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 ASPIRATING SMOKE DETECTORS 

Air is drawn through a network of pipes to detect smoke. Smoke flows 
into the sampling chamber which detects the presence of smoke particles 
suspended in air by detecting the light scattered by them in the chamber.
  

 OPTICAL BEAM SMOKE DETECTOR (BEAM) 

A fire detector, which uses a beam of light (usually infrared) projected 
across an open area to monitor for smoke emitted by an incipient fire.
There are two basic types of beam detector:

–  End-to-End: Transmitter and receiver are mounted at either end  
of the protected area

–  Reflective: Transmitter and receiver are mounted in the same housing, 
and the beam is directed at a specially designed reflector, mounted at 
the opposite end of the protected area

 TRANSMITTER (AKA PROJECTOR, TX) 

This device is paired with a dedicated receiver, in an End-to-End beam 
smoke detector system, which emits the light signal through the area 
to be protected. The Transmitter can be integrated with the receiver 
into a single unit. 

The purpose of this guide is to provide information on the correct 
installation of beam smoke detectors in life-safety and property 
protection applications. This guide briefly summarizes the principles of 
operation of beam smoke detectors, their design requirements, and 
practical applications for their use as a component of a fire alarm system.

Beam smoke detectors can be important components of a well-designed 
fire alarm system. Their unique capabilities enable beam smoke detectors 
to overcome many of the problems and limitations of point detectors and 
aspirating systems in some applications. This guide has been developed to 
help give you an understanding of the beam smoke detector’s capabilities 
and limitations, and how they differ from point detectors.

Please note that this document is intended only as a general guide to the 
application of beam detectors. Reference should always be made to the 
detector manufacturer’s installation requirements and instructions, and 
local standards.

 FOREWORD  GLOSSARY OF TERMS 
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 DETECTOR COVERAGE 

Detector coverage is the area, is simply the width/orbital coverage from 
the detector in which a fire detector is considered to effectively sense an 
emerging fire. This area is defined by local and international standards. 

 DRIFT COMPENSATION 

 A feature where the detector will automatically adjust position and/or 
signal transmitted to maintain optimum alignment. This feature is limited 
to ensure slow developing fires (smouldering fires) are detected while 
mitigating the effects of dirt build up on the detector surfaces 
and compensate for mild building movement. 

 PRISM (REFLECTOR) 

This component is used on reflective based beams. The highly reflective 
properties allow it to bounce incoming light back to the source of the 
light to a nearby sensor over long distances. 

Distances of up to 393ft (120m) can be achieved with the use of the 
Long Range Prism Kit. 

 OBSCURATION 

Obscuration is the amount by which a beam of light is reduced by the 
presence of translucent, non-transparent particles or material in the 
beams path, normally expressed as a percentage or as dB attenuation.
 

 RECEIVER (AKA SENSOR, RX) 

This device is paired with a dedicated transmitter, in a projected beam 
smoke detector system (End-to-End), which monitors the signal level 
of the light received after it has passed through the protected area.  

 CONTROLLER 

This is component of an optical beam smoke detector system, that 
allows the fire alarm engineer or competent person to set-up, configure 
and fault find the beams at ground level, in replacement of using high 
level access equipment. 

 BEAM RANGE 

This is the total distance between the beam transmitter and receiver 
for End-to-End type detectors, and transmitter / receiver to reflector 
for reflective type detectors. 

This is often expressed as ‘A to B’, where A is the minimum operating 
range from 0, and the B to the maximum operating range from 0ft (0m). 
For example: 16 to 328ft (5m to 100m) range is a beam that can operate 
over a distance no less than, 0 to16ft (0m to 5m) and maximum of 0 to 
328ft (0m to 100m). 
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 SENSITIVITY 

The ability of a smoke detector to respond to a given level of smoke. 
This is often an adjustable feature in beam smoke detectors.

 POINT DETECTOR 

A device, which senses an incipient fire at a single location, most commonly 
using optical or ionisation smoke detection or heat detection. The area 
of coverage of a point detector is defined in local or national standards.

 STRATIFICATION 

The effect which occurs when smoke, which is hotter than the 
surrounding air, rises until equal to the temperature of the 
surrounding air, causing the smoke to stop rising.

 WHO SHOULD READ 
 THIS GUIDE?? 

