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The metal fabricating industry has many types of machines that use a multiple
energy sources that must be considered when designing safety systems.
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Manytimes, companiesŘƻƴΩǘknowwhereto start with safetyandŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ



The Aberdenestudy shows that the safest companies also themostproductive!



Best in classcompaniesarefollowingInternational Standards because they 
have plants across many regionsand they want to be compliant everywhere.

Å ISO12100 Risk Assessment

Å ISO13849-1 & 2 Design & Validation

Å IEC62061

Å IEC61508

Å IEC61800-5-2

Å IEC60204

Å ISO4414 Pneumatic Safety

Å ISO4413 Hydraulic Safety



These International Standards are closely harmonized with many of the US standards

ANSI 
B11.0

NFPA 
79

ANSI 
B11.19

ANSI 
B11.TR6

ANSI 
B11.26

ANSI 
B11.TR4

US Based Safety Standards

.



The reason that I showed you both is so that you could see 
that the standards are becoming harmonized!

This means that companiecan have global designs and global company requirements.



Two examples we will discuss are:
North America ςOSHA Requirements

European ςMachinery Directive 
Requirements

There are three types of Standards
ά!έ {ǘŀƴŘŀǊŘǎ ό.ŀǎƛŎ {ǘŀƴŘŀǊŘǎύ

basic concepts

principles for design

general aspects

ά.έ {ǘŀƴŘŀǊŘǎ ό!ǇǇƭƛŎŀǘƛƻƴ {ǘŀƴŘŀǊŘǎύ

B1 - safety distances, surface temps, 
noise

B2 - components or devices

ά/έ {ǘŀƴŘŀǊŘǎ ό{ǇŜŎƛŦƛŎ aŀŎƘƛƴŜ 
Standards)

Vertical standards covering a single 
type of machine or group of 

machines.

Use A and B standards to create C 
standards.

Safety Standard have 3 Levels ςType A, Type B & Type C standards



A type standards the define the basic techniques risk assessment & risk reduction.

Risk Assessment

Risk Reduction



B Type standard tell users how to utilize specific types of technologies 

B Type standard are 
devices & device 
utilization standard.



CType standards are for specific machine types

C Type standards are 
for specific machine 
types.



Common A  &BType standards



ISO12100 Basic principles and terminology to help designers achieve 
safety in the design of machinery thru risk assessment & risk reduction.

ISO12100 is closely harmonized with ANSI B11.0 and covers almost the same content.



ISO14120 ςGeneral Guarding Standard



ISO14120 ςGuarding Types



ISO14119 ςInterlocking Devices



ISO14119 ςInterlocking Device



ISO13857 ςSafe Distances



IEC61496-1, 2 & 3



L Ŏŀƭƭ ƛǘ ǘƘŜ άhƘ /ǊŀǇέ ōǳǘǘƻƴΦ  Lǘ ƛǎ ƳŜŀƴǘ ǘƻ ƛƴǘŜǊǊǳǇǘ ŀƭƭ ƳƻŘŜǎ ƻŦ ƻǇŜǊŀǘƛƻƴ 
and activities in order to control hazardous energy.

Emergency stop requirements

US Emergency Stop Requirements International Emergency Stop Requirements



ISO13850 ςEmergency stops

This means that all energy sources must 
be considered.



ISO13851 ςTwo Hand Control Devices



Two Hand Control Types

The most misunderstood information in two hand control is how the types are combined.

Type 1 is the basic requirement!
Type 2 requires Type 1 + Type 2 requiremenets!

Type 3 requires Type 1 + Type 2 + Type 3 requirements.



ISO13855 Safety Distances with respect to approach



Safety Design Standards Structure

IEC61508

ISO13849

IEC62061

IEC61511
SIL
Process

SIL
Machine

PL
Machine

ISO/IEC17305

Future
SIL or PL?
Machine



Safety Logic/Design standards

European Safety System Design Standards The US Equivalents

ANSI B11.0 Safety 
General Requirements

ANSI B11.0 Risk Assessment

ANSI B11.19 Safety System 
design, construction & 

integration 

ANSI B11.20 Safety 
requirements for integrated 

Manufacturing systems
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In the past there were multiple design standards, but now there are only 2.

The Global Leader in Fluid Power Safety Solutions

EN 954-1 EN ISO 13849-1

Electrical Control Circuits Control circuitsall technologies :
Å Electrical
Å Electronic
Å Pneumatic
Å Fluids
Å Hydraulic

Safety CategoriesB, 1,2, 3 &4 Performance Levels PLa to PLe 

Safety provided by the 
structure of the control circuit

Safety provided by:
Å The architecture/structure(EN954-1 

categories)
Å The reliability of the system (MTTFd, 

B10d)
Å The diagnostic coverage of the system 

(DC)
Å The preventive measures against 

common causesof failure (CCF)

Draw a diagram (schematic) Draw a diagramandverification of PL
Does PL(achieved) =PLr (required) ?

