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ABSTRAKT

Tato bakalarské prace se zabyva problematikou eliminace Casovych ztrat (plytvani) béhem
piipravnych operaci — vyména zapustek mezi jednotlivymi zakazkami. Prace je rozd€lena
na dv¢é Ccasti: teoretickou a analytickou. Teoretickd ¢ast obsahuje literarni reSersi
zamétenou na vyvoj vyrobnich systému pies femeslnou a hromadnou vyrobu az po stihlou
vyrobu a jeji implemetnaci. Dale je zde zminén Toyota Production System a zékladni
charakteristika pramyslového inzenyrstvi. Poté uZz nasleduje podrobny popis metody
SMED, jeji vyvoj a faze jeji implemetnace. Analyticka ¢ast v tvodu obsahuje stru¢né in-
fromace o spole¢nosti Kovarna VIVA a.s., jeji historii a vyrobni program. Poté se zamé&fu-
je na popis vybrané¢ho vyrobniho procesu — kovani, jeho specifika, popis jednotlivych
¢innosti a naslednou analyzu pomoci SMED a jeji vyhodnoceni. V doporucenich jsou pak

popsany navrhy na zlepSeni na zaklad€ zjisténych infromaci a jejich ekonomicky ptinos.

Kli¢ova slova: §tihla vyroba, Toyota Production System, primyslové inzenyrstvi, plytvani,
SMED.

ABSTRACT

The Bachelor’s thesis deals with the elimination of time loss (waste) within the preparatory
operations - exchange of dies between production orders. The work is divided into two
parts: theory and analysis. The theoretical part includes literature search focused on the
development of production systems through craft and mass production to lean production
and its implementation. There is also mention of the Toyota Production System and the
basic characteristics of industrial engineering followed by detailed description of the
SMED method, its development and implementation stages. The analytical contains brief
characteristic about Kovarna VIVA a.s., its history and production program. Then it focus-
es on the description of selected production process — forging followed by description of
workflow within the setup operations analyzed with the SMED method including the eval-
uation. The recommendations for improvement are then discussed in proposals including

the economic benefits.

Keywords: Lean Production, Toyota Production System, Industrial Engineering, waste,
SMED.
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INTRODUCTION

Contemporary market development trend is to customize products meeting customer’s re-
quirements. This tendency forces manufacturing companies implement and further develop
the Lean production principles. This process takes in the advantage of revolutionary ap-
proaches especially in Czech industry weakened by decades of communistic style of man-

agement and control.

This passed period has huge impact on industrial production which despite all efforts still

cannot reach the world standard of productivity.

The analysis is realized in Kovarna VIVA a.s. This forging shop is dynamically developing
company with the aim of increasing productivity of processes by lean production imple-
mentation. In general, the level at which the lean is adopted is high, but still there are pro-
cesses difficult to optimize. The character of the production is really challenging for lean
methodology. The setup operation analyzed in this thesis is realized on the forging unit of
2500 tons screw press; this unit was chosen by the management because it produces the
most profitable products therefore it is desirable to increase its productivity. The setup op-

eration represents the die exchange on the forging press.

The purpose of the Bachelor’s thesis is to identify and eliminate waste which occurs within
the operational processes. Even those processes are not productive and add no value, their
lasting should be as short as possible in name of Overall Equipment Effectiveness (OEE).
If the setup operations are conducted in short time, the variability of the production process
is increasing and this leads to more flexible production. This is the goal for many manufac-
turers — to be flexible; the flexibility of production is essential competitive advantage,

nowadays.
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1 LEAN PRODUCTION

1.1 The Birth of Lean

1.1.1 Craft Production

Craft production was the very first organized type of manufacturing. The impulse for man-
ufacturer was driven specially by the customer’s demand. Craft production still remains
nowadays, especially for special and luxury products (e.g. Orange County Choppers and its

custom made bikes).

Figure 1 — Custom made product (Orange County Choppers,
©2014)

By Dennis (2007, p. 1) the Craft production has following characteristics:

e Workforce is the independent tradesmen skilled in design and manufacturing.

e Decentralized organization — the craftsman coordinates the process in direct contact
with customers.

e Use of general-purpose machines for cutting, drilling and grinding.

e Low production volumes and high prices.

e Only rich people can afford the product.

e Quality is unpredictable — each product is original.

e No share of improvement activities.
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Obviously, this manufacturing has many disadvantages, which Henry Ford and Fred Tay-

lor had overcome by introducing mass production.

1.1.2 Mass Production

No doubt, the greatest worth on foundation of mass production has Frederick Winslow
Taylor. He was the first who converted scientific principles into manufacturing, trying to
find the best way how to run production based on scientific principles — with this intension
he invented Industrial Engineering. (Dennis, 2007, p. 2)

According to Dennis (2007, p. 2), the main principle of Taylor’s system was to separate

planning from production. Essential characteristics are following:

e Standardized work
e Reducing cycle time

e Time & Motion study

By measurement and analysis within the production process he also formulated the basics
of PDCA cycle (Plan-Do-Check-Ask).

Meanwhile, Henry Ford was about to start his life-work: Model-T, a car easy to manufac-

ture and cheap to buy.

Figure 2 — Assembly line in Ford’s plant (Ford Motor Company, ©2014)
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The production of Tin Lizzy (slang name for Model-T) was based on principles of mass

production, which Jirasek (1998, p. 15) describes as follows:

e Uniform product
e Labor division (each worker performs set of operations, which are easy to learn)
e Forced-moving production (driven by conveyor belts)

e Central work management

Ford’s factory in Detroit was the place where Eiji Toyoda got his idea of Lean production.

1.1.3 Lean Production

The historical moment for Lean production was in 1949 — a collapse in sales (caused by the
ended production of military trucks). This year should be written in “dark history” for
Toyota Motor Company, if Eiji Toyoda in 1950 does not visit Ford’s plant in Detroit. After
his study in the plant (then the largest and the most efficient company in the world), he and
Taichi Ohno concluded that the mass production as Ford run in U.S. could never be im-
plemented in Japan. This idea enforced them to create their own production system — the
Toyota Production System and so the Lean production. (Womack, Jones and Roos, 2007,
p. 47-48) Ohno claims (2013, p. 1) the Toyota Production System is “to produce what you

need, only as much as you need, when you need.”

Figure 3 — Taiichi Ohno and Eiji Toyoda in Toyota plant in Nagoya (Toyota Motor
Corporation, ©1995-2014)

The facts preventing implementation of mass production in Japan was sum up by Womack,
Jones and Roos (2007, p. 48-49) as follows:

e Even the Japanese market is small the demand requires a wide range of vehicles.
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e Japanese workforce do not will to be treated as a variable cost, moreover after the
American occupation, new labor laws strengthened the workers position in compa-
nies.

e In Japan, there were no temporary immigrants willing to work in challenging con-
ditions in return for high salary — the philosophy of Japanese is to work for one em-
ployer for life.

