particulates and aerosols. ‘Ihere are wtree DasiC [ypes: raaioacuive IOMIZanon, DNOTOelectric lgnt
scattering, and photoelectric light attenuation. These are sometimes supplemented by a thermal sensor.
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Several detectors can be mounted on the cargo compartment ceiling where they measure the local
smoke concentration, or a dual detector can be mounted remotely with an aspirated gas sampling
system used to pull material into the detectors from multiple locations. When the smoke and/or
temperature exceed a threshold level, an alarm is triggered in the cockpit and the crew responds
according to established procedures written in the Aircraft Flight Manual.®

Cargo compartment fire detection instruments are described in TSO Clc.'® Smoke detectors
are required to alarm when the light transmission is reduced between 4 % and 16 % over a 0.305 m (1
ft) distance. (This is a much larger obscuration level than required by UL 2682, which states that
smoke detectors must alarm between 0.5 % and 4 % for gray smoke, and between 0.5 % and 10 % for
black smoke.) The detectors must sense the presence of fire in the cargo compartment within one
minute of ignition, according to FAR” 25.858. The system is evaluated as installed in the aircraft to be
certified by simulating a fire with, for example, theatrical smoke. All fire detectors must withstand
environmental temperatures from -30 °C to 50 °C (-22 °F to 122 °F), absolute pressures from 18.6 kPa
to 104 kPa (simulating elevations from below sea level to 12 160 m (40 000 ft)), a relative humidity
between 0 and 95 %, and vibrations in excess of what would normally be expected on an airplane.
Thermal detectors, if present, are set typically to alarm at 88 °C (190 °F) or less.

Class C cargo areas are inaccessible in flight, so that in the event of a detector alarm the usual
crew procedure is to discharge fire suppression agent. With halon 1301, the amount needed to keep the
fire under control is small (less than 5 % by volume), and the corrosivity and toxicity levels are low
enough that an unneeded discharge causes little collateral damage to the aircraft or its contents. The
U.S. Environmental Protection Agency has indicated" that it will allow halon 1301 to be installed in
new systems designed for protecting class D cargo areas, but international pressure is extremely high to
phase out all uses of the chemical because of its high potential for depleting stratospheric ozone. None
of the available alternatives to halon 1301 perform as well, and in the event of an inadvertent
discharge, collateral damage could be significant. Physical damage to cargo, injury or death to
animals, and difficulty in cleaning up are the main concerns. Injury can be caused by the high
momentum and low temperature of the discharging agent jet, by asphyxiation, or by toxic reaction to
the chemical. Toxic reaction due to cardiac sensitization levels below those which lead to asphyxiation
are a real concern for some of the alternative gases. For any suppression system, then, discharge of an
agent due to a false-positive detection of a fire carries with it a severe penalty for the air carrier.

Once the fire suppression system has been activated, the flight is diverted to the nearest suitable
airport. This may be up to three hours away, and could be in an area unfamiliar to the pilot or at an
airport with minimal facilities causing potential for additional hazards to the aircraft and occupants.
Unfamiliarity and lack of facilities provide added risk in addition to those resulting from an emergency
evacuation. In the event of a real fire, the risks associated with this chain of events are obviously
acceptable considering the alternative to not detecting the fire. But the consequences of a detector
mistakenly classifying a nuisance signal as a fire threat are costly and dangerous.

The primary design goal for an aircraft cargo area fire detector is that it always respond
positively to a real fire and always respond negatively to a non-threatening condition. Redundancy is
used in the design of aircraft fire detection systems to reduce the chance that an alarm is due to a
detector fault. Even so, false alarms occur at a rate far greater than the number of actual fires, with
estimates of ratios ranging between 10:1 and 500:1. Interestingly, the one U.S. Air Force cargo
aircraft that is protected with halon 1301 (the C5) has no reported incidents of false discharges. This is
likely due to the accessibility of the cargo area in flight, which permits a crew member to investigate
the area and to verify that the alarm is not false prior to the discharge of the halon. This is in contrast
to commercial class C and D cargo spaces, where little is known about the state of the cargo
environment during the range of normal operating conditions, and about how conditions are perturbed
in the very early stages of a fire. Standard methods do not currently exist for evaluating the response
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of detection systems to realistic early fire and nuisance stimuli, nor for evaluating detection systems that
rely on new sensing technologies or combinations of sensors that have the potential for reducing the
nuisance-signal-to-actual-fire ratio.

Discussion

The discussion sessions were focused on answering the following questions as they apply to
aircraft cargo areas: (i) What conditions produced by a nascent fire can be sensed to warn of a
threatening situation? (ii) In what time-frame must a response strategy be formulated, and what are the
consequences of a false-positive? (iii) What physical environments or activities are likely to lead to a
false-positive? (iv) What test methods are required to evaluate the immunity of fire detection systems
to false-positives? (v) What are the action-items for the group, and who should take responsibility for
each?

