age of C-Class items, equal to almost
50% of the total, which generate only 5% of the@sal'he 95% of the sold is given by 52% of
the items in stock (A-Class and B-Class).

The above analysis did not consider the "not-saldfined as D-Class. This is split into two

categories:

Ruined they will be rejected and not considered inrthe layout.
Out of list they should be sold, perhaps at a lower pricat tine purchase cost.

D-Class is equal to 170 items, which include 19efafor a total amount of 5500 products
and an industrial cost of 55,000 Euro.

Therefore, during this workshop, we had to deahwitlarge amount of ruined and obsolete
products. If we consider the obsolete, togethehn tne Living and the injection products, they
represent almost 30% of the items in stock. Assalltethe workshop faced an additional
problem compared to what was emerged during therdwision”. Since, the first workshop
did not go into the details of each single operati@ctivity, otherwise it would be lasted much
longer. In order to respect the Kaizen philosophlgich teaches usstall steps and short
execution timé's we decided to work at the macro level.
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According to that, we focused on the managemetvwaif moving”, having a total amount of
350 different items and 450 pallets to re-locatamother warehouse, different from the one
object of the analysis. We chose the departmemti&h is not used except as a temporary

storage area for some extra order. For these reaganworkshop has scaled down its goal.
What's next?

Contextually, since in any case the workshop a@iwould have carried on towards the set
goal, before coming to an integration, we worke@arew layout of the 21st/Garden/Ambiente
warehouse, which would be more functional to tHiahe Thermo-hydraulics division. We used
the time we were supposed to spend in rearrandgiagThermo-hydraulic warehouse, by

managing all the “not moving”.
What has been dofle

What emerged during the workshop activities was it workers spent the most of the time
in unloading the pallet from the top floor to theognd one, in order to get the necessary
products to complete the picking list, re-packdye ppallet and store it again in the shelving.
Despite this, the product locations within the viiese were not defined. In this way, the
workers were forced to turn around the warehougeraktimes before picking what they were

looking for. All those movements without value ad@dge synonymous of waste.

Hence, we moved to analyze where the items of A<IB-Class and C-Class were located

within the warehouse (see figure 38)

CLASSIFICATION OF THE ITEMS (ABC ANALYSIS)
EUROPALLET TOTAL CAPACITY AYAILABLE ON THE GROUND FLOOR 600
CLASS A CLASS B CLASSC
TOT. N' OF PALLET IN THE VAREHOUSE 364 TOT. N’ OF PALLET IN THE VAREHOUSE 29 TOT. N' OF PALLET IN THE VAREHOUSE 421
TOT. N° OF PALLET ON THE GROUND FLOOR 183 | TOT. N° OF PALLET ON THE GROUND FLOOR| 140 | TOT.N" OF PALLET ON THE GROUND FLOOR| 170
% ON THE GROUND FLOOR 50% % ON THE GROUND FLOOR 48% % ON THE GROUND FLOOR 40%
% ON THE TOTAL CAPACITY AVAILABLE 3% % ON THE TOTAL CAPACITY AYAILABLE 23% % ON THE TOTAL CAPACITY AYAILABLE 28%

Figure 38 % distribution of A-B-C-Classes on the groundthivi the 21st/Garden/Ambiente

warehouse.

As we can see from figure 38, the ground capadithe 21th/Garden/Ambiente warehouse
counts 600 pallets, in fact there are 161 shelawglable that can hold, on average, 3 or 4
pallets each. Regarding A-Class, 364 pallets amragé of which only 183 (50%) are located
on the ground, occupying 1/3 of the overall capgaé&ten for the B-Class, we have a 50% on
the ground that occupies 23% of the available aapat/hile, for the C-Class, this is present

on the ground for 28% of the total capacity, md¢r@ntthe B-Class and very close to the A-
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Class even though it has a lower turnover rate.eldoer, none of these items is located
according to a precise logic. The ground floor tbhge with the first floor can storage almost
1100 pallets; here, we have 1076 pallets in t@2l1¢354+421), which could be stored only in

the first two levels, thus having the whole sectiadr free.

We decided to redesign a new warehouse layouty@iogpto ABC picking rate frequency, in

order to facilitate the picking activity. We intnace a new concept of optimization of stock
location, giving a fixed place to the high-rotatiproduct and its stock over, on the last floor,
with the subsequent lowering. Logically, we consifileed the location on the ground, where
A-Class will be placed. The products of B and CsGé&s will occupy the second floor. The third

floor will not have a fixed location, as there vk the stock of A-Class.

The implementation of what has been said and risadalation (both at the practical and at the
information system level) would have allowed th&trstep, the re-arrangement of the finished
product warehouse of the Thermo-hydraulic divismnch simpler and automatic, because we
have already acquired a method. What we shoulavillope moving the rest of the products,

having already set a solid procedure. If we hadgeded differently, probably the change

would be too traumatic.

We thought to manage the lowering activity in andadized manner, which consists of the

following activities:

- During the daily activity, presumably from the mimgpuntil 4 pm, only picking
operations are carried out.

- From 4 pm to 5 pm, two specific workers are in geaand, thus, accountable for
restoring the goods through lowering activity.

Today, the operator could do both picking and lemgeactivities, without any division of tasks.
In most cases, to comply with the picking list, tberering was rarely performed, if not those
times that became necessary. However, most oiities the workers took the nearest matching
pallet in order to reduce the picking time. Witlsthew standardized procedure, if the worker
has an order on the ground floor and the shelinpteg, since the lowering operation was not
done previously, the latter is forced to do sahis case, the daily picking productivity will be
reduced. For this reason, it is important thattthasfer from the last floor to the ground one
be always executed; otherwise, the computer systeonrds the picking order engaged (not
available). Fixed stock locations and a standaddipeocedure absolutely improve the
efficiency of the warehouse in terms of lead time aosts, having greater control over the
products.
98



Therefore, according to the new location and AB@lgsis previously made, we began to
restoring all items, starting with the A-Classraalucing Kanban logic. In calculating the exact
number of Kanban to be managed in the warehouseafth item, the following parameters

were taken into consideration:

Production Lead Time> needed to restore the product in the warehousg (LT

Minimum production lot> in reference to some constraints that characténezenanufacture

of some products (color, setups of molds, necedsarnan resources).

Maximum daily consumption during the Lead Tindoy dividing the respective total average
over the past three years with the number of anwogting days (C).

Current quantity on the palle® how many products of that specific item can behanpallet.
This is an independent variable (Q).

Other constraints> the type of containg(it could be a pallet, with different measuresaor
cage depending on the type of item), the voluméeproducts and the storage capacity of the
various shelving within the warehouse.

We consider, in our calculation, for some critipedducts the related to SS (Safety stock).
The Formula is the followingKanban Number = (((C X LT) + SS) + Q) +1

This methodology has been applied to approxima&@éfp A-Class in stock (190 items out of
241). Of these 190 items, 60 are already working:21st/Garden/Warehouse for those items
iIs working according to th@ull logic. In other words, excessive stocks will nader be
produced, but the company will work to restore wdtially consumed. Obviously, the whole
system of creation of the Kanban is computerizegperted by a specific software that works
in parallel to the company one. The managemertietdag will still be physical and will take
place in the following way: the consumption of anlkan product will generate a signal to the
Production Planning department that will have tanpits restoration. How? Printing a new
specific Kanban of that product and deliveringoitthe head of department P, which is the
supplier of the 21th/Garden/Ambiente warehouse, whioknow what should be produced.
Given the high seasonality of the products, wedkztito calculate the average consumption,
not on 220 working days, but on 110. Therefore,Kheban stock stored is much higher than
what is a real average consumption. If this isemaiugh to guarantee a certain service to the
customer, it will be possible, for some criticabgucts, to produce an extra lot that will be

stored and managed separately.
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During the workshop, it emerged that the shipmeanagement, both from an administrative
and transport organization point of view, is ndiirted at all. It often happens that the head of
the 21st/Garden/Ambiente warehouse is not awamheih exactly shipments occur, as the
management of some types of finished productsrigeckout in a discretionary manner. In fact,
there are products fully managed in this warehousele others are administered by the
Thermo-hydraulic warehouse for reasons relatedaxage capacity or shelving dimensions.
Sometimes, a product is stored in the shelvinghersecond floor, when shortly after, it must
be picked up and brought to the Thermo-hydrauliceivause for the final transport to the
customer.

The goal was to reorganize the areas inside thehwase, providing a new layout that would
approach a concept of integration, both in termspmfcedures for order fulfilment and
management of the finished product. With the aimadbieve this objective, we analyzed the
main product flows within the warehouse and thea,calculated the respective kilometres

traveled (see Figures 39 and 40).

TYPE OF ITEMS N° OF METRES METERS ON | N° OF PRODUCTS | TOTAL KM TRAVELLED FOR
(PLASTIC) PRODUCTS TRAVELLED PALLET ON PALLET PRODUCT (PLASTIC)
EASY TANK 1486 100 148600 2 74
FEKABOX 200/280 1836 230 422280 4 106
LOWARA 2062 206 424772 4 106

Figure 39 analysis of the kilometers traveled by the prasiud Plastic division.

ITALY ABROAD
MOVEMENTS IN
MOVEMENTS FROM WAREHOUSE MOVEMENTS IN
WAREHOUSE 099
099 TO WAREHOUSE 100 (GARDEN) WAREHOUSE 099 (GARDEN)
(GARDEN)
N" OF 1736 N OF 1436 N" OF 195
PALLET PALLET PALLET
KM KM KM 3
TRAVELLED TRAVELLED TRAVELLED
TOTAL N° OF PALLET TOTAL KM TRAVELLED
3172 GARDEN + PLASTIC (ITALY)
TOTAL KM TRAVELLED (GARDEN) 860
574

Figure 40. analysis of the kilometers traveled by the pragloé Garden division.
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As we can see from figure 39, the products of tlastie division are subdivided into three
categories: Easy Tank, Fekabox 200/280 and Lowdesanalyzed the annual internal mileage
that are made for the management of these prodinots, packaging, to storage and the
following shipment.

For example, once a pallet of Easy Tank has bemfuped, it takes 100 meters before arriving
in shipments. Considering that in the year werd 4486 Easy Tanks and each pallet contains
2 of them, we would have a total of 743 palletpphd or better, 74 kilometres annually
traveled. The same reasoning has even been appliee products of the Garden division (see
figure 40). The management of such products isdefined according to specific criteria:
sometimes it is only the 099 warehouse (21st/G@pfdehiente) to deal with them while other
times, instead, there is a transfer from the 09&hause to the 100 (Thermo-hydraulic) one.
In this case, the total travelling about the Gardemsion is equal to 574 kilometres per year.
The transfers and the shipments abroad countlgkii@s per year and do not significantly
affect the analysis, as they are carried out oooafliy and never taken into account by the
warehouse 100. Both divisions (Plastic + Gardemeggte a total of 860 kilometres per year
(almost 4 km per day).
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The graphic representation of the outbound logidtmws is highlighted in Figure 41 and 42.
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Figure 41 analysis of the logistic flows of the Plastic @drden product divisions within the

warehouse 099.

LEGEND
5 IN WAREHOUSE 099 |
| n 3 | EASY TANK |
| 106 || LOWARA |
B EY FROM WAREHOUSE 099 TO WAREHOUSE 100 |
| 06 |> | FEKABOX 200/280 ‘

Figure 42: legend of the analysis of current logistic flowgaeling Plastic and Garden

products.
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With reference to figure 41, the symbel ( ), frédnto F, points out four points that have been

identified as collection areas or processing oflpots within the warehouse. Specifically:

A @ : this point is located inside the departmerdrid is reached by the workers of the 099
warehouse when they have to collect the finishedysct and bring it into their warehouse.

B @ : consists of a small area inside the 099 n@uwse, where the workers of the department P
store some finished products.

D @ : coincides with the packaging (P) activitytbé finished product.

E® : In this delimited area, the Easy Tanks tveed.

F ® : consists of a small area inside the 099 ause, where the workers of this warehouse
store some finished products. Then, the workershef 100 warehouse, before shipping,

subsequently collect them.

The symbol@ ) shows two areas (1 and 2) wherértio& is loaded and the finished product is

shipped. Today, the 099 warehouse has two loadeasaone (1) shared with the warehouse
100 and the second (2) managed independently biyethe of the warehouse 099. There is no
particular logic in the use of one rather than dkiger, if not for the Easy Tanks, which are

loaded only in area 2.

The symbol G» identifies a central area in theelause, considered the fulcrum of the

activities. Around this area, there is the largeftix of workload.

As we can see from the logistic flows of figure #ie movements that take place between the
two warehouses, 099 and 100, are those that havikighest impact on the total (more than
50%). Starting from area C, the worker reachesoup, twhere these products are stored, then
go to D (where the packaging is made) and, finalgnsport the product to the warehouse 100
or leave it stored in the F area.

A very similar route is carried out by the Fekal200/280, which is collected in the department
P, in area A, and subsequently stored in F, a@rgopacked, waiting to be picked again by
the workers of warehouse 100. The only productdbas not undergo any type of processing
inside the warehouse is the Lowara, which is ct#lé@an point A and stored directly in point
F, by the workers of the 099 warehouse. The pradibett are managed exclusively by the 099
warehouse, with a total annual distance of 96 kmpacked and stored directly. The shipment

of these products is mainly executed in area 2s @halysis is shows the following waste:
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Ship management activities are not definéeé choice to load the trucks in area 1 rathanth
in area 2 is based on the discretion of the depanrtinead or it could be influenced by other
reasons, due to the optimization of the transportat In any case, there is no linearity in the
execution.

The 100 warehouse uses an order fulfilment systiéenaht from the one of 09gping towards

a concept of integration also means working withilsir procedures.

Logistic flows occupy a very large area within tB89 warehousethere are objective
difficulties in creating a continuous flow from beging to end. Non-standardization of flows
can become a problem, obstructing the passageeafdbessary resources for daily activities
and slowing down the packaging and storage prosesse

Presence of various areas of goods storage indidemarehouseareas A, B and F are not
adequately managed and they can create situatibmsventories build-up. An adequate
supervision cannot be guaranteed, since the tasksoashared among the different workers.
The management of some products is not optimdidrent departments (plastic department,
warehouse 099 and 100) process some products kewera. The same departments do not

always do the same activities.
This current layout and the way of working hindee achievement of an optimized logistic

flow, which is marked by different wastes, beingoalar from a concept of integration.

We designed a new layout (see figure 43).
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Figure 43 analysis of the logistic flows of the new layaitthe Plastic and Garden product

divisions within the warehouse 099.

The rearrangement of the layout consisted of tHeviing corrective actions:

12 shelving units were moved (those circled in fgumpthe figure above)ve positioned these
shelving where previously there were the packinghiree and the area®. (in the layout they
are circled in red). In this way the storage cdyaemained unchanged.

The packing machine and the office have been nusd to the area:lit was decided to no
longer use the area 2 (truck loading), so as tcausieagle area common to both warehouses,
moving towards a concept of integration even frampoint of view of shipments.

As a result, the focus of the activities, the afe®, now is on the opposite side than befare
coincides with the packaging and it is closer taat.

The management of the Lowara and Fekabox 200/288egacompletely to warehouse 1ib@
workers of warehouse 100 are supposed to go tofamearder to collect the finished product
and then, transport it in their warehouse for thekaging. In this way, the warehouse 099 is
completely outside from the management of suchymisd
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The Easy tanks will continue to be managed withiswwarehousethe deposit area was created
near the packaging. For reasons of space and shealapacity, this type of product cannot be
stored in the warehouse 100. They will be loadédl irucks in area 1.

The concentration of logistics flows occurs betwieges F2 and G1the shelves of lanes F2
and G1 are used as a storage area of the molds départment P. For this reason, there is not
a high flow of movement within these two lanesthis way, there is no longer the risk that the
handling of these finished products (incoming antyjoing) could cause delays in picking and
internal management, as the routes are definedearidom the heart of the warehouse.

The management of the products that is completatgtdd to the warehouse 099 (highlighted
in yellow in figure 43) remains unchangele only thing that changes is the supply area. W
move from the area A to the area G, which is closegrms of distance. Area G coincides with
a new "finishing" solution of the department P twidt be discussed later (see figure 44).