1.2 Lean Production Implementation

1.2.1 Lean Management

As Tucek (2006, p. 225) states, Lean Management is orientated especially on customer’s
satisfaction — this is the essential premise of success. Lean Management stands on 4 prin-

ciples whose adoption will ensure the achievement of the goal.

e Pull Model of Inventory Control
e Avoiding Waste
e Essential Activities

e Principle of Continuous Improvement
Pull Model of Inventory Control

This pull system of production planning helps to eliminate waste generated by traditional
push production — a material is pushed forward to following operations while it is availa-
ble. In pull system, the availability of material is what gives signal for start of manufactur-
ing and material purchase is based on demand forecast of customers. (Systém tahu ve

vyrobnim prostiedi, 2008, p. 4)
Avoiding Waste

Approach of elimination all non-value adding activities is essential in increasing efficiency

and productivity of manufacturing.
Essential Activities

This principle is related to the previous one — Waste Elimination. For effective use of re-
sources, is desirable to focus on those activities which a company can do at its best (within
the value-adding processes) and to outsource the activities which are not essential for the
production. (Tucek, 2006, p. 225)
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Principle of Continuous Improvement - Kaizen

The word Kaizen comes from Japanese and it literally means “change for the best”. Kaizen
refers to philosophy or practices focusing on continuous improvement of processes. The
founder of Kaizen, Masaaki Imai, defines it as continuous improvement of personal, fami-
ly, social and working life. Kaizen includes everyone into improvement process. The pre-
requisite to successful kaizen implementation is a standard, because as Taichi Ohno said,
where is no standard, there can be no Kaizen.

1.2.2 Lean Company

Lean Company is not a set of methods and approaches helping to eliminate waste. The
company is formed by people, by their work attitudes, knowledge and motivation. Main
force ensuring competitiveness and long-term survival on market is, apart from efficient
processing of material and information, the Knowledge Management. (KoSturiak, 2006, p.
20)

1.2.3 Lean Layout

The elements of Lean Layout are 5S, ergonomics and linear value stream (pull system). In

practice, the definition of lean layout is 5S actually. (Via chapter 2.3.1.)

Figure 4 — Lean Layout (Assembly Magazine, ©2014)
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According to Kosturiak (2006, p. 65) Lean Layout is formed by elements coming from six
fields:

Table 1 — Lean Layout Characteristics (Kosturiak, 2006, p. 65)

Appropriate Conditions - physiological and social needs

Ergonomics
Health Protection - to prevent injuries and work diseases
Work Analysis
& Optimal work organization, dislocation, time consumption and standard-
Measurement ...
ization
5S

Visualization Visualization of Workflow

Workplace Autonomy - Halting and signalization when abnormality

Jidoka 0CCUIS

Poka-Yoke Human Failures & Mistake Prevention

1.3 The Toyota Production System

The simplest definition of the Toyota Production System (TPS) can be sum up like “the
system for the absolute waste elimination.” In fact, the TPS is 80 percent waste elimina-
tion, 15 percent production system and 5 percent Kanban. As Taichi Ohno (2013) states,
the Kanban simply means achieving Just-In-Time (JIT). There is a misunderstanding be-
tween TPS and Kanban meanings (e.g. one of the Kanban rules requires not to pass defec-
tive products along to succeeding process — this is not a function of Kanban actually, it is
one of the basic principles of the TPS. (Shingo, 1989, p. 67)

1.3.1 Basic Principles of the TPS

To avoid the misunderstandings among the terms related to the topic, in this chapter, the
basic principles of the TPS are described.

Overproduction Waste
Shingo (1989, p, 69) defines two types of overproduction:

e Quantitative — to produce more product than is needed

e Early —to produce product before it is needed
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According to Chromjakova (2011, p. 47), overproduction is not just a higher production
beyond the customer’s requirements, it is also overproduction of information and material.

Based on this context, following examples of overproduction sources can be defined:

e More information than process requires
e Making unnecessary standards

e Unused worker’s capacity

e Overproduction of paperwork

e Badly defined requirement (leads to new process)
Just-In-Time

The TPS is stockless, meaning that each process must be supplied with the required mate-
rial in the required quantity and at the required time. (Shingo, 1989, p. 69)

Toyota’s just-in-time system had evolved into an exceptional source of competitive ad-
vantage based on achieving required quality and productivity and on lowering cost. (Sal-
vendy, 2001, p. 544)

Worker & Machine Separation

Workers and machines have to be separated in case to raise production efficiency and to
support effective use of human resources. Shingo (1989, p. 70) divides the process of au-

tomation into several stages:
Handwork — workers manufacture a product without any machine help.

Manual feeding with automated machining — worker feeds and removes products out of

the machine, he also performs the tool feeding, the machining itself is automatic.

Automated feeding and machining — worker feeds and removes products out of the ma-
chine, the machining and tool feeding is automatic.

Semi-automation — worker detects and corrects an abnormal conditions, other work is

carried out by machine.

Pre-automation — worker corrects the defects only, other functions are performed by the

machine.

Automation — fully automatic processing, defects detection and correction.



UTB ve Zliné, Fakulta managementu a ekonomiky 19

Low Rate of Utilization

In fact, Toyota has more equipment than most companies and this makes Toyota so strong

in production efficiency. (Shingo, 1989, p. 72)
Andon

When the production process works on principle of keeping inventories at minimal level,
the need of JIT comes up. And when the company works on JIT principles, there has to be
insurance in case a problem in production process occurs. That is why the TPS included

Andon into its basic principles.

The machines are equipped with the detection of production problems and shut down when
some problem occurs. This signalization also indicates the type of problem and its place-
ment. Workers are also allowed to stop the production line when they have feeling a prob-

lem can occur. (Shingo, 1989, p. 74)
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2 INDUSTRIAL ENGINEERING

Industrial Engineering (IE) deals with choices. When other disciplines of production man-
agement emphasis on using skills in very specialized field, IE allows to work in a variety
of businesses — IE provides flexibility. It does not matter in which business or Production
Company IE is applied because all share the common goal to save money and to increase

efficiency.

The need from Industrial Engineers had grown, when companies adopt philosophy of con-
tinuous improvement and quality management to survive in highly competitive market.
Industrial Engineer is the only engineering professional who was educated and trained to
be specialist in implementing the lean philosophy in companies. (Industrial Engineering,
©2006)

2.1 Definition

Industrial Engineering is discipline which puts into context knowledge of Mathematical
Statistics and technical fields as well as Psychology and Sociology, trying to find optimal
way how to secure the production of goods and services of high quality, yet with minimal
costs, by optimum utilization of all factors entering the production process. The purpose is
to design, to organize and to control the cooperation of production systems, people, materi-

al, energies and information in order to maximize the productivity. (Tucek, 2006, p. 106)

2.2 Waste - MUDA

Muda is Japanese word for waste. Womack (2003, p. 15) specifies it as any human activity
absorbing resources with no value addition, such as mistakes requiring rectification, pro-
duction of unneeded stuff (so the inventories and remaindered goods pile up), unneeded
processing and workers movement, goods transportation from place to place with no pur-

pose etc.
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[ransport

Figure 5 — Muda (Beyond Lean, ©2014)

Taichi Ohno sorted out muda into seven types of waste:
Transport — meaningless relocation of goods, material etc.

