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Objective 

 
 
 

Understand the Safety Considerations in Machine Design, 
Installation, Programming, and Operation. 



Protective Measures and Complementary 
Equipment 
Protective measures are used in conjunction with guarding 

• Either prevent access to a hazard or 
• Prevent dangerous motion at a hazard when access is available 
 

Typical examples of protective measures 
• interlocked guards 
• light curtains 
• safety mats  
• two-hand controls 
• enabling switches 

 
Emergency stop devices and systems are associated with safety related control systems 
but they are NOT direct protective systems. They can only be regarded as 
COMPLEMENTARY protective measures 

 
 
 

 



Preventing Access 

If the hazard is on a part of the machinery which does not require access, a guard 
should be permanently fixed to the machinery 
 
 
The fixed guards must be able to 
 

•  withstand their operating environment 
 

•  contain projectiles where necessary,  
 

•  not create hazards by having, for example, sharp edges 
 

 
 
 

 



Detecting Access 

Protective measures can be used to detect access to a  
hazard. 
  
When detection is selected as the method of risk reduction, the designer must 
understand the following 
 

•  a complete safety system must be used 
 

•  the safeguarding device, by itself, does not provide necessary risk reduction 
 

 
 

 
 

 



Detecting Access 

An access detection system typically consists of three elements. 
 

•   an input device that senses the access to the hazard 
 

•   a logic device that process the signals from the sensing device 
 

o  checks the status of the safety system and turns on or off output devices 
 

•   an output device that controls the actuator  
(for example, a motor) 
 

 
 

 
 

 



Detection Devices 

Many types of devices are available to detect the presence of a person entering or 
inside a hazard area. The selection of a detection device for an application is dependent 
on several factors. 
 

• frequency of access 
 

• stopping time of hazard 
 

• importance of completing the machine cycle 
 

• containment of projectiles, fluids, mists, vapors, etc 
 

 
 
 

 



Detection Devices 

Movable guards can be interlocked to provide protection against projectiles, fluids, mists 
and other types of hazards 

 
•  They are used when the access to the hazard is infrequent. 

 
 Interlocked guards can also be locked to prevent access: 
 

•  while the machine is  
in the middle of the cycle 
•  when the machine takes a long time  
to come to a stop 

 
 

 
 
 

 



Detection Devices 

Presence sensing devices, like light curtains, mats and scanners, provide quick and easy 
access to the hazard area and are often selected when operators must frequently access 
the hazard area.  
 
These types of devices DO NOT provide protection against projectiles, mists, fluids, or 
other types of hazards. 
 
Your best choice of a protective measure is a device or system that provides the 
maximum protection with the minimum hindrance to normal machine operation. 

 
ALL aspects of machine use must be considered. 
 

•  experience shows that a system that is difficult to use is MORE LIKELY to be 
removed or by-passed 

 
 

 
 
 

 



Presence Sensing Devices 

When determining how to protect a zone or area you  
MUST have a clear understanding of exactly what  
safety functions are required. 
 
In general there will be at least two SEPARATE functions. 
 

•  switch off or disable power when a person enters the hazard area 
 

•  prevent switching on or enabling of power when a person is in the hazard area 
 

 
 

 
 

 



Safety Light Curtains 

Safety light curtains are described as photoelectric presence sensors designed to protect 
personnel from injuries related to hazardous machine motion. 
 
Also known as 
 

•  AOPDs (Active Opto-electronic Protective Devices) 
 

   
•  ESPE (Electro Sensitive Protective Equipment) 

 
 

 
 
 

 



Safety Light Curtains 

They are ideally suited for applications where personnel need frequent and easy access 
to a point of operation hazard. 
 
Light curtains are designed and tested to meet International Electrotechnical 
Commission IEC 61496-1 and -2 for the design, construction and testing of non-contact 
electro-sensitive protective equipment (ESPE) designed specifically to detect persons as 
part of a safety related system. 
 

•  Underwriter’s Laboratory has adopted IEC 61496-1 as a U.S. national standard. 
 
