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RESUMO

No campo da manutengiio de maquinas e equipamentos, os Estados Unidos
foram os primeiros a adotarem a Manutencdo Preventiva (MP), que gradativamente
evoluiu para Manutengfo de Sistemas de Produgdio (MSP), que incorporou 2
Prevengdo da Manutencio (PM) os conceitos provenientes da Engepharia da
Confiabilidade. Todos esses conhecimentos foram assimilados pelo Japdo que ndo
deixou sua cultura de trabalho de lado, fazendo com que a manutengio preventiva
surgida nos Estados Unidos evoluisse para o TPM. _

Hoje o TPM vem se disseminando por todo o mundo reduzindo os mais
diversos custos ¢ aumentando a competitividade das empresas através da jornada
para o zero acidentes, zero falhas e zero defeitos.

Este trabalho mostra as diferentes abordagens de manutencfio existentes até
chegar ao TPM (“Total Productive Maintenace™) que € o grande foco do mesmo.

Além disso, este trabalho possui um estudo de caso que mostra a
implementagiio do TPM dentro da Indistria, além de esclarecer a utilizagdo de
algumas das ferramentas sugeridas por esta metodologia.

Por dltimo, podemos dizer que contribuimos para o fortalecimento e para a
evolucdo do TPM através do esclarecimento do uso de ferramentas da Engenharia de
Confiabilidade como um complemento para as ferramentas cldssicas do TPM.



ABSTRACT

Considering the aspects related to the maintenance of machines and
equipment, United States were the first ones to adopt the Preventive Maintenance
(MP) which gradually developed to the Systems Maintenance Production (SMP).
The latter has incorporate to the Preventive Maintenance (PM) concepts raised in
Retiability Engineering.

Japan, not sefting aside its working culture, has assimilate all this knowledge
and made the preventive maintenance that was conceived in United States develop 1o
the TPM.

Nowadays the TPM is being spread all over the world reducing several types
of coasts and increasing enterprise’s competition throngh reduction of no accidents,
no failures and zero defects jouney.

This report shows the different existent maintenance approaches to arrive to
TPM, that is the real focus.

Besides, this report has a case about the TPM implementation that shows how
1o use some TPM’s toois.

Furthermore, we have given our contribution to TPM showing how to use

some engineering reliability tools as a complement to the TPM tools.
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1 INTRODUCAQ

1.1 Evolucio da Manuteng:ﬁo

A histéria da manutengso acompanha o desenvolvimento técnico-industrial da
humanidade. No fim do século XIX, com a mecanizagio das industrias, surgiu a
necessidade dos primeiros reparos. Até 1914, a manutencdo tinha importéncia
secundéria e era executada Dpelo mesmo efetivo da operagdo. Durante a primeira
guerra mundial somada a produciio em série, instituida por Ford, as fibricas sentiram
a necessidade de criar equipes que Dudessem efetuar reparos nas MJquinas no menor
tempo possivel, surgindo equipes responsdveis pelo tipo de manutengio que &
conhecida hoje como manuten¢io corretiva,

Na segunda guerra mundial as fabricas perceberam que poderiam aumentar
sua produtividade se conseguissem diminuir a freqiéncia de quebra dos
equipamentos com o conceito de vida util, base do que chamamos hoje de
manutencio preventiva.

O fortalecimento das Assoctagdes Nacionais de Manutengiio ¢ 0 aumento da
tecnologia dos equipamentos de medigdo alimentaram a idéia de detectar, possiveis
sintomas que representassem uma futura fatha, dando imicio ao conceito de
manutencio preditiva.

No TPM acredita-se que sucesso da manutengdio depende da produgdo e o
sucesso da produgfio depende da manuiengdo. Com isso a manutengio pode ser
separada em dois tipos basicos: Manutenciio Auténoma e Manutencio
Progressiva,

A manuteng3o auténoma é a manutencio realizada diariamente pelos proprios
operadores das méquinas. A fungdo da manutengio auténoma & manter as condigdes
bésicas do equipamento, com isso o processo de deterioragdo do equipamento serj
reduzido. Através das atividades de limpeza e inspegio os operadores passardo a
conhecer mais sobre seus equipamentos até se transformarem em sensores humanos,
Essa responsabilidade ¢ transferida Jara os operadores, pois se acredita que ninguém
conhece melhor o funcionamento do equipamento que os préprios operadores que



estio diariamente em contato com o mesmo. Assim qualquer variago do
funcionamento do equipamento serd detectada por esses sensores humanos, ¢
conforme o nivel de conhecimento técnico mnecessirio para a resolucéio da
anormalidade o problema poder4 ser resolvido pela auténoma, ou em caso de um
nivel mais elevado o problema ser transferido para a manutenclio progressiva.

A manutencdio progressiva ¢ a responsével pelo planejamento da manutenco,
execugdic da manutengdio programada, desenvolvimento de novas técnicas, execucio
de mspegdes preventivas, atuaglio sobre as falhas maiores bem como estudo de cansa
das mesmas e por fim treinamento e suporte para a manutengfio auténoma.

O TPM ndo ¢ apenas a integracio da manutengio com a produgdio, mas sim
uma estratégia empresarial que age diretamente sobre a cultura da empresa.

A evolugio histérica da manutenggio pode ser resumida em quatro estagios:

- Execugdo sem plangjamento e sem controle (periodo de 1914 a 1930)

- Execucdio com planejamento e sem controle (periodo d €1930 a 1950)

- Execugdo com planejamento e com controle (a partir de 1950)

- Execuglo de parte da manutencgo pelos operadores (a partir de 1971)

Esses estagios evolutivos se caracterizam pela redugdo de custos, aumento da
confiabilidade e disponibilidade dos equipamentos.

1.2 Objetive do Trabatho

O objetivo deste trabatho é mostrar que é possivel aumentar a produtividade
global de uma industria através de uma estratégia que concilia a manutencdo com
produco.

A esta forma de gestdo da produtividade foi dado o nome de Manutengo da
Produtividade Total (TPM), aonde os pioneiros japoneses das empresas do grupo
Toyota vieram a aumentar a produtividade em cinqienta porcento.

Hoje o TPM, que se transformou de uma estratégia que abrangia o
departamento da produgdo para uma estratégia que atinge todos os departamentos das
empresas, faz parte do cotidiano das grandes companhias e vem se destacando como



um grande diferencial competitivo. Mas até chegar ao TPM ¢ muito importante
avaliar a evolugio da manutencfio e conhecer as diferentes préticas de manutencio

existentes, bem como saber quando utilizar cada uma delas.



2 PRATICAS BASICAS DE MANUTENCAO

2.1 Manutenciio Corretiva

A manutengdo corretiva ¢ considerada a primeira forma de manutencfo
existente. Esta surgiu da necessidade de colocar as maquinas para funcionar, assim
que ocorresse uma quebra. Portanto, podemos dizer que esta veio acompanhando a
revolugdo mndustrial. Mas o grande destaque se d4 no inicio da produgio em série, o
fordismo. Pois, a quebra de uma maquina poderia afetar o desempenho de todas as
outras, ou até mesmo, parar a produgio da fibrica. Para evitar estas paradas de
producdo existia a necessidade que estas indusirias possuissem um grande inventario
de componentes e pecas dos equipamentos, com a finalidade de reduzir o tempo para
0 conserto.

A figura abaixo ilustra a forma da curva de degeneragiio para uma atividade
de manutenglo corretiva,

. .
.L- ke te i

et |
Figura 1 - Manuatencio Cerrm'ﬁ'mmCm-‘mde!)egemmg:ios

Sendo:

E(t) - Curva de Degeneracsio

E, = Condig3o Inicial da Pega
‘ E. — Nivel de Degeneragfo para Ocotrer Falha (Dentro de uma
Confiabilidade Estabetecida)



A figura acima mostra que os componentes tendem a degenerar ao Iongo do
tempo levando a falha ap6s um nivel médio de degeneracdo. Como se trata de um
nivel médio existe uma confiabilidade envolvida no tempo estimado para a fatha.

O nivel de degeneragsio ¢ definido como o nivel méiximo de anormalidade
tolerado para o eguipamento. Isto significa que nfo é necessério que exista uma
quebra ou parada para que a manutencio seja realizada, mas sim a0 perceber que o
equipamento est4 funcionando abaixo deste nivel o equipamento dever4 ser reparado.

O segundo periodo de manutencdo representa a acelerago na degeneragdo do
equipamento, reduzindo assim o tempo Atil do equipamento. Muitas vezes este
fendmeno ocorre pelo no estabelecimento das condigdes basicas do equipamento,
como por exemplo, limpeza, lubrificagio e ajustes madequados.

Nio devemos considerar a manutencdo corretiva como uma forma incorreta
de manutengio. Devemos lembrar que a manutencdo tem um prego, por isso ndo
devemos deixar de realizar um estudo de viabilidade econdmica antes de decidir a
forma de manutengdo a ser utilizada. Além disso, existem muitos componentes onde
¢ impossivel determinar 0 momento em que se deve fazer a manuteng3o, pois estes se

comporiam sempre como se fossem novos.

2.2 Manutencio Preventiva

A manutengio preventiva consiste em uma metodologia na resolugiio da
manutencdo planejada, de forma a agir sobre os componentes do equipamento que
estdo com a vida util comprometida, A manutencio preventiva considera que a
necessidade de manutengdo & resultado de uma curva em fungdo do tempo, ou seja,
em periodos de manutengio conhecidos os componentes do equipamento deverdo
receber algum tipo de manutencio, sejam pequenos ajustes, lubrificacio e até a
substituicio de determinados componentes. Como podemos ver, este tipo de
manuten¢fo ignora os sintomas dos equipamentos, o que reduz a eficiéncia desse
sistema, pois permite que o equipamento, muitas vezes, fincione fora das condicdes



ideais, desta forma estaremos perdendo em rendimento, qualidade e demandando
esforgo extra dos operadores.

A prncipal ferramenta utilizada pefos planejadores de manutencio é o
conhecido Programa Mestre de Manutenciio que tem a funcio de relacionar os
equipamentos com as periodicidades ou épocas de execucdio das atividades de
manutencio.

A montagem tradicional do programa mestre de manutengiio preventiva no
sistema manual de controle é através de mapas, onde sdo registrados na primeira
coluna, os codigos de localizaggo (cédigo de equipamento), que é correlacionado nas
colunas seguintes com o nome do equipamento; os cédigos da mstrucdo de
manutencdo e folha de registro de dados, orgdo responsavel pela manutengdo e
periodicidade. Este conjunto é procedido por 52 colunas, uma para cada semana do
ano, onde sdo pintadas as metades dos quadros, das semanas previstas para a
realizagdio dos servigos programados de acordo com a periodicidade estabelecida
para cada equipamento. A outra metade destes quadros € completada com pintura de
outra cor quando o servigo ¢ executado (na semana prevista, anterior ou posterior),
ou utilizando a mesma cor em caso de reprogramacdes e outra no cancelamento do

Servi¢o previsto.

PROGRAMA MESTRE DE MANUTENCAQ PREVENTIVA

CODIGO DE NOME DO INSTR. FORM PERIO. :
MANUTENCAO EQUIPAMENTO MANT REG. DIC. or 49 50 51

52

Figura 2 - Mapa de Programacio da Manutencio com 52 colunas



E comum a elaboragio de mais de um mapa de programa mestre, sendo um
para manutencdo preventiva sistematica (para periodos iguais ou superiores ao
trimestre ¢ normalmente com desmontagem total ou parcial do equipamento), outro
para manutengfo de rotina (para periodos inferiores ao frimestre e normalmente sem
tirar o equipamento de operagdo), onde no lugar de codificar a instrugio de
manutengio ¢ feita uma descrigfio sucinta da atividade a executar, e um ferceiro para
lubrificacdo, cujas colunas indicam as partes do equipamenio a lubrificar, o tipo,
codigo, quantidade de lubrificante, niimero de pontos, periodicidade, entre outros. As
figuras abaixo representam respectivamente exemplos de programa mestre de
manttencio de rotina e programa geral de lubrificago,

PROGRAMA MESTRE DE MANUTENCAQ DE ROTINA
Area Setor MésiAno !

EQUIPAMENTO ATIVIDADE

26 27T 28 29 30 31

Figura 3 - Modelo de Mapa para Manutencfio de Rotina



PROGRAMA GERAL DE LUBRIFICACAO

N° EQUIPAMENTO PARTE *  serv. Periono [EEEESE

COD. QUANT PTOS JF .. ND

Figura 4 - Moedelo de Mapa de Programa de Manutengiio

Uma forma de tomar o mapa de programagfo mais compacto para simplificar
0 manuseio e reduzir a possibilidade de erro na pesquisa ¢ a substituigdo das
cingiienta ¢ duas colunas do mapa de programaciio da manutengfio por uma onde é
escrito 0 mimero da semana, ou semanas no caso de periodos inferiores a um ano,
mantendo-se as demais informagdes do mapa indicado anteriormente.

A utilizacio desse processo de programacdo traz como desvantagem o
prejuizo da visualizagdo das atividades executadas, reprogramadas, pendentes e
canceladas,

O Instituto de Pesquisa da Marinha Norueguesa desenvolveu um sistema de
programacio manual que se denominou “Time Scheduling and Recording” ou
“TSAR”, que tem como base um painel plastico com diversos escaninhos onde sfo
inseridas tiras de cartdes coloridas em forma de “T”, uma para cada equipamento,
onde estdo registrados os dados necessarios para a manutengfio programada desses

equipamentos. Abaixo temos um modelo das tiras em “T”.



Figura 5 - Modelo de Tira "T"°

O uso desse painel facilita a reprogramago da manutenciio no mesmo ano,
bastando trocar a posi¢iio da tira de uma coluna para outra. Também & mais pratico
que outros métodos manuais, por dispensar outras referéncias, pois alguns dados
necessarios 4 manutengfio podem ser escritos na frente e no verso da tira, como no
modelo ilustrado anteriormente. Entretanto, esse cartiio ndio dispensa o uso de folha
de registro de dados ou de variagiio de especificagfio de origem, particularmente no
caso de se desejar, a médio e longo prazo implementar o controle preditivo de

manutencio.
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2.3 Manutenciio Preditiva

A manuten¢do preditiva tem como objetivo determinar o melhor momento
para realizac30 das atividades de manutencio.

Para isso podem ser utilizadas duas ferramentas, a anjlise estatistica ¢ a
anslise de sintomas.

A anilise estatistica é interessante quando existe uma quantidade razoavel de
equipamentos com as mesmas caracteristicas. J4 a analise por sintomas ¢ interessante

quando existe uma grande diversidade entre os equipamentos existentes.

Andlise Estatistica

Este tipo de andlise estd diretamente relacionada & engenharia de
confiabilidade, cuja base foi extraida do curso de Pos-graduagiio lecionado pelo
Professor Dr. Gilberto Francisco Martha de Souza, Portanto, alguma das informacdes
descritas abaixo foram extraidas e interpretadas da apostila do curso de Andlise de
Confiabilidade Aplicada ao Projeto de Sistemas Mecénicos.

Segundo o “US Military Handbook (1970)” confiabilidade € a probabilidade
de um item executar a sua funcdo sob condigdes pré-definidas de uso e manutencio
por um periodo de tempo especifico.

A definicio acima é extremamente mmportante, pois mostra que a curva da
banheira que seri mostrada adiante & vilida para condigdes especificas de
funcionamento do equipamento. Portanto, a curva da banheira para um mesmo
equipamento que nio recebey manutencio adequada difere da curva da banheira com
0 equipamento funcionando dentro das condigdes ideais, ou condigdes de projeto.
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Figura 6 - Curva da Banheira®

A curva da banheira apresentada acima possui trés partes bem definidas,
sendo a primeira a regido de falha precoce, a segunda a regido de faiha aleatoria e a
terceira a regifio de falha por desgaste.

A primeira parte, ou regifio de fatha precoce esta relacionada com problemas
de fabricag8o, que em caso de montagem estdo associadas a algum erro humano do
montador. Isto indica que uma manutengfo incorreta pode levar a este tipo de falha,

A segunda parte, ou regifio de falha aleatéria, que representa o periodo
preferencial para operagio e conseqiiéncia de fendmenos inevitiveis e inesperados.

A fterceira parte, representa um aumento da probabilidade falha que é
ocasionado pelo desgaste do equipamento. Este aumento da taxa de falha fundamenta
o critério de quando as pegas devem ser substituidas associando este periodo a vida
util do produto ou sistema.

A curva da banheira acima representa a curva tipica para componentes
mecanicos. A curva para componentes eletrénicos nio apresenta 2 terceira parte da
figura acima.
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Analise de Sintomas

A andlise de sintomas pode ser obtida através do estudo de informagdes do
passado. Para fazer o estudo destas informacSes podemos utilizar algumas
ferramentas da Engenharia de confiabilidade como FMEA e arvore de falhas.

Os sintomas de uma futura fatha podem ser identificados através do
monitoramento do equipamento, que pode ser realizado através de equipamentos
especificos. Exemplo destes equipamentos sdo sistemas de detecgdo e anslise de
ruidos, sistemas de deteccfio e amilise de vibragdes e equipamentos de
monitoramento de temperatura.

Este monitoramento dentro do TPM muitas vezes & realizado pela
manutengdo auténoma, pois os operadores através de treinamento e atividades de

inspegdo didrias s&o transformados em sensores-humanos.
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3 MANUTENCAOQO DA PRODUTIVIDADE
TOTAL

Da mesma forma que a manutengiio evoluiu ao longo do tempo o TPM
também vem evoluindo. A primeira versio do TPM implementado pela Nippondenso
em 1971 visava o aumento da produtividade do departamento de produgio. Hoje,
com a definicdo estabelecida em 1989 o TPM tem como objetivo aumentar a
produtividade de toda a empresa, ¢ nio somente do departamento de producio.

As tabelas abaixo definem a primeira versio do TPM e a segunda

respechivamente,

Tabela 1 - Definiciic do TPM de 19711
1. O TPM objetiva maximizar 2 eficiéncia dos equipamentos.
2. O TPM visa estabelecer manutencio produtiva para toda vida do equipamento.
3. O TPM esta presente em todos os setores associados 20 equipamento, como

plangjamento, produgsio e manutengao.

4. No TPM todos devem participar, englobando a mais ala diregdo até os operadores
das maquinas.

3. O TPM visa motivagéio de todos através de atividades em times

Tabela 2 - Definiciio do TPM de 1989"
1. O TPM visa criar . uma. corporago . que maximize 2. eficiéncia dos . sistemas
produtivos.
2. O TPM visa prevenir a ocorréncia de todas-as ‘perdas de forma a- alcangar zero
defeitos, zero acidentes ¢ zero falhas,
3. O TPM deve envolver todos os departamentos.
4. No TPM todos devem participar, englobando a mais alta diregdo aos menores
cargos hierdrquicos.
3. O TPM deve atingir o. 2ero. perdas através das atividades dos fimes
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A disseminagfio do TPM ¢ justificada pela tabela abaixo que mostra alguns
resultados obtidos pelas empresas que foram premiadas pela implementagsio do TPM
com sucesso. Os resultados s3o avaliados através de. seis varidveis. Produtividade
(P), Qualidade (Q), Custo (C), Entrega (D), Seguranga (S) e Moral (M).

Tabela 3 - Resultados obtidos por Empresas que Implementaram o TPM’

P: Aumento do valor agregado em 150%
Redugfio 1/50 o niimero de paradas acidentais das maquinas
Aumento da eficiéncia global em 150%

Q: Redugio de 1/10 no indice de produtos defeituosos
Reduciio de 1/3 no indice de refugos
Redugdo de 1/2 no indice de reclaragdes dos clientes

C: Redugiio do nimero de estigios do processo e 30%
Reducio dos custos de manutengdo em 15%

Economia de energia de 30%

D: Redugfio do Inventério de produtos e-de processo em 50%
S: Falta de funcionarios acidentados iguais a zero
Zero incidentes de poluigio

M: Aumento no nimerc de sugestdes para melhorias em 300%

3.1 Maximizac#o da Fficiéncia da Produgiio

A estratégia de maximizacio do rendimento de uma indastria de processo
continuo visa o aumenio da eficiéncia global, ao invés de se enfocar no rendimento
de componentes individuais. Esta estratégia é justificada pelo fato deste tipo de
mdustria utilizar equipamentos de elevada complexidade e grandes dimensdes
(trocadores de calor, compressores, turbinas, eic.).

A eficiéncia de uma industria de processo pode ser aumentada airavés da
eliminagdo das perdas associadas a cada saida (“output™. Muitas destas perdas
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podem ser eliminadas com uma politica de manutengfio e produgido adequada. Mais
que isso, poderia chamar essa politica de Manutengdo e Produgdo Simultdnea. A
idéia consiste em unir a produgéo com a manutengdo, com isto os regponsaveis pela
manutencdo estardo conscientes sobre a importincia da produggo e assumirdo parte
da responsabilidade pelo desempenho desta. E os responsaveis pela produgdo estario
conscientes sobre a importancia da manutengio e serfio responsaveis por parte da
manutengdo. Com esta medida podemos eliminar grandes perdas, _ganhando em
produtividade, qualidade, custo, confiabilidade, seguranga, ambiente e moral.

Para aumentar a performance global de uma industria devemos reduzir os oito

tipos bésicos de perdas:

1. Fmalizacio da Producio

2. Ajuste da Produgio

3. Falha de Equipamentos

4. Falha de Processo

5. Perda “Normal” de Produggo
6. Perda “Anormal” de Produgsio
7. Defeitos de Qualidade
8. Retrabalho

Finalizacdo da Producio:

As industria de processo continuo param entre uma a duas vezes por ano para
execugio da manutengio plangjada As perdas envolvidas estdio associadas a cada
inicio de produgfio, pois devido ao tamanho e compiexidade dos equipamentos estes
necessitam de um tempo minimo para atingir o regime permanente.
Consequientemente, enquanio o regime permanente nfio for atingido, basicamente
toda produgio & perdida Por isso & fimdamental a realizagio de um bom
planejamento de manutencio de forma a minimizar o némero de paradas.
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Ajuste da Producio:

E o tempo perdido quando hd mudangas na oferta e na demanda que reflete
em mudangas dos planos de produgio.

Falha de @uipamentos:

A parada de producdo de uma planta ou de uma célula de produgio gerada
pela perda das fungSes caracteristicas de um equipamento, ou até mesmo devido

uma quebra, constitui uma falha de equipamento.

Falha de Processo:

A falha de processo ocorre quando a planta ou uma célula de produgio para
devido a problemas nfio relacionados ao equipamento, mas sim por fathas do
processo. Como exemplo podemos citar: matéria-prima, formula incorreta, etc.

Perda “Normal” de Produciio:

S#o perdas existentes durante o inicio da produgdio (“start-up™), finalizagiio
(“shutdown™) ou Mudanga de Produto (“changeover”).

As perdas sdo ocasionadas devido ao tempo minimo necessario para se iniciar
a producdo, periodo de aquecimento (“warmup™); e também, devido ao tempo
minimo de finalizag4o da produgfo, perfodo de “resfriamento” (“cooldown™).

Perda “Anormal” de Producio:

E a perda gerada pelo fumcionamento madequado do equipamento ou
anormalidades que interferem na performance.
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Defeitos de Qualidade:

Representa a perda fisica gerada por produtos rejeitados, o tempo perdido na
produc#o destes e a perda financeira devido a degradagdo do produto.

Os defeitos de qualidade podem estar diretamente relacionados a manutengio
inadequada, ajustes incorretos, fontes de contaminago, etc.

Re-trabalho:

Todo material que precisa ser re-processado para se tornar aceitivel constitui
perda por re-trabalho. Deve ficar claro que re-processando o material estamos
diminuindo a perda de matéria. Mas ao mesmo tempo, estamos consumindo energia

extra, esforgo extra, recursos extras, etc.