Inventory — presence of various inventories among the production process with miscon-

ception of future need of these things.

Motion — unnecessary movements of a worker or machine adding no value into the pro-

Cess.
Waiting — waiting times for machines, for products, for people, etc.
Overproduction — production beyond customer’s demand.
Over-processing - conducting operations beyond customer’s requirements.

Defects - faulty products and rework.

2.3 Tools for Waste Identification and Elimination

Once the waste is identified, the following set of “lean” tools is applied to eliminate this
waste. (Mind Tools Ltd, ©1996-2014) It is not necessary to use all of these tools, but in
name of efficiency, the best choice would be to use them all.

Just in Time — this tool is based on the "pull” system. JIT helps to minimize inventories

and resources to ensure the purchase of material, production and distribution of products
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only when required. The optimal option is to combine JIT with Kanban. (Tucek, 2006, p.
2005)

Kanban — is the key tool how to involve workers in the “lean” process. The principle is to
signal when there is a need to replace order or locate something. The aim of Kanban is to

reduce overproduction and inventories. (Tucek, 2006, p. 74)

Zero Defects — this system focuses on producing right product at required quality first

time, to save time and money spent on corrections. (Dennis, 2007, p. 96)
SMED (Single Minute Exchange of Dies) — via chapter 4.

5S — via chapter 2.3.1.

Value
Stream

Mapping

Standard
Work

SMED Quick
Changeover

Mistake-
Proofing
Poka-Yoke

Kanban
Demand Pull

Point of
Use
Storage

Level Mix
Model
Production

TPM
Equipment
Reliability

5S Visual
Management

One-Piece
Flow
Production

Figure 6 — Lean Tools (Business Excellence, ©2009)

In the analysis, only SMED and 5S are used, so these tools are described in detail in fol-
lowing chapters.
231 5S

5S is methodology of standardization and visualization. The name comes from Japanese

words: Seiri, Seiton, Seiso, Seiketsu, and Shitsuke.

o P  Seiri - Sort

e FXME  Seiton - Straighten
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e J&f7 Seiso - Shine
e 7HE72 Seiketsu - Standardize

e & Shitsuke — Sustain

According to 5S pro operdtory (2009, p. 12) these five stages are the basis for improve-
ment actions. Indeed, the sorting and the setting of order are the basis for defect reduction,
cost reduction, safety improvement and injuries prevention. When the standards of 5S are

implemented, the production process achieves these advantages:

e Higher productivity
e Elimination of defects
e Meeting deadlines

e Safe working environment
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3 SETUP OPERATIONS

3.1 Explanation of Terms

3.1.1 Processes versus Operations

Shingo (1985, p. 7) claims that the manufacturing process is divided into phases; generally
there are four of them: work, inspection, storage and transportation. Each of these phases
has its own operation; accordingly there are operations of work, inspection operations,
storage operations and transportation operations. More in-depth, every operation has sub-

categories: setup operation, essential operation, auxiliary operation and margin allowance

operation.

. main
gﬁ:';gg:g;l cally preparation and items
oCCUr Once -..| after-adjustment |-.-......

operations i
per lot _IlrlCIdEr‘ItEﬂ
regularly flems
; useful regular
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items Main tems «coveeun operations
repeated  principal
for each operations
product incidental | incidental
items **| operations
HQUE +errrrsssresrass fatigue
Operations < for fatigue allowances
personal
allowances hvai
lene
. OBE corvnieimniinieiiansnind allowances
irregularly  margin
occurmng  allowances
items specific to the | operations
operation T allowances
O:It;er
. allowances
items
) . commaon to veee.| WOTkplace
\"m usstul eliminate all operations allowances
Figure 7 — The Structure of Operations (Shingo, 1985, p. 8)
3.1.2 Lots

In manufacturing three main lot sizes are distinguished: small, medium and large. It is up
to the company how these sizes will be defined. It is obvious that plant which produces 10

units of goods has no reason to plan the production in specific lots. Generally, the lot sizes

can be defined as follows:

e Small lot: 1 —500 units
e Medium lot: 500 — 1000 units
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e Large lot: 1000 units and more

3.1.3 Surpluses

In general, two types of surpluses exist in manufacturing. It is excess inventory and excess

anticipated production.

Excess Inventory — it is a stock of goods, which were produced extra, with the intention it

could cover shortage in case of scraps.

Excess Anticipated Production — it is a kind of production strategy, when intermediate or
finished goods are produced in advance, meaning before when they are actually needed to
be produced. (Shingo, 1985, p. 11)

3.2 Improving Setup Operations in Traditional Ways

Shingo (1985, p. 12) states that the need of setup operation comes from the fact that the
demand pushes companies into variable production; to diversify products, e.g. in automo-
bile industry it means to develop a full line of cars offered. It is generally considered that
customers require many kinds of products in low quantity. This is the challenge that every
company faces. There are several strategies to solve the problem:

e Strategies of Skill
e Strategies of Large Lots

e Strategies of Economic-Lot

3.2.1 Strategies of Skill

From the perspective of traditional manufacturing operation is assumed that efficient setup

change requires knowledge and skill of operators.

e Knowledge — awareness of the structure and function of the workplace followed by
familiarity with the equipment (tools, mountings and clamps, dies etc.).

e Skill — ability of operator to mount and remove dies in short time with zero fails.

3.2.2 Strategies of Large Lots

The time during which the setup operation is realized is not negligible. E.g. if production
of a part lasts 1 hour and setup exchange takes 30 minutes, it is 50 % of wasteful time of
non-value adding activity. Then it is obvious that most of the companies tend to reduce
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these setup times to minimum. Increasing the lot size might be the solution. In case cus-
tomer places a request for diversified, low-volume orders the lot size increases when these
low-volume orders are combined and enter the production together. The advantage of this

is that the producer can anticipate the demand leading to better production planning.

3.2.3 Strategies of Economic-Lot

According to large lot strategies, the Economic-lot concept is based on balance between lot
sizes and costs. In general, large-lot production results in lowering costs connected with
setup operations duration but it also raises costs because of enlarging inventories. The eco-

nomic-lot strategy looks for the optimum lot size (Figure 8) when the costs are acceptable.