The same reasoning is applied for the movementgleatwarehouse 099 and warehouse 100
(highlighted in orange in figure 43jt the product will be packed in the warehouse 08%h,

it will be this one in charge of its shipment. Vieersa, if it is the warehouse 100 accountant of
its management then, it will take care of the pagkactivity (division of tasks).

In the figure 40, there are some shelves, coloredlue, which will be used to store A-class
goods: these are the ones closest to the packaging, whithe previous activity before
stocking, and the area 1, which is where they bellshipped. These 35 shelves, between the
ground and the second floor, can accommodate &@&&fupallets or better, the 70% of the A-
Class (250 out of 364). This will be the startirain for the storage of goods. Then, we will
expand towards the end of the warehouse (on thé rgfocking the C-Class.

Before coming to this conclusion, we analyzed tReos" and "Cons" of this possible new

layout, compared to the previous one:

Actual layout(see figure 41)

Pros:

Picking optimization through storage of goods adew to Kanban logic and ABC inventory
turnover rate. The introduction of these improvets@ould be the same without moving the
shelves, packaging etc.

Proximity to the supplier (department P). The distabetween area A and C is minimized.

No implementation costs.
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Cons:

Any kind of integration with the warehouse 100.

» New layout (see figure 43)

Pros:

Picking optimization through storage of goods adew to Kanban logic and ABC inventory
turnover rate.

Integration between the staff of the warehouse @89 100 that would work closer together
and with only one shipment loading area.

Proximity to the customer (warehouse 100). Morepot#tee management of some products
(Lowara and Fakeboc 200/280) will pass compleihé warehouse 100. The warehouse 099

will have more autonomy, thanks to the standarainadf tasks and procedures.

Cons:

Physical displacement of the packaging, office simelving areas.

Investment cost: three new sliding doors shoulgiehased, in order to facilitate workers'
operations. All the electrical and air system nhestinked with the new layout.

There is a move away from the supplier (the depamtr® through the area A).

One of the negative aspects of the new layout ab#scwith the distance from the area A,
which is located inside the department P. Therefewee decided to review the layout of the
finishing process, which is the last activity pemed, before the product moves into the
warehouse 099. Currently, the finishing takes pladsvo separate areas and five people are
needed, in order to guarantee the expected perfmend alking with the head of department
P, the fact that the finishing process is not madaas it should came up. As a result, there are
high product rejects and there is a constant actairon of WIP, as the process is not
continuous. The first activity of this processirancerns the labelling of the product, which is
performed on the line near the oven. Why? Becauskis way the worker, through a purely
visual quality control, realizes if the product, iath has just finished the cooking process, is
actually that expected or if there are any anomaliethe product, once it undergoes the
cooking phase, goes to finishing process withoyp@hg in temporary transit areas, then the
labeling could be carried out directly during tiv@ghing phase. But since we are not aware of
when the product will actually come in finishingjedto lack of staff and organization of the
activities carried out, the labelling is executeuiiediately, in order to have the time necessary

to report any defect and re-launch the producflauay, the finishing is performed where the
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product is labelled and the specific area, wherh saroduct is labelled, depends on who is
doing that. To make sure that all the activities@arried out during the finishing processing, it
IS necessary to implement a new layout that indwadkethe processes, which is able to provide
a constant rhythm of processing, with a single agferarea of the finished product. The

proposed solution is highlighted in figure 44.

| . 1] 2
STOCK OUT c
STOCK
<_| I IN
l] | G. F l
STOCK OUT
OVEN AREA K

Figure 44: new layout of the finishing process within thgopdegment P.

In accordance with figure 44, there are three rae@as, which are as follows:

Stock-in area> where the pallets will be stocked waiting to b#emted by the workers of the
warehouse 099.

Stock-in area> only one area where all the products will be store

Area F-> where the finishing process is carried out.

The areas 1 and 2 contain all the materials (eqempntabels and nylon) necessary to perform

the finishing process. The area K is dedicatetiéatnanagement of the Kennels.

With this last activity, this workshop can be calesed concluded. There are sofiee Do,
emerged during this workshop, that will be carreed later by who has been in charge (see

figure 45).

10- DO WHO?

Displacement of the office and the packaging machine Plant director

Standarization of the procedures regarding the management of the
Lowara and the Ferabox 200/280

Plant director and warehouse 100

Ultimate the layout of the finishing process, within the department P |Plant director and department P

Introduction of lowering management at the information system level |IT office and Warehouse 099

Keep working on the creation of Kanban for A-Class and B-Class Warehouse 099 and Production Planning department

Installation of sliding doors Plant director

Figure 45 To-do list (what should be done and by whom)
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4.5. Third project: Improvement of Assembly linesby studying

Cycle Times

The third project carried out by KaizenKey srl cemed the analysis of the cycle time of the
assembly lines within the department M. This arialgsned to define a new balancing solution
based on a redistribution of workloads. In doingtttwe developed a Time and Methods
framework, which is particular useful in order talaulate the standard cycle time within the
production cycle.

The need to do this type of analysis, relativehedepartment M, is due to the fact that such
department produces several pieces a day anthé @nly one that is connected to the previous
workshop activities, in terms of process and lagisérvice. As we know, all the products that
come out from the department B and C are assenblie department M. The analysis was
performed only for the lines from D to G, where #ik products (expansion tanks and
autoclaves) from 35 to 500 liters are assembled. ddding of the expansion tanks is of two
types: these can be ERCE or DV, depending on e ¢ product. While the autoclaves are
coded with the acronym AFV.

Before starting talking about how to improve thedarctivity of an assembly line, it is relevant
to understand: “hovAssembly Lingvorks” and in “what consists the function of fhiene and
Methodsanalysis”. Those are the starting point for implativgy a new balancing solution.

The production process, which is most often charad by a strong presence of manpower,
is the assembly one that typically constitutes tinal phase of production, mainly in
manufacturing. Generally, the assembly activitgagied out by means of a series of operations
of composition of parts by insertion, union, scregyietc., which in most cases enjoy the
property of being reversible. In the course of stdal development, the concept of assembly
has certainly undergone significant changes; froendrganization oriented to the production
of a single product (at the time of H. Ford witle fi-model), to the need to diversify as much
as possible the product to meet the needs of thtemer. As a result, even production times
have undergone significant changes: from the dgisign of production times to the flexibility
required today. The assembly lines can classitiydiype of working and manufacturing

process, into three distinct categories (see figéde
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Single-model this kind of assembly line is used within theguction of a single product and
all the pieces assembled are identical to each.ofihe line runs continuously without having
to perform set-up.

Multi-model this kind of assembly line is used for the prdduc of batches, each of them
composed by only one model of product. This assgnire allows the short-term lot sizing
issues related to set-up operations between tfegait lots. This type of production takes place
in order to minimize the cost associated with sgtfgr each lot.

Mixed-modelin this kind of assembly line, the setup time kewthe different models is less
relevant then before and it is enough to be ignowéihin this configuration, the workers
assemble smaller lots or unit of different modelsiimixed sequence, one after the other. In
this way, the company can easily adapt to thedatadns in demand without excessive stocks

of finished products.

AANAAANAAANAAANAAAAANAANAANS

a. single-model line

—
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b. mixed-model line

e
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¢. multi-model line

Figure 46. types of assembly lines.

For greater clarity, it is considered appropriatentroduce immediately the main terminology
that will be used throughout the text, which ises=ary for an effective description of the
assembly lines.

Task this is a fraction of the total work content nexary to obtain the finished product. The
time required to perform such task is called Taslet All the tasks are considered indivisible,
in the sense that they cannot be divided into dgjperathat are more elementary.

Station it coincides with a portion of the assembly linevhich a certain number of tasks are
performed. The elements that make it possible émtitly the different stations along the
assembly line are the equipment and machinery,eflsa the type of work assigned. Either
the stations can be automated, where there areimeagithat works automatically, or manual,

where, instead, operators use specific tools or-aetomatic machines do perform their work.
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A station will be treated as a previous to anothéris, compared to the latter, closer to the
beginning of the assembly line.

Cycle timeit represents the time needed to manufacturesmgge product (Mattson, 2004) or
better, referring to the specific operator, it @ies with the time he or she needs to perform
his or her tasks (Rother and Shook,2002).

Work contentit is given by the sum of the task times assigioea specific station.

Throughput timeit is the time taken by the product to transrbtigh the process (in this case
the assembly line). It also includes the time spettie queue between one station and another
of the assembly process.

Balancing line it consists in the decision to which tasks shdwtdallocated to each of the
stations in the assembly line. It aims in maxingzithe production rate by minimizing the
number of workstations.

Standard timeis the time that the company assigns to the ressuinvolved in a specific

operation in order to perform it, according to agfc established method.

The assembly lines are typical flow systems initiokistrial production of large quantities of
standardized products. Their manufacturing proisedsfined as "continuous”, with very high
volume, low variety and the work can be very rdpeti They are part of those production
techniques called "mass" or "flow", characterizgdabsequential arrangement of machinery,
such as to reflect the technological sequence efabipns necessary upon completion of the
product. The typical configuration layout is th&t'product” or “line”, where the transformed
resources flow along a line of process througheapanged route consisting of a number of
stations connected to each other, in which theessrpiof activities have been located.

One of the first points for solving assembly proléas determining the times of each individual
tasks. From a practical point of view, this datdificult to obtain, besides being the input for
the subsequent analysis (balancing line), esshntoaltwo reasons:

The costs related in obtaining the data are higheTecording activity does not create added
value in the product and therefore it has seen@stby companies. The Time and Method
offices are interested in this data more as coalyais for the final reporting of production
operations than for reasons related to design ptichization.

In the case in which there are different modeks,thmber of data to be obtained would be too

high. Furthermore, for new products there is nenea historical to be based on.
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The function of the Times and Methods deals withftllowing activities:

Collect data related to methods, times and conutiof the production environment through
labor measurement techniques.

Describe the processing cycle and the related rdsthsed.

Calculate the Normal Time.

Increase Normal Time based on working conditions.

Get the Standard time, keeping its reliability updaover time with reference to technological
improvements.

Elaborate the data collected according to the lagiobjective and clear as possible, sharing

them with the rest of the corporate functions.

Therefore, it is important to define the two fundantal concepts underlying this study: the
MethodandTime TheMethodis a rational way of proceeding to achieve cenasults. The
different methodologies carried out by the opematare analyzed and, after an accurate
evaluation, a better method, for performing sudivdies, is identified.Timeis the dimension

in which the passing of events is conceived andsoreal.

There are several techniques for measuring StanGsae Times. This process varies

depending on how the working time is observed. Twa&n methodologies can be included:

Time-and-motion-study technique (Bedaux, 1900).

This technique involves using the stopwatch aohbftw time measuring. This method aims in
detecting several times the time necessary to égeciask. The first activity, performed by the
analyst, consists in the "description of operatipagormed by the operators”. In this case,
there is the decomposition of the working methadjdating the sequence of the operations to
be measured. Furthermore, the activities are seggafeom human resources and machine,
which will be observed separately. The tasks attéun divided into cyclical and acyclical. The
execution of the time study (Bedaux) technique t®&sn the contemporary and repetitive
collection of two fundamental information: the wonl time related to the measured operation
and the so-calledefficiency Bedauxof the operator who perform the task. The eficg
Bedaux refers to a subjective judgment of the aabyn the speed and precision that the
operator has in performed the assigned task. Duhegnalysis of the production cycle, the
analyst must therefore simultaneously measure ithe bf each activity and identify the

operator's efficiency in that specific activity femch measure of the processing cycle.
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Consequently, the Normal time will be calculateg@iaportion between the time taken for each
activity and the corresponding level of efficierestablished. These Normal times require some
additions related to physiological needs (goingh® bathroom, coffee break, psychological
recovery, etc.), unforeseen events (micro-stog, ¢d material, anomalies, controls etc.) and
fatigue (physical effort, nervous tension, monotaiywork, danger, etc.). The final result

obtained coincides with the Standard time.

2) Methods-time-measurement (H.B. Maynard et al., 184d its derivatives (MTM2 and
MTM3).

0
The basic principle of this technique is the foliogt "Every elementary movement requires,
if performed by a sufficiently skilled performetnways the same time, under equal conditions".
This technique is based on the analysis of the iwgnethod decomposed into micro tabular
movements. The micro-movements are very detailet thair composition, in the correct
sequence, represents the method in its entirefgctnthe object of this technique is the method
and not the movement (the operator specificallo stopwatch is required; just a table in
which the basic movements are provided. Times ypeegsed in particular units, called Time
Measurement Units (where 1 TMU is equal to 0.03tsds). Each basic movement has an
accurate description within the reference tables pteparation of the detection takes place in
the same way as for the Bedaux technique: decotnposif the working method into
identifiable and measurable phases, with separatfogyclic and acyclic operations. In
performing the MTM recorded, the analyst will irsteask the operator to execute the method
clearly and slowly, in fact it will not be necesgdo ascertain the speed and precision with
which the operator has completed the activities jtowill be important to correctly determine
the method and movements within the processingecy@hce the sum of the values has been
calculated for each of the detected movements therfNormal time will be determined. This
Normal time requires some addition that will leadte definition of the Standard one.
The obvious laboriousness in using the MTM has ssiggl the development of more simplified
versions called MTM2 and MTMS3. Both are two tabidgstems, more concise, which contain
a limited series of movements, but having a greater in terms of clarification, although a
faster application.
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In addition to these two methods, there is anotimer based on statistical analysis, which is
called Work Sampling It provides that the analyst observes how a $fipecperation is
performed at random times, in order to obtain usefarmation for the success of the analysis.
The logic of this system is based on the statistteervation of a sample of events and
therefore the production time is estimated becafiseseries of information collected in the
field. This method evaluates the percentages @ tirat a worker spends carrying out different
tasks: the timing proportions observed during tedgymance of the sample work are the same

proportions of time spent in the activity in gerlera

In recent years, we have witnessed a significaotease in automation within production
systems. This derives from a series of advantdggshese systems offer: from the increased
in production capacity (machines that can work ?&4rrk continuously) to a high quality
standard, to the opportunity in monitoring easitpduction data. However, there are many
companies with manual assembly production systé@ims. is the case of Elbi spa, where the
assembly activities, taken into consideration ims thnalysis, are completely performed

manually.

114



4.5.1. Analysis

Before starting talking about the analysis, we ole the current situation of the department
M, concerning the assembly lines D, E, F and Gclwhwill be the object of the subsequent
study. We identified the following waste:

The maximum capacity of the department is not éxdploited the department M is organized,
as regards the assembly from 35 litres to 50Cslitoe four assembly lines of which only two
are working (line E and F) and perform the samwiéies. The other two lines, D and G, are
used occasionally, in order to provide quality cohdor maintenance work, but for 90% of the
time they are idle.

There is a high degree of discretion in carrying the activitiesin each of the two lines, there
are three operators who work according to a metiatis not defined. Moreover, the activities
are not standardized and often unclear.

No interchangeability by operators there is a low degree of polyvalence and rotatghin
the assembly line and from one to another. Espggcedarding the operators 1, while operators
2 and 3 sometimes rotate in the two lines.

The assembly process is highly disorganitieere is no kind of daily productivity and itnst
possible to measure the performance of any operator

Poor supervision by managemetitere is no control of responsibility on what shibor should
not be assembled by the operators.

The flexibility of the lines is not exploitetie production model adopted is the batches nde a
specifically, the assembly lines fall into the Muttodel category. This type of configuration
is desirable when set-up times and costs are higthis case, working on autoclaves and
expansion tanks, the flexibility of the line is advantage, because the transition from one to
the other (from an autoclave and an expansiondankthin the same type of product) involves
very low setup times.

Complete absence of daily goal through a VisualrBoaperators are not part of what goes
beyond their mere daily assembly activities.
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Secondly, we defined the Method to be used in otdedevelop an appropriate analysis.
According to the several methods listed and deedrdbove, with regard to the detection and
calculation of the Standard Cycle Time, we poirgatithe following limits:

Time-study (Bedaux):

Subjectivity in the definition of the analyst's grdent of efficiency on the activities carried out
by the operators.

The analyst is forced to time and, at the same, tewaluate the production process, so he or
she may have difficulty in questioning the workimgthod used by the operators as he or she
Is very busy during the detection phase.

Need for a sample of n° observations, so thereasrmpossibility of application to long and

not very repetitive cycles.

MTM and its derivatives.