3.2 Melhoria Enfocada

Descrevemos anteriormente, que para aumentarmos a eficiéncia global de
uma industria é necessdrio eliminar as conhecidas oito principais perdas. Muitas
destas perdas sSio eliminadas através do estabelecimento das condi¢es normais dos
equipamentos (manutencdo auténoma), pequenas melhorias (kaizens) e planos de
manutencdo adequados. Porém, existem problemas de maior complexidade que n#o
sdo resolvidos pelas atividades destes pequenos times. Para esses tipos de problemas
sdo montadas equipes interdepartamentais com o intuito de aplicar a Metodologia de
Melhoria Enfocada para que as perdas associadas ao fenémeno em estudo sejam
eliminadas.

A metodologia de melhoria enfocada est4 resumida pela tabela da DPégina

seguinte,
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Tabela 4 - Resumo da Metodologia de Melhoria Enfocada’

Passo 0: Definir a ponto a ser.atacade

1

Selecionar e registrar um t6pico
Montar um time multidisciplinar
Planejar as atividades

Passo 1: Entender-e problema

ball A S A

Identificar os gargalos

Medir os defeitos, falhas e perdas
Através de uma linha de base
(“baseline™) defina o resultado que
deve ser alcangado (“target™)

Passo 2: Expor tedas anormalidades

1. Liste todas anormalidades
‘Restaure o -equipamento da|

deterioragdio e cormrijz as falhas

menores

‘Estabeleca as condigbes basicas

do equipamento

Passo 3: Analisar as causas

Estratifique e analise as perdas

‘Utilize téenicas de  andlise

(Apéndice)
Utilize tecnologias especificas,
faca protétipos e conduza os

-experimentos

Passo 4: Propor Melhoria

1. Esboce. propostas de melhorias

Compare o custo-beneficio das

‘methorias

Passe 5: Implementar Melhoria

1. Prossiga com o plano da methoria

Faga testes iniciais (antes da
implementagfo)

Supervisione ¢ forne¢a instrugdes
sobre o equipamento com as

melhorias

Passoe 6:-Acompanhar Resultadeos

1. Avahe os resultados

Verifique. se .2 meta foi atingida.
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Sendio foi volte a0 passo 3

Passe 7: Consolidar Resultados 1. Estabeleca padries de controle
para sustentar os resultados

2. Disponibilize procedimentos e

manuais
3. Comunique a manutencao

progressiva sobre as mudangas

Deve ficar claro que a Melhoria Enfocada se diferencia do “Kaizen”
(melhoria da manutengdo autdnoma), pelo fato daquela envolver equipes
multidisciplinares e uma metodologia bem definida. O “Kaizen™ ests associado a
problemas simples que podem ser resolvidas pela autbnoma através de pequenas

melhorias nos equipamentos.
3.3 Manutencio Auténoma

A funcdo do departamento de produgio ¢ produzr produtos com qualidade o
mais rapido e barato possivel. Um fator importante para a obtenggo destes resultados
¢ lidar com as anormalidades dos equipamentos o mais ripido possivel. As atividades
de manutencdo auténoma sdo as atividades de manutengfio executadas pelo
departamento de produgfo, ou seja, pelos proprios operadores.

Abaixo s3o citadas as principais tarefas executadas_pelos responsaveis pela

manutencio auténoma;

1. Operagdo correta e inspegdo didria dos equipamentos para diminuir o
processo de deterioragio sobre os mesmos

2. Restaurar os equipamentos trazendo-os para o estado ideal de
funcionamento. .

3. Estabelecer as condigBes basicas de funcionamenio, ou seja, limpeza,
lubrificacdo e condi¢des de funcionamento adequadas.
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Estabelecendo as Condicdes Basicas

A maioria das fathas dos equipamentos é causada pela deterioracio do
equipamento, portanto a melhor forma de reduzir falhas ¢ evitando a deterioraggo dos
equipamentos. Isso deve ser feito através da limpeza, lubrificagiio e ajustes
adequados tanto da maquina como dos componentes (aperto de parafusos, ajuste de
correias, etc.) do equipamento.

Limpar consiste em remover qualquer forma de sujeira como 6leo, graxa em
excesso, ou qualquer outra fonte de contaminagfio que possa esconder possiveis
defeitos ou até¢ mesmo ocasionar incidentes de qualidade. Exemplo de defeito de
qualidade gerado por fonte de contaminagfio seria embalagens manchadas de graxa
ou 6leo. A sujeira também contribui para 0 aumento do atrito entre partes moveis de
forma a acelerar o desgaste e a deterioragdo das pegas (no caso de produtos quimicos
abrasivos ou oxidantes). Além disso, a sujeira pode reduzir a precisio dos
equipamentos como sensores, sistema de controles, etc.

Abaixo citamos as atividades de limpeza relacionadas a manutengiio

auténoma;

1. Limpar o equipamento regularmente como parte do trabatho didrio

2. Limpeza profunda, ou seja, remover toda camada de sujeira gerada ao
longo dos anos

3. Abrir todas as tampas, protetores de corrente e correia, entre outras partes
que dificultam a limpeza e escondem a sujeira

4. Agir, também, sobre os equipamentos anexados como painéis de controle,
tanques de lubrificantes, compressores, linhas pneuméticas, etc.

5. Identifique as freqiiéncias e as fontes de contaminagio

Praticar limpeza como forma de inspe¢io ndio é uma tarefa facil, para isso &
necessario comscientizar todos os operadores sobre a importincia da mesma A
melhor forma de evitar as paradas menores e outras anormalidades é constituir na
mente dos operadores uma imagem do equipamento funcionando nas condigSes
adequadas.

Abaixo citamos algumas técnicas e formas de inspegao:
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1. Procurar tanto por defeitos visiveis como defeitos ndo visiveis.
Exemplos s#o: superaquecimento, vibragdes, etc.

2. Inspecionar o alinhamento das polias, desgaste das correias, filtros e
limpeza de correias que contribuem para a queda de rendimento do
equipamento.

3. Identifique todos os pontos de dificil limpeza e inspegdio, bem como
pontos de dificil manutengdo (ex: pontos de lubrificagio mal
posicionados)

4. Garanta que o equipamento esta funcionando deniro das condigdes de
processo adequadas (ex: pressdo do ar, velocidade do equipamento,
temperatura de funcionamento, taxa de resfriamento, etc.).

5. Identificar os vazamentos de produto, vapor, agua, 6leo, entre outros.

6. Procure, também, por corrosfio, fatores microbiolégicos no caso de

tanques, dutos e valvulas parcialmente entupidas.

A implementagdio da manutengfio auténoma ¢ dividida em 7 passos, sendo os
passos 1 a 3 (fase 1) os responsaveis pelo estabelecimento das condigdes basicas do
equipamento de forma a eliminar um ambiente que ocasiona deterioragio acelerada
dos equipamentos. J4 os passos 4 e 5 (fase 2) sdo as etapas responsaveis pela
¢liminagfio das falhas remanescentes, ou falhas cronicas, através do aumento do
conhecimento técnico dos operadores e com técnicas eficientes de ajustes e “set up”.
Os passos 6 e 7 (fase 3), sdo as etapas responsaveis pelo padronizago e reaplicagfio
da manuteng3o auténoma em outras areas.

A tabela exibida no Anexo ilustra a experiéncia de algumas empresas
Japonesas como Ajinomoto Foods, Onoda Cement, Nishi Nippon Seitd e Nissan
Petrochemical na implementagdo da manutengfio auténoma.

Passo |

O passo 1 ¢ conhecido como a etapa de limpeza, ou seja, os operadores
passam a ser responsaveis pela limpeza de todo o equipamento. Inicialmente esta
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limpeza ¢ intuitiva e o tempo despendido é muito elevado. Mas o objetivo desta etapa
¢ aumentar o contalo com o equipamento e fazer com que os operadores
intuitivamente conhegam mais sobre funcionamento do mesmo. Além disso, essa
etapa tem como missio conscientizar os operadores sobre 2 importancia da limpeza e
como esta pode afetar no desempenho dos equipamentos. E esperado que no final
desta etapa os operadores tenham eliminado grande parte da sujeira acumulada pelos
anos de trabatho expondo as anormalidades escondidas pela mesma. Além disso, os
operados deverfio iniciar o desenvolvimento das LUPs, ligdo de 1 ponto, que sdo
folhas explicativas de como fazer a manutencdo correta de componentes especificos
do equipamento.

Os operadores deverdo ser capazes, também, de identificar pequenas falhas,
cabiveis ao conhecimento adquirido até o momento, e colocar etiquetas nos pontos
onde estas existem de forma a mostrar que naquele ponto existe um defeito.

No passo 1 é findamental que os operadores recebam treinamento sobre
seguranca e usem todos o Equipamentos de Proteciio Individual Necessarios, pois
estes estardo lidando com partes girantes, componentes energizados, etc.

Veranexo para visualizar exemplos de LUPs e Etiquetas de defeitos.

Passo 2:

O passo 2 € o responsével pela eliminagfio das 4reas de dificil acesso e fontes
de contaminag3o. Como foi dito anteriormente, o tempo de limpeza gasto no passo 1
¢ muito elevado, portanto nada mais sensato que eliminar as fontes de contaminagio,
que s30 os responsiveis pelo acumulo de sujeira e aceleragdio do processo de
degradagdio do equipamento. O tempo de limpeza também deveri ser reduzido
através da eliminacio das regides de dificil acesso, para isso serio realizadas
melhorias pelos operadores que propiciario a eliminagdo das mesmas. Estes j4 terfio
em mente os principais pontos de dificil limpeza, pois j4 passaram por uma longa e
dificil etapa de limpeza no passo 1.
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Passo 3:

No passo 3 deve ser introduzido o Plano de Limpeza Inspegio e Lubrificagio
(LIL), que niio ¢ nada mais que um plano de manutengdo preventiva customizado aos
conceitos da manutengio auténoma. Neste plano deverdo ser colocadas as partes a
serem inspecionadas, o padrio de inspecdo, as ferramentas que devem ser utilizadas,
qual acdio deve ser tomada caso haja alguma anormalidade, o tempo necessario, a
freqiiéncia na realizagiio das atividades e o responsével pela atividade. E importante
que as LUPs existentes estejam listadas neste plano de manutencdo de forma a
instruir como realizar a atividade Jpara cada ponto de inspegfio listado no_plano LIL.

O passo 3 caracteriza-se também pela consolidagio da fase 1, desta forma
devemos garantir gue 2 execucdo da atividade de manutencio faga parte da rotina de
trabalho diario dos operadores. Além disso, ¢ importante que o tempo inicial de
limpeza seja reduzido em 80% com 2 completa eliminacio das fontes de
contaminacfo, 4reas de dificil acesso e com a monitoragio do plano LIL, de forma a
determinar a frequéncia ideal para a realizagio de cada atividade (reduzir a
freqiiéncia das atividades do LIL). Assim estaremos reduzindo os esforgos
necessarios nestas atividades e disponibilizando recursos _para as préximas atividades
da Manutencfio auténoma.

Com o intuito de facilitar o processo de inspegdio, cabe ao passo 3 a
introducdio de controles visuais. Estes devem mdicar as faixas de trabalho dos
equipamentos, os pontos a serem inspecionados e os lubrificantes a serem
mspecionados.

O anexo ilustra um exemplo de plano LIL bem como a utilizacdo de controles

visuais.
Passo 4:
No passo 4 ¢ fundamental que o plano LIL esteja consolidado de forma a

garantir a consisténcia do estabelecimento das condigbes basicos alcancados na fase
i.
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Essa etapa da fase 1 tem como intuito treinar os operadores com relagdio aos
elementos de maquina, transmissso, preumética, hidréulica, elétrica e controle, de
forma a eliminar as anormalidades de maior grau de complexidade que
remanesceram.

Este treinamento deve ser um treinamento basico, pois ndio podemos esquecer
que existe um segundo ramo da manutengio dentro do TPM, manutengio
progressiva, que é a responséavel pela instrumentagsio, planejamento, ¢ solugio de
problemas que exigem um elevado nivel de conhecimento.

Passo 5:

O passo 5 é um passo muito semelhante ao passo 4, onde o foco & o
conhecimento do processo. Para isso o operador devera receber treinamentos e
determinar os ajustes ideais parz o equipamento, desenvolver técnicas de “set up”
répido, e conhecer a influencia do ajuste do equipamento sobre a qualidade final do
equipamento.

Os controles visuais nesta etapa deversio ser consolidados de forma a facilitar
as atividades de inspegfio, acelerar o processo de “set up” marcando as posi¢des
corretas de ajuste e transmitir informagBes sobre seguranca e regras que devem
tomadas na execug#o das atividades de manutencso.

Com a finalizagdo do passo 5 estaremos concluindo a fase 2, para isto é
importante que todas as listas de checagem estejam consolidadas, bem como os

curriculos dos operadores.
Passo 6:

O passo 6 € o responsével pelo gerenciamento da qualidade, nesta etapa deve
ser eliminados todos os problemas referentes a qualidade de forma a atingir o zero
defeitos. Na fase 2 (passos 4 e 5) foi alcangado as condigBes 6timas do equipamento,
0 passo 6 portanto € o responsavel pelos togues finais no sistema de manutengio

auténoma.



A ehminacdo dos problemas com qualidade serdio realizadas com a
padronizagfio dos itens de controle, com a preparagio de fluxogramas e manuais de
qualidade.

Passo 7:

O passo 7 € o responsavel pela melhoria continua do desempenho global da
planta através da expansdo das 4reas atingidas pelo TPM. Com isso, deverfio ser
realizadas atividades de TPM diretamente com os fornecedores, minimizando assim
os fatores externos que prejudicam ¢ desempenho global da planta.

Q passo 7 ¢, também, o responsavel pela finalizagio de toda documentagdo e
avaliacdo dos resultados alcangados pela implementacfio dessa estratégia.

3.4 Manutencio Progressiva

A Manutengio Progressiva € a responsivel pelo plancjamento da
manutencdo, portanto utiliza as diferenies abordagens de manutengfio (preditiva,
preventiva, corretiva, eic.), estudadas anteriormente, para atingir suas metas. A
grande diferenca esta no trabalho junto da produgdo, que vai desde a distribuigio de
tarefas entre a autbnoma e a progressiva até os treinamentos que sdo preparados pela
progressiva para a autdnoma. Desta forma, deve existir uma forte cormmicagio é
sincronismo entre as duas para que nfo haja falhas devido a manutengo inadequada.

Para garantir este sincronismo € extremamente importante que a manutengio
progressiva participe das revisdes dos planos LIL e dos procedimentos de
manutencdo. Além disso, a manutengSo progressiva deve fer representantes nas
auditorias de auténoma e acompanhar os resultados da produgdo.
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Em industria de processo a quatidade esta diretamente associada ao controle
do processo. Portanto, para garantir 2 qualidade final do produto é extremamente
necessario ter total controle sobre as condigdes de processo.

A Manutengdo da Qualidade dentro da industria de processo visa estabelecer
atividades de forma de se garantir condigdes necessérias para produzir produtos
perfeitos. Sendo assim, defeitos de qualidade podem ser eliminados através de
checagens periddicas das varidveis de processo.

A tabela abaixo define possiveis modos de defeitos de qualidade.

Tabela 5 - Exemplo de Modos de Defeitos de Qualidade’

1.Compesigiio fora do especificado,

propriedades fisicas, etc.

Composicio quimica, propriedades,
impurezas

2. Contaminacio Ferrugem, pd, lascas, bactérias, etc.
3. Dispersao Variagio de cor, irregularidade
dimensional, etc.

4, Defeitos visuais

Precipitagio, coagulacio, descoloragio,
efc.

3. Defeitos de embalagem

 Baixo peso, selagem inadequada, etc.
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4 ESTUDO DE CASO

Este estudo de caso tem como objetivo 0 aumento de MTBF ¢ redugdo do
numero de intervengdes realizadas pelos operadores nos equipamentos da linha de
€hvasamento ¢ embalagem de produtos. Abaixo temos um diagrama esquematico da
livha de produgsio que est4 sendo estudada.

Prodato a ver Envasade n’!’mﬁmlﬁﬁhhhi;n
Sistera de Favasamenio E Embabdora
Sinternn de Evcairotammin tﬁw&mﬂ;ewz
A Ewaratora {Cartachos) GEquip de Feclanwnio de Canas

BWQM(QGEME] -~ Frodaole T

€ Secagern de Cola (Balr) PRODUTO

EMBALADDE
ENCATXOTADO

& NiialEo—

Figura 7 - Representaciio da Linha de Produgiio

Um segundo passo foi a realizagio da Andlise de Paradas e Intervengtes do
equipamento com o intuito de priorizar e definir a ordem em que os planos de agéio

serdo feitos e executados,
Os gréificos abaixo permitem visualizar gz participagdo destes sistemas

produtivos no MTBF.
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Figura 8 - Grafico de Paradas por Sistema de Produciio
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Figura 9 - Grifico de Porcentagem de Paradas por Sistema Produtivo

Como podemos perceber o nimero de paradas do Sistema de
“Encaixotamento” ¢ quase 6 vezes maior que o nimero de paradas do Sistema de
Envasamento, representando 69% do total de paradas sobre 2 linha de produgo.

Baseando-se na Teoria das Restri¢des que foi exemplificada de maneira unica
por Eliahu M. Goldratt e Jeff Cox no livio “A Meta®, percebemos que temos um
sisterna gargalo de MTBF no final desta linha de produggo. Porianto este dita o ritmo
de todo sistema produtivo.

Com estas informaces determinamos que a 4rea foco a ser atacada seria o
sistema gargalo de MTBF, ou seja, o Sistema de “Encaixotamento”.

Determinado a area foco, o préximo passo foi priorizar os equipamentos deste
setor produtivo a serem atacados. Para isso foi realizada a analise de paradas com
foco nos equipamentos deste sistema, porém complementado por uma andlise de
intervencoes.

Definimos como intervencdes quaisquer atividades (esforgos) executados
pelos operadores sobre os equipamentos. A figura abaixo mostra um diagrama dos
tipos de intervengdes executadas pelo operador dentro de uma industria que utiliza a
o TPM.
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Figura 10 - Arvore representativa dos Tipos de Esforgos dentro da Linha de Produgiio
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Como podemos ver pela figura acima existem 2 grupos basicos de
Intervengdes: planejadas e ndo Planejadas. As intervengdes nfio planejadas sfo
quaisquer atividades executadas pelo operador sobre o equipamento com intuito de
evitar uma parada do mesmo. As intervencSes planejadas sfo as atividades que o
operador realiza diariamente na operagio do equipamento mais as atividades de
manutencio.

Como podemos perceber é necessario complementar a analise de paradas com
a anglise de intervengles (intervengdes ndo planejadas) para que tenhamos uma
amostra real dos problemas dentro do sistema produtivo em estudo, pois em alguns
equipamentos as paradas seriam muito maiores se nfo existisse um operador
consumindo seus recursos de forma a reduzir o nimero de paradas do mesmo.

Os gréaficos abaixo representam a problematica discutida acima,

Porentgem de ParadasnosEquipamentos da Ares Foco
{Sizterns de “"Encaixolamento™}

mTranspontadorde
Entrada 45 Embaladora

BE mbaladora

EBEquip de Fechamente
de Caixas

% ETransportadorde Saids

de Calxas

Figura 11 - Grifico de Porcentagem de Paradas dos Equipamentos do Sistema de
Encaixotamento
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Figura 12 - Parateto para Priorizacio dos Equipamentos a serem Atacados

O fator critico do grafico acima tenta reproduzir quio probleméticos s3o os
equipamentos em relagio a variavel Intervengfio. Este fator critico engloba o mimero
médio de pessoas, tempo médio, impacto por intervengdo e a freqiiéncia com que as
mesmas ocorrem no equipamento. Para cada varidvel do fator critico foi encontrada
uma porcentagem de influéncia cujo objetivo é focar o fator critico no consumo de
recursos produtivos (consumo de operadores), portanto os maiores pesos foram
dados a freqiiéncia de intervengbes e ao nimero médio de pessoas por intervengso.

Ja o Periodo Pés “Set up” do grafico acima representa o periodo em que 85%
das intervengdes ocorrem. Este periodo é definido como o tempo logo apds o “set
up” necessrio para a maquina iniciar o periodo de operagdo normal, ou seja o
periodo necessério para encontrar a regulagem ideal do equipamento apés a etapa de
“set up”.

O gréfico na pagina a seguir ilustra o estudo das variaveis que compde o fator

critico.
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Figura 13 - Representagio das Varidveis do Fator Critico

Como resultado deste trabalho foi escolhido como equipamento a ser
estudado o Transportador de Entrada da Embaladora.

4.1 Estudo do Transportador de Entrada da Embaladora

Para realizar um plano de acfio eficiente foi realizada uma andlise das causas
das paradas e toques no equipamento estudado somado com uma anélise funcional e
com ¢ FMEA do equipamento.

Os grificos abaixo ilustram o resultado obtido através dessa analise detalhada
das paradas e toques do equipamento foco.

Subsigema s Responsiveis por Paradas &
Torques e Estein Tra nsporfa dor

Figura 14 - Subsistemas Responsaveis por Paradas e Toques na Esteira do Transportador
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Respongiveis por Pamdas no Ssemade
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Figura 15 - Responsaveis por Paradas no Sistema de Transmissdo

Respotsiveis por Pamdas no Siskewma de
Aegulagean de A Eurs

-
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Figura 16 - Responsaveis por Paradas no Sistema de Regulagem de Altura

Como podemos ver existem os quatro problemas basicos listados abaixo neste
equipamento para o qual deveremos realizar planos de ag#o.
1. Fatha de Projeto
2. Ajustes Inadequados
3. Problemas Gerados pelo nfio atendimento das Condigdes Bésicas
4

Vida Util dos Componentes
4.2 Planos de Acéo

Projeto de um Novo Sistema de Transmissfo:

O projeto do novo sistema de transmissio tem como objetivo reduzir as
paradas ocasionadas devido ao escapamento e dificuldade de regulagem da corrente

do sistema de transmiss#o nos “set ups™.
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Ajustes Inadequados:

Para climinar os problemas devido aos ajustes inadequados foram tomadas as
seguintes acdes:
e Tremamento dos Operadores

¢ Criagdo de Procedimentos e “Check-List”

Condigdes Bésicas:

As condigGes bésicas estio diretamente relacionadas a deficiéncias ou até
mesmo a auséncia de Manutencio Autdnoma. Para eliminar estes problemas as
seguintes medidas foram tomadas:

¢ Criagdo do Plano de Limpeza, Lubrificagio e Inspegio (Plano LIL)

* Inspegédo durante operagio (Visual, Barulho ou Ruidos, Vibragio)

s Utlizacio de Etiquetas de Defeito

* Revisdo do Plano LIL junto a progressiva para validar se este atende a
Anélise Funcional e o FMEA

Vida Util dos Componentes:

Para reduzir os problemas relacionados 4 Manutencio Progressiva do TPM
foram tomadas as medidas abaixo

s Selecdo da Forma Adequada de Manutengfio: Corretiva, Preventiva,
ou Preditiva.

e Cracfo de uma Rota de Inspegio

e Integraciio da Manutengio Autdnoma com a Progressiva através das
Etiquetas de Defeitos.

¢ Utilizacfo das Ferramentas de Anilise Funcional e FMEA como base
para determinagfio da forma de manutencéio e na priorizagio dos
equipamentos ou componentes chave.
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Antes de detalhar os planos de agfio tomados para cada um dos quatro
problemas identificados vamos apresentar a Andlise Funcional ¢ 0 FMEA que foi
realizado.

