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Introduction

Lean production was pioneered by Toyota after World War 11. At the end of the forties, it was
a small Japanese automobile company, whose machinery was obsolete and its market shares
derisory. For this reason, the Taylorist-Fordist production model could not be applied. Taiichi
Ono, at the time was an engineer who specialized in mechanics. Later he became an Executive
Board member who, decided to adopt a new road, directed at increasing the flexibility of the
machinery to produce smaller batches in short periods. With this strategy the company would
have been able to respond immediately to market changes and consequently the production
would have been adjusted continuously according to market demand. The eastern model of
Toyota was based, not so much on the introduction of new technologies in the productive sys-
tem, but on an internal reorganization of the plant with the creation of robust processes that
gave high importance to human contribution in terms of intelligence and responsibility.

At the base of this model, later called lean philosophy by two American theorists, there are two
key concepts: combating waste and creating value to customers. Monozukuri and Hitozukuri
are two fundamental principles aimed to guarantee the highest value to the customer. The first
principle, Monozukuri, means “making of things” and aims to always trying to improve quality
and reduce costs through continuous improvement (kaizen).

The second one, Hitozukuri, means "making people™ and regards the passion and art of devel-
oping people through an educational process, with an emphasis on lifelong learning. It is about
developing a person’'s skills in their area of expertise, as well as their ability to work beyond
functional boundaries.

Lean production arrived in Europe in the 1990s with the publication of the book The Machine
That Changed the World (Womack, Jones, 1990). Authors tried to understand why Toyota was
so far ahead of Western automakers. For years there have been discussions about the strengths
of Toyota, but in the end, it became more dynamic and efficient than Western companies. This
was not only due to cultural diversity, but above all, thanks to a persisting fight against waste.

Developed between 1948 and 1975, the Toyota Production System (TPS) consists of the idea
of “doing more with less” by using the (few) resources available with the aim of drastically
increasing the productivity of the factory. Waste had to be fought -muda in Japanese- because

it does not create any value for the customer.



Lean is not just a production system, but a way of thinking. The main principles are value, value
stream (mapping), flow, "pulled"” production and perfection (or in other words continuous im-
provement, a concept explained with kaizen) (Womack, Jones, 1997). If these principles are
clearly understood and linked, it will be easier to maintain a smooth path to the consumer.
When lean thinking arrived in Italy, it concerned traditional factory environments and internal
logistics (lean production), motivating them to evolve to the so-called lean supply chain. It was
conceived as a simple industrial technique to be applied to production plants to be more effi-
cient, reduce waste and to increase market supply in a shorter time-frame. Today lean culture
has become widespread, yet very few companies have brought the lean principles off the factory
walls to apply them to offices and other business processes (Cappellozza, Bruni, Panizzolo,
2009).

This work can be divided into two main parts. The first two chapters give a theoretical back-
ground of what the lean philosophy is and how it has been developed. These chapters also define
what its main principles, techniques and tools are. In particular the second chapter explains the
Single Minute Exchange Die methodology, which is the core argument of this work.

The other half of the thesis covers chapter three and on. In these chapters, a personal experi-
mentation was completed during a six-month internship with Considi Srl which is located in
Grisignano di Zocco (V1). This location is specialized in management systems consulting and
focuses mainly on the application of lean philosophy in the industrial field. In collaboration
with this sector, |1 worked on the German group hGears project. Here | focused on one of its
production sites, Minigears SpA which is located in Padova.

hGears Group is one of the world's leading manufacturers of precision components and gear
Kits for power transmissions and complex systems. With more than 1000 employees and offices
in Germany, Italy and China; hGears works constantly with its customers to develop and design
technological solutions in the automotive, e-bike, power tools and gardening sectors.

The objective of the project is to improve a changeover of a hobbing machine and see how this
impacts the OEE and some KPIs. Moreover, it is important to translate a simple time value into

the economic benefits that could be achieved by reducing changeover time.



Chapter 1 — Lean Thinking

What is lean philosophy?

The focus of lean thinking is to achieve a flow of materials, information or customers that de-
livers exactly what customers want (perfect quality), in exact quantities (neither too much not
too little), exactly when needed (not too early nor to late), exactly when required in the right
location and at the lowest possible cost (Slack, Chambers, Johnston, 2016).

Manufacturing techniques have evolved over time from artisanal production during the nine-
teenth century, to mass production during the twentieth century, to the present tendency of mass
customization characterized by high variability and small quantity per product. In parallel, the
production system itself has evolved from “batch & queue” to “single piece” transfer-line man-
ufacturing, to full automated manufacturing cells, complemented with lean manufacturing tech-
niques following the TPS (Rittimann & Stockli, 2016).

Lean management has its roots in Toyota after World War Il. Toyota faced a great challenge:
to reach the productivity of the three big American automakers (Ford, QM, Chrysler) in a few
years, or alternatively to die. The Toyota Production System was born from these premises and
immediately it was characterized as a management system that involved the whole company. It
regards not only producing what is needed when needed, but also producing what the market
requires. However, TPS does not stop at the logistical and market aspects but covers the various
management areas of the company. From an organizational point of view, inter-functional con-
flicts must be overcome, privileging the logic of processes (Furlan, et al., 2018). Autonomation
is implemented only if it is supportive to people and only if it is accompanied by efficient pro-
cesses. The corporate culture revolves around the pivots of continuous improvement and respect

for people. Through Kaizen the potential of people is developed both individually and in groups.

Description USA  TOYOTA

Productivity (hours/vehicle) 31 16

Defects per 100 cars 130 45

Space for assembling 0.75 0.45

Inventories of parts 2 weeks 2 hours

Average hours for design (millions) 3.1 1.7

Average time for development 60.4 46.2

Supplier contribution to design and develop- 14% 51% gggleb ;W éeﬁrf?;/fu;%
ment Japan at the beginning
Number of suppliers per factory 509 170 of the 80s (source:
Proposition of components from one source | 69.30% | 12.10% \{\gg;“’k Jones, Roos,
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Finally, visual tools and a management control that provides simple and timely information
must be used.

For decades the mass production system dominated the world. The entire Fordist regime and
its associated mass production system functioned remarkably well. With the ending of the long
post-war boom in the late 1960s and early 1970s, however, the system entered into an extended
period of crisis, which, even now, has not fully run its course. Competition from Japan and the
newly industrializing countries became ever more intense and dealt a serious blow to mass
production sectors in core regions throughout North America and western Europe (Scott, 1988).
By the early 1970s, mass production slowly began to decline due to the increasing speed of
change in the business environment which required flexible firms; customers’ desires which
became more individual and the global competition which required companies to be simultane-
ously efficient, flexible within processes, innovative in product and process, high quality man-

ufacturers.

Lean doesn’t require to plan ahead. The idea is that companies decide what to produce on the
basis of the actual and real demand. A company which applies a perfect lean system buys only
when and what is needed, produces only what is “pulled” by the demand and delivers only when
the customer is waiting for the product. This is also called “just in time”, a concept introduced
first by Toyota. The Toyota Production System (TPS), originally called "just-in-time produc-
tion", is “a framework for conserving resources by eliminating waste. People who participate
in the system learn to identify expenditures of material, effort and time that do not generate
value for customers and to eliminate them™*.

Going into detail, it is a system which provides the best quality, lowest cost and shortest lead
time through the elimination of waste (Marchwinski, Shook, 2003). It is comprised of two pil-

lars: just-in-time and Jidoka. This will be further covered in the latter part of this thesis.

Types of muda
The core idea of lean management is to maximize customer value while minimizing waste.
More simply, lean means creating more value for customers with fewer resources or in other

words producing more with less. Waste is an important word for lean management. In Japanese

! Toyota Motor Corporation (1998). The Toyota Production System — Leaner manufacturing for a greener planet. TMC, Public

Affairs Division, Tokyo.
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it is called muda and defines everything that the customer is not willing to pay for. By elimi-
nating it, the customer value increases.

As so often in lean philosophy, Japanese terms are used to describe core ideas and waste elim-
ination is certainly a core idea. The terms muda, mura and mudi are Japanese words conveying
three causes of waste that should be reduced or eliminated (Slack, Chambers, Johnston, 2016):

e Muda—means activities in a process that are wasteful because they do not add any value
to the operation or the customer. The main causes are likely to be poorly communicated
objectives or the inefficient use of resources;

e Mura — means lack of consistency that results in a periodic overloading of staff or
equipment. If activities are not properly documented so that different people at different
time performs a task differently, then the result may be different;

e Muri - means absurd or
unreasonable. It is based on the
idea that unnecessary  or

unreasonable requirements put on

a process will result in poor

outcomes. Waste can be caused by MURI
oo

failing to carry out basic

. . Figure 1 - Three types of MUs (source: www.company.com)
operations planning tasks such as
prioritizing activities (sequencing), understanding the necessary time (scheduling) and

resources (loading) to perform activities.