Smoke and particulate, temperature, major combustion gases (CO,, CO, O,, H,0), relative
humidity, minor gases (e.g., HCl), thermal radiation, and acoustic emission were mentioned as
candidates to sense the presence of a fire. Combinations of smoke (ionization) plus CO and/or
temperature, or smoke (photoelectric) and temperature were suggested as means to increase selectivity.
A cargo area temperature readout in the cockpit was thought to be a good back-up indication.

The minimum time from the onset of a fire to its positive identification is stipulated in the FAR’
to be one minute. The group felt, however, that the actual window to ensure safety depends upon the
sensitivity of the detector and the event which triggers the fire. Tied into the equation is what additional
information may be available to confirm the initial indication of a fire. The consequences of
inappropriately classifying a non-fire state as a fire were identified to be needless diversion, emergency
landings, possible evacuation injuries, reduced confidence in the system, and release of halon 1301 to
the atmosphere. :

The sources of false-positive indications depend upon the semsor. For smoke detectors,
condensation was given as the leading nuisance. When on the ground, sand and dust, as well as
particulate matter from engine exhausts, can lead to false alarms,. Gas detectors (primarily on the
ground) are also susceptible to exhaust emissions (CO, CO,) from auxiliary power units and taxiing
aircraft. Livestock emit moisture, CO,, CO, and CH,. Fruits, vegetables and flowers emit water
vapor and are often treated just prior to the closing of the cargo doors, producing condensation which
can trigger a smoke or gas detector.

The success of a test method for background nuisance sources is tied to how well one is able to
evaluate the response of the detector to a simulated fire. A considerable effort is required to make
sure that the fire used to evaluate a detection system corresponds to a realistic threat, that the simulation
is equally valid for a range of detection options (e.g., smoke, heat, gas), and that the fire simulation is
repeatable. Once a standard fire is defined, such as those used by UL? or the European Community'?,
then one needs to define the standard non-fire. A better understanding of the environment within the
cargo area and a more thorough assessment of the historical causes of false alarms are needed before
new test methods can be developed. From anecdotal evidence, moisture is a major source of false
alarms; hence, a new test to evaluate the immunity of a detector to condensation is likely to be
necessary. The application in class D spaces of detection systems designed for class C cargo areas
sometimes requires installing the detector in a recessed pan. A method needs to be devised to account
for the change in transport to the sensing element due to the recessed location. The operating software
and system logic are an integral part of the fire detection system and need to be certified along with the
sensor in a fire and non-fire state.

Actions are required by a number of groups to reduce the number of nuisance alarms from
aircraft cargo area fire detection systems. The FAA, NASA, NIST, and UL can all play a positive
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role, but the direct involvement of the airlines, airframers and fire protection equipment suppliers is
required to ensure successful development and implementation of any new test methods or certification
procedures. The key items to be addressed are the following: defining realistic fire threats and
simulating them; documenting existing aircraft environments; simulating aircraft environments that lead
to false alarms; determining requirements of the airline industry in regards to the tolerable rate of
nuisance alarms; and examining current operating practices (e.g., the carrying of livestock, or spraying
of flowers) as a means to identify opportunities to reduce false alarms.

RECOMMENDATIONS

Recommendations from the workshop are listed below under three categories: general in nature and
applying to muitiple commercial installations, specific to telecommunications, or specific to aircraft
cargo areas. When it is obvious which organizations should take part in implementing the
recommendations, they are so indicated.

General

* Assemble available data on the environmental conditions within aircraft cargo areas and critical
telecommunication spaces. (users, equipment suppliers)

e Expand capabilities of the NIST FE/DE to simulate common environmental nuisance sources
including dust, combustion engine exhaust gases, and relative humidity, and develop protocol to
evaluate detection systems exposed to these environments. (NIST, certifying agencies, equipment
suppliers, users)

e Develop industry consensus on what constitutes "acceptable” performance for new classes of
detection systems. (users, equipment suppliers, certifying agencies)

o Investigate methods for evaluating and certifying proprietary software to ascertain its ability to
discriminate a fire from a non-fire state in the presence of nuisance background sources. (certifying
agencies, equipment suppliers, users, NIST)

e Develop safe, convenient, and scientifically sound techniques to certify detection systems as
installed in the field. (certifying agencies, NIST, users, equipment suppliers)

e Demonstrate ability of computer models to predict the transport of aerosols from a source (fire,
suppression action, or natural ventilation system) to the detector and other critical surfaces within a
protected space. (NIST, FAA, NASA, NFPA, users, equipment suppliers)

Telecommunications Facilities

e Expand capabilities of NIST FE/DE to simulate nuisance sources found from soldering practices
used on central office mainframes, and develop protocol to evaluate detection systems exposed to
this environment. (telecommunications industry, NIST, detection equipment suppliers)

¢ Determine the impact of fire generated aerosols and suppression activities on materials and devices
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critical to maintaining the dial tone. (telecommunications industry, NIST, agent manufacturers)
Aircraft Cargo Areas