Electronic Control Circuit
Programmable Electronic
And now Fluid Power

Safety provided by:
Å Structure (HFT)
Å Reliability (PFHd)
Å Diagnostics
Å Beta Factor

Safety Integrity Levels  1, 
2, 3, 4

Draw a diagram and verify 
SILcl=SILr 

IEC62061

IOS13849 became the most popular because EN954 was withdrawn and because IEC62061 did not consider fluid power until 2021.



ISO13849-1 applies to the design of Safety-related parts of control systems (SRP/CS)



Most people ignored Fluid Power Safety until ISO13849and other 
standards started defining requirements

Å Pneumatic and hydraulics are part of the SRP/CS
Å Safety related parts of the control system
ÅwŜǉǳƛǊŜǎ άǇǊƻǾŜƴ ƛƴ ǳǎŜέ ƻǊ άǿŜƭƭ ǘǊƛŜŘ ŎƻƳǇƻƴŜƴǘǎέ
ÅwŜǉǳƛǊŜǎ άǿŜƭƭ ǘǊƛŜŘ ǎŀŦŜǘȅ ǇǊƛƴŎƛǇƭŜǎέ

Reference from ISO13849-1 2006

ROSS proves that our product is 
ά²Ŝƭƭ ǘǊƛŜŘέ ŀƴŘ άtǊƻǾŜƴ ƛƴ ¦ǎŜέ 

by doing 3rd party certifications and 
we apply a CE Mark to all safety 

compliant products.  



ANSI B11:19 directly references ISO13849 & IEC62061 as best 
practices for design of safety control systems.



Safety Output device standards

Hydraulic 
Safety

Pneumatic 
Safety



There are also specific standards for fluid power safety (Since 1979).

Third edition
2010-2-15



Introduction to ISO4413



Introduction to ISO4414

:2010



ISO4413 & 4414 General Rules.

This will change in the future since IEC62061 now includes fluid power safety!



ANSI B11:26 directly references ISO13849, ISO4413 and ISO4414



There are also 2 other standards that are important but often overlooked

Lockout/Energy Isolation Standards

Every machine needs to have lockout devices for every energy source and every machine must have a emergency stop!



Notice the requirements are for the control of all hazardous energy including Pneumatic & Hydraulic energy.

Lock-out/Tag-out & Energy Isolation Requirements (ISO14118)



Notice the requirements are for the control of all hazardous energy including Pneumatic & Hydraulic energy.

Lock-out/Tag-out & Energy Isolation Requirements (ANSI Z244.1)



How does this affect us?



Companies should implement safety solutions using 
proper standards in a systematic process to reduce risk.

This means that we need to follow a defined process!



ISO13849-1, ISO4413, ISO4414, and ANSI B11.19 and NPFA all say that a Risk Assessment 
shall be doneto identify risks that are associated with operating the machine/system and 

that identified risks must be reduced to an acceptable level.

41

All ofthe safety standards say the risk assessment is the starting point.
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ISO12100 and/or ANSI B11.0 outline the requirements for risk assessment and risk 
reductionand ask users to look at all modes of operation and all energy sources.

ISO12100 and ANSI B11.0 following the same process

Risk Assessment

Risk Reduction

ÅEach mode should be evaluated
ÅAuto/Manual/Jogging/Threading

ÅEach type of task should be evaluated
ÅProduction ςLoading/Unloading/Adjusting

ÅSet-up ςChange-overs/Teaching

ÅMaintenance ςService/Repairs/Replacement

ÅMaterial Handling ςLoading/Unloading

ÅSanitation ςCleaning/Washing

ÅEvery source of energy should also be evaluated
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The risk assessment and pressure & force evaluation identify  the hazards and specify required performance levels.

ANSI B11.0, ISO4413 and ISO4414 say Pressure and Force must also be evaluated.



The next step is developing a Functional Specification that determines 
the correct risk reduction measures for each mode of operation.

ÅHow does the machine need to function in Manual Mode?

ÅHow does the machine need to function in Automatic Mode?

ÅHow does the machine need to operate in Set-up/Teaching Mode?

ÅHow does the machine need to operate in Cleaning Mode?

ÅHow does the machine need to function during Change-over Mode?

44



Recognized Safety Functions/Solutions are identified in 
Tables 8 & 9 of ISO13849-1

45



The functions in Tables 8 & 9 are not just electrical 
control functions, they are also fluid power functions.  