Costs
P
Setup Effects
Inventory Costs
5
E
Economic Lot —= Lot Sizes

Figure 8 — Economic Lot Size (Shingo, 1985, p. 18)

3.2.4 Blind Spot in the Economic-Lot Strategy

The biggest issue in the concept of economic-lot is the impossibility of perceptible setup
time reduces. Producing in large lots leads to mitigation of the effect of short setup time.
The bigger the lot is the more imperceptible is the effect. Luckily, with development of
SMED system, all of these strategies had lost their entire reason.
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4 SMED

SMED, as known as Single-Minute Exchange of Dies is very efficient tool of industrial
engineering for significant reducing setup times ideally to less than 10 minutes. Each step
of changeover in order to reduce wasteful activities to minimum by organization, simplifi-
cation and rationalization of workflow and the equipment needed to realize the changeo-
ver. The principle of the SMED system is to convert as many changeover steps as possible
to “external setups” (performed while the machine is running already), and to reduce the
“internal” ones to minimum. Meeting these conditions gives the reduction of changeover
time to the single digits (“Single-Minute” means less than 10 minutes). (Lean Production,
©2010-2013)

A successful SMED application gives the following benefits:

e Lowering of manufacturing costs (the shorter the changeover is the more is the ma-
chine productive)

e Small lot production (faster changeovers enable more frequent product changes)

e Flexible production (smaller lot sizes enable more flexible production planning)

e Lowering inventories (according to small lot production, the inventories become
lower)

e Smooth workflow (further more the result of successful application of SMED is
standardization of the workflow) (Lean Production, ©2010-2013)

The SMED system was developed by Shigeo Shingo, a Japanese industrial engineer who
had helped many companies with reducing their changeover times. His multi-year research
led to actual reductions in changeover times reaching 94 %. (e.g. from 90 minutes to less

than 5 minutes).
The most significant example of SMED in daily life is replacing a tire on a car:

e For many people, changing a single tire can easily take 15 minutes.
e For Ferrari’s F1 pit crew, changing four tires takes less than 10 seconds. (Lean Pro-
duction, ©2010-2013)
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Figure 9 — Practical use of SMED (Operational Excel-
lence Consulting LLC, ©2014)

4.1 History

The very first Shingo’s intension to start working on SMED was in 1950, when he was
asked to analyze options of increasing efficiency in Mazda plant which had been part of
Toyo Kogyo in Hiroshima. Mazda had been focusing on manufacturing three-wheeled ve-
hicles and Toyo intended to reduce bottlenecks caused by body-molding presses which
were not working up to capacity.

Shingo (1985, p. 21) decided to conduct a survey of the workplace instead of buying new
presses at the first place. Based on this analysis he draws conclusions. Within adjustment
of the press he discovered the issue why the exchange lasted so long. The operators had
zero organization concerning the tool needed for exchange on the press. They had been
looking for the mounting bolts for hours or they had taken them from the other workplaces
(where the bolts will miss in future). And so Shingo realized that all the operations were of

two different types:

e Internal setups (IED) — internal are those operations which have to be performed
on stopped machine (e.g. dies removing and mounting)

e External setups (OED) — the operations which can be conducted while the ma-
chine is running already (e.g. transportation of dies needed for oncoming exchange,
tools preparation etc.)

Preparing the bolts needed in advance will shorten the setup time by one hour actually.
Shige had recommended sorting out the needed tools into boxes — one box for one type of
setup. Thanks to this proposal the productivity raised by 50 % and the bottleneck was re-
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moved. This was the first “kick” for SMED. 16 years later, Shingo had visited the Toyota
Motor Company’s main plant, where he had succeed in shortening setup time (1000tons
press) from 4 hours to only 90 minutes (by using IED and OED only). After some time, the
management of Toyota decided that the exchange has to be performed in 3 minutes only.
That was impossible for Shingo at the first moment, but then he realized he can achieve
this by transforming IED to OED. In belief, the exchange can be realized in less than 10
minutes, he named this method SMED — “Single Minute Exchange of Dies” (die exchange
within single minute). Later, this method was included in process engineering in every
Toyota plant and it laid the foundation for TPS — the Toyota Production System. And so
was the 19-year development of the system, which is basic skill of every industrial engi-
neer nowadays, and which is applied whenever there is a need for increasing efficiency of
process. (Shingo, 1985, p. 22-26)

4.2 Techniques for Applying SMED

For successful use of SMED, 4 stages have to be followed. Shingo (1985, p. 33-52) divid-
ed these stages as follows: Stage 1 of separating internal and external setup, Stage 2 of
converting internal setups to external and Stage 3 of streamlining all aspects of the setup
operation. He also included the Preliminary stage which describes situation where internal

and external setups are not distinguished.

@ Waste Putting away old die  Getting new die @

/ | |
Dividing into intemal *
d
Putting away

Getting new die.. @ ® _Glddie
/

Stage 2 i -
W ‘
efficien

‘Putting away
Stage 3 Getting new die ® ®/  old die

Figure 10 — SMED diagram (Manager Services, ©2009)

Stage 1
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42.1 Stagel

In this stage are selected such operations that can be performed while the machine is still
running. It requires transportation improvement (preparation of dies, tools, etc.) as well as

assigning responsibilities on operators to ensure smooth and continuous work flow.

4.2.2 Stage 2

The very first step is to prepare operating conditions in advance (e.g. Dies preheating — the
dies can undergo the procedure of preheating before they are mounted into the press al-

ready by using external preheating machine).

4.2.3 Stage3

After accomplishment of stage 1 and stage 2, the process can proceed to stage of improv-
ing every elemental operation to achieve time reductions of internal and external setups.
External operations can be improved in storage and transportation. The internal ones can
be performed as parallel operations that involve more than one operator. Next option is to
use quick clamping tools, pneumatic hand-operated tools, etc. The improvements depend
on disposition and character of the production.
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Figure 11 — Stages of SMED (Shingo, 1985, p. 92)

4.3 Effects of SMED

Implementation of SMED method has several positive impacts apart from time savings.

These effects reflect in many spheres such as quality, logistics, ergonomics, safety, error
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prevention, economics (lowering expenses and costs), production flexibility etc. In fact, the
most essential advantage of SMED is the possibility of more frequent changeovers, which

leads to following effects:

e Batch sizes reduction
e Inventories reduction
e Increasing flexibility
e Reducing lead time

e Improving quality

e Reducing waste

e Increasing capacity
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5 KOVARNA VIVAA.S.

Kovarna VIVA a.s. is a Czech forging shop special- .
ized in closed die forgings from alloyed, micro- VIVA
alloyed, carbon and structural steel. The weight of the

products vary between 0,1 kg up to 20 kg.

KOVARNA

Figure 12 — Company Logo

The company provides to its customers a complex

production program for drop forgings, starting with forging construction proposal up to its

final treatment — heat treatment, forging machining, surface treatment (staining, zinc and

nickel coating) and the logistic services.

5.1 History

It is generally known that the forging shop used to be a plant which was a part of Bata’s

factory. The list below is a summary of VIVA’s history.

1932

1992

1993

1995

1997

1998

2002

2003

Establishment of the forging shop as a part of Bat'a Company.
27th of October the forging shop became independent as Kovarna VIVA Zlin
3 forming units

The very first foreign customer

Start of using CAD and CAM Unigraphics

Purchase of CNC machine for tool shop

Poclain Hydraulics project,

CSN EN ISO 9002 Certification

Linde project

ZF Boge Elastmetall project

CSN EN ISO 14001 certification

Creation of the Research & Development department

1% spindle press 2500 tons

Mechanization of the forging production for automotive industry
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2005 Investments in Measuring & Control, 3D instruments, metallographic laboratory,

spectrometer, magnetoflux
Crank press 2500 t unit
Development of new the forgings generation for Linde
SCANIA project
2006 ZF Sachs AG project
2007 New presses 1000 t and 1600 t
2008 Quenching line — 2" unit
Spindle press 2500 t — 2™ unit
2009 Economic crisis - 50% decline of production
2010 TRW project
2011 260 Employees
New Forming 2500 t unit
2012 20" anniversary of the company Kovarna VIVA

2013 Construction of the cutting central zone for metallurgical material

5.2 Dislocation of Kovarna VIVA a.s.

Kovarna VIVA a.s. is located in Bata’s factory area called Svit and owns Several buildings

belonging to this area.