Toyota has identified seven types of waste, which can be found in many different types of
operations — both service and production — and which form the core of lean philosophy?:

e Over-production. Producing more than what is immediately needed by the next process in
the operation. It is highly costly to a manufacturing plant because it prohibits the smooth flow
of materials and degrades quality and productivity. The solution is to schedule and produce
only what can be immediately sold/shipped and improve machine changeover/set-up capability.
e Waiting time. Equipment efficiency and labour efficiency are two popular measures which

are used to measure equipment and labour waiting time, respectively. Typically, more than 99%

2 https://www.emsstrategies.com/dm090203article2.html, https://www.aretena.it/post/i-5-principi-del-lean-thinking
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of a product's life in traditional batch-and-queue manufacture will be spent waiting to be pro-
cessed. While waiting, the firm is burning its intelligence and the operators’ one who are not
working. A solution invented by Toyota is the jidoka. It means equipping each machine with a
system and training each worker to be able to stop the production process at the first sign of
some anomalous condition. If a defect or malfunction is discovered, the machinery must stop
automatically and the individual operators must immediately correct the problem, interrupting
the production flow. This way of doing allows us to " build-in quality” at every stage of our
process, separating men and machines to get more efficient work from both. Much of a prod-
uct’s lead time is tied up in waiting for the next operation; this is usually because material flow
Is poor, production runs are too long, and distances between work centres are too great. Linking
processes together so that one feeds directly into the next can dramatically reduce waiting. A
famous Toyota proverb says “"Stop production so that production never stops".

e Transportation. Moving items around the operation, together with the double and triple
handling of WIP, does not add value. Transportation can be difficult to reduce due to the per-
ceived costs of moving equipment and processes closer together. Furthermore, it is often hard
to determine which processes should be next to each other. Mapping product flows can make
this easier to visualize. Transportation is important also in the external value chain, that’s why
local suppliers are considered lean.

e Over-processing. The process itself may be a source of waste. Some operations may exist
only because of poor component design or poor maintenance and so could be eliminated. It
regards in other words, doing something that does not add any value to the costumer. For ex-
ample, at the airport passports are checked 4/5 times because each actor at each stage has a
different aim (airport security, customs, airline security etc.) and there is not communication
between them.

e Inventory. All inventory should become a target for elimination. Having excess inventory
means that the company is very slow, and TT is long too. Inventory faces quality issues since
when there are many items on stock, it is quite difficult to manage all the defective products as
it is hard to identify them and resolve in order to improve operating performance. Excess in-
ventory increases lead times, consumes productive floor space, delays the identification of prob-
lems, and inhibits communication. A solution proposed by Toyota is Jidoka again since the
machine is able to stop in case of quality problems and does not allow the process to continue.
e Motion. An operator may look busy but sometimes no value is being added by the work. This
waste is related to ergonomics and is seen in all instances of bending, stretching, walking, lift-

ing, and reaching. These are also health and safety issues, which in today’s litigious society are
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becoming more of a problem for organizations. Jobs with excessive motion should be analysed
and redesigned for plant personnel. Simplification of work is a rich source of reduction in the
waste of motion.

e Defects. Quality waste is often very significant in operations. Total costs of quality are much
greater than has traditionally been considered and it is therefore more important to attack the
causes of such costs. Associated costs include quarantining inventory, re-inspecting, resched-
uling, and capacity loss. In many organizations the total cost of defects is often a significant
percentage of total manufacturing cost. Through employee involvement and Continuous Pro-

cess Improvement (CPI), there is a huge opportunity to reduce defects at many facilities.

The five principles of lean management

Womack and Jones (1996) in their book "Lean Think- sses ~ © tentygour
ing", declined 5 guiding principles that delineate the improvement ;;;‘fﬂ”,’jy"‘g[':e
Toyota management system, the TPS (Toyota Pro-
duction system): value, mapping value, flow, pull
and perfection. 4. Establish

pull based on 2. Map the
The application of the five principles in the company — ‘semand value stream

causes a great change both on the "physical plan” and \ /
flowto the

on the organizational level (reduction of hierarchical lowto the

levels, process orientation, cross-functional teams, Figure 2 - Five principles of lean thinking
empowerment, delegation and development of skills at operational levels, streamlining of func-
tions, etc..); all this therefore entails a radical change of mentality on the part of all the personnel
and a real "cultural revolution”. It is a courageous choice, made by a strong, dynamic, innova-
tive and modern direction.

1. Define value

Define value means standing from the customer viewpoint and understand how “products” and
“processes” can satisfy customer’s needs.

Only a small part of the actions and total time spent to produce or provide a service adds real
value to the end customer. It is therefore essential to clearly define the value of a specific prod-
uct or service from the customer's perspective, so that it is possible to proceed with the removal
of all the non-value activities or muda, step by step.

The value, as explained before, can only be defined from the point of view of the final customer.

Therefore, it is important to understand what the customer is willing to pay and clarify the real
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customer’s needs to provide a specific product (good/service) able to satisfy the customer's
requests. Giving something that he/she does not perceive as "value" is like not giving him/her
something needed.

Sometimes companies find it difficult to define exactly the value creation, since it may occur
through different endeavours who define it differently according to their needs (Womack,
Jones, 2011). Think about an airport and how many times a passport is checked or how many
times the boarding pass has to be shown. In this specific case, the problem is not the involve-
ment of more than one company, but the fact that every single step provides a partial service,
without looking at the product/service as a whole from the customer perspective. Since all the
steps are unnecessary and do not create value for the customer, one should ask oneself whether
it is possible for a single person to carry out the passport control only once, thus saving time
and resources (Womack, Jones, 2011).

KPIs can be used in order to measure the value provided to customers; in particular there are 3

main areas to measure the performance of operations:

» Quality: of products and services FResonsivensss

provided to customers (KPI: % of first- High

Redesign
process

time-through)
» Time: the amount of time that customers
wait to obtain the product/service they

New frontier
Current frontier
In the industry

asked for (KPI: order-to-delivery)

Low

» Cost: cost of production which has a

Low efficiency High efficiency ~ Operations efficiency

direct reflection on the charged price Figure mﬁl‘;(‘;er‘:tfgggf;)(sc’“rce:

(KPI: total cost/units)
Normally these 3 elements are in trade off since if quality is pursued, it is necessary to spend
more; if the company wants to be very fast, the cost will increase etc. With the lean philosophy
there is no such trade-off: the idea behind is to achieve high quality, low cost and short time
simultaneously to increase customer value.
Said in other words, when a company is below the efficient frontier and for instance aims to
reach high quality, it can reduce the costs performance by hiring new people, by investing in
new machineries or by better training the staff (all this kind of operations will increase costs).
The idea of lean is that no company will never be on the efficient frontier, but always below it
for two reasons:

o it will always be possible to increase the performance of costs and increase quality

simultaneously;

15



o there will be always wastes that distance the company form the efficient frontier.
2. Mapping value
There is one question that all firms approaching a change to lean should ask themselves: which
activities carried out by the company and its resources are "important” and which are not? An-
swering this question means having in mind the principle number two.
All the activities that create value perceived by the customer are important, while all others
must be viewed with suspicion. In Japanese philosophy, activities that do not generate value
are considered "wasteful” and must be fought. All activities can be divided into three categories
(Hines, Rich, 1997):

e Value activities (VA): generate a value perceived and recognized by the customer
(activities for which the customer is ready to pay) such as casting, manufacturing,
printing, assembly. They must be improved.

e Non-value activities (MUDA): waste that can be eliminated immediately such as
moving, controlling, transporting, storing, etc.. They must be removed.

e Non-value but necessary activities (NVA-N): although not generating value, they are
currently necessary for the company. They are activities that do not give added value,
but that in certain circumstances must be carried out. Some are: product development,
order management and production systems. They must be minimized.

Identify value consists in mapping the tasks required to bring a specific product through two
critical processes:

+¢ Information process: from order-taking through detailed scheduling to delivery

¢+ Production process: physical transformation from raw-materials to finished products in
the hands of the customer.