46

The function is the same, but the terminology & technology is different.



ROSS Recognized Safety Solutions

47



We will use ROSS Selection Flowcharts to guide us thru the selection process.



The first safety function that we are going to look 
at is the Prevention of Unexpected Start-up

ÅThings to think about:
ÅWill shutting off the supply pressure to the 

system cause things to move?

ÅAt what speed/rate will they move?

ÅIs this movement dangerous?

ÅCould blocking or chaining be included in the 
process and procedures?

ÅWhat happens when I reapply pressure?

49



Remember the lockout/energy isolation requires 
specific procedures for each machine.

50

Companies are responsible for:

ÅCreating a Lockout/Energy Isolation Program

ÅCreating Lockout/Energy Isolation Procedures

ÅProviding Lockout/Energy Isolation Hardware

ÅProviding Lockout/Energy Isolation training for employees and contractors

ÅInspecting the procedures annually or when a machine change occurs



LOTO/Energy Isolation Device Requirements

51



The second safety function that we are going to look at is Safe-
exhaust/Safe-De-energization and is often used with Safe-Energization

ÅThings to think about:
ÅWill exhausting system pressure cause things to move?

ÅAt what speed/rate will they move?

ÅIs this movement dangerous?

ÅWould an additional safety function be required?

ÅWhat happens when I reapply pressure?

52
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Safe-Exhaust Selection Criteria

Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

Å Is soft-start needed when 
reapplying pressure?



Most people think about dumping/exhausting pneumatic and hydraulic 
pressure without thinking about what happens!

Copyright ROSS Controls 2022 54

The most commonly utilizedFluid Power 
safety Solution is Safe-exhaust and/or 
Safe-block & bleed.

The problem is that this is implemented 
across a variety of machine types for all 
fluid power actuators.

The problem is that shutting off supply 
pressure to vertical cylinders with loads 
can cause unsafe drift or the unsafe 
release of materials.

The standards say that a safeguarding 
method should not create additional 
hazards.

The follow sections will look at additional 
safety functions that might be used 
alongside Safe-exhaust.



One of the most Common Safe Exhaust 
Applications is Emergency stops. 

Emergency stops are required to control the sources of hazardous energy in the 
event of a dangerous situation or an emergency.

55

DǳŜǎǎ ǿƘŀǘΩǎ ƳƛǎǎƛƴƎΚ
The Safe-exhaust Valve!

Air Supply Line

Lock-out/Tag-out Device

Standard Pneumatic 
Control Valves



Safe-exhaust valves are also used in safe brake control applications.

56

Safe-exhaust valve 
used as a safe-braking 

application

Pneumatic Clamp Brake

Pneumatic Rod Brake

The braking system is only as good as the valve that is controlling it!

Typical pneumatic brakes 
require safe control of air 
pressure to open the brake to 
allow movement.  This is then 
fail-safe because:
Å Safely and redundantly 

removing air pressure 
results in the brake closing.

Å The loss of supply pressure 
results in the brake closing.



The third safety function that we are going to look at is Safe-return

ÅThings to think about:
ÅCan you move the hazardous activity away from 

personnel?
ÅCan move the hazardous activity away from 

personnel without creating an additional 
hazard?
ÅSafe-return could also be moving a guard to 

prevent access.

57
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Safe-return Selection Criteria

Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

ÅCan we safely move the hazard 
away from the operator without 
creating an additional hazard?



Common Safe Return Applications in the metal fabrication industry.

Cylinder presses use Two Hand Control 
(THC) systems with Safe-return valves to 

change the direction of the cylinder motion 
to prevent forward press motion.

59

Automated shearing machines use light 
curtains or other detection devices to detect 
operator presence and uses safe return type 

valves to retract the sheering cylinder to 
prevent injuries.

Move people are using standard valves to do safe return functions!



The fourth type safety function that we are going to look at is 
Safe-Control & Stop and can accomplished 2 different ways.

ÅThings to think about:
ÅCan you stop and hold the hazardous motion/activity?

ÅWhat is the size & speed of the actuator?

ÅHow fast does the actuator move?

ÅWhat is the flow and/or speed that required for the 
actuator being controlled?

Copyright ROSS Controls 2022 60
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Safe-Stop & Hold (Safe-stop with blocking) Selection Criteria

Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

ÅWhat is the flow/speed that is 
needed by the actuator/cylinder?

Most pneumatic companies struggle with Safe-stop and hold applications because they only have Safe-exhaust 
valves and non-monitored PO checks which feedback monitoring.  This results in a low Cat & PL.



Most companies use 3-position 
directional control valves for load 

holding applications. 