B EE R o p @ e minror L\ W poe: vemusacs

Amuw ﬁ Panoviny w vyreaden g ploonien

I Arodl firmy Koviena VIVAas. 7 ™
Pédorys budov firmy kovirna VIVA a.s.

Figure 13 — Dislocation of VIVA'’s buildings in Svit area (internal materials)
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5.3 Processes
All processes in Kovarna VIVA a.s. are divided into three groups:

e Development
e Design

e Production

The Development Department deals with forming processes simulations. Using the latest
versions of software support can guarantee the optimal technology forging’s manufacture

proposal and the possibility of reverse engineering as well.
Software support:

e CAD/CAM - NX6

e Technical Documentation Management - Team Center
e Forming Processes Simulation - Forge

e Data Formats - STEP, IGES

The Company is capable of designing and manufacturing needed tools itself. The produc-
tion is realized on CNC machines with HSC technology. The input is vacuum hardened
material with nitrated surface. The process of production includes the measurement control
on 3D CND inspection post.

Hardware equipment:

e Machining centers—38 in total (Trimill, ZPS Tajmac, Hermle)
e Turning work - 3 in total (ZPS, MAS, YCM)

e 3D Measurement — Zeiss

The manufacturing of forgings consists of several operations until the final product can be
shipped to the customer. All the operations belonging to the production are sequentially

ordered in the following table:
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Figure 14 — Workflow in Kovdarna VIVA a.s.

The workflow in Kovarna VIVA a.s. consists of many processes, all subject to ISO stand-
ards — 1SO 9001:2008, 1SO 14001:2004 and ISO/TS 16949:20009.



UTB ve Zliné, Fakulta managementu a ekonomiky

37

6 PROCESS ANALYSIS

VIVA owns 10 forging units, most of them are located in 92" building, including analyzed

unit.

In the picture below the location of the chosen forging unit is highlighted with the red cir-

cle.
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Figure 15 — Layout of 92" building (internal materials)
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Following picture contains of the floor shop in 92 building. The analyzed forging unit is

located in the left.

Figure 16 — Floor Shop (internal materials)
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6.1 Die Forging on Screw Presses

In this process, the analysis is applied on screw press for die forging. This forging method

has its specifics (tool clamping, trimming process, etc.) different of other methods.

The workflow is subordinated to the principle of forging in one-cavity die with one ham-
mer blow (in exceptional cases it is possible to place at most one additional preparatory die

—only in case the relocation of material is not too difficult). (Hasek, 1965, p. 344)

In this case of die forging with flash, the trimming press has to be well designed for precise
flash trimming. (via chapter 6.1.2.)

6.1.1 Die Clamping

The clamping method differs from die clamping on other forming machines. With no big

difficulties, the hammer dies and even the dies for crank forging can be clamped.

The lower die is clamped on the press table provided with parallel grooves in shape of “T”
or “X”. The upper die is clamped to ram provided with the same grooves.

Standardized die clamping has following main components: lower table plate, upper table

plate, clamping shoe, clamping screws & nuts.

Figure 17 — Clamped tools on forging press (left) & trimming press

(right) (own processing)
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6.1.2 Trimming of Drop Forgings

According to the shape of forgings, the flash occurs on the external line of the forged
piece. This flash has to be removed — the process is called trimming. In case of the compli-

cated shaped forgings, only the hot trimming is realized; for these reasons:
e Less pressure when trimming
e Better separation of the flash

6.2 Description of the chosen process

The production process analyzed in this thesis is realized on forging unit, which consists of

2500 t crank press, the inductor and the trimming press. This forging unit produces the

heaviest forgings, up to 25 kg.

c .
Preheating | zakladani

I materialu —

| kontrola povrchu

| polotovaru

A Forging

Polotovary

B Trimming

Vykovky

Figure 19 — Workplace Layout

The forging process starts with material preheating realized on induction preheating ma-
chine — C. After then the preheated material comes to first step of forming — hammering.

The hammering process can be realized on the forging press or external on hammering
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press — in this case, the hammering die is clamped in the forging press. Next operation is
forging itself on A. The first stage is pre-forging which gives a basic shape of the forged
piece, followed by the second stage - finish forging, where the final shape is made. After
the forming, the excess material had to be split apart from the forged piece — this operation
Is called trimming and it is realized on the cutting press - B. After the forming process the
forgings are treated by controlled cooling.

The manufacturing process ongoing on this forging unit is continuous and production time
is variable according to production charge. The time consumption for the production order
is around 7 hours. There is a tool change among each production charge which takes up to
2 hours. During this setup time, the line is stopped and produces nothing. This is the big-
gest issue within this process, because every single minute, when the line is stopped, is a

cost for the company.

6.3 Setup Operations

In the chosen process, the setup operations are realized on each machine (induction heat-
ing, forging press and trimming press) and their duration depends on skills of operators
mainly. All these operations are performed as the internal setup. The setup times - stand-
ardized for each machine are listed in following table:

Table 2 — Setup Times (own processing)

Machine Setup Time
Inductor 30 min
Forging press 90 min
Trimming press 50 min

There are three types of setup operations: Inductor exchange, Die exchange on forging
press and Exchange on trimming press. All of them are realized as internal and consumed

up to 2 hours.
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6.3.1 Inductor Exchange
The exchange of inductor is realized if diameter of material changes out of the interval.

Table 3 — Inductor Diameters (own processing)

Inductor Diameter Material Shape
60-80 mm Square & Round
80-100 mm Square & Round
100-120 mm Square & Round
60-80 mm Round
78-100 mm Round
92-120 mm Round

6.3.2 Die exchange on forging press

The manipulation with dies represents the most important and the most challenging opera-

tion of setup. This operation might be divided into 3 steps:

e Removing of old dies out of the press
e Cleaning and preparation of removed dies

e New dies mounting

When dies are fastened properly on the press, the process of preheating is performed. For
this preheating of dies the operators use special burners (they are two in general — for pre-
forging and forging couple of dies) which are inserted between each couple of dies. Then
the operator releases valves for oxygen and gas and lights the burners, which rest in the
press for cca 60 minutes. After this final procedure the press is ready for use. The time

during which the dies are preheated is not included in setup time.
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Figure 20 — Forging Die (internal materials)

6.3.3 Exchange on trimming press

The exchange of tools on trimming press is performed simultaneously with the exchange
of dies on forging press. Exchange of trimming tools does not last as long as the exchange
of dies; these tools are connected to one piece — the trimming tool. The handling with the
trimming tool is quite easy and consists of release and removal of clamps followed by re-
moval of the trimming tools itself. Next operations are fastening of new trimming tool and

the setting-up. When the trimming press is adjusted properly, the production can start.