Mapping the processing is also important because lean firms are usually organized in “value
stream”. It regards all the actions (both value-added and non-value added) currently required
to make a product through the main flows: (1) the production flow from raw material into the
arms and (2) the design flow from concept to launch (Rother, Shook, 2003). Taking a value
stream perspective means working on the big picture, not just individual processes, and im-
proving the whole, not just optimizing the parts. Ideally there should be one value stream for

each product.
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3. Flow

Lean thinking reverses the traditional way of producing through "batches”, "functions™ and "of-
fices". In fact, the tasks can always be performed more effectively if the product is worked
continuously from the raw material to the finished product.

The continuous flow in production is reached through radical interventions, which allow to
transform the manufacturing from a batch and queue system, to a continuous flow. Waiting
time, large production batches, stocks, interruptions due to lack of information and inefficiency
of suppliers, set-ups, are all enemies of the flow. The concept of flow impose that a stage cannot
produce another piece if the next one is still busy, but production is allowed only if the second

stage has moved its piece on.

The flow consists of a sequence of equal “homework” periods called Takt Periods, each termi-
nating in an Integrative Event. The Takt Periods are of equal and short durations whose role is
to provide a constant, common, and frequent rhythm to the entire team. Within each Period,
work is executed by any suitable architecture of concurrent and synchronized teams, part-time
employees who are dynamically allocated from their functional departments, and individuals,
all assigned as needed to assure the timely completion of the work within the given Period
(Oppenheim, 2004).

“Make one, move one” is a principle that overcomes the concept of batch. Batches are calcu-
lated in order to reduce holding costs, ordering costs and set-up costs. The economic batch
quantity (EBQ) depends on these values. With lean this concept is overcome in favour to pro-
duce one piece at a time where set-up costs can always be reduced as well as the items in one
batch. Optimal result is a factory that starts with a long production line that never stops and
always flows. Of course, it is not always possible to produce a perfect flow. When there are
differences in the speed of production through each stage, it is very difficult to create a flow. In
particular, this happens when the production is partially automated so that there are big differ-

ences between machines and operators’ speed.

4. Pull logic

Value activities, although they must run without interruption, must be "pulled” by customers,
otherwise there is the risk of raising a cost without generating value, falling back into muda.
Waste generated by producing valuable goods before the customer asks for them or in greater
quantities than requested, have to be eliminated.

It is necessary to implement a pull system, pulled by the customer intended as both the external

one and the internal customer (downstream). No activity must be undertaken without a specific
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request from the client. Kanban and supermarket are the most used tools for the implementation
of the pull system. Pull differs from the traditional push logic, according to which it is the firm

that “pushes” the product towards the market.

PUSH LOGIC PULL LOGIC

Each stage produces only if an information
from downstream stage/customer triggers the
production

No MRP

Each stage is not connected with downstream
and upstream stage

Each stage receives its work orders from the
MRP calculations

Production schedule is based on forecasts Based on real and actual demand
Table 2 - Push logic vs. Pull logic

5. Perfection
One of the foundations of lean thinking is the awareness that there is no end to the process of
reducing costs, space, waste. The steps of a lean path are a circle: when an improvement phase
is concluded, one must return to the first step of the path in order to obtain a process even closer
to the customer's needs, identifying an additional value to be maximized (fig. 1.7). The image
that is often used to describe a lean change path is a straight line "uphill”, as opposed to the
classic step-by-step improvements, typical of traditional change projects. In the ambit of lean
processes, there is the "virtuous circle” PDCA:

e Plan — define an objective to make an improvement plan;

e Do — analyse the current situation and find solutions;

e Check — check the results and decide recovery actions;

e Action — activate the plan and prepare the next steps.
In a lean company, the tension to change never stops and this explains the fundamental essential
importance of people involvement who day after day have to become makers of improvement.
In this sense, the fifth principle must be a spur for the incessant application of lean principles
and must always be a new starting point. Once finished, the process restart to bring out new

waste and eliminate it.

Value Stream Mapping in-depth analysis
Value stream mapping (VSM) can be considered as a pencil and paper tool that helps to see and
understand the information and material flows as a product makes its way through the value
stream. It is one of the easiest and at the same time efficient way to see value and trace waste
(Rother, Shook, 2003).
VSM is an essential tool for several reasons:
e It helps to visualize besides the single-process level, the flow too;
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e It helps to see the sources of waste in the value stream;
e It forms the basis of an implementation plan becoming the blueprint for the process;
e It shows the linkage between the information flow and the material flow. No other tool
does this;
e Itis a qualitative tool which describes in detail how the facility should operate in order
to create flow.
Better said, VSM is one of the main tools that can be used to map the flow of value, thus making
it possible to identify value-based and non-value activities for the customer. Thanks to the VSM
it is therefore possible to pursue the second principle that characterizes Lean Thinking. Lean
companies are usually organized in value streams, operations containing all the main business
functions. Ideally one value stream should encompass one product.
VSM can be executed at different levels of the company depending on the type of information
to be obtained. It is possible to map:
» asingle process within a single department;
» the entire flow inside the production plant, i.e. an overall process from the raw materials
entering to the exit of the finished products (it is the most frequent mapping);
» the entire supply chain, starting from the second or first level suppliers to first or second
level customers.

Clearly each level provides different information and, consequently, the mapping choice must

be based on own objectives. ©
product family
As can be seen in the figure, there are four main steps to follow

in order to perform VSM:

current-state
drawing

1. select a family of products to be analysed;

2. draw the map of the current state; \ [ futurestate
drawing

3. draw the map of the future state;

4. define objectives and an improvement plan to be work plan &

implementation

Implemented' Figure 4 - Initial VSM steps

(source: Rother, Shook, 2003)

Step 1: Identify a product family

The first step requires to identify a group of products that pass through a similar processing step
and over common equipment in the downstream process (Rother, Shook, 2003).

To make the selection of the product family the following tools can be used:
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- Product-Quantity Analysis-PO Analysis®: Pareto's analysis identifies codes with the
largest production volumes and VSM is concentrated on them;

- Product-Routing Analysis-PR Analysis*: If the product mix is complicated, a matrix can
be created with assembly steps and equipment on the vertical axis and products on the
horizontal axis.

The objective is to group together as many products as possible in homogeneous families char-
acterized by the same process, thus being able to concentrate the mapping only on this common

process.

t“Assembly-Steps-& Equipments

™~

A Product
Family

L~

X<

Figure 5 - Matrix products/processes (source: Rother, Shook, 2003)

Step 2: Current state drawing (AS IS)

This stage regards drawing the basic production process. To indicate a process, it is usually
used a process box considered as an area where material is always flowing. The process box
stops wherever processes are disconnected and the material flow interrupts. Since drawing one
box for every process would make the mapping process bumbling and unwieldy, there are some
tricks that can be used. In case of an assembly process with many connected workstations and

with some WIP inventory between them, that process would be drawn as one process box.

3 Panizzolo R., 2016, course of “Gestione snella dei processi”, University of Padua
4 Rother, M., & Shook, J., 2003 “Learning to see: value stream mapping to add value and eliminate muda”, Lean

Enterprise Institute
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Figure 6 - Example of value stream mapping (source: www.youtube.com “VSM.: Explanation of Value Stream Mapping
Icons and Language”)

Instead, in case one assembly process is disconnected from the next assembly process down-

stream, with stagnating and accumulating inventory, then two process boxes can be used.

Step 3: Define the future state (TO BE)

Once all the necessary information is obtained to understand the AS IS situation and the relative
critical points, it is fundamental to define the future state (TO BE) that one company wants to
achieve.

The aim is to prepare various drafts about future proposals by taking into consideration both
the flow and pull logic. It is necessary to build a chain of production characterized by continu-
ous flow (make one, move one logic) where every individual process works only in case of a
signal from the downstream customer. In other words, all operations are activated only when
there is a demand asking for their products/services that could come from the external customer
and directly from the next stage.

One important question to be asked is: what’s the takt time for the chosen product family?
The word “Takt” is a German word meaning beat. Takt-time is the unit of time within which a
product must be produced (supply rate) in order to match the rate at which that product is needed
(demand rate) (Frandson et al. 2013).

It represents the pace at which customers ask for a product. Its calculation starts with the avail-
able working time for one shift minus any non-working time. The customer demand per shift is
divided into the available working time. Lean companies’ aim is to have a cycle time (produc-

tion speed) as close as possible to takt time. A significant gap between takt time and cycle time
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(CT >TT) indicates the existence of production problems that cause unplanned downtime. Even
the opposite situation is serious: if a plant is faster than demand it produces inventory which is

muda.