4.3 Andlise Funcional do Equipamento em Estudo

A andlise funcional tem como objetivo descrever as atividades encarregadas
ao equipamento de forma a traduzir a estrutura fisica do equipamento em estudo em
palavras. Existem diversas maneiras conhecidas de se estruturar 2 analise funcional.
Sabendo que o resultado da analise é unico, ou seja, todas possuem o mesmo
objetivo que foi descrito inicialmente, escolhemos a forma mais simples que atende a
nossas necessidades. A forma escolhida foi a Andlise Seqiéncia de Fungdes.

Antes de detalharmos esta andlise precisamos entender o funcionamento do

equipamento abaixo.

Figura 17 - Foto de Parte do Equipamento em Estndo |

Como foi ilustrado no diagrama esquemético da linha de produgfio, primeira ‘
figura deste estudo de caso, este equipamento tem a finalidade de enviar os cartuchos
recebidos pelo Sistema de Secagem de Cola para a Embatadora. Como podemos ver
este equipamento ¢ constituido por uma esteira superior, pelo sistema de transmiss3o

(circulo em verde) que tem a finalidade de transmitir energia mecénica e sincronizar
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as esteiras inferior e superior e pelo sistema de regulagem de altura (circulos em

vermelho).

Anilise Sgﬁencial:

Esta técnica tem a grande vantagem de apresentar a maior probabilidade de
nenhuma fungfo ser esquecida. No entanto esta técnica est4 limitada na determinacio
de fun¢des de sistemas simples, ou seja, sistemas que ndo possuem um grande
numero de fungdes secundérias ou integragiio complexa entre os componentes.

Fungbes primdrias sfo as fungBes exercidas pelos subsistemas ou
equipamentos que estdo diretamente relacionados a uma atividade do equipamento,
ou seja, ¢ a principal funcio do componente. J4 a fungio secundaria é uma funcio
que ndo estd diretamente relacionada com a atividade, _porém permite um aumento do
valor agregado do equipamento (por exemplo o aumento de qualidade), ou seja,
muitas vezes pode ser considerada umn acessorio.

Utilizando os conceitos discutidos acima mostramos o resultado obtido pela

analise funcional do equipamento em guesto.

nte Funca Classi o
Corpo Esteira Superior Guiar Esteira Transportadora Priméria
Estrutural Secunddaria
Suportar Mancais dos Roletes Seaundéria
Suportar Sistema de Transmissdo Secundéria
—_— Suportar Sistema Regu m de Altura . Secundaria
Corpo Esteira Inferior Guiar Esteira Transportadora Pritndda
Estrutural Secundéria
Suportar Mancais dos Roletes Secunddria
Suportar Sistema de Transmissdc Secunddéria
. Suportar Sistema Rguiaggmﬂe Aftura Secundaria
Sistema de TransmissSo ‘Transmitir Rotagio do-Motor para Roletes -~ Primaria .
Permitir Regulagem da Comente . Altura -Secundéria .
Motor Elétrico Transfericr Movimento. Sistema de Transmissio Primaria
Sistemna de Regulagem de Altura Pemitir Reguiagem da Altura do Tunel Pritrdria
Estrutural Secundaria
Base de Fixagdo Fixar Equipamento ao Soio Primaria
Amoriecer Vibrages . “Secundiria
Roletes Transimitir Rotagho do Motor pard Esteiras Priméria
- Esticar Esteiras Tra rtadoras Secundaria -
Mancais Ammazenar Rolamentos dos Roletes Primaria
Rolamentes - Garantir Mov. Rotativo dos Roletes Primaria
Garantir Posicionamento dos Roletes Secundiria
Esteira Transportadora Transportar Embalagens Priméaria

Figura 18 - Resultado da Andlise Funcional
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FMEA:

O primeiro passo tomado foi & realizaglio da identificacio das possiveis
falhas funcionais. Devemos lembrar que a fatha funcional deve levar em conta o
contexto operacional envolvido, por exemplo, a formagfio de uma poga de dleo pode
ser encarada como uma falha para os encarregados pela seguranga, j4 a engenharia
consideraria como falha, se, e somente se, existisse um aumento considerével no
consumo de d6leo. A producdio consideraria como falha se o vazamento de dleo
atingisse uma de suas variéveis produtivas; ou seja, qualidade, MTBF (paradas
menores), PR (paradas maiores), etc. Neste trabalho o contexto ests associado a visdo
da produgio.

Definimos como falha funcional a incapacidade de qualquer subsistema ou
componente em atingir o padrdo de desempenho desgjado.

Utilizando a defini¢io e o contexto da produgao, apresentamos o resultado da

Anilise de Falhas Funcionais.

Funca Falha Funcional Modo de Falha

Transferr Ca a Incapaz de fransp. Cartuchos — Cisalnaments 0o Eno do Rolele
Velocidade de 80 e/min TRolamentos Travados
sem Paradasou Intervengdes Cormeia Transp. Frowa
nio Planejadgs Corrente Solta

. .Quebra de Rodas Dertadas
Rodas Dentadas Travadas
Motor Queimado
Falta de Energia

Transferéncia de Menos de Actimulo de Cartuchos na Saida
§60 ¢/min Perda de Eficiéncia do Motor

i - Sujeira no Como das Esteiras

- Correia Patinando

Paradas ou Intervengoes néo " Cariucho Tombando
_[Praneiadas Excesso Acfimulo de Cartucho
Comeia Escapando
Corrente Escapando

Figura 19 - Resultado da Analise de Falhas Funcionais

Podemos ver que este diagrama relaciona a fungio que deve ser executada,
com as falhas fumcionais. Além disso, este diagrama traz os modos de falha, ou seja,
descreve a maneira pela qual um item fatha em cumprir com a sua funcfo.

As atividades de manutengio tem como objetivo eliminar ou reduzr os
modos de falha atuando nas causas que levam ao processo de falha Todas estas
informagdes estio compiladas no diagrama do FMEA abaixo.
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Efeitos da Faiha
' Parada da Linha de Protuclio
Transportar Eixo do Rolete IAlinfamanto Incotreto dos Roletes Impacto scbre PR & MTBF
Cartuchos Alinhamento dos Mancais JAum. dos Custos de Producio
. JTérmmo da Vida Util
Rolamentos Sujeira
Travados Lubrificacio Inadequada
JTérmino da Vida Util
Transportadora . JParafuso do Esticador Frouxo
Frouxa Ruptura
Processo de Laceamento
ICorents Solta i uahrada‘Comeme
JRegulagam Inadeguada (Pulande
o Tmnco Geradono SsshemadeTransmssao
Quebra de Rodas Tarmmo da Vida Util _
Dentadas Formagao de Trinca devido a Trancos
Y Acoleracie Processo de Fadiga
‘[Rodas Dentadas - [Sujekra
Travadas . [Fubrificaciio Inadequada
_{Témimo da Vida Util

Lubrificacao Inad

4 s@ na EmradadaEmbal Automatica |

Correta Patinande
Sujeira no Corpo da Esteira
Figura 21 - FMEA
Paradas ou Cartucho Tombando  [Sujeira no Rolete [impacts no MTEF
Intervencies “|Correia Patinando Impacic em Quakidade
n3o Plarejadas a muito Alia - {Aum. das intervergdes

' rommm doEshcadorl oquAda

ente Pulando (Osc. Velocidade)

Desgante Acel. ds Componentes

Sujeira na Entrada da Empacotadora
Sujeira na Esteita

tAum. dos Custos de Producio

Excasso Actmulo ‘alocidade Elevada

de Cartucho * JAtura Mutto Baixa {Cart. Enroscando
-BabeadaEmbaladomAubmaﬁm
i mEmdadaEmbal.AMonm

h(‘:omﬁ.swpando [Reg..Inadequada do.Esiicador 42 Coments

ranmdomda'rsam
Defo o ou Desgaste da Conente

Figura 20 - FMEA (Continaacfio)
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Agora com o FMEA em mios podemos dar continuidade aos planos de agéio
que foram citados anteriormente e estabelecer um plano de manutengdio eficiente

{(plano LIL para manuten¢iio autbnoma e formas adequadas de manutencio mais

rotas de inspe¢io para progressiva).

4.4 Detalhamento dos Planos de Agiio

CRITERIOS PARA SELECAO ENTRE MA OU MP

Nesta etapa devemos relembrar que a manutencio auténoma é a manutencéio
realizada diariamente pelos operadores dos equipamentos, jé a progressiva € a
manuten¢do realizada pelos especialistas mecanicos, elétricos, instrumentistas sobre
a supervisdo do planejador da manutencio.

Fica encarregado a manutengfio auténoma realizar as atividades associadas as
condigbes basicas, como atividades de limpeza, lubrificacfio e reparos de defeitos
menores. Portanto a autSnoma esta associada as atividades que possuem uma alta
freqiiéncia de ocorréncia (ex. limpeza), que ndc demandam conhecimentos técnicos
especificos (ex. aperto de parafusos), atividades de curta duraglio de tempo. N&o
podemos esquecer que a autdnoma € o “sensor humano™ da manutenggio progressiva
através das listas de defeitos.

A figura abaixo é o FMEA visto anieriormente, porém as causas bésicas de
falha em vermelho sfio as causas associadas a manutencdio auténoma. Portanto, um

plano LIL bem elaborado deve cobrir todas estas causas bdsicas de falha.
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[Famaﬁncional Modo de Falha Causa Basica da Falha I:e'feitos daFalha
incapaz de Cisalhamento do Travamento dos Rolamentos Parada da Linha de Produgéo
Transportar |Eixo do Relete Alinhamento Incorreto dos Roletes |impacto sobre PR e MTBF
Cartuchos Alinhamento dos Mancais Aum. dos Custos de Producsio
Término da Vida Util
[Rommentos Sujeira
Travados Lubrificaghio Inadequada
Término da Vida Util
Corroia —rReqzﬂagem Incorreta do Esticador
Transportadora Parafuso do Esticador Frouxo
Frouxa Ruptura
= Processo de Laceamento
Cotrente Solta [Quebra da Corrente
Regulagem Inadequada ("Pulando”)

—— Tranco Gerado no Sistema de Transmissao
Quabra de Rodas Término da Vida Util

Dentadas I'Form de Trinca devido a Trancos
Aceleracéio Processo de Fadiga
Rodas Dantadas Sujeira
Travadas Lubrificacio Inadequada
Término da Vida Util
Quebra do Rolamento
Motor Queimado [Perda de Isolamento devido Humidade

Transporte
Menor que
B0 c/min

Velocidade Elevada Impacto sobre PR

Altura Muito Baixa (Cart. Enroscando) Aum. dos Custos de Produgéio
Vel. Baixa da Embaladora Automarica
Sujeira na Entrada da Embal. Automitica
Lubrificacio Inadequada

do Motor [Carga Requerida Acima da Especificada
|Fluxo de Energia Insuficiente

|Corme® Patinando Reg. do Esticador Inadequada

Correla Laceada

Sujeira no Rolete

Sujeira ho Corpo da Esteira

Figura 23 - Distinciie entre Falhas de MA e MP

Paradas out |Cartucho Tombando  JSujeira no Relete {impacto no MTBF

Intorvongbes Correia Patinando Jimpacto em Qualidade

nao Planejadas Altura muito Alta ~JAum. das intervengBes

Corrente Putando (Osc. Velacidade) |Desgante Acel. de Componentes
I_S(u eira ha Entrada da Empacotadora [Aum. dos Custos de Produglo
Sujeira na E_sttaira

Excesso Acdmulo Velocidade Elevada

de Cartucho Altura Muite: Balxa (Cart. Enroscando
Vel. Baixa da Embaladera Automdrica

- Sujeira na Entrada da Embal. Automética
Correia Escapando Reg. do Esticador Inadequada

Cortaia Lacaa_da -

da Guia da Esteira

Corrente Escapando

Figura 22 — Distingéie entre Falhas de MA ¢ MP (Continuaciio)
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A figura abaixo mostra um exemplo de plano LIL para o equipamento em
estudo que pode ser extraido do FMEA estudado anteriormente.

Plano de Limpeza Lubrficacdo e Inspegho (LIL) |Rap E;ip.:
TPM Lecal: Departamento de Embelagem Cédigo: ) :
lustrpbes Checar Duranfe a Limpera
Subsistema Padriio Métododef LUP Ago, se | Tempo | |_Frequéncia Resp,
inspecdo | C. Visual | Anormal | _(min) “[Oy Widso]vr
1 Est Supeor
. JLiPaxdzo do [Verificar Aperts v cv Apettar 2 X Joba (A)
Bxticader e Cond. Blxicey
L2 Comreia [Degradagio, Sujeirs V-R-T "] 124,822 | Usritp 2 X Jodo (A)
1.3 Rakete jei V-R L3l 2 e Joko (A)
|4 Estrotea Suoire V-R-T 141 2 x Jokio (A)
2 Est. Inferkw
1.t Parafimo do [Verificar Aperto v cv Agettar 2 x Fuake (A)
Esticader . | con. Bisicas
1.2 Conrein [Degradassio, Sujeina V-R-T | 12122 | wewive 2 x Pk (A)
1.3 Rolete sicira VIR 191 - 2 x1 Pailo ()
,1.4:5mm.n jei VBT 141 2 X Pwalo (A)
Sht. Trenlesso
3.1 Comrente May Fuciomments V-R 211 | B Defeito I x Rubens (P)
3.2 Rdias Detadas Asn Fociommento V-R - 12 Bl Defuito 1 z Ribers (F)
3,3 Motor M V.R 313 ¢, Superviser 1 X Ceiso (F)
‘Local Lubrificante -Método Tempo | Frequéncia Resp.
:(min} (P MoiYr
L1 Sz, Trasinse
jComente: LDQMSWR#& Lubrificada por Cavppleso = Joko (A
Emnm G Trhe Bonbadas ul - b: Jolo(A)
V- Vigho, 8. Faido, 7. Tan CV. Controle Visual A= Al3oms, P« Progresgve

Figura 24 - Plano LIL

A manutengiio progressiva deveri analisar os efeitos causados pela falha

priorizando as mesmas e com isto determinar as atividades de manutengiio que serio

aplicadas dentro do conceito de seguran¢a e custo-beneficio. O diagrama abaixo

sistematiza uma mavneira logica de priorizar as atividades de manutencio.

SIM O efeito da falha é NAo
evidente pare operagiic
A falhs cqusa perda de funciio ou
dano secundéirio que tenha efeito
direto e adverso sobre a seguranga
operacionml? WAC
SIM A falha tem efeito direto ¢
adverso scbre & copacidade
operacions] do sistemna?
® =]® [w@

®©

] SEGU;ANCA | ]ommcnomﬂ LB@émc‘q Locur.m |

Figura 25 — Diagrama de Impacto de Falha®
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Podemos dizer que o modo de falha tem efeito sobre a seguranga quando a
perda da funcdio possa representar um risco humano ou ambiental

Ja com a priorizagio dos modos de falha, devemos selecionar os tipos de
manutencdo para cada caso. Os diagramas a seguir sistematizam a escolha do tipo de
manutengdo para cada caso estudado anteriormente.

SEGURANCA
NAo

Bxistom tarefas do MANUTENGAQ FREDITTVA
que sejam aplichveis a custo-eficiente para detectar
ou monitocer que a falha forcional podeti ocotrer?

M | w0

| Existern tarefas de RESTAURAGAO que sejem
| apkicaveis a usto-eficiente para elitminar as falhas?

B || e e T e e
L ] l NAO

m Exists algum dim :s mﬁmmqm

v l S l NAO

PROGRAMADS MODIFICACAO QuANTIFICACKO

Figura 26 - Diagrama para Selegiio do Tipo de Manutengiio (Seguranga)®

IEPER.ACIONAIJEOON()MCA l
NAQ
Existern tarefas de MANUTENCAO PREDITIVA

e sejam aplicAveis a ouato-eficierta para detacter
ou monitorar que 2 filbs fancional poders acorrer?

ll M l NAO
’ Bxistom tarefas de RESFAURAGAC que sejam
, apliciveis a tunte-eficients para aliminar as falkas?
& St l NAO
e, Existem tarefis do SUBSTITUIGAO que sejam
aplioéveis a custo-sfioiente para elimier as falhas?
s l NAO
MANUTENCAO Existe slgum PROJETO a evato-sficients que
FROGRAMADA elimine todas as flhas?
[ [
SUBSTITUICAO
PROGRAMADA MODIFICAGAO QUANTIFICACAO
DE PROJETQ DOE RIECO8

Figura 27 - Diagrama para Seleciio do Tipo de Manutencio (Operacional/Econdmica)®
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! OCULTA
.—l_.

v Nio
Existemn tarefas de MANUTENQAO PREDITIVA
que sgam eplicaveis acusﬂ.o—eﬁmentepm Getecter
en que & fulha functonal poderh evomer?

S lNED

Existem tarefas de RESTAURAGAQ que sejam
aplichveis a custo-eficiente para eliminar g3 faltas?

——

sM .| vo
Wmo Existem tarsfas de SUBSTITUIGAQ que sejam
aplichveis a custo-eficients para eliminar as fathas?
[ ST l NAO
MARUTENCAOQ Exister TESTEANSPECOESque sejem eplichveis a
R A custo-cficiénte para descobrir falhas
l .04 l Nio
SUBSTITUICAO +
PROGRAMADA, TESTRANSPHGAO MANUTENCAC
PERIODICOS CORREYIVA

Figura 28 - Diagrams para Seleciio do Tipo de Manutengio (Oculta)®

Agora com 0s critérios necessarios em mios podemos desenvolver o plano de
manuten¢io. Um plano de manutengo eficiente para este equipamento em estudo
deve englobar todos as causas basicas que ndo foram supridos pela manutencio

autSnoma.
A figura abaixo representa um planc de manutengio para o equipamento.

TPM g
Deta:
Tusiiagtes ¥
Frequéncia Resp,
Estimada
1 Eizxo> do Ralete Verificar Deaghetes P11 Operaciooal | . Frogremeda ] 6 Mbses Eap, Mz ()
1.2 Rotete [Verificer Despavtes P12 Operscioml | Programds 45 &Masey Emp. Mee. )
1.3 Rolamerzos Ndmero de Cfelos P13 Opemciceal | Progrzmads 60 6 Mascs Pap. Mec. B
14 Comenee B, de MA P14 Openciont | Caretiva 3 NA Eap. Mee. ()
Est. Infecior
iz do Rolete [ Vaificar Desgartes L1 Operacicasl | Progwmada 50 6 Blses Eap. Mee, ()
2 Roleis Verificar Dergastes P12 - | Opentical | Programsds a5 [3. 572 Esp. Mec. F)
Rolwnenton Nitmere de Chlos P13 Opcatioml | Progamads 60 (3754 Emp. Mec, (%)
4 Camete up. 4 MA P.1.4 Bobuics | Cooctim 3 NA g Mec. ()
Sist. Trananisssiio
1 Motor Top. Complets %8 134 Operaciconl 1 1Am Eap. BAF)
IRodpeDettader | Verifiea Desganes P32 3lz Operaciool 1 6 Mlscr Esp. Mec. (9
3.3 Redutor Ruldos e Folges P13 113 Operaciom] 1 6 Mitpes Erp. Mec @)
Local Lubrificante Métode Tempo,lSF wancia Resp.
L) i
L1 8¢ Tramimbo 1 I
- JKeopmuRedumer  [Lubrificads por Compiets .20 R X1 ¥ B Mec B,

A- Ritnorg, P- Progressw

Figura 29 - Plano de Manutenciic Progressiva
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O plano de manutengiio acima € apenas um resumo das atividades de
martuteng@io progressiva que devem ser realizadas no equipamento. Os detalhes de
como devem ser realizadas as tarefas e agdes que devem ser tomadas est8o descritas
nos procedimentos de manutengiio (P.1.1, P.1.2, etc.).

O controle das datas para a realizagio da manutengfo € descrito pelas rotas de
nspe¢do. A relacio entre os diversos documentos de manutencfio podem ser

entendidos com o estudo do apéndice do software de manutengéio.

NOVO SISTEMA DE TRANSMISSAO

Como dissemos anteriormente o projeto do novo sistema de transmissfo tem
comeo objetivo reduzir as paradas ocasionadas devide ao desprendimento e devido a
dificuldade de regulagem da corrente do sistema de transmissfio nos “set ups”™. Esta
melhoria do equipamento (“kaizen™) tem como objetivo eliminar a necessidade da
regulagem do sistema de transmissdo a cada regulagem de altura do transportador de
entrada da embaladora, para isto foi pensado num sistema auto-regulavel. Além
disso, este sistema deve ser feito de forma a permitir ingulos adequados entre a
corrente ¢ rodas dentadas e, também, garantindo outras boas préticas de projetos
mecinicos.

A figura abaixo representa uma possivel melhoria no sistema de transmissio.

Figura 30 - Esbago do Novo Sistema de Transmissiio
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O desenho acima é apenas um esbogo esquematico da idéia da melhoria, pois
nfio é objetive deste trabalho fazer um projeto detalhado do novo sistema de
transmissd0, mas sim mostrar o conceito existente nesta melhoria.

As polias em laranja estdio fixadas as esteiras superiores ¢ inferiores, as polias
em amarelo estfio fixadas em uma estrutura auxiliar que esta fixada a esteira inferior.
Ja as polias em azul estfo fixadas a estrutura auxiliar que estd fixada a esteira
superior. Com este tipo de dispositivo quando regularmos a altura do equipamento
(movimentar a esteira superior para cima ou para baixo) as polias em azul e a poka
da esteira superior deslizarfo sobre a corrente que permanecerd estdtica permitindo
que haja a regulagem da altura do equipamento sem a necessidade de fazer o
estiramento da corrente ou qualquer outro tipo de regulagem do sisterna de

A tabela abaixo representa os resultados que serfo alcangados com o novo
sistema de transmiss@io no equipamento em estudo para cada varidvel do TPM

(PQCDSM).

P Redugdo do Tempz de Set Up em 73% (30 min para 8 min)
Redugéo do Peripdo Pas Set Up em 83% {120 min para 20 min)
Reducio de Paradas de 50% {114 paradas por més para 57}
Eliminagto de 60% do Total de Toques (2 Oper. no Ajuste de Transmiss&a para O Oper.)
Eliminag&o da Possibilidade de Contaminacéo de Cartuchos Durante os Aj

s mento de Cipaefdaﬂe Camprwada {Ganhu de 340 caixas pra Setup tle Tamanbﬂ)
S El:mmacéo de Risco de Amputagdo de Membros

Eliminacdo de Riscos de Problemas Ergonomicos
M Eliminagdo de Pontos de Alto "Stress” para Operadores

Figura 31 - Resultados Esperados com o Nove Sistema
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5 CONCLUSOES

Esta dissertagdo teve como objetivo mostrar um pouco das diferentes formas
de manutenciio até chegar a manuten¢éo da produtividade total.

A principal mensagem que deve ser transmitida por este trabalho é a visdo do
TPM como uma forma de se obter vantagem competitiva, seja com relagio a
qualidade, produtividade ou até mesmo pelo ambiente agradével de trabalhio gerado.

Devemos salientar que 0 TPM deve ser introduzido pela mais alta lideranca
da empresa, pois este necessita transitar pelos mais diversos niveis hierirquicos para
que seja um processo consistente e estabeleca o retorno esperado.

