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INTODUCAO DA ROSS CONTROLS ROSS i

* Fundada em 1921 por Charlie Ross
Suramente = 1954 - Desenvolveu a 12 valvula pneumatica dupla para controle de freio/embreagem
Preumatica__|  ® 1962 — Desenvolveu o 12 dispositivo pneumatico de isolamento de energia para LOTO
de21091271 ¢ = 2005 - Valvulas Duplas de Seguran¢a Monitoradas Internamente_
= 2017 - Valvulas Duplas de Seguran¢ca Monitoradas Externamente
—-= 2017 - Valvulas de Seguranca de Processo
= 2018 - Valvulas Duplas de Seguranc¢a Hidraulica '
= 2019 - Valvulas de Segurancga para Locais Perigosos Todos os | DEL&EFFST\ESEGEmﬁLwy,' =
= 2019 - Sistemas LOTO de ponto unico ElectroGuard B NOVOS e o HONUETTE N BY
= 2020 - Valvulas de Seguranca de Processo Avangadas 2003 e 3004 dz;z:”;g; '
= 2020 - Valvulas médicas
= 2021 - Aniversario de 100 Anos da ROSS

= eLOX — Caixas de Bloqueio Elétrico

pneumoalol

an

ROSS

a global family
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A ; : ROSS |§3
EVOLUCAQO DAS VALVULAS DE SEGURANCA PNEUMATICAS »doval iy

Valvulas de Seguranca DM/
Monitoracao e Memoria Dinamicas

2000

ISOLAMENTO ENERGIA PNEUMATICA

DM2C DM1C M35

1954

Model without
EEZ-ON® (Soft Start)

Model with
EEZ-ON® (Soft Start)

ROSS

a global family
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A ROSS TEM FABRICACAO GLOBAL COM SUPORTE LOCAL

ROSS Europa GmbH - Germany

ROSS DECCO, Industrial Coils
Ferndale, MI, U.S.A.

ROSS France

ROSS Controls Global Headquarters
Ferndale, MIU.S.A.

ROSS Controls - Canada

ROSS Asia - Japan

a global family




EQUIPE GLOBAL DE SEGURANCA

GLOBAL Reach wn:h a LOGAL Touch‘“‘
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GLOBAL SAFETY TEAM
S. Boyette, ROSS Controls

Global Safety Product Manager
Hydraulic Safety Valves & ElectroGuard Safety Isolation Systems

steve.boyette@rosscontrols.com

Dietrich Warmbier
Global Safety Product Manager
dietrich.warmbier@rosscontrols.com

Chris Brogli
VP Global Safety Business Development
chris.brogli@rosscontrols.com

GLOBAL TEAM MEMBERS
E. Cummings, ROSS Controls
D. Fournier, ROSS Canada
L. Villela, ROSS Brasil

C. Carciofi, ROSS Brasil

D. Warmbier, ROSS Europa
A. Ward, ROSS UK

J. Le Berre, ROSS France
Y. Setiya, ROSS India

T. Shirai, ROSS Asia

P. Jia, ROSS Controls China

2023 Safety Seminar | PM Safety


mailto:steve.boyette@rosscontrols.com
mailto:dietrich.warmbier@rosscontrols.com
mailto:chris.brogli@rosscontrols.com

PREPARACAQ DO AR - CONJUNTO DE ENTRADA ROSS |

v’ Medidas contra CCF
(Falha de Causa Comum)

Separador de agua

Filtro

Regulador
Valvula Lock-out
Silenciador

Valvula de seguranca

ss Automatlc |D |inmgtfo| | I

Valve manufact!S

Os sistemas adequados de entrada de ar incluem
filtros e reguladores para garantir que o ar esteja
limpo, seco e pronto para uso. As vezes, 0s sistemas
de entrada de ar incluem purgador e valvulas de
despressurizacao.

2023 Safety Seminar | PM Safety



FILTRAGEM ROSS B

Fllters are available in different varieties to let them remove oil, particulates, water, and
Filters - General odors from the compressed air. ... The oil cleans and protects downstream components
1/8 to 2; Flow to 1000 scfm from wear and corrosion. Regulators set the incoming air pressure to the desired level for

the cylinders and actuators operating machinery. 2019=65135

Coalescing 1s a technique used in filter media for the separation of liquid aerosols and
Filters - Coalescing | groplets from a gas, and coalescing filters are specifically designed to remove submicron
1/8 thru 2; Flow to 840 scfm | pjl, water, and other liquid droplets from airflows.

Adsorbing pneumatic filters are used to remove oil from compressed air streams. They are
located close to the source of the ol to provide a more effective result. They are often used
for breathing apparatuses and food and drug applications.

Filters - Adsorbing

Oil Vapor Removal

Silencer/reclassifiers are integral silencer and olil separation devices. When installed at the
Silencers/Reclassifiers | exhaust ports of pneumatic valves they reduce exhaust noise and capture lubricants

Filters Silencers Reclassifiers contained in the exhausting air. They are used on valve-cylinder applications and on air
tools with piped exhausts.

-

L
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REGULADOR & LUBRIFICADOR ROSS |}

a global family

The primary purpose of pressure regulators is to control pressure
Regulators with close tolerances to ensure that compressed air in a

1/8 to 1-1/2;Flow to 800scfm pneumatic system is not wasted. Pressure requlating valves

accomplish this by maintaining constant output pressure under
various input pressures and output flows.

MD3 Series
1/4 to 1/2; Flow to 110 scfm

Air lubricators have been an important part of pneumatic
systems for decades. Lubrication helps reduce friction
between sliding surfaces to not only improve efficiency
MD3 Series and increase cycling speed of a component, but reduces

wear, which ultimately means longer component life and
less maintenance.

1/4 to 1/2; Flow to 150 scfm

One word of caution — Many valve are pre-lubricated and do not require lubrication.

I
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0 QUE E SEGURANCA? ROSS B

a global family

Seguranca é:

= Parte de um programa de prevencao de perdas

=  Esforco para eliminar ou reduzir os danos a todas as pessoas

=  Reduzir os danos ao maquinario e a outros ativos da empresa ’'Y unsale

\ c
=  Minimizar os danos ao meio ambiente A Pracllﬂﬂs

| I}an Baallv
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_ DSS" ROSS,
POR QUE ACONTECEM ACIDENTES EM MAQUINAS? RUSS | Bl

Acidentes em maquinas acontecem quando menos se espera.

O custo de um acidente € altissimo seja material ou até vidas.

A simples prevencao por treinamento de operadores pode
nao ser suficiente.

O projeto de maquinas tem que ser voltado para nao permitir que ela leve
risco ao operador quando € nova, mas principalmente quando ficar velha.

Toda experiéncia acumulada na industria deve ser usada para novos
projetos ou adequacoes.

RDSS !ﬁ A\llltomar.ic

a global family a IVe
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A ; ROSS | i3
PROTECAO DE MAQUINAS T

N
Proteger o Colaborador
Objetivos dos )
sistemas
de seguranca )
Proteger o Patrimonio
J

Manter a Produtividade

== | Aut tic
Ba | e

ROSS

a global family
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; ROSS | §S
MAQUINAS SEGURAS E PRODUTIVAS bt

A seguranga em maquinas € equivocadamente
associada a uma perda de produtividade. No
entanto, atualmente, as normas internacionais de
seguranca e a tecnologia proporcionam o equilibrio
adequado entre seguranca e produtividade.

(Alba, Jesus)
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~ ) ROSS |
PROTECAO DE MAQUINAS bl iy

@ Ajuste

Producgao

@ Disturbios na

— Quando ocorrem os acidentes?

Producao

@ Manutencao

*Analysis and prevention of serious and fatal accidents related to moving parts of machinery” by: Yuvin Chinniah
Safety Science 75 (2015) 163-173

ol 2023 Safety Seminar | PM Safety
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) ROSS | §
VALVULAS CONVENCIONAIS CATEGORIA 1 S dobal iy

Embreagem Freio

Valvulas pneumaticas convencionais
nunca devem ser utilizadas parao
comando do freio/embreagem de

prensas mecanicas. Prensa no PMS

!:\:C}S 2023 Safety Seminar | PM Safety
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VALVULA CONVENCIONAL 3/2 VIAS - PERIGOS EM CASO DE DANQOS ety

3 | Aggormetic |Decco' |pnzumqtro| “:\f::k 2023 Safety Seminar | PM Safety

llllllllllll



VALVULA CONVENCIONAL 3/2 VIAS - PERIGOS EM CASO DE DANQOS ety
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VALVULA CONVENCIONAL 3/2 VIAS - PERIGOS EM CASO DE DANQOS ety
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ROSS
PERIGOS E FALHAS > obaltamy

Isso nunca vai acontecer?

ROSS | 5 | Aysmete | pecco | pneumatrol | IV 2023 Safety Seminar | PM Safety
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SILENCIADORES NAO ADEQUADQOS - PERIGO AUMENTADO »dloba famly

NR-12

2.4.3 Nas valvulas de segurancga, somente podem ser utilizados
silenciadores de escape que nao apresentem risco de entupimento ou que
tenham passagem livre correspondente ao diametro nominal, de maneira
a nao interferir no tempo de frenagem.

(Pagina 79 NR-12)

ﬁﬁ' Automatic
Valve

pecco |pnzumo.trol LB 2023 Safety Seminar | PM Safety
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; ROSS |3
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM »dobalfrily

Desligadas
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: ROSS | §S
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM »dobaanly

Ligadas
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; ROSS |3
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM »dobalfrily

12 Travada aberta
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; ROSS |3
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM »dobalfrily

1 Travada Aberta
2 Travada Aberta
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: ROSS | §S
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM by

Desligadas
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: ROSS | §S
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM by
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: ROSS | §S
VALVULA SOLENOIDE PARA ACIONAMENTO DE EMBREAGEM by

Em Falha
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A ROSS
VALVULA DE SEGURANCA COM FLUXO PARALELO bl et

As valvulas de seguranga devem ser duplas, comandadas por solendides independentes, para impedir que uma falha
simples possa ocasionar a pressurizagao inesperada ou a nao despressurizagao do freio/lembreagem.

Com os solendides desligados, a valvula estda em posicao inicial. A entrada esta fechada, e a saida conectada ao
escape através da passagem interna dupla, mantendo o freio/embreagem despressurizado. A prensa esta parada.

Escape

Saida

Entrada

ROSS

a global family

I Posicao inicial 2023 Safety Seminar | PM Safety
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ROSS

VALVULA DE SEGURANCA COM FLUXO PARALELO = |

Os dois solendides devem ser ligados para a atuagdo da valvula. Os dois émbolos sao deslocados, fechando as
passagens de escape e abrindo a passagem dupla da entrada para a saida. O freio/lembreagem é pressurizado, e a
prensa executa o ciclo de trabalho.

Escape
Saida
Entrada
ROSS | ES | Augreve |peceo | pneumokrol |17V Atuada 2023 Safety Seminar | PM Safety




VALVULA DE SEGURANCA COM FLUXO PARALELO

ROSS

a global family

ROSS,
B

ROSS

Mesmo que ocorra uma falha na valvula, ndo ocorre repeticdo ou golpe inesperado da prensa. Possiveis falhas:

- com a atuagao inesperada de um dos émbolos ocorre vazamento da entrada para o escape, mas a saida ainda
esta conectada ao escape através do outro émbolo, mantendo o freio/embreagem despressurizado.

- caso um dos émbolos nao retorne apds o desligamento dos solendides, o outro émbolo que retornou permitira a
despressurizagao do freio/lembreagem, mesmo com o vazamento simultadneo da entrada para a saida.

Escape

A pressdo residual é o
grande inconveniente das

valvulas de seguranga
com fluxo paralelo. E
necessario  diminuir a

passagem de entrada para
reduzi-la a niveis
aceitaveis.

Automatic

Entrada

alve

| Decco’ | pneumotrol

J

/I

Atuado inesperadamente
ou nao reposicionado
apos o desligamento dos
solendides.

Despressurizagao do
freio/lembreagem
mesmo com o}

vazamento simultaneo.

™~

. Passagem pequena

Saida

para reduzir o}
vazamento e a
pressao residual

(contra-pressao).