Step 4: Achieving the Future - State
The plan for achieving the future-state value stream can be a compact document that includes
the following items:
1) future-state map
2) any detailed process-level maps or layout that are necessary
3) a yearly value-stream plan
The first question that usually arise in planning implementation is “in what order should we
implement? A starting point could be to look for loops (Rother, Shook, 2003):
e Where the process is well-understood by people;
e Where the likelihood of success is high (to build momentum)
e Where it is possible to predict big bang for the buck (this sometimes leads to areas that
have major problems to be solved, which can lead to conflicts with the previous criteria)

The Toyota Production System House

The Toyota Production System model was

developed by the Toyota Motor Corporation QUALITY
for its production plant, but the principles
COST TIME

and activities it encompasses can be applied

. |JUSTINTIME| | JIDOKA
to nearly any industry.
When discussing the TPS and its many fea- R Autonomation

Poka Yoke
tures, it can be helpful to think about the sys- S eianien
tem like a house. The “house” of the Toyota
Production system is built upon a strong and
STABILITY

stable foundation, has two main pillars, with Standardized Work 5S TPM  Kaizen
the overarching goa| of TPS on the roof. Figure 7 - Toyota Production System house (source: Furlan, 2019

Advanced Operations Management course, University of Padua)
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The Roof

The easiest way to understand the concept of the Toyota Production System is to start with the
roof of the TPS-House. It represents the goals of the system which are: increasing quality, re-
ducing costs and shortening time. The former directly refers to the reduction of defective prod-
ucts as well as their rework. All repairs, any garbage, reproduction and inspection are all activ-
ities which do not add any value to the final product. Thus, all these activities are a waste of
motion, time and energy (Liker, 2014). Hence, the total avoidance of waste can shorten the
throughput times and thus improve the process quality.

By reducing the costs, the profitability and competitiveness of any organization can be in-
creased. Therefore, only the right quantity can be produced while the workers have to be im-

plemented effectively or sometimes even have to be released (Li, 2012; Ohno, 2013).

The First Pillar: Just in Time
The first main pillar is the idea of just-in-time manufacturing. This emphasizes three main prac-
tices: continuous flow, takt time, and a pull system. The idea of JIT manufacturing is to imple-
ment a production method that emphasizes the minimization of waste and workers being able
to operate efficiently. Instead of producing items as you have the materials, certain steps of the
production phase shouldn’t start until an order triggers it.
In conventional planning, demand and production quantities and timing are often different, re-
sulting in idle inventory and “lumpy” demand. JIT means getting the right quantity of goods at
the right place at the right time while keeping inventory at minimum, established levels®.
JIT brings many benefits to the organization adopting it:

e Improved overall productivity and elimination of waste

e Reduces inventories to a minimum and it allows saving direct inventory carrying costs

o Cost-effective production using a minimum amount of facilities, equipment, materials

and human resources

e Reduced delivery lead time

e Exposes problems and bottlenecks caused by variability

e JIT is accomplished through the application of elements that require total employee

involvement and teamwork

% Furlan A. 2019, course of “Advanced Operation Management”, University of Padua
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Layout

Conventional functional layouts create pipeline inventory, delays, movement costs and other
forms of waste. In the JIT approach: operations should be arranged to achieve a logical flow
(e.g. cell, line); equipment should be close together to reduce cost of movement; use of “U”
shaped to increase visibility and teamwork.

Moreover, even the size of the machines has an impact on the layout and its productivity. Gen-
erally, the conventional Western approach is to purchase large machines to get ‘economies of
scale’.

The problem is that they have often long, complex set-ups, and make big batches, quickly cre-
ating ‘waste’.

A solution could be buying small machines for several reasons:

* Using many small machines allows simultaneous processing

* Flexible scheduling options

* Ease to move in the plant

* Quick set-up

* Easier planned maintenance (more robust)

SMED
The Single Minute Exchange Die Method (SMED) belongs to those methods which concretize
lean philosophy by eliminating waste throughout the entire process. The primary aim is to keep
downtimes minimized as long as possible.
The SMED method proposes the reduction and simplification of the activities for the change of
equipment and for all the adjustments that precede the production (set-ups).
The logic behind it makes it possible to overcome two concepts on which set-up activities were
based in the past (Cappellozza, Bruni, Panizzolo, 2009):
1. Performing set-ups on production efficiently and effectively requires technicians with high
skills and abilities and years of experience and training;
2. Producing in large batches alleviate the negative effect of set-ups and counteracts the related
costs.
The starting point is the subdivision of the entire set-up time (or production change time) into
two distinct entities:

» The internal set-up time

» The external set-up time
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The set-up time is defined as “the time interval that elapses between the end of the production
of the last piece (product, sub-set, component ...) compliant without defects, of the previous
batch, and the beginning of the production of the first piece of the next batch” ®.
An industrial engineer’s perspective of SMED, set out by Bille (1989), confirms that moving
tasks from internal time to external time can be viewed in industry as the major theme of the
SMED methodology: [it] describes how to reduce set-up times from hours to less than 10
minutes by separating inside and outside exchange of dies.
From an academic standpoint, Burcher et al. (1996) describe their view of activity that is re-
quired to reduce set-up (changeover) time: “Set-up has two elements, internal and external [...]
To reduce the effective set-up time you need either to remove the need for the set-up entirely
(e.g. by using dedicated machines) or move from internal to external set-up” (Mclntosh, Culley,
Mileham, Owen, 2000).
Internal activities have to be done when the machine (or the line, or the production process) is
stopped, otherwise it would not be possible to complete the set-up. During this time, no value
is added to the product.
External activities are done in the interval of time that passes after, during which some activities
necessary for the set-up are carried out while the process is continuing (such as bringing or
removing materials and products, preparing or putting in place tool...). A part of this time can
elapse before the internal set-up activity and another part after. The initial strategy of SMED is
to create a clear distinction between the two temporal entities, of internal and external set-up
time, and to ensure that all those activities that could be carried out "externally" are removed
from the "internal™ zone.
The next steps are:

» drastic reduction of internal activities (necessary)

» rationalization and reorganization of all external and internal activities.
These basic techniques of SMED work to gradually reduce set-up times and reach minimum

durations.

Pull System
Implementing a pull system works to keep the factory from overproduction. Certain processes
and steps in the manufacturing process will only begin when a worker receives a specific signal.

By doing so, unnecessary inventory will not be created, and bottlenecks will be reduced.

6 Source: Considi Srl
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Takt time, another strategy used in just-in-time manufacturing, ensures the rate of manufactur-
ing between stations is even. Takt time is useful in giving the pace to the production in order to
meet customer demand.

Kanban is one of the operating methods used to enforce the pull logic and control just-in-time
processing. The most common form of Kanban is a rectangular piece of paper in a vinyl enve-
lope. The information listed on the paper includes pick up information, transfer information,
and production information. It basically tells a worker how many of which parts to pick up or
which parts to assemble (Monden, 2011).

All movements in the plant are systematized this way. Overproduction is prevented by Kanban,
because it starts in final assembly and works backward to create a "pull” of parts through the
process. It controls the flow of goods through the plant, but only works if practiced under strict

rules.
FUNCTIONS OF KANBAN RULES FOR USE
Provides pick-up or transport information Later process picks up the number of items
indicated by the kanban at the earlier process
Provides production information Earlier process produces items in the quantity

and sequence indicated by the kanban
Prevents overproduction and excessive | No items are made or transported without a

transport Kanban

Serves as a work order attached to goods Always attach a kanban to the goods

Identifies the process that produces defective | Defective products are not sent on to the sub-

products and stops the production sequent process. The result is 100% defect-
free goods

Reveals existing problems and maintains in- | Reducing the number of kanban increases

ventory control their sensitivity

Table 3 - Kanban (source: Monden, 2011)

Heijunka

Toyota defines heijunka as “distributing the production of different body types evenly over the
course of a day, a week and a month in the assembly process. It refers to the effort to match the
daily production sequence to the actual mixed-model demand encountered by Toyota’s retail
dealers” (Coleman, Vaghefi, 1994). It goes a step beyond the basic idea of mixed-model pro-
duction to match demand. It also incorporates the concept of levelling, line balancing.

A mix of products created through heijunka logic, is critical to avoid:

— Long lead times

— Increasing inventories

— Greater opportunity to defects

— Excessive idle time and/or overtime
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Example: Weekly demand: 2000 (A), 1000 (B), 2000 (C)

i parts“

Weekly leveling Daily leveling
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Figure 8 - Heijunka example (source: Furlan, 2019 Advanced Operations Management course, University of Padua)

The Second Pillar: Jidoka

The second pillar of the Toyota Production System contains the concept of autonomation
(Jidoka). It provides machines and operators the ability to detect when an abnormal condition
has occurred and immediately stop work. It enables operations to build in quality at each pro-

cess and to separate men and machines for more efficient work (Marchwinski, Shook, 2003).