A implementacio do TPM ¢é delicada a medida que se introduz novés tarefas
a todos os funcionérios da empresa, pode-se gerar no inicic uma grande reatividade,
pois possivelmente os operadores dos equipamentos se sentirdo sobrecarregados. Por
iss0, ¢ extremante importante que antes do inicio da implementacio do TPM exista
uma fase preparatoria Todos os passos do TPM deverdio ser implementados dentro
da curva normat de aprendizagem de modo que cada avango seja consistente, isto
significa que a implementagdo de cada passo é um processo lento que pode consumir
meses ou até mesmo anos. Por outro lado, a melhoria do ambiente de trabalho gerado
pela evolugo do TPM e cumprimento das metas estabelecidas em cada passo fazem
com que toda reatividade inicial dos funcionarios se transforme em motivagiio para
um trabalho.cada vez mais eficiente.

O estudo de caso cumpriu com a sua meta que era encontrar o equipamento
gargalo (priorizagdo), explodindo este até chegar a causa raiz. Encontrada a causa
raiz, mostrou-se como realizar ¢ executar um plano de agéio dentro da metodologia
do TPM. Plano de agfo, este, que contribuiu para a melhoria do plano de manutencio
auténoma, progressiva e, até mesmo, como melhoria de projeto.

Por tanto, o estudo de caso_pode ser reaplicado como uma metodologia para
priorizar e solucionar poténcias falhas como para estabelecer um plano de
manutencio eficiente.

O trabatho introduz a idéia de um sofiware de integracio da manutengic com
a produgao. Este software tem a grande vantagem de facilitar a comunicagio entre os
diversos pilares do TPM, porém ¢ findamental que os procedimentos contidos no
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formato eletronico estejam o mais proximo possivel de seus usuarios, para que esses
nfo sejam esquecidos com o passar do tempo.

Por dltimo, este trabalho poderia ser complementado através do
aprofindamento de cada assunto tratado do TPM, bem como da elaboragio de um
software que saisse do conceitual partindo para um programa que tivesse uma real
aplicacfo dentro da industria.



Os anexos foram retirados do livro:
Tokutaro, S. TPM in Process Industries. Productive Press, Portland, c1995

6.1 Medindo a Eficiéncia

L

2



Overview of TPM in Process Industries

long-term value of TPM and will provide the physical and organizational sup-
port needed to solve the various problems that are likely to surface during
implementation. Preparation for TPM begins formally when this announce-

ment is made.

Table 1-2. The Twelve New TPM Development Program Steps

Step

Key Point

Preparation
1. Formally announce decision to introduce TPM

Top management announcement at in-house meeting;

publish in company magazine

2. Conduct TPM introductory education
and publicity campaign

« Senior management: group training for
specific management levels
« General employees: slide shows

3. Create a TPM promation organization

« Steering committee and specialist subcommittees
« TPM Promotion Office

4. Establish basic TPM policy and goals

» Set baselines and targets
« Forecast effects

5. Draft a master plan for implementing TPM

From preparation stage to application for PM Prize

Introduction
6. Kick off TPM initiative

Invite customers, affiliates, and subcontractors

implementation

7. Build a corporate constitution designed
to maximize production effectiveness

Pursue the ultimate in production effectiveness

7-1 Conduct focused improvement activities

Project-team activities and workplace
small-group activities

7-2 Establish and depioy autonomous
maintenance program

Proceed step-by-step, with audits and
pass certificates at each step

7-3 Implement planned maintenance program

» Corrective maintenance
+ Shutdown maintenance
« Predictive maintenance

7-4 Conduct operation and maintenance

Group education for group leaders who

skills training then pass on their training to members
8. Build an eafy management system Develop products that are easy to use
for new products and equipment and equipment that is easy to use

9. Build a quality maintenance system

Establish, maintain, and control
conditions for zero defects

10. Build an effective administration and support system

« Increase production-support effectiveness
« Improve and streamiine administrative
functions and office environments

11. Develop a system for managing health,
safety, and the environment

Assure an accident-free, pollution-free environment

Consolidation
12. Sustain full TPM implementation and raise levels

« Apply for PM Prize
» Aim for even higher targets
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8. Reprocessing Losses

Reprocessing losses are recycling losses that occur when rejected material
must be returned to a previous process to make it acceptable.

In the past, people concentrated on the condition of the final product, and
tended to overlook losses in intermediate processes such as production-rate
losses and energy lost from recycling. In process industries, however, we need
to re-examine the notion that recycling is permissible simply because it can
make rejectable product acceptable. We must bear in mind that recycling is a
significant loss and wastes time, materials, and energy.*

Table 2-1. The Eight Major Plant Losses — Definitions and Examples

Loss Definition Units Example
1. Shutdown loss Time lost when production stops Days Shutdown work, periodic servicing,
for planned annual shutdown statutory inspections, autonomous
maintenance of periodic servicing inspections, generat repair work, etc.
2. Production Time lost when changes in supply Days Production-adjustment shutdown,
adjustment and demand require adjustments to inventory-reduction shutdown, etc.
loss production pians
3. Equipment Time iost when equipment Hours Failed pumps, burned-out motors,
failure loss suddenly foses its specified damaged bearings, broken shatts, efc.
functions
4. Process Time lost in shut down due to Hours Leaks, spills, blocks, comosion,
failure loss extemnal factors such as changes erosion, dust scatter, misoperation
in chemical or physical properties
of materials being processed,
operating errors, defective raw
materials, etc.
5. Normal Rate and time losses at plant Rate Production rate reductions during
production startup, shutdown, or changeover decrease, warmup period after startup,
loss hours cooldown period before shutdown,
and product changeover
6. Abnormal Rate loss occuring when plant Rate Low-load operation, low-speed
production underperforms due to malfunctions decrease operation, and operation at below
loss and abnomalities standard production rate
7. Quality defect Losses due to producing rejectable Hours, Physical and time losses due to
loss product, physical loss of rejected tons, making product that fails to meet
product, financial losses due to dollars quality standards
product downgrading
8. Reprocessing Recycling losses due to passing Hours, Recycling nenconforming product
loss material back through the process tons, from the final process to the starting
dollars process to make it acceptable

* In certain industries or with certain products, reprocessing or reworking is impossible. In plants where
this applies, what would have been reprocessing losses are treated as quality losses, and the eight major
plant fosses are reduced to seven.
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Overall Production Number of Number of
Effectiveness Number/; Equipment Fallures Number/,  Process Fatlures
% year
907 204
Target
1 i i -
707
60 104
50 -
401
30 o 0
(FY) Base- Year 1 Year2 Year 3 {FY) Base- Year 1 Year 2 Year 3 (FY) Base- Year 1 Year 2 Year 3
ling line line
Time/ Product Number of
change-y Changeover Time Number/ Warranty Claims Defect Rate
over year %
1201 2+ 84
1004
6~
80
60+ 1 4+
A0
24
20+ Target
o Target: 0 . B
(FY} Base- Year1 Year 2 Year 3 (FY} Base- Year 1 Year 2 Year 3 (FY} Base- Year 1 Year 2 Year 3
line line line
Number of Number; Number of Improvement
Product Inventory Number/ Accidents person/ Suggestions
Months year | (Notrequiring time off work) year
3 34 40+
2 =
20_
1 -
5 Target: 0
(FY) (FY)0 (FY)c Base- Year 1 Year 2 Year 3

Base- Year 1 Year 2 Year 3
line

Base- Year 1 Year2 Year3
line

fina

% TPM targets have been achieved and a zero-loss workplace culture has been created
* The idea of looking after one’s own equipment has taken root and motivation to improve is growing
* Changes in aquipment and people have made everybody confident and positive

Figure 12-1. Example of TPM Benefits
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Table 10-3. Safety Audit Sheet

o SI"GP 1 , Plant or equipment:
o s Auditdate: ___/ __ / Augditor:
{Rotating and sliding parts) Type of audit: [ ] Seff-audit [} Group-leader audit
5 ol Eval- R
Hem Evaluation criterion uation emarks

ROTATING AND SLIDING PARTS

1. Are any rotating parts exposed?

Covers secure, no room to
insert hand from behind

2_ Are rotating shafts free of projections
(screws, couplings, etc.)?

Set bolts should be of the
lost-head type

3. Can fingers be trapped by the movement of
pistons, carts, etc?

Atieast 3 cm between moving
part and frame, etc.

4. Must any adjustments be performed ciose to
working machinery?

Stop machinery to perform adjust-
ments {locate moving parts where
they cannot be accidentally touched)

5. |s there any possibility of straying carelessly

Isolate by means of fencing

prevent serigus accidents) secured by
interfock devices?

into a danger area white a machine is running?{ or chains
6. Are any rolier intakes exposed? Protect with covers or bars
| 7. Are important covers (ones tnat help Equipment should stop

automatically when such
a cover is removed

8. Is there any possibility of getting caught in

Display reverse rotation

screw mechanisms? or rotor attachment
9. Are biower intakes safe? Cover with wire mesh
10. Are pneurnatic and hydraulic cylinders Take measures to protect
properly bled? against faliing objects
11. Are rotation directions clear? Display clearly
Indicate cleary using

12. Are danger points clear?

signs or color-coding

EMERGENCY SHUTDOWN

1. Are emergency stop buttons positioned for
easy operation?

Mark locations clearly, and position
for seli-operation in emergency

2. Are emergency stop buttons appropriately
shaped and colored?

Color in red, use mushroom-shaped
buttons, bars, etc.

3. Does the equipment shut down safely
when an emergency stop button is pressed?

Rollers and other closing devices
open (power is released)

equipment is altered?

MANAGEMENT
1. Are “pointing and naming" drills displayed L
in important locations? Indicate clearly
2. Are hidden danger sources being detected Display so that
and corrected (including work methods)? everyone understands
3. Are people retrained when work or Manuais prepared and suitably

revised; training results recorded

Evaluation Exampie:

Use the assessment criteria ( % ) to indicate whether an improvernent has been completed. For faimess, if it is
impossible to achieve this level nght away, assess as comrected ( O) if the following two conditions are satisfied:
1. An action plan list (SW1H) has been prepared for achieving this level.

2. Color codes, waming signs, and prohibitions are satisfactorily displayed.

Pass/fail Criteria:

1. Fall if four or more slight danger points (ones that could lead to minor accidents) have been missed
2. Fall if even one critical danger point (one that coutd lead to a serious accident) has been missed

3. Pass if ail deficiencies have been corrected

""'.'_‘""'"..': .
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Table 3-3. Step-by-Step Procedure for Focused Improvement

Activity/Step Detailed Outline
Step 0: Select improvement topic 1. Select and register topic
2. Form project team
3. Plan activities
Step 1: Understand situation 1. ldentify bottieneck processes
— 2. Measure failures, defects, and other losses
3. Use baselines to set targets

1. Painstakingly expose all abnormalities
2. Restore deterioration and correct minor fiaws
3. Establish basic equipment conditions

Step 2: Expose and efiminate abnormalities

1. Stratify and analyze losses

2. Apply analytical techniques (P-M analysis, FTA, etc.)

3. Empioy specific technology, fabricate prototypes,
conduct experiments

> Step 3: Analyze causes

.

Step 4: Plan improvement 1. Draft improvement proposals and prepare drawings
2. Compare cost-effectiveness of altemate proposals and
compile budget
3. Consider possible harmful effects and disadvantages

Step 5: Implement improvement 1. Canry out improvement plan
2. Practice early management (perform iest operation and
formal acceptance)
3. Provide instruction on improved equipment, operating
methods, etc.

. Evaluate results with time as improvement project
proceeds

. Check whether targets have been achieved

. if not, begin again from Step 3 (analyze causes)

-

Step 6: Check resuits

w

. Draw up control standards to sustain results

. Formulate work standards and manuals

. Feed information back to maintenance prevention
program

Step 7: Consolidate gains

wNn =

Selecting the Topic

Although sections and subsections in a plant select their own topics, the
themes must still harmonize with plant goals as a whole and with company
policy. They also should deal with processes or equipment giving rise to major
losses such as recurrent quality defects, costly customer claims, high subcon-
tracting fees, extensive rework, or serious powder spills and liquid leaks. Start
with topics that will yield the greatest loss reductions.

Remember also that the easiest way to achieve acceptance of a focused
improvement program is to start in the areas that produce the biggest headaches
in daily production. This will require managers to visit the production area to
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P-M ANALYSIS

P-M analysis is a technique for analyzing phenomena like failures or pro-
cess defects in terms of their physical principles and elucidating the mecha-
nisms behind those phenomena in relation to the four production inputs
(equipment, materials, people, and methods). It is a suitable technique for tack-
ling chronic losses. (See Figure 3-3.)

Phenomenon ]—E
Physical

Mechanism j_@
4Ms *

* 4Ms = Equipment, materials, people, and methods

Figure 3-3. P-M Analysis

Characteristics of P-M Analysis and Cautions on its Use

P-M analysis is especially suited for addressing losses that arise from a
variety of complex, interrelated causes, intractable problems that resist repeat-
ed attempts at solution by other methods; and chronic problems that promise
to be time-consuming in their solution. For this reason, improvement teams
often use P-M analysis when they seek the ultimate improvement — to reduce
a defect rate from 0.5 percent to zero, for example.

When the occurrence rate of losses and failures is as high a level as 5 or 10
percent, teams should first reduce the level using conventional methods such as
restoring all signs of deterioration, establishing basic conditions, and applying
why-why analysis. P-M analysis is appropriate only when these methods no
longer yield results. (See Figure 34.)

Defect rate Use conventional techniques
Failure rate (why-why analysis, etc.) Apply P-M analysis
‘
5~ 10% N o 0.5% 7 » 0

Figure 3-4. Correct Application of P-M Analysis



Step 5: Determine Optimal Conditions

Based on actual objects, drawings, and standards, determine the optimal
condition for each causal factor. Ideally, what conditions, if present, will pre-
vent this problem from occurring? For example, are standard values for process
conditions identified? Do practices exist that will ensure they are followed?

Step 6: Investigate Measurement Methods

Determine the most reliable ways of measuring the gaps between the
causal conditions and their ideal values.

Step 7: identify Deficiencies

List all factors that deviate from the optimal and any incidental minor
flaws or abnormalities. Using the methods identified in the previous step,
survey the relevant processes and mechanisms and identify all deviating con-
ditions.

Step 8: Formulate and Implement an Improvement Plan

Draw up and implement a plan for correcting each deficiency and control-
ling or eliminating its recurrence.

Key Points in Performing P-M Analysis

Steps 1 through 4 represent the first stage of a P-M analysis. In performing
Steps 3 and 4, it is essential to observe the actual plant and equipment at the site.
Preparing a three-dimensional structural drawing is extremely helpful for per-
forming analytical work while the plant is still on stream.

Chronic losses are often caused by factors that have been consistently over-
looked. To get at these hidden roots of problems, P-M analysis is specifically
intended to expose every possible contributing factor. Do not exclude any fac-
tor when considering the relationships between the conditions that give rise to
the problem and the production inputs. Be careful not to throw cold water on
anyone’s opinions. If you omit factors at this stage, the improvement plan will
be incomplete and the problem may not be eradicated.

The key to the second stage of the P-M analysis is determining the opti-
mal conditions or standards and checking how these deviate from the actual



situation. For example, you cannot take the correct action if you do not know
the optimal values of physical properties (viscosity, concentration, PH, grain
size, and moisture content) and the standard values of the factors that influence
them (temperature, pressure, degree of vacuum, flow speed, flow rate, and so
on). The same naturally applies to performance, precision, Capacity, and other
attributes of machinery, static units, catalysts, and so forth.

Selecting measuring instruments and techniques for checking discrepan-
cies between actual conditions and standards is also important and requires
considerable investigation and preparation. Some topics may require the use of
reconstruction test apparatus or other devices not available within the compa-
ny, and you may then have to consider leasing the equipment or commission-
ing outside agencies to perform the work.

FAILURE-LOSS REDUCTION PROGRAM

To achieve zero failures, it is essential to uncover all hidden defects in
equipment conditions. The six measures described below are designed to deal
with these defects once they have been exposed.

The Six Zero-Breakdown Measures

1. Eliminate accelerated deterioration by establishing basic equipment
conditions (cleaning, lubricating, and tightening). The most basic activity is to
establish and maintain the minimum conditions required to keep equipment

use. Equipment is designed for use under certain conditions, and these must be
adhered to. For example, pumps are designed to handle materials with certain
properties at certain pressures, viscosities, temperatures, and so on. Operating
them under different conditions is bound to cause accelerated deterioration,
greatly shorten their lifetimes, and result in unexpected failures.

The same applies to catalysts. Using them under conditions for which they
were not designed produces abnormal changes in the products being treated,
adversely affect the rest of the production process, and leads to process failures
(blocks and so forth) and quality failures,

It is particularly important in process industries to operate all machinery,
static equipment, catalysts, and so on in accordance with their specifications to
minimize the possibility of major accidents.



THE SIX ZERO-BREAKDOWN MEASURES

I

checking, and
lubricating standards

methods
4. Standardize process

Establish Basic @ Compiy with @ Restore Deterioration —’
Conditions Conditions of Use Detect and Predict Restore and Prevent
1. Cleaning 1. Set operating and Deterioration Deterioration
Eliminate causes handling conditions — 1. Check processes using | 1. Evaluate and prioritize
of accelerated set values for pressure, the five senses and equiprent (select PM
deterioration degree of vacuum, identify areas of equipment}
2. Tightening — temperature, : deterioration 2. Prepare equipment logs
Check nuts and boits concentration, viscosity, | | 2, Check equipment using * Control equipment
and prevent loosening maisture content, grain the five senses and records
3. Lubrication size, efc. identify deteriorated « Optimize service
- Lubricate where 2 Standardi;e operation parts intervals
needed and replace and handling methods -~ | | 3. Prepare periodic patrol 3. Standardize periodic
dirty lubricants prepare manuals and checking standards overhaul inspection

+ improve lubrication provide OJT 4. Prepare periodic procedures
systems 3. Standardize adjustment/ inspection and » Prepare annual

* Standardize setting tasks replacement standards maintenance calendar
lubricant types [ st adjustment points || 5, 5ot an srandardize * Computerize

4. Prepare cleaning, * Improve adjustment replacement angd information processing

restoration times, e.g.:
- Filter washing times

4. Standardize
disassembly, assembiy,

startup and shutdown * Cycle times for and repiacement tasks
procedures caltalysts, etc, 5. Improve work methods
+ Sieve screen cleaning for inspaction,
times teplacement, and repair
6. Devise techniques for 6. Tighten control of
recognizing signs of maintenance materials
process abnormality and spares
7. Formulate condition * Standardize and
monitoring standards — centralize
specify measuraments « Draw up inventory
and improve measuring contre! standards
equipment 7. Tighten control of
drawings and data -
share and centralize
data; improve retrieval
techniques
———
Production Department

1. Daily checking and lubricating

2. Operation and manipulation

3. Eatly detection of abnormalities

4. Adjustment and sefting

5. Minor improvements 1o contamination
sources and inaccessible places

Figure 3-5. The Six Zero-Breakdown Measures



Abolish Environments
Causing Accelerated
Deterioration

Correct Design
Weaknesses

1. Countermeasures
for major contamination
spurces
+ Expose contamination
sources
+ Perform general
inspection of powder
scatier locations
» Perform general
inspection of powder
coilection and disposal
equipment
* Reduce sources of
powder spills, liquid
leaks, and gas leaks
* Remove accumulated
materials from
buildings and
structures
2. Countermeasures
against important
inaccessible places
» Identify hard-to-check
and hard-to-measure
points
« ldentify areas of poor
layout
* Improve inaccessible
places
3. Suppeort autonomous-
maintenance
improvements in
contamination sources
and inaccessible ptaces

1. Eliminate weaknesses
inherent in equipment
as a result of design or
fabrication defects
+ Dimensions, strength
« Materials
« Equipment
construction, parts
construction

+ Shape {chute
gradients, etc.)

» Corrosion resistance

» Wear resistance
2. Improve resistance to
environmental conditions
* Improve anti-corrosion
painting

« Investigate new
corrosion-resistant
matetials

« Consider new lining
materials

3. Improve bottieneck
processes — introduce
measures to prevent
overloading

4. Adopt measures to
provent recurrence of
major failures

@ improve Operating and Maintenance Skills

Ensure Correct Operation
and Manipulation

Ensure Error-free
Repairs

1. Prevent operating and
handiing errors
* Prepare manuals
detailing changes in
physical properties and
operating conditions
* Dispiay correct
adjustment values
on equipment
* Introduce more
visual controis
* Mark pipes with flow
direction and contents
* indicate whether
valves are open
or shut
+ Provide clear displays
on measuring
instruments
+ Indicate rotation
directions
* Employ error-proofing
and tagging
2. Prevent errors in dealing
with abnormalities
» Standardize
procedures for
handling abnormalities
+ Standardize prediction
techniques
3. Ensure safe working
« Install safety interlocks
+ Indicate whether
switches are on or off
« Provide accident
prevention training and
sharpen individual
danger awareness

1. Prevent repair errors

+ Analyze recurrent
faitures

* Improve repair
methods

+ Standardize materials
selection

+ Standardize parts
and spares

* Formuiate work
standards

« Draw up work order
standards

2. Prevent acceptance
errors
= Strengthen
supervisory skilis
» Formulate acceptance
standards
» Establish an operation
and maintenance
acceptance system
3. Prevent test-operation
elrors
+ Standardize test-
operation procedures
» Prepare checklists

Maintenance Department

2. Periodic servicing

1. Periodic checking and inspection

3. Improvement of major contamination
sources and inaccessible places

4, Equipment improvement

5. Recurrence prevention and failure analysis

6. Test operation and acceptance
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Autonomous Maintenance 97

enough to spot anything out of the ordinary while operating the equipment or
patrolling the plant and being able to deal it with and report it correctly. It
requires a high degree of skill and sensitivity. Understand that standards and
checksheets are only potentially useful aids — they should not be overly relied
upon as a means of preventing deterioration.

Performing meaningful daily checking, therefore, requires easily-under-
stood standards and high operator skills. Some examples of checkpoints that
are helpful for preparing standards and one-point lesson sheets are given
below in Tables 4-3(1)—(7). Do not merely copy and distribute these lists, how-
ever. Use them as a guide for creating checksheets that fit your own workplace.

Table 4-3 (1). Checkpoints for Nuts and Bolts

Slight Defects O Are any nuts or bolts loose?

[0 Are any nuts or bolts missing?
Bolt Lengths I Do all boits protrude from nuts by 2-3 thread lengths?
Washers 1 Are fiat washers used on long holes?

{1 Are tapered washers used on angie bars and channels?
0 Are spring washers used where parts are subject to vibration?
O Are identical washers used on identical pans?

Attachment of Nuis and Bolts O Are bolts inserted from below, and are nuts visible from the outside?
O Are devices such as limit switches secured by at least two boits?
O Are wing nuts on the right way around?

Table 4-3 (2). Lubrication Checkpoints

Lubricant Storage O Are lubricant stores always kept clean, tidy, and weli-organized by thorough
application of the 58 principles?*
[ Are iubricant containers always capped?
{1 Are lubricant types clearly indicated and is proper stock control practiced?

Lubricant inlets 1 Are grease nipples, speed-reducer lubricant ports, and other lubricant inlets
always kept clean?
3 Are lubricant inlets dustproofed?
[ Are iubricant inlets iabeled with the correct type and quantity of lubricant?

Qil-level Gauges O Are cil-level gauges and lubricators always kept clean, and are oil levels easy
to see?
3 Is the correct oil leve! clearly marked?
[J Is equipment free of oil leaks, and are oil pipes and breathers unobstructed?

Automatic Lubricating Devices [ Are automatic lubricating devices operating correctly and supplying the right
amount of lubricant?
[J Are any oil or grease pipes blocked, crushed or spiit?

Lubrication Condition [0 Are rotating parts, sliding parts, and transmissions (e.g. chains) always clean
and well-oiled?
[1 Are the surroundings free of contamination by excess lubricant?