These problem is that these are non-
monitored valves that can fail and 
lead to the loss of the control/hold 

function and is not detected and are 
rated CatB/Plaor Cat1/PLbat best.

Copyright ROSS Controls 2022 62

The ROSS CC4 solution us a redundant 
3-position directional control valve 
that is monitored to provide a Safe-

control and hold function.

The CC4 is the only valve in the 
industry that can accomplish Safe-

control and holding in 1 valve and is 
rated to Cat4/PLe. 

Safe-control & hold considerations
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Common Safe-control & hold Applications

Cylinder presses use Two hand control 
systems with Safe-control & hold valves to 

stop motion of the cylinder motion to 
prevent forward press motion.

A user might use the Safe-control & hold 
valve instead of a Safe-return valve 

because there might be a pinch point on 
the retract stroke.

Forming Machines ό¢.aΩǎ ǳǎŜ {ŀŦŜ-control 
& hold valves to stop motion of the 

cylinder motion to prevent pinch points 
caused by moving actuators

See the ROSS application note that 
describes how Safe-control & hold cylinders 

protect operators for injury by stopping 
motion.
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Common Safe-Load holding/blocking Applications

Large Cylinder presses that are stopped 
during the process to do some assembly 
function might use PO Checks cylinder 

motion to prevent forward press motion.

A user might use the Safe-load holding 
valve because the Safe-control & hold valve 
is too small or because a Safe-return valve 

might meet the functionality need.

Packaging & material handling machines 
are another large user of PO Check to stop 
individual actuators to prevent unwanted 

motion during operator interaction.



The fifth type safety function that we are going to look at is Safe-
Reduced Pressure and can accomplished 2 different ways.

ÅThings to think about:
ÅCan you reduce pressure but still allow activities to occur?

ÅWhat is the size & speed of the actuator?

ÅWhat is the surface area of the tooling?

ÅWhat is the maximum and minimum pressures that the 
system can still function with?
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Safe-Pressure Select Selection Criteria

Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

ÅWhat is the safe limited pressure 
threshold for your machine?

Most pneumatic companies do not have a solution for safe pressure select.  Most consider 
safe-limited-pressure to be anything less than 150N.
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Common Safe-pressure select Applications

Safe pressure select is often used in application that have operators interacting with 
machine movements & actions.

Collaborative Robots Welding work cells

¸ƻǳ ŀǊŜ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ǊƻōƻǘǎΩ ŀōƛƭƛǘȅ ǘƻ 
generate pressure and force by limiting, 
torque, speed and range.  Should we do 
the same for the tooling attached to it?

Most people are using Safe-exhaust valve 
to dump air when someone is loading and 

loading parts.  This creates a lot of 
inefficiency.  What is we could allow 

action to continue but at a safe pressure?



[ŜǘΩǎ ƭƻƻƪ ŀǘ Ƙƻǿ ǿŜ Ŏŀƴ ŀŎŎƻƳǇƭƛǎƘ ŀ {ŀŦŜ-pressure select function

70

Standard 
Solenoid Bank

Clamps



Hydraulics has nearly the same Safety functions but uses slightly different 
terminology and the selection process is a bit different.

71
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Hydraulics uses slightly different terminology, and the safety 
functions are a bit different.



Hydraulic Safety Valve Uses

Where would you use hydraulic safety valve?

Hydraulic Safety Valves are often used to isolate and control 
hazardous energy feeders, palletizers, tilt stands and dumping 

stations in multiple industries.

Roll de-coiling and straightening Presses Palletizers
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Safe-Block & Bleed Select Selection Criteria

Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

ÅWhat is the flow rate of the 
actuator/machine/system that 
you want to isolate?



Typical Application for the Block & Bleed valve



The Hydraulic Block and Bleed Safety should go after the Lock out valve and before any control valves to 
eliminate supply pressure from the system in the event of a requirement from the safety system.

Things to know:
1. Standard hydraulic control valves have no safety rating, so they are only CatBor Cat1.  
2. A single failure in the standard control valve will lead to the loss of safety control.
3. ROSS offers a redundant valve solution with monitoring.  This means that we can meet Cat4/PLe 

if properly implemented.
4. These valves carry a third-party validation to Cat4/PLe.  Others do not!

The block and bleed 
valve blocks supply 

pressure and bleeds all 
upstream pressure 

back to tank.



Key things that you need to know:

ÅWhat Category & Performance 
Level does this function need to 
meet?

ÅWhat kind of safety monitoring 
system does the machine have?

ÅWhat is the flow rate of the 
actuator/machine/system that 
you want to stop & hold?

Safe-Block & Stop/Hold Select Selection Criteria


