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Many factors affect the per-
formance of smoke detec-
tors. The type and amount 
of combustibles, the rate of 

fire growth, the proximity of the detector to the fire, and 
ventilation factors are all important considerations. UL 
Listed beam smoke detectors are tested using the UL 268 
Standard, Smoke Detectors for Fire Protective Signaling 
Systems, and should be installed and maintained in accor-
dance with NFPA 72, The National Fire Alarm Code and 
the manufacturer’s instruction.

Sensitivity 
Each manufacturer requires that the detector’s sensitivity 
be set with reference to the length of the beam used on a 
given application. The detector should be installed within 
the minimum and maximum beam length allowed by the 
manufacturer’s instructions, which are limited by the UL 
listing.

Location and Spacing 
Location and spacing parameters are recommended by 
manufacturers. For example, on smooth ceilings, a space 
of not more than 60 feet (18.3 meters) between projected 
beams, and one-half of the maximum spacing between 
a projected beam and a sidewall (wall parallel to the 
beam travel) may be used as a guide. Although the above 
example allows a maximum of 60-foot spacing between 
detectors, some manufacturer’s recommendations may 
limit this criterion.

Mounting Consideration for Reflected Beam 
Smoke Detectors 
Beam detectors require a stable mounting surface for proper 
operation. A surface that moves, shifts, vibrates, or warps 
over time will cause false alarms or trouble conditions.

Mount the detector on a stable mounting surface, such as 
brick, concrete, a sturdy load-bearing wall, support col-
umn, structural beam, or other surface that is not expected 
to experience vibration or movement over time. Do not 
mount the beam detector on corrugated metal walls, sheet 

metal walls, external building sheathing, external siding, 
suspended ceilings, steel web trusses, rafters, nonstructural 
beam, joists, or other such surfaces.

In cases where only one stable mounting surface as defined 
above can be used, the transceiver unit should be mounted 
to the stable surface and the reflector should be mounted 
to the less stable surface. The reflector has a much greater 
tolerance for the unstable mounting locations.

Because beam smoke detectors are line-of-sight devices, 
which go into trouble on sudden and total loss of signal, 
care must be taken that all opaque obstacles are kept clear 
of the beam path at all times. (See NFPA 72-2007).

 “In some cases, the light beam projector (same as transmitter/receiver) is 
mounted on one end wall, with the light beam receiver (same as reflector) 
mounted on the opposite wall. However, it is also permitted to suspend the 
projector and receiver from the ceiling at a distance from the end walls not 
exceeding one-quarter the selected spacing.” — NFPA 72-2007, A-5.7.3.4

Consideration must be given, as well, to the need for a 
rapid response due to life safety factors or the high value 
of the assets being protected. Spacing should be reduced 
where these factors apply, or where the anticipated fire 
will produce limited smoke, especially in its early stages. 
Ceiling mounted detectors in a very high atrium of a hotel, 
for instance, may need to be supplemented by additional 
detectors at lower elevations.

In applications where reduced spacing is required, care 
should be taken to keep two parallel beams at a minimum 
distance so that the receiver from one detector cannot 
see the light source from another detector. Where two or 
more detectors are installed with their respective beams 
at angles, care should be taken that the receiver of each 
detector can sense only the light from its own transmitter. 
It is important to follow the manufacturer’s testing proce-
dures in the manual.

Section 3 

Design 
Considerations
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Figures 8 and 9. Spacing for Smooth Ceiling
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Additional Mounting Considerations for Reflected 
Beam Smoke Detectors 
There must be a permanent clear line of vision between the 
detector and the reflector. Reflective objects must not be 
near the line of vision between the detector and reflector. 
Reflective objects too near to the line of sight can reflect 
the light beam from the transmitter to the receiver. If this 
occurs, the detector will not be able to distinguish these 
reflections from those of the reflector, and the protected 
space will be compromised. Reflective objects should be 
a minimum of 15 inches (38.1cm) from the line of sight 
between the detector and reflector. 

Light sources of extreme intensity such as sunlight and 
halogen lamps, if directed at the receiver, can cause a dra-
matic signal change resulting in fault and alarm signals. To 
prevent this problem, direct sunlight into the transceiver 
unit should be avoided. There should be a minimum of 10 
degrees between the pathway of the light source (sunlight) 
and detector, and the line of sight between detector and 
reflector.

Operation of the detector through panes of glass should 
be avoided. Since single ended beam detectors operate on 
a reflection principle, a pane of glass perpendicular to the 

line of sight between the detector and the reflector can 
reflect the light beam from the transmitter to the receiver. 
If this occurs, the detector will not be able to distinguish 
these reflections from those of the reflector and the pro-
tected space will be compromised.

