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I. Selection & Application Characteristics

What is meant by “protected height”?

1 “Protected height” is the length of the light curtain’s active sens-
ing area... that is the distance from center of the first beam to the
center of the last beam in the light curtain’s transmitter/receiver
array.

What is meant by “range” of a light curtain?

2 “Range” is the maximum effective distance that may exist between the
light curtain’s emitter (transmitter) and its receiver. The effective range
is generally reduced by use of reflecting mirrors and environmental
contaminants (such as fog, smoke, steam, dust, moisture, etc.)




What is meant by “response time”
of a light curtain?

The “response time” of the light curtain is the time it takes for the light
curtain to transmit the output (alarm) signal to the safety interface or
machine control element after the protection field has been interrupted.
The overall response time of the light curtain safety system includes the
response time of the light curtain, the response time of any interposed
interface (such as a safety controller or safety PLC), and the response
time of the machine primary control elements (e.g. motor contactor or
control relay). Response time is one of the important factors that must
be considered when calculating the proper minimum safety distance.

What is meant by “minimum object sensitivity”
and does it mean the same as “optical pitch”
or “beam spacing”?

4

“Minimum object sensitivity” refers to the smallest object (diameter) that
the light curtain can detect. It is commonly stated as the “resolution” of
the light curtain and is also referred to as “detection capability”.

“Optical” or “beam spacing” refers to the distance from the center line
of one beam to the center line of the next beam.

It is important to understand that it is possible for an object to be in such
a position that it does not block the path of a single beam even though
it is the same diameter of the optical pitch. Therefore the resolution of a
light curtain is equal to the optical pitch plus one lens diameter.
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What light curtain resolutions are
commonly used?

The most common light curtain resolutions are:
¢ 14mm (0.55 inches) for finger protection
® 30mm (1.25 inches) for hand protection
¢ 50mm (2.0 inches) to 500mm (20.0 inches) for body protection.
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What do “angle of divergence” and “angle of
acceptance” mean and what are the application
considerations that they imply?

“Angle of divergence” is the cone angle of the emitted light from the
transmitter. “Angle of acceptance” is the cone angle within which
the receiver will detect this emitted light. The wider the angles, the
easier it is to align the light curtain. However, one must recognize
that a wider angle of acceptance can result in possible interference
from another photoelectric device emitting light energy within the
receiver’s angle of acceptance. Contemporary light curtain stan-
dards (IEC 61496) require a maximum angle of divergence of
+ 2.5 degrees for Safety Category 4 units. (SCHMERSAL Series
SLC/SLG light curtains feature a coded signal, and hence are not
affected by interference from other photoelectric devices).



What are “two box” and “three box”
light curtain systems?

A “three box” light curtain system consists of an emitter, a receiver
and a separate safety controller (safety relay module). A “two box”
system consists of an emitter and a receiver with the safety controller
functions integral to the emitter-receiver pair. A two box light curtain
system generally results in lower wiring and installation cost.

What is an “QSSD”?

“OSSD” is the abbreviation for “Output Signal Switching Device”
(also known as the light curtain’s safety outputs). For example the
SCHMERSAL Series SLC 410 light curtains have two OSSD’s (two,
500mA PNP safety outputs).

What is “fixed blanking” and
“floating blanking”?

“Fixed Blanking” is when a fixed set of adjacent light beams are ren-
dered permanently inactive for the purpose of allowing product or
part of the process to enter the sensing area without deactivating
the light curtain safety outputs. An example would be the “blanking”
of a small segment of the light curtain to allow finished parts to eject
from a machining operation through this specific “opening” in the
protected field.

“Floating blanking” is when a set number (one or more) of adjacent
beams is allowed to ignore the presence of an object within their
portion of the protection field. However, unlike fixed blanking (where
the specific set of inactive beams are fixed), “floating blanking”
allows the set number of adjacent beams to “float” within protect-
ed field ... thus allowing the object to be ignored to move within the
protected field without deactivating the light curtain safety outputs.

As long as no more than the selected number of adjacent beams is
interrupted, the system remains operational and does not stop the
machine. If one or more additional beams are interrupted, the light
curtain system will provide a signal to initiate machine stoppage. An
example would be similar to the ejected parts example above, but
where the parts eject through a “moving opening” ... that is, at dif-
ferent points through the protected field.



What is “muting”?
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“Muting” is the provisional and automatic overriding of the light cur-
tain safety output function during normal, uninterrupted machine
cycle operation. This is an important function in applications in
which the light curtain or light grid must be interrupted by some part
of the machine or the materials being processed without stopping
the operation or process.