Compile background data from currently installed fire detectors to establish range of conditions
(e.g., estimates of particle loading, temperatures) normally encountered in the non-fire state,
identify the major sources of nuisance alarms, and develop instrumentation package to fill in critical
data on the non-fire state of aircraft cargo areas, with emphasis on class D. (FAA, NASA, NIST,
airlines, airframers, detection equipment suppliers)

Produce an industry accepted accounting of cargo bay related fire incidents, false alarms, and
associated actions and costs. (airlines, airframers, equipment suppliers, FAA)

Expand capabilities of NIST FE/DE to evaluate the ability of current and emerging sensing
technologies to discriminate fires from elevated nuisance background levels. Begin with test
methods to simulate relative humidity up to the saturation point and temperatures from 4 °C to 50
°C (40 °F to 122 °F), making use of numerical computations as appropriate. (NIST, FAA, NASA,
airframers, airlines)

Develop aircraft certification methods and allowances for alternative detection methods (e.g., CO,
radiation, and combination sensors).

Develop consensus among the regulators, users, and fire researchers on realistic fire threats to be
detected, as specified by fuels, geometry, rates of heat release, and times to detection. (FAA,
NASA, NIST, airlines, airframers)

Develop a methodology to simulate the consensus fires, and establish acceptable limits for run-to-
run variation. This should be done in concert with the FAA’s ongoing effort to develop standard
fires for evaluating alternatives to halon 1301 suppression systems, and should build off the test
fires already developed for ground-based applications by UL and the European Community, and
the research conducted by NIST and detector manufacturers. Computational methods should be
used to support the physical tests in the FAA facility. (FAA, NASA, NIST, airlines, airframers,
detection equipment manufacturers)

Develop and install a continuous temperature monitor for all inaccessible cargo areas to give the
status to the pilot in the event of a fire alarm and subsequent suppression actions. The temperature
reading alone should not be the basis of determining whether or not a fire is present, but should
supplement the ability of the crew to respond to a fire alarm in more effective manner. (detection
equipment manufacturers, FAA, airframers, Airline Pilots Association)
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Appendix A

EVALUATING FIRE DETECTION SYSTEM RESPONSE TO NUISANCE SOURCES

Current fire sensing methods

Commercial fire detection systems are typically designed to sense temperature, airborne
particulates, or electromagnetic radiation at prescribed locations in a room. Temperature sensors are
based upon thermistors and thermocouples, or can be mechanical in nature (e.g. the fusible link in a
sprinkler head). Airborne particulates can be sensed by the attenuation of light, the scattering of light,
or the change in ionization from a radioactive source. Flame detectors, which are not normally used
in aircraft cargo areas or telecommunication equipment, sense electromagnetic radiation in the infrared
and/or ultraviolet spectrum. Comprehensive discussions of these and alternative fire sensing methods
and their applications can be found in a number of review articles.”

A single point detector is represented by the diagram in Fig. Al, independent of the sensing
mechanism. The sensor responds to a physical stimulus in the environment and converts the response
to an electrical current or voltage. The electrical signal is processed according to the manufacturer’s
algorithm and a decision is made to alarm or not. In the event of an alarm, people take action
according to prearranged plans. Possible actions include confirmation of the fire through inspection or
remote means, depowering electrical equipment, activation of fixed or manual suppression systems,
evacuation, and informing the fire brigade. Depending upon the progress of the fire or the impact of
the suppression process, the detection systems may continue to provide data useful to the structure
operators and fire fighting team.

For protected areas which are inaccessible, or for suppression systems that are triggered
automatically by the fire detector, the direct link between the room of origin and a person making the
response decision does not exist. Users, equipment manufacturers, and regulators need to have ultimate
confidence in a fire detection system that a real fire will never be missed under these conditions, yet
the inaccurate classification of a non-fire state as a fire can lead to an inappropriate decision with costly
and dangerous consequences. Test methods have been developed for evaluating a system’s ability to
detect standard fires or smoke-type aerosols. These are reviewed below. Standard methods do not
exist for defining the non-fire state.

Standard Detector Test Fires

Underwriters Laboratories standard UL 217* describes how a smoke detector is certified to respond to
a fire threat. Four different fuel sources are used to challenge the detector: newsprint, gasoline, wood
and styrene. The European standard, CEN 542, specifies six different test fires to cover a broad range
of conditions, including pyrolyzing wood, smoldering combustion and flaming combustion, with heat
release rates(HRR) between 2 kW and 150 kW. These standard fires are listed in Table 1.
Measurements were made of the major products of combustion in a number of the above standard fires.
Pfister'> and Jackson and Robins'® measured temperature, the response of a standard particle detector,
water vapor, and some combustion gases near the ceiling of standard rooms with the EN 54 fires
burning. Grosshandler et al."'® measured fuel mass loss, CO,, CO, H,O individual and total
hydrocarbons, particulate matter, temperature, and velocity in the plumes above the TF 1 and TF 2
fires. Figure 2 is an example of the repeatability obtained for the pyrolyzing wood fire, with the mass
loss for five successive test shown as a function of time into the test. (Note that the test was considered
over once flaming began.)
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