Autonomation
The autonomation process stops the production when a problem first occurs and seeks to find
causes. For this reason, machines belonging to Toyota Production System can be considered
intelligent machines (Ohno, 2013). This approach leads to quality improvements by eliminating
the root causes of defects. In other words, quality control is done by the workers themselves at
each stage and no defective items can pass to the next station. If the line stops, an investigation
is done to prevent similar defects in the future.
Moreover, this approach is more cost-effective than quality inspections on a regular basis
(Monden, 1993).
However, TPS does not rely only on autonomation to detect defects within the system, but many
visual controls are used to monitor the state of the line. The most common visual control sys-
tems that can be found in each line are andon and call lights.
The former is used to call a supervisor, maintenance worker or general worker who can help
the operator to solve the problem. The light usually has different colours which represent a
different type of needed assistance. There are usually five colours with the following meaning
(Fritze, 2016):

e red — machine trouble

e white —end of a production run; the required quantity has been produced

e green —no work due to shortage of materials
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e Dblue — defective unit

o yellow — set-up required (includes also tool changes, etc.)
The latter is called andon and it is the name of an indicator board showing when a worker has
stopped the line. Operators have to flick the switch in case of breakdown, delay, defects at a
particular station and automatically the line will be stopped.
In such a situation, a red light turns on and the andon board indicates which station has stopped
the line. This is a signal for the supervisor to go immediately to the workstation to investigate

and take all the necessary actions to solve the problem (Monden, 1993) (Ohno, 2013).

Poka Yoke

The name poka-yoke, established in 1963, was <
translated as "resistance to errors" (avoid “yoker” I:'f'

errors resulting from inattention “poka”). SRS Com Poka-Yoke

This method aims to prevent defects and errors

originating in the mistake. It helps operators to

avoid mistakes in their work caused by choosing

the wrong part, leaving out a part, or installing a mfleean‘-:n an-ufai’t?ll??ng;;)ke example  (source:
part backwards (Marchwinski, Shook, 2003).

Poka Yoke devices are usually quite simple, inexpensive, and either inform the operator that a
mistake is about to be made or prevent the mistake altogether.

The philosophy behind it is the respect of human rights and above all human intelligence
(Dudek-Burlikowska, Szewieczek, 2009).

At each stage of the product life cycle, in each process and its operations there is a possibility
of errors. It is not acceptable to produce even small quantities of defective products: for lean
companies, production of 100% non-defective items is not only a challenge but a necessity
(Patel, Dale, Shaw, 2001).

A defect can exist in two states: the defect either has already occurred, calling for defect detec-
tion, or is about to occur, calling for defect prediction (Lachajczyk, Dudek-Burlikowska, 2006).
Today, with the possibility of using automatic signalling mechanisms, Poka Yoke develops
more and more through luminous signals (andon visible management) or sound, or line block-

ing and through the design of equipment for the cell.
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The Foundation

The pillars of the Toyota Production System are built upon a stable foundation of standardized
work, 5S, continuous improvement (kaizen), total productive maintenance (TPM). The goal of
using the techniques of Toyota and Lean manufacturing, like Kanban, Takt time, and Andon
lights, is to create high quality products at the lowest cost to the manufacturer with the shortest
lead time. This is possible also thanks to the stability given by the foundation.

Standardized Work

The Standard Work is one of the most powerful tools in Lean Thinking programs. The Standard
Work represents the best way to put into practise the continuous improvement (Kaizen). When
a better way is identified to carry out the operations, a new standard is defined. The improve-
ment of the standard is a never-ending process. The Standardized Work is based on three ele-
ments:

- the takt time, or the frequency at which a company must produce to follow the market requests;
- the precise sequence of operations to be followed by the operators;

- the stocks of materials, including the parts in process required - to keep the process active
without problems.

The standardized work allows: to guarantee the repeatability of the performances; prevent prob-
lems; work without "surprises”; work safely and ergonomically; train operators; stimulate con-
tinuous improvement; get excellent results.

The formula for setting standards combines technical and process standards (Bianchi F., Bian-

chi M., 2012). To be ef-
TECHNICAL X PROCESS _ fecti . hievi h
STANDARDS sranparps | = | STANDARDS ective in achieving the
lowest cost, the highest
quality level and the
shortest delivery time for
establish production describe techniques to use it -
conditions by adjusting and operate equipment and each prOdUCta It 1S neces
factors such as size, assembly tools to make the .
time and temperature workflow more reliable, Sal’y to mCOl’pOl'ate bOth
simpler, less expensive,
faster and safer types of standard, as

Figure 10 - Formula to determine standards (source: Bianchi F., Bianchi M., 2012) shown in the figure
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5S is a system for organizing spaces so that work
can be performed efficiently, effectively, and
safely. This system focuses on putting everything
where it belongs and keeping the workplace clean,
which makes it easier for people to do their jobs
without wasting time or risking injury. Wastes are
difficult to be seen when the workplace is in dis-
array. That’s why cleaning and organizing the
workplace helps the team to uncover wastes.

5S methodology must not be a one-shot action, as

a Westernized company would normally do, but

Keep needed
items in the correct
place to allow for
easy and immediate
retrieval

Clearly distinguish
needed items from
unneeded and

eliminate the latter

SUSTAIN

®

Maintain
established
procedures

The method by which
“Sort,” “Straighten” and
“Shine” are made habitual

Keep the workplace
neat and clean

STANDARDIZE

-

SHINE

Figure 11- The 5S (source: Furlan, 2019 Advanced
Operations Management course, University of Padua)

must trigger and maintain a process of continuous improvement in the day-to-day operations of

the organization (Cappellozza, Bruni, Panizzolo, 2009). The 5S are:

1. Sort (Seiri)

Seiri in Japanese means separating, selecting, classifying, eliminating, organizing. It is
based on the separation of all the useful materials, tools, equipment that are present in
an area/workstation, from the superfluous, bulky and useless objects. These latter ones
must be disposed of, thus recovering areas and space in the workstations and at the same
time simplifying routine operations, by reducing the number of objects needed.

After having elaborated the "Map of working sites” with the subdivision of the different
areas, it is advisable to take a series of photographs of each work area, to document how
it appears before starting the project and compare them later with the ones after project.
The work with the first S begins by freeing up the area from all the things that have
stratified over time and that prevent or hinder what is really needed to work. Some
criteria are followed to perform the first S:

> The instruments and materials not used for at least one year are to be eliminated;

> The tools and materials used once/twice in the last six months must be placed in a
transitory area, to verify in the end how to get them back into the first or subsequent
classes;

> The tools and materials used at least once a month must be placed in a secluded but

visible position;
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> The tools and materials used at least once a week are located in a central area and
visible to the operator;

> The instruments and materials daily used must be located in an ergonomic position,
visible and close to the operator's workstation.

A practice normally used to select a given object is to label and highlight unnecessary
materials and tools in the area subject to analyse with red cards. At this point, the objects
thus highlighted must be moved to a temporary area, to then decide what to do with
choosing from the various possible options: eliminate, dispose of, transfer to thirds or
move to other uses.

Straighten (Seiton)

The second "'S" refers to put in order, to arrange, to rearrange things in such a way that
they can be easily reached whenever they are needed.

In this second phase, instruments and materials reclassified as useful will be relocated
near the area (of analysis) or the work station that uses them in a rational and ergonomic
way, with the aim of reducing time. Each object will be located more or less close to the
work area depending also on the frequency of use (the more the frequency rises, the
closer it approaches). The tools normally used for the systematization and sorting of
materials can be:

> Physical structures for the storage and planting of different types of materials and
tools;

> Physical highlighting with defined and different colours of areas, routes and corridors,
specialized and reclassified by process/product;

> Billboards and other systems with easy and immediate indications.