¢5S: In Japan the basic principles of industrial housekeeping and visual management are known as
the 5Ss, for 5 Japanese words beginning with “S.” For a list of English “S” principles and definitions,
see p. 316. :
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Table 4-3 (3). Transmission System Checkpoints

oil or grease?

V-belts and Pulleys O Are any belts cracked, swollen, wom, or contaminated by

I Are any beits twisted or missing?
{J Are any belts stretched or slack?

Are multiple belts under uniform tension and all of the same iype?
Are top surfaces of belts protruding above the pulley rims? Are the

bottoms of any pulley grooves shiny (indicatin
Are pulleys correctly aligned?

g & womn belt or pulley)?

Roller Chains

Are any chains stretched (indicating worn pins or bushings)?

Are any sprocket teath wom, missing, or damaged?
Is lubrication between pins and bushings sufficient?

Shafts, Bearings, and Couplings
play or poor lubrication?
Are any keys or set bolts loose or missing?
Are any couplings misaiigned or wobbly?

Is there any overheating, vibration, or abnormat noise due to excessive

Are any coupling seals worn? Are any bolts slack?

Gears
surroundings clean?

Are gears properly lubricated with the right amount of lubricant? Are the

Are any teeth wom, missing, damaged, or jammed?

]
(|

[}

]

|

0

O Are sprockets correctly aligned?
(|

(|

O

O

0

0

O

Is there any unusual noise or vibration?

Table 4-3 (3). Hydraulic Checkpoints

Hydraulic Units ] s the cormrect quantity of fluid in hydraulic reservoirs, and is the correct level indicated?
O s fiuid at the correct temperature? Are the maximum and minimum permissible

temperatures indicated?
O Is fluid cloudy {indicating air entrainment)?
O Ave ali fluid inlets and strainers clean?
O Are any suction fitters blocked?
£ Are any fluid reservoir breather filters blocked?

O Are all fiuid pumps operating normally without any unusual noise or vibration?
O Are hydraulic pressures correct, and are operating ranges clearly displayed?

Heat Exchangers 3 s any fluid or water leaking from fluid coolers or pipes?

[ Are temperature differences between fluid and water inlets and outlets correct? Are

any tubes blocked?

Hydraulic Equipment [ Are there any fluid leaks?

1 Are hydraulic devices properly secured without any makeshift fastenings?
O Are hydraulic devices operating comrectly without speed Iosses or breathing?

Piping and Wiring O Are all pipes and hoses securely attached?

O Are there any fiuid leaks? Are any hoses cracked or damaged?
O3 Are all valves aperating comectly? it is 8asy lo see whether valves are open or shut?

O Are any pipes, wires, or valves unnecessary?
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Table 4-3 (5). Pneurnatic Checkpoints

FRLs* B3 Are FRLs aiways kept clean? Is it easy to see inside them? Are they fitted the right
way around?
[ Is there sufficient oil, and are the drains clear?
[ Is the oil drip rate correct (approximateiy 1 drop far every 10 strokes)?
{J Are FRLs instailed no more than 3 m from the pneumatic equipment?
[0 Are pressures adjusted to the correct value and are operating ranges clearly indicated?

Preumatic Equipment 3 Is any compressed air leaking from pneumatic cylinders or solenoid valves?
[ Are aif pneumatic cylinders and solenoid vaives firmly attached?
O Are any makeshiit fixings in use (wire, adhesive tape, etc.)?
{21 Are any pistons dirty, worn, or damaged?
[ Are speed controllers installed the right way arounc?
J Is there any abnormal noise or overhaating of solenoid valves, and are any lead
wires chafed or trailing?

Piping and Wiring [J Are there any places in pneumatic pipes or hoses where fluid is liable to collect?
[0 Are all pipes and hoses clipped firly into place?
O Are there any compressed-air leaks? Are any hoses cracked or damaged?
[ Are all valves operating correctly? Is it easy to see whether valves are open or closed?
[J Are any pipes, wires, or valves unnecessary?

Table 4-3 (6). Electrical Checkpoints

Controt Panels T Are the interiors of distribution boards, switchboards, and control panels kept clean,
tidy, and well-organized by the application of the 5S principles? Have any extraneous
objects or flammable materials been left inside?

I Is the wiring inside control panels in good condition? Are any wires coiled or trailing?
[0 Are all ammeters and voitmeters operating correctly and clearly marked?

O Are any instruments or display lamps broken? Are any bulbs fauliy?

] Are any switches broken? Do all switches work correctly?

0 Are control panel doors in good condition? Do they open and close easily?

3 Are there any unused holes? Are control panels waterproof and dustproof?

Electrical Equipment [ Are all motors free of overheating, vibration, and unusual noise and smelis?
O Are all motor coaling fans and fins clean?
O Are any attachment bolts loose? Are pedestals free of cracks and other damage?

Sensors 8 Are alt limit switches clean and free of excessive play?
O Are the interiors of all limit switches clean? Are any wires trailing? Are all covers in
good condition?
O Are any lirnit switches incorrectly installed?
L} Are any limit switch dogs wom, deformed, or the wrong shape?
O Are all photoelectric switches and proximity switches clean and free of excessive play?
0 Are any sensors out of position? Are correct positions clearly indicated?
[ Are all lead wires unchated, and is insutation intact at entry points?

Switches O Are all manual switches clean, undamaged, and free of excessive play?
O Avre all switches installed in the correct position?
[ Are emergency stop switches installed in appropriate locations, and are they working
comecty?

Piping and Wiring [ Are any pipes, wires, or power leads loose or unsecured?
O Are any ground wires damaged or disconnected?
O Are any pipes corroded or damaged? Are there any bare wires or wires with damaged
insulation?
81 Are any wires coiled on the floor or dangling overhead?

* Filter-regulator-lubricator sets.
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Table 4-3 (7). Checkpoints for General-Purpose Equipment

Pumps [J Are pumps and their stands free of unusual noise, vibration, and play?
[ Are pedestal bolts tight, corrosion-free, and undamaged?

O ts any liquid leaking or spraying from gland packings?

[T Is any liquid leaking or spraying from pipes or valves?

03 Are any pipes or valves blocked?

E] Are all pressure gauges, vacuum gauges, flowmeters, thermometers, and other measuring instruments

Fans [0 Are fans and their stands free of unusuai noise, vibration, and play?
{J Are all pedesta bolts tight, corrosion-free, and undamaged?
[ Are ait stands and pedestals free of COrTosion, cracking, and other damage?
[T Are any gland packings leaking air or gag?
O Are any ducts or dampers leaking air or gas?
0 Are any ducts blogked or clogged?
2 Are al pressure gauges, vacuum gauges, fiowmeters, thermometers, and other measuring instruments
working properly and marked with the correct Cperating ranges?
[J Are starting current and operating current values correet? Are these clearly indicated?
O Are all dampers operating correctly? Is it easy to see whether dampers are opened or closed?

IMPLEMENTING AUTONOMOUS MAINTENANCE STEP-BY-STEP

The goals of cleaning as inspection are to establish basic equipment condi-
tions, bring equipment o its idea] state, and create workplaces that are free of
equipment abnormalities, failures and stoppages, and quality defects. Accom-
plishing this, however, is not easy for operators entrenched in the “T make —

you fix” mentality.

clearly delineates each phase of the activities, allows for regular audits that
secure the gains made at each step, and gives operators a sense of achievement

Mmaintenance programs, including Ajinomoto Foods, Onoda Cement, Nishi
Nippon Seits, and Nissan Petrochemical.
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Table 4-4. The Seven Autonomous Maintenance Steps

Step

Activities

Hardware Goals
(Keys for workplace audits)

1. Perform initial cleaning

« Eliminate dust and dirt from main body of
aquipment

* Expose irregufarities such as siight defects,
contarnination: sources, inaccessible places,
and sources of quality defects

+ Eliminate unnecessary and seidom-used
items, and simplify equipment

* Prevent accelerated deterioration by elimina-
ting the environmental strass of dust and dirt

* Raise the quality of checking and repair work
and reduce checking and repair times by
eliminating dust and dirt

+ Establish basic equipment conditions

+ Expose and deal with hidden defects

2. Address contamination
sources and inac-
cessible places

* Reduce housekeeping time by eliminating
sources of dust and ditl, preventing scatter,
and improving parts that are hard fo ciean,
check, lubricate, tighten, or manipulate

* Increase intrinsic equipment refiabiitty by
preventing adhesion of dust and dirt and
controfiing them at their sources

* increase maintainability by improving
cleaning, checking, and lubricating

« Create equipment that does not require
manual work

3. Establish cleaning and
checking standards

* Formulate work standards that hetp maintain
cleaning, lubricating, and tightening levels
with minimat time and efiort

* improve the efficiency of checking work intro-
ducing visual controls

* Sustain the three basic conditions for main-
taining equipment and preventing detericration
(cleaning, lubricating, and tightening)

» Perform accurate checking by means of visual
controls such as equipment nameplates and
correct operating range displays on gauges

4. Conduct general
equipment inspection

+ Provide inspection skdlis training based on
inspection manuals

* Get individual equipment items into peak con-
dition by subjecting them to general inspection

* Modify equipment to facilitate checking. Make
exiensive use of visual controls

* Improve reliability by performing general
inspection and reversing detersioration for
each equipment categery {nuts and boits,
drive systems, etc.)

» Enable anyone to inspect reliably by intro~
ducing visual controls such as equipment
nameplates, V-belt specification displays,
lubricant type and quantity displays, comect
operating range plays on gauges, valve
on-off indicators, rotation direction indicators,
thermochiomic tape, etc.

5. Perform general
process inspection

* Provide instruction in process performance,
operation, and adjustment and in methods of
handling abnomalities in order to improve
operational reliability by developing process-
competent operators

* Prevent inspection duplications and omissions
by incorporating provisional cleaning and in-
spection standards for individual equipment
items into periodic inspection and replacement
standarnds for entire processes or areas

« Improve the overall stabifity and safety of
processas through comect operation

* Sharpen process inspection precision by
extending and improving visual controls, e.g.,
indicators for pipe contents and flow directions

* Modify equipment to make it easier to operate

6. Systematic autonomous
maintenance

* Achieve quality mairtenance and safaty by
establishing clear procedures and standards
for dependable autenomous maintenance

* Improve setup procedures and reduce work-
in-process

« Estabiish a systemn of self-management
for workplace flow, spares, tools, work-in-
process, final products, data, etc.

* Pinpoint retationships between equipmernt and
quality and establish a quality maintenance

systern

* Review and improve plant and equipment

+ Standardize maintenance and control of trans-
port equipment, spare parts, {ools, work-in-

passageways,
cleaning equipment, and so on, and introduce
visual controls for everything in the workplace

7. Practice full
seff-management

* Evolva activities and standardiza improve-
ments in line with company and plant policies
and objectives, and reduce costs by eliminat-
ing workplace waste

* Analyze data in various ways 1o improve equip-
ment and raise process refiability, safety, main-
tainability, qualily, and operability

* Prioritize equipment improvements and extend

* Improve equipment further by keeping accurate  equipment lifetimes and chacking intervals by

mainttenance records {e.g., MTBF) and analyz-

ing the data in them

using hard data to spot weaknesses
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Human Goals {Keys for SGA audits)

Roles of Managers and Staff
{fostering motivation, abllity, and opportunity)

+ Gt operators in touch with their equipment to make
them more familiar with #, develop a sense of
ownership and concem, and stimulate their curiosity
about it

* Enable group leaders to ieam about leadership by
imptementing this step in small groups

* Enable people 10 recognize slight defects and other
irregularities

*» Expilain the relationship between contamination and
accelerated deterioration (maintainability) — that is,
explain the meaning of "optimal conditions*

* Point out the most important parts to keep clean and
explain the importance of basic equipment conditions
(cleaning, lubricating, and tightening). Teach using
nuts, bolts, and lubrication manuals

« Explain the significance of *inspection through cleaning”

= Teach the philesophy and practice of equipment
improvement, starting with small-scale, easily-accom-
plished projects

+ Germinate the seeds of improvement ideas through
small-group activities

+ Let people taste the thrill and satisfaction of successful
improvement

* Encourage improvement ideas and give practical hints,
i.e., give technical guidance and support

« Teach problem-solving techniques such as why-why
analysis

* Ensure that other departments respond promptly to
work requests

+ Give guidance on the use of matchmarks and visual
confrols

+ Ensure that operators obey standards and iearn their
importance (i.e., understand what workplace manage-
ment is) by having them set their own

+ Let people leam the importance of teamwork by making
them aware of their individual roles

* Give hints on writing and presenting cleaning and
inspection standards

* Give technical assistance in preparing fubricating
standards

* Describe how visual contrais can simpiify checking,
and give practical advice

+ Leam equipment structure, functions, and assessment
criteria and master checking skills through hands-on
checking training

* Leam to deal with equipment abnommalities through
on-the-spot practice

» Use relay teaching to enabie leaders o learn leader-
ship and members to develop team spirit

* Let people understand the usefulness of data by
collecting general inspection data

* Prepare general inspection manuals and troubleshoot-
ing case studies, and train group leaders in inspection
skills

* Draw up inspection schedules

* Give on-the-spot training in simple methods of rectify-
ing abnormalities

* Promptiy perform work requested as a rasult of expos-
ing abnomalities

+ Give guidance in improving visual controls

= Give instruction in data collection and analysis

« Involve group leaders in maintenance planning

» Enable cperators 10 operate processes and deal with
abnormalities correctly

« Enable operators to undarstand the relationship
between equipment and the properties of the materials
being processed and master the comect adjustment
and setting techniques

* Make operators aware of their roles in planned main-
tenance and foster self-management through perodic
inspection and replacement

+ Help operators realize the necessity for recording
time-series data

* Prepare general process inspection manuals and
troubleshooting manuals, and train group leaders in
inspection skilts

*+ Pravide on-the-job training in the comect adjustment
and setting procedures

* Give guidance on selecting periodic inspection and
replacement items, techniques, and documentation,
and give instruction on satting appropriate intervals
based on hard data

* Prevent planned maintenance duplications and omis-
sions by clearly delineating the operating and main-
tenance departments' responsibilities

* Expand the sphere of self-management by systematiz-
ingandsmndaldmngcommlmsms

workplace management and collect-
ing data, help peopie undarstand the need for im-
provemenis aimed at raising standards
* Have mangagers and supervisors leam their trus roles
(improving standands and ensuring they are followed)

* Prepare system-fiow diagrams for processes and give
instruction in standardization

« Prepare quality maintenance manuals that systomatize
the relationship between equipment and quaiity, and

use these for instruction

* Providing technical support for tasks such as standarg-
izing the fiow of work, and give assistance in petfacting
visual controis

* Give education and guidance in analysis and improve-
ment techniques such as IE, PM, and QC

*» Increase awareness of management by objectives and
make averyone thoroughly cost-conscious (including
maintenance costs)
= Enable operators to perform simple repairs and equip-
ment restoration by training them in repair skills

» Increase operators' ability to record and analyze data,
and have them master improvement techniques

Expiammelmpoﬂanoeafmanagsmembyohjechves
* Give hands-on repair skills training

» Provide technical backup for equipment i

and raise operators' improvement skifls by including
them in improvement projects
* Give guidance on standardizing improvements and

participating in MP activities




Autonomous Maintenance 105

Table 4-6. Sampie Manual on Exposing Seven Types of Abnormality

Abnormality Examples
1. Minor Flaws
+ Contamination Dust, dirt, powder, oil, grease, rust, paint
* Damage Cracking, crushing, deformation, chipping, bending
* Play Shaking, falling out, titing, eccentricity, wear, distortion, corrosion
= Slackness Belts, chains
* Abnormal phenomena Unusual nolse, overheating, vibration, strange smelis, discoloration, incorrect pressure
or current 8
» Adhesion Blocking, hardening, accumulation of debris, peeling, malfunction
2. Untultilled Basic Conditions
* Lubrication Insufficient, dirty, unidentified, unsuitable, or leaking lubricant
* Lubricant supply Dirty, damaged, or deformed lubricant inlets, faulty lubricant pipes
 Qil level gauges Dirty, damaged, leaking; no indication of comect level
= Tightening Nuts and bolts: slackness, missing, cross-threaded, too long, crushed, comrodad,
washer unsuitable, wing nuts on backward
3. Inaccessible Places
« Cleaning Machine construction, covers, layout, footholds, space
« Checking Covers, construction, layout, instrument position and orientation, operating-range display
« Lubricating Position of lubricant inlet, construction, height, foatholds, lubricant outlet, space
+ Tightening Covers, construction, layout, size, footholds, space
* Qperation Machine tayout; position of valves, switches, and levers; footholds
* Adjustment Position of pressure gauges, thermometers, flowmeters, moisture gauges, vacuum
gauges, etc.
4. Contamination Soutces
+ Product Leaks, spills, spurts, scatter, overflow
* Raw materials Leaks, spiils, spurts, scatter, overflow
= Lubricants Leaking, spiit, and seeping iubricating oils, hydraulic fluids, fuel oil, etc.
= Gases Leaking compressed air, gases, steam, vapors, exhaust fumes, etc.
« Liquids Leaking, spitt and spurting cold water, hot water, half-finished products, cooling water,
waste water, etc.
* Scrap Flashes, cuttings, packaging materials, and nonconforming product
* Other Contaminants brought in by people, foric-lift trucks, etc. and infilirating through cracks
in buitdings
5. Quality Defect Sources
+ Foreign matter Inclusion, infiltration, and entrainment of rust, chips, wire scraps, insects, ete.
» Shock Dropping, jolting, collision, vibration
* Moisture Too much, 1oo little, infiltration, defective elimination
« Grain size Abnormalities in screens, centrifugal separators, compressed-air separators, efc,
= Concentration Inadequate warming, heating, compounding, mixing, evaporation, stirring, etc.
* Viscosity Inadequate warming, heating, compounding, mixing, evaporation, stirting, ete.
6. Unnecessary and Non-urgent items

= Machinery Pumps, fans, compressors, columns, tanks, etc.
« Piping equipment Pipes, hoses, ducts, valves, dampers, etc.
* Measuring instruments Temperatures, pressure gauges, vacuum gauges, ammeters, etc.
* Electrical equipment Wiring, piping, power leads, switches, plugs, etc.
+ .Jigs and tools General tools, cutting tools, jigs, molds, dies, frames, etc.
* Spare parnts Standby equipment, spares, permanent stocks, auxiliary materials, etc.
* Makeshift repairs Tape, string, wire, metal piates, etc.

7. Unsafe Places
= Floors Unevenness, ramps, projections, cracking, peeling, wear (stee! deckplates)
+ Steps Too steep, irragular, peeling anti-slip covering, corrosion, missing handrails
» Lights Dim, out of pasition, dirty or broken covers, not properly expiosion-procfed
» Rotating machinery Displaced, falien off or broken covers, no safety or emergency stop devices
+ Lifting gear Wires, hooks, brakes, and cther parts of cranes and hoists
= Other Special substances, solvents, toxic gases, insulating materials, danger signs,

protective clothing, stc.
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only be fixed by a specialist or the manufacturer — ask the maintenance
department to deal with it right away.

ONE-POINT LESSON SHEET
Device pame:  Boit No: BN-51
Date prepared: 18 February 1986 Prepared by: Johnson
Topic: Types of Bolts and Screws Approved by: Section Manager

T 17T T

llllllllillllIIIIIIIIIIIIIIIIIIII.I

Learn the Proper Term!

[

Hexagonal bolt

(O

Fully-threaded hexagonal boit

() Yimmm

Cap scraw Set screw (slotted or Allen-type)

II!I]I!I]IIFI1lllllilllllllllllIlllll!lll

(T

Stud bolt

([ oy

Flanged hexagonal bolt

DI

Fr—T—rrri

lemarks: | Temminology for bolt ordering, handling and parts control to be standardized as per this sheet.
epartment CCRs l uUTYz ] Pckg | Cube Sugar| Prod. Cont. Facii. Gen. Aff. Admin.
atetaughtl///llllllll/l /| /| Passed
Name

jure 4-3.

Sample One-Point Lesson Sheet
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Autonomous Maintenance

Step: | 1] 23] 5]

Autonomous Maintenance

Step: [ 1[2[3Ta[5)

ABNORMALITY SITE ABNORMALITY SITE
Equip. model: Equip. modei:
Control number: Control number:
Date found: / / Date found: / /

Found by:

Found by:

Description: Description:

tion make statements like this: “The oil in this machine hasn’t been
changed for five years, but it’s stil] going strong.”

* Operators are not taught the principles of lubrication or the problems
that improper lubrication can cause,

* Far too many different types of lubricant are used and too many lubrica-
tion sites are inaccessible.
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PU-1234
No. 1 Feed Pump

Figure 4-9. Equipment Namepilate

Normal

Abnormal
matchmark @ @ marks out of line
Tight Slack

Figure 4-10. Matchmarks for Nuts and Bolts

correct

Figure 4-11. Pressure Gauge Operating Range indicators

oil type (color code)

correct Gil level

Figure 4-12. Oil Level and Type indicators

B ™

Figure 4-13. V-Belt Label and Direction indicator
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Table 5-4. Four Phases to Zero Breakdowns for Static Equipment

Columns, tanks, piping, heat exchangers, furnaces, vaives, measuring instruments, etc.

A. Exteriors (parts in contact with the outside environment)
1. Remove corrosion products and keep surfaces dry
2. Repiace damaged, discolored themnal insulation; investigate reasons for deterioration
3. Check for corrosion inside Insulation; dry affected parts
4. Investigate/repair leaks and seepage

Phase 1: 5. Check for damaged piping supports
Establish 8. Investigate causes of vibration and shock {water hammer, etc.)
Basic 7. Remove corrosion products from beams, supports, and other structures, repair where necessary

Conditions B, Interiors (parts in contact with process fiuids, steam, water, etc.)
1. Investigatefrepair internal corrosion, deformation, slackness, falien-off parts
2. Investigate/repair corrosion and cracking of main units
3. Investigate/remove contamination, scaling, blocks, ete.
4. Investigate variations in operating conditions and equipment conditicns

A. Exteriors (parts in contact with the outside environment)
1. Repair and prevent local corrosion
2. Repair and prevent rainwater ingress
3. Repair and prevent leaks and seepage
4. Alleviate or prevent vibration and shock
5. Improve beams, supports, and other structures
B. Interiors (parts in contact with fluids, steam, water, etc.)
1. Refieve stress concentrations (static loads, dynamic loads, thermal stress)
Phase 2: 2. Relieve and improve thermat fatigue
ase 2 3. Correct and pravent local corrosion
Correct 4. Correct and prevent leaks and seepage
Weaknesses 5. Introduce improvements to prevent contamination and scaling
6. Introduce improvements to prevent blocks
7. Intraduce improved methoeds of adding process-problem prevention agents
(such as polymerization inhibitors)
C. Common items
1. Investigate and adopt novel anticorrosion and antierosion coatings
2. Investigate and adopt novel corrosion-resistant materials
3. Improve gasket coatings
4. introduce improved repair techniques such as thermal spraying

A. Exteriors (parts in contact with outside environment)
1. Check exteriors requiarty
2. Rustproof and paint extériors periodicaily
3. Periodically renew insulation and supports
Phase 3: B. Interiors (parts in contact with process Huids, water, steam, etc.)
Restore 1. Perform periodic overhaul inspection
Deterioration 2, Periodically replace internal paris
3. Periodically repair and renew deteriorated parts
4. Descale periodically
5. Plan and implement medium-term and long-term renovation plans for piping, tanks, heat
exchangers, etc.
6. Identify relationships between rate of equipment deterioration and process conditions such
as raw material properties and operating conditions

A. Predict materials deterioration and extend lifetimes
1. Perform non-destructive material tests
2. Perform destructive tests and microstructure tests on samples
3. Investigate and analyze deterioration mechanisms by destuctive and non-destructive testing

Phase 4: 4. Develop and introduce internal corrosion monitoring devices and technology for equipment
£ such as pipi

Predictand Develop novel materials and technoiogy to extend equipment fife

Extend 6. Investigate repair and fabrication techniques such as welding and thermal spraying

Equipment 7. Review and improve operating conditions
Liletimes  p progiet process fallures and lengthen descaling intervats
1. !.e;_tghen descaling intervals by monitoring contamination and adhesion and empioying inftial
in-line cleaning
2. Extend continuous operation by analyzing changes in raw materials, oparating conditions and
equipment conditions, and relating these to the occurrence of contamination and adhesion
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Table 5-8. Sample Audit Sheet for Planned Maintenance Step 1

PLANNED MAINTENANCE AUDIT
Step 1: Evaluate Equipment and Understand Conditions
Location: Seli-Audit (90+):
Date: Section Mgr. Audit (85+):
Auditor; Sr. Mgt, Audit (80+):
Activity Key Audit Points Wax.1100%| 80% | 60% | Remarks
* Logs prepared for every item
of equipment? 10
ik * Logs include failure histories? 5
* Logs include repair histories? 5
* Are equipment evaiuation
attributes and criteria formulated? 5
Are they appropriate?
2. Evaiuate equipment s 1l i i 3
and select DM Has al t?ql.upment bee.n evaluated 5
equipment * Is selection of PM equipment 5
and components appropriate?
« s PM equipment clearly marked 5
as such?
* Are equipment failures
appropriately defined? 5
3. Perform failure * Are idling and minor stops 5
ranking appropriately defined?
* Are process failures appropriately
defined? 5
* Are failures and minor stops
tallied and graphed?
* Are failure frequencies and 1G
4. Understand severities known?
conditions and level * Are MTBFs known?
of maintenance * Are major and intermedate failires .
recorded on charts?
* Are maintenance costs known?
Are their application categories 5
clear?
* Are benchmarks and reduction
goals for failures, idling, and minor 5
' stops set appropriately?
5. Benchmark and *» Are MTBF benchmarks ang goals
set goals set appropriately? 5
* Are benchmarks and goals for
breakdown maintenance rates and 5
petiodic maintenance rates set
appropriately?
= Is there an action plan for 5
step-by-step development?
6. Prepare action plan * Have preparations been made
to proceed to Step 2 and are 5
responsibilities clearly allocated?
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* Prepare one-point lesson sheets and teach operators about the structure
and functions of their equipment.