The initial investment for the first MTM observatiof a process is more expensive than that
based on the stopwatch (Bedaux). In fact, theam isbjective difficulty in learning the tables
and applying them.

The parameters chosen for determining the times moaye adapted to any work situation
(there are countless factors that could introdwr@bility in execution times and not all are
taken into consideration in the tables).

The analyst does not calculate any working times fut together with the help of the tabular
movements, going over again the entire workingeydrformed by the operator. If the cycle
were not always the same, there would be diffiealth analyzing and improving the assembly

line.

Work sampling:

This method does not use time detection systentsofiy the activities performed by the
operator, since the cycle time is calculated amatfon of how the operator distributes his time
available between the different tasks he has tioper

Incorrect planning of observations (i.e. at the saime) may influence it.

It is less accurate compared to Time-study, intfaetseveral work activities are not divided as

much as in the other techniques.
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It is not properly suitable for the calculationadf repetitive activity time.

The application of the aforementioned Methods @tamly guarantee a better result compared
to what is currently present in Elbi: there is tanslard productivity for every single product.
Moreover, none of such Methods, despite the varimoisations and disadvantages listed, is
linked to Kaizen philosophy, since it is based lba &nalysis of Value Added activities and
those of Waste.

For this reason, we set up the analysis througladoption of e&New Methodwhich consists

of the following activities:

Breaking down of the work performed by the opeatorthis phase, the analyst identifies all
the macro tasks for each operator within the asbehme (see figure 47). Furthermore, the
materials and tools necessary for carrying ouatiwve activities are listed (see figure 48). The
precedence diagram is also designed, where théramts and sequences of the working cycle
operations are defined (see Figure 49).

Progressive chronometric detection performed orhegmerator several timgsee figure 50):

by using the stopwatch, all the activities caroetiby the operators are observed in a sequential
manner. The task time of each activity is giveritmydifference between the time measured in
correspondence with it and the previously one,esponding to the prior activity. During the
data collection, only one operator was analysedtiate, recording all the activities performed,
trying to break them down in the smallest possitierval (up to a maximum of 3 seconds). At
the same time, it was also pointed out, in corredpace to the critical activities, the reason
why the operator performed them differently or stodown the execution. At the end of the
observation, the analyst talked with the operatooyder to know the reason for this slowdown
or alleged problem.

Analysis of each tasknce the task time of each of them has beenrdeted then, every single
task will be analyzed according to the Lean Praduagbrinciples, highlighting which are the
Value Added ones and those, instead, linked tonaeqt of Waste (see Figure 51).

Analysis of the results obtainede analyzed, for each operator, the differentg@etages of
time used in carrying out Value added activitiethea than Waste on the total time taken.
Afterwards, we compared the results in terms of sinylarities or differences, knowing that
the operators perform various activities and tloelpcts observed are not always the same (see
figure 52).

Computation of the Standard Cycle Tinas a result of the sum between the average Value

Added tasks, necessary for the assembly of a gimgthuct (considering all the three operators),
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and a percentage of Waste due to the realizatidimeo$ame. Then, it requires some additions

related to physiological needs, unforeseen everddaigue.
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Figure 49 precedence diagrams of the products coveredibwattalysis.

TYPE OF PRODUCT MATERIALS AND TOOLS USED
valve, labels, nylon, compliance sheet, color spray, sandpaper, drill, allen key, pre charge, carton,
Expansion tank - ERCE division taping machine, pallet, cutter, pen, paper, adhesive tape, pallet truck, tub, elevator, glue,
mechanism.

valve, labels, nylon, compliance sheet, color spray, sandpaper, drill, allen key, pre charge, carton,
Autoclave - AFV division taping machine, pallet, cutter, pen, paper, adhesive tape, pallet truck, tub, elevator, flange,
screwdriver, washer, screw, membrane, plastic, pole, hammer and nut.

valve, labels, nylon, compliance sheet, color spray, sandpaper, drill, allen key, pre charge, carton,
Expansion tank - DV division taping machine, pallet, cutter, pen, paper, adhesive tape, pallet truck, tub, elevator, glue,
mechanism,

Figure 48 list of tools and materials used by the operatioiréng the assembly process.
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N° of
Operators ° Type of task
task
1 |Insert of the valve
2 [Fixing the valve
Operator 1
3 Insert the pre-charge
4 |Testingin the water
5 Put the label
Operator 2 6 |Put the conformity and instruction sheet
7 |Putthe nylon
8 |Prepare an empty box
9 |Put the label on the empy box
Operator 3 10 |Putthe expansion tankinside the box
11 |Close the box with the expansion tank inside
List of the tasks performed by the operators (Expansion tanks ERCE division)
N° of
Operators Type of task
task
1 |Insert of the valve
Operator 1 .
2 |Fixing the valve
Operator 2 A |Insert the pole inside the membrane
Operator 1+ Operator 2 B Insert the pole with the membrane |n5|d.e the aletocIa\./e
C Removal of the pole from autoclave, during the insertion of the membrane
Operator 2 D [Screwingthe nut
E Fixing the plastic on the flange
F Fixing the flange
Operator 1
3 Insert the pre-charge
4  |Testingin the water
5 Put the label
Operator 2 6  [Put the conformity and instruction sheet
7 |Putthe nylon
8 Prepare an empty box
Operator 3 9 |Putthe label on the empy box
10 |Put the expansion tank inside the box
11 |Close the box with the expansion tank inside
List of the tasks performed by the operators (Autoclaves AFV division)
Operators N* of Type of task
task
1 |Insert of the valve
Operator 1 2 |Fixing the valve
3 |lnsert the pre-charge
4 |Testingin the water
5 [Put the label
G Put the second label
Operator 2 H Put the third label
6 |Put the conformity and instruction sheet
7 |Putthe nylon
8 |Prepare an empty box
Operator 3 9 |Putthe label or.1 the empy 'box
10 |Put the expansion tank inside the box
11 |Close the box with the expansion tank inside

List of the tasks performed by the operators (Expansion tanks DV division)

Figure 47. main tasks carried out by the operators.
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PRODUCT MODEL Expansion tank - ERCE division
ITEM CODE A102134
VOLUME CAPACITY 50 liters
ASSEMBLY LINE Line F
OPERATOR Operator 2
PRODUCTION LOT 30
Notes Description of the task Progressive Time EffeCtIVET:ISI::e of the
The expansion tank has finished the testing and it is ready for packaging 00:00:00 00:00:00
Put the conformity and instruction sheet on the first expansion tank 00:00:04 00:00:04
Put the conformity and instruction sheet on the second expansion tank 00:00:08 00:00:04
Put the nylon on the first expansion tank 00:00:18 00:00:10
Put the first expansion tank in the box 00:00:22 00:00:04
Put the nylon on the second expansion tank 00:00:33 00:00:11
Put the second expansion tank in the box 00:00:37 00:00:04
He brings close to him the third and fourth expansion tank 00:00:43 00:00:06
Put the conformity and instruction sheet on the third expansion tank 00:00:46 00:00:03
Put the conformity and instruction sheet on the fourth expansion tank 00:00:50 00:00:04
Put the nylon on the third expansion tank 00:00:57 00:00:07
Put the third expansion tank in the box 00:01:01 00:00:04
Put the nylon on the fourth expansion tank 00:01:11 00:00:10
Put the fourth expansion tank in the box 00:01:17 00:00:06
He brings close to him the fifth and sixth expansion tank 00:01:25 00:00:08
Put the conformity and instruction sheet on the fifth expansion tank 00:01:29 00:00:04
Put the conformity and instruction sheet on the sixth expansion tank 00:01:34 00:00:05
Put the nylon on the fifth expansion tank 00:01:41 00:00:07
Put the fifth expansion tank in the box 00:01:44 00:00:03
Put the nylon on the sixth expansion tank 00:01:55 00:00:11
Put the sixth expansion tank in the box 00:01:59 00:00:04
He brings close to him the seventh and eighth expansion tank 00:02:06 00:00:07
Put the conformity and instruction sheet on the seventh expansion tank 00:02:15 00:00:09
Put the conformity and instruction sheet on the eighth expansion tank 00:02:20 00:00:05
Put the nylon on the seventh expansion tank 00:02:29 00:00:09
Put the seventh expansion tank in the box 00:02:33 00:00:04
Put the nylon on the eighth expansion tank 00:02:43 00:00:10
Put the eighth expansion tank in the box 00:02:47 00:00:04
Close the box with the expansion tank inside 00:02:54 00:00:07
Move the boxes 00:03:05 00:00:11
Open a new pack of boxes 00:03:15 00:00:10
Prepare an empty box 00:03:24 00:00:09
Prepare an empty box 00:03:35 00:00:11
Prepare an empty box 00:03:48 00:00:13
Prepare an empty box 00:03:58 00:00:10
Prepare an empty box 00:04:09 00:00:11
Prepare an empty box 00:04:20 00:00:11
Prepare an empty box 00:04:29 00:00:09
Write on the paper 00:05:10 00:00:41
Put the closed box with the expansion tank inside on the pallet 00:05:17 00:00:07
Put the closed box with the expansion tank inside on the pallet 00:05:26 00:00:09
Move five empy boxes close to the label container 00:05:44 00:00:18
Put the conformity and instruction sheet on the first expansion tank 00:05:51 00:00:07
Put the conformity and instruction sheet on the second expansion tank 00:05:55 00:00:04
Put the nylon on the first expansion tank 00:06:07 00:00:12
Put the first expansion tank in the box 00:06:10 00:00:03
Put the nylon on the second expansion tank 00:06:20 00:00:10
Put the second expansion tank in the box 00:06:24 00:00:04
He brings close to him the third and fourth expansion tank 00:06:31 00:00:07

Figure 50. example of a progressive chronometric detecttgarding operator 2.
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Description of the task Progressive Time | Effective Time of the Task Type of task Type of waste

The expansion tank has finished the testing and it is ready for packaging 00:00:00 00:00:00

Put the conformity and instruction sheet on the first expansion tank 00:00:04 00:00:04 Value Added

Put the conformity and instruction sheet on the second expansion tank 00:00:08 00:00:04 Value Added

Put the nylon on the first expansion tank 00:00:18 00:00:10 Value Added

Put the first expansion tank in the box 00:00:22 00:00:04 Value Added

Put the nylon on the second expansion tank 00:00:33 00:00:11 Value Added

Put the second expansion tank in the box 00:00:37 00:00:04 Value Added

He brings close to him the third and fourth expansion tank 00:00:43 00:00:06 Evident Waste 1
Put the conformity and instruction sheet on the third expansion tank 00:00:46 00:00:03 Value Added

Put the conformity and instruction sheet on the fourth expansion tank 00:00:50 00:00:04 Value Added

Put the nylon on the third expansion tank 00:00:57 00:00:07 Value Added

Put the third expansion tank in the box 00:01:01 00:00:04 Value Added

Put the nylon on the fourth expansion tank 00:01:11 00:00:10 Value Added

Put the fourth expansion tank in the box 00:01:17 00:00:06 Value Added

He brings close to him the fifth and sixth expansion tank 00:01:25 00:00:08 Evident Waste 1
Put the conformity and instruction sheet on the fifth expansion tank 00:01:29 00:00:04 Value Added

Put the conformity and instruction sheet on the sixth expansion tank 00:01:34 00:00:05 Value Added

Put the nylon on the fifth expansion tank 00:01:41 00:00:07 Value Added

Put the fifth expansion tank in the box 00:01:44 00:00:03 Value Added

Put the nylon on the sixth expansion tank 00:01:55 00:00:11 Value Added

Put the sixth expansion tank in the box 00:01:59 00:00:04 Value Added

He brings close to him the seventh and eighth expansion tank 00:02:06 00:00:07 Evident Waste 1
Put the conformity and instruction sheet on the seventh expansion tank 00:02:15 00:00:09 Value Added

Put the conformity and instruction sheet on the eighth expansion tank 00:02:20 00:00:05 Value Added

Put the nylon on the seventh expansion tank 00:02:29 00:00:09 Value Added

Put the seventh expansion tank in the box 00:02:33 00:00:04 Value Added

Put the nylon on the eighth expansion tank 00:02:43 00:00:10 Value Added

Put the eighth expansion tank in the box 00:02:47 00:00:04 Value Added

Close the box with the expansion tank inside 00:02:54 00:00:07 Value Added

Move the boxes 00:03:05 00:00:11 Evident Waste 1
Open a new pack of boxes 00:03:15 00:00:10 Hidden Waste F
Prepare an empty box 00:03:24 00:00:09 Value Added

Prepare an empty box 00:03:35 00:00:11 Value Added

Prepare an empty box 00:03:48 00:00:13 Value Added

Prepare an empty box 00:03:58 00:00:10 Value Added

Prepare an empty box 00:04:09 00:00:11 Value Added

Prepare an empty box 00:04:20 00:00:11 Value Added

Prepare an empty box 00:04:29 00:00:09 Value Added

Write on the paper 00:05:10 00:00:41 Evident Waste 2
Put the closed box with the expansion tank inside on the pallet 00:05:17 00:00:07 Hidden Waste D
Put the closed box with the expansion tank inside on the pallet 00:05:26 00:00:09 Hidden Waste D
Move five empy boxes close to the label container 00:05:44 00:00:18 Evident Waste 1
Put the conformity and instruction sheet on the first expansion tank 00:05:51 00:00:07 Value Added

Put the conformity and instruction sheet on the second expansion tank 00:05:55 00:00:04 Value Added

Put the nylon on the first expansion tank 00:06:07 00:00:12 Value Added

Put the first expansion tank in the box 00:06:10 00:00:03 Value Added

Put the nylon on the second expansion tank 00:06:20 00:00:10 Value Added

Put the second expansion tank in the box 00:06:24 00:00:04 Value Added

He brings close to him the third and fourth ion tank 00:06:31 00:00:07 Evident Waste 1

Figure 51 analysis of each task, determining the type @added or not and which kind of

waste).
Total time observed 00:06:31 % of Time performed
Value Added Time 00:04:27 68%
Evident Waste Time 00:01:38 25%
Hidden Waste Time 00:00:26 7%
Evident Waste Time 00:01:38 % of Time performed
1 00:00:57 58%
2 00:00:41 42%
Hidden Waste Time 00:00:26 % of Time performed
00:00:00 0%
F 00:00:16 62%

Figure 52 Analysis of the results obtained, concerningfegbl.
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As we can see, we determined the type of eachrstrder during the detection analysis (see
figure 51). We subdivided the Waste into two tygesdent WastandHidden WasteThe first
concerns all the activities that do not create ddadue to the product and therefore, they do
not give value to the customer. For this reasom BWident Waste activities are not necessary
and should be removed (see figure 53). The sedosidad, refers to all the activities that do
not create added value to the product but theicwh@n is necessary for some reasons
(regulatory requirements or technological constginFor this reason, the Hidden Waste
activities must be minimized must be minimized. Thee have all th¥alued Addedctivities,
which create value to the product and the consusneilling to pay for them (see Figure 54).
For this reason, the goal is to improve them. Adow to Lean philosophy, the Evident Waste
activities are divided into seven types of wasiee(figure 55). Regarding Hidden Waste
activities, they consist in those, which were rdearduring the detection phase, considered as

necessary steps for the completion of the assepnbbess (see figure 56).

Evident Waste analysis Figure 53 example of evident waste analysis.

MOTION

N WAITING
m TRANSPORTATION
m DEFECTS
Global Framework Figure 54: example of global Framework of the

analysis.

m Value Added activity
M Evident Waste activity

Hidden Waste activity

TYPE EVIDENT WASTE ACTIVITY
Motion
Waiting
Trasportation
Defects
Inventory
Overprocessing
Overproduction

NoOo(un|_H|WIN|=

Figure 55 list of the seven types of Evident Waste.
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TYPE HIDDEN WASTE ACTIVITY
Pressure control and removal of the pre-charge
Removal of the cap on the expansion tank
Put the adhesive tape around the closed boxes on the pallet
Put the closed box, with the expansion tank, inside on the pallet
Change the tape to the slider
Open a new pack of boxes
Preparation of the conformity and instruction sheet
Preparation of the screws with the respecitve washers

I|(O|mM|mM|O|O|wm|>

Figure 56: list of Hidden Waste activities observed durihg ainalysis.

