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onde:

TC = FC+(VCxQ)

— TC = custo total de fabricar uma peca
— FC = custo fixo

— VC = custo variavel por unidade

— Q = quantidade a ser fabricada

Representacéo classica
do custo total versus a
quantidade

Custo Variavel (VC)

Custo Fixo (FC)

Quantidade : = 0
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1C _FC

Q —Q +VC
Log
A
TC
Unid
iu = FC
ni 0
VC
Custo
Unid
0 : - Log
0 - Quantidade > ()

Modelo do custo por
unidade versus a
quantidade, plotado
em papel log-log ou
semi-log
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Figura real do custo por unidade versus a quantidade,

plotado em coordenadas cartesianas
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Log

Unid VC
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Efeito do custo de set-up sobre o custo por unidade
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Método de set-up existente
Set-up Fabricar Verificar Ajustar F;k;rii;:ar —
pecas pecas maguina pecas roducio

Peca
Boa

_Inicio Fim

Li

Método

Set-u Producio
melhorado B &

1a.
Peca:
Boa

Metodo melhorado do set-up reduz o tempo de set-up através da eliminacao
de elementos desnecessarios como o ajuste
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Traditional changeover

Last Ok part of
finishing batch

non productive time

First Ok part of new
batch, manufactured at
standard pace

Remove

> Adjust

<
7

> Trials

i

N

L o

.

-

w

o

Remove tools and
dies, jigs and
fixtures. Cleanse the
machine, the line.
remove parts, tools
and everything
specific to finished
batch.

Get new/other tools,

J

Adjustments.

dies, moulds, fixtures
and jigs.

«Not found at their
regular storage
place

«Not usable/available

Setup
«No fittings!

«\What is the

standard value?

«Who has the
know-how?

stop, check.
«Not gooao

tnal..

Make tests and trials,

Adjust again, new

— |
e
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§ doring set-up pecind
§e) Kuw 2y period
I -t -~
S Externod time

. -
S T = Foted clpsard
Q. changaover time

it =

' (ternal fime)
<
u'TI Set-up time refers to the time taken to physically make the changes to the line in order to run the new
oc product,

|
8 Run-up time is the time taken to make adjustments to the line in order to produce products of the
‘E specified quality at the specified production speed.
‘©
% Changeover reduction simply refers to attempts to reduce the time taken to carry out the changeover

process.
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« Tempo de Setup
— Da ultima peca do tipo “A” até a primeira peca do tipo “B”,
aprovada e liberada para a producao.

+08:45 +09:00 *09:15 *09:30 *09:45+10:00 +10:15+10:30 *10:4511:00 +11:15+11:30 +11:45 +12:00 »12:15 +12:30

Lote da peca "A" Lote da Peca "B"
« Parar Producdo - Fixar + Fazer Amostras
+ Retirar « Ajustar * Aprovar
* Preparar + Fazer Amostras -« Liberar
+ Posicionar + Reajustar * Reiniciar Producao

« Setup Interno - Sao todas as tarefas que, para serem executadas o
equipamento deve estar parado

« Setup Externo - Sd0 as tarefas que podem ser realizados enquanto
0 equipamento ainda esta produzindo o lote anterior
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Consequences of lengthy changeovers

T

Changeovers Change as few as Large series /
are penalties possible batches

Client must
wait

long delays

Poor flexibility

Example of delay

One column represents one
working day of seven hours
(lines).

To get a mixed batch of six
different references, the client
has to wait 20 days (delivery
free of charge), while time
really necessary to
manufacture this order is 6
hours.
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* Infrequent Setups Mean
We Don't Leamn To Do

" Them Wel - B

Large Lots Make _ :
Setups Infrequent : Setups Are Difficult
& Rishy
& ==

Complex Invertory
Control & Scheduling

The Black Hole 117
Of Overthead S
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Fiw WITIIIL S

Consequences of lengthy

changeovers

e,

Changeovers
are penalties

Change as few as

possible

o LW NIRRT

Financial
Immaobilization

Inventories
carryover
costs

Inventories
related risks

Large series /

Setup buffers
and finished
products to

deliver from the
shelf

}

Sensitivity to
fluctuations

{fashion, trends,
evolutions._.)

|

batches

Client must
wait

Enterprise less competitive and

eventually weakened

long delays

Poor flexibility

Necessity to
make forecasts

!

