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Safety Regulations
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– MTTFD mean time to failure dangerous
(lifetime considerations)

– DC – diagnostic coverage
(failure discovery considerations)

– CCF – common cause failures 

The PL of the device shall be determined by the estimation of 
the following: 

ISO 13849-1
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MTTFD mean time to failure dangerous (calculation) 
Failure is dependent on load and operating frequency - cycles

T10D = Mean time until 10% of the components have a dangerous failure 
(Component operating time is restricted to T10D)

B10D = Number of operations where 10% of the sample has statistically 
failed to danger.

B10D=2 x B10

nop = number of operations per year

Denotation of MTTFDof

each channel

Range of MTTFD of each 

channel

Low 3 years <= MTTFD < 10 years

Medium 10 years <= MTTFD < 30 years

High 30 years <= MTTFD < 100 years

MTTFD = T10D / 0,1

T10D = B10D / nop

ISO 13849-1
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6.2.5 Category 2: Initiating of a safe state

PL a to PL c: whenever practicable, 
initiation a safe state, 
otherwise a warning will be sufficient

PL d: the Output (OTE) shall initiate a safe state
until the fault is cleared!

Category 2
PL c

Category 3 / 4
PL d / e

ISO 13849-1:2015

Category 2
PL d

+ +
Category 4

PL e



2022 ISSA Safety Seminar | PM Safety

The Control system does NOT END with the wire!

It includes all components involved in performing the safety function; sensors, manual input, and 

mode selection elements, interlocking and decision-making circuitry, and output elements that 

control machine operating devices or mechanisms.

Process control
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1
Safety Math

4+4+1 = ?

Light Curtain 
Safety Input Safety PLC 

Logic

Standard Valve

Safety Math

4+4+4 = ?

Safety Valve

4

Process control
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PNEUMATIC 3/2- and 5/2-SAFETY VALVE: 

BASICALLY A PNEUMATIC SAFETY RELAY! 

Intended for:

• main air supply for whole machine or zone

• safety control ofpower units

• Many systems utilize a downstream 

pressure switch to verify that pressure is 

exhausted if the volume and risk assessment warrants it

Safety process control



2022 ISSA Safety Seminar | PM Safety

80 psi

0 psi

Hazards & Failures
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80 psi

80 psi

Hazards & Failures
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80 psi

??? psi

Outlet Pressure is a function of:
• Downstream volume
• Inlet Pressure
• Exhaust area

• Inlet area

Hazards & Failures
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Hazards & Failures
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This will never happen?

Hazards & Failures
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Superior Value 

in Pneumatic 

Safety

● Broadest safety 

valve portfolio

● Superior 

pneumatic safety 

technology

● Longest lasting 

valves in the 

market

Pneumatic Safety Valve Systems

Safe Exhaust 

Safe Load Holding Safe Return

Safety Expertise and Global Support

Safe Pressure 

Select

Manual Lockout 

Valves

PUS – Prevention 

of unexpected 
start-up

(Lockout-Tagout)

Safe Dual 

Pressure Return

Pneumatic Lock-out Valve Solutions
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� ISO 14118 Safety of machinery - Prevention of unexpected start-up

� OSHA 1910.147 The control of Hazardous energy

� ANSI Z244 Lockout/Tagout

� CSA Z460 Control of hazardous energy - Lockout and other methods

• Lockout whenever a body part is put into a point of 
operation

Pneumatic Lock-out
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„Napo in … Safe maintenance!“  Episode „Lock out“

Courtesy of Via Storia, France

Pneumatic Lock-out
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• Requirements (ISO 14118)

• A manually operated valve

• Not be used for any other function

• Located outside of 

hazardous areas

• Should only be able 

to be locked in off position

• Easily identified and operated

• Tamper resistant

Pneumatic Lock-out
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• Best Practice (ANSI B11.0 & B155.1)
• “Positive action” which would indicate only two positions (ON and OFF)

• A method for the employee to verify that the energy has dissipated after

• Full diameter exhaust (rapid release of stored energy)

Example: 230l at 7 bar (valve G ½”)

• L-O-X® - Valve = 35 seconds

• Bleed port > 11 minutes

Pneumatic Lock-out
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Pneumatic Lock-out



2022 ISSA Safety Seminar | PM Safety

Safety Isolation systems for LOTO (OSHA conform)

ROSS ElectroGuardTM
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Superior Value in 

Pneumatic Safety

● Broadest safety valve 

portfolio

● Superior pneumatic 

safety technology

● Internally or 

externally  Monitored

● Soft-start options

● Longest lasting valves 

in the market

Pneumatic Safety Valve Systems

Manual Lockout 

Valves

Safe Load Holding Safe Return

Safety Expertise and Global Support

Safe Pressure 

Select

SDE – Safe De-

energization
(Safe Exhaust)

SEZ – Safe 

Energization
(Safe Exhaust 

with Soft Start)

STO – Safe 

Torque Off
(Safe Exhaust)

SS1 - Safe Stop 1

(Uncontrolled 
Stop)

(Safe Exhaust)