Panes of glass will also absorb some of the light as it 
passes through it. This absorption of light will reduce the 
acceptable installed distance between the detector and the 
reflector.

In cases where operation through panes of glass cannot 
be avoided, some specific installation practices can help to 
minimize the effects of the glass. These practices include 
avoiding penetration of multiple panes of glass, position-
ing the glass so that it is not perpendicular to the line of 
sight between the detector and the reflector (a minimum 
of 10 degrees off perpendicular should be considered), and 
making certain that the glass is smooth, clear and mounted 
securely. The complete reflector blockage test can be used 
to determine if the installation is acceptable. 

Where high ceilings (in excess of 30 feet or 9.1 meters) are 
present, additional beams may be required to detect smoke 
at lower levels.

Peaked Type Shed Type

Figures 10 and 11. Mounting on Sloped Ceilings
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Reflector 
The device which returns the light signal back to the 
transceiver unit.

Sensitivity 
The ability of a smoke detector to respond to a given level 
of smoke.

Smoke 
The solid and gaseous airborne products of combustion.

Smoke Color 
The relative lightness or darkness of smoke, ranging from 
invisible to white to gray to black.

Smoke Density 
The relative quantity of solid and gaseous airborne prod-
ucts of combustion in a given volume.

Spot-Type Detector 
A device that senses smoke and/or heat at its location only. 
Spot-type detectors have a defined area of coverage.

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.

Transceiver 
The device in a reflected beam smoke detector which proj-
ects and monitors the light across the protected area.

Transparencies (Filters) 
A panel of glass or plastic having a known level of obscura-
tion, which can be used to test the proper sensitivity level 
of a beam smoke detector.

Trouble Condition 
The status of a device or system which impairs its proper 
operation, i.e., open circuit on an initiation loop. The noti-
fication of a trouble condition indicated on a control panel 
or annunciator is a “TROUBLE” SIGNAL.

Annunciator 
A device which gives a visible 
or audible indication of the 
condition or status, such as 

normal, trouble, or alarm, of a smoke detector or system.

Automatic Gain Control (AGC) 
The ability of a beam smoke detector to compensate for 
light signal degradation due to dust or dirt. Rate of com-
pensation is limited to ensure that the detector is still sensi-
tive to slow, smoldering fires.

Beam Smoke Detector (Reflected Beam Smoke Detector) 
A device which senses smoke by projecting a light beam 
from a transceiver unit across the protected area to a reflec-
tor that returns the light signal back to the transceiver 
unit. Smoke entering the beam path will decrease the light 
signal causing an alarm.

Beam Range 
The distance between the transceiver and reflector.

Detector Coverage 
The area in which a smoke detector or heat detector is 
considered to effectively sense smoke and/or heat. This 
area is limited by applicable listings and codes.

Listed 
The inclusion of a device in a list published by a recog-
nized testing organization, indicating that the device has 
been successfully tested to meet the accepted standards.

Obscuration (Cumulative Obscuration) 
The reduction of the ability of light to travel from one 
point to another due to the presence of solids, liquids, 
gases, or aerosols. Cumulative Obscuration is a combina-
tion of the density of these light blocking particles per foot 
and the linear distance which these particles occupy, i.e., 
smoke density times the linear distance of the smoke field. 
(Usually expressed in units such as %/foot or %/meter). 

Appendix A

Glossary of Terms

Appendix B 

NFPA 92B Standard for Smoke Management Systems in Malls, Atria, and Large Spaces 
2005 Edition

There is no sure way of identifying what condition will be present at the start of a fire. Any of the following detection 
schemes can provide for prompt detection regardless of the condition present at the time of fire initiation: 
	 (a) �An Upward Beam to Detect the Smoke Layer. The purpose of this approach is to quickly detect the devel-

opment of a smoke layer at whatever temperature condition exists. One or more beams are aimed at an 
upward angle to intersect the smoke layer regardless of the level of smoke stratification. For redundancy 
when using this approach, more than one beam smoke detector is recommended. 

	 (b) �Horizontal Beams to Detect the Smoke Layer at Various Levels. The purpose of this approach is to quickly 
detect the development of a smoke layer at whatever temperature condition exists. One or more beam 
detectors are located at the ceiling. Additional detectors are located at other levels lower in the volume. 
The exact positioning of the beams is a function of the specific design but should include beams at the bot-
tom of any identified unconditioned (dead-air) spaces and at or near the design smoke level with several 
intermediate beam positions at other levels. 

	 (c) �Beams to Detect the Smoke Plume. The purpose of this approach is to detect the rising plume rather than the 
smoke layer. For this approach, an arrangement of beams close enough to each other to assure intersec-
tion of the plume is installed at a level below the lowest expected stratification level. The spacing between 
beams is based on the narrowest potential width of the plume at the level of detection.
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