* Give hands-on guidance to operators on inspection, restoring equipment,
and making small improvements.

To abolish environments that promote accelerated deterioration:

* Advise operators on how to address contamination sources and hard-to-
lubricate places.
* Eliminate major contamination sources.

To establish basic equipment conditions:

* Prepare visual control standards and help operators implement them.
* Assist operators in preparing provisional daily checking standards.
* Teach operators about lubrication and standardize lubricant types.

-orrect Weaknesses and Lengthen Equipment Life

In addition to accelerated deterioration, equipment may also suffer from
aherent weaknesses generated during design, fabrication, and installation.
Veaknesses may also become apparent when equipment is operated outside its
esign conditions. Teams should use techniques such as FMEA (failure mode
nd effects analysis) and P-M analysis to analyze failures due to such weak-
esses and then correct them. Otherwise, unexpected faitures will undermine
ny benefits planned maintenance might be expected to have.

'revent Recurrence of Failure

Use failure analysis to deal with the type of major and intermediate failures
wat halt production lines. Also investigate the possibility of similar failures that
zcur in other equipment and take steps to prevent them. The flow-sheet in Fig-
re 5-9 outlines a procedure for preventing the recurrence of unexpected major
1d intermediate failures. Table 5-12 offers a format for reporting failure analy-
s and preventive measures taken.

educe Process Failures

Process failures are usually caused by combinations of equipment and pro-
ss factors such as:
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Troubie input card
CMMS
Reievant workplace
_l_B o
Daily/monthly Dealt with tocall Maintenance
failure repons e y department
YES
| ! { [
Restorative action Emergency action Emergency action Restorative action
Action to
restore operation
Prepare quick
failure report
/ al
Service input card Unexpected failure
report form
F U~ [
Section
CMMS responsible
Machine ]
nistonjicager | Reguiar maintenance meeting
Maintenance (investigate recurrence-
calendar prevention measures)
I'y
= NO Equipment budget
Budget action » appropriation
YES

”

jervice input card (=

Instigate recurrence-
prevention measures

Instigate measures to

prevent similar failures

Prepare
action report

Recurrence-
prevention
action report form

A 4

Filing

(Nishi Nippon Seit)

gure 5-9. Flow Diagram for Preventing Recurrence of Unexpected Failures
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investment projects during the shutdown maintenance period, therefore
improving the efficiency of shutdown maintenance is important.

Table 5-13. Sample Safety Procedures Completed before Starting Maintenance Work

1. Duties of Work and Inspection Supervisors
Para. 110: Work and inspection supervisors (“supervisors”) shall endeavor to prevent danger and
injury by:
= observing all fegal requirements and plant regulations
» taking all safety precautions directed by the safety manager or the relevant eguipment manager
* and ensuring that those performing the work do likewise

Bi. Procedure to be Followed Before Commencing Work

Para. 111: Supervisors will not order work or inspection to begin unless the folowing actions have
been taken and confirmed with the safety manager, the manager of the section in which the relevant
equipment is located, and those carrying out the work.

1. When working in dangerous areas in the presence of petrochemical products or reagents
and gases used in refining processes or performing special tasks such as moving heavy loads:

— The work plan is only drawn up after the area has been checked and alt questions of safety
have been settied in respect of schedule, technigues, setup procedures, and supervision and
direction of the work;

— A specific person has been placed in charge of the work:

— Workers have been fully informed of the contents of the work plan and given any necessary
safety training,

2. In accordance with “Work Commencement Authorization Regutations”, authorization tags
permitting work to begin or equipment to be opened up have been attached to the relevant
equipment.

3. Safety devices and protective clothing required for the work have been overhauled and placed
ready.

4. When pumps or compressors are to be repaired, the relevant drive motors have been switched off
at both the worksite and the substation. Furthermore, a notice is displayed in the substation stating
that work is being carried out.

5. When air-fin coolers and tank mixers are to be repaired, the relevant drive motor is switched off at
the workplace. Futhermore, the workplace switch is chained to prevent it being operated, and a
notice is displayed stating that work is being carried out,

6. The equipment about to be worked on is verified as the right equipment.

7. Pressure has been refeased and volatile matetials have been purged from any eguipment that
must be dismantled or opened up; moreover, valves and stopcocks on chemical equipment have
been tightly closed or bianking plates installed, in order to prevent dangerous substances or high
temperature steam from being discharged into the work area; these valves, stopcocks, or blanking
plates have also been chained, and either they camy notices stating that they must not be opened,
or a person has been appointed to stand guard over them.

8. In addition, the procedures and conditions specified in “Procedures for Performing On-Site Worl®
have been complied with.

9. When commencing work, adequate precautions, particularly the connection of equipment to
ground, have been taken to prevent discharges of static electricity when performing steam
cleaning, kerosene washing, painting, or other spraying work.
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Table 5-14. Work Commencement Authorization and Compietion Report

Date: Work #: Auth. tag #:
. ; Use of naked flame?
Facility: New[] Continued[] 0o O
Work description: Yes No
JOB | Instructions:
Attendance required? [J O Auth, tag #
Yes No

Subcontractor: Work superintendent; Scheduled start time
Work director: # of workers: -
Work site; Equip. name: Scheduled finish time

PRE-COMMENCEMENT CHECKPOINTS

Prad. Dept. Works Dept.

Yesi No [Signed| Yes| No | Signed

. Has person in charge checked details of the work?

. Is equipment properly purged; is intemal pressure equal 1o atmospheric?

. |s equipment properly tagged?

EN I

Are procedures for detscting flammable, toxic, and asphyxiatory gases completed?

Flammable gases __ %

Toxic gases .. ppm

Asphyxiatory gases _ 02%

(4]

. Are blanking plates correctly attached to valves and other equipment?

. |5 equipment switched off?

Are switched-off signs attached? {on substation switch and workplace switch)

. Are drains properly sealed?

. Have flammable materials been removed or piaced under guard?

. Are signs stating that naked flames ara temporarily in use displayed in the workplace?

. Has penmission been received for vehicles to be driven into danger zones?

. Are fire extinquishers instalied?

. Are workers legally qualified?

. 15 scaffolding correctly instailed or scheduled 10 be instatled?

. Are all relevant workplaces informed?

. Have steps been taken to assure safely even if measuring instrument circuits are interrupted?

. Is protective clothing provided?

{artificial resuscitation equipment, gloves, safety belis, safety goggles, face masks,

rubber boots, gas masks, respirator masks, and hose masks)

17. Ara work commencement authorization tags attached?

Safety Confirmation , | have checked the condition of the equipment, matenials, and surroundings, and | confitm that it is
safe 1o camry out the work.

Prod. Foreman/Team Leader: Prod. Supervisor:
Works Supervisor:,
Large Vessels ] When large vessels are to be opened, entared, or sealed, obtain authorization in accordance with Work

mencemen Authorization Regulations
Inspection Manager: Prod. Sect. Manager:
Works Sect. Manager: Safety/Security Manager:

. a Works Dapt./Subcontractor
Completion Ch ints
pl pesia Sect. |Comp.|Signed| Remarks

1.

Have all flames been extinguished after use?

2.

Are all gas hoses and eables neatly and unobstructively arranged?

3.

Are switches on distribution boards and elsewhere tumed off?

4.

Are temporary instaliations, e.g.. scaffolding, fireproof walls, protective sheets, etc,

satistactorily secured against wind?

5.

Are equipment, materials, spares, etc. clean, tidy, and neatly arranged?

6.

Have you informed the Production Department that the day’s work has been completed?

Confirmation [ | confirm that | have completed the above checks.

Works supervisor/subcontractor work director:

| confirm the results of the above checks

Production Department — Confirmed by:

Time:

Coples to: Prod. Sect. Manager, Works Sect. Manager, Safety/Security Sect. Manager, Subcontractor

{Kyokuto Petroleum)
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* Zero Trouble (ZT) + Maintenance Calendar . Focused Investment Planning
Meeting improvement
« Qutstandin * Overhaut inspection Equipment . Replacement‘ of
trouble ca,gs = inspection and service improvement obsolete equipment
* Functional check * Production increases,
labor-saving, energy-saving
Safety Planning Work Planning
. Equi_p_ment ) * MP meeting‘
modification permit + Utilization of MP information — Work specifications
application .l d of . t di i — Schedule coordination
+ Repair work permit I;'nprove & t?quipfme;_'l b_:;g’no L= -— Raw materials purchase
application sl e Dl * Daily handling
« Safety certificate and maintainability improvement of problems
+ Flammable * Enhanced early management * Shutdown maintenance
materials use work summary

permit application
* tmmersion work
permit application
+ Safety discussions
= General accident-
prevention
conference

v

Shutdown Maintenance Planning

Safety Training

* [dentification of items, discussion

of contents, overall schedule
coordination, budget controi

(meets monthiy)

Shutdown Maintenance Liaison Committee

* Revising inspection
intervals and methods
%* Improving work
execution methods
* Strengthening
negotiations with
govemment agencies
% Establishing
schedule control

* Preparation for
shutdown

* Work safety
measures

= Witnessed
inspection
of work

* Daily meetings

= Safety patrois

* One-point

safety builetins

vy

Shutdown maintenance work

Work Management

Operation Control

* Test operation
planning

* Preparation for
startup

* Qperator training

Daily meetings

¥

Right-First-Time Startup

¥

Preparation for next year's
shutdown maintenance

Shutdown maintenance review
Inspection and servicing records

Shutdown Time Reduction
Plant A: 44 days — 35 days ($160,000/day)
Plant B: 27 days — 20 days ($160,000/day)

Shutdown Mainrtenance Cost Reduction
Plant A: $3.44 mill./year — $2.96 mill./year

Figure 5-17. Enhanced Planning of Shutdown Maintenance

A\

Schedule control } manage-

Acceptance ment

* Defect follow-up system
(problems remaining
after inspection)

* Campaign to eliminate
waste, variability
and strain

Work quality ) Startup

Test Operation

* Rotation-
direction * Startup
check manage-
* Vibration ment
check

= Modification of
maintenance calendar

* Obsolste equipment
replacement plans

= Equipment
improvement plans

“* Specialized maintenance
education

* = Enhanced by TPM
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Introducing Diagnostics for Static Equipment

Static equipment in process industries ranges in size from small stirrers

and separators to huge columns and tanks.

If overlooked, small materials

defects or weld defects in such equipment may grow into large ones that can

halt production and even cause major disas
equipment diagnostics to discover,
5-17 shows some examples of dia
piping/heat exchangers, while Table 5-18 sho
techniques used during normal operation and

ticular chemical plant.

gnostic tec

Table 5-17. Diagnostic Techniques for Static Equipment

ters. It is therefore vital to use
diagnose, and predict deterioration. Table
hniques for columns/tanks and
ws an example of the diagnostic
shutdown maintenance at a par-

Color-forming or foaming

Leaks Corrosion, cracking, Visual inspection,
leaky packing Soapy-water test, gas liquids, magnetic-powder
detection, wali-thickness flaw detectors, ultrasonic
measurement thickness gauges,
gas detectors
Transmission from outside | Vibration measurement Vibration meter
tion Abnormal gasfiquid flow Analysis of operating Frequency anaiyzer,
conditions operating records
internal ) Cormosion, abnormai Check operating condi- Radioscope, operating
contamination internal fluids tions, anaiyze discharge records
Loosening due to Vibration, sound Vibration meter,
Internat damage abnormal fiow stethoscope, radioscope
PIPING
Loaks Corrosion, erosion, Visual inspection, Gas detector, magnetic-
perforation gas detection, foaming powder flaw detector,
liquid test ultrasonic thickness gauge
Leaky packing Thickness measurement
and gaskets
Stuck vaives, foreign Pressure-drop Pressure gauge,
Blacks n;uaudnge; accumulated measurement, radioscopy | radicscope
sl
Resonance with rotating Vibration measurement Vibration meter
machinery vibration
Vibraiion Abnormat fluids flow investigate operating Operating records
conditions
Abnomal supports Visual inspection, Vibration meter
vibration measurement
Abnormat Displacement Scale, level gauge,
Deforsanition, and supports measurement transit theodolite
bending Abnommal extemal force, | Check extemal forces Operating records
thermal stress and temperatures

JIPM Seminar: “Assessing Equipment Health”




6.5 Mamurtencio da Qualidade
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Table 7-7. Procedure for Impiementing Quality Maintenance

Step

Detaiis

1. Prepare QA matrix

Analyze relatioris between quality and processes/equipment:

* Check quaiity characteristics

* investigate defect mode and subprocess where defect occurs
» Assess seriousness of defect mode

2, Prepare production-input
condition analysis table

» Check deficiencies in production-input conditions for each defect mode
in each subprocess
« Check whether standards exist and are being followed

3. Prepare problem chart

« Clarify production-input conditions for problems in each subprocess

* Act promptly against problems that can be tackled on the spot. Care-
fully work out countermeasures for probiems that cannot be dealt with
immediately

* Stratify defect modes, devise investigation techniques, and plan
countermeasures

4. Evaluate seriousness of
problems (FMEA 1)

This step directs the equipment improvement effort:
* Prioritize problems by assessing their impact on the quality defect mode
* Decide on the assessment scale in advance

5. Use P-M analysis to track
down causes of problems

* For the most serious problems in the preceding step, clarify the actual
phenomena

= Investigate using techniques such as P-M analysis and propose
countermeasures

6. Assess impact of proposed
countermeasures (FMEA 2)

» Perform a preliminary evaluation of the post-improvement situation
using FMEA

7. Implement improvements

8. Review production-input
conditions

* Review the production-input conditions identified in Step 2
¢ Check whether the production-input conditions are appropriate and
correct

9. Consolidate and confirm

* Use the results of Step 8 to summarize the inspection items

check points *» Prepare a quality check matrix

10. Prepare a quality component + Standards must be numerical and observable
controt table and assure quality
through strict condition controj

QUALITY MAINTENANCE IMPLEMENTATION: CASE STUDY

This section outlines the steps taken in a quality maintenance program
implemented for the production of a certain product at Tokuyama Sekisui

Industries” Nanyd Plant.*

* A full description of this implementation appears in Japanese in the proceedings of the 1989 National
Equipment Management Symposium, edited by the Japan Institute of Plant Maintenance.
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Table 7-13. Results of P-M Analysis of Drying Process

O : no abnonmality
2N review
X : implement countermeasure

Investigation

Assess Investigation Results

Propose and Implement improvements

Investigate causes
of insufficient cooling:

FW to PW

i

]

1

i

1. Blockage in No blockages exist, but there ! O

cooling-water line is a danger of backflow due :
to decreased water supply 1

pressure '

2. Increased gland leak rate | * Gland leakage increased E X
as a result of gland 1
packing wear )

»Bumt PVCwasfoundin 1 X
the gland packing section |
s Leak rate: 2.0 I/m E
[]

3. Disptaced 7 1

water-sealing ring No displacement E QO

4. Blocked PVC adheres to water-sealing %

water-sealing ring ring, causing PVC backflow |

5. bamaged shaft No damage to shaft E Qo

6. Reduced capacity of Water supply pump capacity |

water supply pump normal (6 kg/cm? during 1O
normal operation) '
investigate pressure drop :
occurring when water is ]
used by other processes: [

1. Changeover in 6kg/em?2 — Skglom?  2x/mo. 1A

compounding process '

2. Washing at beginning and H

i
3. Supply of water to V15-K | Bkg/lcm2 — Skglem2  15x/mo. | A\
]
4. Changeover in dryin: :
pmgs nving gkg/om2 — dkglem2  4x/mo. 5 PN
]
5. VCM removal 8kg/em? — Skglem? 80x/mo. 1A
1
6. ChrEaggre from ekgiom? — 2.5kglom? 3ximo. | X

Countermeasures against gland problems:

+ Insufficient cooling arises from variations in
the water supply pressure and flow rate due
to sharing of the FW (filtered water) by other
processes.

s Change to a seif-flushing-type mechanical
seal unaffected by water-pressure fluctuations.

Countermeasure against
pressure variation in FW supply:

* Take as much as possible of the washing
water for other equipment and processes
out of the shared line, and install dedicated
pumps for product changeover.

» Remodel FW production plant to increase

supply.

Self-flushing Mechanical Seal

Water O-fing
inlet
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Develop safety- :
ious people Make equipment safe
I t
(People' system) (MachineI system) (Support system)
Measures to prevent Measures io prevent Operate management
behavior-criginated accidents | requipment-originated accidents system reliably
| } |
(Operate equipment correctly)  (Prevent function deterioration) (Show support)
» Detect environmental and « Institl correct attitudes toward | * instill basic philosophy,
equipment disorders equipment and plant safety set yup promotion organization,
« Eliminate safety deficiencies | * Detect equipment and plant g;?‘[‘“pgt_g ::;';l:asgm;?e
» Identify and record abnomalities promptly 4 >aiety,
near-rfryaisses during operation (monitor health, and environment
. Anticinati plant condition during « Create a safety
aSgtthn;iJedsanger e tion operation} and environment
 Set up activities to « Evaluate and improve safety, | education/training program:
o ti secyrity, and pollution- compile and update
preemtinizoperation prevention equipment accident-prevention manuals
« Carry out “pointing - . : » Institute a safaty
. nd naming” dril Act against hidden
Strategies : Mg Earas equipment defects award program
to Eliminate | « Actagainst sources . i * Create a senior-management
Accidents | of human error ;eagﬁgsﬂerses(l;l;g equipment e 8
Poﬁnuﬂqnn * Ensure safety of shutdown corrosion, cracking, wear, » Hold companywide
ma;:tenance and simitar embrittiement, etc.) safaty conventions
w? el * Introduce maintenance *» Draw up a budgeting
* Give individual technology for eliminating frameworik for safety/
on-the-job coaching leaks and spills pofiution prevention
* Teach dangers of + Assess plant danger level « Build a system for managing
substances handled and apply countenmeasures information on intemal and
= * Support subcontractors’ « Ensure safe operation external safety problems
accident prevention of industrial robots (including outside compiaints)
programs » Simplify plant by efiminating | * Create a safety
« Ensure traffic safety unnecessary piping, wiring, assessment sysiem
etc. » Establish preliminary
assessment criteria for
Hold accident-prevention training courses, safety- and environmental-
and conduct self-audits and improvement campaigns fne:?dlm?ss o:nnew products
for the sevan typical pollution types* and equipme
Y * Indicates priority items
. Anticipate safety and poltution problems The seven typical poliution types:
and prevent recurrences « Air pollution « Subsidence
v +Water pollution = Noise
Establish a production engineering system with *Soll poliution = Smells
buitt-in safety and environmental protection * Vibration
l “Triple Red Elimination Campaign”

Instill existing knowtedge, technology,
and skills relating to the elimination of » Startno fires
accidents and pollution + Cause no bleeding

+ Call out no fire engines

Figure 10-2. System of Activities for Eliminating Accidents and Pollution
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Table 10-1. Overall Evaluation Checklist

Department: 22D No.3 Werkroom

Evaluation date: 10/13/87

Evaluator: Rieser

item Spts| 4 pts| 3 pis| 2 pts| 1 pt Comments

1. Has initial cleaning {Step 1) been Work hard to maintain and i
performed thoroughly? O conditions based on the 3-§

2. Have contamination sources been listed ot applicable
and are countermeasures being steadily e :>-<:/ Xt app
implemented? L—] [

3. Are improvement suggestions being O Taget achieved. Keep up
actively made? the good work

4. Is there enthusiasm among all team O Activity boards could be improved
members for improving cleanliness?

5. Has the room been carefully cleaned, Constant effort is important. Keep
including walls andt ceiling? O trying to maineain and improve

present levels

6. Have equipment, accessories, tools, etc. Afeer ,:[,m,,,_g aint parts requiring
been overhauled; are they free of rust O nf:: protection 5: sta:fM colors
and peeling paint?

7. Have matchmarks been applied to Establish fixed criteria for deciding
important nuts and bolts to facilitate O whick nuts and bolts are important,
detection of looseness? and apply matchmarks to the

important ones

8. Are control ranges clearly marked on Not applicable
ammeters, voltmeters, and pressure \></
gauges, and are instruments securely |1 ]
fixed in readily visible iocations?

9. Has the necessary safety equipment Not applicable
been correctly instalied, and is it tested T~
regularly? "] -

10. Are contents and flow directions clearly There are few pipes, and these are
displayed on pipes {color-coding O being well maintained. Np particular
contents}, and are insulation and other corment
items undamaged?

11. Are passageways and work areas Passageways are difficult to mark,
clearly marked, tidy and well-organized? ®) and work. areas are clearly defined by

the type of work performed in them, so
the present situation is satisfactory

12. Are required jigs, tools, and accessories Jigs, tools, and accessories are
provided, are their quantities marked, '®) onganized and stored well. More must
and are they stored in the correct be done to indicate monthly usage and
places? Are any unnecessary? other data

13. Are operation checks being performed Be sure to enter required data.
cormrectly on principal machinery and O Tnitial instruction is tmportant
equipment, and are accurate records
kept?

14. Are waming signs for explosives, Np comment
flammables, organic solvents, radiation, O
pressure vessels, high voltage, etc,
correctly displayed where necessary?

15. Is protective clothing clean, tidy, and P — Aot applicable
stored in the right places? Is it ]
el ight pl property e e
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Table 10-2. Safety Checkpoints

Item Checkpoints Checked | Remarks
1. Covers, * Have covers been fitted to prevent scattering of chips,
handrails, etc. coolant, ete?