I

manufact!S

Falha

a global family
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VALVULA DE SEGURANCA COM FLUXO CRUZADO

a global family

Automatic
V-

alve

Escape

Fluxo cruzado

|

Entrada

| Decco’ | pneumotrol |

I

manufact!S

Posic¢ao inicial

Saida

ROSS

a global family

2023 Safety Seminar | PM Safety



; RUSS B
VALVULA DE SEGURANCA COM FLUXO CRUZADO
Escape
Saida
I ,
Pressurizacdo com
passagem plena.
Entrada
| egss. - _ Atuada _
ROSS | [i§ | Aygmatic |D&Q |pnwmotro| I 2023 Safety Seminar | PM Safety




A ROSS
VALVULA DE SEGURANCA COM FLUXO CRUZADO bl et

£ Pequeno vazamento, a
scape pressao residual € menor
que 1% da pressao de
entrada.
1
Saida
Entrada

Falha
ol 2023 Safety Seminar | PM Safety
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VALVULA DE SEGURANCA COM MONITORACAO ESTATICA - ROSS | §
CATEGORIA 3 a global family

= b Nao atende a NR 12 e a
HI. | Norma ABNT NBR 13930 |

Escape

Saida

Entrada

Permanece equilibrado
durante a operacdo

— normal da vahula.

| l Contato  fechado do
micro-switch & ligado em
série com os solendides

Posigao inicial

ol 2023 Safety Seminar | PM Safety
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VALVULA DE SEGURANCA COM MONITORACAO ESTATICA - ROSS
CATEGORIA 3 a global family

= = Néo atende a MR 12 e a
‘—'T'— ﬁﬁ Morma ABNT NBR 13930.
u
Escape
Saida
Entrada
Permanece equilibrado
durante a operacido
— normal da vahula.
Atuada
" | BRSE | Automatic | ; | I\ [
ROSS | | Auom Decco | pneumalrol | IV 2023 Safety Seminar | PM Safety




VALVULA DE SEGURANCA COM MONITORACAO ESTATICA - ROSS
CATEGORIA 3 a global family

Mao atende a NR 12 e a
Morma ABNT MBR 13930

I .
y

o
s

Escape

Saida
Falha. Atuado inesperadamente
ou ndo reposicionado apos o

desligamento dos solendides.

Entrada

|

O contato do  micro-switch
abre impedindo um  novo
acionamento.

Falha

ROSS

a global family
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- ROSS | §S
VALVULAS DE SEGURANCA AUTO MONITORADAS Skckltent

Atendem plenamente a NR 12 e a Norma ABNT NBR
13930.

Categoria 4, PL “e”. Com monitoragdo dinamica todos os componentes da
monitoragcdo mudam de estado a cada ciclo.

ISOIamentO Energla Com memdria dinamica o sistema interno de monitoracdo bloqueia a valvula, e

impede acionamentos adicionais, sempre que na atuacdo ou reposi¢cao dos
elementos principais ocorrer uma defasagem maior que 0,1 segundo (sistema
exclusivo ROSS).

Apos a despressurizagdo e pressurizagdo da entrada, a valvula mantém a
condi¢ao anterior de bloqueio ou operacdo. Nao € necessario o rearme no inicio do
@ periodo de trabalho.

) Monitoragdo dinamica (categoria 4) entre valvulas em prensas com freio e
embreagem separados (sistema exclusivo ROSS).

Fluxo cruzado.
Solendide para rearme (reset) incorporado.

Pressostato opcional para sinalizagao.

EEM 15009
Sichertail seprift
losied saluly

Certificadas DGUV da Alemanha.

ROSS

a global family alve
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DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family
O O O comando de acionamento é
alimentado pelo fluxo cruzado.

o

e M iy
R
1 -

]

Retorno Pequena
final passagem
T pneumatico ;
ROSS |2 Posigdo Inicial ~  —eme ——es —<..Jinar | PM Safety




DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family

m T -
MR
X T

ot pfe
1 -

Retorno inicial por
mola e pneumatico.

a global family

Atuada ' SrNEERT , —~.inar | PM Safety




DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family
e — A alimentacdo do comando é
O O despressurizada, ocorre o bloqueio

Atuado inesperadamente da valvula, ndo é possivel nenhum

ou ndo  reposicionado acionamento adicional.
apods o desligamento dos

solendides.
\ O\ |

0

ROSS B | Falha - Bloqueio e - , —~..linar | PM Safety
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DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family

A alimentacdo do comando é

O O despressurizada, ocorre o bloqueio
da valvula, ndo é possivel nenhum
acionamento adicional.

=
Permanece
aberto. (

O émbolo pode retornar
parcialmente pela agao
da mola, mas ndo é mais
possivel o retorno total.

a global family

Falha - Bloqueio  TTTT oo ; —~--linar | PM Safety




DSS‘ ROSS,
RESET ROSS i

Quando a valvula assume a posig¢ao de bloqueio, o reset deve ser brevemente acionado para retornar a condicéo
normal de operagdo. Para permitir o reset € necessario que os solendides principais estejam desligados. Apos a
atuagao, o reset deve ser desligado para que a valvula volte a operar normalmente.

—_—
>
—
Solendide para —
a atuacdo do — O
reset. —
— O
5 O
Com utilizacdo de uma ferramenta também é Reset
possivel atuar o reset manualmente. Base da valvula

Norma ABNT NBR 13930
5.4.2.3.f) a reativacao do funcionamento normal da prensa somente pode ser realizada de forma
restrita, isto €, por meio de ferramenta, chave ou senha eletrénica (password).

ROSS | B3 | Ayomevc | peceo | pneumoatrol

a global family
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DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family
e A alimentagdo do comando é
O O despressurizada, ocorre o bloqueio

da valvula, ndo é possivel nenhum

acionamento adicional.

=
Permanece
aberto. (

O émbolo pode retornar
Wparcialmente pela acao

da mola, mas néo é mais
possivel o retorno total.

ROSS | ] LR , <~..linar | PM Safety
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DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family

Os pilotos sao
O O despressurizados durante a
aplicacédo do reset. A
valvula nao pode ser atuada.

O émbolo principal
€ reposicionado.

| B

il ; (A
H A L

[ ——— -
1 -

Escape

ross||PArA a
| |atmosfera.

ROSS

a global family
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DM?~ Monitoracdo e Meméria Dinamicas ROSS (g5

a global family
Os pilotos sao pressurizados, a

O O valvula estd novamente em
condigdo normal de operacgéo.

.h.':' R T
H 1

e M iy
R
1 -

Reset
desligado

Posicao Inicial ) e —e- , —<..linar | PM Safety

Fechado

ROSS

ROSS
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CARACTERISTICAS DO FLUXO CRUZADO ROSS B

==  Unico sistema que reduz ao maximo pressao residual (menor que 1% da pressao residual).

mmp  Sistema possibilita tempo de despressurizacao garantida, mesmo um dos émbolos em falha.

Sistema é monitorado OO
Duas vezes por ciclo
TLE -l
|
L - } J Despressurizacdo garantida
—/ ﬁ1/‘
*-
Pequeno vazamento, a
pressdo residual € menor
que 1% da pressdao de
— entrada.
|
ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety




~ - RQSS" ﬁ’SiS
SISTEMA QUE NAO MONITORA ESTADO DA VEDACAO St

Valve A deenrgized while B remains energized with a 70 cu.in. volume @ port 2

120
100 :
Dano na vedacao principal
80
E \
2
@60
- \
g N\
& N\
40 AN
“'\. \\H\«,M
V MWWWWWWWWWWW
— ™ 20 |
el ~
o Y
" 0 - ST S S S S S S O S
— 40 90 190 290 390 490 590 690 790 890 990 1090 1190 1290 1390 1490
Time (ms)
_| ——Power —Port2
=
-| Boss. | A i .
ROSS |5 | Ayt |Decco | pneumatrol |1V
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- - RQSS" ﬁ’SiS
VALVULAS MONITORADAS COM SENSORES DE POSICAO el temily

NOTA TECNICA N° 254 /2016/CGNOR/DSST/SIT/MTb
Uso de sensores de posicao do émbolo em valvulas

Nao podem ser usados sensores de posicao de émbolo por nao detectarem o que esta ocorrendo pneumaticamente
dentro da valvula.

Havendo danos ou auséncia das vedacoes, este monitoramento de posi¢cao continuara enviando um sinal errbneo de que
as condicdes estao perfeitas quando, na verdade, podera estar ocorrendo exatamente o contrario, até mesmo gerando
pressao residual sem que o sistema possa detectar.

Lembrete — Categoria 4: quando as partes dos sistemas de comando relacionadas a seguranca devem ser projetadas de
tal forma que:

a) Uma falha isolada em qualquer dessas partes relacionadas a seguranca nao leve a perda das fung¢des de seguranca, e
b) A falha isolada seja detectada antes ou durante a proxima atuacao sobre a funcao de seguranca, como, por exemplo,
imediatamente, ao ligar o comando, ao final do ciclo de operacao da maquina. Se essa detec¢ao nao for possivel, o
acumulo de defeitos nao deve levar a perda das fungdes de seguranca.

R@SS !ﬁ A\ll/tomar.ic

a global family al\/e
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ROSS | s
ARGUITETURA DESIGNADA o | B

O sistema de controle com o fio!

Inclui todos os componentes envolvidos na execucao da funcao de seguranca; sensores, entrada
manual e elementos de selegcao de modo, circuito de intertravamento e tomada de decisao e
elementos de saida que controlam dispositivos ou mecanismos operacionais da maquina

Dispositivo de controle mecanico
Dispositivos de entrada
_ Valvulas pneumaticas e
Cortinas de luz Sistema de

hidraulicas
Bimanuais Controle Légico

Travas mecanicas
Entre outros
Entre outros
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Safety Math
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http://stcvalve.com/Solenoid_Valve.htm
http://www.keyence.com/products/safety/safety/slvhm_vfm/slvhm_vfm.php
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http://www.keyence.com/products/safety/safety/slvhm_vfm/slvhm_vfm.php
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DESPRESSURIZACAQ ASSEGURADA
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REDUCAO DE RISCO ROSS B2

ALARP

(AS LOW AS REASONABLY PRACTICABLE) AUARP

TAO BAIXO QUANTO RAZOAVELMENTE
PRATICAVEL

AUMENTO DO RISCO
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PROCESSO DE REDUCAO DE RISCO - FLUXOGRAMA

ROSS

a global family

Automatic

Valve

(' iNiclo )
3

Selecione a valvula de
blogueio

a global family

\ 4

Determine os perigos da energia dos fluidos com base em sua apreciag¢ao de riscos.

Deve considerar a pressao, as forcas e os modos de falha.
Selecione o método de reducgdo de riscos mais adequado.
Para obter ajuda, consulte Selecionar Fun¢ao de Seguranca.

\ 4

A 4 A 4

\ 4

Controle Reducao
Isolamento de || Retorno seguro
. e parada segura da
energia do atuador o
segura pressao
y \ 4 \4 y
Determinar o risco residual
solucao reduz © NAO

risco para um nivel
aceitavel?

SIM

A

Cabeamento, Programacao e Validagao

Decco’ | pneumotrol
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SOLUCOES DE VALVULAS DE BLOQUEIO PNEUMATICO ROSS |E3

@ PUS - Prevention of
unexpected start-up
0 (Lockout-Tagout)

Pneumatic Safety Valve Systems

Valor superior em
seguranca pneumatica

» 0O mais amplo portfélio
de valvulas de

seguranca
Safe Dual » Tecnologia de N
Pressure Return seguranca pneumatica
superior

> Valvulas com a maior
durabilidade do

Safety Expertise and Global Support mercado
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a global family
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VALVULAS DE BLOGUEIO

e E’I--mwM
eXhaust valve
LA m«m*

!i Automatlc

Valve

ROSS

a global family

Decco’ | pneumotrol
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Norma Regulamentadora NR-12 do Ministério do Trabalho e Emprego

12.11.3. A manutencao, inspecao, reparos, limpeza, ajuste e outras
intervencdes que se fizerem necessarias devem ser executadas por
profissionais capacitados, qualificados ou legalmente habilitados,
formalmente autorizados pelo empregador, com as maquinas e
equipamentos parados e adogao dos seguintes procedimentos:

a) Isolamento e descarga de todas as fontes de energia das maquinas e
equipamentos, de modo visivel ou facilmente identificavel por meio dos
dispositivos de comando;

a) b) Bloqueio mecanico e elétrico na posicao “desligado” ou “fechado” de
todos os dispositivos de corte de fontes de energia, a fim de impedir a
reenergizacao, e sinalizagao com cartao e etiqueta de bloqueio contendo
o horario e a data do blogueio, o0 motivo da manutencao e o nome do
responsavel.