In accordance with the example of figure 51, thalttme measured is equal to 6 minutes and
31 seconds, in which all the recorded activities @rried out. The analysis is highlighted in
figure 52, where the 68% of the time is used tdquer Value Added activities, while the
remaining 32% is due to Waste. The Evident coumtshfe 25% whereas the Hidden for the
7%. Subsequently, we analyzed how is distributedtime used to carry out Evident and
Hidden Waste activities. Concerning Evident Wastehave the first and second type of waste,
respectively equal to 58% and 42%. While refertmdidden Waste, the 38% of the time is
spent in Putting the adhesive tape around the closed borethe pallet and the 62% in
"Opening a new pack of boXem relation to figure 53, some examples of wivatconsidered
as Motion, Waiting, Transportation and Defects wastvhich include all types of wastes

identified within the analysis, are listed below:

Motion waste

place an autoclave or expansion tank on the wouidthen
place a pallet in station;

take the drill or the valves;

move an empty box near the label container;

bring a box, with the finished product inside, eds the pallet;

move an autoclave or expansion tank along the Wwerkh.

Waiting waste

waits for the operator 1 to complete the test efgroduct;

operates the elevator (this can lower or elevate);

waits for the operator 2 or 3 (in order to do tbgeta specific activity);
write on the paper;

he does not do anything.
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Transportation waste

the operator move, with the trans pallet, the &dmthe office of the department M;

he goes in after the department M office to pickwe pallets and take them to the station;
picking up the trans pallet;

picking up an expansion tank or autoclave in tleoassembly line.

Defects waste

scratch the expansion vessel or autoclave withpsget;
color the expansion tank in red;

color the autoclave in blue;

threading the autoclave or the expansion tank.

Once the Method for detecting Standard Cycle Timesbeen defined, the KaizenKey team
began to perform the analysis concerning the deyst M’'s assembly linesWhat has

emerged?

The times recording and the related analysis last®dst 5 months, of which the first month
used as a trial period so that the analyst couddnléghe New Method, acquiring the skills
necessary to obtain reliable data. total amout®dgd00 activities were detected, over a total of
75 hours (the average time of detection was 14msk;@onsidering all the activities observed),
distributed on twenty different products. The asaywas carried out on the six operators of

the two assembly lines.
The goal was to of this improvement project was:

application of the Lean Production principles i tieduction of Waste related to the Non-
Value Added activities;

definition of a daily average standard producti\fity each product, taking advantage of the
flexibility of the line;

definition of a new layout, based on the distribatof workloads with the new standard cycle

times and the standardization of the activitiesiedrout.

The Value Added time analysis (Vat) aims in hawanglobal picture of the 20 products and it

gave the following results:

124



« Expansion tank (ERCE division) analysis

- 35L Expansion tank

35L Expansion tank
(ERCE)

M Value Added Time

M Evident Waste
Time

m Hidden Waste Time

35L (ERCE) - Hidden
Waste Analysis

mA
mB
mC
mD
HE
mF

- 50L Expansion tank

50L Expansion tank (ERCE)

m Value Added Time
m Evident Waste Time

= Hidden Waste Time

50L (ERCE) - Hidden Waste
Analysis

EA HEB

mC mD

HE BF

35L (ERCE) - Evident Waste
Analysis

= MOTION
B WAITING
m TRANSPORTATION
m DEFECTS

50L (ERCE) - Evident Waste
Analysis

= MOTION
= WAITING
B TRANSPORTATION
W DEFECTS
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- 80L Expansion tank

80L Expansion tank (ERCE)

M Value Added Time
H Evident Waste Time

m Hidden Waste Time

80L (ERCE) - Hidden Waste
Analysis

HA
uC
mD
mF

mG
24% 1 11%

- 100L Expansion tank

100L Expansion tank (ERCE)

H Value Added Time
® Evident Waste Time

m Hidden Waste Time

100L (ERCE) - Hidden Waste
Analysis

HA mC

20%

D mE
7%

5%

HF EG

20% 1 15%

80L (ERCE) - Evident Waste
Analysis

= MOTION
u WAITING
B TRANSPORTATION
W DEFECTS

100L (ERCE) - Evident Waste
Analysis

= MOTION
uWAITING
B TRANSPORTATION
B DEFECTS
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- 150 Expansion tank

150L Expansion tank (ERCE)

H Value Added Time
M Evident Waste Time

m Hidden Waste Time

150L (ERCE) - Hidden Waste

Analysis
mA mC
=D mE
nG
- 200L Expansion tank
200L (ERCE) - Evident Waste
Analysis
= MOTION
B WAITING
m TRANSPORTATION
200L (ERCE) - Hidden Waste
Analysis
A EB
=D mF

uG

150L (ERCE) - Evident Waste
Analysis

= MOTION
B WAITING
m TRANSPORTATION

200L Expansion tank (ERCE)

® Value Added Time
M Evident Waste Time

m Hidden Waste Time
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- 300L Expansion tank

300L Expansion tank (ERCE)

B Value Added Time
m Evident Waste Time

= Hidden Waste Time

300L (ERCE) - Hidden Waste
Analysis

EA mC ®mD

mF mG

- 500L Expansion tank

500L Expansion tank (ERCE)

M Value Added Time
M Evident Waste Time

m Hidden Waste Time

500L (ERCE) - Hidden Waste
Analysis

mA mC

ED ®F

uG

300L (ERCE) - Evident Waste
Analysis

= MOTION
B WAITING
= TRANSPORTATION
m DEFECTS

500L (ERCE) - Evident Waste
Analysis

= MOTION
B WAITING
B TRANSPORTATION
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- Operator 1 analysis - ERCE division

OPERATOR 1_35L-500L (ERCE
division)

M Value Added activity

M Evident Waste
activity

® Hidden Waste activity

OPERATOR 1_35L-500L
_Hidden Waste analysis

HA EB

- Operator 2 analysis - ERCE division

OPERATOR 2_35L-500L (ERCE
division)

® Value Added activity
® Evident Waste activity
W Hidden Waste activity

OPERATOR 2_35L-500L
_Hidden Waste analysis

EC mD
wWE mF

BG

OPERATOR 1_35L-500L
_Evident Waste analysis

= MOTION
B WAITING
B TRANSPORTATION
m DEFECTS

OPERATOR 2_35L-500L
_Evident Waste analysis

= MOTION
= WAITING
= TRANSPORTATION
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- Operator 3 analysis - ERCE division

OPERATOR 3_35L-500L (ERCE
division)

M Value Added activity
M Evident Waste activity

m Hidden Waste activity

OPERATOR 3_35L-500L
_Hidden Waste analysis
mEA ®C
=D ®mE

HF EG

- Final results - ERCE division

Expansion tanks 35L - 500L
Final Analysis

® Value Added activity
W Evident Waste activity

w Hidden Waste activity

Hidden Waste Final
anaysis_35L-500L

mA ®EB
mC mD
HmE WF

mG

OPERATOR 3_35L-500L
_Evident Waste analysis

= MOTION
B WAITING
B TRANSPORTATION

Evident Waste Final
analysis_35L-500L

u MOTION
u WAITING
B TRANSPORTATION
B DEFECTS
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% Autoclaves (AFV division) analysis
-35L Autoclave

35L Autoclave (AFV)

H Value Added Time

W Evident Waste
Time

w Hidden Waste
Time

35L (AFV) - Hidden
Waste Analysis

mA mC
"D mF
-50L Autoclave
50L Autoclave (AFV)
W Value Added Time

B Evident Waste
Time

m Hidden Waste
Time

50L (AFV) - Hidden
Waste Analysis

mA mC
=D mE

mF

35L (AFV) - Evident
Waste Analysis

= MOTION
B WAITING
B TRANSPORTATION
m DEFECTS

50L (AFV) - Evident
Waste Analysis

= MOTION
= WAITING
= TRANSPORTATION
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-80L Autoclave

80L Autoclave (AFV)

M Value Added Time

H Evident Waste
Time

m Hidden Waste
Time

80L (AFV) - Hidden Waste
Analysis

mA mC
=D mE

mG

-100L autoclave

100L Autoclave (AFV)

m Value Added Time

m Evident Waste
Time

W Hidden Waste
Time

100L (AFV) - Hidden
Waste Analysis

HA EC
mD mF

G

80L (AFV) - Evident
Waste Analysis

= MOTION
= WAITING
B TRANSPORTATION
W DEFECTS

100L (AFV) - Evident
Waste Analysis

= MOTION
u WAITING
B TRANSPORTATION
W DEFECTS
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-150L Autocave

150L Autoclave (AFV) ‘ 150L (AFV) - Evident
Waste Analysis

M Value Added Time

B Evident Waste Time = MOTION
m Hidden Waste Time = WAITING
B TRANSPORTATION
150L (AFV) - Hidden
Waste Analysis
EA mC
22% 20% ED ME
i mF mG
2% 117% mH
1%
-200L Autoclave
200L Autoclave (AFV) 200L (AFV) - Evident
Waste Analysis
M Value Added Time
W Evident Waste Time = MOTION
w Hidden Waste Time u WAITING |
B TRANSPORTATION

200L (AFV) - Hidden Waste
Analysis

mA mC
mD mE

mH
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-300L Autoclave

300L Autoclave (AFV) 300L (AFV) - Evident
Waste Analysis

H Value Added Time

m MOTION
m Evident Waste
T = WAITING
m Hidden Waste W TRANSPORTATION
Time m DEFECTS
300L (AFV) - Hidden Waste
Analysis
mA mC
mD mE
HF HEG
mH
-500L Autoclave
500L Autoclave (AFV) 500L (AFV) - Evident Waste
Analysis
M Value Added Time = MOTION
M Evident Waste Time = WATING
m Hidden Waste Time ®m TRANSPORTATION
W DEFECTS

500L (AFV) - Hidden Waste
Analysis

mA mC
mD mE ‘
mF G

mH
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-Operator 1 analysis - AFV division

OPERATOR 1_35L-500L | OPERATOR 1_35L-500L
(AFV division) _Evident Waste analysis

m Value Added

activity = MOTION
m Evident Waste | A
activity B TRANSPORTATION
| Hid_dfen Waste W DEFECTS
activity
OPERATOR 1_35L-500L
_Hidden Waste analysis
mA \
mH
|
-Operator 2 analysis - AFV division
OPERATOR 2_35L-500L ‘ OPERATOR 2_35L-500L |
(AFV division) _Evident Waste analysis \
m Value Added activity ‘
= MOTION
- sz:’ﬁt"; \Weste ®WAITING ‘
B TRANSPORTATION

m Hidden Waste
activity

OPERATOR 2_35L-500L
_Hidden Waste analysis

EA mC
mD mE
EF EG

mH
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- Operator 3 analysis - AFV division

OPERATOR 3_35L-500L OPERATOR 3_35L-500L
(AFV division) _Evident Waste analysis

W Value Added activity

= MOTION
[ ] s\é:telx Waste ® WAITING
m Hidden Waste B TRANSPORTATION
activity
OPERATOR 3_35L-500L
_Hidden Waste analysis
mA mC
mD mE
mF ®mG
mH ‘
-Final results - AFV division
Autoclaves 35L - 500L Final Evident Waste Final
Analysis analysis_35L-500L
m Value Added activity e
B Evident Waste = WAITING
activity B TRANSPORTATION
u Hid.d.en Waste W DEFECTS
activity
Hidden Waste Final

anaysis_35L-500L

EA EC
uD mE
EF  EG

mH
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s Expansion tank (DV division) analysis

-80L Expansion tank

80L Expansion tank (DV) 80L (ERCE) - Evident Waste
Analysis

H Value Added Time = MOTION
M Evident Waste Time = WAITING
® Hidden Waste Time = TRANSPORTATION
W DEFECTS
80L (DV) - Hidden Waste
Analysis
EA mC
21%
2% mD mE
1%
HF EG
27% 16%
-100L Expansion tank
100L Expansion tank (DV) 100L (DV) - Evident Waste
Analysis
M Value Added Time = MOTION
m Evident Waste Time m WAITING
w Hidden Waste Time B TRANSPORTATION
W DEFECTS
100L (DV) - Hidden Waste
Analysis
EA mC
"D WmE
HF EG
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-150L Expansion tank

150L Expansion tank (DV) | 150L (DV) - Evident Waste
| Analysis

u Value Added Time ‘
= MOTION
B Evident Waste Time
HWAITING
u Hidden Waste Time ‘
B TRANSPORTATION

150L (DV) - Hidden Waste

Analysis
mA EC ®D
NE mF EG
-300L Expansion tank
300L Expansion tank (DV) 300L (DV) - Evident Waste
Analysis
H Value Added Time
H Evident Waste Time = MOTION
= Hidden Waste Time u WAITING
B TRANSPORTATION

300L (DV) - Hidden Waste
Analysis

EA mC mD

uF mG
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-Operator 1 analysis - DV division

OPERATOR 1_80L-300L (DV
division)

M Value Added Time
m Evident Waste Time
m Hidden Waste Time

OPERATOR 1_80L-300L
_Hidden Waste analysis

EA mD

-Operator 2 analysis - DV division

OPERATOR 2_80L-300L (DV
division)

B Value Added Time
B Evident Waste Time

= Hidden Waste Time

OPERATOR 2_80L-300L
_Hidden Waste analysis

mC ®mD
WE ®mF

mG

OPERATOR 1_80L-300L

_Evident Waste analysis

= MOTION
= WAITING
B DEFECTS

OPERATOR 2_80L-300L

_Evident Waste analysis

= MOTION
= WAITING
B TRANSPORTATION
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-Operator 3 analysis - DV division

OPERATOR 3_80L-300L (DV
division)

m Value Added Time
m Evident Waste Time

® Hidden Waste Time

OPERATOR 3_80L-300L
_Hidden Waste analysis

mC ®=D

=mE mF

uG

-Final results - DV division

Expansion tanks 80L - 300L
Final Analysis

H Value Added Time
B Evident Waste Time
¥ Hidden Waste Time

Hidden Waste Final
anaysis_80L-300L

HA mC
uD mE

mF mG

OPERATOR 3_80L-300L

_Evident Waste analysis

= MOTION
= WAITING
B TRANSPORTATION

Evident Waste Final
analysis_80L-300L

= MOTION
B WAITING
= TRANSPORTATION
m DEFECTS
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4.5.2 Comments and results

The results obtained from the analysis carriedaogthe following

* ERCE division
- Considering the product range from 35 to 500 ljtdrs average time taken to carry out

Value Added activities is equal to 38% of the tatale. This means that, out of a total
of 31 hours detected, the operators used only ti&sho order to perform VA activities.
The Evident Waste activity that affects most, incepatage terms, is that linked to the
movement of the material and products along the (56%). Similarly, the operators
used almost 8 hours out of 31 in performing acgéasitrelated to this type of waste.
Another noticeable Evident Waste refers to “Waitiagtivities and it is equal to 4 hours
(28%). Regarding Hidden Waste, more than 60% (2d9)af the total time detected is
given by the performance the following activitiéBressure control and removal of the
pre-charge” that counts for a 28% and “Puttingdlosed box, with the expansion tank
inside, on the pallet” that counts for a 36%.
Specifically, the types of Evident Waste that digtiish each operator are as follows:

0 Operator 1Motion (82%) andWaiting (9%).

o0 Operator 2Waiting (55%) andViotion (31%).

o0 Operator 3Motion (54%) andTransportation(25%).

The main Hidden Waste activities forreaperator are as follows:

o Operator 1: Pressure control and removal of the pre-chargkeat
counts for an 82%. He is the only one that perfeuth activity.
o Operator 2: Putting the closed box, with the expansion tankdes
on the pallet that counts for a 45% and thé&reparation of the
conformity and instruction sheethat counts for a 32%.
o Operator 3: Putting the closed box, with the expansion tanide)s
on the pallétthat counts for a 63%.
The trend, in percentages terms, of time used iy caut Value Added, Evident and
Hidden Waste activities, for each operator ontadl tange products, is depicted in the
figures 57, 58 and 59).
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VALUE ADDED TIME (%)
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Figure 57: comparison among the three operators on Valued d\ddee for each product.
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Figure 58: comparison among the three operators on Evidest&Viame for each product.
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Figure 59 comparison among the three operators on Hiddest&ViEme for each product.
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AFV division

Considering the product range from 35 to 500 ljtdrs average time taken to carry out
Value Added activities is equal to 50% of the tditale. We can observe that, compared
to the ERCE product division, there is an increagbe time spent in performing Value
Added activities. This is because the assemblytfcdaves provides a greater number
of Value Added activities and, therefore, it isreat that, at the same time, we witness
to an increase of this kind. However, the operatised only 17 hours, out of 34 total
detected, in order to perform VA activities. Thad&nt Waste activity that affects most,
in percentage terms, is that linked to the moveroétite material and products along
the line (56%). Similarly, the operators used alimblours, out of 34, in performing
activities related to this type of waste. Anotheticeable Evident Waste refers to
“Waiting” activities and it is equal to 3 hours . Regarding Hidden Waste, the 60%
(2 hours and a half) of the total time detectegiven by the performance the following
activities: “Pressure control and removal of the-pharge” that counts for a 39% and
“Putting the closed box, with the expansion tardide, on the pallet” that counts for a
21%.