* Have safety covers been fitted over dangerous mechanisms
such as rotating and sliding parts? Are they in good condition?

* Have platforms and walkways been installed to facilitate
cleaning, checking, adjustment, and lubrication?

* Are guards, handrails, stoppers, and other safety devices intact?

* Are fixed ladders over 2m high equipped with back guards?

= Are handrails provided around walkways and openings?

2. Danger points

* Are inspection lights provided in pits and other dark areas?

* Are work floors level and free of slippery spois?

* Are transport devices such as chutes and conveyors safe and
smooth-running?

* Do doors of facilities such as soundproof reoms open both ways?

* Is there any danger from fafling objects?

* Is there any risk of being burnt by touching steam pipes and
other hot cbjects?

* Are spaces such as warehouses and underground rooms
properly equipped with exit signs and emergency lighting?

3. Operability

* Are start buttons, levers, and control paneis appropriately
positioned?

= Do all levers, handwheels, and cther controls operate easily?

*+ Are equipment weights clearly displayed?

4. Safety
equipment

» Does all fire-prevention equipment (sprinklers, smokeproof
shutters, fire hydrants, gas detectors, fire extinguishers, etc.)
work correctly?
* Are emergency shutdown devices functioning properly?
Are emergency stop buttons close at hand?
* Are any operating buttons positioned so as to invite misoperation?
* Do all klaxons, wamning lamps, interlocks, limit switches, and
similar devices operate correctiy?

5. Danger and

safely signs

* Are high-pressure gases, hazardous materials, chemicals, etc.
correctly indicated?

* Are adequate warning signs provided for toxic gases,
asphyxiatory gases, and similar dangerous substances?

* Are speed limits clearly posted?

* Are danger signs provided on live high-voliage cables?

* Are all necessary waming signs {No Gloves, Beware Rolating
Parts, Mind Your Head, Watch Your Step, efc.) provided?

6. Passageway

* Have all temporary articles been authorized? Are any
walkways unobstructed?

* Are work areas, safety routes, and so on clearly marked?

* Are storage areas for fuel, oxyacetylene cylinders, and so on
properly enclosed and marked?
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Table 8-1. Example of Skills Evaluation

Work
Classification

Operator

Knowledge/Skill ltem

Briggs

Mevyer

Baker

Orloft

[
=
3

Saito

Gruber

1 Use/knowledge of tools

2 Use/knowledge of nuts and bolts

[Oo

0|0

ol F

Basics

3 Use/knowledge of keys

4 Knowiedge of bosses and shafts

and their fixing methods

ol o [plolo

D giolo

S Theory/practice of scribing

Workshop

6 Theory/practice of filing

Skiils

7 Theory/practice of grinding

(ejolo| b |ololo

ioloio] b iololo

8 Theory/practice of welding

Dleiel>| @ DIbI>

9 Ussfknowiedge of cams, ratchets,

and Geneva drives

1G Use/knowledge of racks,

pinions, and gears

Assembly

11 Use/knowledge of ciuiches

and brakes

12 Installation, adjustment, and

knowtadge of equipment for
special-purpose machines

13 Ability to assess and act

against unexpected failures

14 Use and knowisdge of speed

controlters, flow controilers,
and check valves

15 Use/knowledge of FRLs

Pneumatics/

16 Use/knowiedge of soienoid valves

hydraulics

17 Use/knowledge of cylinders

18 Use/knowledge of hydraulic and

preumatic piping and connectors

19 Knowledge of pneumatic piping layouts

Drawings
Lubrication

20 Knowledge of drawings

21 Knowiedge of iubrication

Background

22 Knowledge of materials

and their applications

knowiedge

23 Use/knowledge of meastring

instruments

24 Use/knowledge of motors

and transmissions

Qther

25 Use/knowledge of drive pumps

and hydraulic pumps

26 Usa/knowledge of parts feeders

and feed tables

27 Use/knowledge of bearings

ole DIDlepopdlool b [l b lololal

Consumable
Parts

28 Usafknov_dedge of O-rings

and packings

De/e(>ioleDobd>PPb bbb (b > 1o PPPlof b lgolo

o|alp O.[}OOOOO‘OO oo |p OOLJD]EIOI'_'ID'O

Safety

29 Knowledge of and atiention 1o safety

oboﬁooob olpooobbp DDl e |plo > [olejelo] o o

O..l

o> jalo|e[p|p]eHolo kbl o bl p lolololn

o[>|ml:| o|iojo|ePlolofofololol o | o P ID|loloinon

obujnb > [P [oPlojofooojo] o B b | ([b!olablolo

Knowledge

RO D |o|e| D E>OO|[>O[>E>[>I>[>1> B > Jolaloplolo b o

-
w0

gooo'o G oo o0 oo o Pl e |DIDle

—
o

n
[ =]

Py
©o

jury
]

:gobnl

Score (max. 29)

Skill

-
[(s]

S

iod
-

-
0w

8

-k
o

:ocoODl

—h
2]

rs}
h

@ Knowledge and skill
both unsatisfactory

4 Knowledge satisfactory

[ Skill satistactory

O Knowledge and skill
both satisfactory
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Table 8-4. Maintenance Skills Training Curriculum
ADVANCED CURRICULUM (16 units)

* Technical activities
* Economic activities

+ Analyzing problems
+ Proposing and impiementing
countermeasures

+ Designing and applying
maintenance standards

» Evaluating status and
effectiveness

() Company and (2) Duties of Frontsine | (3) Equipment () maintenance
Organization Supervisors Management Management
» Company and objectives * Line and statf = [mportance of equipment + Relation between
» Company and organization + Self-assessment to company maintenancg management
+ Organization and * Equipment management and production
management and its function « Functions of maintenance
managerment (technical
and financial)
(5) Equipment Life and | (¢) Production Budget | (7) AM Practice I: AM Practice II:
Processing Costs and lts Function Measuring and anaiyzing the | Measuring and analyzing the
« Life-cycle cost « Systems and functions status quo status quo
. Prooe:_v.sing-cpst * The role of line and staff * Analyzing problems
reduction topics * Proposing and implementing
countermeasures
(® PM Practice I: PM Practice il; @ PM Practice lIi: (2 PM Practice IV:
Measuring and analyzing the Measuring and analyzing the Measuring and analyzing the Measuring and analyzing the
status quo status quo status quo status quo

* Drafting and implementing
maintenance work plans

» Evaluating status and
effectiveness

(3 PM Practice V:

Measuring and analyzing the

status quo

* Assessing maintenance
records and reports and
using them for faiture control
and improvement

Maintenance
Budget Control

* Systern and use
* Reducing maintenance costs
+ Measuring and

evaluating results

{15 Manager Skills |

+ In-house training
+ Ability development

Manager Skills il

* Using training plans
* Progress control
(skill inventory)
+ Skill assessment techniquas

INTERMEDIATE CURRICULUM (20 units)

Equipment Mainte- | (2) Understanding (3) Applied Statistics (4 Maintenance Planning
nance Approaches Maintenance Systems
+ Proventive maintonance « Daily maintenance + Abnormality and failure = Use of maintenance
« Corrective maintenance + Checking standards records and their application calendars
* Maimenance prevention = Periodic inspection (implementation and control)
= Breakdown maintenance * Repair standards
(5 maintenance Skills | (8) Developing and (? Piping Fabrication Machatronics
Practice Applying Checking and Instaliation QOverview
* Revision and augmentation and inspection * Formuiating piping fabrication| * Data flow
of key maintenanca skilis Standards and installation work « Machine construction
standards and actions
Fallure Detection Condition-Monitoring | (i) Detecting Abnor- (2 “Worst” Case
Techniques and MTBF malities and Failures Analysis
« The relation betwesn PdM practice * Case studies » Presentation of “worst five®
deterioration and + Noise axamplas in trainees’ own
abnormality/failure; « Vibration workplaces
countenmeasures A Tempelamre . invasngaﬁon of
» Statistics and their use 3 A countermeasures
in failure reduction * Insulation resistance
AM = autonomous maintenance

PM = planned maintenance
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(139 Equipment Checking Equipment (15} Equipment Repair Injection
and Maintenance Inspection Practice Molders
« Checking and maintaining s Preparing process tables * Understanding equipment * Clamps
components » Preparing inspection construction and functions; * injectors
« Peticdic checking and checksheets practice in performing and « Controllers

recording repairs in

maintenance » Dynamic and static inspection
oD ; accordance with block
Disassembly and cleaning diag
(1?) Hydraulic Equipment Hydraulic Equipment Mechanical @) Electrical Circuits
and Circuits Maintenance Adjustment Skills
+ Hydraulic systems (injection | « Daily and periodic checks « Checking and trial operation | * interpreting elementary
melders and prosses) * Maintenance * Adjustment and setting wiring diagrams
« Structure and operation of » Troubleshooting of parts * Sequencers
hydraulic equipment » Control devices « Troubleshooting
* Hydraulic device actuation
and circuits
ELEMENTARY CURRICULUM (16 units)
(1) Basic Nuts and Boits { (2) Applying Correct (3) Lubrication Basics (%) Basic Seals
: Tightening Torques | . (se and maintenance of + Use and maintenance of
+ Use and maintenance of » Practice in performing lubricant oils and greases packings and gaskets
nuts and bolts warkplace checks + Practice in assessing + Practice in performing
lubricant detenioration workplace checks
(5) Interpreting () Basic Keys and (?) Basic Gears Review Practice
Mechanical Drawings Couplings + Disassembly, assembly,
= Basic fitting « Basic knowledge, use, and * Use and maintenance and test operation of
= Materizals symbols maintenance of bearings of belts and chaing practice equipment
(@ Basic Electricity Basic Sequencing | (i) Limit Switch Circuits Basic Electrical
Maintenance
+ Electrical devices * Practice in circuit wiring * Timer circuits * Safety
and symbols + Holding circuits * Interlock circuits * Practice in performing
* Interpreting sequence * Motor start-stop circuits + Motor forward-reverse circuits|  workplace checks
diagrams ’ « Thermal relay circuits » Circuit fault detection
« Use of electrical testing
devices
(19 Basic Hydraulics Hydrautics Structure | (15) Hydraulics and Fault Detection

and Pneumatics and Functions Electrical Systems
« Basic hydraulic and = Assembly and test operation | = Hydraulic circuits and * Fault detection using
pneumatic circuits of practice equipment elecirical circuits practice hydraulic systems
« Disassembly of practice * Preparation of hydraulic * Preparation of timing charts | * Practice in performing
hydraulic systems cycle fine diagrams workplace checks
* Summary
BASIC CURRICULUM (3 units)
(D) Principal Equipment | (2) Anciliary Equipment | (3) Dies
Units
* Types and names of * Types and names of = Types and names of injection
injection molders ancillary equipment molding dies
+ Guided tour of production « Guided tour of ancillary + Types and names of meial
equipment equipment press dies

+ Equipment safety
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ONE-POINT LESSON
y r r
Basic Knowledge Problem Case Studies Improvement Case Studies
. s : Key points for the theory
Key points that Key points for preventing N i
; and practice of effective
must be known problems from recurring improvements
Figure 8-5. Types of One-point Lesson
t.: Date prepared:
ONE-POINT i
LESSON Team: Prepared by:
" The Role of FRLs-Lubricators Type: Basic pneumatic device

Principles
* The surface of the oil inside the
sight glass (A) remains constantly

Drip-rate adjustment knob

Drip-rate Adjustiment
* Adjust the drip rate so that a drip
is formed while the piston of the
hydraulic device is still moving.

under the pressure of the c
air on the inlet side. = If the oil drop forms after the
* When the pneumatic device Air Aroutiet  Piston has completed a full
actuates, the inlet-side pressure inlet stroke, the cylinder wails will not
exceeds the outlet-side pressure. be lubricated.
Gil is drawn up the suction pipe
and forms a droplet (B). 4 {.A i. —
» This droplet falis down and Sucti Ol level
mixes with the incoming air (C).  PP® | contral range
i e moomingake (01 76° 1 || [y Il e
* The oil is atomized and passes  gjguy * Do not alfow the ofl level to fail
out with the outgoing air. glass below the suction pipe intake
‘Filter
Date: 25 August 1986 = 29 August 1986 = "
Tralning 3
Completed Trainee:
Checked:

Figure 8-6. Sample One-Point Lesson
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APENDICE A

Com a Implementagfio do TPM os operadores passardo a exercer um maior
numero de atividades dirias, além de operar os equipamentos.

Com o intuito de n#o sobrecarregar os operadores das tarefas de
preenchimento de formularios e para facilitar a integragiio entre as diversas fungdes e
departamentos passa a ser vidvel o desenvolvimento de um sofiware que encurte as
distancias de comunicago e reduza o tempo de preenchimento de documentos.

Este apéndice tem como objetivo mostrar como seria parte de um software
que facilitasse as tarefas da manutengiic autbnoma. Devemos deixar claro que este
software é bem simplificado e ndo segue um planejamento de projeto adequado, pois
o tmico objetivo desse apéndice ¢ mostrar a viabilidade de um possivel software do
TPM. Além disso, o objetivo deste trabalho n#o foi criar um sistema informatizado,
mas sim fazer um estudo de caso de aplicagio do TPM.

As telas a seguir mostram a interface grafica do sofiware.

<<VOLTLR

Codigo:

Equipamento;

Componenete:

Periodo:

Tipo de Inspecao:
Responsavel:
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SAVOLTAR

Codigo
Equipamentc

nto + Data Programada

Data Programada. | IENEGEGEG_G—_——

Empacoiadora

Embaladora

Esteira
Equipamento

Sa Manutencdo em Atraso

CONFIRMA || RESET




<<VOLTAR

Feza Alterar on RmgimtTay
Yanutergio Digite o Cfdigo
de LIL & Seleciore = opcdc

Dezelade

Cadigo: i !
Confirma

Registrar fanutengso

] adtarar tern LIL
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Incluir Etiqueta de Defeito

Cadigo
TIPO:

Equipamento

Autinoma

Compo

Hesponsavel

Descricdo




<<VOLTAR
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Consulta Etiqueta de Defeito

Responsavel
Equipamento
Data de Inclusd@o

Dado [N

B S0 Pendenies

CONFIRMA | RESET |
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Resultado da Pesquisa de Etiqueta de

Drgrte o =Cadigo da Etiguets
pers dac DRLIRA

Cédigo:
Confirma

Como pode ser visto pelas telas anteriores o software de etiquetas de defeitos
facilita a comunicagfio entre os diversos departamentos da empresa, pois qualquer
funciondrio esti habilitado ao perceber um defeito colocar uma etigueta no
equipamento, registrar a efiqueta no sistema eletrnico com enderego para 0
departamento responsavel.

As paginas adiante mostram a estrutura da base de dados (tabelas) e parte do
codigo do sofiware que foi feito em Java, utilizando o Servidor Apache TomCat e a
base de dados Oracle.

Devemos lembrar que o software néio foi completamente concluido, pois este
ndo era o objetivo deste trabalho.
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Tabela: Equipamento .
C_EQUIP NOMS PK
NOME VARCHARZ 20 {NOT NULL
RESP NUM 5 FK
DEP VARCHAR2 20 INOT NULL
OBS VARCHARZ 300
Tabela: LI | ! Tabela: Componente
CODIGO NUM 5 PK__ [C Comp NUM 5 PK
C_EQUIP NUM S FK C_Equp NUM 5 FK
C_COMP NUM 5 FK___ - RESP NUM 5 INOT NULL
C_RESP NUM 5 G S 085 VARGHARZ 300 |
TIPO_INSP  INUMS FK R -
PERICDO VARCHAR2 20 | \
DATA_ENT __|DATE ; \ ;
_, : Tabela: Responsdvel
DATA_MOD  |DATE f A {c RESP NUM 5 PK
APROVADO VARCHARZ{ |NOT NULL [NOME VARCHARS 40 (NOT NULL
RESP_APROV INUM 5 | [CARGO VARCHAR2 25 (NOT NULL
Tabela: Tipo_Insp ¥ - :
CTINSP NUM 5 PK
DESCRICAQ [VARCHAR2 25 (NOT NULL

Tabela: Equipamento
C_EQUIP NUM 5 PK
'NOME VARCHARZ 20 |NOT NUIL
RESP NUM 5 K
DEP VARCHARZ 20 INOT NULL
OBS VARCHARZ 300
Tabela: Etiq_Def i _ /
CODIGO NUM 5 PK e Teoro
DEP VARCHARZ 20 INOT NULL/ Citons NS T3
C_CompP NUM 5 FK RESP NUM 5 NOT NULL
CRESP ~ |NUMS5 ~~ FK \]1 [o8s VARCHARZ 300
DESCRICAD ~ [VARCHAR 500 \ ‘
Tabela: Responsével | 4§
C_RESP NUM 5 PK
NOME VARCHARZ 40 |NOT NULL
CARGO VARCHARZ 25 |NOT NULL




//////////////////////////////////////////////////////l/////

NOME: LaciDefjeva
Il
i
ﬂmonmnma.mmmm) "

If HTML# RELACIONADAS: #
Hi "

1 ULTIMA MODIFICACAC: I
#

#
#” 14
" FUNCIONALIDADE: Cadusiru Tiem: de LIL  //
4

E)

B T L i g
gmyat Va0

Import JvaK. mvkt.hup R

imipoct juvautil¥;

tmport jevaagl™;

public class InciDef extends HitpServiet

private Statement stitement =nel;
private CoRROCIon CoRNeCtion =null,

peivate Sting wh = *jdbe:odbefubr;

H#Conecta com o DB
pubkie void init( ServietConfig conlig)
wuper ] config ),
¢
Clase forName( "sun.jdbe.odix JadbeOdbeDriver” %,
comnaction =
DriverManager.getC tion( wrd, password),
catch { Exception )
(e.ptimsuckhuao;
connection = mlk;
}
}
pnbﬁcvdddn?ocﬁﬂﬂyﬁad«kmdm
HipServietResponso
throws ServietExeeption, IOException
{
RosultSet contalinha;
Veotor dados — now Vootor(y;
PrintWriter cutpet = ros.getWriter();
“tepct/tm]” ;.

oy

#f Faz bosca

smquy-:-szmcrooum-)mom defn;
conteLinke = mhmm.muQu«y(qmy).
whils {contaLizha pext())
¢ dadow sddFlement{contaLinka gotString( 1));

outprtprint{™™ + dados);
stxtement.close();

H
rénm(mcepﬁnne)

outpetprint(™Erro; Teate Novaments Depois! Erro so gerer Numeraceo."),

*ERROR: Problemar com 8 NUMERACAC" X,
eprntitackTrace(:
reluy,

}

ink: gy

temp="" + dados.gei(l);

oodige = Iniegar perseini(iemy) + 1,
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‘bookean success = insartntoDB{™" + codigo +
MM+ resp +
"+ equip+
w,ﬂ+m+ -n')’
/fpoctesn success = msertintoDE(
# "+ codigo + )
if ( socceks)

anqmr.pmf('cxﬂmﬁmcmdebefem"f-
for Cadastrada com Socesso!l </HZ" ),
clse

output pant( "<H2>Efro a0 Cadestr . * +
"Tente novaments depais </HZ>" + tipe %,

) valoes (" + etk

, omput close(y,
?msh ool sthnto DB String string! )
try {
——— )
statemient.execrie(
/INSERT INTO1 dnfvnhl('+m.gmm+');')§
"INSERTINTO) def{codigo, reep mibo, oquip
statement clowee(r,
}
cateh { E!.eephm e){
Systefm.erT.priming
"ERROR: Problemzs 10 cadastar” );
e.printStackTraced);
retorn false;
}
Tetomm e
}
guwc woid destrov()
try {
aommection close();
}
catch( Bxoeption e ) {
System.err prittial "Erro pars fackar DB* %
}
H
}
i T R i
- CadLIl. java "
M DATA: I
s 14

#f AUTOR: Ehmwﬂ.ﬂuhm};sbeh (FABR) "
"

#/ HTMLs RELACIONADAS: 4
" 1

#f ULTIMA MODIFICACAQ: i

i i

I3 #

i FUNCIONALIDADE: Cadastra Item de LIL  #

1
L e

%
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uy
(ﬂmfﬂm('mjdbc.odbclmm);
conmection =

DrivexManager.getCi { wi, username, password),
ithh(Exeopﬁne)

mmmmﬁmnm
HttpServietResptatse fed
(ﬂmms Suvktﬁxcmm&wpm

Vector dadoe = new Vecion(;
PrintWriter outpot =res. g Wiiter();
ren.setContentType( "trxt/html* ),

ry

f Faz tmscst
String quary = "SELECT COUNT(*) FROM ",
ction crexteSttement(),

contal.ilta = statement executeQnery{query);
?'hile {contalinhg cexi(})

d ddEkement{contaLinhe gotSiring( 1)),
}

cutputprist{™" + dedos};
) 3
?tr.h ( Exception ¢}
ouwnr.pr‘m(".ﬁmr‘rm Novamente Depoie! Bero 20 gerar Nemeraceo.™);
YERROR: Problemas com & NUMERACAG" ),
& printStackTrmoel,
}

Strhsm
mt codigo »=-4;
temp = "" +dados get(0);

ocodigo= Integer paselni(temp) + 1;

boolean ruccess w npertninDE(™ + codiga +","
+ camp + ", + equip + “,syndste,” +
insp + "7 +xesp + "),
/*boolean success = inpertintoDB(
™ + codigo+ )%/
i wccem)
mpmt('cﬂbOLIL'-*
fi Cadustrado com Soceesol </H2>"),

el
output.peintf "HZ>Erro a0 Cadastrar. " +
*Tente novemtit: depols, </H2>" %

}
m{' bokem & DE( Sting steingtoinsert}
uy {

*INSERT INTO B {codips, samponente. equipsmenrto, M nﬂ.p_w,xﬂpmﬂ'd)uhﬂ('+wt+');')’,
JFINSERT INTG kil {codigo) vaines (* + stringtomeert +
wistament close();

?:M(Bme){
Sywtem.eer.printiol
“ERROR: Problemss 30 cudssier” );
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retirn fuloe;
}:}\mrnm

%nb&vuiddstmyo
try {
connaction close(s

}
cateh( Exception e ) {
System.etr.printin{ "Exro pars fochar DB ),
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APENDICE B

Este apéndice ilustra o coletor de dados que foi desenvolvido para obtengdo
dos dados em campo. Através deste coletor foi possivel facilitar a tarefa de coleta de
dados referente as intervengdes dos operadores sobre o equipamento quando ocorria

uma anormalidade.
As figuras abaixo mostram o coletor de dados.
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O coletor de dados & composto por oito botdes que representam 0s Lipos de
intervengdo, trés boides de controle (envia dados, zera dados, configura data e hora)
g por um bot#o que registra © momento em que o set up foi realizado.

Primeiramente devemos fazer o acerto da hora utilizando a comunicagio
serial através de um terminal. J4 com a data ¢ horario atualizado o sistema passara a
registrar o tempo, toda vez que um set up ou uma intervengéio for executada o botéo
correspondente deverd ser pressionado. No final de periodo teremos um registro dos
tipos de intervengles que ocorreram ¢ seus respectivos hordrios bem como o
momento em que 0s set ups foram realizados.

Por dltimo estes dados serfio enviados através da porta serial para o
computador e utilizando uma planilha eletrdnica poderemos fracar a evolugdo das
intervengdes em fungdo do tempo e em relagdo ao momento do set up.

O grifico abaixo mosira um exemplo obtido pelo sistema de coleta de dados.