6.4 During the Shift

Each forging unit in Kovarna VIVA a.s. has three shift workers: the foreman, the smith and
the smith assistant. Everyone has his own responsibilities and duties. The foreman has to
control the process, to supervise the performance at work and to fill in the Shift list (via
chapter 6.5), in which he registers during the shift, including the downtimes within the
process (abnormalities, setups, repairs, etc.). The smith operates the forging press and the

assistant operates the trimming press.
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6.5 Shift Documentation

Figure 21 — Shift List (internal materials)

[ ] v - . & vhovku:
ViVA SMENOVY KONTROLNI LIST
Jakost materialu: & zakidzky:
E
Tavha:
Bezpecnost prace pii véech pracovnich ikonech dle smérnice BP 001/2005
Datum Sména \Pracoviité  |Odpracovimo hodin: | Vykovino Zmetky :
- Prostoje celkem
Lkusi celkem
od: do:
Pracovni zaFazeni PREDAK EKOVAR POMOCNIK KOVARE
PRITMENI
PREVZETI A UVOLNENI VYROBY: Pfevzato a uvolnéno: 0K
[ funkéni stroj-zaFizeni [ mistroje a nifadi [~ mazadlo, palety
[ wirobni a kontrolni dokumentace [~ méFidla [ predehiaté zapusiloy
[ bezzivadné a uklizené pracovistd [ info z pFedchozi smény
| spravné nastavemi pyrometru [ sprand funkee thidi€ky ] pedgi preats
Uvolnéni vyroby TK: SAMOKONTROLA PROSTOJE
- s pracovoiky v¥roby Ee
| UVOLNENO ) € Srowsemt | oa | do [min] od | do |min od | do |min
[~ NEUVOLNENO [ ANO Zapus
I~ NE P L
By P v spodek
Al Viména kovaciho nafadi, nahiivani = | vreh
B
Varianta vimény |AIB ClDlElFIGlH = | spodek
od | do |min.| Norma vfmény | [ D] Brougeni | od | do [min| od | do [min] od | do |min.
Viména H min. Ostiihovacka H
; : Dérovatka H :
Pifi prekrofent £asove normy, wved piliinu v poanamee. EI Udrsha od | do |min.| od | do |min.| od | do |min
Jiné vimény Strojni : : :
od | do |min. Elektro
induktor ; i i :
praskli zap. FI Jiné od | do (min| od | do [min. do |min.
od | do |mi.n. od | do |mi.11. Nihradni price
B| Sefizeni P P Telid
PRESTAVEA
Denni idrZha stroji a zaFizeni dle [~ ANO
" Pracovni navoedky - Denni udrzba stroje obsluhou ™ provedena: [~ NE
"""""" podpis predibs """
Kontrola pracovistg, dodrZovani technologické kizng, BOZP a PO mistrem: &as: ........ podpis: ....coovenieninns

The Shift list represents record of the shift. There are records concerning taking the shifts

and conditions in the workplace at the beginning and the ending of the shift, but the very

essential information is list of downtimes. The downtimes are divided into six groups: Ex-

change of the Dies (including forging and trimming press together), Setting (meaning set-

ting of the machines), Die Grinding, Grinding in general, Maintenance and Others. The

break is not included into the downtimes.

Based on the information from the Shift list, there is the analysis of the downtimes per

month (December) below:



UTB ve Zliné, Fakulta managementu a ekonomiky 44

3,81%

DIE HEATING
6,62% m EXCHANGE
m SETIING
6,32% DIE GRINDING
GRINDING

3,28%

MACHINE MAINTENANCE
9,18% ELECTRO MAINTENANCE

m OTHERS

Figure 22 — Share of Exchange on total downtime (own processing)

The most significant is the Exchange downtime. It takes almost 38 % share on the total
downtime during the shift. This waste was chosen to be eliminated using the SMED meth-
od.

6.6 SMED Implementation

In the analysis, the SMED method was implemented on the exchange of forging dies only
because of the biggest impact of this type of exchange on the total setup time of the setup

operation.



UTB ve Zliné, Fakulta managementu a ekonomiky

45

SMED (Single Minute Exchange of Dies, rychla vyména naiadi)

Stroj A
[ CMNOST: DATUR STRANA Proved
Vyména zapustek  |3.9.2013 1 Pasekova
CINNOSTI OBSLUHY EAs ZAZNAMU
CELKO¥Y CAS [s] Piemisténi Nastroje Poznamky
N°
A - odhazuje posledni kus z induktoru 8 1 51
1 B - vypina induktor 5
A - vypind pas z induktoru? 8 1 56
2 5
— - - — 8 2 1
A - prechazik A a presouva ventilator
3 8
A - bere =i nafadi z ponku vedle stroje A 8 2 9
12
A - sjizdi beranem lisu doli 8 2
20
A - bere sinaradi z ponku vedle stroje A 8 2 4
154
A - povoluje spodni dil lisu 8 5 15
35
A - povoluje horni dil lisu 8 5 50
50
A - bavi se 5 kolegy (C+D), pak odchazi bokem 8 6 40
45
A - =evraci k lisu a povoluje 8 7 25
C - ho pozoruje 16
A - odklada kii¢ a bere si jiny, povoluje s pomoci D 8 7 4
72
A - jde si pro jiné nafadi 8 8 53
12 D - stoji u skfiné s naradim a diva se dovnit? 230
A - povoluje zezadu stroje A 8 9 5
D - jde za nim 10
B - &plha nahoru na pas z induktoru 8 9 15
14 21
A - povoluje 8 9 36
B - Zel pryd 477
B - pietipovava stroj A 8 10 38
32
D - bere si kii¢ a vyjizdi beranem lisu nahoru, pak 8 1 10
prechazi k ostfihu 230
D - povoluje lis na ostfihu 8 15 0
poskozeny
23 zaznam
A+C - pfichazi zezadu 8 2 3
a7
A - ofukuje liz vzduchem 8 27 | 40
B - pfebira naradi ve skfini
C+D - s bavi 46
g | 28 | 26
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CINNOSTI OBSLUHY

Eas ZAZNAMU

CELKOY¥Y CAS [s]

Piemisténi

Nastroje

Poznamky

A - dokondil Eigténi lisu vzduchem a zadina
ofukovat okoeli lisu

B - =i vybral nafadi a odchazi 67
C+D - jsou mimo zabér
A - dofoukal podlahu a jde si pro smetak 8 29 33
27
A - zameta 8 30 0
229
A - pfechazi zametat dozadu stroje A 8 33| 49
91
A - pfegel zezadu, = nékym se bavi, pak odchazi 8 38120
chybi cca 1 min
210 zdznamu
A - pfichazi, bavi se s kolegou, popochazia bavi 8 38 | 50
sesB 55
A+B - jdou pryé 8 39 45
15
A - jde dozadu pro smetak a zameta tam 8 40 0
chybi cca 1 min
175 zdznamu
A - pfesouva véci zboku stroje A aby tam mohl 8 42 | 88
29 zamest 55
A - jde dozadu (mimo zabér kamery) 8 43 ] 50
30 905
A - ofukuje lis vzduchem 8 58 55
B - pfetipovava stroj A 41
B - vraci se s papirem a podle dat na ném 8 59 | 36
nastavuje stroj & 29
A - stale Eisti lis vzduchem
A - pfechazi dozadu 9 1 5
B - pofad pfetipovava 67
B - odchazi pryé (mimo zabér kamery) 9 2 12
48
— — 9 3 0
A - bere sinaradi a pfechazi dozadu ke stroji A
509
A - spousti beran a utahuje zapustky 9 1129
D - pomaha A 31
A - kontroluje dosednuti lisu 9 12 0
6
A - umistuje matky? 9 12 6
24
A - dotahuje matky 9 12 30
D - podava naradi 47
D - vyijiZdi beranem nahoru 9 137
A - dotahuje 43
9 | 14 0
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CINNOSTI OBSLUHY