Specifically, the types of Evident Waste that digtiish each operator are as follows:

o Operator 1Motion (70%) andVaiting (17%).
o Operator 2Waiting (48%) andViotion (38%).
o0 Operator 3Motion (60%) andTransportation(25%).

The main Hidden Waste activities for each operateras follows:

o0 Operator 1: Pressure control and removal of the pre-chdrteat
counts for a 70% andPreparation of the screws with the respective
washers, for fixing the flangéhat counts for a 30%.

o Operator 2: Putting the closed box, with the expansion tankies
on the pallet’that counts for a 24%Pteparation of the conformity
and instruction she&that counts for a 35% andPfessure control
and removal of the pre-chargthat counts for a 22%.

o Operator 3: Putting the closed box, with the expansion tanklas
on the palletthat counts for a 38% Pressure control and removal
of the pre-chargkthat counts for a 22% andPut the adhesive tape

around the closed box on the pdll#tat counts for a 22%.
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The trend, in percentages terms, of time used iy cait Value Added, Evident and Hidden
Waste activities, for each operator on all the eapgpducts, is depicted in the figures 60, 61
and 62).
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Figure 60: comparison among the three operators on Valuedddme for each product.
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Figure 61: comparison among the three operators on Evidest&Vame for each product.
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Figure 62 comparison among the three operators on Hiddest&ViEme for each product.
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DV division

Considering the product range from 80L to 300L, dkerage time taken to carry out
Value Added activities is equal to 38% of the tatale. Compared to assembling of
ERCEs products, those includes two more Value Adugiities (put the second and
third labels). Moreover, the DV expansion tanksurex| 3 bars of pressure before
starting the testing, while ERCEs just 1.5. Recdaiing: on the one hand, we have an
increase in Value Added activities, which shoulcédleto an increase in the
corresponding Value Added Time detected, whilethenother hand, if the pre-testing
activity (going in pressure of the expansion targknot properly managed, it can
experience long periods of waiting within the prsgeThat is because the Average is
very similar to that of ERCEs.
However, the operators used only 4 hours, out dbid) detected, in order to perform
VA activities. The Evident Waste activity that affe most, in percentage terms, is that
linked to the movement of the material and prodatdsig the line (58%). Similarly,
the operators used almost 2 hours and a half,fdl@,an performing activities related
to this type of waste. Another noticeable Eviderdasté¢ refers to “Waiting” activities
and it is equal to 1 hour (24%). Regarding HiddeasW, the 66% (1 hour) of the total
time detected is given by the performance thewahg activities: “Pressure control and
removal of the pre-charge” that counts for a 33% ‘&utting the closed box, with the
expansion tank inside, on the pallet” that couatsaf32%.
Specifically, the types of Evident Waste that digtiish each operator are as follows:

o Operator 1Motion (86%) andWaiting (10%).

o0 Operator 2Waiting (45%) andViotion (41%).

o0 Operator 3Motion (41%) andTransportation(32%).

The main Hidden Waste activities for each operateras follows:

o0 Operator 1: Pressure control and removal of the pre-chdrge
that counts for an 80%.

o Operator 2: Putting the closed box, with the expansion tank
inside, on the pallet”that counts for a 46% and the
“Preparation of the conformity and instruction shedhat
counts fora 29%.

o Operator 3: Putting the closed box, with the expansion tank
inside, on the pallet’that counts for a 49% andPtit the
adhesive tape around the closed box on the patleit counts

for a 38%.
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The trend, in percentages terms, of time used iy cat Value Added, Evident and Hidden
Waste activities, for each operator on the rangeuywts, is depicted in the figures 63, 64 and
65).

VALUE ADDED TIME (%)
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Figure 63 comparison among the three operators on Valuedddme for each product.
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Figure 64: comparison among the three operators on EvidentaMase for each product.
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Figure 65: comparison among the three operators on HiddenaMaste for each product.
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As previously mentioned, the analysis was perforored total amount of 75 hours, which are
distributed among the six operators of the asselim®#yE (AL E) and assembly line F (AL F).

In addition to this, we decided to made a compar@ahe two lines concerning the assembly
of three specific products of ERCE division anctéhof AFV one. We collected a total amount
of 14 hours and we started taking in consideratianthe same product assembled requires the
same activities to be performed. Neverthelessinguhe analysis, it was noticed that the
operator 1 of the line E carried out some actisiiie a different manner with respect to the
operator 1 of the line F. For example, the operatof the line F has never performed the
activity of “Putting the closed box, with the expansion tan&udoclave inside, on the pallet
while the operator 1 of the line E performed itex@ times. As also the activities d?ut the
adhesive tape around the closed box on the padlatd that of the Preparation of the
conformity and instruction shéetere carried out several times by the operatofthe line E.
Working in this way, the operator 2 of the lineifcprder to complete the assembly process, is
forced to perform activities such aBréssure control and removal of the pre-chdrgethe
"Insertion of the valve in the expansion tank oral#ve", which were almost never carried
out by the operator 2 the line F. The followinglésbdescribe the results of this comparison

(see Figures 66 and 67).

150LT ERCE
ALF ALE ALF ALE ALF ALE AVERAGE
OP 1 OP 1 OP 2 OP 2 OP 3 OP 3 ALF ALE DIFFERENCE
Value Added Time 33% 38% 46% 46% 27% 25% 35% 36% -1%
Evident Waste Time 53% 50% 36% 33% 44% 42% 44% 42% 3%
Hidden Waste Time 14% 12% 18% 21% 29% 33% 20% 22% -2%
200LT ERCE
ALF ALE ALF ALE ALF ALE AVERAGE
OP1 OP 1 OP 2 OP 2 OP 3 OP 3 ALF ALE DIFFERENCE
Value Added Time 26% 27% 38% 49% 51% 52% 38% 43% -4%
Evident Waste Time 53% 51% 53% 44% 34% 35% 47% 43% 3%
Hidden Waste Time 21% 21% 9% 7% 15% 13% 15% 14% 1%
300LT ERCE
ALF ALE ALF ALE ALF ALE AVERAGE
OP 1 OP 1 OP 2 OP 2 OP 3 OP 3 ALF ALE DIFFERENCE
Value Added Time 20% 33% 43% 58% 32% 14% 32% 35% -3%
Evident Waste Time 66% 60% 51% 32% 44% 60% 54% 51% 3%
Hidden Waste Time 14% 7% 6% 10% 24% 27% 15% 15% 0%

Figure 66: comparison of operators 1, 2 and 3 regarding ER@HEyzts (150L 200L and
300L).
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100LT AFV
ALF ALE ALF ALE ALF ALE AVERAGE
OP 1 OP 1 OP 2 OP 2 OP 3 OP 3 ALF ALE DIFFERENCE
Value Added Time 65% 55% 58% 61% 48% 48% 57% 55% 2%
Evident Waste Time 34% 31% 33% 29% 32% 30% 33% 30% 3%
Hidden Waste Time 1% 14% 9% 11% 20% 22% 10% 15% -5%
200LT AFV
ALF ALE ALF ALE ALF ALE AVERAGE
OP1 OP 1 OP2 OP2 OP3 OP3 ALF ALE DIFFERENCE
Value Added Time 52% 50% 54% 55% 37% 36% 48% 47% 1%
Evident Waste Time 34% 34% 44% 43% 39% 42% 39% 40% -1%
Hidden Waste Time 14% 16% 2% 2% 24% 22% 13% 13% 0%
500LT AFV
ALF ALE ALF ALE ALF ALE AVERAGE
OP 1 OP 1 OP 2 OP 2 OP 3 OP 3 ALF ALE DIFFERENCE
Value Added Time 49% 48% 45% 51% 43% 39% 45% 46% -1%
Evident Waste Time 38% 41% 45% 42% 38% 38% 41% 40% 1%
Hidden Waste Time 13% 11% 10% 7% 19% 23% 14% 14% 0%

Figure 67:comparison of operators 1, 2 and 3 regarding Adpcts (100L, 200L and 500L).

The results obtained show levels of minimal differes between the various comparisons.
Despite the different way of operating, above glthe operators 1, the overall percentages of
Added Value, Evident Wastes and Occult are verylairto each other. On the one hand, we
allocate some Value Added activities to the Operatof the line F while in the line E is the
operator 1 who performs the same. Conversely, wairsdd the same result because the
performance of the activities is at the completifcretion of the operators who do what they
want regardless if they are in line F rather tmeimie E. The operators 1 never alternate between
the two lines, so we can say that they are the whesaffect the way the other two operators
work. The analysis carried out contributed to theation of the std cycle times. Each activity
reported in the worksheet has its standard referepcle time. This is given by the arithmetic
average of the various cycle times obtained omthkiple observations carried out on the same
activity within the working cycle. All values toadh or too low compared to the average and
for which, during the data collection phase, wasteal out the reason why the operator
performed them differently or slowed down the exmry were not considered for the
calculation of the average cycle time as they wialde affected the average significantly. The
data observation sample for each activity is astle&® observations, in order to obtain a
statistically reliable standard cycle time. Inityal we calculated the std cycle times
corresponding to the Value Added activities forreaperator on the different product divisions

being analyzed (see figure 68, 69 and 70).
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Value Added Time of each activity

Valued Added (VA) activity 35L 50L 80L 100L 150L 200L 300L 500L
Insert of the valve 00:00:04 00:00:04 00:00:04 00:00:05 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the valve 00:00:03 00:00:04 00:00:04 00:00:04
Operator 1 Put the label 00:00:05 00:00:05 00:00:05 00:00:05

Insert the pre-charge 00:00:03 00:00:03 00:00:03 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Testing in the water 00:00:07 00:00:09 00:00:13 00:00:14 00:00:18 00:00:22 00:00:22 00:00:25
Std VA Cycle Time of OP1 00:00:19 00:00:21 00:00:25 00:00:28 00:00:29 00:00:34 00:00:34 00:00:37
Put the label 00:00:07 00:00:06 00:00:07 00:00:06
Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:08 00:00:07 00:00:07 00:00:10
Operator 2 Put the nylon 00:00:09 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18 00:00:18
Put the expansion tank inside the box 00:00:05 00:00:04 00:00:03 00:00:04 00:00:05 00:00:06 00:00:06 00:00:09

Prepare an empty box 00:00:09 00:00:09 00:00:10 00:00:20 00:00:23
|Std VA Cycle Time of OP2 00:00:28 00:00:26 00:00:28 00:00:20 00:00:32 00:00:51 00:01:01 00:00:43
Close the box with the expansion tank inside 00:00:10 00:00:10 00:00:11 00:00:09 00:00:08 00:00:16 00:00:21 00:00:19
Operator 3 Put the label on the empy box 00:00:06 00:00:08 00:00:08 00:00:07 00:00:06 00:00:09 00:00:09 00:00:07
Prepare an empty box 00:00:11 00:00:13 00:00:25
|5td VA Cycle Time of OP3 | 00:00:16 00:00:18 00:00:19 00:00:27 00:00:27 00:00:25 00:00:30 00:00:51
VA WORK CONTENT | 000103 | 00105 | ooor2 | ocoras | ocors | ooonso [ ooozes | ooo2m

Figure 68 Standard cycle time of the Valued Added activiy each Operator of the ERCE

division.
Value Added Time of each activity
Valued Added (VA) activity s0L 0oL | 1so. | 300L

Insert of the valve 00:00:04 00:00:04 00:00:05 00:00:06
Fixing the valve 00:00:04 00:00:05
Operator 1 Put the second label 00:00:10 00:00:08 00:00:10 00:00:08
Insert the pre-charge 00:00:04 00:00:04 00:00:04 00:00:05
Testing in the water 00:00:13 00:00:12 00:00:17 00:00:22
Std VA Cycle Time of OP1 00:00:27 00:00:24 r 00:00:31 r 00:00:35
Put the label 00:00:06 00:00:07 00:00:07 00:00:07
Put the third label 00:00:10 00:00:09 00:00:11 00:00:09
Operator 2 Put the conformity and instruction sheet 00:00:09 00:00:10 00:00:07 00:00:07
Put the nylon 00:00:07 00:00:07 00:00:10 00:00:15
Put the expansion tank inside the box 00:00:04 00:00:03 00:00:04 00:00:05
Prepare an empty box 00:00:09 00:00:22
Std VA Cycle Time of OP2 00:00:45 00:00:36 | 00:00:39 | 00:01:05
Close the box with the expansion tank inside 00:00:12 00:00:09 00:00:10 00:00:20
Operator 3 Put the label on the empy box 00:00:06 00:00:07 00:00:06 00:00:08

Prepare an empty box 00:00:11 00:00:15
Std VA Cycle Time of OP3 00:00:18 00:00:27 00:00:31 00:00:28
VA WORK CONTENT | 00:01:30 | 00:01:27 | 00:01:41 | 00:02:08

Figure 69 Standard cycle time of the Valued Added actifityeach Operator of the DV

division.
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Value Added Time of each activity
Valued Added (VA) activity 35L 50L 80L 100L 150L 200L 300L 500L
Insert of the valve 00:00:06 00:00:05 00:00:05 00:00:04 00:00:04 00:00:04 00:00:05 00:00:05
Fixing the valve 00:00:03 00:00:03 00:00:05 00:00:04 00:00:05
Put the label 00:00:06 00:00:06 00:00:04 00:00:05 00:00:04 00:00:04 00:00:05 00:00:07
Operator 1 Insert the pole with the membrane inside the autoclave 00:00:23 00:00:22 00:00:25 00:00:17 00:00:20 00:00:21
Fixing the flange 00:00:25 00:00:26 00:00:24 00:00:22 00:00:26 00:01:02 00:00:58 00:00:59
Insert the pre-charge 00:00:03 00:00:03 00:00:04 00:00:03 00:00:03 00:00:04 00:00:04 00:00:05
Testing in the water 00:00:13 00:00:12 00:00:16 00:00:19 00:00:22 00:00:24
Std VA Cycle Time of OP1 | 00:00:40 00:00:40 00:01:13 00:01:11 00:01:21 00:01:55 00:01:58 00:02:06
Fixing the plastic on the flange 00:00:03 00:00:03 00:00:04 00:00:04 00:00:04 00:00:04
Insert the pole inside the membrane 00:00:26 00:00:24 00:00:25 00:00:24 00:00:25 00:00:28
Removal of the pole from autoclave, during the insertion of the membrane 00:00:18 00:00:21 00:00:22 00:00:21 00:00:24 00:00:24
Screwing the nut 00:00:07 00:00:07 00:00:08 00:00:08 00:00:09 00:00:07 00:00:25 00:00:17
Operator 2 Put the conformity and instruction sheet 00:00:05 00:00:06 00:00:08 00:00:07 00:00:06 00:00:06
Put the nylon 00:00:05 00:00:05 00:00:09 00:00:10 00:00:15 00:00:16
Put the expansion tank inside the box 00:00:05 00:00:05 00:00:03 00:00:04 00:00:07 00:00:10
Put the label on the empy box 00:00:07 00:00:07
Prepare an empty box 00:00:09 00:00:09 00:00:11
Std VA Cycle Time of OP2 00:00:38 00:00:39 r 00:01:15 00:00:56 00:01:21 00:01:07 00:01:46 00:01:45
Close the box with the expansion tank inside 00:00:09 00:00:10 00:00:14 00:00:13 00:00:13 00:00:13 00:00:23 00:00:30
Put the label on the empy box 00:00:09 00:00:08 00:00:08 00:00:09 00:00:07 00:00:09
Prepare an empty box 00:00:11 00:00:12 00:00:13 00:00:23 00:00:25
Testing in the water 00:00:07 00:00:08
Operator 3 Insert the membrane into the autoclave 00:00:10 00:00:11
Put the conformity and instruction sheet 00:00:05 00:00:05
Put the nylon 00:00:10 00:00:11
Put the expansion tank inside the box 00:00:05 00:00:05
Fixing the plastic on the flange 00:00:03 00:00:03
Std VA Cycle Time of OP3 | 00:0029 | 00:00:3 | 00:00:34 | 00:00:53 00:00:3¢ | 00:00:43 | 00:00:53 | 00:01:04
VA WORK CONTENT | 00:01:47]  00:01:51] oo:os:oj 00:03:00) oo:oa:g oo:oa:Aj 00:04:37] __00:04:55)

Figure 70: Standard cycle time of the Valued Added activity éach Operator of the AFV

division.