An example is a palletizing system within which the palletized prod-
uct must be allowed to pass through the opening protected by the
light curtain, while the entry of a person must stop the machine.

Muting is typically accomplished using additional sensing devices
(such as safety limit switches or photoelectric sensors that can be
checked for functionality) in conjunction with a light curtain and a
muting controller (such as SCHMERSAL's model SCM 3R) to detect
the presence of the material/machine element and override the light
curtain’s safety function.

e materials authorized

to go through the barrier

¢ people non-authorized




What is “PSDI”?
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“PSDI” (Presence Sensing Device Initiation) refers to the use of the
sensing device (e.g. light curtain) to activate the machine/ manu-
facturing process once it has been determined that a human is no
longer in the hazard area.

I want to set up my light curtain so it
1 2 operates in PSDI mode. What are some
of the requirements?

Use of a light curtain in the “PSDI” mode requires that it have a maximum
object sensitivity of not less than 31.75 mm (1.25 inch) and be located at
the correct “safety distance” from the point of the hazard. “Blanking” of
the sensing field is not permitted when operating in this mode.

What application characteristics suggest that a
light curtain may be a more suitable means of
protection than some other alternative safety
device? (such as a safety pressure mat, inter-
locked movable guards, or a laser scanner)?

Some of the application characteristics that may suggest use of a
light curtain are:

e The hard guards require frequent (and costly) cleaning
... such as in a food processing application.

e The operator is required to gain frequent access to the
hazardous area ... such that hard guards or movable
guards are inconvenient and/or compromise efficient
process operations.

e Products of different sizes/shapes are required to pass
through the guarded area without interrupting produc-
tion.

e A single light curtain might be less costly and may be
used without compromising the safety of personnel.

e Fork lifts or other vehicles must frequently enter the haz-

ardous area. @



What questions might I ask to better evaluate
if a light curtain is suitable solution for my
application?
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Typical application “screening" questions might include:

e Will the presence of dirt, dust, moisture, oil mist, or
other environmental contaminants adversely affect a
light curtain’s performance?

e Can the light curtains be installed such that their
alignment and performance are maintained?

e Can the light curtains be installed to respect the
required safety distance for the application?

e Will ambient light conditions (such as welding arcs,
AGV or forklift strobe lights) adversely affect the light
curtain’s performance?



II. Safety Distance Requirements

How do I define the “danger zone?”
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The “danger zone” is that area of a machine or manufacturing cell
within which a person will be exposed to a hazard and potential
injury. When using safety light curtains it is important to locate them
at the proper “safety distance” such that they initiate the stopping of
the machine/process before personnel reach a point-of-hazard.

How important are “safety distance”
calculations, and who should assume
the responsibility for making this
calculation?
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“Safety distance” calculations are essential to the effective application
and use of safety light curtains. Failure to respect the required safe
distance in a given application may place personnel at risk of injury.

Since proper safety distance calculations require consideration of
ambient conditions, equipment stop times, response times of other
interposing light curtain safety system components (such as motor
contactors, control relays, safety controllers, etc.), such calculations
are best done by the OEM supplying the light curtain as an integral
component to their machine or equipment, or alternatively by the
end-user in whose facility the light curtain is being installed.



How do I calculate the correct “safety distance”
between the hazard and the location of the
light curtain?
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For the U.S., the “safety distance” is typically calculated using OSHA's
suggested formula:

Ds = Hs x (Ts+Tp+Tr+2Tm) Dp
Where:
Ds = Minimum safety distance (in inches).
Hs = Hand Speed constant of 63 inches per second (1.6 m/s).
Ts = Maximum machine stopping time (in seconds).
Tp = Maximum response time of the light curtain (in seconds).

Tr= Maximum response time of all other interposing control ele-
ments... e.g. safety controller, motor contactor, safety PLC (in
seconds).

Tm = Increase in the press stopping time allowing for brake wear
(in seconds).

Dp = Penetration depth factor (using the OSHA Penetration Depth
Factor Calculation chart or formula)

In addition ANSI (American National Standards Institute) has established a
formula that will result in a similar calculation.

In Europe, the following formula (adopted from EN 999) should be used and
documented in the technical file:

S = K (t1+t2+13) +C

Where
S = minimum safety distance (mm)
K= approach speed of object to the hazard (mm/sec)
t1 = response time of the safety light curtain (in seconds)
t2 = response time of the safety interface... e.qg. safety controller,

PLC (in seconds)
t8 = machine response time (in seconds)

C = additional distance (safety factor)

Note: C and K will vary depending on application characteristics and light curtain
resolution. For further details see SCHMERSAL Safety Light Curtain
@ Catalog-Handbook GK-3.