Shine (Seiso)

Seiso means cleaning in a systematic way and has the objective of cleaning according
to two points of view (general and dedicated):

e Clean the overall work environment;

e Clean up tools, machines and work equipment in a specific and dedicated way.
This phase can be supported very well through an audit plan on the execution and the
thoroughness of the cleaning itself. In order not to face the same problems after a short
time and repeat again the 5S procedure, it is convenient from this stage to analyse the
primary causes. Human resources have to work on the root causes, they have to be sen-

sitized and apply a rational and controllable working method.
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4. Standardize (Seiketsu)

Seiketsu is the fourth S of the methodological application and aims to standardize all the
activities taken under examination, with the explicit aim of not finding the company
after a few months in the same starting conditions. The means of standardization can be
the procedures, the work instructions, the technical specifications, the audit lists, etc. In
this stage, ‘who does what’, the objectives to be achieved and how these ones are mon-
itored, must be defined. It is evident that in this phase the way through which infor-
mation is transmitted, updated and perceived becomes increasingly important, because
it is also in this phase that corporate behaviour is influenced and evenly directed.
Sustain (Shitsuke)

The fifth S -from Japanese: discipline, training, support- represents the effort and atten-
tion that the company management must devote to pursuing the goal of keeping alive
the new vision developed through the 5S methodology, i.e. a new perception of one's
workplace and a consideration of work as a continuous process of improvement. The
management must guarantee continuous adequate training and identification of the roles
and responsibilities in equally explicit and transparent matters, a check on the results
and on the goals achieved. In other words, it regards developing a commitment and a

strong discipline in order to keep standards.

Over time, the 5S methodology leads to many benefits, including:

TPM

Reduced costs

Higher quality

Increased productivity
Greater employee satisfaction

Safer work environment

Total productive maintenance (TPM) regards daily routines of maintenance (cleaning, inspec-

tion, oiling and re-tightening) to prevent failures and to prolong the life cycle of equipment

(preventive maintenance).

It includes optimizing the effectiveness of manufacturing equipment and tooling carried out by

all employees through small group activities (autonomous maintenance).

Maintenance personnel’s role involves:

V' training operators in relevant maintenance skills

v"long-term planned maintenance

v"condition monitoring
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v designing or specifying equipment that doesn’t break down and easy to maintain
(maintenance prevention)

In addition, TPM implementation in an organization can also lead to realization of intangible
benefits in the form of improved image of the organization, leading to the possibility of in-
creased orders. After introduction of autonomous maintenance activity, operators take care of
machines by themselves without being ordered to (Ahuja, Khamba, 2008). With the achieve-
ment of zero breakdowns, zero accidents and zero defects, operators get new confidence in their
own abilities and the organizations also realize the importance of employee contributions to-

wards the realization of manufacturing performance (Dossenbach, 2006).

Kaizen

Kaizen is a Japanese management strategy that means "change for the better" or "slow and
continuous improvement”, based on the belief that all aspects of life can be constantly im-
proved. It derives from the Japanese words "kai" which means "continuous” or "change™ and
"zen" which means "improvement”, "better".

For translation, it is a process aimed to generate continuous improvement concerning both prod-
ucts and internal processes (development, production, distribution, sales etc..).

This Japanese method encourages small improvements to be made on a day-to-day basis in a
continuous manner. It is based on the principle that energy comes from below, that’s why the
results in a company are not achieved by management, but by the direct work of workers.

The most important aspect of Kaizen is precisely the process of continuous improvement that
is at the base. It is a soft and gradual method which is opposed to the Western habits of elimi-

nating everything that does not seem to work well to do it again.

Kaizen is the word that was originally used to describe the key element of the Toyota Production
System with the meaning of ‘doing things the way they should be done’. It means creating an
atmosphere of continuous improvement by changing one's point of view and way of thinking
to do something better than what is already being done. In practical use, Kaizen describes an
environment in which the company and the individuals proactively commit to improving pro-

Cesses.
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Improvements are usually not accompanied by the use of sophisticated or expensive techniques
or the use of particular materials. Instead of investing money in the purchase of new machinery
or equipment, in fact, Kaizen ) ﬂ

leads the organization to pay more \60“ Df;«e“‘

attention to important details that N

are often overlooked. Managers, ﬂ

Quality
Improvement

therefore, are encouraged to im-

prove the efficiency of existing in-

frastructures rather than invest in
new resources. T e
The fundamental idea behind hieicommonswilimedinog) o o e (Souree
Kaizen is closely related to the Deming cycle (or PDCA cycle) where:

e aperson has an idea to improve something (Plan)

e tests and simulations are performed to verify the validity of the idea (Do)

e the results achieved are evaluated to determine if the idea has achieved the objective

that was set (Check)

e if so, the standard procedures are changed, adopting the new method (Act)
The Kaizen involves every collaborator, from the management to the workers. Managers must
strive, first of all, to help employees by providing suggestions for improving the work of the
individual and the company in general, no matter how much they are centred. This way of doing

will help people to be more critical and push them to better examine the way they do things.

WORK OF INDIVIDUALS Kaizen goals include:

SAVING ENERGY, MATERTALS AND OTHER RESOURCES - Creatlng quallty In eaCh Step

WORK ENVIRONMENT of the process;

MACHINERY, EQUIPMENT AND PROCESSES B Standardlzatlon Of Opel‘a-

tions in accordance with the
OFFICE WORK

involved employees and their
PRODUCT QUALITY

tasks;
NEW PRODUCTS

CUSTOMER SERVICE - achieving a conscious and
Figure 13 - Main areas of continuous improvement (source: www.qualitiamo.com)  responsible  avoidance of
waste of resources (e.g. time, materials, etc..).

There are two different types of Kaizen which need daily activity, as shown in the table (Liker,
Convis, 2012).
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MAINTENANCE KAIZEN

It deals with unpredictable events like mis-
takes, breakdowns, changes or variations that
can occur every day to meet the expected
standard. The goal is to bring the system back
to the standard. It is an urgent and immediate
approach in which the work group is ex-
pected to select the right measurements to
make sure this event will never occur in the
future.

IMPROVEMENT KAIZEN

It is usually simply called Kaizen and it rep-
resents the real goal of the TPS. It does not
only aim to maintain the standards, but it ra-
ther tries to improve the standards and bring
them to the next level. It does not matter of
how many improvements were already done
because every process contains waste, and
this leads to the opportunity of continuous
improvement.

Table 4 - Types of kaizen (source: Liker, Convis, 2012)

The foundations represent the basis for daily success by creating smooth and standardized pro-
cesses which help to eliminate internal and external variations.

Additionally, the pillars of the TPS make breakdowns, delays and defects more visible by re-
ducing the inventory and lead times as well as the opportunity of stopping the whole process.
That means, this concept makes it possible to identify and eliminate problems within the system

and to implement process improvement solutions (Fritze, 2016).

Importance of People

Yoshihito Wakamatsu was one of the major specialists of the Toyota system, who worked for
years alongside Taiichi Ono, sharing his experiences and internalizing his teachings.

In one of his studies (Wakamatsu, 2013), he affirmed that Monozukuri is Hitozukuri, i.e. the
ability to successful production is linked to the ability to train people. It follows that everything
that normally represents the factory is supported and developed by the people who work in the
company. If companies decide to apply Hitozukuri, it will be necessary to put people in the best
conditions to do it, which means pushing them to observe, experiment, question themselves and
to continuously develop their skills.

What Taiichi Ono stressed everyday was the awareness that human beings are extraordinary
beings. One of his constant thoughts was to put man at the centre and reflect on how his inge-
nuity could be expressed. The fundamental element of the TPS lies precisely in ‘enhancing

people’. One aspect to be pointed out is the respect of people and their ability to think.

Kaizen is the main element of Hitozukuri. Children learn by discovering new concepts and new
words. Teenagers learn through the discovery of facts and procedures. However, adults already
know most of these things and are full of their personal experience. For adults, learning is es-

sentially problem solving-based: by solving specific problems, adults compare what they know
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from experience (what they "remember") with what they experience at that moment (their "ac-
tual experience") and this comparison leads to new discoveries, new ideas and new memories;
in other words, new learning.

Toyota's theory on the development of people at work is based on:

1. Knowing the job: understand the contents of the work, the theoretical basis of each concrete
step and the problems that can occur in different contexts;

2. Motivation: be confident of own success and willing to face a challenge;

3. Space to think: face a concrete challenge with enough time to think and try things until
finding a new and better method;

4. See progress of oneself: in terms of the ability to do work in more difficult conditions, in
terms of working better with others, to see one's initiatives accepted by one's peers and in terms

of assuming more or different responsibilities.

It is a problem when people are not aligned with the organization: they can be lost and unmoti-
vated because they do not know the direction of the company (the True North), because they
do not recognize themselves in the role they hold or because they cannot work in groups. Lean
principles of value flow for the customer, reduction of waste in the Gemba and involvement of
people are what unite the various solutions as a whole provide the ingredients for a sustainable

lean transformation over time (Furlan, 2018).
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Chapter 2 —SMED

This work will go to analyse in practice what SMED is and how it is applied in concrete in a
organizational environment. That’s why before explaining my experience with miniGears SpA

it may be necessary to stress the story of SMED and its application over the years.