I

manufact!S

2023 Safety Seminar | PM Safety




BLOGUEIO PNEUMATICO ROSS E8

ISO 14118
Seguranca do Maquinario - Prevencao de Partida Inesperada

OSHA 1910.147 O Controle de Energia Perigosa
ANSI Z244 | ockout/Tagout

NR-12 12.113 O Controle de Energia
Perigosa

 Bloqueio sempre que uma parte do corpo € colocada em
um ponto de operacgao

RDSS

|A ugomatic |DECCO |pnzumo.tro| |I 2023 Safety Seminar | PM Safety
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BLOQUEIO PNEUMATICO ROSS | ES

e Requisitos (ISO 14118)

 Uma valvula operada manualmente
* Nao pode ser usado para nenhuma outra funcao
* Localizado fora de areas perigosas

* So6 deve ser possivel ser travado
na posicao desligado

* Facilmente identificado e operado
A prova de viola¢des

Entrada

I 2023 Safety Seminar | PM Safety
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BLOQUEIO PNEUMATICO ROSS |§S

e Best Practice (ANSI B11.0 & B155.1)

» "Acdo positiva", que indicaria apenas duas posicoes (ON e OFF)
* Um método para o funcionario verificar se a energia se dissipou ap0s a valvula
» Exaustao de diametro total (liberacdo rapida da energia armazenada)

Examplo: 2301 a 7 bar (valvula 6 %) Exhausing 3 cubic et at 100
e L-0-X®-Valvula = 35 seconds
* Podrtico de alivio diminuto > 11 minutos

ﬁsis‘ A\u,t',omatic‘

alve

ROSS

a global family
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BLOQUEIO PNEUMATICO ROSS | @S

a global family

Napo in ... Manutencdo segura! “é apresentada por cortesia de Via Storia, Franca”

Napo is co-produced by a European Consortium:

7 -V 4
AUNVA, &

=12

HSE

< DGUV

®
inr
AR e

INQIL

European Agency
for Safety and Health
at Work

suva

produced by via siosis

!sis. A\u,tornal;ic'

alve
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BLOQUEIO PNEUMATICO ROSS E8

Napo in ... Manutencao Segura! “Episodio - Lock out*

Courtesy of Via Storia, France

ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety




SELECAO DA VALVULA LOTO RUSS B

Lockout/Energy Isolation Valve Selection Flow Chart with ROSS Valve Series

Select Lockout Valve

Is Soft-Start
required?
Y

(L-O-X@/EEZ-ON@)

Classic
Py 2
______ b ;_"_"_":
S F]y
Classic ’ _ |
|'n" & T11 :
2 TiHT ¥ ol |
________ - JT-----—--
13
ROSS |5 | Aygmeatic |DeCCO' |pnzumokro| I 2023 Safety Seminar | PM Safety




EXEMPLO DE BLOQUEIO PNEUMATICO - LOTO ROSS

a global family

Montagem classica com LOTO e valvula de seguranca para
isolamento da energia pneumatica.
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EXEMPLO DE BLOGUEIO PNEUMATICO - LOTO RUOSS E2

» Montagem cldssica com LOTO (on/off) em
aplicacao de categoria 1, PL “c”.

» As unidades de preparacdo do ar ndo permitem
fluxo em sentido contrario, por esta razao as :>
valvulas L-O-X sempre devem ser instaladas
apos estas unidades.

Entrada

L LE
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a global family
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EXEMPLO DE BLOGUEIO PNEUMATICO COM PRESSURIZACAO GRADUAL ROSS

» Montagem cldssica com LOTO (on/off) em

aplicacao de categoria 1, PL “c”.
» As unidades de preparacdo do ar ndo permitem
fluxo em sentido contrario, por esta razao as
valvulas L-O-X sempre devem ser instaladas
apos estas unidades.

Entrada
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ISOLAMENTO DE ENERGIA PNEUMATICA

SDE - Safe De-
energization
(Safe Exhaust)

iz

SEZ - Safe
Energization
(Safe Exhaust with
Soft Start)

V

%)

STO - Safe Torque
off
(Safe Exhaust)

SS1 - Safe Stop 1

. (Uncontrolled Stop)

(Safe Exhaust)
Vol

™
Pneumatic Safety Valve Systems

Manual Lockout Safe Exhaust Safe Pressure
Select

Valor superior em
seguranca pneumatica

O mais amplo portfélio de
valvulas de seguranca

» Monitorado interna ou

externamente
Safe Dual
Pressure Return

1

» Opcoes com Soft-start

> Valvulas com a maior
durabilidade do mercado

Safety Expertise and Global Support

I
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; ROSS | §S
ISOLAMENTO DE ENERGIA PNEUMATICA - EXEMPLO ol

 Remocao de pecas da linha de prensa de transferéncia
* O operador remove a peca do transportador A
* A peca é colocada no rack C

* As empilhadeiras removem os racks cheios e carregam os racks
vazios

ﬁ’i“ Automatic
Valve

Decco’ | pneumotrol |17V 2023 Safety Seminar | PM Safety
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; ROSS |3
ISOLAMENTO DE ENERGIA PNEUMATICA - EXEMPLO ol

e Situacao de risco
* Quando o rack C estiver cheio, a mesa D deve girar
* O operador controla a valvula 3/2 NC no painel de controle B
A rotacdo cria risco de esmagamento/rasgo

Risco de
/ esmagamento/cisalhamento

ﬁsis‘ Automatic
Valve

pecco | pneumalkrol | N 2023 Safety Seminar | PM Safety
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ISOLAMENTO DE ENERGIA PNEUMATICA - EXEMPLO

* Controles de seguranca
* O bot3o elétrico controla a valvula 3/2 NC

a global family

* Avalvula alimenta o motor pneumatico que controla a rotacao
* A cortina de luz E garante que nao haja exposicao ao ponto de

esmagamento

Sem movimento

NEipa"
SS 1

A

ﬁ"‘i“ Automatic
Valve

lllllllllllll
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; ROSS |3
ISOLAMENTO DE ENERGIA PNEUMATICA - EXEMPLO ol

* Modo de falha da valvula - Presa na posicao
deslocada

e Rotacao continua
* A cortina de luz e o relé nao tiveram efeito

Rotativo

NEipA"

ROSS,

Automatic
Valve

pecco | pneumalkrol | I 2023 Safety Seminar | PM Safety
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A ROSS | §S
DESPRESSURIZACAO ASSEGURADA + sl

Light Curtain] _ Valve SEM UTILIZACAO DE VALVULA ADEQUADA
cycle time (sec) 60 900
hours per day 8 8
days per week 5 5
weeks per year 52 52
cycles per year 124800 8320 a -
: B E
Input Logic Output 2 b
Description| Safety Mat | Safety Relay Valve i:; """"""""""""""""""""""""""
B1op 20000000 E ® .
ne| 124800 8320 £ q . .
@
MTTF,| 100 100 100 SO e . _____
Category 4 4 } 4 4 i ' i
CatB Cat1 Cat2 Cat2 Cat3 Cat3 Cat4
DC,qnone DC,gnone DC,glow DC,gmed DC,glow DC,, med DC,ghigh
System MTTF, 33 High
systemdC|  66% Low =] :EE :’:dium PL c
System Category 1 M'ITFd hi
igh
~ | I MTTF
ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety




Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category		0								0								0												High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Ross Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve												Category 1 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Light Curtain (1/min)										Safety Function		Interlock (1/15 min)										Safety Function		Interlock (stroke = 1/15 min)

						8		hours per day						8		hours per day						8		hours per day																				Cycles		60		cycle time (sec)								Cycles		900		cycle time (sec)								Cycles		900		cycle time (sec)

						5		days per week						5		days per week						5		days per week																						24		hours per day										24		hours per day										24		hours per day

						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week										7		days per week										7		days per week

						8320		cycles per year						260		cycles per year						124800		cycles per year																						52		weeks per year										52		weeks per year										52		weeks per year

																																														524160		cycles per year										34944		cycles per year										34944		cycles per year

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output		Output						Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Lock				Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10d				 		20000000		20000000				B10d		2000000		 		20000000		500000				B10d		2000000		 		20000000						2000000		500000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160		524160				nop		34944		 		34944		34944				nop		34944		 		34944						34944		34944

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFd		82		150		382		382				MTTFd		572		150		5723		143				MTTFd		572		150		5723		401				572		143

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		0%		0%				DC		99%		99%		0%		0%				DC		99%		99%		99%		97%				90%		99%

																																										Category		4		4		1		1				Category		4		4		1		1				Category		3		4		4		3				2		2

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFd		41		High								System MTTFd		64		High								System MTTFd		90		High

		System Category		1								1								1												High		30		100						System DC		77%		Low								System DC		53%		None								System DC		99%		Medium

		PL		c								c								c																						System Category		1										System Category		1										System Category		3

																														DC		None		0		60						PL		c										PL		c										PL		d

																																Low		60		90

																																Medium		90		99						Category 2 Trapped Pressure Valve												Category 2 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)																						Safety Function		Light Curtain (1/min)										Safety Function		Interlock (1/15 min)										Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

				Cycles		60		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd												Cycles		60		cycle time (sec)								Cycles		900		cycle time (sec)								Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4														24		hours per day										24		hours per day										24		hours per day

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5														7		days per week										7		days per week										7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6														52		weeks per year										52		weeks per year										52		weeks per year

						124800		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6														524160		cycles per year										34944		cycles per year										524160		cycles per year

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output																				Input		Logic		Output		Output						Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																		Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Lock				Description		AOPD		Safety PLC		Pilot Valve		PO & Lock				PO Check		Sitema

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000																		B10d				 		20000000		2000000				B10d		2000000		 		2000000		500000				B10d				 		20000000						2000000		1000000

		nop		124800		 		249860				260		 		249860						 		249860																		nop				 		524160		524160				nop		34944		 		34944		34944				nop				 		524160						524160		524160

		MTTFd		160		150		80				233		150		80				82		150		80																		MTTFd		82		150		382		38				MTTFd		572		150		572		143				MTTFd		82		150		382		30				38		19

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%																		DC		99%		99%		0%		90%				DC		99%		99%		90%		99%				DC		99%		99%		99%		96%				90%		99%

		Category		3		4		2				3		4		2				4		4		2																		Category		4		4		1		2				Category		4		4		2		2				Category		4		4		4		3				2		2



		System MTTFd		39		High						43		High						32		High																				System MTTFd		21		Medium								System MTTFd		58		High								System MTTFd		18		Medium

		System DC		95%		Medium						94%		Medium						95%		Medium																				System DC		89%		Low								System DC		98%		Medium								System DC		97%		Medium

		System Category		2								2								2																						System Category		2										System Category		2										System Category		3

		PL		c								c								c																						PL		c										PL		d										PL		d

																																										Category 3 Trapped Pressure Valve (Sol PO Check, EPS)												Category 3 Rod Lock

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)																						Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)										Safety Function		Interlock (1/15 min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)																				Cycles		60		cycle time (sec)		300						Cycles		900		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day																						24		hours per day		24								24		hours per day

						7		days per week						7		days per week						7		days per week																						7		days per week		7								7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year																						52		weeks per year		52								52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year																						524160		cycles per year		104832								34944		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output																				Input		Logic		Output		Output						Input		Logic		Output		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																		Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Sitema

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000																		B10d				 		20000000		2000000				B10d		2000000		 		20000000		1000000

		nop		34944		 		559468				364		 		559468						 		559468																		nop				 		524160		104832				nop		34944		 		34944		34944

		MTTFd		572		150		36				166		150		36				82		150		36																		MTTFd		82		150		382		191				MTTFd		572		150		5723		286

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%																		DC		99%		99%		0%		90%				DC		99%		99%		99%		99%

		Category		3		4		2				3		4		2				4		4		2																		Category		4		4		1		2				Category		4		4		4		3



		System MTTFd		27		Medium						25		Medium						21		Medium																				System MTTFd		37		High								System MTTFd		83		High

		System DC		92%		Medium						93%		Medium						94%		Medium																				System DC		88%		Low								System DC		99%		High

		System Category		2								2								2																						System Category		3										System Category		3

		PL		c								c								c																						PL		c										PL		e

		Category 4 Exhaust Valve																																								Category 3 Trapped Pressure Valve (Sol PO Check, EPS)

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

						24		hours per day						24		hours per day						24		hours per day																				Cycles		60		cycle time (sec)		300

						7		days per week						7		days per week						7		days per week																						24		hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week		7

						34944		cycles per year						364		cycles per year						524160		cycles per year																						52		weeks per year		52

																																														524160		cycles per year		104832

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																				Input		Logic		Output		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000																		Description		AOPD		Safety PLC		Pilot Valve		PO Check

		nop		34944		 		559468				364		 		559468						 		559468																		B10d				 		20000000		2000000

		MTTFd		572		150		357				166		150		357				82		150		357																		nop				 		524160		104832

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%																		MTTFd		82		150		382		191

		Category		3		4		4				3		4		4				4		4		4																		DC		99%		99%		0%		90%

																																										Category		4		4		4		3

		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High																				System MTTFd		37		High