Example: Calculate the safety distance required when using a

14mm resolution light curtain to guard a point-of-
operation hazard for which the response time of the
light curtain is 6ms, the response time of the interpos-

ing safety controller is 12ms, the machine stop time is
60ms and the safety factor is negligible.

1600 mm/sec x (0.006 + 0.012 + 0.060)
125 mm (5 inches)

S =
S=

safety birrier ; point of danger
|

p
direction of -
approach i

reference plane

How do I calculate the “Penetration Depth
1 8 Factor?”

“Penetration Depth Factor” can be calculated using OSHA's
Penetration Depth Factor Calculation chart or by using the following formula:

Dp = 3.4 (S - 0.276)

Where Dp =

Depth penetration factor
S =

Object Sensitivity or Light Curtain resolution (in inches)



After doing the “safety distance” calculations,
I have found that due to space limitations I
cannot locate my light curtain the required
distance from the point-of-hazard to stop the
machine in time. What can I do to provide a
safe situation?
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Depending upon the application, there are a few possible solutions.
These include the following:

1. If the machine presenting the hazard is controlled by an AC
motor, one can install a dynamic brake to reduce the stop-
ping time of the machine.

2. If the equipment presenting the hazard is controlled pneu-
matically or hydraulically, one can install a safety valve that
produces equal pressure on both sides of the control cylin-
der’s actuator reducing the stopping time of the equipment.

3. One can install a movable hard guard (in lieu of a light cur-
tain) that allows access to the hazardous area only after the
system has stopped or the hazard no longer exists.



III. Wiring & Installation Considerations

How can I guard multiple sides
of a machine with one light curtain?

Multiple sides of a machine or manufacturing cell can be guarded
with a single light curtain using reflecting mirrors to bend the light
beams around the corners ... provided that the performance char-
acteristics of the light curtain and mirrors are adequate to span the
sensing distance effectively.

Does the use of reflecting mirrors affect the
maximum sensing range of the light curtain?

Yes. Each mirror typically reduces the maximum sensing range by 10%
to 25% depending upon the light curtain and the type of mirror used
(e.g. front-surface reflecting, rear-surface reflecting, metal mirror, etc.)

What, if any, environmental conditions must be
considered when using safety light curtains?

Abnormal or unusual environmental conditions can compromise
the performance of a safety light curtain system. For example:

e Sudden changes in temperature may result in con-
densation on the light curtain lenses or deflecting
mirrors.

¢ The presence of fog, smoke or dense fumes typical-
ly reduce the effective range of a light curtain.

® The presence of steam or dust also typically reduces
the effective range of a light curtain.

Must I be concerned about other light sources
creating problems with my light curtain?

Yes, one must be aware of other light sources (such as sunlight, reflec-
tions from nearby surfaces, welding arcs, light energy from other light
curtains). Each should be considered when using safety light curtains. m



Must light curtains only be used in the
vertical position?

No, some applications call for light curtains to be used in the hori-
zontal orientation. When using light curtains horizontally, relevant
industry standards (such as ANSI-RIA 15.06) should be respected.

Some light curtains are “matched sets” and
some are not. Why and what does that mean to
a user?

A “matched set” means that the light curtain transmitter and receiv-
er are matched at the factory (during manufacturing) for optimal
performance. If during operation of the light curtain, the transmitter
or receiver is damaged or fails, both must be replaced and returned
to the factory for repair and adjustment.

If the light curtain’s transmitter and receiver are not matched, and a
receiver or transmitter unit fail or become damaged, it can simply
be replaced with another unit. SCHMERSAL’s light curtain pairs
(transmitter and receiver) need not be matched.

Does my light curtain have to be hard-wired or
may I use quick-disconnects?

Both types of terminations are permitted. In either case, discon-
necting the receiver or transmitter will result in a shut-down.

If I am using a Safety PLC, do I still have to use
a safety controller (safety relay module) with
my light curtain?

A safety PLC may be used without a safety controller (safety relay
module) provided that it:

e Can accept the light curtain’s safety output signals,

¢ Has the correct diagnostics to meet the control reliabil-
ity requirements, and

e Can provide a safety output suitable for initiating stop-
m page of the machine posing the hazard.



When using a light curtain with two safety
outputs, may I use one for “safety” and one
for “annunciation” (e.g. to send a signal to
my PLC that the light curtain has been
interrupted)?