sensitivity to
mistakes
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Consequences of lengthy

changeovers

e,

Changeovers
are penalties

Change as few as

possible

o LW NIRRT
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Immaobilization

Inventories
carryover
costs

Inventories
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Large series /

Setup buffers
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products to

deliver from the
shelf

}

Sensitivity to
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Client must
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Implementing(SMED )is cutting the
chain of negatives consequences
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P e R i,

Change as few as

possible

Large series /

Financial
Immobhbilization

Inventories
carryover
Ccosts

Inventories
related risks

Setup buffers
and finished
products to

deliver from the
shelf

}

Sensitivity to
fluctuations

{fashicn, trends,
evolutions...)

|

Enterprise less competitive and

batches

Client must
wait

eventually weakened

long delays

Poor flexibility

Necessity to
make forecasts

!

sensitivity to
mistakes
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Consequences of quick changeovers

quick
Changeovers

Change as often
as necessary

s S

no financial
immuobilization

o=
- ;;‘i

Fad

MNo
inventories

g Client swiftly
satisfied

Very
reactive

short delays

Very flexible

no necessity to make
forecasts

Orders processed
real time

Competitive enterprise

| No sensitivity

to mistakes




Contetdo da (A) (B) (C)
operagao Preparagao e Operagéao Principal Folgas
arranjo subseqiente
depois da Operacao Operagao
operacao o isi i Tarefa
Maquina perag Eessncig) Al Fisico Fadiga Workshop
= 47.0% 3.0% 24.0% 1.0% 5.0% | 6.0% 14.0%
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Elementos que compdem (A)

sec. %
transporte da matriz 869 3.5
fixacao da matriz 2940 11.7

ajuste 5475 21.7
remogéao da matriz 1789 7.2
miscelaneos 610 2.4

47.0

Analise das operacbées numa prensa de 800 toneladas
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Estagios
conceituais
do SMED

Técnicas
praticas nos )
estagios

conceituais

Estagio 1 (——= Estagio2 ] Estagio3
Determinar o ——wSeparar o ~|Converter
procediment setup intemo o setup int,
existente de Fdo extemno l—-para extemo
setup

Padronizar
Organizar a altpra das
matnzes
Gravar 0 transporte }
em e Iocallza}gac Usar “jigs”
video das matrizes intermed. .
————— —| -y ——— e —— —— =
Estudaras| ¢ | | Reduzir
. 1 setup
7 intemo

R

v — -

Usar fixadores
mais rapidos

= Estagio 4

*1 Eliminar

-] OSetup

| | intemo
Usar fixadores
rapidos

Eliminar

ajustes

Setup extemo: operacdes que podem ser feitas enquanto as maquinas estéo em execugao
Setup intemo: operagdes que podem ser feitas somente quando as maquinas estao paradas

Estagios conceituais e técnicas praticas do sistema SMED (desenvolvido por S. Shingo, 1985)
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a0%

B0%

Setup Time

40%
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Phases of Setup Reduction
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Step 1

Initial Setup Time

Separate setup into preparation and actual
setup, doing as much as possible while the
machine/process is operating
(save 30 minutes)

Move material closer and
improve material handling
Step 2 (save 20 minutes)

Standardize and
improve tooling

Step 3 (save 15 minutes)

Use one-touch system to eliminate
adjustments (save 10 minutes)

Training operators and standardizing
work procedures (save 2 minutes)

Repeat cycle until subminute
setup is achieved

Step 4

Step 5

90 min

60 min

45 min

25 min

15 min
13 min
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Routing diagram before and after changing the order of activities.
The ‘before’ picture was an actual set-up as performed by one person in
an office supply factory.
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Preset desired settings

. .. like the stations on your car radio.

— O©
@

Use quick fasteners

.. . like key rings that allow keys
to be added easily.
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Use locator pins

... like Lego blocks

Prevent misalignment

a
Iy

. . . like electrical plugs with one longer prong
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Eliminate tools

“

. .. like snap on connectors for computers.