Evolugic do N? de Paradas sm Perfodos Entre Set-Up
{SetUp de Tamanho)
100% TrTE—— pche el st R ———
5 e | Produtod ool
e, 0% ; — -
E 3 oy i kY -
O™ ‘\ 0
B E o~ TR s
o3 % -
gg 295 o i
1% ; h‘"“w S .
w g,
2 i) -] b 15 158 5 bk 240 e ] X 29 3 =0
» Satio 1Ex 100011000 - SatUp 2 (Ex 1971000
Set Up 3/Ex 1000700 —— Expmn, (S U T{Ex 1001100
—Expan {Sat Up 2{Ex: TR IRNGT Enpar, (St Up T {Ex 00N




As paginas seguintes contém o codigo fonte do coletor de dados.



I L LU L L LU L
::.’f' Sirtama Ligital do Memitoramentn de ‘loques {SDMLY
;; Data: 23/07/2003

/ Fanciomelidade: Fi B monitorsr intervengles oo
) Dopartements da cmbatagem

i Modificagtes
ﬂfﬂllf.’lfﬂllfﬂlf!ﬂlﬂ!ﬂ.rﬂ.'lfﬂi.fﬂiiﬂlfﬂ.’.’fﬂlﬂ!f.‘lflﬂ#

# Defmigten do Sistere.

#define CINBUFSIZE 15
#define COUTBUFSIZE 15

4/ Fim des Definigbes do Sitems

/ Variaveds Globuais

it is, mes, ano, hores, minutos, segundos, contl;
it interv{2000)[ 7],

H

maing)
{

i Declaraiio de Vagiweis
mti

char dataf20];
char teste 1 [6U];

Hif Configarar Hardware

WrPorl(SPCR, &SPCRShadow, 0x84); # setup paraflal port A as ontput
WrPortl(PADE, &PADRShadow, (D), # tarn ofFall LED
WiParti(PEDDR, &KPEDDRShadow, 0x00); # Ports E ¢ Inget

Hifi Injeinbizacdo de Variives
=0
dha = 3],
mes = ]2
amo = 2003;
horas = 23;
Arntos = 5]
sogundon = 51;
cont] =0;

}rhile [¢)]

BigloopTop(s # begin a big endlect bop

{#if CLOCK DO SISTEMA
<oniate

BifWrM(PAD!!, &PADRShadow, 0, 3);, /ftam LED on

waitfor( DelnyMs(200)),

Bt WrPortl(PADR, &PADRShadow, 1,3);
waitfor DelayMiBE00));

if (segundos = 56)
:omM-*umdo- +1;
/fmﬂﬂ.nmm;lw Yed'n*, sogundon);
o
veguidon =0,
+printfl"segundos: %d\n", sogundosy,
:{'(minmu 1= 59)
Dximboe = nximnios + 1,
PR "o Mizmtoss ;Gdhmm);
ohre
{
mimstos = 0;
Pontf*m Mingtoss %d\n”, minrtoc);
i{f(hm: =23}

oy =horas + 1;
painti"\a Horas Yedn", hocas);

™
{

it Horas %6d'®, horas);
 iffmesa=])
{

horge =0;
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if {dia = 31)

da=dig+1;
printf{™a Dia %d\n", dis);

clee
{ mez=mex+1;
din=0;
3
i (e o 2)
if(d:'n{l=7.8)
din—dis+ I

—

~g=

mes=mest1;
din =0;
)
}
if (mes ==3)

i (din b 31)

~

dia = din + I;

~g

mes =mes+ 1;
dia=0;
}
}
Himes— 4}
if (dia F= 30)
dia=diz+ I

—
—ng.-—a —~

mes=mes+ ]
dia =03
}
}
if (mes w= 3)
if(din t=131)
diamin 1,
]
cloe
{
mes=mes+ 1,
dia =0,
]
if (mes ==§)
if (dia 1=30)
din=din+ 15
}
el
od =mes + 1}

da=0;
printf{™n Dia %d Mes %4 Ano %dn", dis, mes, ano);
}

}
HFme—7)
if (dia =31}
i w diz + L,
pﬁmw\mhmw,di;);
wlse
meswmes+1;
din=0;
primtf{™a Dia %4 Mes %da”, dia, mes);
}
)
of (mes == 8)
if (dia t=31)
Samdm+1;
prty™n Din %d Mee %In", dis, mes,
)
else

{
mos =moz-+ I,
diam(y
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plimﬁ"\th%dMeﬂ;d\n',dia,);

3
if (meg ==9)
{
i (din {=30)
. dia=di+ 1
}
else
{
mes=mes+ 1;
dig=0Q;
]
]
if (mes—10)
if(dia I= 31}

o~

diz=diat I,

}

if (e ==11)
| =30
* dia =din+ 1;

s

#loe
{
meswmes+1;
da=0;

)i
}
if(mes == 12)
if (dia t=31)

.

dia=dm+ 1

A%u

mes= 1]
dia=1;
pmm&'\n.mMMu%dAm%d\: din, mes ano);
mo=amo+ I,
pantf{™n Dia %d Moe %d Ano %d'n", dis, mes, ano);
3

3
}

o st

}
#41f FIM DA TAREFA RESPONSAVEL PELO CLOCK DX) SISTEMA,

/(! Botma PB bit 2 - CONFIGURA DATA DO SISTEMA - LED PA bit0
c‘m

t
if (BitRdPort!{PEDR, 2))
aborg, 3 bittton tot down akip out of ceetatement

witfor(DelayMs(50), fwait SOms
FBRIPorti(PBDR,2)) ) :
shotty 7 i button not still down skip out
mﬂﬁrﬁebmbhnphuMMMmcmﬂngmm
£y

{

waitfor(BifRdPorti(PBDR, 2)); # wait fiox button to go up

'utﬁsﬂ)nhyMl(QBO)}, # eyt additional 200 miksaconds

if (RitRdPocti (PBDR,2))
) £ 1 buttom otiB pp tmeak ont of whtle op
‘WiPocti(PADR, &PADRShadow, OxfY); £ Apegatodos oe LEDs
HitWrPord(PALR, £PARShadow, U, 0}, /f Acende LI) Reafermte a instroglio
while( r_dsts(data) =0},

BifWPocti(PADR, &APADRShadow, 1,0},

pamf "Botac apertado”),

}
/5 FIM DA TAREFA DE CONFIGURAGAO DE DATA
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H/f Boteo PBbit 3 - ENVIA DADOS - LED PA bt 1

cortate
{
if (BitRdPortl(PEDR, 3))
sbort, 4 i button not down skip out of costatement
waitfor{DelayMa(56)); M wait 50ms
H(BitRAPorti(PRDRA) :
short, 1t if button not still down ekip out

1 now wadt for the button to be up for at least 200 ms before conridering amother togahe

wetles (1)

{

waitfor(BitRdForti(PBDR, 3)) # wait for buiton to go up

wmffor(DolxyMw(m)), # wit additiomal 200 milimconds

if (BitRaPortl{PBDR,3))

break; i botton st up break out of while Joop

}
WrPorti(PADR, &PADRShadow, Oxtt); // Apegs todos os LEDs
BitWrPord(PADR, &PADRSkadow, 0, L), // Acende LED Referente 3 Instrusso

while( v_data() == 07,

wyitfor(DelayMa(B00));

BitWiPorti(PADR, &PADRShadow, 1, 1);

;m:ﬂ’\nBouo apertado\ne”);

}
(/1! FIM DA TAREFA DE CONFIGURAGAO DE ENVIO DE DADOS

1ii{ Botao PB bit 4 - ZERA VARIAVELS DO SISTEMA, - RESET SOFTWARE - LED PA bit2

costate
{
i (BitRAPortI(PRDR, 4)}
ahart, # if batton ot down skip ot of costatement
waitfor(DelayMs{50)), /wait 50me
BitRAPord (FEDR, 4
abort, # if button not #iill down skip out
1 morw Wit for the button to be up for atleart 200 ms before considering another toggle
while (1}
{
mtﬁr(B:ﬂldPxﬂ(PBDR.-i)); /1 vait for bution: to go ap
waitfor(Delay? # wait dditionsl 200 miseconds
if (BitRAPord(PEDR, 4
break; # if brrtton et up break out of while loop
H
WrParti(PADR, &PADRSkadow, Oxif); # Apaga todos os LEDs
HitWrHorit(PALR, SEALGhadow, U, L) ff Acends LED Referente a lnstrucio
im0,
contl =0,
‘wxitfor(DelayMs(800) ),
BitWrPostl(PADR, &PADRShadow, 1, 2%
paoti "Botao spertado” X,
}
1i{f FIM DO RESET POR SOFTWARE
1/ Botao PB it § - Botzo Intervengao TESTE - LED PA bit 3
coutite
{
if (RitRdPorti(PRDR, 5)) )
abot; ¥ if buston not down sXip out of cortatement
waitfor(DelryMy(50)) 1iwait 508
HBRRIPcl{PEDR, )
abort, # if button not stil down siip out

#/ now wait for the botton to beop for st leat 200 me before considering another toggle
w1}
{

1
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minrvieant1 }[6] = segrmdor,

sprimtf(beste] , "\ %6d cont %d %6d/%6d6d %4d:%d:%d \n" contl, intervicont1][0],
hmv{cml][l},imeﬂ[cm% inverveonti]{3], imerv[conti j{4],

}

printftectel )

BitWrPortl(PADR, &PADRShadow, 1, 5%
it "Botao

# wait for batton to go up
/f-wait additionat 200 miliseconds

1 if batton st¥ vp break out of while loop

L)

WrPostl(PADR, £PADRShadow, Oxff), 1/ Apega todos oo LEDe
HitWrPort(PADK, &PADRShadow, U, 3%,/ Acende LEL Refevente a matragiio

peintf{"e'n"),
peinti{"%d \n\o", contl)y,

intervicontl])f0] =-2;
intervicontl J[1] = din;
interv{contl][2] = mes;
intervicont1]{3) = ano;
imter 11{4]} =horas,
itervicomt1j[5] = m

{eamt1][5], intarv[cont1][6T),

contl =contl + 13
I{“wlli!o(h‘ﬂ!d?orﬂ(PBD& N
- pintfT*TESTE"),

apertado™),

4 FIM DA ROTINA DO BOTAOQ TESTE

IR Boteo PE bit 0 - Botao Intervencas - LED PA bit §
<ONtate

{
i BitRdPortl(PEDR, 0)
abort, # if batton not down alip out of costatament
waitfor(DelayMs(50)); fiwait 50 ms
H(BitRAPorti(PEDR, 03)
abort; /# if butten not still down siap out
mw;ammmwuup for at Jeast 200 ms before considering another toggle
I
{
waitfor(BitRdPortI(PEDR, 0)% W wait for bukton to go up
i # weit sdditional 200 miliiseconds
if (BitRdPorti(PEDR, 0))
breck; 1 ¥ button 4B up kreak out of while locp
1
WrPortI(PADR, &PADRShadow, Oxff); / Apaga todos os LEDs
BRWrPort(PADK, ZPAURShadow, U, 5), # Acende LEL b 2 g
printf{("a\n");
prntf{"%d \n'n", contl);
intervicont1]{0] =0,
imtervicontd ][ 1] = dis,
intervicont1][2) = mes;
terviconti][3] = ano;
intarvicont1][4] = horas;
intervicontI][S] = minutos,
contl =eomtl +1;
veaitfor(DelayM(200))
HitWrPortl(PAUR, &PADRShadow, L, 5),
printi{*Boteo apertado™);
}
it FIM Da ROTINA DO BOTAC £0

LI Boteo PEBit | - Botwo Intervenceo -LED PA YRS
costutn

{

if (BHRAPorti(PEDR, 1))
abort,

wexitfor(DelayMa(30));

# i bution not down skip out of cortatement

H et 50 o
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H{BitRAPoril 1
.b.,gm& 2 1 i button not still down skip oot

1 pow wait for the button o beup for 4t least 200 ms before comvidering another toggle
while (1)
(WWM(PEDR,I)); Jf wrait for button to go up
weaitfor(DelayMas(200)3;
if (BitRdPortl(PEDR, 1))

}

WePorti(PADR, &PADRShadow, 0xf), #f Apaga todos os LEDe
BitWrPord(PADR, #PADRShadow, 0, 0), /f Acende LED Refereme a Instengao

printf{"a'a"),
intf{*%d \n\n", contl);

cont1}{0] =1,

contl]iL] =dix,
cont1)[2] =mes,
contl]f3] =ano;
cont J14] = horas,
conti}fS] -
cont J{6] = segandos,
—=paut] +1;
waitfor{DelayMe(200));

HitWrForti(PADR, &PAURShedow, 1, U
pontf"Botio apertado™y;

il

}
1 FIM DA ROTINA DO BOTAO El

Ht#HH Botao PE tit 2 - Botao Intervences - LED PA b S
costate
{

if (BiRdPortI(PEDR, 2)) i X

abort, #f if button not down: skip out of coratement
waitfor(DeluyMa(50)); {/ weait 50 ms
H{BURAPorid(PEDR, 2))

short, 4 if button not otill dows skip o

# now wait for the buttor to be up for at least 200 ms before considering snother toggle
while (1)
£

R, D) # wait for butten to g0 up
weaitfor(DelayMs(200)); 1 wrait additionsl 200 milliseconds
f(BanPwﬂ(PEDR, 5}
break, # 1f button el wp break out of while loop

}

WiPorti(PADR, & PADRSkadovr, 0xfl); 11 Apagatodor os LEDe
HitWrPorti(PADR, &PADRShadow, U, 5,/ Acende LH1) Heferente 2 lostracio

pentmaa);
ntf{"%d \on®, contl);

tervicont1}[0] =2,
meervicontt][ 1] = dix,
intervicont]){2] = mes;
mtervicont!][3] = enc;
amtervicont!][4] = horax,
mtervicont1][5] = minutos;

contl =contl + 1;
aitfor(DelayMa200))
BitWrPortl(BADR, &PADRShadow, [, 5k
peinti{"Botec apertado™);
i
Y FIM DA ROTINA. DO BOTAO E2
HH1H1 Botao PEbit 3 - Boteo Ixtervencao - LED PA LS
{

iF(BitRAPorI(PEDR, 3
abort; 4 i button not down tkip cut of cortement

witfor(DekeyMa(50Y), 4ot 5Dy

iBRAPorti(PEDR, 3))
abort, J if bunon ot still down skip oat

# wait additional 200 mifseconds
/if button #4H up break ont of while leop

128



A mirww wait for the button to be up for atleast 200 ma before conidering another toggle

while (1)
(WIPEDR,S)); # wrakt for button io go up .
it )3 #f weait 2dditional 200 milseconds
£ :3')=g # i brsttom =t wp break ont of whie loop
J .
‘WrPortl(PADR, &PADRShadow, Oxf);  Apagn wdoe o8 LEDs
BitWrPorti(PADR, &FADRSkadow, 0,5%, / Avende LED Referemte u Istrogao
ey
m‘mrc-smn\a', contt);
intervicont:][0] =3;
serviconnu][1] = diz;
interv{comtl][2] = mes,
interv{oont}][3] ~ mio;

intarv{cont] {41 = horas,
interv{cant] |[3) = mintos;

contl =contl + 1;

waitfor(DeluyiMs(200))
BaWrPorti(FADR, &PADRShadow, 1, 5);
psti"Botas apestado™y

}
#iiHi FIM DA ROTINA DO BOTAO E3

(i} Botao PE bit 4 - Botao Indervencao - LED PAbit 5

costite
{
] (BHRM(PEDR, 40 - Il i .
abort, i if button not down slip out of costatement
waitfor(DelayMas{50)}; /i weit 50 ms
HBRRAPori{PEDR, 4)) . 5
abort, Ji i butrgm not st down sdip out
igw}uﬁorm button to boup for atleast 200 me before considering another toggle
4
orti(PEDR, 4, /{wrait for button to
wmtﬁx(l)ohym@m)).n' & i # wait additional 200 milliscconds
if (BRAPorI(PEDR, 4))
broaly # if button 4 up bretk cut of Wit loop

1
WrPortl(PADR, &PADRShadow, OxfT); 1 Apagatodos os LEDs
BitWrFortd(PADR, &PADRShndﬂw 0,5) / Acende LED Referente 2 Instrugac
print "'
prnti"%d \n\n", contl),
ervfconti](0) = 4;
oarviconti]{1] = ds;
mtervicont1)[2] = mes,
ntervieontl J[3] = e
mtervicontl}[4} = koras,
intervicont1]{5]) = minotox,
contl =comt] +1;
waitfor(DelayMs(200));
BWrPorti{ ALK, &¥ADKShadow, 1, 5%
et "Boteo apertedo”);

}
I FIM DA ROTINA DO BOTAO E4

#i1i{#{#it Botao PE bit 5 - Botao Intervencao - LED PAbEE S

costaie
f

if (BitRAPor(PEDR, 5))

abors, #1f battem ot down skip out of cortatement
weaitfo(DelayMa(50)% #f wait 50 s
iBiRAPor(PEDR, 5)) o E

=bort; # if button not 5t down skip out
mr)ﬂh&embhup for at Jenst 200 my before considesmg spother toggls
{

waator{Btitd Porth{ PELIR, 5)% #'wat for button to go up

waitfor(DelayMa(200)); # wait additional 200 nilliseconds



if (BitRdPort(PEDR, 5))
b:)uk‘. Ji if bumon wili np break out of while Joop
}
WrPorti(PADR, &PADRShadow, (xffy, 1/ Apaga todos os LEDs
BitWrPord(PADK, &PADKShadow, 0, 53; / Acende LED Referente a Invtrocao
ponti oy,
paEvsd wiaT, contl;
mtervicont1])[0] = 5;
mtervicotl j|1]= dox,
intervicontl}[2] = mex,
imtervjcomt1}f3] = ano;
merv[cont} 4] = horas,
mtervfocmt) )5 = min
poart] = comtd + i}
waitfor(DelayMa(200):
HitwrPerti(PADR, &Pavsihadow, L, 3%
printR"Botao apertado”);
]
N FIM DA ROTINA DO BOTAOG ES

{1141 Botao PE bit 6 - Botao Intervencao - LED PAb# 6
costate
{

if (BitRdPorti(PEDR, 6))
abort, # if button not down sicip out of costatement
waitfor{ DebayMs(30)); Hwait 5S0ms
i{BitRdPorti(PEDR, 5)) o R
abort, 7 i butiom mot stili down siip out
J1 e weit fior the button 1o bemp fior st leset 200 me before cotsidering smother toggie
winike (1)
{
mmmdmww& &% 4 weatt for button to go 0P
# wait additions! 200 miliveconds
:I(RﬁRdPﬂ(PEDR,G))
real; # if hmiton #ii% no break ot of while loop
}
‘WrPorti(PADR, &PADRShadow, Oxff); # Apsga todos os LEDs

BRWrPoril{(PADR, &PADRSImdow, 0, 5%, i Acende LED Refkrente a insiragio

prmtftway,
iz "o i, oot s

intervicont1)§0}=6;
imtervicontij{1] =i,
intervicomtl ) 2] = mes;
imtervicont] )[3] = amo;
ntarvicontiif4] = horar,
intervicont] 5] = ms

contl =contl +1;
waitfor(DelayMs200)).
BaWiPord(PADR, &PADRShadow, 1, 5%
prietE™Botsc apertada”y
}
LT FIM DA, ROTINA DO BOTAQ E6

11 Botmo PE bit 7 - Botao Infervencas - LED PAbit 5
costate
{

if (BitRAPorti(PEDR, 7)) 3
abort, 1 brutton. not down slap ottt of cosmiEment
witfor(DeleyMs(50) 5 Fwait S0ms
H(BRdPerd(PEDR, 7))
aboct, # i button not still down sidp out
Ji e it for the betton % be up for atbeast 200 ms before conwidering mother kpgle
wiile (1)
{
waitfor(BiRdPorti(PEDR, 7))} 1 wait for bution to go np
i 3 1 wait additioral 200 willseconds
if (BitkdPocd (PEDR, 7))
Sreal, 4 ¥t 8 op beeal oot of while loop

WiPort(PADR, &PADR Sadow, Gxffy, /! Apagza todos os LEDe



WD d{PATD &PADRChrdom 0 Sy [ Acends LED D=

mtervicont1)[0] = 7,
interviconti]( 1} = dia;
imervicontl]{2] = mes;
Sz} — =
intervicont1]f4] = horag,
mmpervieoati j 7§ = trinmios;

cont] =eont] + E;
waitfor{DelayMal200)),

BRWrPorti{(PADR, ZPAURSRadow, 1, 5%
eint{"Boten gertada™,

Ay
K

i FIM DA ROTINA DO BOTAO E7

} # end of while loop

Tomwaci),
} #end of mum

HFIM DO MAIN
F T e

THIGHRHTRHINGT
# FUNCOES DO SISTEMA.
T

Himi
## Fongho Commnicacsoe Sexial RECEBE DATA
HiKHi
i;a r_duta(char p[20])
imtflag;
intL
ciner Dioco] 20, Aow caniiome Ilos werwo jogados mgui

int valor[20T,
e=0
thagt =u;
iy
for (=0, i<20; )
vaborfi] =-1;
W,'WW*};
ey, ‘
pim‘('umomic'ulmlmhodoubcomw,ﬂom, strien(bloco))

/iAbre ports serin] especificando BAUD RATE = 19200
rerCopen(19200%

serCputs("nEntre com o informagded do wistema no formato DD/MM/AAAA HHMM#w"),

Hirdcio do loop de leitnra de caracteres
i=d;
witde (o I= W &8 i< 20}

{if((c=u:CgMn0) t -] &l c 1)
{

rerConte(cl;
Bocofil =&
Jrprint{Fe int= Yo chur = S\, [ X} 4

if (o> 47 && e < 58 && i< 20)
~alorfj] = (¢ - 48
Hpeintf{valor %d = %d, 5, valoefil)y
bon
}
fogi=Y;
=0
serCpuis{~inds Gidos fomm tesnsieridos com sncesso! W),
Ilpiﬁﬁ'\nﬂooo‘!ﬁh‘,hlmx

/f ddfmm/axen hh-mm
J101 3456785012345

printfePacts dos Intirosteia’,

ot
L2
prand



for (=05 i< 2 iHH)
Pz, vaioriilh
die = valod0}*10 -+ valos|1);
ter =valor{31*10+ valoridE
20 = vale{"1000-+ vele{7]#100-+ k{8110 + Va9,
mm-vﬂn[14]~1a+ uh:[lS};

rerdirn DATA mmmumh- Arn man ann hamas m\n

prastatiolcd A mmar ano Bera oIl

while (marFteeO !-COUFBUFS]IE).IIElpmaFmEzmw da Transmiskc
mﬂueu; frrecia POTTR Periti I
AW,

strepy(p, bloco),
contl =0,

i retumn flagly

1
.’!Ifp’lﬂﬂllfﬂ.flfIn’lﬂllfﬂ”ﬂllﬂIlllliﬂﬂl.fﬂl.WIM"fﬂlﬂﬂlﬂlillfﬂlllf
intv_date(void)

I

it gl

rfmm memﬁ ALy HAIB_ IYM
serCopen(19200%;

rerCpus("piar”);
print{-mDados it

ifnr(i=0',i< contl; H+)

L
wprintiTierte, ¥ %d:564/%d /% 96 %M, ", imterviilf 0],
Rterv{a{1] satervii Iizl.mwm}l,m‘rl' 4],

18 T
printf{teste);
. serCputs(teste);
}
flxgh =1;
1=0;
2 sl 7 Tl — Bt Vs ® llran 't
Jedashrma Hage — 46 0, Hinos)
while (serCwrFree(} 1=COUTBUFSIZE); /Espera 3 Fnalizacao 82 Tranumissac
mr;rremmmw
ey,
retum fagl;

}
Y
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