		System Category		3								3								4																						System DC		88%		Low

		PL		e								d								e																						System Category		3

																																										PL		d

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e





Sheet1

		Safety Function



				Light Curtain		Valve

		cycle time (sec)		60		900

		hours per day		8		8

		days per week		5		5

		weeks per year		52		52

		cycles per year		124800		8320



				Input		Logic		Output

		Description		Safety Mat		Safety Relay		Valve

		B10D				 		20000000

		nop		124800		 		8320

		MTTFD		100		100		100

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFD		33		High

		System DC		66%		Low

		System Category		1

		PL		c





Evaluation

																		Exhaust Valve

																																																										Category 1 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

																		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

																				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Interlock (1/15 min)										Safety Function		Interlock (stroke = 1/15 min)

																						8		hours per day						8		hours per day						8		hours per day																				Cycles		900		cycle time (sec)								Cycles		900		cycle time (sec)

																						5		days per week						5		days per week						5		days per week																						24		hours per day										24		hours per day

																						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week										7		days per week

																						8320		cycles per year						260		cycles per year						124800		cycles per year																						52		weeks per year										52		weeks per year

																																																														34944		cycles per year										34944		cycles per year

																				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

				S1 - Slight (normally reversible)														Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																				Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

				S2 - Serious (normally irreversible injury or death)														B10d		2000000		 		20000000				6050		 		20000000						 		20000000																		Description		Interlock		Safety PLC		Valve		Lock				Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

				F1 - Seldom to less often &/or short exposure time														nop		8320		 		133380				260		 		133380						 		133380																		B10d		2000000		 		20000000		500000				B10d		2000000		 		20000000						2000000		500000

				F2 - Frequent to continuous &/or long exposure time														MTTFd		2404		150		1499				233		150		1499				82		150		1499																		nop		34944		 		34944		34944				nop		34944		 		34944						34944		34944

				P1 - Possible to avoid														DC		99%		99%		0%				99%		99%		0%				99%		99%		0%																		MTTFd		572		150		5723		143				MTTFd		572		150		5723		401				572		143

				P2 - Scarcly possible to avoid														Category		3		4		1				3		4		1				4		4		1																		DC		99%		99%		0%		0%				DC		99%		99%		99%		97%				90%		99%

																																																										Category		4		4		1		1				Category		3		4		4		3				2		2

				MTTFd		Low		3		10								System MTTFd		129		High						86		High						51		High

						Medium		10		30								System DC		90%		Medium						93%		Medium						96%		Medium																				System MTTFd		64		High								System MTTFd		90		High

						High		30		100								System Category		1								1								1																						System DC		53%		None								System DC		99%		Medium

																		PL		c								c								c																						System Category		1										System Category		3

				DC		None		0		60																																																PL		c										PL		d

						Low		60		90

						Medium		90		99																																																Category 2 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

						High		99		100

																		Pressure Return Valve																																								Safety Function		Interlock (1/15 min)										Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

				PL		PFHd																																																						Cycles		900		cycle time (sec)								Cycles		60		cycle time (sec)

				a		≥10-5 to <10-4												Safety Function		Light Curtain (1/min)																																										24		hours per day										24		hours per day

				b		≥3x10-6 to <10-5														Cycles		60		cycle time (sec)																																						7		days per week										7		days per week

				c		≥10-6 to <3x10-6																24		hours per day																																						52		weeks per year										52		weeks per year

				d		≥10-7 to <10-6																7		days per week																																						34944		cycles per year										524160		cycles per year

				e		≥10-8 to <10-7																52		weeks per year

																						524160		cycles per year																																				Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

																																																										Description		Interlock		Safety PLC		Valve		Lock				Description		AOPD		Safety PLC		Pilot Valve		PO & Lock				PO Check		Sitema

																				Input		Logic		Output																																		B10d		2000000		 		2000000		500000				B10d				 		20000000						2000000		1000000

																		Description		AOPD		Safety PLC		Valve																																		nop		34944		 		34944		34944				nop				 		524160						524160		524160

																		B10d				 		20000000																																		MTTFd		572		150		572		143				MTTFd		82		150		382		30				38		19

																		nop				 		524160																																		DC		99%		99%		90%		99%				DC		99%		99%		99%		96%				90%		99%

																		MTTFd		82		150		382																																		Category		4		4		2		2				Category		4		4		4		3				2		2

																		DC		99%		99%		0%

																		Category		4		4		1																																		System MTTFd		58		High								System MTTFd		18		Medium

																																																										System DC		98%		Medium								System DC		97%		Medium

																		System MTTFd		47		High																																				System Category		2										System Category		3

																		System DC		87%		Low																																				PL		d										PL		d

																		System Category		1

																		PL		c																																						Category 3 Rod Lock

																																																										Safety Function		Interlock (1/15 min)

																		Trapped Pressure Valve																																										Cycles		900		cycle time (sec)

																																																														24		hours per day

																		Safety Function		Light Curtain (1/min)																																										7		days per week

																				Cycles		60		cycle time (sec)																																						52		weeks per year

																						24		hours per day																																						34944		cycles per year

																						7		days per week

																						52		weeks per year																																				Input		Logic		Output		Output

																						524160		cycles per year																																		Description		Interlock		Safety PLC		Valve		Sitema

																																																										B10d		2000000		 		20000000		1000000

																				Input		Logic		Output		Output																																nop		34944		 		34944		34944

																		Description		AOPD		Safety PLC		Valve		PO Check																																MTTFd		572		150		5723		286

																		B10d				 		20000000		20000000																																DC		99%		99%		99%		99%

																		nop				 		524160		524160																																Category		4		4		4		3

																		MTTFd		82		150		382		382

																		DC		99%		99%		0%		0%																																System MTTFd		83		High

																		Category		4		4		1		1																																System DC		99%		High

																																																										System Category		3

																		System MTTFd		41		High																																				PL		e

																		System DC		77%		Low

																		System Category		1

																		PL		c

																		Rod Lock

																		Safety Function		Interlock (1/15 min)

																				Cycles		900		cycle time (sec)

																						24		hours per day

																						7		days per week

																						52		weeks per year

																						34944		cycles per year

																				Input		Logic		Output		Output

																		Description		Interlock		Safety PLC		Valve		Lock

																		B10d		2000000		 		20000000		500000

																		nop		34944		 		34944		34944

																		MTTFd		572		150		5723		143

																		DC		99%		99%		0%		0%

																		Category		4		4		1		1



																		System MTTFd		64		High

																		System DC		53%		None

																		System Category		1

																		PL		c

																		PO Check & Rod Lock/Catcher

																		Safety Function		Interlock (stroke = 1/15 min)

																				Cycles		900		cycle time (sec)

																						24		hours per day

																						7		days per week

																						52		weeks per year

																						34944		cycles per year

																				Input		Logic		Output		Output				Symmetrization

																		Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

																		B10d		2000000		 		20000000						2000000		500000

																		nop		34944		 		34944						34944		34944

																		MTTFd		572		150		5723		401				572		143

																		DC		99%		99%		99%		97%				90%		99%

																		Category		3		4		4		3				2		2



																		System MTTFd		90		High

																		System DC		99%		Medium

																		System Category		3

																		PL		d





Chart

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)								Cycle		MTTFd		MTTFd		DC		DC

				Cycles		900		cycle time (sec)				Cycles		57600		cycle time (sec)				Cycles		60		cycle time (sec)

						16		hours per day						16		hours per day						16		hours per day

						5		days per week						5		days per week						5		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						16640		cycles per year						260		cycles per year						249600		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		900000				6050		 		900000						 		900000

		nop		16640		 		266500				260		 		266500						 		266500

		MTTFd		1202		150		34				233		150		34				82		150		34

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%

		Category		3		4		1				3		4		1				4		4		1



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		20%		None						27%		None						39%		None

		System Category		1								1								1

		PL		c								c								c

				Input		Logic		Output

		Description		Interlock		Safety Relay		Valve

		MTTFd

		DC

		Category



		System MTTFd

		System DC

		System Category

		PL
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ISOLAMENTO DE ENERGIA PNEUMATICA - EXEMPLO

* Solucao pneumatica
e Valvula de seguranca automonitorada ou com
monitoracao externa
» Seguranca contra defeitos (exaustao)

* Remove a alimentacao quando desenergizado
(interrompe a rotacao)
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EXEMPLO - DESPRESSURIZACAO ASSEGURADA

Light Curtain : JE-H
cycle time (sec) 60 900 g ’@ £
hours per day 8 8 ~ A ’
days per week 5 5 v . : !
weeks per year 52 52 o -
cycles per year 124800 8320 P | O Eean
EEZ.ON® (S0 Star)
Input Logic Output
Description| Light curtain| Safety Relay Valve - . I R e
B10, 20000000 g b |
ne| 124800 8320 g [ . """""""""""""""""""""
MTTF,| 100 100 2500 S ... l _________________________________
pc|  99% 99% 99% E d . .
Catego 4 4 e I 1 . hs
gory e (.\/
System MTTF, 49 High m(:::tnane | DCC:EJnel D%it ‘ | Dg:tmzedl D(c:i:ﬁw | Dgitmgd | ogﬂgh
System DC 99% High
System Category 4 :2:: :::dium P L e
L E | [ MTTF, high
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Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category		0								0								0												High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Ross Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve												Category 1 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Light Curtain (1/min)										Safety Function		Interlock (1/15 min)										Safety Function		Interlock (stroke = 1/15 min)

						8		hours per day						8		hours per day						8		hours per day																				Cycles		60		cycle time (sec)								Cycles		900		cycle time (sec)								Cycles		900		cycle time (sec)

						5		days per week						5		days per week						5		days per week																						24		hours per day										24		hours per day										24		hours per day

						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week										7		days per week										7		days per week

						8320		cycles per year						260		cycles per year						124800		cycles per year																						52		weeks per year										52		weeks per year										52		weeks per year

																																														524160		cycles per year										34944		cycles per year										34944		cycles per year

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output		Output						Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Lock				Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10d				 		20000000		20000000				B10d		2000000		 		20000000		500000				B10d		2000000		 		20000000						2000000		500000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160		524160				nop		34944		 		34944		34944				nop		34944		 		34944						34944		34944

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFd		82		150		382		382				MTTFd		572		150		5723		143				MTTFd		572		150		5723		401				572		143

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		0%		0%				DC		99%		99%		0%		0%				DC		99%		99%		99%		97%				90%		99%

																																										Category		4		4		1		1				Category		4		4		1		1				Category		3		4		4		3				2		2

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFd		41		High								System MTTFd		64		High								System MTTFd		90		High

		System Category		1								1								1												High		30		100						System DC		77%		Low								System DC		53%		None								System DC		99%		Medium

		PL		c								c								c																						System Category		1										System Category		1										System Category		3

																														DC		None		0		60						PL		c										PL		c										PL		d

																																Low		60		90

																																Medium		90		99						Category 2 Trapped Pressure Valve												Category 2 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)																						Safety Function		Light Curtain (1/min)										Safety Function		Interlock (1/15 min)										Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

				Cycles		60		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd												Cycles		60		cycle time (sec)								Cycles		900		cycle time (sec)								Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4														24		hours per day										24		hours per day										24		hours per day

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5														7		days per week										7		days per week										7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6														52		weeks per year										52		weeks per year										52		weeks per year

						124800		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6														524160		cycles per year										34944		cycles per year										524160		cycles per year

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output																				Input		Logic		Output		Output						Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																		Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Lock				Description		AOPD		Safety PLC		Pilot Valve		PO & Lock				PO Check		Sitema

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000																		B10d				 		20000000		2000000				B10d		2000000		 		2000000		500000				B10d				 		20000000						2000000		1000000

		nop		124800		 		249860				260		 		249860						 		249860																		nop				 		524160		524160				nop		34944		 		34944		34944				nop				 		524160						524160		524160

		MTTFd		160		150		80				233		150		80				82		150		80																		MTTFd		82		150		382		38				MTTFd		572		150		572		143				MTTFd		82		150		382		30				38		19

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%																		DC		99%		99%		0%		90%				DC		99%		99%		90%		99%				DC		99%		99%		99%		96%				90%		99%

		Category		3		4		2				3		4		2				4		4		2																		Category		4		4		1		2				Category		4		4		2		2				Category		4		4		4		3				2		2



		System MTTFd		39		High						43		High						32		High																				System MTTFd		21		Medium								System MTTFd		58		High								System MTTFd		18		Medium

		System DC		95%		Medium						94%		Medium						95%		Medium																				System DC		89%		Low								System DC		98%		Medium								System DC		97%		Medium

		System Category		2								2								2																						System Category		2										System Category		2										System Category		3

		PL		c								c								c																						PL		c										PL		d										PL		d

																																										Category 3 Trapped Pressure Valve (Sol PO Check, EPS)												Category 3 Rod Lock

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)																						Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)										Safety Function		Interlock (1/15 min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)																				Cycles		60		cycle time (sec)		300						Cycles		900		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day																						24		hours per day		24								24		hours per day