CELKO¥Y CAS [s]

Premisténi

Nastroje

Poznamky

A+D - jdou si pro nafadi do skiing

A - vraci se zepfedu ke stroji A a utahuje
D - nic nevzal a jde pryé

A - popochazi a odklada nafadi

A - bere kii¢ a dotahuje spodni &ast lisu

D - je zpatky a pozoruje A pfi praci

A - podava si jiné nafadi dotahuje vrchni éast lisu

A - spouti beran
D - odchazi

A - kontroluje dosednuti lisu a utahuje

A - pfechazi utahovat dozadu ke stroji A

A - odklada kii¢ a pfechazi zepfedu stroje A

A - bere sijiny ki, ten pak odkladd a jdesBaD
pryé

A - vyjizdi beranem nahoru, pak dotahuje
B - podava nafadi

A - spousti beran dold

A - vyijizdi beranem nahoru

A - instaluje hofaky do lisu

A - =pouiti beran doli

A - zhasind osvétleni v lisu

A - odklizi hadry z ponku

A - jde pryé (pro ohef)

A - vraci se 5 ohném (hofici kus papiru?) a
zapaluje hofaky

A - doladuje spravnou pozici hoFaki v lisu

11
141

33
14 | 44

6
14 | 50

33
16 | 23

29
16 | 52

36
16 | 28

27
16 | 55

32
17 | 27

119
19 | 26

8
19 | 34

36
20| 10

138
22 | 28

39
23| 7

5
23 | 12

62
24 | 14

24
24 | 38

12
24 | 50

30
25 | 20

33
25 | 53

67
21 0

2
7|2 5744

Figure 23 — SMED Implementation (own processing)
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The operators are listed in the form under A, B and C letters. The operator A is the smith,
operator B is smith’s assistant and operator D is the foreman. Operator C was worker from
other forging unit, he shall not participate on the setup. Operators in the SMED form are

named in order of appearance in the workplace.

The green highlighted lines are those activities which are correct (according to the setup)
and which are realized as the correct setup (IED/OED).

The yellow highlighted lines are activities for which exists the possibility of raising effi-
ciency by using 5S, adding more operators, using more effective hand tools, reengineering
of the layout etc. There can be also included activities which are conducted as the wrong
setup and which can be transformed from IED to OED. In the table below, the green, yel-
low and red lines are summarized in total times of each type of the working act.

Table 4 — Duration of the work

activities (own processing)

S min

1360 22,7

The setup time in this case was about an hour and a half — the very last number in the

SMED form is 5744 s which equals to cca 96 minutes. Actually the real setup time is ex-
tended by another 30 minutes — the die preheating with the burners. In total, the setup time
for die exchange is 120 minutes. If the yellow and red activities are eliminated, the setup

time is reduced by half an hour.

The output form the SMED application is the Exchange plan.

6.7 Exchange Plan

This document serves operators for better work standardization and it is also used as an

instruction accompanied by visualization elements.
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PRACOVNI NAVODEA Cislo: | VR 010
| | - - - .
V|VA Vymeéna naradi A Daturm:| 16.9.2013
Hranaté /| Hranaté Index: 01
Krok Nazev kroku zmény Obrazek Cas Cas
Ext. Int.
1 iPfiprava ruéniho nafadi na wménu
2 iNastudovani dokumentace nové zakazky
3 Pomaci Klide na eviddacim panelu prepnout kovaci lis do reZimu "SERIZENI - s
Klig prepnout do pravé polohy
4 iBeranem lisu sjet do dolni dvraté lisu (hornim drZakem zapustek na spodni)
5 Pomoci klite na oviddacim panelu pfepnout lis do reZimu "WYPNUTQ" - klié 3
prepnout do prostiedni polohy oznadené "0”
5 Povolit a wyjmout 4x upinaci Srouby spodniho drZéku zapustek pomaoci kKlice 1
c.46
- Povolit a wyjmout 4x upinaci Srouby horniho drZdku zapustek pomoci kKlice 2
c.46
. Pomoci Klite na oviddacim panelu prepnout lis do refimu "SERIZENI® - Klit s
prepnout do pravé polohy. Beranem vyjet do horni dvraté lisu.
Pomaoci VZV wyjmout z kovacino lisu spodni | horni drZak zapustek (u 2LVH
9 oo w . ) B
2500 poudit pfipravek s kulitkami)
10 Ddistita @uchem ofnulfat spou‘nf’i h_c!rm'pracovniprosror kovaciho lisu
(dosedaci plochy spodniho i horni drZzaku zapustek)
1 Pomaoci VZV ustavif’doj]racovnihn pruostoru lisu spodni i horni driak zapustek 5
(u 2LVH 2500 pouit pfipravek s kulickami)
12 F'-omoc:i klite na qvlédacim panelu prepnout lis do rezimu "SERIZENI" - kIié 4
prepnout do prave polohy.
13 iBeranem lisu sjet do dofni dvraté lisu (beranem na horni drZak zapustek).
14 F'-omoc:i Klige na o\jlédgcim panelu pufeppout lis do rezimu “VYPHNUTO™ - kIi¢ 5
prepnout do prostredni polohy oznacene "0”
15 l:lstauit a utahnout 4x upinaci rouby spodniho diZaku zapustek pomoci Klice 1
c.46.
15 I:.Istavit a utahnout 4x upinaci Srouby horniho diZaku zapustek pomoci klice 5
c.46.
47 F'_omoc:i klie na qvlédau:im panelu prepnout lis do r}eﬂmy "SERIZENI" - Kli& 4
prepnout do prave polohy. Beranem vyjet do hormy dvrate lisu.
Sefiditvidku péchovani vyjmutim, popfipadé pfidanim podloZky pod spodni
13 péghov?d{o. Wigka péchqvé!nij? uqér]ay“névodcg pro op?raci "koyf’ml’, 7
ostrihovani, BY - ochlazovani”, pii pridani ci odebrani vychazet od wisky
péchovani pfededlé prace.
19 U’stavit a uvézt do provozu (v pofadi- 1. plyn, 2. ohef, 3. veduch) hofaky 5
rapustek.
20 Ma kovacim lisu nastavit recepturu kovani. Receptura kovani je uddnav
navodce pro operaci "kovani, ostfinovani, BY - ochlazovani™.
Wypracoval: P. Pasekova
Dne:- 16.9.2013

Figure 24 — Exchange Plan (own processing)

This document contains sequence of working acts which are color-coded into external and

internal setups — green represents external setup, red represents internal setup. For better

understanding and visualization on the part of operators, majority of the activities is sup-

plemented by pictures.
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7 OPTIMIZATION

After analysis of the setup operations, several possibilities for improvement were discov-

ered. Firstly it is the layout and purpose of the shift list, secondly reorganization within the

PROPOSAL

die exchange itself and finally it is video instruction based on the exchange plan.