Figure 68 describes the Value Added cycle times&mwh activity carried out by the operators
regarding the ERCE expansion tanks. More than qegator has been assigned the same
activities

(I.e. example'Put the label) because, during time detection, we noticed thiatspecific task
was carried out both by the Operator 1 and OpeB3tas there was Métandardizationn the
allocation of tasks. We decided to assign the esi@ cycle time to the operator who performed
the aforementioned activity many times within theng observed time. Specifically, the Value
Added cycle time calculated for the Operator higeasing, moving from 35 to 500 liters.
Testing activity is the one that influences moiis thcrease in cycle time. This activity occurs
by immersing the expansion tank in the water, \lHguzhecking for leaks at the valve and
circumferential welding level. It averages fromeétaends to 25 (almost four times), without
considering the time required for the expansioik tanreach the required pressure (1.5 bar),
which is obviously higher for a 500L compared t8% (having the same initial pressure
incoming). Theé'Testing in the watéractivity is only proper to the time that the erpen tank
stays in the water because this is the actuahtesind, therefore, the actual Added Value.

Obviously, there is a waste, in terms Mbtion of the expansion tank (carried out by the
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Operator 1) andVaiting, once the test has been completed (carried othdYperator 2) in
getting the expansion tank and continuing the waylkaycle with the subsequent packaging.
Regarding Operator 2 and 3, we noticed that thermigeneral, an increase moving from 35
to 500 liters. This increase does not occur ontiaéf operator 3, instead of the operator 2, has
performed the activity ofPrepare an empty b&XWe highlighted in blue the activities that are
constantly increasing and then, they have a gr@afmct on cycle times.

For each data sample, in addition to calculatirgahthmetic mean, we decided to calculate
the respective standard deviation, which expretbeesariability of the data around the mean.
Only in reference to some activities for certaioducts (300L and 500L), such aBut the
Nylon', "Closed the box with the expansion tank insated 'Prepare an empty bdxwe got a
standard deviation of more than 20%, compared @osdimple average. As for other Value
Added activities, the standard deviation is betw&#nand 10% if compared to the respective
mean.

Whereas, we are talking about of manual activitias are performed without the definition of
any standard where the operator decides how tg oatrthem. Thus, we can assume that if in

some cases there is a level of variability of tiise however, this is statistically acceptable.

Figure 69 describes the Value Added cycle timesémh activity carried out by the operators
regarding the DV expansion tanks. In addition, witthe DV products division, the same
considerations made regarding the ERCEs are valied. We noticed that there is an increase
in the cycle time that is due to an increase inu€ahdded activities, which are necessary so
that the product is properly assembledyt the second labeand “Put the third label”,which

are highlighted in green in the table).

Figure 70 describes the Value Added cycle times&mh activity carried out by the operators
regarding the AFV autoclaves. As we can noticegtlhee more Valued Added activities, which
are highlighted in blue in the table, that leachtoincrease of cycle times. The time spent in
performing those activities (such as tiiréxing of the flangg “ The insertion of the membrdne
etc.) increases the final cycle time of each opereampared to ERCEs and DVs. In addition,
within the AFV products division, the same consadiens made regarding ERCEs and DVs
are valid as well. There are two Valued Added #ativ that are Screwing the ntitand “Insert

the pole inside the membrandjpth performed by the Operator 2, which presestiaadard
deviation higher than 20% if compared with the eztfye mean.

For each products of each division, we calculabedréspective Value Added Work Content,

by summing up the Value Added cycle times of thregloperators.
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Valued Added cycle times are useful, because thetha starting point in order to calculate

the Actual Cycle Times, which also include Evidant Hidden Waste activities.

How it was calculate®l

After finishing the progressive chronometric det@ciof the operator, we took note of the
actual output, for example regarding the Operattthd number of tested products”, within
the time taken. Then we also considered all thet®\adivities, which are necessary in order

to complete the assembly process. We did it foh eperator and product observed.
Then, we calculated the following KPlIs:

balancing loss;
hourly production rate;

Percentage of Value Added and Waste cycle timéem\ttual cycle time.

The results are described in the Figure 71, 7278nd
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35L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:19 00:00:22 00:00:41 46% 54%
Operator 2 00:00:28 00:00:22 00:00:50 00:00:21 00:02:30 14% 0,020 72 56% 44%
Operator 3 00:00:16 00:00:22 00:00:38 42% 58%
50L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:21 00:00:29 00:00:50 42% 58%
Operator 2 00:00:26 00:00:15 00:00:41 00:00:13 00:02:30 9% 0,020 72 63% 37%
Operator 3 00:00:18 00:00:28 00:00:46 39% 61%
80L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:25 00:00:36 00:01:01 41% 59%
Operator 2 00:00:28 00:00:39 00:01:07 00:00:09 00:03:21 4% 0,015 54 42% 58%
Operator 3 00:00:19 00:00:45 00:01:04 30% 70%
100L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:28 00:00:39 00:01:07 42% 58%
Operator 2 00:00:20 00:00:47 00:01:07 00:00:02 00:03:24 1% 0,015 53 30% 70%
Operator 3 00:00:27 00:00:41 00:01:08 40% 60%
150L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:29 00:00:46 00:01:15 39% 61%
Operator 2 00:00:32 00:00:54 00:01:26 00:00:22 00:04:18 9% 0,012 42 37% 63%
Operator 3 00:00:27 00:00:48 00:01:15 36% 64%
200L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:34 00:01:06 00:01:40 34% 66%
Operator 2 00:00:51 00:00:55 00:01:46 00:00:12 00:05:18 4% 0,009 34 48% 52%
Operator 3 00:00:25 00:01:15 00:01:40 25% 75%
300L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUALCT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:34 00:01:50 00:02:24 24% 76%
Operator 2 00:01:01 00:01:17 00:02:18 00:00:18 00:07:30 4% 0,007 24 44% 56%
Operator 3 00:00:30 00:02:00 00:02:30 20% 80%
500L ERCE IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT ACTUAL CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:37 00:01:53 00:02:30 25% 75%
Operator 2 00:00:43 00:02:37 00:03:20 00:01:10 00:10:00 12% 0,005 18 22% 79%
Operator 3 00:00:51 00:02:09 00:03:00 28% 72%

Figure 71: cycle times analysis of each product of the ERGASHiIN.
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80LDV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUEADDED | % OF WASTE

Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:27 00:00:42 00:01:09 39% 61%
Operator 2 00:00:45 00:00:22 00:01:07 00:00:08 00:03:36 4% 0,014 50 67% 33%
Operator 3 00:00:18 00:00:54 00:01:12 25% 75%

100L DV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUEADDED | % OF WASTE

Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:24 00:00:45 00:01:09 35% 65%
Operator 2 00:00:36 00:00:39 00:01:15 00:00:09 00:03:45 4% 0,013 48 48% 52%
Operator 3 00:00:27 00:00:45 00:01:12 38% 63%

150L DV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUEADDED | % OF WASTE

Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:31 00:00:47 00:01:18 40% 60%
Operator 2 00:00:39 00:00:56 00:01:35 00:00:26 00:04:45 9% 0,011 38 41% 59%
Operator 3 00:00:31 00:00:55 00:01:26 36% 64%

300LT DV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUEADDED | % OF WASTE

Valued Added CT Waste CT CcT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:35 00:02:25 00:03:00 19% 81%
Operator 2 00:01:05 00:01:39 00:02:44 00:00:32 00:09:00 6% 0,006 20 40% 60%
Operator 3 00:00:28 00:02:16 00:02:44 17% 83%

Figure 72: cycle times analysis of each product of the DMsion.

154




35L AFV IDLE TIME TOTAL WORKING BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CcT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:40 00:00:32 00:01:12 56% 44%
Operator 2 00:00:38 00:00:48 00:01:26 00:00:25 00:04:18 10% 0,012 42 44% 56%
Operator 3 00:00:29 00:00:46 00:01:15 39% 61%
50L AFV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:00:40 00:00:25 00:01:05 62% 38%
Operator 2 00:00:39 00:00:48 00:01:27 00:00:34 00:04:21 13% 0,011 41 45% 55%
Operator 3 00:00:32 00:00:43 00:01:15 43% 57%
80L AFV IDLE TIME TOTAL WORKING BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:01:13 00:00:47 00:02:00 61% 39%
Operator 2 00:01:15 00:00:34 00:01:49 00:00:31 00:06:00 9% 0,008 30 69% 31%
Operator 3 00:00:34 00:01:06 00:01:40 34% 66%
100L AFV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:01:11 00:00:45 00:01:56 61% 39%
Operator 2 00:00:56 00:01:04 00:02:00 00:00:22 00:06:27 6% 0,008 28 47% 53%
Operator 3 00:00:53 00:01:16 00:02:09 41% 59%
150L AFV IDLE TIME TOTAL WORKING BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CcT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:01:21 00:01:59 00:03:20 41% 60%
Operator 2 00:01:21 00:02:11 00:03:32 00:00:35 00:10:36 6% 0,005 17 38% 62%
Operator 3 00:00:34 00:02:35 00:03:09 18% 82%
200L AFV IDLE TIME TOTAL WORKING BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CcT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:01:55 00:01:14 00:03:09 61% 39%
Operator 2 00:01:07 00:02:13 00:03:20 00:01:01 00:11:15 9% 0,004 16 34% 67%
Operator 3 00:00:43 00:03:02 00:03:45 19% 81%
300L AFV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:01:58 00:03:02 00:05:00 39% 61%
Operator 2 00:01:46 00:02:31 00:04:17 00:01:58 00:15:00 13% 0,003 12 41% 59%
Operator 3 00:00:53 00:02:52 00:03:45 24% 76%
500L AFV IDLE TIME TOTALWORKING | BALANCING THROUGHPUT HOURLY % OF VALUE ADDED % OF WASTE
Valued Added CT Waste CT CT TIME LOSS RATE PRODUCTION RATE CYCLE TIME CYCLE TIME
Operator 1 00:02:06 00:02:11 00:04:17 49% 51%
Operator 2 00:01:45 00:03:15 00:05:00 00:01:26 00:15:00 10% 0,003 12 35% 65%
Operator 3 00:01:04 00:03:13 00:04:17 25% 75%

Figure 73: cycle times analysis of each product of the AFMgion.
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First, in order to compute thgalancing Loswe calculated the Idle time of each product, whsch
non-productive time and it is based on the “refayticycle time. As referring cycle time, we used
those highlighted in red, which are the bottlenedfseach assembly process. In fact, the
station/operator with the higher cycle time gives production rate to the entire line. Then, we
calculated the Total Working time by multiplyingettbottleneck cycle time by the number of
stations/operators within the assembly line, widaok three in total. The balancing loss is given by
the division between the Idle time and the Totalrkif time. It indicates how much are, in
percentage, the losses due to an incorrect balgitin@ the line among the three operators. What has
emerged is a situation in which the cycle timeadlreoperator is, on average, quite in line with tha
of the others. In fact, the average value of Batanptoss is equal to 8%, considering all the praduc
divisions. This situation is possible because terators settle between them, working in such a way
as to absorb the waste of the other, throwfiting activities or unnecessahljotion or processing

of materials. The balancing efficiency thus obtdimegiven by a high percentage of Waste, which
would have been difficult to identify without hagrarried out an analysis of this kind, by studying
the marginality of each activity (Value Added oithon the total of the Actual cycle time. Then, we
calculated the Hourly Production rate of each pobdoy multiplying the Throughput rate (equal to
1/ referring cycle time) with the total amount @cends that constitute one hour of work (3600
seconds).What is nextThis method allowed us to precisely identify andlgze the Cycle Time of
each activity for each operator, obtaining a fi@gtle Time for each product. The analysis carried
out confirmed all the assessments made at the miaginconcerning the current situation of the
company and it highlighted a potential that is amploited, in fact, there is a high incidence of
wasteful activities within the assembly processart8tg from the results obtained that describes the

As-Is state, the next steps are as follows:

> distribution of workloads according to Value Addegtle times and a percentage of Waste
necessary for the execution of the assembly process

» design of a new layout, depending on the specifatectimes and the number of required
work stations needed in order to respond to theomer demand;

» standardization of the activities, which will lekda lower throughput time, being capable to

respond faster to the market.

The work done by KaizenKey s.r.l., concerning fhisject, is concluded. The next step will be to
work in workshops with all the people involved Iretproject, in order to achieve the aforementioned

goals.
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4.5.3. New Vision of the Assembly Department

In an ideal company, organized according to Kainethods, | should have for each type of product
assembled the respective daily average demanduthber of products that must be assembled per
day and based the production as a function ofahésdefining a Takt Time, also based on number
of people current available in the department. Tiakie represents the time needed to produce a
single component or an entire product in such a asmyo satisfy the customer's demand, i.e. it
represents the speed that the production procesddshave to meet the demand (Nguyen Thi Lam,

2016). In order to calculate it there are you reggiguantities:

1) D =thatis the average daily customer demandi@mproducts to be assembled

2) W =that is the total available working time peydg is express in minutes).

Therefore, we have the following formulBakt Time = % in seconds per each product

Then, | calculated the Takt Time goal of the asdgmépartment based on the following information

(see figure 74 and 75).

PTRY(;,;S(TT LITERS CAPACITY ACTUAL CYCLE TIME AVERAG;E;EMAND

35L 00:00:50 14517
50L 00:00:50 10475
80L 00:01:07 5100

ERCE 100L 00:01:08 5687
150L 00:01:26 3973
200L 00:01:46 3611
300L 00:02:30 2430
500L 00:03:20 1795
35L 00:01:26 1268
50L 00:01:27 6803
80L 00:02:00 912

ARV 100L 00:02:09 6519
150L 00:03:32 932
200L 00:03:45 2645
300L 00:05:00 1836
500L 00:05:00 1678
35L 00:01:00 3622
50L 00:01:00 4126
80L 00:01:12 501

DV 100L 00:01:15 681
150L 00:01:35 297
200L 00:02:00 828
300L 00:03:00 650
500L 00:04:00 496

Figure 74 average demand (2017) of each product assempléfl Bl S.P.A and the respective
Actual Cycle Time
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TOTAL DEMAND 2017 81382
N OF WORKING DAYS 250
DEMAND PER DAY (D) 326
N OF HOURS PER DAY 07:30:00

N OF MINUTES PER DAY (W) 450

TAKT TIME [ 00:01:23
TOTAL DEMAND 2018 86000
N OF WORKING DAYS 250
DEMAND PER DAY (D) 344
N OF HOURS PER DAY 07:30:00
N OF MINUTES PER DAY (W) 450
TAKT TIME [ 00:01:18

Figure 75. computation of th&akt Timeof the products assembled in 2017 and in 2018.

Figure 74 describes the average demand of eachgragdsembled, from ERCE division to DV one.
The total demand of 2017 is equal to 81382 produdiech is composed by the mix of all the products
assembled within the same department (line E aredH). The respective Takt Time, according to
the formula mentioned above, is equal to 00:01:#8.t8s.

Based on the sales forecasts, | assumed that EEBASw~ould increase sales by 6% in 2018. Then,
the total demand for the year 2018 will be 86008dpcts, regarding the assembly department. The

respective Takt Time, with the same hours workell b& 00:01:18 minutes.

Working according to Takt Time is the basis fotansgardized and cyclical assembly process. The
process assigned to each workstation must be ctedple accordance with the Takt Time. In this
way, throughput time and wastes are reduced antheasame time, there is an increase in the
productivity rate. Then, we have to deal conceringgdefinition of the number of stations/operators
required to carry out all the activities.