You should read this guide if:

–  You specify or design fire detection systems

–  You are responsible for your building’s fire protection system

–  You are the Fire Marshall for your workplace

–  You are planning to install a beam smoke detector  
or other smoke detection system

–  You are in a risk assessment role for fire protection

–  Your role is to support or sell fire detection systems

–  You work in the fire and rescue service

The guide offers general guidance; you should also consult local and 
national regulations and the manufacturer’s technical specifications 
for particular detectors.
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Point detector: sensing chamber less than 3.96” (10cm) long

Beam detector: ‘sensing chamber’ up to 393ft (120m) long

 WHAT IS AN OPTICAL BEAM 
 SMOKE DETECTOR?? 

The most common type of smoke detector is the optical point detector. 
This contains an infrared light beam projected across a small sensing 
chamber inside the body of the device. When smoke enters the sensing 
chamber through the outer holes in the body of the detector, it affects 
the infrared beam and triggers the device into alarm, alerting individuals 
present to a fire. 

Optical beam smoke detectors work on a similar principle except that 
the infrared light beam is projected across the open area of a building. 
This effectively transforms the building into the sensing chamber with 
the optical beam detecting smoke along the entire beam path. 
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 TYPES OF OPTICAL BEAMS 
 AVAILABLE?? 

There are two main configurations of optical beam smoke detectors: 
Reflective and End-to-End. Both consist of a transmitter T (the light 
source) and receiver R (the detector).

Reflective

End-to-End

 HOW DOES OPTICAL BEAM 
 DETECTION WORK?? 

When smoke passes through the invisible infrared beam, the solid 
particles and liquid droplets in the smoke reflect and scatter the photons 
of light. The result is that the intensity of the light is reduced on the 
far side of the cloud of smoke. This reduction in intensity, known 
as obscuration, can be detected and used to signal a fire.

The important thing to note is that this effect occurs equally at all points 
along the beam path, no matter where the smoke passes through the 
beam, so that the detector behaves effectively as though it was made up 
of an infinite number of point detectors arranged along a line. This makes 
optical beam smoke detectors ideal for protecting long distances (up to 
393ft (120m) for a single beam), providing that the beam is completely 
unobstructed and correctly aligned with the detector.

Did you know?

Infrared light is used in optical beam smoke detectors because 
it is sensitive across a large range of particles and the beam is 
invisible to the naked eye, therefore the detectors can operate 
discreetly in a building.

Fireray Detector Reflector

     Transmitter            Receiver

Fireray Detector Reflector

     Transmitter            Receiver

Source
Smoke

Detector

Lower light intensity
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Attribute Reflective End-to-End

Installation and maintenance

Reflective detectors are easier and less expensive to install and maintain 
than End-to-End detectors, as the electrical cabling is needed on only 
one side of the protected space, there is only a single device to clean 
and maintain during servicing.

Alignment

It is usually easier to align a reflected beam as there is only a single piece 
of equipment to adjust at one end of the beam (the reflector is usually 
not adjustable), whereas End-to-End detectors require adjustment at 
both ends of the beam.

Space required by beam

The reflected beam diverges as it passes back across the space from the 
reflector, and so the space needed by the beam is greater. An End-to-
End beam can pass through a narrower gap.
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 HOW SHOULD THEY BE INSTALLED??  

 RULES FOR INSTALLING OPTICAL BEAM  
 SMOKE DETECTORS 

Following the guidelines below will maximise the performance of optical 
beam detectors and minimise the occurrence of faults and false alarms:

 HOW DO THEY DIFFER 
 FROM OTHERS?? 

Point smoke detectors, as their name suggests, detect smoke 
over very short distances using a chamber inside the detector itself. 
Some models use the principle of light scattering, where the presence 
of smoke changes the direction of a light beam so that it is detected 
by a photodiode. Other models detect a change in the electrical 
characteristics of the air inside the detector caused by 
the presence of smoke.

Aspirating smoke detectors draw air into a sensing chamber from 
an array of sampling points connected via a pipe network. Smoke 
is detected using similar principles to point smoke detectors.

The most significant difference between these technologies 
is how the protected area is monitored.
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Determine appropriate maintenance tasks/intervals: Assess the 
likely level of optical contamination due to dust or condensation 
by examining surfaces close to the detector positions. Configure 
alarm thresholds to suit likely contamination levels. Use detectors 
with algorithms that monitor and adjust the gain to compensate for 
slow changes in signal. Schedule maintenance visits to clean optics 
at appropriate intervals.