						7		days per week						7		days per week						7		days per week																						7		days per week		7								7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year																						52		weeks per year		52								52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year																						524160		cycles per year		104832								34944		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output																				Input		Logic		Output		Output						Input		Logic		Output		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																		Description		AOPD		Safety PLC		Valve		PO Check				Description		Interlock		Safety PLC		Valve		Sitema

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000																		B10d				 		20000000		2000000				B10d		2000000		 		20000000		1000000

		nop		34944		 		559468				364		 		559468						 		559468																		nop				 		524160		104832				nop		34944		 		34944		34944

		MTTFd		572		150		36				166		150		36				82		150		36																		MTTFd		82		150		382		191				MTTFd		572		150		5723		286

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%																		DC		99%		99%		0%		90%				DC		99%		99%		99%		99%

		Category		3		4		2				3		4		2				4		4		2																		Category		4		4		1		2				Category		4		4		4		3



		System MTTFd		27		Medium						25		Medium						21		Medium																				System MTTFd		37		High								System MTTFd		83		High

		System DC		92%		Medium						93%		Medium						94%		Medium																				System DC		88%		Low								System DC		99%		High

		System Category		2								2								2																						System Category		3										System Category		3

		PL		c								c								c																						PL		c										PL		e

		Category 4 Exhaust Valve																																								Category 3 Trapped Pressure Valve (Sol PO Check, EPS)

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

						24		hours per day						24		hours per day						24		hours per day																				Cycles		60		cycle time (sec)		300

						7		days per week						7		days per week						7		days per week																						24		hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week		7

						34944		cycles per year						364		cycles per year						524160		cycles per year																						52		weeks per year		52

																																														524160		cycles per year		104832

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																				Input		Logic		Output		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000																		Description		AOPD		Safety PLC		Pilot Valve		PO Check

		nop		34944		 		559468				364		 		559468						 		559468																		B10d				 		20000000		2000000

		MTTFd		572		150		357				166		150		357				82		150		357																		nop				 		524160		104832

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%																		MTTFd		82		150		382		191

		Category		3		4		4				3		4		4				4		4		4																		DC		99%		99%		0%		90%

																																										Category		4		4		4		3

		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High																				System MTTFd		37		High

		System Category		3								3								4																						System DC		88%		Low

		PL		e								d								e																						System Category		3

																																										PL		d

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e





Sheet1

		Safety Function



				Light Curtain		Valve

		cycle time (sec)		60		900

		hours per day		8		8

		days per week		5		5

		weeks per year		52		52

		cycles per year		124800		8320



				Input		Logic		Output

		Description		Light curtain		Safety Relay		Valve

		B10D				 		20000000

		nop		124800		 		8320

		MTTFD		100		100		2500

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFD		49		High

		System DC		99%		High

		System Category		4

		PL		e





Evaluation

																		Exhaust Valve

																																																										Category 1 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

																		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

																				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)																		Safety Function		Interlock (1/15 min)										Safety Function		Interlock (stroke = 1/15 min)

																						8		hours per day						8		hours per day						8		hours per day																				Cycles		900		cycle time (sec)								Cycles		900		cycle time (sec)

																						5		days per week						5		days per week						5		days per week																						24		hours per day										24		hours per day

																						52		weeks per year						52		weeks per year						52		weeks per year																						7		days per week										7		days per week

																						8320		cycles per year						260		cycles per year						124800		cycles per year																						52		weeks per year										52		weeks per year

																																																														34944		cycles per year										34944		cycles per year

																				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

				S1 - Slight (normally reversible)														Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve																				Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

				S2 - Serious (normally irreversible injury or death)														B10d		2000000		 		20000000				6050		 		20000000						 		20000000																		Description		Interlock		Safety PLC		Valve		Lock				Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

				F1 - Seldom to less often &/or short exposure time														nop		8320		 		133380				260		 		133380						 		133380																		B10d		2000000		 		20000000		500000				B10d		2000000		 		20000000						2000000		500000

				F2 - Frequent to continuous &/or long exposure time														MTTFd		2404		150		1499				233		150		1499				82		150		1499																		nop		34944		 		34944		34944				nop		34944		 		34944						34944		34944

				P1 - Possible to avoid														DC		99%		99%		0%				99%		99%		0%				99%		99%		0%																		MTTFd		572		150		5723		143				MTTFd		572		150		5723		401				572		143

				P2 - Scarcly possible to avoid														Category		3		4		1				3		4		1				4		4		1																		DC		99%		99%		0%		0%				DC		99%		99%		99%		97%				90%		99%

																																																										Category		4		4		1		1				Category		3		4		4		3				2		2

				MTTFd		Low		3		10								System MTTFd		129		High						86		High						51		High

						Medium		10		30								System DC		90%		Medium						93%		Medium						96%		Medium																				System MTTFd		64		High								System MTTFd		90		High

						High		30		100								System Category		1								1								1																						System DC		53%		None								System DC		99%		Medium

																		PL		c								c								c																						System Category		1										System Category		3

				DC		None		0		60																																																PL		c										PL		d

						Low		60		90

						Medium		90		99																																																Category 2 Rod Lock												Category 3 (PO Check & Rod Lock/Catcher)

						High		99		100

																		Pressure Return Valve																																								Safety Function		Interlock (1/15 min)										Safety Function		Light Curtain (stroke = 1/min; check = 1/5 min)

				PL		PFHd																																																						Cycles		900		cycle time (sec)								Cycles		60		cycle time (sec)

				a		≥10-5 to <10-4												Safety Function		Light Curtain (1/min)																																										24		hours per day										24		hours per day

				b		≥3x10-6 to <10-5														Cycles		60		cycle time (sec)																																						7		days per week										7		days per week

				c		≥10-6 to <3x10-6																24		hours per day																																						52		weeks per year										52		weeks per year

				d		≥10-7 to <10-6																7		days per week																																						34944		cycles per year										524160		cycles per year

				e		≥10-8 to <10-7																52		weeks per year

																						524160		cycles per year																																				Input		Logic		Output		Output						Input		Logic		Output		Output				Symmetrization

																																																										Description		Interlock		Safety PLC		Valve		Lock				Description		AOPD		Safety PLC		Pilot Valve		PO & Lock				PO Check		Sitema

																				Input		Logic		Output																																		B10d		2000000		 		2000000		500000				B10d				 		20000000						2000000		1000000

																		Description		AOPD		Safety PLC		Valve																																		nop		34944		 		34944		34944				nop				 		524160						524160		524160

																		B10d				 		20000000																																		MTTFd		572		150		572		143				MTTFd		82		150		382		30				38		19

																		nop				 		524160																																		DC		99%		99%		90%		99%				DC		99%		99%		99%		96%				90%		99%

																		MTTFd		82		150		382																																		Category		4		4		2		2				Category		4		4		4		3				2		2

																		DC		99%		99%		0%

																		Category		4		4		1																																		System MTTFd		58		High								System MTTFd		18		Medium

																																																										System DC		98%		Medium								System DC		97%		Medium

																		System MTTFd		47		High																																				System Category		2										System Category		3

																		System DC		87%		Low																																				PL		d										PL		d

																		System Category		1

																		PL		c																																						Category 3 Rod Lock

																																																										Safety Function		Interlock (1/15 min)

																		Trapped Pressure Valve																																										Cycles		900		cycle time (sec)

																																																														24		hours per day

																		Safety Function		Light Curtain (1/min)																																										7		days per week

																				Cycles		60		cycle time (sec)																																						52		weeks per year

																						24		hours per day																																						34944		cycles per year

																						7		days per week

																						52		weeks per year																																				Input		Logic		Output		Output

																						524160		cycles per year																																		Description		Interlock		Safety PLC		Valve		Sitema

																																																										B10d		2000000		 		20000000		1000000

																				Input		Logic		Output		Output																																nop		34944		 		34944		34944

																		Description		AOPD		Safety PLC		Valve		PO Check																																MTTFd		572		150		5723		286

																		B10d				 		20000000		20000000																																DC		99%		99%		99%		99%

																		nop				 		524160		524160																																Category		4		4		4		3

																		MTTFd		82		150		382		382

																		DC		99%		99%		0%		0%																																System MTTFd		83		High

																		Category		4		4		1		1																																System DC		99%		High

																																																										System Category		3

																		System MTTFd		41		High																																				PL		e

																		System DC		77%		Low

																		System Category		1

																		PL		c

																		Rod Lock

																		Safety Function		Interlock (1/15 min)

																				Cycles		900		cycle time (sec)

																						24		hours per day

																						7		days per week

																						52		weeks per year

																						34944		cycles per year

																				Input		Logic		Output		Output

																		Description		Interlock		Safety PLC		Valve		Lock

																		B10d		2000000		 		20000000		500000

																		nop		34944		 		34944		34944

																		MTTFd		572		150		5723		143

																		DC		99%		99%		0%		0%

																		Category		4		4		1		1



																		System MTTFd		64		High

																		System DC		53%		None

																		System Category		1

																		PL		c

																		PO Check & Rod Lock/Catcher

																		Safety Function		Interlock (stroke = 1/15 min)

																				Cycles		900		cycle time (sec)

																						24		hours per day

																						7		days per week

																						52		weeks per year

																						34944		cycles per year

																				Input		Logic		Output		Output				Symmetrization

																		Description		Interlock		Safety PLC		Pilot Valve		PO & Lock				PO Check		Rod Lock

																		B10d		2000000		 		20000000						2000000		500000

																		nop		34944		 		34944						34944		34944

																		MTTFd		572		150		5723		401				572		143

																		DC		99%		99%		99%		97%				90%		99%

																		Category		3		4		4		3				2		2



																		System MTTFd		90		High

																		System DC		99%		Medium

																		System Category		3

																		PL		d





Chart

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)								Cycle		MTTFd		MTTFd		DC		DC

				Cycles		900		cycle time (sec)				Cycles		57600		cycle time (sec)				Cycles		60		cycle time (sec)

						16		hours per day						16		hours per day						16		hours per day

						5		days per week						5		days per week						5		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						16640		cycles per year						260		cycles per year						249600		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		900000				6050		 		900000						 		900000

		nop		16640		 		266500				260		 		266500						 		266500

		MTTFd		1202		150		34				233		150		34				82		150		34

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%

		Category		3		4		1				3		4		1				4		4		1



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		20%		None						27%		None						39%		None

		System Category		1								1								1

		PL		c								c								c

				Input		Logic		Output

		Description		Interlock		Safety Relay		Valve

		MTTFd

		DC

		Category



		System MTTFd

		System DC

		System Category

		PL
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DESPRESSURIZACAO ASSEGURADA RUSS B
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CONJUNTO DE ENTRADA - LOCKOUT E DESPRESSURIZACAO ROSS (i

LOCKOUT MODULAR LOCKOUT CLASSICO

ﬁ"‘i" A\ultornal;ic'

alve

ROSS

a global family
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M35 - ISOLAMENTO DE ENERGIA PNEUMATICA ROSS B

Model without
EEZ-ON°® (Soft Start)

Model with
EEZ-ON® (Soft Start)

ROSS RDSS | Alll()ﬂ‘lall(‘ pecco |pn@um°tf0l ‘lf‘f‘\

a global family



M35 - ISOLAMENTO DE ENERGIA PNEUMATICA ROSS E8

 Modular 3573 — Despressurizacao Assegurada

— Funcoes de blogueio e despressurizacao iguais as das
valvulas das séries 3573 e DM2C da ROSS

— Projeto SERPAR de fluxo cruzado tradicional e
comprovadamente seguro

Model without
EEZ-ON°® (Soft Start)

— Dois sensores independentes de pressao de estado &
solido fornecem feedback para monitoracao externa

Model with
EEZ-ON® (Soft Start)

— Ponto de ajuste fixo

“"53 | AL tomal: ic

pecco |pnzumo.trol | ™ 2023 Safety Seminar | PM Safety
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M35 - ISOLAMENTO DE ENERGIA PNEUMATICA

* Modular 3573 — Despressurizacao Assegurada
— Soft-start opcional

— B10, = 25 milhdes de ciclos (vida util mais longa
da industria)

— Atende as normas globais, com certificacao de
terceira parte (DGUV)

PRODUCT CREDENTIALS

DGUY CE Conformity EAC Conformity 150 CSA R
Safety Categary {German Social Accident Insurance) Declaration Declaration Standard Cerfificate of Compliance ERN Certification
| ') - ' | Available for
M [H[ =0 “FB appropriately tested
Lo c € 13848-1:2015 C s valves
ke mmidy . )
- | ross, A f i
ROSS utomatic a1
a global family !i Valve | De—ccg | inmﬂthI manufact!S

a global family

Model without
EEZ-ONP (Soft Start)