Finally, we arrive at the One-Piece-Flow assembly,lin which the products flow on the line one at
a time, without studying a fixed production sequenaepending on what is really required by the
market (Takt Time). This kind of assembly line & fmore flexible than those mentioned at the
beginning (single, multi and mixed models) andsitapplicable when the set-ups moving from
products to another are close to zero time ankdarabsence of technical and logistic constrairas th
prevent the change of production type immediately.
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The supplier of the assembly lines is the painpiragess, which produces on two ovens that can work
with one color each (of three available). During #malysis, | noticed that, between the different
lines, there were storage areas where the paiptibwas placed before being used in the next phase
(assembly process). This concept is expressddutisringand it allows the phases to take place
independently. If there is no buffer between the phases, it is assumed that these are directly
connected. The bottleneck concerning all the proda@rocess, starting from the Processing of sheet
metal in department B or C up to the final Assemidyhe painting that has a production rate (total
of pieces of hour) defined. The bottleneck limite tapacity or the maximum output of a process.
The goal will be to optimize the painting mix adépending on this and on what it will be produced,
defining the assembly department with the right banof operators/station, materials, etc. needed.
In a process designed like that, problems, in tei@ockingandStarving,may arise with reference

to assembly lines.

The first occurs when the activities of a phasetnstgp because there is no place to deposit the
product just completed (I.e. when the operator 4 ¢@mpleted the testing and he does not know
where to place the expansion tank or autoclaveusecthe operator 2 is still finishing packing the
previous one). The second occurs, when the aetsvidf one phase have to stop because there is no
work to do (l.e. when the operator 2 stopped waklrecause he was waiting for the operator 1 to
finish the test or when the operator 3 is waitiogthe logistics staff to take the pallet with tbeon

it, in order to place a new pallet in the worksiaji

For these reasons, | thought that the testing mfaméd be automated, so that the time neededto te
an expansion tank or an autoclave is defined foh égpe of product. In this way, the variability
observed within the data collection, through tlamdard deviation, could be eliminated.

If we consider that in addition to the Value Addedting, there is also thdotion of handling the
product before and after, with a consequfaiting by the operator 2, since the two phases are not
correctly balanced, with an automated testing weatdieve efficiency within the process.

Figure 76 describes the testing times for eachuymriod

ERCE AFV DV
35L 00:00:15 00:00:18 00:00:20
50L 00:00:17 00:00:20 00:00:23
80L 00:00:21 00:00:27 00:00:31
100L 00:00:23 00:00:32 00:00:36
150L 00:00:30 00:00:43 00:00:49
200L 00:00:36 00:00:53 00:01:02
300L 00:00:49 00:01:15 00:01:28
500L 00:01:15 00:02:00 00:02:20

Figure 76: testing time for each product.
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As we can see in Figure 76, DV division gives tighlst automated testing time, in fact, before
being tested, they must reach three bar of intgaressure. The ERCE division must reach 1.5 bar,
while the AFV division 2.5 bar.

How will the testing work?

The test will be completely automated. The testuigwork with a Programmable Logic Controller
where the operator will set a pressure value mldte the specific product assembled and,
subsequently, he inserts the pre-charge, connettigir-line to the expansion tank or autoclave.
Starting from an initial pressure of eight bar, éxpansion tank or autoclave will reach the essablil

bar (1.5, 2.5 or 3 bar). At the end, once the piresas been reached, the inflow of incoming dir wi
be blocked and the product tested, through a higtigion pressure sensor, checking for any pressure
losses. The effective time of testing on averagdose to 10 seconds.

In this way, the operator will no longer be fordeccheck the pressure several times and to perform
activities that are not required to mask tiaiting time From the analysis carried out previously,
the average time spent to perform the activityRrie’ssure control and removal of the pre-chdrge
affected the total amount of Hidden Waste with 46n average.

The Human Machine Interface (HMI), with which thgeoator 1 interfaces, is shown in Figure 77.

ises i | WNUMBER OF = NUMBER OF HUMBER OF
TYPEOF PROPUCT -+« ... ... TESTED. .

. .PRODUCTS, . . . . PRODUCTS. . . . .
- PRODUCTS oK NOT OK
3 3 5 . ] X (B3 s &
3 i 3 3 e : e s : :: e e e e :"‘ ' — ¢ o - .
TESTING
NOT 0K OK
L
PRESSURE 7/’ [ B MANY
: TANK TR, e
14573 | Z
= START

L HILNG - STOR . . . .. ...

§

Figure 77 HMI of the automated testing.
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Figure 77 describes the real-time view of the pobdieing tested. As we can see, it indicates the
level of starting pressure, the setting of the gitarge pressure for each product and the posgibilit
to carry out the test in an automatic or manual vimyase we want to test the expansion tank or
autoclave at a different pressure. Moreover, thabar of tested products and how many of them

have been a negative or positive test is also shown

With the introduction of an automatic test, thepexgive times will become the new Takt time goal.
In cases where the testing time will be less thamréferring Takt time (equal to 00:01:18 minutes),
there will be no problems because we are below #i¢ time, when, instead, the time required for
the test will be greater than the Takt time thérs bne will become the new target time. There are
three cases where it happens: 300L DV and 500L m/AFV (according to figure 76).

From what emerged from the analysis, shown in &gufl, 72 and 73, the percentage of cycle time
with Valued Added on the total Actual cycle timeal to Value Added cycle time + Waste cycle
time) is approximately 40%, on average.

The goal, after improving the line, is in achievenguture assembly state in which the percentage of
cycle time with Valued Added on the total Actuatieytime is approximately between 50 and 55%,
on average. Consequently, the percentage of Wagste ime on the total Actual cycle will be
approximately around time 50% and 45%, when, todldgs an average impact of 60%.

How can we achieve these results?

=  Workspace optimizationoptimizing the workplace of each workstation nsi@dization of
the tools and materials and removing what is noesgary. 5S practices can be implemented.
= Standardization of operators’ tasks and giving ahmod of executian
- standardized work: the tasks, especially thosecaljtare broken down into small
activities and then examined in order to providkeine Method to carry out them. This
Method has to be the best and safest, it is basetdeocycle times detected and on all
the technical constraints that are inside the waykiycle. Then, those standards must be
established, taught and sustained by the operators.
* Reduction of wastesuch as:
- unnecessary motions (of the expansion tank aloagwtrkbench, going to take the
product in undefined areas once the painting psisegver, etc.).
- transportation (of the lot complete on the palleCperator 3, because the logistics staff

is often inefficient in collecting the goods).
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- waiting activities (doing something that is notpedy required implies waiting time by
other operators who have to move the product tméxe work station).
= Internal logistic designbased on the new layout definition, it is impattéo guarantee the
right material in the right quantity to the linesopstly if we want to exploit the flexibility of
the products, working on different products oncéirae within the same division. Moving
from a concept of batch-model line to a one-pidoerfline. The results is that operators
perform primarily Value Added activity and the lstics activity will be separated between
assembly ones.
= Layout designin order to get a better assembly process, a neenddy layout must be
created, which is more suitable for the new wor&plaptimization and logistics service, it is

space saving and more convenience by supportingiece flow concept.

The current layout assembly line of the departnveig as follows (see figure 78):

DEPARTMENT
"MII

MEETING

DEPARTMENT FPRODUC TIOMN o
ROOM

HEAD OFFICE

Figure 78 current layout of the assembly lines within thep@rtment M.
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As we can see in figure 78, only two lines outairfare working, so the capacity of the assembly
department is not fully exploited. The two linesttlare working are Line F and Line E, where we
can see three workers for each of them, highlighitepteen in the figure. Between the differentdine
there are the storage areas where the workerdidtiggd in red, bring the product from the painting
process to the assembly one. There are more tlestorage area and none of these is defined.
Thus, first the logistics staff bring the produetthe storage area and then, the operator 1 thkes t
product from there and brings it into the assentiby. The workplace is not optimized because the
operators are currently working on a long linefdat, the space between the tub for testing and the
offices is narrow and sometimes for the logistte$f$t can be difficult to go through, since pagksy

has been carried out, being the packaging righethe

For these reason, | developed a new layout foasisembly process (see figure 79).

DEPARTMENT
IIM"

DEPARTMENT
HEAD OFFICE

Figure 79: future layout of the assembly lines within the Dépant M.
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Figure 79 describes a new concept of potentialuagoncerning the assembly process.

There will no longer be four assembly lines, bueéhstations based on the product family (ERCE,
AFV and DV). In each station will be assembled ahly products that are part the same family.
The goal is no longer to work in batches, but teetadvantage of the flexibility, working on one-
piece-flow, moving also from a 100L ERCE to a 50BRCE. Each station will be designed
specifically with all the equipment and materialscessary for the completion of the assembly
process. The number of operators required for station will be given by the actual requirement
and will be established according to the previopsiyined painting mix. All activities prior to texg

will be carried out in the first station. RegamgliBRCE and DV expansion tanks, only one operator
will be needed in the first station. Concerning ABNision, if we decide to automate the insertion
of the membrane and the fixing of the flange (Iju@ng the cycle time) then, a single operator, in
the first station, will be needed as well, instefdwo. The automatic test will be done in a statio
adjacent to the first one in the way described abend it is independently from the process. Once
the test is finished, the product will run on aweyor belt, arriving at the next stage, labeling an
packaging. Thus, there will be only two separatekstations connected by a conveyor belt. In this
way, the operator can independently perform alvibek in the same station, from the beginning to
the end, without having to travel miles that aremexcessary and are not Value Added.

As we see in Figure 79, the space between thefahe conveyor belt and the offices is greater than
before, so a defined area of passage for Interpgistics can be designed. The workers of the
logistics staff (the ones in red in the previoulglyout), who brought the painted products to the
storage areas, will no longer be needed. With el configuration, the product will be moved
directly by the Operator 1 who, using a hoist, wdkition the product in the station. The other$ wi
remain hanging on the painting line waiting to beeanbled. The chain of the painting line will then
be modified and brought close to the thragsembly islandsA hoist will also be necessary in station
two, immediately after the conveyor belt, for theantling, during the packaging phase, of the
autoclaves from 200 to 500 liters, given their size

The investment was estimated around 30 thousard @er station. The total amount is 90 thousand

euros, concerning the automated testing, convesibrhmists etc.
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The future assembly state for each of the thra@ataand obviously, for each product division is
highlighted in the following tables (see figure 80, 82, 83, 84, 85 and 86)

ERCE 35L 50L 0L 100L 150L 200L 300L 500L
Insert of the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Insert the pre-charge 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Prepare an empty box 00:00:20 00:00:23 00:00:25
VALUED ADDED WORK CONTENT 00:00:18 00:00:18 00:00:18 00:00:18 00:00:18 00:00:41 00:00:43
9% OF WASTE 45% 5% | a5% | 4% | 4% 45% [ 5% 45%
FUTURE WORK CONTENT 00:00:33 :00:. 00:00:33 00:01:09 00:01:15 00:01:18
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:00:33 00:00:33 00:00:33 00:00:33 00:00:33 00:01:09 00:01:15 00:01:18
AUTOMATIC TESTING 00:00:15 00:00:17 00:00:21 00:00:23 00:00:30 00:00:36 00:00:49 00:01:15
Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:06 00:00:08 00:00:07 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:08 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18 00:00:18
Prepare an empty box 00:00:08 00:00:08 00:00:10 00:00:10 00:00:13
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:04 00:00:04 00:00:05 00:00:06 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:09 00:00:10 00:00:10 00:00:10 00:00:16 00:00:20 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 00:00:40 00:00:44 00:00:46 00:00:54 00:00:47 00:00:57 00:01:03
% OF WASTE 45% as% | as% | s | 5% % | as% 45%
FUTURE WORK CONTENT 00:01:13 00:01:13 00:01:20 00:01:24 00:01:38 00:01:25 00:01:44 00:01:55
N° OF OPERATORS 2 2 2 2 2 2 2 2
CYCLE TIME OF EACH OPERATOR 00:00:36 00:00:36 00:00:40 00:00:42 00:00:49 00:00:43 00:00:52 00:00:57

Figure 80 future balancing state — Proposal 1 with Valudeadcycle time 55% and Waste cycle
time 45% on the total Actual cycle time (ERCE diory.

ERCE 35L 50L 80L 100L 150L 200L 300L 500L
Insert of the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Insert the pre-charge 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Prepare an empty box 00:00:20 00:00:23 00:00:25
VALUED ADDED WORK CONTENT 00:00:18 00:00:18 00:00:18 00:00:18 00:00:18 00:00:41 00:00:43
% OF WASTE 50% | 50% | 50% 50% 50% 50% 50% |  50%
FUTURE WORK CONTENT 00:01:16 00:01:22 00:01:26
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:00:36 00:00:36 00:00:36 00:00:36 00:00:36 00:01:16 00:01:22 00:01:26
AUTOMATIC TESTING 00:00:15 00:00:17 00:00:21 00:00:23 00:00:30 00:00:36 00:00:49 00:01:15
Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:06 00:00:08 00:00:07 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:08 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18 00:00:18
Prepare an empty box 00:00:08 00:00:08 00:00:10 00:00:10 00:00:13
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:04 00:00:04 00:00:05 00:00:06 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:09 00:00:10 00:00:10 00:00:10 00:00:16 00:00:20 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 00:00:40 00:00:44 00:00:46 00:00:54 00:00:47 00:00:57 00:01:03
% OF WASTE s0% | so% | s0% 50% 50% 50% 50% | 50%
FUTURE WORK CONTENT 00:01:20 00:01:20 00:01:28 00:01:32 00:01:48 00:01:34 00:01:54 00:02:06
N° OF OPERATORS 2 2 2 2 2 2 2 2
CYCLE TIME OF EACH OPERATOR 00:00:40 00:00:40 00:00:44 00:00:46 00:00:54 00:00:47 00:00:57 00:01:03

Figure 81: future balancing state — Proposal 2 with Value dddgle time 50% and Waste cycle
time 50% on the total Actual cycle time (ERCE diory.
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AFV 35L 50L 80L 100L 150L 200L 300L 500L
Insert of the valve 00:00:06 00:00:05 00:00:05 00:00:04 00:00:04 00:00:04 00:00:05 00:00:05
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:04 00:00:05 00:00:04 00:00:04 00:00:05 00:00:07
Insert the pole inside the membrane 00:00:26 00:00:24 00:00:25 00:00:24 00:00:25 00:00:28
Insert the pole with the membrane inside the autoclave 00:00:23 00:00:22 00:00:25 00:00:17 00:00:20 00:00:21
Insert the membrane into the autoclave 00:00:10 00:00:10
Removal of the pole from autoclave, during the insertion of the membrane 00:00:18 00:00:21 00:00:22 00:00:21 00:00:24 00:00:24
Screwing the nut 00:00:07 00:00:07 00:00:08 00:00:08 00:00:09 00:00:07 00:00:25 00:00:17
Fixing the plastic on the flange 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the flange 00:00:25 00:00:26 00:00:24 00:00:22 00:00:26 00:01:02 00:00:58 00:00:59
Insert the pre-charge 00:00:03 00:00:03 00:00:04 00:00:03 00:00:03 00:00:04 00:00:04 00:00:05
VALUED ADDED WORK CONTENT 00:01:05 | 00:01:05 00:02:00 I 00:01:57 00:02:06 00:02:31 00:02:54 00:02:54
% OF WASTE as% | 4% | as% | as% | as% 5% | as% 45%
FUTURE WORK CONTENT 00:01:58 00:01:58 00:03:38 00:03:49 00:04:35 00:05:16 00:05:16
N° OF OPERATORS 2 2 2 2 2 2 2 2
CYCLE TIME OF EACH OPERATOR 00:00:59 00:00:59 00:01:49 00:01:46 00:01:55 00:02:17 00:02:38
AUTOMATIC TESTING 00:00:18 00:00:20 00:00:27 00:00:32 00:00:43 00:00:53 00:02:00

|

Put the conformity and instruction sheet 00:00:05 00:00:06 00:00:08 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18
Prepare an empty box 00:00:08 00:00:10 00:00:13 00:00:20 00:00:25
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:05 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:10 00:00:10 00:00:16 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 00:00:44 I 00:00:46 00:00:54 00:01:07 00:01:28
% OF WASTE % | as% | as% | a5% 45% | 45%
FUTURE WORK CONTENT 00:01:13 00:01:13 00:01:20 00:01:24 00:01:38 00:02:02 00:02:25 00:02:40
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:01:13 00:01:13 00:01:20 00:01:24 00:01:38 00:02:02 00:02:25 00:02:40

Figure 82: future balancing state — Proposal 1 with Valueealdcycle time 55% and Waste cycle
time 45% on the total Actual cycle time (AFV diasi).