Safe Exhaust

Safe Dual 

Pressure Return

Pneumatic safe-exhaust



2022 ISSA Safety Seminar | PM Safety

• Transfer press line part removal 

• Operator removes part from conveyor A

• Part is placed on rack C

• Fork trucks remove full racks, load empty racks

Pneumatic safe-exhaust - Example
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• Hazardous situation 

• Once rack C is full table D must rotate

• Operator controls 3/2 NC valve at control panel B

• Rotation creates crushing/shearing hazard

Crushing/Shearing 
Hazard

Pneumatic safe-exhaust - Example
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• Safety controls 

• Electrical push button controls 3/2 NC valve

• Valve supplies air motor controlling rotation

• Light Curtain E ensures no exposure to crush point

Motionless

2

3 1

Rotating

2

3 1

Pneumatic safe-exhaust - Example
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• Valve failure mode – Stuck in shifted position

• Rotation continued

• Light Curtain & relay had no effect

Rotating

2

3 1

Pneumatic safe-exhaust - Example
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PL c

• Light curtain cycle rate = every 1 minute

• Valve cycle rate = every 15 minutes

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

Pneumatic safe-exhaust - Example
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• Fluid power solution

• Redundant, internal or external-monitored double-valve

• Fail safe (exhaust)

• Removes supply when de-energized (stops rotation)

2

3 1

Pneumatic safe-exhaust - Example
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• Safety light curtain cycle rate = every 1 minute

• Valve cycle rate = every 15 minutes

PL e

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

Pneumatic safe-exhaust - Example



2022 ISSA Safety Seminar | PM Safety

M35 – Valve Operation
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Safe exhaust / block & bleed examples
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Safe exhaust / block & bleed examples
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Internally monitored Externally monitored

with soft-start w/o soft-startw/o 
soft-start

3/2-safety Cat 4/ PL e valve solutions
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Safe-Exhaust
Selection

User of Basic 
Safety Relays

User of Safety 
Controllers

User of Safety 
PLC’s

Does not use 
Safety Logic 

Devices

Internally monitored valve with 
embedded safety logic device

Internally 
monitored valves

Externally 
monitored valves

The externally monitored products are the cheapest and smallest of the 3 ROSS types.

Which exhaust valve to use and when?
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Superior Value in 

Pneumatic Safety

● Broadest safety 

valve portfolio

● Superior pneumatic 

safety technology

● Externally  

Monitored

● Longest lasting 

valves in the 

market

Pneumatic Safety Valve Systems

Manual Lockout 

Valves
Safe Exhaust 

Safe Load Holding Safe Return

Safety Expertise and Global Support

Safe Pressure 

Select

SLP – Safe 

Limited Pressure 
(Torque)

Safe Dual 

Pressure Return

Pneumatic Safe-Dual Pressure Select solutions
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If fluid power hazards are moderate, serious or catastrophic  
the safety solution has to meet PLc, PLd or PLe.

EN 16092-4

Moderate, Serious & Catastrophic injuries require the use of safety solutions that meet 
Performance Levels C, D and E according to ISO13849
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Most welding work-cells uses clamps that are actuated by foot-pedals. These systems are generally operated at full 
line pressure (100psi), most companies dump pneumatic pressure when the operator is loading parts. 

Let’s take a look at a welding station

Standard 
Solenoid 

Bank

Clamps

Welding and riveting machine manufacturers are using safe pressure select valves 
to switch between high and low pressure when operators are in the load area.
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Safe pressure select examples

NOTE:
The use of Safe 
Pressure Select 
solutions requires
the force to be
reduced to below the
safe limited force of
150N.

NOTE:
The use of Safe 
Pressure Select 
solutions requires
the force to be
reduced to below the
safe limited force of
150N.
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Safe pressure select examples

NOTE:
The use of Safe Pressure Select solutions requires the force to be reduced to below the safe limited force of 150N.
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Superior Value in 

Pneumatic Safety

● Broadest safety 

valve portfolio

● Superior pneumatic 

safety technology

● Internally or 

externally  

Monitored

● Longest lasting 

valves in the 

market

Pneumatic Safety Valve Systems

Manual Lockout 

Valves
Safe Exhaust 

Safe Load Holding 

Safety Expertise and Global Support

Safe Pressure 

Select

Safe Return

SDI - Safe 

Direction

(Safe Return)

SBC - Safe Brake 

Control

(Safe Return)

Safe Dual 

Pressure Return

Pneumatic safe-return valve solution
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• Single channel example

2

4

3

5
1

Safety Relay

Safe return example – Vertical Cylinder
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• Single channel example

2

4

3

5
1

Safety Relay

Safe return example – Vertical Cylinder



2022 ISSA Safety Seminar | PM Safety

• Single channel example

2

4

3

5
1

Safety Relay

Safe return example – Vertical Cylinder
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• Single channel failure example

2

4

3

5
1

Safety Relay

Safe return example – Vertical Cylinder
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• Single channel failure example

2

4

3

5
1

pinched

Safety Relay

Safe return example – Vertical Cylinder
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• Two hand control system = 1 min cycle rate