Model with
EEZ-ON® (Soft Start)

2023 Safety Seminar | PM Safety



M35 - ISOLAMENTO DE ENERGIA PNEUMATICA ROSS B

M12 Connectors
Indicator Lights /

\ Optional Gauge or transducer

Threaded Modular

mounting \

Soft start [ Typical dual valve muffler;

adjustment \ : Option for threaded port

ROSS,

!i Automatic

ROSS v
a global family a IVe

pecco |pnzumotrol LB 2023 Safety Seminar | PM Safety

manufact!S



* Partida suave ajustavel opcional
— Pedido com ou sem partida suave

— Sem partida suave, pode permitir um tempo de
pressurizacao mais rapido

e Silenciador integrado ou flange roscada
— O tempo de exaustao mais rapido do mercado

— Os tempos de escape normal e com falha sao os
unicos publicados

* Reinicializacao automatica caso as condicoes

permitam

ROSS,

‘B ™

manufact!S

Automatic

ROSS Valve

a global family

Decco’ | pneumotrol

a global family

M35 Serles Soft Start Adjustment - Flow vs Number of Turns and Inlet Pressure
6000 220
5000 180

=

E 4000 140

2 =

2 3000 100 55

| L 7]
2000 80
1000

1= 0
0 2 4 b 8 ]
Turns (counterclockwise)
—— 30 psig (2 bar) — 60 psig (4 bar) 00 psig (B bar) 115 psig (8 bar) ———- 145 psig (10 bar)

Exhaust Time — Normal and Faulted Conditions (s)

Operating Pressure

Violume Normal

oum or 30 psig (2 bar) 90 psig (6 bar) 145 psig (10 bar)
(L | Faulted
1o 15 psig (1 bar) to 7 psig (0.5 bar) 015 psig (1 bar) to 7 psig (0.5 bar) 10 15 psig (1 bar) to 7 psig (0.5 bar)
- N 0.055 0.071 0.004 0112 0120 0.135
112}

“ F . 0147 0183 0200 | o247
5010, N 0.131 0.208 0.317 0.393 0424 0.507
. F 0.185 0.301 0533 0.710 0789 | 1.024

N 0.226 0.379 0597 0.746 [ 0.804 0971
71 (20
F | 032 565 1.016 1 1.526 I 1.997
- N 1 721 1.155 1 1.564 1.899
141040) ¢
’ F | 0608 1.063 93 3.000 l 3.041
N N 04 4 (i 574 7.
5.30 {130)
' F 2160 |  38% g 1110 | taess

2023 Safety Seminar | PM Safety



M35 - COMPATIVEIS PARA MONTAGEM MODULAR ROSS B

* Porticos de %5” ou %" disponiveis
e Maior vazao do mercado

* Montagem Modular com FRLs das séries MD3 e MD4

* Conjuntos modulares completos disponiveis
* Modelos 3D disponiveis para a maioria das montagens

Ba | Auysmetc | peceo’ | pneumotrol |17V 2023 Safety Seminar | PM Safety

aaaaaaaaaaaaa alve manufact!S



M35 - INDICADORES LUMINOSQOS ROSS B

PEnergia do Sensor (SEN PWR):
Este LED indica se € ou nao
aplicada energia aos sensores de
feedback.
Verde: Energizados

DESLIGADO: Sem energia

LED's dos solenoides: Estes LED's
funcionam independentemente para
indicar que a energia é aplicada.

Verde: Energizados
DESLIGADO: Sem energia

FALHA (FLT): Vermelho intermitente: Os sensores estao em Estados diferentes. A unidade M35 falhara
automaticamente para um estado mecanico seguro (sem pressao a jusante). A légica de monitorizagao deve
desligar automaticamente a alimentagao de ambos os solenoides.

- Se aluz FLT estiver piscando e uma ou ambas as luzes solenoides estiverem ligadas - isso indica que a
I6gica de monitoracéao nao esta detectando corretamente esta falha. A valvula M35 deve ser desligada e a
I6gica de monitoracao deve ser revisada e testada novamente antes de colocar em operagao novamente.

- Se a luz FLT estiver piscando e ambas as luzes solenoides estiverem apagadas - indica que a valvula tem

uma avaria interna e deve ser substituida antes de continuar a operagao.

DESLIGADO: Sensores no mesmo estado - sem problemas.

I 2023 Safety Seminar | PM Safety

manufact!S
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ROSS ms
a global family !i

M35 - GUIA DE INTEGRACAO

ROSS,

* Requisitos de monitoramento

Valve Operation and General Feedback Monitoring Ladder Logic Example
ext e r I I O Salely  General While  Loss Of M35 SE HI Es
Actuate  Sensor Sensor S_Inp Feedback  Sync. Actuated  Pressure
Sl?r:al A E‘ 5'?"3‘ Fault  Fault® F?ulr‘ FauE' Solenoids Energized SAFE EKHAI.IST u[l UBLE H.M_UES
L r T T
Solenoids  Solenoids Solenoid A
Energized De-energized “Explained in the next sections. >
{3t sopnoys IntecraTION Guine
Actuale  Sensor  Sensor
Signal A B Solenoids De-energized
AF HF HF
7 . Solenoids  Actuate
o De-gnergized  Signal
XemMpIO ae I108ICa Ladaer S

E-Stop Button

Safety Stop Signal
=+t
Door*
Interlock Swiich
**Could be an Input from any Safety Device,
such as a light curtain
Safety Stop
Signal Reset
L]
. .
E?mz‘gé Dgﬂgg%%sen sensor General Feedback Fault
+E +t
Sensor
. ~ General Feedback 8
valldaCao iaat - ftoring Logs
— ——— M35 Validation Test Procedure for Valve Operation and External Monitoring Logic Rﬂss
Actuate |  Solenoid T || EEEET & glogal fomity
Sensor : Safety | Valve | Pass/Fail
Step Action Power Signal LEDs Port | Pressure Se Se System | Fault
LED Conditions| NS0F nsor \°E it | LED
Sol A& S0l B ScIA|SoIE Port 2 3]

1 Energize solenoids A & B Green on Green Green 1102|3 Pressure OFF OFF No  OFF
2 De-energize solenoids A& B Green QFF OFF OFF 1]2to3  None ON an -
3 Disconnect solenoid signal wire from solenoid B~ Green OFF OFF OFF 1]/2to3 None 0N ON Ne  OFF
4 Attempt to energize solenoids A& B Green on - - - - Yes®
5 Reconnect solenoid B Green o © o o
&  De-energize solenoids A& B Green QFF - - - -
7 Reset the safety contral system Green = = = = No

ROSS |5 | Aygmeatic |DeCCO' |pnzumokro| I 2023 Safety Seminar | PM Safety
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M35 - GUIA DE SOLUCAO DE PROBLEMAS RUSS

Supplemental Service and Troubleshooting Guide

luzes indicadoras, no status da valvula e no

* AJUda d SO|UCIOnar prObIemaS com base Nas M35 Series Safe Exhaust Double Valves iﬁ
status do sistema de seguranca oy

) &
Varve TRoueLesHooTING MaATRIX :
Solenoid Lights | Sensor | Sensor Signal Fauli - ; ) .
Power ———— Indicator rf;;"E;I";:Lust %?gslit:iﬂ lszue Troubleshoating . EEZ-ON® (Sorr-STant) ApsusmaeT
A E [Light) [} i [Red Light)
: - : o Correct, supply blocked,
[k hi 1 \ |
Ofi Off 0 Hig High 0 Wo o autlet exhausted
Ofi Off Off Low | Low Off Wo o Mo power to sensors ncorrect wiring?
ncorrect wiring? Both sensors do not have W
Ofi Off Off Low | Low Flashing Mo N Mo power to sensors power, valve could have ssnzor pinout B or
C but iz wired for & Wit if | connect my M12 cabie incarrectiy ?
0f Off on High | Low Flashin Yes o O side is faultg Exhaust lezkags indicates ong intzrnal is
- g ashing e e shifted or partially shifted
Ofi Off On High | Low Flashing Mo No One side is faulted Mo exhaust indicates potential sznsor issue
on on on Low | Low Off Mo Ves Correct, exhaust blocked
outlet pressurized
ROSS LEf

ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety




, ROSS |3
RETORNO OU AVANCO SEGURO DE CILINDROS PNEUMATICOS

Pneumatic Safety Valve Systems ]
Valor superior em

seguranca pneumatica

» 0O mais amplo portfdlio
de valvulas de
seguranca

» Tecnologia de
seguranca pneumatica
superior

Safe Dual
Pressure Return

> Valvulas com a maior
durabilidade do
mercado

Safety Expertise and Global Support

ROSS

a global family

B | Augmetc | pecco’ | pneumotrol

alve
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; ROSS |
PRENSAS SIMILARES - POSICAO SEGURA »gova famiy

ROSS

a global family
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VALVULAS PARA COMANDO DE CILINDROS PNEUMATICOS

ROSS

a global family

Valvulas 5/2 vias para Posiciao Segura de Cilindros

CROSSMIRROR® Series
Tamanhos 0 e 2 — Piloto

Valvulas de Seguranca ROSS - Lideranca Tecnoldgica

Impede o acionamento inesperado do cilindro Pneumatico

Quando os solenoides sao desligados, asseguram a inversao do movimento
do cilindro

Sistema autbnomo de monitoracao dinamica; nenhuma monitoracao
adicional é necessaria

Internos em ago inox sem vedagao macia. Sistema interno metal-metal

Sistema de Reset incorporado na valvula

CROSSMIRROR® CM26 Series
Tamanhos 0 e 2 — Piloto

Longa vida Gtil. B10d = 20 milhdes de ciclos e MTTFd de 301,9 anos Solenoide

Sistema interno a prova de burla
Certificado de Terceira Parte (DGUV)

ou_n

— Categoria 4, PL “e
— Atende aos requisites da NR-12 e NBRISO 13.849-1e 2 CROSSMIRROR® CM 77 Series

Facil integracdo no Sistema de Seguranga (SRP/CS) Tamanhos 2 e 4 - Piloto

Disponiveis em trés tamanhos para até 7 mil L/min (para exaust3o) Solenoide

ROSS,

!i Automatic

VA IV 2023 Safety Seminar | PM Safety
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PRENSAS SIMILARES - POSICAO SEGURA
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a global family

ROSS

POSICAO SEGURA

PRENSAS SIMILARES
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; ROSS B
PRENSAS SIMILARES - POSICAQ SEGURA

ROSS,

B | A

ROSS

a global family
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PRENSAS SIMILARES - POSICAO SEGURA

a global family

CrossMIRROR®

Performance Level

DC,ygnone DC,gnone DC,qlow

[ MTTF, low
MTTF; medium

o
o

ROSS

a global family

| I MTTF, high

CatB Cat1 Cat2

Cat2 Cat3 Cat3 Catd
DC,gmed DC,glow DC, med DC,qhigh

PLe

Two Hand Valve
cycle time (sec) 60 60
hours per day 8 8
days per week 5 5
weeks per year 50 50
cycles peryear 120000 120000
Input Logic Output
Description| Two Hand | Safety Relay Valve
B10,] 1000000 20000000
ne| 120000 120000
MTTF, 83 100 1667
DC 99% 99% 99%
Category 4 4 4
System MTTF, 44 High
System DC 99% High
System Category 4
PL, e
Safety ﬁ E
Relay
I

Boss. | A - .
B | Aysmete | pecco | pneumoatrol

manufact!S
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. ; < ROSS |ES
SOLUCOES PNEUMATICAS PARA RETENCAODECARGAS =7

A retencdo de carga é uma das areas de seguranca pneumatica mais dificeis de implementar,
pois ha varias solucdes, dependendo do nivel de seguranca que precisa ser atingido.

Solugdo de Categoria B/1 Solugdo de Categoria B/1 Solugao de Categoria 2

( i N

\. /

Soluc3o de Categoria 3 Vélvula CrossCheck para Categorias 3/4
~ B

Y

o
S
a
T
12

. S

Estas solucdes serao explicadas em mais detalhes nos slides a seguir.

A retencao de carga é a aplicagao mais complexa que vocé vera

e a maioria das pessoas faz isso errado!

ﬁ"i" A\u,tornal;ic'

alve

ROSS

a global family
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; ROSS |
FUNCAO DE PARADA DO CILINDRO DURANTE O CURSO

* Pressao retida para manter a posicao do cilindro
— Evitar riscos devido a gravidade

— Risco = defeito da valvula de comando

=l
AL TR

ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety



FUNCAQO DE PARADA DO CILINDRO DURANTE O CURSO

ROSS,

Automatic

ROSS Valve

a global family

Decco’ | pneumotrol

cycle time (sec) 60
hours per day 24
days per week 7
weeks per year 52
cycles peryear| 524160
Input Logic Output | Output
Description AOPD Safety PLC|] Valve |PO Check
B10, 20000000 | 20000000
Nop 524160 | 524160
MTTF, 82 2500 100 100
DC 99% 99%
System MTTF, 31 High
System DC
System Category 1
PL c

I

manufact!S

a global family

Se pilotado a ar, ele requer o funcionamento adequado da

valvula de comando e da valvula de retencao.