The answer depends on the safety category desired, as well as other
elements in the safety system. For higher safety categories (Category
3 or 4) dual (redundant) safety outputs are needed to satisfy control
reliability requirements. For such applications the answer is no.

How does one select the proper light curtain
2 9 system for a given application?

Typical selection factors include:

e How large is the object/body part that is being detect-
ed/protected? (This will determine the minimum
required light curtain resolution.)

¢ \What is the height/length of the area (“protected field”)
to be guarded?

¢ \What is the maximum distance (“range”) that will sepa-
rate the emitter and the receiver in the application?

e How quickly must | stop the machine or process after
interruption of the light curtain, and will the light curtain
safety system have a fast enough “response time” to
do so based on its intended location?

¢ \What type of load will the light curtain safety outputs
control, and are they sufficient for the application? (This
will help determine the current capability required of the
safety signals ... e.g. semiconductor outputs for con-
trolling a safety PLC or solid state relay vs. relay out-
puts for direct control of a motor contactor).

¢ \What safety level or safety control category does the
application’s risk assessment indicate is required?



IV. Standards & Certifications

Does OSHA or ANSI certify Safety Light
Curtains?

No, neither OSHA or ANSI certifies any safety device or system.
However, there are many independent third-parties (notified bod-
ies such as UL, CSA, or TUV) that can test and certify safety
devices for compliance to industry standards.

What is IEC 61496 and why is it important?

51

IEC 61496 is the European standard that defines the performance
requirements for electro-optic safety devices. It is important
because it addresses both the hardware and software require-
ments, and must be satisfied if light curtains are to meet the CE
requirements of the European Economic Community.

Is third-party certification of light curtains
32 required, or may the manufacturer self-certify?

Safety light curtains must be certified for their compliance to rele-
vant standards by an independent, recognized third-party. They
may not be self-certified by the manufacturer.



V. Glossary of Selected Light Curtain Terminology

AOPD:
“AOPD” is the abbreviation for Active Optoelectronic Protective Device... such as a
light curtain, light grid, and single light beam.

Alignment:
Positioning of a light curtain beam so that the maximum amount of emitted light ener-
gy reaches the receiver element.

Alignment Aid:

Typically a built-in light curtain feature that facilitates alignment of the emitter (transmit-
ter) and receiver during installation. For long-range sensing, or when using deflecting
mirrors, an external alignment aid (such as a laser aligning tool) may be used during
installation.

Ambient Conditions:
The environmental conditions in the area in which the light curtain is installed (e.g.
humidity, temperature, light level, etc.).

Angle of Acceptance:
The included angle of the field of view within which the receiver will respond to the
emitter’s (transmitter’s) transmitted light energy.

Angle of Divergence:
The included angle of the field of light energy transmitted by the emitter element of the
light curtain.

Attenuation:
A reduction in the energy level of the emitted light caused by environmental elements
such as dirt, moisture, or other contaminants in the ambient.

Beam Spacing:
The distance between the centerline of each of the beams of light energy transmitted
by the emitter.

BG:

“BG” is the abbreviation for “Berufgenossenschaft”... an independent German insur-
ance agency whose legislative arm recommends industry safety practices. The BG is
one of many independent, recognized test agencies (also known in Europe as “notified
bodies”) authorized to certify that safety products comply with all relevant standards.



Blanking (Fixed Blanking):

“Fixed Blanking” is when a fixed set of adjacent light beams are rendered permanently
inactive for the purpose of allowing product or part of the process to enter the sensing
area without deactivating the light curtain safety outputs. An example would be the
“blanking” of a small segment of the light curtain to allow finished parts to eject from a
machining operation through this specific “opening” in the protected field.

Blanking (Floating Blanking):

“Floating blanking” is when a set number (one or more) of adjacent beams is allowed
to ignore the presence of an object within their portion of the protection field. However,
unlike fixed blanking (where the inactive beams are fixed), “floating blanking” allows the
set number of adjacent beams to “float” within protected field ... thus allowing the
object to be ignored to move within the protected field without deactivating the light
curtain safety outputs.

As long as no more than the selected number of adjacent beams is interrupted, the
system remains operational and does not initiate stoppage of the machine. If one or
more additional beams are interrupted, the light curtain system will initiate machine
stoppage. An example would be similar to the ejected parts example above, but
where the parts eject through a “moving opening”... that is, at different points
through the protected field.

“CE” Mark:

The “CE” mark (for Conformite Europeene) is a symbol applied to finished products
(including components such as light curtains, safety mats, safety interlock switches,
safety controllers and machinery) which meet all applicable European Directives.