Make movements easier

\

. . . like exchanging the drawers
in your dresser.
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Prensa
Matriz Anterior Matriz Atual
'Y Y Y Y YN Y Y ¥ YN NN £ Y Y Y Y Y N

Carro com -
matriz

OO

Roletes podem ser usados para trocar matrizes visando reduzir o tempo de set-
up interno
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Matriz Nova

Matriz Anterior

Roletes
_.b N Y Y. Y Y Y. Y
4 Y Y Y Y 1 ] -1
L

/ ) V/ /7S A ()
Carro =
Gam] rotativo
mesa

Base Freio

da

Prensa 777 %//
© 7 ©

Um carro para troca de matrizes que comporta tanto a matriz anterior como a atual
numa mesa giratoria, adicionando flexibilidade ao processo de troca de matrizes
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Sy f:m Iz
=B

----- N
- i \
! ]
|
Punch i 1.
- Press : i
\_.__.../’
.
L ‘
/ (<= )
Esteira -
rolante )
Vista Lateral
Matrizes na
esteira colocadas |
na ordem de uso
l ‘ ] ] I | -w— Matriz montada
— I 11—
TOdaS as ll:, ':1 l:l ":: l:' l:, l:l I:, l:l l:' l:l I:I I:I l‘;—l
matrizes da i
mesma altura
para eliminar
ajustes
| fomel faus)
. L ]

Prensa equipada com uma esteira rolante para a troca rapida de matrizes



Situacdo em que uma maquina tem quatro tarefas com quatro dispositivos de
fixacdo diferentes, que demandariam quatro fixacdes diferentes, cada uma
consistindo da troca de dispositivos e do alinhamento da ferramenta com a

peca
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Com o reprojeto, os quatro dispositivos s&o montados numa mesa e alinhados
rapidamente. Um castelo revolver substitui a arvore e um dispositivo automatico
de avanco para baixo substitui a haste manual
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Placa
espacgadora

v Vi

Matriz .
e Matriz
macho
Matriz Matriz
fémea fémea

l-’! Altura padrao da base
I — .

Altura padréo da matriz

Uma placa espacadora pode ser usada para padronizar a altura da matriz
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g -
Parafuso Altura padréo
Porca /ﬁz’ -
Placa de Espagador

[
I

base i base
|

{
i
Placa de :
|
|

A. Espagador soldado B. Nao modificada C. Usinada
a placa base

Padronizando-se a altura da placa base reduz-se a necessidade de
parafusos de diferentes comprimentos
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Porca menor
do que o furo

Arruela em
\ Y I /forma de "U"

; e

7/
Placa base Diametro
da matriz externo da Diametro
porca interno do
furo

Slight twist
to position

Furo passa
Tampa pela porca
Furo em forma de péra

% Parafuso W

Porca

Roscas parciais na porca e ne parafuso

Trés fixadores que atuam de maneira rapida, reduzindo o tempo de set-up
interno: (1) arruela em forma de "U", (2) furos em forma de péra, (3) porca
e parafuso com porcoes usinadas para que estes elementos tenham
roscas parciais
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Base
Abre movel

Pungao

ok
NG

—

[®] 2

1 -1

&

7

)

Y

Fins-de-curso para controlar
a profundidade do pungao

Base
fixa

1\

Haste de

R NPy W
1T
v\
Cavidade da
matriz
parada

Instalando-se fins-de-curso em todas as posicoes necessarias

elimina os ajustes do posicionamento do pungao
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el s —— cefmcsanmoem e Trés
posi¢coes
de parada
A , S da maquina
Parafuso de / /
fixacéo '
‘ Preparar a mascara abaixo dos marcadores de acordo com a peca
L—r 1T | I | B
A B A A B B Mascara
A ! A b oA
i

Numero da pega

Uma mascara pode ser usada numa mandriladora para acelerar
0 posicionamento dos limitadores da maquina
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Tempo de set-up 1976 1977 1980
60 minutos 30% 0 0
30-60 minutos 19% 0 0
20-30 minutos 26% 10% 3%
10-20 minutos 20% 12% 7%
5-10 minutos 5% 20% 12%
100 segundos - 5 minutos 0 17% 16%
100 segundos 0 41% 62%

Reducao no tempo de set-up numa empresa real
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Materia-Prima Bottleneck Resources and
Non-Bottleneck Resources

Capacidade (TOC)

UFSC

Gargalo?

Produtos Finais
(satisfaz o
mercado,

teoricamente)
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Pitfall! Pitfall!
Don't deploy TPM and SMED everywhere! Don't deploy TPM and SMED everywhere!
Focus efforts!




Bottleneck Resources and
Devo melhorar Non-Bottleneck Resources

R1e R2? (TOC)
wIP T

UFSC

Gargalo = Foco

Devo melhorar
R4 e R5? (Por
exemplo,
aplicando
SMED)
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Pitfall! Pitfall!
Don't deploy TPM and SMED everywhere! Don't deploy TPM and SMED everywhere!
Focus efforts!