A retencio é baseada mecanicamente na forca de

desligamento.

Performance Level

| [ MTTF, high

P e —— - e ———

CatB Cat1 Cat2 Cat2 Cat3 Cat3 Cat4

DC, none DC,,none DC,4low DC,omed DC,glow DC,ymed DC,,high

PL c

| MTTF, low

MTTF, medium

2023 Safety Seminar | PM Safety



Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category																														High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day																				cycle time (sec)		60

						5		days per week						5		days per week						5		days per week																				hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																				days per week		7

						8320		cycles per year						260		cycles per year						124800		cycles per year																				weeks per year		52

																																												cycles per year		524160

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve		PO Check

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10D				 		20000000		20000000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160		524160

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFD		82		2500		100		100

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		0%		0%

																																										Category		4		4		1		1

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFD		31		High

		System Category		1								1								1												High		30		100						System DC		38%		None

		PL		c								c								c																						System Category		1

																														DC		None		0		60						PL		c

																																Low		60		90

																																Medium		90		99

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6

						8320		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		8320		 		133380				260		 		133380						 		133380

		MTTFd		2404		150		150				233		150		150				82		150		150

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		73		High						57		High						39		High

		System DC		95%		Medium						96%		Medium						97%		Medium

		System Category		2								2								2

		PL		c								c								c

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		36				166		150		36				82		150		36

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		92%		Medium						93%		Medium						94%		Medium

		System Category		2								2								2

		PL		d								d								d

		Category 4 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		357				166		150		357				82		150		357

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%

		Category		3		4		4				3		4		4				4		4		4



		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High

		System Category		3								3								4

		PL		d								d								e

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e
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Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category																														High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day																		Load Holding		cycle time (sec)		60

						5		days per week						5		days per week						5		days per week																				hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																				days per week		7

						8320		cycles per year						260		cycles per year						124800		cycles per year																				weeks per year		52

																																												cycles per year		524160

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve		PO Check

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10D				 		20000000		20000000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160		524160

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFD		82		150		382		100

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		99%		0%

																																										Category		4		4		4		1

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFD		32		High

		System Category		1								1								1												High		30		100						System DC		68%		Low

		PL		c								c								c																						System Category		1

																														DC		None		0		60						PL		c

																																Low		60		90

																																Medium		90		99

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6

						8320		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		8320		 		133380				260		 		133380						 		133380

		MTTFd		2404		150		150				233		150		150				82		150		150

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		73		High						57		High						39		High

		System DC		95%		Medium						96%		Medium						97%		Medium

		System Category		2								2								2

		PL		c								c								c

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		36				166		150		36				82		150		36

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		92%		Medium						93%		Medium						94%		Medium

		System Category		2								2								2

		PL		d								d								d

		Category 4 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		357				166		150		357				82		150		357

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%

		Category		3		4		4				3		4		4				4		4		4



		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High

		System Category		3								3								4

		PL		d								d								e

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e
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Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category																														High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day																		Safety Exhaust		cycle time (sec)		60

						5		days per week						5		days per week						5		days per week																				hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																				days per week		7

						8320		cycles per year						260		cycles per year						124800		cycles per year																				weeks per year		52

																																												cycles per year		524160

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10D				 		20000000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFD		82		150		382

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		99%

																																										Category		4		4		4

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFD		47		High

		System Category		1								1								1												High		30		100						System DC		99%		High

		PL		c								c								c																						System Category		4

																														DC		None		0		60						PL		e

																																Low		60		90

																																Medium		90		99

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6

						8320		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		8320		 		133380				260		 		133380						 		133380

		MTTFd		2404		150		150				233		150		150				82		150		150

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		73		High						57		High						39		High

		System DC		95%		Medium						96%		Medium						97%		Medium

		System Category		2								2								2

		PL		c								c								c

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		36				166		150		36				82		150		36

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		92%		Medium						93%		Medium						94%		Medium

		System Category		2								2								2

		PL		d								d								d

		Category 4 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		357				166		150		357				82		150		357

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%

		Category		3		4		4				3		4		4				4		4		4



		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High

		System Category		3								3								4

		PL		d								d								e

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e
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FUNCAO DE PARADA DO CILINDRO DURANTE O CURSO

 Valvulas de Retencao Pilotadas de Categoria 2
e O sensor de posicao é acionado por forca positiva
* A retencao pode ser acionada por comando elétrico ou pneumatico
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a global family

FUNCAQO DE PARADA DO CILINDRO DURANTE O CURSO

* Pressao retida para manter a posicao

— Evitar Riscos devido a Gravidade
— Adicao de Exaustao Segura e Retencao com Diagnostico

* Categoria 4 para Exaustao Segura
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FUNCAQO DE PARADA DO CILINDRO DURANTE O CURSO

a global family
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Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category																														High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day																		Safety Exhaust		cycle time (sec)		60

						5		days per week						5		days per week						5		days per week																				hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																				days per week		7

						8320		cycles per year						260		cycles per year						124800		cycles per year																				weeks per year		52

																																												cycles per year		524160

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10D				 		20000000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFD		82		150		382

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		99%

																																										Category		4		4		4

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFD		47		High

		System Category		1								1								1												High		30		100						System DC		99%		High

		PL		c								c								c																						System Category		4

																														DC		None		0		60						PL		e

																																Low		60		90

																																Medium		90		99

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6

						8320		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		8320		 		133380				260		 		133380						 		133380

		MTTFd		2404		150		150				233		150		150				82		150		150

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		73		High						57		High						39		High

		System DC		95%		Medium						96%		Medium						97%		Medium

		System Category		2								2								2

		PL		c								c								c

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		36				166		150		36				82		150		36

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		92%		Medium						93%		Medium						94%		Medium

		System Category		2								2								2

		PL		d								d								d

		Category 4 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		357				166		150		357				82		150		357

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%

		Category		3		4		4				3		4		4				4		4		4



		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High

		System Category		3								3								4

		PL		d								d								e

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e





image1.png







image2.jpg

Performance Level
o

CatB Cat1 Cat2 Cat2 Cat3 Cat3  Cat4

DCpqnone DCpgnone DCaglow DCygmed DCpglow DCygmed DC,ghigh

[ MTTF, low
© MTTF, medium

I MTTF, high







Master Sheet

		Performance Level Required

				Severity of Injury								Frequency Level								Probability to Avoid

				S1 - Slight (normally reversible)								F1 - Seldom to less often &/or short exposure time								P1 - Possible to avoid

		PLr

		Safety Function		Interlocked Door (1/hr)								E-Stop (1/day)								Light Curtain (2/min)

				Cycles		3600		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		30		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						5		days per week

						52		weeks per year						52		weeks per year						49		weeks per year						S1 - Slight (normally reversible)

						8736		cycles per year						364		cycles per year						705600		cycles per year						S2 - Serious (normally irreversible injury or death)

																														F1 - Seldom to less often &/or short exposure time

																														F2 - Frequent to continuous &/or long exposure time

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output						P1 - Possible to avoid

		Description																												P2 - Scarcly possible to avoid

		B10d		2000000		20000000		20000000				6050		20000000		20000000				20000000		20000000		20000000

		nop		8736		714700		714700				364		714700		714700				705600		714700		714700						MTTFd		Low		3		10

		MTTFd		2289		280		280				166		280		280				283		280		280								Medium		10		30

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%								High		30		100

		Category

																														DC		None		0		60

		System MTTFd		132		High						76		High						94		High										Low		60		90

		System DC		0.99		High						0.99		High						0.99		High										Medium		90		99

		System Category																														High		99		100

		PL

																														PL		PFHd

		B10d		2.00E+06		2.00E+07		2.00E+07				6.05E+03		2.00E+07		2.00E+07				2.00E+07		2.00E+07		2.00E+07						a		≥10-5 to <10-4

		nop		8.74E+03		7.15E+05		7.15E+05				3.64E+02		7.15E+05		7.15E+05				7.06E+05		7.15E+05		7.15E+05						b		≥3x10-6 to <10-5

		MTTFd		2.29E+03		2.80E+02		2.80E+02				1.66E+02		2.80E+02		2.80E+02				2.83E+02		2.80E+02		2.80E+02						c		≥10-6 to <3x10-6

		DC		131.8600174055		0.99		0.99				0.99		0.99		0.99				0.99		0.99		0.99						d		≥10-7 to <10-6

		Category		0		0		0				0		0		0				0		0		0						e		≥10-8 to <10-7



		System MTTFd		132		High						76		High						94		High

		System DC		99%		High						99%		High						99%		High

		System Category		0								0								0





Calculations

		Category 1 Exhaust Valve																																								Category 1 Trapped Pressure Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)

						8		hours per day						8		hours per day						8		hours per day																		Load Holding		cycle time (sec)		60

						5		days per week						5		days per week						5		days per week																				hours per day		24

						52		weeks per year						52		weeks per year						52		weeks per year																				days per week		7

						8320		cycles per year						260		cycles per year						124800		cycles per year																				weeks per year		52

																																												cycles per year		524160

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve						S1 - Slight (normally reversible)														Input		Logic		Output		Output

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000						S2 - Serious (normally irreversible injury or death)												Description		AOPD		Safety PLC		Valve		PO Check

		nop		8320		 		133380				260		 		133380						 		133380						F1 - Seldom to less often &/or short exposure time												B10D				 		20000000		20000000

		MTTFd		2404		150		1499				233		150		1499				82		150		1499						F2 - Frequent to continuous &/or long exposure time												nop				 		524160		524160

		DC		99%		99%		0%				99%		99%		0%				99%		99%		0%						P1 - Possible to avoid												MTTFD		82		150		382		38

		Category		3		4		1				3		4		1				4		4		1						P2 - Scarcly possible to avoid												DC		99%		99%		99%		90%

																																										Category		4		4		4		2

		System MTTFd		129		High						86		High						51		High								MTTFd		Low		3		10

		System DC		90%		Medium						93%		Medium						96%		Medium										Medium		10		30						System MTTFD		21		Medium

		System Category		1								1								1												High		30		100						System DC		94%		Medium

		PL		c								c								c																						System Category		2

																														DC		None		0		60						PL		c

																																Low		60		90

																																Medium		90		99

		Category 2 Exhaust Valve																														High		99		100

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		28800		cycle time (sec)				Cycles		60		cycle time (sec)						PL		PFHd

						8		hours per day						8		hours per day						8		hours per day						a		≥10-5 to <10-4

						5		days per week						5		days per week						5		days per week						b		≥3x10-6 to <10-5

						52		weeks per year						52		weeks per year						52		weeks per year						c		≥10-6 to <3x10-6

						8320		cycles per year						260		cycles per year						124800		cycles per year						d		≥10-7 to <10-6

																														e		≥10-8 to <10-7

				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		8320		 		133380				260		 		133380						 		133380

		MTTFd		2404		150		150				233		150		150				82		150		150

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		73		High						57		High						39		High

		System DC		95%		Medium						96%		Medium						97%		Medium

		System Category		2								2								2

		PL		c								c								c

		Category 2 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (12/hour)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		2000000				6050		 		2000000						 		2000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		36				166		150		36				82		150		36

		DC		99%		99%		90%				99%		99%		90%				99%		99%		90%

		Category		3		4		2				3		4		2				4		4		2



		System MTTFd		27		Medium						25		Medium						21		Medium

		System DC		92%		Medium						93%		Medium						94%		Medium

		System Category		2								2								2

		PL		d								d								d

		Category 4 Exhaust Valve

		Safety Function		Interlocked Door (4/hr)								E-Stop (1/day)								Light Curtain (1/min)

				Cycles		900		cycle time (sec)				Cycles		86400		cycle time (sec)				Cycles		60		cycle time (sec)

						24		hours per day						24		hours per day						24		hours per day

						7		days per week						7		days per week						7		days per week

						52		weeks per year						52		weeks per year						52		weeks per year

						34944		cycles per year						364		cycles per year						524160		cycles per year



				Input		Logic		Output				Input		Logic		Output				Input		Logic		Output

		Description		Interlock		Safety PLC		Valve				E stop		Safety PLC		Valve				AOPD		Safety PLC		Valve