Select appropriate system settings: Configure the Delay to Fault 
settings to suit building operations, for example to allow for brief 
beam blockages by machinery if this is unavoidable. If operational 
changes occur regularly, mount a low-level controller to allow easy 
access for quickly adjusting and optimising settings. Use advanced 
detectors that monitor trends in beam intensity to separate real 
fires from other effects.

Take steps to prevent birds from perching on the detectors 
and possibly blocking the beam (when necessary).

Maintain a system log: Optical beam smoke detectors are life safety 
devices, and on-site documentation of the installation is vital for 
recording future maintenance and to assure users of a safe 
and competent installation.

Mount on to solid, structural surfaces: Mount the beam transmitter/
receiver/reflector on solid, structural parts of the building which 
experience minimal movement due to temperature changes, 
vibration, settling, etc. Use detectors with re-alignment routines 
to compensate for long-term building movement.

Select the correct beam technology for the installation: If the space 
needing protection is too long for a single beam, consider ‘back-to-
back’, ‘face-to-back’ or ‘face-to-face’ arrangements. Alternatively, 
use detectors equipped with Dynamic Beam Phasing to prevent 
interference between beams and avoid the need for extra shielding.

Ensure a clear line-of-sight for the beam: Avoid shiny surfaces along 
the beam path, and preferably keep such surfaces at least a metre 
from the centre of the beam in reflective detectors (this distance 
can be lower for End-to-End detectors).

Ensure the beam is aligned: Use detectors with effective alignment 
indicators or automatic alignment routines to avoid misaligned 
beams being placed into service.

Arrange beams as needed for optimum coverage of the space: 
Beams can be crossed without causing spurious signals at receivers.

Avoid direct sunlight: If unavoidable (for example in glass atria), 
use detectors with light compensation algorithms to adjust 
for fluctuations in ambient light levels.

Back-to-back Face-to-back

Face-to-face

Blocked beam

Fire alarm

Sunlight/ambient light levelsMeasured IR Signal

100%

Time

Optical contamination/building movement
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 STANDARD RECOMMENDATIONS (NFPA 72) 

NFPA 72 gives a code of practice for the design, installation, 
commissioning and maintenance of automatic fire detection systems in 
non-domestic buildings. Some of the key recommendations for optical 
beam smoke detectors are summarised here. This is provided for 
general guidance only; refer to the standard for detailed information.

 HEIGHT OF DETECTORS 

Beam smoke detection is often used in large open spaces with high 
ceilings where the use of spot type detectors is impractical due to the 
problems of smoke stratification. 

In these spaces there is questionable basis for the use of perscriptive 
spacings presented in section 17.7. However, beams can be installed 
such that, regardless of the fire origin, the fire will intersect at least one 
beam. To emply this strategy, the plume divergence is calculated as a 
function of height at which the projected beam detectors are installed. 

The region of relatively uniform temperature on 0 smoke density is a 
bouyant plume which diverges at an angle of 22° as shown. The spacing 
of beams has to be based on the narrowest potential width of the plume 
at the level of detection. 

NFPA 72 2016 - B.4.9.1 The plume divergence of an unconstrained fire 

θ = 22°

θ

0.2 H

H
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 DISTANCE FROM VERTICAL SURFACES 

On smooth ceilings, a spacing of not more than 60ft (18m) between 
transmitted beams and not more than one half (1/2) that spacing 
between the transmitted beam and the side wall (a wall parallel to 
the beam travel) should be used as a guide. Other spacings should 
be determined based upon ceiling height, airflow characteristics and 
response requirements.

In some cases, the light beam Transmitter is mounted on one wall and 
the light beam Receiver is mounted on the opposite wall (end-to-end).
However, it is also permitted to suspend the Transmitter and Receiver 
from the ceiling at a distance from the end walls not exceeding one 
quarter (1/4) of the selected spacing (15ft) 4.57m.

 

Receiver½ S

½ S
ReceiverTransmitter

Transmitter

S 
¼ S ¼ S

S - Selected detector spacing 

30ft

60ft

10% of 
ceiling height

30ft 30ft 30ft60ft

10% of 
ceiling height

10% of 
ceiling height

120ft

30ft60ft

10% of 
ceiling height

10% of 
ceiling height

180ft

60ft30ft

10% of 
ceiling height

(9.14m) (9.14m) (9.14m) (18.28m) (9.14m)

(9.14m) (9.14m)(18.28m)(18.28m)
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Detectors shall first be placed within 3ft (900mm) of the highest side of 
the ceiling measuring horizontally. The number of additional detectors if 
any shall be based upon the horizaontal projection of the ceiling.