7.1 Shift List

The layout of the document is quite confusing and operators have problems with its proper

fulfillment. Also the division of the downtimes into six groups is not logical. The user-

friendly document should be more structured and easy to understand.

KOVARNA

VIVA

SMENOVY KONTROLNI LIST

Cisla vykovku:

Jakost materidlu:

Cisla zakazky:

Tavba: Cisla beden:
Bezpelnost prace pfi viech pracovnich tkonech dle smérnice BP 001/2005
Datum: Sména: Pracovisté: odpracoviano hodin: |Vykovdno kusi:  |Zmetky celkem:|Prostoje celkem:]
Oranni [ noéni oD:
[ odpoledni DO:
Pracovni zafazeni PREDAK KOVAR POMOCNIK KOVARE

Prijmeni

PREVZETi A UVOLNENI VYROBY

[ funkéni stroj {zafizeni)

[ stav nastrojd, nafadi a méfidel

Uvolnéni vyroby TK:
[ uvolnéno

[ neuvolnéno

[ wyrobnia kontrolni dokumentace

[Jinfo z pfedchozi smény

[ bezzévadné a uklizené pracovigts

[ funkee tidigky

podpis pracovnika TK

|:| nastaveni pyrometru

[ mazadio, palety
[ predehiaté zépustky

Pievzato a uvolnéno:

Ook ko

Samokontrola
pracovniky vyroby

Cano [CInNE

Oano  One

Denni tdriba dle pracovni navodky "Denni idriba stroje obsluhou" provedena:

Kontrola pracoviité, dodrZovani technologické kdzné, BOZP a PO mistrem:

tas, podpis mistra

PROSTOIE

Pfi prekroéeni Easové normy, uved pfiginu v pozndmce.

OD DO MIN NORMA [min

« Plénované [Qoridk [ Zdpustky [|PEch [ Induktor
= Mepldnované |[orsak  [zdpustky []P&ch [ Induktor
g NahFivani/
externi predehiev
'E ZAPUSTKY uko\raci ] [ vrchni [ spodni
2 predkovaci [ vrchni [ =podni
2 OSTRIH
@ DEROVACKA
=
]
o
a0
w
7]
— [ &koleni [ strajni
x E [ éekéni na materil [] elekiro ddrzba
’g E [ néhradni prace
22 [ cikdicd
[ zagkoleni nové obsluhy

Figure 25 — Proposal of new Shift List (own processing)
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Another advantage of the proposed document is the possibility of online fulfillment thanks
to check boxes. This type of registering is easier and clearer.

7.2 Die Exchange

The exchange of dies lasted almost 90 minutes (with die preheating included). This time
can be eliminated by reorganization of operators and transformation of several internal
activities into external. The die preheating is realized as internal after the exchange is done
and lasts almost 30 minutes. This operation can be performed as an external setup as well,
using external preheating in furnace. Only because of utilization of the furnace, the setup
time can be shortened by 30 minutes (the time when the burners heat the dies). With the

work reorganization it is possible to reach another 10-15 minutes of time savings.

Figure 26 — Furnace for external

preheating (own processing)

7.3 Exchange Plan

The Exchange plan is good essentially. For better visualization of the exchange (it is quite
difficult and challenging operation) the short video instruction can be used. Before the
SMED application, the video record is taken and then it is analyzed and based on this rec-
ord the SMED form is fulfilled. This record can be used as an instruction as well. Thanks
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to the software Pinnacle Studio 16, the very essential steps of the setup operation can be
left and these steps could be interspaced by working act description form the Exchange

plan. This video-instruction can serve new employees in their training.

-

KROK 14
Protipovat beran lisu pfes dolni Gvrat.

Figure 27 — Video making in Pinnacle Studio 16 (own processing)

7.4 Economic evaluation and benefits

After shortening of the setup time of die exchange (including utilization of preheating fur-
nace) the whole setup operation can be performed in less than 60 minutes — meaning the

productivity of the forging unit will get higher because of shorter setup operations.

The economic benefits are the time savings converted to CZK using Machine Hour Rate
(MHR). The value of this indicator is 65 CZK per minute. The results are listed in table

below:

Table 5 — Economic benefit of shortening the Setup Times (per year) by using SMED

(own processing)

MHR Setup Time Exchanges per Total exchanges
[CZK/min] [min] year [min]
65 90 420 37800
65 60 420 25200
Time Savings (min) 12600 min

Time Savings (CZK) 819 000 CzZK
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The Time Savings gained by shortening the Setup time of the die exchange is the 819 000

CZK. This number is used in following formula as the revenues. The cost value is repre-

sented by purchase price of the furnace for external preheating.

ROI — Return of Investments

revenues — costs
ROI[%] = p— 100

819000 — 592900
N 592900

* 100 = 38,3 %

The Return of Investments is equal to 38,3 %. It means that the investment brings 38,3 %

of profit per year. This value can get higher if the company use the furnace for more than

one forging unit, than the revenues will be multiplied (according to number of forging

units).
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CONCLUSION

Elaboration of this Bachelor’s thesis had the purpose of identification and elimination of
waste in setup operations. Concerning the characteristics of the process, that was quite

challenging intention.

It was necessary to get familiar with the process in general. | had to get in touch with the
general terminology of the forging process as well as with the sequence of operations with-
in the exchanges of dies. This learning process took roughly three months after which |
was able to describe the process and identify any issue. Then | started my analysis which
took hours of observation in the floor shop with stopwatch and camera recording the opera-
tors performing the setup operation. After | got enough information from the process |
started my analysis using SMED. In this stage | discussed the process with the masters who
helped me to understand the specifics of the setup (e.g. why they use this tool instead of
another one etc.). They also played a significant role in the moment when | needed to
choose those important operations which can be included into the exchange plan. When |
had this work done, the setup operations started to be performed according to new ex-
change plan and it showed up that the setup operation is performed in the shorter time than
it was before SMED implementation because of time reductions of yellow and red high-
lighted activities from the SMED form (those which can be performed as an external setup
or eliminated at all). The next option how to reduce the setup time is to use external pre-

heating furnace — this improvement will shorten the setup time by another 30 minutes.

In total, after implementation of SMED system, the company can reach time reductions
from 120 minutes to 60 minutes. This is not the ending value, there are still options how to
eliminate waste in the setup operations, but the SMED application has shown the most

significant weaknesses in the setup operations.
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LIST OF ABBREVIATIONS

IE Industrial Engineering
IED Inner Exchange of Die (Internal Setup)
JIT Just-in-Time

OED Outer Exchange of Die (External Setup)
PDCA  Plan-Do-Check-Ask
SMED  Single Minute Exchange of Dies

TPS Toyota Production System
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