		B10d		2000000		 		20000000				6050		 		20000000						 		20000000

		nop		34944		 		559468				364		 		559468						 		559468

		MTTFd		572		150		357				166		150		357				82		150		357

		DC		99%		99%		99%				99%		99%		99%				99%		99%		99%

		Category		3		4		4				3		4		4				4		4		4



		System MTTFd		89		High						65		High						46		High

		System DC		99%		High						99%		High						99%		High

		System Category		3								3								4

		PL		d								d								e

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year



				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		47		High

		System DC		87%		Low

		System Category		1

		PL		c

		Category 1 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		3144960

		MTTFd		82		150		64

		DC		99%		99%		0%

		Category		4		4		1



		System MTTFd		29		Medium

		System DC		54%		None

		System Category		1

		PL		b

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		524160

		MTTFd		82		150		38

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		22		Medium

		System DC		99%		High

		System Category		1

		PL		c

		Category 2 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		10		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						3144960		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		2000000

		nop				 		3144960

		MTTFd		82		150		6

		DC		99%		99%		99%

		Category		4		4		1



		System MTTFd		6		Low

		System DC		99%		High

		System Category		1

		PL		c

		Category 4 Pressure Return Valve

		Safety Function		Light Curtain (1/min)

				Cycles		60		cycle time (sec)

						24		hours per day

						7		days per week

						52		weeks per year

						524160		cycles per year

				Input		Logic		Output

		Description		AOPD		Safety PLC		Valve

		B10d				 		20000000

		nop				 		524160

		MTTFd		82		150		382

		DC		99%		99%		99%

		Category		4		4		4



		System MTTFd		47		High

		System DC		99%		High

		System Category		4

		PL		e
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FUNGAO DE PARADA DO CILINDRODURANTEOCURSO "~

* Pressao retida para manter a posicao

— Valvula de retencao com monitoracao
* Valvula de retencao comandada pela valvula de seguranca
* Pode melhorar o MTTF geral

e Nao deve melhorar o PL
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A ROSS |3
FUNCAO DE PARADA DO CILINDRO DURANTE O CURSO

* Valvula de retencao dupla monitorada — Categoria 3
* Duas valvulas em série
* Nao monitora os assentos
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; ROSS |

* Pressao retida para manter a posicao

— Evitar Riscos devido a Gravidade
* Categoria 4 para Exaustao Segura
* Categoria 3 para Retencao da Carga
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POSICAO SEGURA - PARADA DURANTE O CICLO

a global family

Load Holding cycle time (sec) 60
hours per day 24
days per week 7
weeks per year 52
cycles peryear| 524160
I — Input Logic Output Output
I } Description AOPD Safety PLC Valve PO Check
olod
) ‘"‘T{} : o, ‘ B10, 20000000 20000000
: Nop 524160 524160
a
| g | E 0 SR OO DY SOOI MTTF, 82 150 382 38
e =y [T zo M _ NEN o] o | o | o | oo
: L_ R _J E c l l Category 4 4 4 3
| £ et -
. £ iy _
X [ Y L T . System MTTF, 21 Medium
: e , , System DC 94% Medium
i AR AR e i g2 g o3 Tem3 T | [ system Categon| 3
| T Y1 ' T B sy L] - -
. PL, d
| \J‘?’ {7 I MTTF, low —
' MTTF, medium P L e al mm .
: | I MTTF, high ________:_ " I. g
! r
s = oy o | - - = » g
. = - 1 E
y ' v 2
7 M ; i
o * 1 ® = '
TiT oL !
— } : } : } :
A% \J CatB Cat1 Cat2 Cat2 Cat3 Cat3 Catd
— = DC,none DC,gnone DC,glow DC, med DC,glow DC, med DC,ghigh
w
I MTTF, low
- MTTF, medium
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~ REISS" ﬁs.
FUNCAO DE PARADA DO CILINDRO DURANTE O CURSO - EXEMPLOS "~ —

Pneumatic Safe Load Holding Example 1 — Category 1

Single channel pilot-operated check valve with no feedback.

A ﬁ_ OBSERVACAO:
: i el | T As aplicacSes
jﬂ @ —F WS H:. A L }T @ jT . horizontais podem
[ 2 S L T 3 ol i A precisar de valvulas de
D—:\ S e ] _“_____I\TiLH____?_ﬂ_w_; D—:\—/I\ Y ] > retengdo PO nas
u | | u Y < LﬁQ_ extremidades da haste
i P

= e da tampa do cilindro

para evitar movimentos

Pneumatic Safe Load Holding Example 2 — Category 2

Single channel pilot-operated check valve with feedback - must be monitored by the safety controller.

OBSERVACAO:

As aplicagdes
horizontais podem
precisar de valvulas de
retencao PO nas
extremidades da haste
e da tampa do cilindro
para evitar movimentos
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5 ROSS |3
FUNCAQO DE PARADA DO CILINDRO DURANTE O CURSO - EXEMPLOS e

Pneumatic Safe Load Holding Example 3 — Category 3

Redundant pilot-operated check valves with feedback - must be monitored by the safety controller. Addition of the safe
exhaust valve ensures a failure of the control valve does not override the PO check function. Open-center directional valves are
recommended because closed-center valves can hinder operation of the pilot-operated check(s).
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OBSERVACAO:
As aplicagdes horizontais podem precisar de valvulas de retengao PO nas extremidades da haste e da tampa do cilindro para evitar movimentos.
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FUNCAO DE PARADA DO CILINDRO DURANTE O CURSO - CAT. 4 by

SS1 - Safe Stop 2 SSB - Safe Stop with

(Controlled Stop) .=:I braking
.=:I (Safe Exhaust with PO (Safe-holding)
1 loo ™ |==o0

Pneumatic Safety Valve Systems

Valor superior em
seguranca pneumatica

Safe Pressure . N
Select » 0O mais amplo portfdlio

de valvulas de
seguranca

» Tecnologia de
seguranca pneumatica

Safe Dual .
superior

Pressure Return
> Valvulas com a maior

durabilidade do
mercado

Safety Expertise and Global Support
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CC4 - CrossCheck

- 4/3 Centro Fechado
- Todas as vias bloqueadas
- “Jog” e funcao de retencao de carga
- VedacOes poppet redundantes
- Dois sensores independentes fornecem feedback
- 3 conectores M12
- 2 para solenoides
- 1 para sensores

12B
12A

Esquema  MB|\
simplificado 44 \
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g IXE
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Valve
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CC4 - APLICACAO vbal oy

Solucao Antiga — CAT. 1 Solucao Recente — CAT. 3
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Nova Solucao — CAT. 4
CROSS-CHECK
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SELECAQ DE VALVULAPARAPARADASEGURA "

Selecao de Controle e Valvula
de Parada

Cat 1

Cat3 &4

Varios
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ROSS |
PARADA SEGURA - EXEMPLOS »otal iy

Pneumatic Safe Control and Stop Example - Category 4

4/3 dual channel double solenoid-operated closed-center valve with feedback - must be monitored by the safety controller.
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CC4 - APLICACAO

JOURNAL

From Rockwell Automation and Our PartnerNetwork™
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ROSS | §3

CC4 - PARADA E RETENCAO SEGURAS DE CARGAS - TAMANHOS ey

ROSS

a global family

ROSS,

Valve Series
CrossCreck™ CC4
Inlet Port Size 174" e 172 RIS
1-2 0.9 09 1.7 1.7
Flow Cv 14 0.9 09 1.6 1.6
2-3 0.7 0.7 1.8 1.8
4-3 0.6 0.6 1.7 1.7
Actuation Solenoid Pilot Controlled W v v v
Monitoring External v v W v
Reset Automatie v v v Vv
Pressure Release Manual W v v v
Safety Category Catd,PLe
Third Party Certification DGUv
CE Conformity Declaration W
EAC Conformity Declaration vy
CSA — Certificate of Compliance v
CRN Certified —
SISTEMA Library v
Aygmatic | peceo” | pneumoatrol |17V 2023 Safety Seminar | PM Safety
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DESENERGIZADA SOMENTE COM PRESSAODEALIMENTACAO _________ ~ ~
Sensing
Midpoint
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14 A 12 A
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SOLENOIDES 14A & 14B ENERGIZADOS - SAIDA 4 PRESSURIZADA ey

Sensing

Midpoint /;\\ \)/
S
: Port 2

14 B

12 B

14 A 12 A
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i ROSS |
SOLENOIDES 12A & 12B ENERGIZADOS - SAIDA 2 PRESSURIZADA
Sensing
Midpoint

14 B

12 B

14 A 12 A
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TODOS OS SOLENOIDES DESENERGIZADOS - PRESSAO RETIDA ety

Sensing

Midpoint p
i - J Port 2 \

12 B 14 B

14 A 12 A
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MALVULA EM CONDICAQ DE FALHA _ PARADADOCILINDRO ___________—
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RECURSQOS ONLINE ROSS ES

Fluid Power Machinery Safety Guidebook

Overview of topics related to the Safe Application of Fluid Power in industrial applications — The document outlines
. the safety requirements for implementing Fluid Power safety solutions. It includes a review of standards requirements,
MH:%;WE risk assessment methods and risk reduction measures along with an overview of the safety design and implementation

I Process.

Safety Online Selection Tool

The ROSS Safety Tools will simplify your process of selecting the best product

to fit your application, independent of your familiarity with Safety Valves F ———— R

and ROSS CONTROLS. To help your navigation, additional product feature E——

explanations are available throughout the process. By simply selecting your Y fle=sidis= Y
criteria, product options are provided with a link for additional information Er— . —
such as data sheets, technical documentation and 3D models. These tools are B - : - S

available at ROSS’ website and can be used from desktop and mobile devices.

Visit ROSS' website at www.rosscontrols.com to access the Hydraulic Safety i
Valve, Pneumatic Safety Valve or Press Controls Selection Tool.

........
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RECURSQOS ONLINE ROSS ES

Safety Product Data for SISTEMA Library Users

Safety Integrity Software Tool For the Evaluation of Machine Applications

RS Safety product data library is designed for use with the innovative SISTEMA software tool (Safety
sy e o the e ofach e ISTER Integrity Software Tool for the Evaluation of Machine Applications). Developed by the Institute for
Occupational Safety and Health of the German Social Accident Insurance (IFA, formerly known as
the BGIA), SISTEMA is available to download for no charge at the IFA web site. This software tool
is expected to prove invaluable to system designers because of its potential time savings and

safety implications. The free software tool and data library will help ensure compliance with the
EN [SO 13849-1:2015 standard.

Most of the ROSS safety products have SISTEMA files that are located in the ROSS SISTEMA
library, to help users in the design and verification process of complete safety solutions.

To download a copy of ROSS’ Safety Product Data for the SISTEMA Library, visit
www.rosscontrols.com.
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RECURSQOS ONLINE

a global family

2D Drawings & 3D CAD Models

To assist you with piping and connectivity designs, designers and engineers all over the world
can preview and download product data in more than sixty (60) different CAD and graphic
formats and validate their designs in their engineering design systems.

You can find drawings and models on individual product pages or from the Technical Tools
Menu - both on www.rosscontrols.com.

Intergration Guides

MZ5 Saries Intogration Guida

Valve Operation and General Feedback Monitoring Ladder Logic Example
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ROSS |5 | AV |Decco | pneumaltiol 1737

In addition to the Installation Instructions that are included
with the product, Integration Guides for specific safety
valves are available to provide important information
necessary to integrate your new safety valve into your
system.

Integration Guides include:

*  Pneumatic Schematics

* Connector Pinouts

* Qperation & Monitoring Requirements
* User Control Circuits

* Test Procedures

Visit www.rosscontrols.com.

2023 Safety Seminar | PM Safety



RECURSQOS ONLINE ROSS S

Training

ROSS offers a variety of fluid power related training topics to help you
increase your base knowledge.
Available Training includes: =S

* Fluid Power Basics I—-H* ]

*  Fluid Power Safety Lm% —

* Total Machine Safety -l <3

* Customer Specific HIgh%
Consult ROSS.

Services
Low If you are looking for help beyond our available online resources and
P1__ | pL_a training for your team, ROSS offers several services to ensure your
. L - - applications will achieve the performance and safety levels you need.
1 -
| Fe 1 Pl=b Services offered include:
1 Pz
*—— 1 P1 Pli=C * Lock-out/Energy Isolation Circuit Analysis
s P2 o q * Emergency Stop Circuit Analysis
T re P ) * (Category & Performance Level Estimation Analysis
e - *  Fluid Power Application Reviews
High Consult ROSS.
ROSS | ES | Augreve |peceo | pneumokrol |17V 2023 Safety Seminar | PM Safety




VALVULAS DESEGURANCACONFIAVEIS "™
NR-12

12.1.9 Na aplicacao desta NR e de seus anexos, devem-se considerar as
caracteristicas das maquinas e equipamentos, do processo, a apreciagao
de riscos e o estado da técnica.
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