Introduction

The scenario in which companies operate today is characterized by a widening of the markets
which, in addition to expanding the number of possible customers and the typology of their
needs, it also increases the number of competitors. Italian companies have focused on
increasing the variety of products to maintain their competitiveness and increase sales. This
trend is a generally shared opinion which will continue and might be accentuated in the coming
years. The production systems in series designed to produce large batches of identical products,
placed in the warehouse and subsequently sent to the customers when ordered, are no longer
able to guarantee the profitability of the company. Storing large quantities of materials, in
addition to committing money, lay the groundwork for future losses (obsolescence and

subsequent scrapping of products, components and materials).

Large batch production produces an excess of stocks. Excess stock is a particularly negative
waste because it hides other problems. When there is a high stockpile, people are not motivated
to make improvements. Furthermore, the existence of stocks at any stage of the process causes

further losses such as transport, storage, damage and delay in deliveries.

Producing in small lots, on the other hand, makes it possible to reduce stocks of materials and
semi-finished products, reduce waiting times for reintegrating a stock and reduce waste. To
produce cheaply in small batches, a company must learn to reduce the time required for
production changes. That is exactly the SMED methodology which is aimed at reducing set-up

time.

What is SMED?

The acronym SMED -meaning Single Minute Exchange of Die- is a theory and a set of
techniques that make it possible to carry out set-up and changeover operations in less than ten
minutes namely, in a time shorter than the double digit. The approach was born in the context
of production processes based on the use of molds and processing tools. Later its basic

principles were successfully extended to all types of processes. It is important to point out that
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the time interval of the single digit may not be reachable in all types of processes but that in
almost all situations the SMED is in any case able to ensure a strong reduction in set-up times.
This drastic reduction can bring great advantages both at the company level and operator level.

Nowadays, customers are looking for a growing variety of products in small quantities. They
expect high quality levels, low prices and fast shipping; exactly the goals expressed on the TPS
house. SMED helps companies to meet the needs of their customers by helping to reduce waste
and make even lower production batches profitable. Many companies produce large batches
only because the long set-up times would make it uneconomic to make frequent product
changes. As explained before, large batch production has several disadvantages (Bianchi M.,
2017):
e [Excessive stocks: keeping in stock products that are not sold is expensive and keeps
company resources blocked without adding any value to the products themselves;
e Delays: customers must wait for the company to finish producing large batches rather
than just waiting for the exact amount requested by them;
¢ Quality deficiencies: keeping products in stock increases the possibility to be damaged
and that they must be discarded or reworked before shipment, with an increase in costs

for the company.

History

The first example of a SMED application, dates to 1950 and can be considered as the real birth.
In Toyo Kogyo's Mazda plant in Hiroshima, S. Shingd was asked to solve a production problem
related to a bottleneck near three large presses. The employer was resigned to buy another press,
given that, due to growing market demands, it was necessary to increase production. Since the
potential of the three presses was not able to guarantee the required production, the only possi-
ble solution seemed to be the purchase of a new press. Shigeo Shingd instead asked to analyse
in detail the way in which the presses were used. In fact, he believed that the manufacturing
defects were linked to the mismanagement of the machines and he also thought that it was
useless to buy a new machine when it was possible to guarantee an increase in production by
making better use of the existing ones. Although with some difficulties, Shigeo Shingd was
satisfied and the establishment remained stationary for a week, giving the opportunity to carry
out all the necessary analyses. He discovered that all three machines were used below their
production capacity and that it was enough to take some precautions to improve it. The analysis
carried out by the Japanese engineer was based on a simple principle: first he identified all the

set-up activities; secondly, he made a classification between the operations that had to be carried
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out with the machine stopped and those that had to be carried out with the machine in motion.
Shingo made sure that the activities carried out with the stationary machine were reduced by
50% and thus succeeded in increasing the production capacity without purchasing a new ma-

chine.

The second episode that deserves a mention for the development of the SMED technique is
dated 1957 and concerned the Mitsubishi plant in Hiroshima. In this circumstance the engineer
was asked, to increase the production capacity of a planer utilised to plan ship engine blocks.
The problem that was encountered when analysing the operation was the fact that it was very

difficult to change the planer's equipment when dealing with large motors. Not being able to
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Figure 14 - Production analysis of the three presses located in Mazda plant (source: Shingo, 1985)
carry out a correct set-up, the exploitation of the machine was less than 50% of its potential.
The analysis also showed that the greatest part of the set-up time was lost in the ‘centring’
because it was carried out with the machine stopped. The idea advanced by Shingo was to
conduct the set-up operations referred to the next engine on a second planer table. By doing so,
it was enough to move only the table and not the whole engine. By introducing this novelty in
the production process the machine downtime was reduced and a 40% increase in productivity
was achieved. The principle that led to the increase in productivity was very simple: even here
it was enough to modify the operations carried out with the machine stopped so as to make it

an external activity.
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The third and last episode, considered a milestone in SMED’s history, occurred in 1970 at the
main Toyota factory. The goal requested by the management was to halve the set-up time re-
garding a thousand-ton press that until then had a set-up time of about four hours, equivalent
therefore to almost half of a work shift. Japanese executives were aware that the same set-up
operations at the VVolkswagen factories lasted about half the time. Based on the company's ex-
perience it was decided to carry out a rigorous classification of all the operations in internal or
external and subsequently it was decided to analyse the actual development of the setting pro-
cesses in order to perfect them as much as possible. An in-depth analysis of the tooling pro-
cesses thus allowed a reduction in the set-up time from four hours to two and a half hours, even

if the management was still not completely satisfied with the progress achieved (Shingo, 1985).

Reduction of set-up time

Set-up is considered the main ‘unproductive’ phase of a process because it does not increase
any value to the product, it absorbs production capacity of machines, it occupies ‘human’ ca-
pacity in the plant and it constrains the organization of production (‘early’ batches), interrupting
the flow of materials.
In a traditional scenario, set-ups are long and unpredictable, and its activities are not standard-
ized but accepted. Productive system is therefore rigid and poorly reactive to the market.
Through SMED application, there is a need to transform the productive system into a flexible,
reactive and predictable one.
In the figure below benefits carried out by SMED are reported. Later, it will be found a distinc-
tion between benefits for companies and for operators.
Benefits for companies
SMED changes the idea that set-up must necessarily take a long time. When the set-ups can be
done quickly, they can be done as often as necessary. In this way, companies are enabled to
produce small batch sizes, achieving significant advantages in terms of:
v Flexibility: they can meet customer demand changes without having to hold high
product stocks (improvement of Customer Service);
v Delivery speed: small batch production means shorten the crossing times in production
and reduce the customer’s waiting time;
v’ Better quality: less stock means less defective stocked products. SMED reduces defects
also by reducing set-up errors and eliminating post-change test times;
v" Increased productivity: faster changes reduce downtime with a consequent increase in

productivity.
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Benefits for operators
The speeding up of set-ups makes the company more competitive by ensuring the maintenance
of workplaces and improves the daily work of operators making production more fluid and
productive. Simplified and shorter set-ups mean for an operator:

v’ safer changes, with less physical effort and less risk of injury;

v less materials parked in the working environment, which makes work easier and safer;

v’ standardized set-up tools which means less variety of tools to keep under control.
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Figure 15 - Benefits of SMED (source: Considi Srl)

The Method

Set-up time is that time between the last good piece of the previous batch and the first good
piece of the next production batch (for ‘good’ piece it is intended an item that meets the char-
acteristics dictated by the customer). It is important to pay attention to this last definition be-

cause even if the first item has no defects, but the following ones have, that SMED cannot be
Set-up time