AFV 35L 50L 100L 150L 200L 500L
Insert of the valve 00:00:06 00:00:05 00:00:04 00:00:04 00:00:04 00:00:05
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:05 00:00:04 00:00:04 00:00:07
Insert the pole inside the membrane 00:00:24 00:00:25 00:00:24 00:00:28
Insert the pole with the membrane inside the autoclave 00:00:22 00:00:25 00:00:17 00:00:21
Insert the membrane into the autoclave 00:00:10 00:00:10
Removal of the pole from autoclave, during the insertion of the membrane 00:00:21 00:00:22 00:00:21 00:00:24
Screwing the nut 00:00:07 00:00:08 00:00:09 00:00:07 00:00:17
Fixing the plastic on the flange 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the flange 00:00:26 00:00:22 00:00:26 00:01:02 00:00:59
Insert the pre-charge 00:00:03 00:00:03 00:00:03 00:00:03 00:00:04 00:00:05
VALUED ADDED WORK CONTENT 00:01:05 | 00:01:05 I 00:01:57 00:02:06 00:02:31 00:02:54
% OF WASTE 50% | 50% | | so» | so% 50% | 50%
FUTURE WORK CONTENT 00:02:10 00:02:10 00:03:54 00:04:12 00:05:02 00:05:48
N° OF OPERATORS 2 2 2 2 2 2 2 2
CYCLE TIME OF EACH OPERATOR 00:01:05 00:01:05 00:02:00 00:01:57 00:02:06 00:02:31 00:02:54 00:02:54
AUTOMATIC TESTING 00:00:18 00:00:20 00:00:27 00:00:32 00:00:43 00:00:53 00:01:15 00:02:00

|

Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:08 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18
Prepare an empty box 00:00:08 00:00:10 00:00:13 00:00:20 00:00:25
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:04 00:00:04 00:00:05 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:09 00:00:10 00:00:10 00:00:10 00:00:16 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 | 00:00:40 00:00:44 I 00:00:46 00:00:54 00:01:07 00:01:28
% OF WASTE 50% | s50% |  so% |  so% | s0% 50% | 50%
FUTURE WORK CONTENT 00:01:20 00:01:20 00:01:28 00:01:32 00:01:48 00:02:14 00:02:56
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:01:20 00:01:20 00:01:28 00:01:32 00:01:48 00:02:14 00:02:40 00:02:56

Figure 83: future balancing state — Proposal 2 with Valueeaddycle time 50% and Waste cycle
time 50% on the total Actual cycle time (AFV diosi).
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DV 35L 50L 100L 150L 200L 300L 500L
Insert of the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the second label :00: 00:00:09 00:00:09 00:00:09 00:00:09 00:00:09 00:00:09
Put the third label 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10
Insert the pre-charge 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
VALUED ADDED WORK CONTENT 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37
% OF WASTE 5% | 4% as% | 4% | 4% | 4% | as% 5%
FUTURE WORK CONTENT (BEFORE TESTING) 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07 00:01:07
AUTOMATIC TESTING 00:00:20 00:00:23 00:00:31 00:00:36 00:00:49 00:01:02 00:01:28 00:02:20
Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:06 00:00:08 00:00:07 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:08 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18 00:00:18
Prepare an empty box 00:00:08 00:00:08 00:00:10 00:00:10 00:00:13 00:00:20 00:00:23 00:00:25
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:04 00:00:04 00:00:05 00:00:06 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:09 00:00:10 00:00:10 00:00:10 00:00:16 00:00:20 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 00:00:40 00:00:44 00:00:46 00:00:54 00:01:07 00:01:20 00:01:28
% OF WASTE 5% | 4% as% | as% | as% | as% | 45% 45%
FUTURE WORK CONTENT (AFTER TESTING) 00:01:13 00:01:13 00:01:20 00:01:24 00:01:38 00:02:02 00:02:25 00:02:40
N° OF OPERATORS 1 1 1 1 1 2 2 2
CYCLE TIME OF EACH OPERATOR 00:01:13 00:01:13 00:01:20 00:01:24 00:01:38 00:01:01 00:01:13 00:01:20

Figure 84: future balancing state — Proposal 1 with Valueeaddycle time 55% and Waste cycle
time 45% on the total Actual cycle time (DV divigjo

DV 35L 50L 100L 150L 200L 300L 500L
Insert of the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Fixing the valve 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
Put the label 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the second label :00: 00:00:09 00:00:09 00:00:09 00:00:09 00:00:09 00:00:09
Put the third label 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10 00:00:10
Insert the pre-charge 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04 00:00:04
VALUED ADDED WORK CONTENT 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37 00:00:37
% OF WASTE 50% | s50% | 50% 50% 50% 50% |  50%
FUTURE WORK CONTENT (BEFORE TESTING) 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14
N° OF OPERATORS 1 1 1 1 1 1 1 1
CYCLE TIME OF EACH OPERATOR 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14 00:01:14
AUTOMATIC TESTING 00:00:20 00:00:23 00:00:31 00:00:36 00:00:49 00:01:02 00:01:28 00:02:20
Put the conformity and instruction sheet 00:00:05 00:00:05 00:00:06 00:00:08 00:00:07 00:00:07 00:00:10
Put the nylon 00:00:08 00:00:08 00:00:10 00:00:12 00:00:12 00:00:18 00:00:18
Prepare an empty box 00:00:08 00:00:08 00:00:10 00:00:13 00:00:20 00:00:23 00:00:25
Put the label on the empy box 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06 00:00:06
Put the expansion tank inside the box 00:00:04 00:00:04 00:00:05 00:00:06 00:00:06 00:00:09
Close the box with the expansion tank inside 00:00:09 00:00:10 00:00:10 00:00:16 00:00:20 00:00:20
VALUED ADDED WORK CONTENT 00:00:40 00:00:46 00:00:54 00:01:07 00:01:20 00:01:28
9% OF WASTE [ s0% | 50% 50% 50% 50% |  50%
FUTURE WORK CONTENT (AFTER TESTING) 00:01:20 00:01:32 00:01:48 00:02:14 00:02:40 00:02:56
N° OF OPERATORS 1 1 1 1 1 2 2 2
CYCLE TIME OF EACH OPERATOR 00:01:20 00:01:20 00:01:28 00:01:32 00:01:48 00:01:07 00:01:20 00:01:28

Figure 85: future balancing state — Proposal 2 with Valueeaddycle time 50% and Waste cycle
time 50% on the total Actual cycle time (DV divigjo
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CURRENT SITUATION (VA 40% AND WASTE 60%) PROPOSAL 1 (VA 55% and WASTE 45%) PROPOSAL 2 (VA 50% AND WASTE 50%)
CYCLE TIME N° OF OPERATORS CYCLE TIME N° OF OPERATORS CYCLE TIME N° OF OPERATORS
HOURLY PRODUCTION RATE HOURLY PRODUCTION RATE HOURLY PRODUCTION RATE

35L 00:00:50 72 3 00:00:36 99 3 00:00:40 90 3

50L 00:00:50 72 3 00:00:36 99 3 00:00:40 90 3

80L 00:01:07 54 3 00:00:40 90 3 00:00:44 82 3

ERCE 100L 00:01:08 53 3 00:00:42 86 3 00:00:46 78 3
150L 00:01:26 42 3 00:00:49 73 3 00:00:54 67 3

200L 00:01:46 34 3 00:01:09 52 3 00:01:16 47 3

300L 00:02:30 24 3 00:01:15 48 3 00:01:22 a4 3

500L 00:03:20 18 3 00:01:18 46 3 00:01:26 42 3

35L 00:01:26 42 3 00:01:13 49 3 00:01:20 45 3

50L 00:01:27 41 3 00:01:13 49 3 00:01:20 45 3

80L 00:02:00 30 3 00:01:49 33 3 00:02:00 30 3

ARV 100L 00:02:09 28 3 00:01:46 34 3 00:01:57 31 3
150L 00:03:32 17 3 00:01:55 31 3 00:02:06 29 3

200L 00:03:45 16 3 00:02:17 26 3 00:02:31 24 3

300L 00:05:00 12 3 00:02:38 23 3 00:02:54 21 3

500L 00:05:00 12 3 00:02:40 23 3 00:02:56 20 3

35L 00:01:00 60 3 00:01:13 50 2 00:01:20 45 2

50L 00:01:00 60 3 00:01:13 50 2 00:01:20 45 2

80L 00:01:12 50 3 00:01:20 45 2 00:01:28 41 2

oV 100L 00:01:15 48 3 00:01:24 43 2 00:01:32 39 2
150L 00:01:35 38 3 00:01:38 37 2 00:01:48 33 2

200L 00:02:00 30 3 00:01:07 54 3 00:01:14 49 3

300L 00:03:00 20 3 00:01:28 41 3 00:01:28 41 3

500L 00:04:00 15 3 00:02:20 26 3 00:02:20 26 3

Figure 86. comparison between the current situation of smbly process and the two proposals (1 and 2jde by the analysis carried out.
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As we can see from figure 80 to 85, | started faomsidering all the Valued Added activities

for each operator and | reported the time of eddhem according to the analysis previously

explained based on the detection of cycle time.

| divided the analysis in five steps:

1)

2)
3)

4)

5)

In the first step, | considered all the activitigsrformed before the Testing and |
computed a Value Added Work Content given by thma sfiall the times necessary to
perform the activities. Some activities have aeadght time compared to the one
detected during the observation analysis becasigpdose that for several activities we
can reach a fix predetermined time based on thelatdization of the methods and
improving the condition of the layout. Then, | caesed a fix percentage about 45%
or 50% of Waste cycle time on the total Future eyttime. The results of this
optimization, in terms of having a higher perceetafj Valued Added activity within
the total Work content, is due the application affeole series of improvement like:
workspace optimization, reduction of Evident Wastégrnal Logistics design etc. By
summing the Valued Added Work Content and the peage of Waste, | computed the
Future Work Content before Testing.

The second step is the Testing, according to thegiprovided by figure 76.

The third step concerns all the activities caroedtl after the Testing, which consist in
labelling and packaging and they are the same rgofiom expansion tanks to
autoclaves. As before, | computed the Future Warktént, by summing the Valued
Added Work Content and the same percentage of Waste

Then, | compared the final two Work Content (befared after the Testing) and
calculated the number of operators required inm@enaintain a certain productivity
and a balancing of the line. In some cases, we tvew®perators before Testing while
in others just one.

Finally, | compared the Cycle Time of each Oper&fiore and after the Testing with
the time required to perform the testing of thedoi and | chose the highest as
Bottleneck of that specific product (they are highted in red in figure 86).
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Regarding some products of ERCE division (200, & 500 liters), it will be the Operator 1
to “prepare an empty bdxand then to put it in the conveyor belt togethath the product
tested. This choice aims in having a more efficied balance and a lower cycle time (see
figure 81 and 82). Figure 86 describes the finahparison between the current situation and
the Two Proposal presented. As we can see, the irscrease in terms of productivity and,
in some cases (from 35L to 150L of the DV divisiong have a&lightly high cycle time but

only two operators who work on them.
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1)

2)

3)

Conclusion

In these six months of internships carried outdhaboration with KaizenKey s.r.l., in ELBI

S.P.A, we worked on the following three projectsat#ed above:

Improvement of Human Resources Management

We have performed a Skills Matrix for every depamns and then, we have computed an
analysis based on the results obtained. The aithisfproject was to understand the real
productive capacity of each individual worker, tethto the different activities carried out in
the department of belonging. Furthermore, it wagartant to comprehend the sensitivity of
the department head in assessing and managing uimanrh resources for which he is

accountable. The achieved result is depicted iridl@wving table (see Figure 87).

Improvement of the Corporate Logistics Flows

The work carried out by KaizenKey s.r.l. lasted tmarkshops on problem solving analysis. In
the first workshop we developedviuda Checlkegarding the current service level of Internal
Logistics. Then, after studying the unloading a@abe incoming materials and the respective
flows, we proposed a new Layout concept of therhate Logistics flow. In the second
workshop, we started working on the realizatiomhef new layout. The aim was to provide an
efficient logistics service within the company’sesgtion and a new warehouse management.
The project is under development. The new layodéefcted in the following table (see Figure
88).

Improvement of Assembly lines by studying Cycle Tiras

At the beginning, we studied the current situatbthe assembly process, highlighting all the
inefficiencies observed. Then, a new Cycle Timed#n Method has been defined, based on
the following procedure:

Breaking down of the work performed by the opemafmtentifying the macro tasks of each
operator, the materials and tools necessary féoeing such tasks and design the precedence

diagram).
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Progressive chronometric detection performed orhesgaerator several timggbservation, by
using a stopwatch, of all the activities carried loyithe operators in a sequential manner and,
at the same time, pointing out if some of them wsedormed differently with the related
reason).

Analysis of each task, which could be Valued Adasdlent and Hidden Wasteach single
task will be analyzed, by defining the type of eachivity and how many times is carried out
by the operator within the working cycle detected)

Analysis of the results obtaingtihe percentages of time spent in performing Valadded,
Evident and Hidden Waste activities, on the totakéttaken, has been analyzed, in terms of the
differences, for each operator).

Computation of the Standard Cycle Tifiteis given by the sum of the average Value Added
tasks, which are necessary for the assembly ofglesproduct and a percentage of Waste

(Evident + Hidden) due to the realization of thensa

This method allowed us to precisely identify andlgre the Cycle Time of each activity for
each operator, obtaining a final Cycle Time of gadduct. The analysis carried out confirmed
all the assessments made at the beginning, congdire current situation of the company and
it highlighted a potential that is not exploited, fact, there is a high incidence of wasteful
activities within the assembly process. Startirmgriithe results obtained that describesAbe

Is state, the next steps are as follows:

distribution of workloads according to the valuelué assembly process;

design of a new layout, depending on the specyfitectimes and the number of required
work stations required to respond to the custoreeraihd;

standardization of the activities, which will leda lower throughput, being capable of
responding faster to the market.

Moreover, | developed a new configuration of balagcand layout of assembly lines (see
figure 89) that guarantees an increase in Hourbd&etivity, even with the same human
resources involved, and an efficiency of the as$gmiocess, in terms of cost and Lead time.
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HARD SKILLS N° of macro - N° of SOFT SKILLS W st

DEPARTMENT WORKERS | DEPARTMENT HEAD| DIFFERENCE |processing areas| activities | WORKERS | DEPARTMENT HEAD | DIFFERENCE
A 52,57% 36,05% 16,51% 7 29 71,8% 57,38% 14,40% 21
R 54,84% 46,19% 8,65% 6 3 69,3% 75,54% -6,25% 14
PRODUCTION M 52,61% 33,54% 19,06% 7 17 65,6% 44,26% 21,37% 27
DEPARTMENTS C 55,36% 58,43% 3,07% 3 2 70,3% 71,03% -0,72% 16
B 53,71% 52,67% 1,05% 2 14 68,8% 63,83% 5,00% 15
p 52,16% 44,74% 7,42% 8 19 69,0% 63,88% 5,14% 29
AVERAGE 53,54% 45,27% 8,27% 6 23 69,14% 62,65% 6,49% 21
WAREHOUSE FP(TH) 59,68% 47,56% 12,13% 5 2% 68,3% 75,56% -7,2% 9
DEPARTMENTS | 21VGARDEN/AMBIENTE | 66,00% 68,00% -2,00% 5 13 58,3% 69,17% -10,83% 3
RM 82,50% 83,33% 0,83% 6 27 85,83% 97,50% 11,67% 3
AVERAGE 69,39% 66,30% 3,10% 5 21 70,83% 80,74% -9,91% 5

| GLOBALAVERAGEKPI |  58,83% 52,28% 6,55% | 697% | 68,7% 1,0%

Figure 87: overall Skill Matrix of ELBI S.P.A. regarding Haahd Soft skills (Workers + department Head).
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Figure 88: new plant layout of Internal Logistic.
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Figure 89 future layout of the assembly lines within the Dépant M.
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