PL c

Cycles Two Hand Valve

cycle time (sec) 60 60

hours per day 8 8

days per week 5 5

weeks per year 50 50

cycles per year 120000 120000

Input Logic Output

Description Two Hand Safety Relay Valve

B10D 1000000  20000000

nop 120000  120000

MTTFD 83 100 100

DC 99% 99% 0%

Category 4 4 1

System MTTFD 31 High

System DC 68% Low

System Category 1

PL c

Safe return example – Vertical Cylinder
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• Two hand control 

• Valve to extend cylinder

• Dual safety circuit

Safety Relay

Safe return example – Vertical Cylinder
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24

35

1

Safety 

Relay

Two Hand Valve

cycle time (sec) 60 60

hours per day 8 8

days per week 5 5

weeks per year 50 50

cycles per year 120000 120000

Input Logic Output

Description Two Hand Safety Relay Valve

B10D 1000000  20000000

nop 120000  120000

MTTFD 83 100 1667

DC 99% 99% 99%

Category 4 4 4

System MTTFD 44 High

System DC 99% High

System Category 4

PL e

PL e

Safe return example – Vertical Cylinder



2022 ISSA Safety Seminar | PM Safety

Safe return dual pressure examples
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Internally monitored Externally monitored

5/2-safety Cat 4/ PL e valve solutions
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Safe-Exhaust
Selection

User of Basic 
Safety Relays

User of Safety 
Controllers

User of Safety 
PLC’s

Cross Mirror 
Internally 

monitored valves

RSe with 5/2 Base 
Externally 

monitored valves

The externally monitored products are the cheapest and smallest of the ROSS cylinder return valves.

RSe with 5/2 Base 
Externally 

monitored valves

Which safe return valve to use and when?
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Superior Value in 

Pneumatic Safety

● Broadest safety 

valve portfolio

● Superior pneumatic 

safety technology

● Externally  

Monitored

● Longest lasting 

valves in the 

market

Pneumatic Safety Valve Systems

Manual Lockout 

Valves
Safe Exhaust 

Safe Load Holding Safe Return

Safety Expertise and Global Support

Safe Pressure 

Select

Safe Dual 

Pressure Return

SER – Safe 

Extend or Retract

(Dual Pressure)

Pneumatic safe dual pressure return valve solution
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Extend at low 
pressure

Retract at 
high pressure

Rse welding extend & retract
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Superior Value in 

Pneumatic Safety

● Broadest safety 

valve portfolio

● Superior 

pneumatic safety 

technology

● Externally  

Monitored

● Trapped pressure 

release

● Longest lasting 

valves in the 

market

Pneumatic Safety Valve Systems

Manual Lockout 

Valves
Safe Exhaust 

Safe Return

Safety Expertise and Global Support

Safe Pressure 

Select

Safe Load Holding 

SS1 - Safe Stop 2

(Controlled Stop)
(Safe Exhaust with PO 

Checks)

SSB - Safe Stop with 

braking
(Safe-holding)

Safe Dual 

Pressure Return

Pneumatic safe load holding valve solution



2022 ISSA Safety Seminar | PM Safety

• Load holding with one of the most difficult areas for pneumatic safety to 
implement because there are a number of solutions depending on the safety level 
that needs to be reached.

Current CAT B/1 Solution

Current CAT 3 Solution New CrossCheck CAT 3/4 Solution

These will be explained in more detail in the following slides.

Current CAT 2 SolutionCurrent CAT B/1 Solution

Load holding in the most complex application that you will 
see and most people do it wrong!

Pneumatic safe load holding valve solutions



2022 ISSA Safety Seminar | PM Safety

Safe Load holding examples

NOTE:
Horizontal 
applications may
need PO check 
valves on both the
rod and cap ends of
the cylinder to
prevent movement

NOTE:
Horizontal 
applications may
need PO check 
valves on both the
rod and cap ends of
the cylinder to
prevent movement
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Safe Load holding examples

NOTE:
Horizontal applications may need PO check valves on both the rod and cap ends of the cylinder to prevent movement
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Hydraulic Dual Safe Block & Stop example

NOTE:
Dual Block & Stop valves are often used with an emergency stop to isolate supply pressure going to the valves that control machine actuators. Dual Block % Stop valves are also 
typically used on individual actuators to protect one area of a machine/system
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Old Solution – CAT 1 Recent Solution – CAT 3

New Solution – CAT 4
CROSS-CHECK

CC4 Application
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Safe return examples
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Safe return examples
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CC4 - Series
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CC4 Application
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CC4 Application
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ROSS – Your partner for pneumatic safety solutions
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Thanks for
attending

Dietrich Warmbier
FS Eng (TÜV Rheinland, #13530/16, Machinery)

Global Safety Product Manager

Contact data:
Dietrich Warmbier
Ringbergstr. 36
D-67744 Schweinschied
- Germany -
phone.: +49 6753 123965
Mobile: +49 171 5800342
E-Mail: dietrich.warmbier@rosscontrols.com