Last good piece First good piece
Batch i Batch i+1

Figure 16 - Set-up time (source: Considi Srl)
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said to have been successful. That first item cannot be anymore considered a good item, and so
set-up time becomes longer because adjustments have to be done in order to achieve conform-
ity.
SMED method requires to (necessary in order):

e Standardize all the activities (bring under control the procedure);

e Shorten time of doing the activities.
Be standardized means creating a repeatable and dependable process. If the changeover lasts
on average five hours, it should be accomplished by both an experienced workman and by a
newcomer in always the same amount of time.
SMED applications are widely distributed across industries such as paper products, foods, bev-
erages, personal care items, fiber, rather than assembled products such as refrigerators, cell
phones or automobiles (Ulutas, 2011).
Its application aims to optimize machine utilization, enabling small batch sizes, reducing pro-
duction times, reducing the time that machine does not operate. Moreover, it is addressed to
shorten preparation and machine adjustment times and to reduce stocks.
There are two main reasons to be taken into consideration when a company decides to improve
a changeover:
1) it has to be representative, that is when the majority of parts of the machine are handled;
2) it has to be done on medium-high frequency.
Set-up procedure comprises a sequence of steps that are illustrated below and in the following
paragraphs they will be explained in detail.
The presence of arrows is fundamental because they indicate that SMED process never stops

but when it gets to the end, it should start again from Step 1 in order to continuously improve.

e ™

STEP 1

Record the set-up activity and divide between internal
and external activities

STEP 2
Convert activities from internal to external

\. J

e ™
STEP 3

Optimize internal activities (reduce/eliminate, parallelize
and organize)

\. J

' ™
STEP 4

Optimize external activities (reduce/eliminate, parallelize

and organize)
\_ y,

Figure 17 - The four steps of SMED (source: Considi Srl)
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First Step: recording set-up and distinguishing between internal and external activities
The set-up analysis consists of two main phases:
e observation and detection of the set-up
e analysis of the set-up in detail
This phase is usually performed by a work group which facilitates the subsequent analysis by
recording the changeover with a video camera. The operator(s) who made the change, should
also participate in the video analysis. In this way, in fact, they will be able to comment on all
the operations they were carrying out and highlight any problems encountered. It is important
to study the video in detail, take notes of the time taken and the movements made for each set-
up activity.
The most important thing to effectively implement SMED is to distinguish between internal
and external set-up times. Very often, there is no clear distinction between internal and external
activities. These two groups of activities are mixed together and there are jobs that are done
internally even if they could be done externally. There are typical problems that emerge from a
careful analysis of the activities: for example, the change of production materials is made while
the machine is stopped (in other words internal set-up); the equipment (blades, molds, inserts,
etc.) is brought close to the machine in internal time; all the necessary tools are far from the
machine to be equipped; it turns out during the set-up that the equipment is broken or not suit-
able; the equipment is not checked and after the production starts, it is realized that the produced
items are not good and must be replaced, with the production of waste (Busatto, lannella,
Tanaka, 2001).
Usually, by converting some internal operations into external (that is, performing while the
machine is still running, such as preparation and transport), it is possible to reduce the internal
set-up time from 30% to 50%.
Many instruments are used in order to implement this phase:
e The Set-Up Registration Form is a data collection document used to record the
activities performed during a changeover. It contains at least the following information:
v Activity progressive number
v Activity description
v’ Activity start time

v" Duration
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v"Internal/external classification
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Figure 18 - Paper format of a Set-up Registration Form (source: Considi Srl)

Companies generally make use of a software called ‘ Timer Pro Professional’, a video-
based measurement solution which helps in doing all these activities in an efficient way
(for example it calculates automatically the duration of each activity, it gives a progres-
sive number to each operation etc.);

The Spaghetti Chart is the tool to track all the movements made by the operators
assigned to do the set-up and determine the actual distance travelled during the

changeover. This tool allows to get numerous suggestions for improvement because it

is visual and shows in an evident efore oo
way the presence of problems. | VAl

It can be used both to understand the _ | ;
relative position of cabinets, tools, = > AT | Ly
equipment, small parts, etc. in -/ o7
relation to the set-up activitiesandto ¢ QF A

' 5@ ;
determine the movements of the (B>

personne| involved during the Figure 19 - An example of Spaghetti Chart before and after a
SMED implementation (source: Considi Srl)

individual set-up activity;

The Set-Up Timeline is composed by the “before set-up timeline” and the “after set-up
timeline”. The former is used to graphically highlight all the activities performed during
the set-up. The timeline will indicate which are the most extensive activities and aims

to reduce those activities with greater influence on the overall time of the intervention
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(Pareto Analysis). The latter is completed after the SMED implementation and includes
the implementation of the improvements.
From the comparison of the "Before Set-up Timeline" and the "After Set-up Timeline"

the improvements made are visually highlighted.

Second Step: converting activities from internal to external
The objective of this phase is to attempt to convert the greatest number of internal operations
into external. It certainly represents the most technically difficult and demanding part.
Three practical techniques (Bianchi F., Bianchi M., 2012) help transforming internal set-up
activities into external ones. They are:

o early preparation of operating conditions

e standardization of fundamental functions

e use of intermediate systems
Preparation of Operating Conditions
Preparing the operating conditions in advance means providing the necessary materials, tools
and conditions before the internal set-up begins. Often it is possible to predispose conditions
externally such as the temperature, the pressure or the positioning of the materials, while the
machine is still working. An example concerns the supply of cable to heavy coils. To bring new
coils to the machine, a forklift is needed but often it is not always available. To avoid delays in
restarting the machine it is possible to build a temporary storage equipment that is loaded with
a new coil while the machine is still running. Once the end of the reel is reached, the operator
only has to push the new one into the right position and continue with the machining. Another
example of early preparation consists of pre-heating parts of the machine or of the material to
bring them to the temperature required for processing. For this type of activity, some companies

exploit the heat generated by other machinery.

Standardization of Fundamental Functions

When the instruments and the machine parts used in a new process are different from those
used in the previous one, the operators find themselves forced to carry out a series of procedural
adjustments (during the changeover) that take a long time, often with stopped machines.

The implementation of functional standardization is based on two steps:

1. the detailed analysis of each single function used in the set-up process to decide whether and

what functions to standardize;
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2. control of the functions to understand which of them could be carried out more efficiently by
changing the fewest possible parts.
The use of checklists and the definition of standard procedures for the execution of the set-up
allows the effective separation of internal and external activities and the maintenance of the
ideal situation over time.
Use of Intermediate Systems
In many cases it is possible to use intermediate fixing systems to bring a greater portion of the
set-up time from internal to external. Intermediate fixing systems are tables or masks of stand-
ard dimensions that can be easily removed and put into the machine while it is still working.
While the mold attached to one of the fixing systems is in use inside the machine, it is possible
to prepare a new mold on another system. With this technical solution, the operation becomes
external.
In Considi Srl, an instrument often proposed during this stage, is the set-up mapping, whose
purpose is to provide a visual and detailed description of all events and activities completed
during set-up in order to reduce it.
They use three different Post-1t®, each of which represents a particular element on the map:

= Event (big Post-1t®)

They prepare a Post-It® for each event of the ‘set-up registration form” and place it on

the Map of the set-up process in chronological order;

= Activity (medium Post-
It®)
They insert the Post-It® of

the activities performed

under each event in the

corresponding order;

1
AR

T

= Event duration (small
Post-1t®)
They prepare a Post-1t® for

the duration of each event Figure 20 - Set-Up mapping (source: Considi Srl)
and place it on the map of

the set-up process.
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Third Step: optimizing internal activities

Once the conversion has been realized, it is necessary to focus on internal operations to under-

stand if there are abnormal activities to be eliminated/reduced.

In other words, it is fundamental to analyse once again the operations performed with the

method promoted in Step 2 and to evaluate if further improvements can be made.

To streamline the internal time, it is necessary to work on movements and specifically they

have to be simplified, reduced and eliminated if possible.

This stage is composed by two main sub-steps:

Parallelization of internal activities

Often workers in the changeover phase, make numerous trips around the machine which
lengthen the overall set-up time. If this was made having two available workers (instead
of one) who split activities, it would presumably take half of the time. In most cases,
however, there is reluctance to adopt this method as no reserve operators are available
(in reality there is empirical evidence that it is more convenient to carry out the set-up
with two operators instead of one just because the hourly cost of the operator is much
lower than the hourly cost of the machine. Even if the total number of set-up hours does
not change, by adding one more operator/station, the productive work time of the ma-
chine can extend,

Reduction of the duration of internal activities belonging to the critical path

First, it is necessary to define what

@ critical path is. The Critical Path Method

@ @’@ @ (CPM) is a reticular technique of
” representation of a procedure which

@ @ highlights the interconnections existing

Figure 21 - Example of Critical Path Method (source: between the various activities. The
Considi Srl) determination of the duration makes it
possible to identify the "critical path", that is the longest path that unites the initial
activity to the final one.
To reduce internal set-up time, it will be necessary to reduce/eliminate hand tools, nuts,
bolts, hexagonal bolts and replace them with devices that mount/dismount quickly:
= One-motion fixing system: allows to lock an object with a single 