 PEAKED ROOFS 

Detectors shall first be spaced and located within 3ft (900mm) of the 
peak, measuring horizontally. The number of additional detectors, if any 
shall be based upon the horizontal projection of the ceiling. 

Curved or domed ceilings can be considered peaked with the slope of 
the chord from the highest to the lowest point.

Detectors should not 
be in this area

Pitched Roof

Should be in this area

3ft
(900mm)

3ft
(900mm)

S S½ S ½ S

4 in
(102mm)

S - Selected detector spacing 

S S S S S
½ S ½ S

Sloped Ceiling Spacing
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 WHAT ARE THE MAINTENANCE 
 REQUIREMENTS FOR OPTICAL BEAM  
 SMOKE DETECTORS?? 

Follow the steps below periodically to maintain the performance of the 
detectors (the frequency will depend on the cleanliness of the operating 
environment):

1. Put the system on test 

2. Clean the optical components (transmitter/receiver/reflector)  
with a soft, lint-free cloth

3. Re-align the detectors to ensure signal levels are optimal

4. Reconnect the detectors to the fire alarm control panel

5. Test the detectors (this usually involves blocking the beam at the receiver 
or by using the low level controller)

 WHAT TOOLS DO YOU NEED 
 TO INSTALL IT?? 

The instructions for installing, aligning and testing optical beam smoke 
detectors vary depending on the model and manufacturer and so you 
should follow the guidance provided with your system. However, the 
following tools and equipment are useful to have available when installing 
any type of detection system:

Tools for mounting detectors to building structure: 
drill, cross-head and flat-head screwdrivers, etc.

Commissioning and test kit: available from your supplier, this 
contains all the necessary tools to test the detector for fire and fault.

Multimeter and test leads: to check incoming power supply 
when fault-finding.

Scissor lift or other high-level access equipment: for use when 
mounting detectors. Access poles are also useful when testing 
detectors after installation, saving time and avoiding the need 
to work at height.

Did you know?

Some optical beam detectors can be connected to a controller 
mounted at low level to allow installation and maintenance to be 
performed without the need for equipment to gain access to the 
detectors themselves. Certain detectors can also give a signal to 
inform you when the optics need cleaning.
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 TALL BUILDINGS 

–  Manufacturing facilities

–  Airport terminals

–  Aircraft hangers

–  Churches

–  Atria

 WHERE CAN YOU INSTALL THEM?? 

 LONG UNOBSTRUCTED DISTANCES  

–  Warehouses

–  Aircraft hangers

–  Airport terminals

–  Sports centres
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 RESTRICTED NUMBERS OF DETECTORS ACCEPTABLE 

–  Architectural concerns (heritage buildings, modern minimalist styles)

–  Ceiling mounting not possible (atria, glass ceilings)

–  Open plan offices

–  Unobtrusive detection desirable (art galleries, museums, libraries)

 RESTRICTED ACCESS 

–  Mass transit terminals

–  Airport terminals

–  Government buildings

–  Manufacturing sites
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 EXPLOSIVE ATMOSPHERES 

–  Electronics can be sealed in explosion proof housings

–  Low-level controller located remotely in safe area for system monitoring
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 WHEN ARE OTHER DETECTORS 
 MORE SUITABLE 

Certain types of application are not suitable for optical beam smoke detectors:

APPLICATION REASON PREFERRED DETECTOR

Highly cluttered areas  
of restricted space  
(e.g., roof voids)

Need long unobstructed 
pathway for beam

Point smoke detectors

Risk of beam blockage  
(e.g., warehouse racking)

May cause faults/false 
alarms

Point/aspirating smoke 
detectors

Lack of structural surfaces 
for mounting (only 
cladding/ plasterboard/
wood available)

Beam quickly becomes 
misaligned and cannot be 
corrected by automatic 
re-alignment routines

Point/aspirating smoke 
detectors

Very dusty environments Detector optics 
become coated beyond 
compensation limits 

Flame/heat detectors

Outdoors or in areas  
with high air flows

Smoke will not predictably 
accumulate around 
detectors

Flame detectors

 FURTHER INFORMATION 

FFE offers continuous professional development (Certificate of 
Attendance) training for anyone interested in learning more about the 
optimal design of optical beam smoke detector networks and how to 
configure and maintain systems to ensure peak sensitivity for accurate fire 
detection. 

Contact +1 859 957 1570 or email technical@ffeus.com for details.
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