CSA:

Abbreviation for Canadian Standards Association. An independent testing agency sim-
ilar to Underwriters Laboratories, Inc. (UL) in the United States. A product that is “CSA
certified” has been type-tested and approved by the Canadian Standards Association
as meeting relevant electrical and safety codes.

Emitter (photoelectric):
The light generating member of a light curtain pair. Also called the “transmitter”.

IEC:

The International Electrotechnical Commission, headquartered in Europe. This organi-
zation writes and distributes recommended safety and product performance standards
for electrical products and components ... many of which become reference models
for U.S. standards.

IP Rating:

A rating system established by the IEC. The “IP” rating defines the environmental suit-
ability of light curtains and other component/system enclosures for various ambient
conditions.  Similar to NEMA ratings for electrical enclosures.



LED (Light Emitting Diode):
A semiconductor that emits a small amount of light energy when current flows through
it in the forward direction.

Light Curtain (light screen):

An array of photoelectric sensing beams configured to sense objects present in their
sensing area. “Safety light curtains” are used to detect personnel who enter into an
unsafe area around or within a machine or work cell.

Minimum Object Sensitivity:

Minimum object sensitivity refers to the smallest object (diameter) that the light curtain
can detect. It is commonly stated as the “resolution” of the light curtain, and is also
called the detection capability.

MPCE:
"MPCE” is an abbreviation for Machine Primary Control Element. An MPCE is the final
device controlling the power to a machine (e.g. a control relay or motor contactor).

MSCE:

“MSCE” is the abbreviation for Machine Secondary Control Element. An MSCE is a
control element other than the MPCE capable of removing power from a machine (e.g.
a safety controller, safety PLC).

Modulation (photoelectric):

Modulation of a light source refers to the repeated turning of it “on” and “off” at a
high frequency (typically several kilohertz). The secret of a modulated photoelectric
sensor’s superior performance is that the emitter and receiver are tuned to the fre-
quency of modulation. Only the modulated light is amplified, with all other light
reaching the receiver ignored.

Muting:

“Muting” is the provisional and automatic overriding of the light curtain safety output
function during normal, uninterrupted machine cycle operation. This is an important
function in applications in which the light curtain or light grid must be interrupted by
some part of the machine or the materials being processed without stopping the opera-
tion or process.

Nanometer (nm):
Unit of measurement used to specify the wavelength of light energy.
1 nm = 0.000000001 meter (10 ° meter).

Optical Pitch:
“Optical pitch” is the distance from the centerline of one beam to the centerline of the
next beam in a transmitter-receiver beam array. It is also known as “beam spacing”.



OSSD:
“OSSD” is the abbreviation for “Output Signal Switching Device” (also known as the
light curtain’s safety outputs).

Protected Height:

“Protected height” is the length of the light curtain’s active sensing area ... that is the
distance from the center of the first beam to the center of the last beam in the light
curtains transmitter-receiver beam array.

PSDI:

“PSDI” (Presence Sensing Device Initiation) refers to the use of the sensing device (e.g.
light curtain) to activate the machine and/or manufacturing process once it has been
determined that a human is no longer in the hazard area.

Range (sensing range):

The specified maximum operating distance between the light curtain emitter (transmit-
ter) and receiver (without use of deflecting mirrors). Use of deflecting mirrors typically
reduces the maximum range of a light curtain.

Receiver:
The light curtain element that responds to the emitted light energy.

Resolution:
The smallest object profile dimension that will be reliably sensed or detected by a
given light curtain transmitter-receiver pair.

Response Time (response speed):

The time required for the output (OSSD) of the light curtain/beam to change state in
response to a change of the input signal (e.g. sensing event). Response time of a sen-
sor becomes extremely important when calculating a suitable safety distance for a
given light curtain pair.

Safety Distance:

“Safety distance” is the minimum distance from the safety light curtain to the point-of-
hazard that must be respected to insure that a person will not be exposed to the haz-
ard. It is a function of the speed of approach, and the cumulative response times of
the  safety light curtain, any interposing safety interfaces (such as a safety controller
or safety PLC), the machine primary control element (such as a motor contactor or
control relay), and the stop time of the machine.

Transmitter (photoelectric):
The light generating member of a light curtain pair. Also called the “emitter”.

UL:

Abbreviation for Underwriters Laboratories Inc. An independent testing agency for
products sold in the United States. A device that is “UL listed” has been type-tested
and certified to meet required electrical and/or safety standards.