 

 
 

 
 

 



Safety Light Curtains 

The safety light curtain consists of a photoelectric  
transmitter projecting an array of synchronized,  
parallel infrared light beams to a receiver unit.   
 
When an opaque object interrupts one or more beams the light curtain controller sends 
a stop signal to the guarded machine. 
 
A significant difference between safety light curtains and standard photoelectric sensors 
is a design concept known as Control Reliability.  

 
 

 
 

 
 

 



Safety Light Curtains 

Control Reliability is required by the Occupational  
Safety and Health Act (OSHA) and the American  
National Standards Institute (ANSI) for safety related  
machine control systems. 
 
Control Reliability is defined as "the device, system or interface shall be designed, 
constructed and installed such that a single component failure within the device, 
interface or system SHALL NOT prevent normal stopping action from taking place but 
shall prevent a successive machine cycle." (ANSI B11.19-1990, 5.5) 

 
 

 
 

 
 

 



Perimeter or Area Access Control 

Light curtains perimeter access control is often used to detect access along the outside 
edge of a hazard area.  
 
Light curtains used to detect perimeter access have resolutions that detect full bodies, 
as shown below. This can be accomplished by a couple different ways. 

 
 

 
 

 
 

 



Perimeter or Area Access Control 

 Multi-beam light curtains consisting of two or three beams or a single beam device that 
is reflected off mirrors to create a dual beam pattern are regularly used.  
 

•  the lowest beam should be 300 mm (12 in.) off the ground, 
 

•  the highest beam should prevent a person from simply climbing over the light 
curtain 
 

 
 

 
 
 

 



Safety Laser Scanners 

 Safety laser scanners use a rotating mirror that deflects light pulses over an arc, creating 
a plane of detection. 
 
Laser scanners create two zones: 

•  a warning zone 
•  a safety zone 

 
The warning zone provides a signal that does not shut down the hazard and informs 
people that they are approaching the safety zone. 
 
One advantage of the laser scanner over a horizontal light curtains or mats is the ability 
to reconfigure the area. 

 
 

 
 

 
 

 



Muting 

Muting is characterized as the automatic,  
temporary suspension of a safety function. 
 
Some processes require that the machine stop when personnel enters the area, yet 
remain running when automatically-fed material enters. In such a case, a muting 
function is necessary.  
 
Muting is permitted ONLY during the non-hazardous portion of the machine cycle and 
MUST NOT expose people to a hazard. 

 
 

 
 

 
 

 



Presence Sensing Device Initiation (PSDI) 

 Also known as single break, double break, or stepping operating mode, PSDI involves 
the use of a light curtain not only as a safety device, but as the control for machine 
operation.  

•  PSDI initiates a machine cycle based on the number of times the sensing field is 
broken.  

 
For example, as an operator reaches toward the hazard to insert a work piece, breakage 
of the beams immediately stops the machine or prevents restart of the machine  
 
When the operator removes his hand from the area the machine automatically initiates 
its next cycle.  

•  This process can be accomplished by safety programmable logic devices or by 
monitoring relays specifically designed for this function 
 

 
 

 
 
 

 



Pressure Sensitive Safety Mats 

 These devices are used to provide guarding of a floor  
area around a machine. 
 
A matrix of interconnected mats is laid around the hazard area and pressure applied to 
the mat (e.g., an operator's footstep) will cause the mat controller unit to switch off 
power to the hazard. 
 
Pressure sensitive mats are often used within an enclosed area containing several 
machines—flexible manufacturing or robotics cells/ 
 
For example, when cell access is required (for setting or robot "teaching"), pressure 
sensitive mats prevent dangerous motion if the operator strays from the safe area, or 
must get behind a piece of equipment. 

 
 

 
 

 
 

 



Pressure Sensitive Edges 

These devices are flexible edging strips that can be mounted to the edge of a moving 
part, such as a 

•  machine table 
•  powered door 

 
Each of these devices pose a risk of a  
crushing or shearing. 
 
If the moving part strikes the operator  
(or vice versa), the flexible sensitive edge  
is depressed and will initiate a command  
to switch off the hazard power source. 

 
 

 
 

 
 

 



Pressure Sensitive Edges 

Pressure sensitive edges can also be used to guard machinery where there is a risk of 
operator entanglement.  
 

•  If an operator becomes caught in the machine, contact with the sensitive edge 
will shut down machine power. 

 
 

 
 

 



Safety Switches 

When access to the machine is infrequent, movable (operable) guards are preferred. 
•  the guard is interlocked with the power source of the hazard in a manner which 
ensures that whenever the guard door is not closed the hazard power will be 
switched off 
 

•  this approach involves the use of an interlocking switch fitted to the guard door. 
 
The control of the power source of the hazard is routed through the switch section of 
the unit. 
 
The power source is usually electrical but it could also be pneumatic or hydraulic. 
 
 

 
 

 



Safety Switches 

When guard door movement (opening) is  
detected the interlocking switch will initiate  
a command to isolate the hazard power  
supply either directly or via a power contactor (or valve). 
 
Some interlocking switches also incorporate a locking device that locks the guard door 
closed and will not release it until the machine is in a safe condition.  
 
For the majority of applications the combination of a movable guard and an interlock 
switch with or without guard locking is the most reliable and cost effective solution. 
 
 

 
 

 



Duplication (also referred to as Redundancy) 

If components which are not inherently safe, (avoiding the hazards instead of controlling 
them) are used in the machine design, and they are critical to the safety function, then 
an acceptable level of safety may be provided by duplication of those components or 
systems.  
 
If one component fails the other one can still perform the function. 
 
It is usually necessary to provide monitoring to detect the first failure. 
 
For example, a dual channel system does not become degraded to a single channel 
without anybody being aware of it. 

•  A risk analysis must be preformed evaluating the issue(s) of common cause 
failures. 
•  Protection must be provided against failure, which will cause all duplicated 
components (or channels) to fail at the same time. 

 
 

 
 

 



Trapped Key Interlocks 

Trapped keys can perform control interlocking as well as  
power interlocking. 
 
With “control interlocking,” an interlock device initiates  
a stop command to an intermediate device, which turns  
off a subsequent device to disconnect the energy from  
the actuator.  
 
With “power interlocking,” the stop command directly interrupts the energy supply to 
the machine actuators. 
 
 

 
 

 



Control Guards 

A control guard stops a machine when the guard is opened  
and directly starts it again when the guard is closed.  

•  The use of control guards is only allowed under certain stringent conditions 
because any unexpected start-up or failure to stop would be extremely dangerous. 
•  The interlocking system must have the highest possible reliability (it is often 
advisable to use guard locking).  

 
The use of control guards can ONLY be considered on machinery where there is NO 
POSSIBILITY of an operator or part of his body staying in or reaching into the danger 
zone while the guard is closed.  
 
The control guard must be the only access to the hazard area. 
 

 
 

 



Questions 

 
 
 

 



Michael D. Klein P.E., CHMM, C.F.E.I. 

EXPERTS 
Protective Measures and Complementary Equipment 
 

 


	Protective Measures and Complementary Equipment��
	Objective
	Protective Measures and Complementary Equipment
	Preventing Access
	Detecting Access
	Detecting Access
	Detection Devices
	Detection Devices
	Detection Devices
	Presence Sensing Devices
	Safety Light Curtains
	Safety Light Curtains
	Safety Light Curtains
	Safety Light Curtains
	Perimeter or Area Access Control
	Perimeter or Area Access Control
	Safety Laser Scanners
	Muting
	Presence Sensing Device Initiation (PSDI)
	Pressure Sensitive Safety Mats
	Pressure Sensitive Edges
	Pressure Sensitive Edges
	Safety Switches
	Safety Switches
	Duplication (also referred to as Redundancy)
	Trapped Key Interlocks
	Control Guards
	Questions
	Protective Measures and Complementary Equipment��

