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--------------------- ---· 

EXECUTIVE SUMMARY 

PROBLEM. 

Previous work in cabin fire safety - reference E&D program plan FAA-ED-18-7 dated 
June 1980 (revised 1983) - has made considerable inroads into the postcrash fire 
problem and several areas related to in-flight safety. As a result of this work, 
notices of propo·sed rulemaking were issued by the Federal Aviation Administration 
(FAA) on flammability requirements for aircraft seat cushions, and floor proximity 
emergency escape path marking. Also, technical standard order TSO-C69A was issued 
to improve fire resistance of evacuation slides and a new advisory circular AC20-
42B on hand-held extinguishers was issued containing information for the safe use 
of Halon 1211. Further Notice of Proposed Rulemaking (NPRM's) are planned in the 
near future on fire protection requirements for cargo compartments, fire extin­
guishers and smoke detectors for lavatories, and improved test methods and criteria 
for cabin interior materials. 

Attention has now shifted almost completely to the in-flight fire problem due to 
two recent accidents - the Saudia 11011 accident and the Air Canada DC9 which 
resulted in a total of 324 fatalities. On an international basis there have been 
2061 fatalities from in-flight fires during the period of 1964 to 1983. Of the 
2061 fatalities, 1102 were caused by fires originating in the cabin/fuselage. 
Five hundred and thirty eight fatalities resulted from engine fires. Some of the 
products previously mentioned as forthcoming from the cabin fire safety program 
will also contribute to reducing the in-flight fire problem such as the seat fire 
blocking concept, hand-held extinguisher agent recommendation, and the results of 
the cargo compartment study. However, considerably more effort is needed to 
effectively reduce the in-flight fire problem, especially for scenarios involving a 
hidden fire whose location cannot be readily determined. Some of the greatest 
dangers come from a fire in unoccupied or isolated areas where it may progress to 
catastrophic proportions before being detected or before appropriate procedures can 
be taken. In finding solutions for the in-flight fire, one must consider its 
unique characteristics as compared to the postcrash fire. The postcrash fire is 
generally originated by an external fuel fire, progresses very rapidly, and is 
dominated by flashover, whereas the in-flight fire is generally a hidden fire that 
progresses very slowly. Certainly the danger of an in-flight fire demands that the 
following procedure be followed in the order of importance. 

1. Preventive measures/procedures are developed. 
2. Detection of the in-flight fire is made early. 
3. The fire is extinguished early.-
4. The fire is isolated. 

Additional effort is needed to look at the ..whole aircraft as a system and update it 
to the current state-of-the-art in fire protection. This is particularly important 
from the standpoint of preventing potential future fire problems from occurring and 
establishing an atmosphere of fire prevention by anticipation rather than by 
reaction after the fact. Considerable advancement in fire technology has been made 
in the last few years that should be utilized and applied. Also, fire protection 
measures and procedures currently utilized in general aviation and rotorcraft air­
craft should be reviewed for adequacy. All old and outdated aircraft fire protec­
tion regulations need to be reviewed and, if necessary, fire studies conducted to 
establish new and adequate fire protection criteria. 
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PROGRAM OBJECTIVES. 

The overall objective of the aircraft systems fire safety technical program is to 
characterize the hazards created by an in-flight fire as it relates to aircraft 
safety, determine effective means for preventing, detecting, extinguishing, and 
isolating the fire through development of technical criteria, operating procedures, 
and recommendations for regulatory procedures for transport, general aviation and 
rotorcraft, that will establish overall fireworthy aircraft. Also, through con­
tinued study and testing to further improve the fire protection available in a 
postcrash fire. 

CRITICAL ISSUES. 

The aircraft systems fire safety technical program, due to its systems approach 
as related to the whole aircraft, will address certain critical issues. Some of 
these issues are as follows: 

a. Several factors need to be resolved concerning the use of aircraft 
ventilation systems in the control of in-flight fires. Should the ventilation 
dump valve be closed or the airplane depressurized, thereby restricting oxygen to 
the fire source and slowing its progress, or should it be opened to allow escape of 
smoke, heat, and unburned hydrocarbons to delay flashover? Also, is the current 
ventilation system designed properly to most effectively aid the pilot in an 
emergency in controlling a fire? Many variations of fire scenarios occur in flight 
and each may require study in relation to these issues. Answers to these issues 
should open up a new avenue in fighting in-flight fires. 

b. Considerable controversy exists concerning the use by passengers of pro­
tective breathing apparatus during in-flight and-postcrash fires. Although, 
appearing to be a very viable and cost-effective aid to passenger survivability, 
there are issues that need to be resolved to prove that the concept is worthwhile. 
Such issues as: 

1. Will the passengers actually put the system on during an emergency? 

2. Will it hinder or help during evacuation? 

3. Will there be psychological ~ffects such as causing people to become 
disoriented? 

4. How much capacity should the system have in providing toxic free air? 
Under some scenarios would passengers run out of air and actually suffocate? 

5. With the advent of composites and more of this material being utilized 
in aircraft construction to the point where eventually the majority of the aircraft 
will be constructed of composities, the issue arises-- does this make the air­
craft more or less fireworthy? 

6. The current oxygen system onboard aircraft has been the subject of 
discussion many times as to whether or not it might have contributed to an aircraft 
fire. Certainly, the introduction of oxygen will intensify a fire. This longtime 
issue needs resolving and if oxygen systems are found to be contributing to fires, 
recommendations for making the system fireworthy should be made. 
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These issues must be carefully studied, as sometimes the introduction of a safety 
feature may solve one problem but unknowingly introduce another. 

PROGRAM TECHNICAL APPROACH. 

The general technical approach in this program will be to conduct full-scale fire 
tests to define the problem. In the previous program on cabin fire safety (FAA-ED-
18-7), full-scale fire tests were conducted on a simulated wide-body test article 
in a postcrash fire scenario. Emphasis in this program will be placed in simulat­
ing (full-scale) the in-flight fire scenario as realistically as possible to 
properly characterize the in-flight fire and obtain valid realistic solutions. 
Tests will be conducted to correlate full-scale, model, and laboratory tests in 
order to establish valid/realistic laboratory certification tests. 

The program is broken down into seven areas as follows: 

a. Fuselage fire management 
b. Systems 
c. Advanced concepts 
d. Powerplant fire protection 
e. Materials and test methods 
f. Accident investigations 
g. Reimbursable agreements 

ESTIMATED COMPLETION DATES. 

Completion dates for the major areas (which are subdivided) are as follows: 

a. Fuselage Fire Management 
Lavatory Fire Protection 
Smoke Ventilation 
General Aviation 
Postcrash Cabin Firefighting 
Burn-Through resistance 

November 1986 
November 1988 
November 1988 
November 1986 
April 1988 

b. Systems 
Protective Breathing Devices 
Oxygen System Safety 
Aluminized Slides 

November 1987 
November 1989 
November 1985 

c. Materials and Test methods 
Hydraulic Fluids 
Electrical Wiring 
Sustaining Engineering 

November 1990 
November 1990 
Continuous 

d. Powerplant Fire Protection 
Burner Studies 
Coating 
State-of-the-art Study 

April 1989 
April 1988 
November 1989 
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e. Advanced Concepts 
Modeling 
ACES 

Continuous 
November 1989 

f. Accident Investigations Continuous 

g. Reimbursable Agreements Continuous 
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1. INTRODUCTION. 

1.1 AIRCRAFT SYSTEMS FIRE SAFETY PROBLEM. 

The more recent work in aircraft fire safety research placed considerable emphasis 
on reducing the hazards of the postcrash fire. Accident statistics showed that 
approximately 39 percent of the fatalities in a survivable accident are fire 
related and occur during a postcrash fire. The work conducted in this area is 
outlined in report number FAA-ED-18-7, Engineering and Development Program Plan­
Aircraft Cabin Fire Safety, dated June 1980 (revised February 1983). As a result 
of this comprehensive program, the Federal Aviation Administration (FAA) has made 
considerable inroads into the postcrash fire problem. Most significant was the 
issuance of two Notices of Proposed Rulemaking (NPRM): (1) Flammability require-

. ments for aircraft seat cushions. (Fire-resistant material such as seat blocking 
layers was shown to increase the survivable time in the cabin during a postcrash 
fire by as much as 1 minute.) and (2) Floor proximity emergency escapepath marking. 
(Lower mounted emergency lights reduced the time to evacuate passengers in a smoke 
filled environment by 20 percent.) Both NPRM's were issued on October 11, 1983. 
An NPRM on test methods and criteria for cabin interior materials is planned for 
late fall 1984. 

In-flight fires in commercial aviation are becoming a concern since there have been 
a total of 2,061 worldwide fire fatalities over the past 20 years with 324 of 
these occurring within the past 3 years. Of the 2,061 fatalities 1,102 were caused 
by fires originating in the cabin/fuselage. A listing of in-flight cabin/fuselage 
fatal fires (1964-1983) is found in table 1. 

In the case of the Varig 707 accident, the in-flight fire was said to have been 
caused by a cigarette being dropped in a waste basket in an aft lavatory. The fire 
spread throughout the cabin, causing a forced landing. Only 11 of the 134 occupants 
survived. In the Air Canada DC9 accident, the fire started in the vicinity of the 
the aft lavatory, possibly by an electrical failure. The fire progressed through 
the cabin, forcing an emergency landing and evacuation during which 23 people died. 
In another significant accident, an in-flight fire originated in flight in the 
vicinity of a Saudia L1011 class D cargo compartment and progressed up through the 
cabin floor and eventually killed 301 passengers due to the phenomena of flashfire 
within the cabin, which occurred just after an emergency landing prior to evac­
uation. 

Some progress has already been made toward helping to reduce the in-flight fire 
problem. Besides the issuance of the NPRM on seats, as previously mentioned, 
wherein the seat fire blocking layer concept was proven to be even more effective 
in the in-flight fire scenario, work has been accomplished on cargo compartment 
fire protection and hand-held extinguishers. 
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TABLE 1. IN-FLIGHT CABIN/FUSELAGE FATAL FIRES 1964 TO 1983 

Date Aircraft Operator Location Phase Fatalities Circumstances 

9-1-64 DC-3 ALA Nr Zarate Enroute 28 Fire reported in 
cabin 

9-7-64 Viscoun~ United Nr Parrotsville Unknown 39 Fire in fuselage 
23-6-67 One-Eleven Mohawk Nr Blossburgh Enroute 34 Cabin fire 
11-9-68 Caravelle Air Inter Cap d'Antibes Enroute 95 Fire on board 
2-4-69 C-46 Unknown New Providence Take-off 2 Fire on board 

reported 
26-7-69 Caravelle Air Algerie Algiers Landing 35 Cabin fire 
4-8-72 11-62 Interflug East Berlin Climb 156 Fire in tail 
1-7-73 707 Varig Pans Appoach 123 Cabin in fire started 

by cigarette in rear 
lavatory waste bin. 
Forced landing short 
of airport 

N 3-11-73 707 Pan American Boston Enroute 3 Fire and smoke caused 
by acid-cargo spillage 

3-3-78 748 LAV Caracas Take-off 47 Crashed into sea 
after fire reported 

in cabin 
23-3-78 DC3 Dominica Grand Turk Take-off 1 Fire on board reported 
26-11-79 707 TIA Jeddah Enroute 156 Cabin fire reported 
19-8-80 TriStar Saudia Riyadh Landing 301 Cabin fire originating 

in cargo hold reported 
during climb: aircraft 
returned to airport 
emergency doors not 
opened 

21-12-80. Caravelle Aerovias Nr Rio Hace Take-off 70 Cabin explosion and 
del Cesar Colombia fire 

2-6-83 DC9 Air Canada Cincinnatti En-route 20 Fire broke out in rear 
cabin enroute: emer-
gency decent landing 
and evacuation 

Flight International, August 13, 1983 



Fire tests on cargo compartments (Saudia accident) revealed that the Nomex liner 
used in L1011 class D cargo compartments was inadequate in containing a fire. A 
service bulletin was issued suggesting replacement of the Nomex liner with more 
fire resistant fiberglass material. A new cargo liner material laboratory fire 
acceptance test was also developed, which more realistically represents the cargo 
compartment fire scenario than the existing regulatory lab test. Extensive 
tests were conducted on a variety of hand-held extinguishing agents to establish 
which was most effective in extinguishing an in-flight fire originating on a seat 
ignited by a flammable fluid. Halon 1211 was proven superior and a GENOT was 
issued to all airlines recommending the installation of at least two Halon 1211 
hand-held extinguishers. The majority of the airlines have indicated that they 
will comply. 

When considering the in-flight fire scenario versus the postcrash scenario there 
are very distinct, contrasting differences which require technical consideration 
when both defining the problem and identifying solutions. For example, the post­
crash scenario is identified as normally an external originated pool fuel fire 
which progresses into the cabin through door openings or ruptures in the fuselage. 
The duration of the postcrash fire is generally in the order of 2 to 3 minutes 
before flashover or a non-survivable environment develops. Flashover dominates the 
environment, i.e., environmental conditions such as smoke, heat, and toxicity are 
not life threatening until flashover occurs. Once a pool fire is started, it is 
difficult to stop due to its intensity and fast rate of progression. However, the 
rate of progression can be slowed, thus delaying flashover, by introducing more 
fire resistant materials in the cabin construction. Delay in flashover produces 
increased time for passenger evacuation. 

Conversely, the in-flight is generally of a hidden nature in the initial stages; 
i.e., starting in a cargo compartment, lavatory or behind a panel, and progressing 
at a slow rate due to a smaller ignition source as compared to a large fuel fire in 
the postcrash scenario. Also, due to its location there will be more smoldering 
and possibly levels of smoke and toxic gases that are significant, even prior to 
the onset of flashover. The in-flight fire can be controlled more readily by 
following a procedure where (in the order of importance): 

1. Preventive measures/procedures are developed. 
2. Detection of the in-flight fire is made early. 
3. The fire is extinguished early. 
4. The fire is isolated. 

The recent accidents, such as the Air Canada DC9 and Saudia L1011, resulted in 
several National Transportation Safety Board (NTSB) recommendations to FAA for 
in-flight fire research that, coupled with planned FAA initiatives in the specific 
areas of emergency smoke ventilation, lavatory fire protection and protective 
breathing devices, form the key requirements for this plan. Other areas of 
research outlined in this technical program plan are required to update all air­
craft systems to the current knowledge or state-of-the-art of fire protection. 

Every effort must be made to examine any system or aspect of the aircraft that 
would make flying as fire-safe as possible. Although prime emp~asis in the past 
in aircraft fire safety has been placed in the areas where past fire accidents have 
occurred, the time has come to take a systems approach in identifying potential 
fire problems. Prevention of unidentified fire problem areas before the fact is 
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also a key consideration in this technical program plan. The sound technical base 
in fire technology formed at the FAA Technical Center in the last 5 years now 
permits this thorough look at the whole aircraft, not only transport but also 
general aviation and rotorcraft. 

1.2 PROGRAM OBJECTIVES. 

The overall objective of the aircraft systems fire safety technical program is to 
characterize the hazards created by an in-flight fire as it relates to aircraft 
safety, and determine effective means for preventing, detecting, extinguish-
ing and isolating the fire through developing technical criteria, test methods, 
operating procedures and recommendations for regulatory consideration. Also, 
broadly, to establish an overall fireworthy aircraft. Specific objectives of 
the program are to: 

a. Develop, by conducting full-scale and laboratory tests, improved fire 
protection measures for transport aircraft lavatories. 

b. Develop optimal procedures for use of aircraft ventilation/environmental 
control systems for fire control and emergency smoke ventilation. 

c. By transfer of established transport fire technology and specified tests, 
define the proper types and amounts of extinguisher agents, adequacy of current FAR 
flammability requirements of materials and overall fireworthiness of general 
aviation and rotorcraft aircraft. 

d. Determine effectiveness of new and innovative procedures and techniques 
(e.g., infrared detectors, penetrating nozzles and onboard foam/water sprinkler 
systems) for use by the CFR services to locate and extinguish a postcrash cabin 
interior fire. 

e. Improve the burn-through resistance of an aircraft fuselage by an external 
fuel fire in a postcrash environment. 

f. Determine effectiveness of and design requirements for protective breath­
ing devices for use by passengers. 

g. Determine relationship, if any, during a fire, between the oxygen system 
and fire progression under both in-flight and postcrash conditions. 

i. Determine the adequacy of current regulations or fire protection criteria 
for hydraulic fluids and electrical wiring. 

j. Define the toxic threat to cabin occupants resulting from aircraft fires. 

k. Maintain currency of the state-of-the-art in fire-resistant materials 
by performing cursory fire tests and study effects of aging on fire-resistant 
materials. 

1. Define the level of adequacy of current practice in powerplant fire detec­
tion and extinguishment. 
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m. Assess the effectiveness of state-of-the-art intumescent/ablative 
coatings. 

n. Assess the adequacy of current standard fire test burners for component 
testing. 

o. Develop a new, updated more effective Halon extinguishing agent concentra­
tion recorder. 

p. Provide mathematical (theoretical) modeling procedures that can be used to 
predict fire growth and effects of improved fireworthiness concepts. 

q. Provide, maintain, and develop improved physical (small-scale) modeling 
techniques to guide and support full-scale fire test efforts. 

r. Develop prototype software and hardware module of an aircraft command in 
emergency situations (ACES) that would automatically direct the crew on the best 
course of action to take during a fire. 

s. Continue assisting NTSB in accident investigations and analysis to provide 
firsthand technical knowledge of fire problems needing R&D so_lution. 

t. Provide Transportation Safety Institute with fire safety expertise in the 
form of lecturers during accident investigation courses. 

u. Continue reimbursable fire-work with the (military) Air Force and other 
civilian agencies where mutual benefits would be attained through transfer of fire 
technology and identifying future (anticipated) civil aircraft fire problems. 

v. Maintain worldwide prominence in the aircraft fire protection field 
through maintaining existing unique, fire test facilities and erecting new facili­
ties as required to adequately fulfill our mission. 

1.3. CRITICAL ISSUES. 

The aircraft systems fire safety technical program, due to its systems approach as 
related to the whole aircraft, will address certain critical issues as follows: 

a. Several factors need to be resolved concerning the use of aircraft 
ventilation systems in the control of in-flight fires. Should the ventilation 
dump valve be closed, thereby restricting oxygen to the fire source and slowing 
its progress or should it be opened to allow escape of smoke, heat, and unburned 
hydrocarbons to delay flashover? Also, is the current ventilation system designed 
properly to most effectively aid the pilot in an emergency in controlling a fire? 
Many different fire scenarios occur in flight and each may require study in rela­
tion to these issues. Answers to these issues should open up a new avenue in 
fighting in-flight fires. 

b. Considerable controversy exists concerning the use by passengers of 
protective breathing apparatus during in-flight and postcrash fires. Although 
appearing to be a very viable and cost effective aid to passenger survivability, 
there are issues that need to be resolved to prove that the concept is worthwhile. 
Such issues as: (I) Will the passengers actually put the system on during an 
emergency? (2) Will it hinder or help during evacuation? (3) Will there be 
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psychological effects such as causing people to become disoriented? (4) How 
much capacity should the system have to providing toxic free air? Under some 
scenarios would passengers run out of air and actually suffocate? Sometimes the 
introduction of a safety feature may solve one problem but unknowingly introduce 
another. 

c. With the advent of composites and more of this material being utilized in 
aircraft construction to the point where eventually the majority of the airc~aft 
will be constructed of composites, the issue arises --does this make the aircraft 
more or less fireworthy? 

d. The current oxygen system onboard aircraft has been the subject of discus­
sion many times as to whether or not it might have contributed to an aircraft fire. 
Certainly, the introduction of oxygen will intensify a fire. This longtime issue 
needs resolving and if oxygen systems are found to be contributing to fires, recom­
mendations for making the system fireworthy should be made. 

1.4 GENERAL TECHNICAL APPROACH. 

The general technical approach in this program will be to conduct full-scale fire 
tests to define the problem. As undertaken in the previous program on cabin fire 
safety (FAR-ED-18-7), full-scale fire tests were conducted on a simulated wide-body 
test article in a postcrash fire scenario. Emphasis in this program will be placed 
in realistically simulating the in-flight fire scenario to obtain valid answers. 

Priorities in this program will be placed on addressing fire problems identified 
in recent fire accidents such as lavatory fire protection, emergency smoke venting 
and protective breathing devices. However, the program is so structured as to 
study other aircraft systems as to their fireworthiness in an attempt to identify 
potential future fire problems and make recommendations of procedure or design 
change to prevent them from causing a future accident. 

The aircraft systems fire safety program plan is divided into seven areas: 

a. Fuselage fire management 
b. Systems 
c. Advanced concepts 
d. Powerplant fire protection 
e. Materials and test me·thods 
f. Accident investigation 
g. Reimbursable agreements 

Each area is composed of individual projects as described in sections 2.1 to 2.7. 
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2. TECHNICAL PROGRAM DESCRIPTION. 

2.1 FUSELAGE FIRE MANAGEMENT. 

2.1.1 In-flight. 

2.1.1.1 Lavatory Fire Protection. 

2.1.1.1.1 Objective. 

The objective of this project is to develop improved fire protection measures for 
transport aircraft lavatories. 

2.1.1.1.2 Background. 

Two fatal in-flight fires have occurred where the or~g~n of the fire was inside a 
lavatory. The first known accident of this type occurred in a Varig 707 in 1974 and 
resulted in 123 fatalities. Careless disposal of a cigarette into the waste paper 
disposal bin was attributed to be the cause of the fire. More recently, on June 2, 
1983, an Air Canada DC9 caught on fire, beginning in the lavatory, resulting in 23 
fatalities. Although the investigation by the National Transportation Safety Board 
is on-going, it is believed that the ignition source was in the general area of the 
lavatory. Both accidents were similar in terms of a number of significant respects. 
First, the crew was alerted at a point in time that was probably at a relatively 
early stage of the fire, by detection of smoke by a cabin occupant. However, 
because the fire was hidden, its base or origin could not be determined, and 
subsequent firefighting measures proved ineffective. Moreover, actions taken by 
the crew to minimize the smoke or fire may have produced the opposite effect. For 
example, in the Varig accident the opening of a window in the cockpit to clear 
smoke created a low-pressure area which actually resulted in more smoke accumula­
tion. In the Air Canada accident, cabin ventilation was shut off in an attempt to 
deprive the fire of oxygen; however, this action also terminated the high exhaust 
rate of heat, smoke and gases overboard and, in the final analysis, ~have been 
counterproductive in this respect. 

In terms of fire protection requirements, a lavatory appears to lie in-between a 
cockpit or passenger cabin and an inaccessible cargo compartment, in that it is 
accessible but intermittently occupied. Since the Varig accident, improvements in 
fire safety have resulted from a number of actions taken by the Federal Aviation 
Administration (FAA) and industry, including a total ban on smoking in the lava­
tory, and fire hardening of the waste paper receptacle compartment by sealing air 
gaps, installing self-actuated Halon 1301 bottles, using metal waste baskets and 
other means. However, it appears that a systems approach is required to safeguard 
against any potential accidental fire scenario, especially a hidden fire whose 
location cannot be readily determined, with proper consideration of the complex 
requirements for early detection and effective suppression, and the effects of 
current materials and ventilation design. 

2.1.1.1.3 Technical Approach. 

A four-task approach is planned to cover the broad areas of problem definition, 
detection, extinguishment (and ventilation), and materials. Most of the work will 
be performed in-house, supported by selective contracts and interagency agreements. 

7 



--------------------------------------- -

2.1.1.1.3.1 Problem Definition. 

The initial effort will be a paper study to document the important lavatory design 
features having a bearing on fire safety for the different aircraft models compris­
ing the United States (U.S.) transport fleet. Examples of these features include 
ventilation (grill size, exhaust rate), types of materials, location of potential 
ignition sources (waste paper receptacle, flushing toilet motor, electrical out­
lets, etc.), overall dimensions and integration of lavatory with cabin. The 
importance of this effort is to assure that each potentially important design 
feature is addressed during testing so that any proposed improvement will cover the 
spectrum of lavatory designs. Also, aircraft incident records will be studied to 
document past ignition sources for lavatory fires. 

Concurrent with the paper study, velocity measurements will be taken inside the 
lavatories of all the aircraft models comprising the U.S. fleet. Of greatest 
importance will be the velocity measurements in hidden areas, such as behind wall 
paneling, inside the amenities area, and near the flushing toilet motor, in 
addition to the measurements in the open space. An attempt will be made to con­
struct a mass flow balance. These measurements will give insight to smoke detec­
tion requirements, the ability of extinguishing agents to penetrate into certain 
areas and potential fire paths. Except for some very recent and limited measure­
ments of this type by Pan American Airlines, it is belived that this data is 
nonexistent. The work will be performed by in-house personnel under a mutual 
agreement with a nearby airline, or by contracting with one or more airlines to 
allow for these measurements. 

A series of full-scale fire tests will be performed in real lavatories to gain an 
understanding of the characteristics and hazards of a hidden lavatory fire. This 
work will produce knowledge about the patterns of fire spread and smoke accumula­
tion, time framework for significant events and means by which a lavatory fire 
spreads into the passenger cabin. An example of the latter is whether the fire or 
smoke can spread into the attic space for a long period of time without being 
evidenced in the main cabin. About 10 surplus 707 lavatories will be purchased 
from the Air Force and tested in the DC10 test article presently being used for 
class C cargo compartment fire protection studies. A simulated cabin ventilation 
system exists in this test article. An attempt will be made to match as closely as 
possible the ventilation patterns measured earlier in commercial transport lava­
tories with those set up in the test lavatories. Also, cabin interior materials 
adjacent to the lavatory or along the path of potential fire spread from the 
lavatory will be installed; e.g., drop ceiling, attic, carpet, and seats. Exten­
sive temperature, smoke, gases and video/photographic measurements will be taken 
in the lavatory, main cabin, and attic. 

2.1.1.1.3.2 Detection. 

The main goal of this project is to determine the requirements for early detection 
of potential lavatory fires, with emphasis on hidden fires. Commercial automatic 
fire/smoke detectors of various principles of operation and models will be examined 
and compared for responsiveness under the following conditions: 

a. at different suitable locations in real lavatories using artificial smoke 
(under para. 2.1.1.1.3.1), 
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b. at different suitable locations for various fire scenarios under realistic 
fire conditions (under para. 2.1.1.1.3.1 and 2.1.1.1.3.3), and 

c. inside the NBS smoke chamber using a series of fire exposure conditions 
and lavatory materials. 

Because of economic considerations, the feasibility of using home detectors must be 
established. Also, mounting a detector in the overboard exhaust duct will be 
studied. 

Perhaps the greatest problem associated with a hidden lavatory fire is not as much 
early detection as it is locating the base of the fire. In both the Varig and Air 
Canada accidents the exact location of the fire was not apparent to the crewmembers. 
Several interesting devices are available and will be examined as an aid for 
locating hidden fires. One device is a small, lightweight, and inexpensive plastic 
probe which is designed to "pop-up" at a specific temperature. These could be 
imbedded in the lavatory surfaces adjacent to fire-prone areas. Another device is 
a portable infrared scanner. Other promising devices will likely be identified and 
examined as the testing proceeds. 

The final product of this effort will be a specification for aircraft lavatory fire 
detectors. This work will be accomplished through an interagency agreement with 
NBS, relying on their experience and background on home fire detectors. The need 
for specific requirements to alleviate or minimize false alarms and for detector 
operation at cabin pressure will be addressed. 

2.1.1.1.3.3 Extinguishment. 

Another important goal of this project is to determine effective methods for 
extinguishing or suppressing various types of hidden lavatory fires. A full-scale 
"standardized" lavatory test article will be constructed of non-combustible 
(Kaowool• ceramic panels) outer wall, incorporating essential design features 
(ventilation, size, configuration) established under para 2.1.1.1.3.1. This test 
article will be utilized to examine and compare the following approaches for fire 
extinguishment: 

a. Utilization of Halon hand-held extinguishers, including (1) simple dis­
charge through a partially opened lavatory door, (2) discharge through a wall or 
door port straight into the lavatory space or through special lines to carry the 
agent into accessible areas, and (3) use of penetrator nozzles to gain access to 
hidden areas. 

b. Fixed total flooding systems, emphasizing agent penetration into potential 
hidden.fire areas. 

Various extinguishing system design parameters will be studied such as agents (Halon 
1301 versus Halon 1211), nozzles, nozzle locations, etc. The effect of lavatory 
ventilation will be examined during these experiments. It must be established as 
to whether hidden fires can be effectively extinguished or suppressed without 
shutting off the lavatory ventilation. 

A lower level of effort will examine the performance of "potty bottles" currrently 
installed in the waste paper receptacle compartments in some aircraft. A potty 

9 



bottle is a small disposable container designed to release less than a pound of 
Halon 1301 when thermally actuated. One possible "problem" that will be studied is 
whether the discharge of a potty bottle causes flaming paper towels clogging the 
disposal chute to be strewn into the lavatory and possibly causing ignition. 

2.1.1.1.3.4 Materials. 

The behavior of currently used materials during realistic lavatory fire tests will 
be studied. Two general classes of materials will be examined: (1) thermoplastics 
and (2) composite panels. With regard to thermoplastics, of concern is whether the 
use of acrylonitrile-butadiene-styrene (ABS) in such applications as toilet shrouds 
and counter tops poses any unusual problem which would require consideration of 
more fire resistance and more expensive materials such as polyethersulfone and 
polyetherimide. Composite panels comprise the shell of a lavatory and must func­
tion as effective fire barriers to contain a fire within the lavatory for long 
periods of time. Inservice panels will be tested from this viewpoint with proper 
consideration of joining and sealing methods used in actual lavatory construction. 
These realistic tests will be performed using the lavatory test article constructed 
under paragraph 2.1.1.1.3.3. 

2.1.1.1.4 Resources. 

The in-house employee-power and contract monies required are summarized below: 

Task 

Problem Definition 
Paper Study 
Velocity Measurements 
Realistic Lavatory Fire Tests 

Detection 
Extinguishment 
Materials 

0.25 
0.67 
2.5 
4.0 
3.0 
2.0 

lOOK 
150K 
250K 
lOOK 
lOOK 

2.1.1.1.5 Schedule. 

Months 
Task End 

Problem Definition 
Paper Study 0 3 
Velocity Measurements 0 3 
Realistic Lavatory Fire Tests 2 8 

Detection 0 15 
Extinguishment 12 21 
Materials 18 24 

2.1.1.1.6 Deliverables. 

The main deliveraple will be data and information leading to design criteria for 
fire protection of lavatories against hidden in-flight fires. This data and 
information will cover early detection and rapid extinguishment of fires, and 
proper usage of materials, documented in formal technical reports. A specification 
for automatic lavatory fire detectors will be developed. 
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2.1.1.2 Emergency Smoke Ventilation. 

2.1.1.2.1 Objective. 

The objective of this effort is to develop optimal procedures for use of the 
aircraft environmental systems for fire control and smoke evacuation. 

2.1.1.2.2 Background. 

In-flight fires that are hidden and/or out of control represent a serious threat 
because of the long time needed for descent and landing. Even in an emergency 
descent mode, several minutes are required to drop 30,000 feet. The time to travel 
to the nearest useable airport and set up a proper approach can take a long time 
additionally. In this period, the fire can grow significantly, can damage or 
destroy essential parts of the aircraft control system, and can kill the occupants 
from exposure to smoke, heat, and toxic gases • 

.There are capabilities, to this date uncharted, which might afford the crew more 
control over their ultimate destiny. At the very least, there are capabilities of 
modifying the flight profile, cabin pressurization, and cabin ventilation. Ven­
tilation plays a strong role in dumping heat and smoke while pressure plays a 
strong role in fire growth. Ultimately, operations research techniques could be 
used to get the optimal trade-off between minimizing the time to land an aircraft 
and maximizing the fire control through the environmental system control and flight 
profile selection. 

The overriding consideration, nevertheless, is the development of a sound data base 
from small- and full-scale tests on the relationships of ventilation and pressure 
to fire growth under a range of scenarios. 

Recent analytical work at the FAA Technical Center has shown how ventilation can 
slow the rate of temperature rise. A recent dissertation from Harvard shows the 
relationships of flash-fire phenomena to flammability limits. These types of 
analyses can be married to show what to expect of ventilation. As to pressure 
effects, the burning rate of a material is related to the Spalding B number which 
is proportional to the heat of combustion to the heat of vaporization and is 
directly related to the mass concentration of oxygen. 

2.1.1.2.3 Technical Approach. 

The approach needed here would be interdisciplinary in nature. Expertise is 
required in fire testing, aircraft systems, operations research, and aircraft 
flying. The first major thrust is the identification of the role of pressure and 
ventilation on control of fire through a combined analytic and small-scale 
(altitude chamber) approach. This is followed by full-scale verification. Finally, 
the data will be used in an operations research effort to optimize options avail­
able to the aircraft crew. The In-flight Fire Test Facility (see 3.2.2) will be 
used for the full-scale work. In the first year, 10 surplus B707 fuselages will be 
acquired for use over the entire program as well as for use in the full-scale 
simulations for Oxygen System Safety (see 2.2.2) and ACES (see 2.5.3). 

A fuselage will be inserted into the In-flight Fire Test Facility and a specific 
scenario will be identified for testing. At first, small fires will be used so 
that a given fuselage will be able to sustain the greatest number of fire tests. 
Instrumentation throughout .the aircraft will indicate hazards to passengers, crew, 
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and to the integrity of the aircraft systems. Sample flight pr9files will be 
varied to determine the optimum combination of cabin pressure and ventilation rate 
for minimizing hazard development for that scenario. The next scenario will be 
started and the same progression will ensue. 

Interface with available expertise in such groups as the American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers will be maintained through­
out the effort. 

2.1.1.2.4 Resources. 

The in-house employee-power and contract dollar resources over a 4-year period are 
as follows: 

Employee­
Power Dollars 

Year 1 5 800K 
Year 2 5 400K 
Year 3 8 1,000K 
Year 4 12 500K 

The skills over· this period would gradually shift from exclusively fire specialists 
at the start to a combination of operations research analysis, flight specialists, 
aircraft systems specialists, and fire specialists at the end. The resources here 
are based on the assumption that the facility described under 3.2.2 will be 
available. 

2.1.1.2.5 Schedule. 

Month 6 Project Plan (detailed) 
Month 12 Receive 10 B707 fuselages 
Month 18 Small-scale tests 
Month 24 Facility completion 
Month 36 Full-scale test completion 
Month 48 Systems analysis report 

2.1.1.2.6 Deliverables. 

The deliverable is a recommended procedure or set of procedures for managing the 
flight profile and cabin environmental system during an in-flight fire (see 3.2.2). 

2.1.1.3 General Aviation and Rotorcraft. 

2.1.1.3.1 General Aviation and Rotorcraft Fire Protection. 

2.1.1.3.1.1 Objective. 

The objective of this effort is the definition of the proper types and amounts of 
extinguisher agents for use in small aircraft and rotorcraft. 
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2.1.1.3.1.2 Background. 

The firefighting capabilities in large aircraft have recently been upgraded through 
increased deployment of halon hand extinguishers. Because of the large volumes of 
these aircraft as well as crew training and cockpit oxygen availability, the selec­
tion criteria for hand extinguishers are reasonable and effective. This state of 
affairs does not yet exist among rotorcraft and small aircraft. 

Small aircraft and rotorcraft can have volumes small enough so that neat agent 
toxicity can be a problem if the compartments are not adequately ventilated. At 
present, there is adequate data for hand extinguisher selection for a well venti­
lated small aircraft like the Cessna 210, but no work has been done by the FAA 
to this point on rotorcraft or pressurized aircraft like the Citation 3. 
Additionally, the FAA does not have an adequate data base to adequately judge the 
safeness and effectiveness of cabin total flooding halon 1301 systems. 

2.1.1.3.1.3 Technical Approach. 

For hand extinguishers, a small pressurized aircraft will be obtained from the Drug 
Enforcement Agency and ventilated from the high pressure air facility to simulate 
in-flight ventilation rates. Data acquisition will be conducted in the manner 
used in the Cessna 210 project. Flight testing will be us~d for the rotorcraft 
evaluation and the Statham analyzers will be used for agents concentration 
measurements. 

A total flood system for the cabin/cockpit will be installed in the Cessna 210, the 
pressurized aircraft, and the rotorcraft. Evaluation of agent concentration and 
decay will be conducted in the same test model used in the hand extinguisher work. 
additionally, the class A fire fighting effectiveness for both fixed-wing aircraft 
and rotorcraft will be evaluated under simulated flight conditions. 

2.1.1.3.1.4 Resources. 

The in-house employee-power and contract dollar resources over a 3-year period are 
as follows: 

Employee-Power (EY) Dollars 

Year 1 2 60K 
Year 2 2 lOOK 
Year 3 2 150K 

2.1.1.3.1.5 Schedule. 

Month 12 Report on hand extinguisher in pressurized aircraft 
Month 24 Report on total flooding in fixed-wing aircraft 
Month 36 Report on extinguishers in rotorcraft 

2.1.1.3.1.6 Deliverables. 

Technical criteria and requirements for extinquisher systems. 
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2.1.1.3.2 General Aviation Interior Materials. 

2.1.1.3.2.1 Objective. 

The objective of this effort is to evaluate the adequacy of current flammability 
requirements prescribed by FAA for general aviation (GA) interior materials. 

2.1.1.3.2.2 Background. 

It is recognized that transport aircraft cabin materials are far more fire resis­
tant than the materials used in GA. Generally, FAA regulations specify the usage 
of materials in transport cabins that are "self-extinguishing" when tested in a 
vertical orientation. In contrast, the requirements for GA are a horizontal burn­
rate; i.e., either flame re.sistant (less than 4 inches/minute) or flash resistant 
(less than 20 inches/minute), depending on the year the airplane was certified. 
Laboratory experiments have shown that vertical burn-rates can be ten times greater 
than horizontal burn-rates. Therefore, there is concern that some in-flight fires 
in GA may become uncontrollable because the interior materials are not adequately 
fire resistant. 

The fire problem associated with GA materials is an in-flight problem. Improve­
ments in postcrash fire safety are being addressed by more crashworthy fuel tanks/ 
lines. In-flight fires usually originate from relatively small ignition sources. 
It has often been stated that the vertical Bunsen burner test prescribed by FAA in 
FAR 25.853 accurately reflects the ignitability of a material subjected to a small 
ignition source. This project will attempt to determine whether significant 
improvements in GA in-flight cabin fire safety can be expected through the use of 
"self-extinguishing" materials. 

2.1.1.3.2.3 Technical Approach. 

The benefits of self-extinguishing materials over materials that are flame or flash 
resistant, during a GA cabin fire, must be determined by conducting full-scale fire 
tests. The Cessna 210 airplane used for extinguishing tests described in Section 
2.1.1.3.1 will be used as the test article after the extinguishing work is 
completed. This airplane will be fire hardened and protected in a fashion similar 
to the C133 wide-body test article. A series of realistic in-flight fires will be 
conducted with the interior furnished with self-extinguishing materials and with 
the interior furnished with flame- or flash-resistant materials. The need for more 
fire-resistant materials in GA will be based on the observed differences in fire 
development between the two classes of materials. 

2.1.1.3.2.4 Resources and Schedule. 

An engineer and two technicians are required over a period of 15 months to complete 
this project. The estimated contract dollars are $75K. 

2.1.1.3.2.5 Deliverables. 

The final product is data and information contained in a final report that 
addresses the benefits of more fire resistant cabin materials during various 
in-flight fire scenarios. 

14 



2.1.2 Postcrash. 

2.1.2.1 Postcrash Cabin Fire Fighting 

2.1.2.1.1 Objectives. 

The objectives of this project are (1) to examine and compare the effectiveness of 
(a) an onboard foam/water sprinkler system and (b) innovative fuselage skin 
penetrator no.zzles, operated by the Crash-Fire-Rescue (CFR) services, against 
postcrash cabin fires; and (2) to perform detailed studies of the design impact and 
costs associated with the implementation of the most promising systems. 

2.1.2.1.2 Background 

One of the principal objectives of the CFR services is to respond to aircraft 
accidents/incidents and extinguish all exterior fires to permit the self-evacuation 
of occupants. However, this limited scope objective is currently being reviewed by 
experts in the field. Accident reports are existent in which the CFR services 
accomplished their basic mission, but the aircraft was subsequently lost because of 
the uncontrollable interior cabin fires which had been ignited by external fuel­
spill fires. 

Limited test work or field experience exists for each of the concepts to be 
studied, as follows: 

a. Application rates from an onboard sprinkler system were adjusted to extin­
guish seat fires in a small number of FAA fire tests in a DC7 fuselage. 

b. The NASA skin penetrator nozzle is tactically deployed at all potential 
landing sites of the space shuttle for extinguishing interior cabin fires, if 
required; and 

c. The feasibility of employing the USAF's penetrator nozzle was established 
in FAA Technical Center report (FAA-NA-79-43, June 1979), employing one particular 
fire scenario. 

2.1.2.1.3 Technical Approach. 

The technical approach consists of (a) realistic full-scale cabin fire tests to 
determine and compare the effectiveness of each system under evaluation; and (b) a 
cost/design impact study of the most promising system(s). 

2.1.2.1.3.1 Fire Tests. 

The full-scale cabin fire tests will 'be··conducted in the C133 test article because 
of the need for highly controllable conditions to make systems performance compar­
isons meaningful. Also, the C133 test article is extensively instrumented for 
mapping out cabin fire hazards and is more representative of contemporary cabin 
configurations than a DC7 fuselage. The fire tests will be preceeded by prelim­
inary tests to gather design information. For example, the number, type, location 
and discharge rate of sprinkler heads will be determined initially. Also, some 
rough evacuation tests may have to be conducted if the required discharge rates 
produce a deluge effect. For the penetrator nozzles, tests will be conducted to 
evaluate ease of fuselage penetration and nozzle operation, and discharge patterns 
produced by the candidate extinguishing agents. Each system's performance will be 
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evaluated under a number of fire intensities, including, if feasible, post­
flashover conditions. 

2.1.2.1.3.2 Design/Cost Impact Study. 

A contract will be awarded to determine the design/cost impact of the most-promis­
ing system(s) on the U.S. fleet and/or CFR services, whichever is applicable. 
Taking the results from section 2.1.2.1.3.1, estimates will be made of benefit/cost 
ratios. 

2.1.2.1.4 Resources/Schedule. 

The estimated resource requirements are as follows: 

E/Y 

Year 1 
Year 2 

3.5 
2.0 

75 
150 

2.1.2.1.5 Deliverables 

Formal technical reports will document the comparative effectiveness of an onboard 
sprinkler system and penetrator nozzles, operated by the CFR services, against 
postcrash internal fuselage fires. Information on the design impact, costs and 
estimated benefit/cost ratios of the most promising system(s) will also documented. 

2.1.2.2 Fuselage Burn-Through Resistance. 

2.1.2.2.1 Objective. 

The objective of this project is to improve the resistance of an aircraft fuselage 
to penetration or burn-through by an external fuel fire in a postcrash environment. 

2.1.2.2.2 Background. 

A typical survivable postcrash aircraft fire scenario consists of a relatively 
intact fuselage exposed to a large adjacent fuel fire. The cabin will be imme­
diately subjected to intense radiant heat and flames through fuselage openings next 
to the fuel fire. However, if the fuselage is completely intact in this region, 
fire burn-through into the cabin is resisted for a period of time. This resistance 
is the result of heat-sink effects in the aluminum skin and structural elements, 
moisture evolution and heat insulation by the thermal acoustical blankets, and fire 
resistance of interior composite panels. In the Continental DC10 accident at LAX 
on March 1, 1978, the fuel fire did not penetrate the fuselage for 2 to 2 1/2 
minutes. In some accidents, this is an adequate time period for occupants to 
safely evacuate the airplane. Other accidents may require evacuation time on the 
order of 5 minutes, such as the DC10 accident in Malaga, Spain in October 1982. 
When evacuation times approach 3 to 5 minutes, fuselage burn-through will ignite 
the cabin interior and possibly prevent escape by the passengers still inside the 
cabin. 

When the fuel fire covers the side of the fuselage, full-scale tests at the Tech­
nical Center demonstrated that the initial flame penetration will be through the 
window assembly. Replacement of the inner "fail-safe" pane by a modified epoxy 
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pane developed by NASA (EX-112) was found to provide a significant improvement in 
flame resistance. Because the EX-112 pane cannot be economically produced on a 
commercial scale, due to its high chemical reactivity and relatively short pot 
life, and because its physical properties are below the minimum requirements of the 
conventional stretched acrylic pane, a contract was awarded in FY-84 to develop a 
commercially producible, thermally improved window transparency meeting all of the 
requirements of the current window transparency. 

With the anticipated significant improvement in burn-through resistance of window 
assemblies, a need exists to upgrade the remaining fuselage structures to at least 
that level of resistance. The route of fire burn-through and the structural 
components requiring improved fire resistance must be determined. In addition, 
replacement of the aluminum with advanced structural polymeric composites in the 
future can either lengthen or shorten the fuselage burn-through time, dependent on 
the following parameters: thermal diffusivity, polymer degradation temperature, 
effective heat of degradation, percent char yield, and high temperature structural 
degradation. Thus, the effects of burn-through times by evolution to polymeric 
composite replacements for metal must also be evaluated. 

2.1.2.2.3 Technical Approach. 

The overall technical approach will include burn-through characterization of com­
ponents in the laboratory, failure analysis of major aircraft models for select 
fire scenarios, and full-scale testing to support the development of burn-through 
performance requirements. Testing will be performed in-house and the failure 

.analysis will be a contractural effort. Component testing will be conducted in the 
proposed Aircraft Components Fire Test Facility (s:ection 3.2.1), and the full-scale 
testing will be conducted in the Full-Scale Fire Test Facility.(section 3.1.4). 

2.1.2.2.3.1 Failure Analysis. 

A contract will be awarded to examine the pertinent design features of major 
transport models (DC8, DC9, DC10, L1011, 727, 737, 747, 757, 767, and A300) having 
a bearing on fuselage burn-through. Skin thickness, thermal insulation type and 
thickness, floor design, interior panel construction, floor-sidewall interface, 
attachment method and any other relevant features will be documented in detail. 
Fire scenarios will be developed to identify potential failure modes. Based on 
this analysis, full-scale and small-scale fire tests will be recommended to val­
idate the path of burn-through and develop performance requirements to upgrade the 
burn-through resistance of the fuselage system. 

2.1.2.2.3.2 Fire Tests. 

Small-scale fire tests will be performed initially to characterize the burn-through 
resistance of a variety of fuselage components, including skins, insulation, 
interior panels, flooring and advanced structural composites. The composite types 
will probably include a range of both components (phenolics, epoxies, graphite, 
Kevlar, etc.) and a ~ange of structural configurations (laminates with and without 
honeycomb core). This work will also culminate in the development of a suitable 
small-scale test method for burn-through resistance. Full-scale tests will be 
performed to examine the failure analysis derived in section 2.1.2.2.3.1, and to 
project potential improvements in burn-through resistance. Ultimately, small-scale 
test performance requirements for appropriate fuselage components or an assembly 
configuration will be developed to upgrade the overall burn-through resistance 
of the fuselage system. 
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2.1.2.2.4 Resources. 

The in-house technical employee-power is expected to be 3 employee-years in year 1 
and 4 employee-years in year 2. The contractual effort is estimated at $150K and 
the cost of equipment, supplies and test materials is estimated at $125K. 

2.1.2.2.5 Schedule. 

The total duration of the effort is anticipated at 30 months starting in FY-86. 

2.1.2.2.6 Deliverables. 

The final product will be fire test performance requirements to upgrade the 
overall burn-through resistance of the aircraft fleet against a large external fuel 
fire. At least two formal reports will document the technical effort leading to 
this final product. 

2.1.3 Milestone Schedule. 

The milestone schedule for the projects and tasks comprising the fuselage fire 
management element of this program is shown in figure 1. The milestone 
schedule is based on the resource requirements described in table 2, section 4 
and the assumption that the current Cabin Fire Safety Program will be completed 
by October 1, 1984. 
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2.2 SYSTEMS. 

2.2.1 Passenger Protective Breathing Devices. 

2.2.1.1 Objective. 

The objective of this project is to determine the effectiveness of and design 
requirements for protective breathing devices for use by passengers during a cabin 
fire. 

2.2.1.2 Background. 

FAA NPRM 69-2 proposed the use of smoke hoods for passengers to provide protection 
against the hazards of a cabin fire during an emergency evacuation. The smoke hood 
was essentially a transparent, heat resistant plastic bag with a neck seal. Air 
trapped in the bag during donning constituted an adequate supply for breathing by 
the wearer during "typical" evacuation times. However, a number of important issues 
about the effectiveness, safety and practicality of smoke hoods resulted in the 
withdrawal of NPRM 69-2 by FAA on August 18, 1980. The primary issues were the 
following: (1) the time required to don a smoke hood would result in a significant 
increase in evacuation time; (2) the smoke hood, in itself, was a potential hazard 
caused by the consumption of oxygen in the trapped air; and (3) practical consid­
erations such as deployment, pilferage, and liability were not adequately resolved. 

In the more than 13 years that have transpired since the withdrawal of NPRM 69-2, 
two major developments point to the need for reconsideration of --not necessarily 
smoke hoods --but the concept of passenger breathing devices. Foremost is the 
appearance in the marketplace of devices that go beyond the simple smoke hood; 
e.g., a number of hoods with a smoke filter, various hoods with portable oxygen/air 
supplies, large hoods that fasten at the waist, a hood supplied by air from the 
passenger fresh-air supply nozzle ("gassper"), emergency escape masks, etc. 
Secondly, a series of in-flight fires in U.S. built aircraft operated by foreign 
carriers, with upwards of 600 fatalities, suggest the need for passenger protection 
against smoke accumulation in the cabin while the airplane is in flight. The most 
recent example was the Air Canada DC9 accident on June 2, 1983 wherein copious 
amounts of smoke reduced visibility inside the passenger cabin to less than an arm's 
length. Would additional lives have been saved if protective breathing devices 
were available, or would the additional time required for evacuation have trapped 
additional occupants in the all-consuming flash-fire? 

2.2.1.3. Technical Approach. 

A broad program is required to cover the areas of need for the device, safety and 
effectiveness, compatability with aircraft design, concept development, training 
requirements and psychological considerations, and evacuation effects. In-house 
resources at CAMI and the Technical Center will be utilized, supplemented by an 
outside contract and possibly an interagency agreement with NBS. Two basic devices 
will be examined: (1) separate smoke protection devices and (2) emergency oxygen 
masks modified for smoke protection. 
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2.2.1.3.1 Cabin Hazard Analysis. 

Will protective breathing devices be effective or are they even needed in the cabin 
environment created by in-flight or postcrash cabin fires? This question will be 
addressed by conducting realistic full-scale cabin fire tests at the Technical 
Center. In the postcrash environment, additional measurement stations and more 
extensive measurements are needed, as well as more completely furnished test 
articles in order to map out the hazards throughout a cabin before and after flash­
over to examine the potential need and efficacy of a protective breathing device. 
Similarly, in-flight fire tests performed under para. 2.1.1.1.3.1 will describe 
the toxic hazards associated with longer duration, hidden in-flight fires. 

2.2.1.3.2 Laboratory Tests for Safety and Effectiveness. 

All existing protective breathing devices available on the marketplace or of a 
prototype design will be tested in the laboratory. A battery of tests will be con­
ducted to characterize each of the devices as follows, where applicable: (1) donning 
time, (2) visibility, (3) leakage, (4) sound transmission, (5) heat resistance, 
(6) weight, (7) filtering efficiency against major toxic gasses (CO, HCl, HF, HCN, 
etc.), (8) useable air supply, etc. 

2.2.1.3.3 Compatibility With Aircraft Design. 

Each protective breathing device will be examined on the basis of compatibility 
will ail aircraft models in the U.S. fleet. Of particular importance, will be the 
availability and accessibility of supplemental air for hoods equipped with quick 
connect lines, exploration of potential stowage areas for portable devices, and 
aircraft modifications and costs associated with providing supplemental air or 
oxygen requirements, if not available. Decision analyses will be applied to select 
the optimum protective breathing device specification. 

2.2.1.3.4 Development of Modified Emergency Oxygen Mask. 

Recent work performed at CAMI has indicated the feasibility of a simple rebreather 
bag to impart smoke protection to· an emergency oxygen mask. Additional work, pref­
erably with an experienced manufacturer of aircraft oxygen masks, will be necessary 
to properly develop and design a dual purpose mask for aircraft application. 

2.2.1.3.5 Psychological Studies and Training. 

A contractual study will be undertaken to examine several concerns with the effec­
tive use of protective breathing devices. Psychological testing is required to 
establish what ·)ercentage of the broad spectrum of aircraft passengers will actually 
be able to don these devices. Also, the most effective means of instructing pas­
sengers during preflight briefings on the proper donning of these devices must be 
determined. 

2.2.1.3.6 Evacuation Studies. 

Realistic evacuation tests with human subjects would have to be performed to deter­
mine what the effect is of donning a protective breathing device in the time it 
takes to evacuate an airplane. In particular, promising devices not previously 
tested at CAMI would have to be studied. 
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2.2.1.4. Resources. 

It is estimated that 3 employee-years at CAMI and 3 employee-years at the Technical 
Center, working for a period of 3 years, is required to perform this project. 
Contract monies are summarized below. 

Task _$_ 

Cabin Hazard Analysis 125K 
Laboratory Tests 75K 
Compatibility Study 200K 
Modified Oxygen Mask 300K 
Psychology and Training 200K 
Evacuation Studies 150K 

2.2.1.5. Schedule. 

Month 
Task Begin End 

Cabin Hazard Analysis 0 6 
Laboratory Tests 0 12 
Compatibility Study 6 18 
Modified Oxygen Mask 12 30 
Psychology and Training 18 30 
Evacuation Studies 24 36 

2.2.1.6. Deliverables. 

The main deliverables will be data and information relative to the safety and effec­
tiveness of passenger protective breathing devices for application during cabin 
fires. This will be documented into formal technical reports that could be used 
for advisory or regulatory material. A final design of a dual function mask for 
emergency oxygen and smoke protection for aircraft application will be developed. 

2.2.2 Oxygen System Safety. 

2.2.2.1 Objective. 

The objective of this effort is the definition of any potential hazard caused by 
use of the emergency masks during an in-flight fire as well as definition of the 
performance· of the oxygen system during fire growth processes. 

2.2.2.2 Background. 

The emergency oxygen system of an aircraft is directed to lifeguarding occupants 
in the event of depressurization. Design of the system also ~s directed towards 
preventing failures of the system that could cause a fire. However, the role of 
the oxygen systems as they are exposed to a developing fire is not clear. This 
lack of information causes confusion over such critical issues as whether to deploy 
masks during an in-flight fire on the intact system. For instance, it might be 
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safer to deploy masks and/or deplete the oxgen systems before fire has a chance to 
cause system failure which would allow the oxygen to feed the fire. Most polymers 
in aircraft have a limiting oxygen index (LOI) in excess of 21. Thus, they tend to 
be relatively non-flammable at atmospheric conditions and probably even less so at 
altitude. However, enriching air with oxygen can make these non-flammable materials 
more flammable. 

2.2.2.3 Technical Approach. 

The work will include a number of separate tasks. A contract will be let to develop 
the state-of-the-art of the oxygen systems. The work statement will include both 
identification of the type systems used in commercial aircraft including air-taxi 
and commuter models and the service history of these aircraft, in this regard. 
Simultaneously, a data base from the literature will be developed on combustion of 
various materials in enriched environments. Significant gaps will be filled 
through in-house small-scale test work. The contractual information coupled with 
the combustion data base will be used to project what fire scenarios may be 
susceptible to oxygen involvement. Full-scale testing will be used to validate 
these projections. The testing will be done in the In-flight Fire Test Facility 
(see 3.2.2). 

2.2.2.4 Resources. 

This project will encompass a 5-year period with the first 2 years involving in­
house planning and literature searching at the rate of 1/2 employee-year per 
year. The contracted study will be done at this time at an estimated lost of 220K. 
Year 3 will involve small-scale test work and projections of the most significant 
fire scenarios. Year 3 will use 2 employee-years with equipment and supply costs 
of 70K. Year 4 will involve full-scale tests of postcrash fire scenarios and year 
5 will involve the full-scale in-flight scenarios. Years 4 and 5 will each require 
6 employee-years and 120K. 

2.2.2.5 Schedule. 

8 months: award contract 
24 months: contract completed 
36 months: completion of scenario projections 
48 months: full-scale postcrash report 
60 months: full-scale in-flight fire report 

2.2.2.6 Deliverables. 

The deliverables will be a technical description of when and how oxygen systems 
should be used during an in-flight fire and a determination of the system's integ­
rity during a postcrash fire. 
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2.2.3 Evacuation Slides. 

2.2.3.1 Objectives. 

The objectives of this project are as follows: (1) Modify ASTM F828, Test Method 
for Radiant Heat Resistance of Aircraft Inflatable Evacuation Slide/Slide Raft 
Materials, to include seam construction testing relevant to full-scale postcrash 
fire conditions; (2) Demonstrate the relevancy of the modified laboratory test 
method in conjunction with the improved radiant heat resistance of new aluminized 
slides under realistic full-scale fire conditions. 

2.2.3.2 Background. 

As a result of the Continental Airlines DClO accident at the Los Angeles Airport in 
March 1978, the FAA Technical Center conducted a preliminary assessment of the fire 
protection characteristics of various escape slide materials. This study was 
followed by a more comprehensive program during which F828 was designed and 
developed and additional full-scale technical data were collected in support of 
correlating laboratory and full-scale results. Information was supplied to FAA 
Headquarters in support of the current Technical Standard Order (TSO) related to 
testing slide materials exposed to thermal radiation. Duri~g this program an 
aluminized coating was developed for retrofitting inservice evacuation slides. The 
program was concluded with a Symposium held at the Technical Center to present 
the results to industry. During the test program, inconsistent laboratory and 
full-scale test results were observed for materials which exhibited seam failures. 
Also, full-scale test results not obtained for newly fabricated alulminized 
slides due to their limited availability. These data will provide a more complete 
analysis of the improvement of the aluminized slides under realistic fire 
conditions. 

2.2.3.3 Technical Approach. 

The project effort is divided into two tasks: 

Task 1 - ASTM F828 will be modified to include seam construction testing of slide 
samples. This will require use of Material Fire Test Facility, (building 203), 
with existing instrumentation associated with F828. Some machine shop time may 
be required. This task could possibly be accomplished with modification to the 
pressure cylinder only. 

Task 2 - Approximately six emergency evacuation slides (state-of-the-art aluminized) 
will be procured to verify the relevancy of the modified laboratory seam construc­
tion radiant heat test under full-scale postcrash fire conditions. These slides 
will employ varying seam constructions and neoprene/nylon versus urethane/nylon 
aluminized materials. Full-scale tests will utilize building 275 (Full-Scale Fire 
Tests Facility). Instrumentation set-up will replicate previous full-scale slide 
tests. Indoor tests will necessitate -use of a 10-foot fire pan which may produce 
different results than previous 30- X 30-foot outdoor fire tests. 

2.2.3.4 Resources. 

Funding 

Slides and Hardware --- lOOK 
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Employee-Power 

2/3 Engineer employee-year 
1/2 Technican employee-year 

2.2.3.5 Schedule. 

The project will be completed within 8 months upon receipt of the evacuation 
slides. 

2.2.3.6 Deliverables. 

The project with be documented in a final report and the modified test method will 
be presented to FAA and ASTM. 

2.2.4 Mileston~ Schedule. 

The milestone schedule for the projects and tasks comprising the systems element of 
this program is shown in figure 2. The milestone schedule is based on the resource 
requirements described in table 2, section 4 and the assumption that the current 
Cabin Fire Safety Program will be completed by October 1, 1984. 
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2.3 MATERIALS AND TEST METHODS. 

2.3.1 Hydraulic Fluid Flammability. 

2.3.1.1 Objectives. 

The objectives of this project are as follows: (1) determine the adequacy of 
present fire related regulations with regards to hydraulic fluid; (2) determine 
the benefits that could be expected from any changes in the regulations. 

2.3.1.2 Background. 

Hydraulic fluid onboard an aircraft represe~ts both an in-flight and postcrash fire 
hazard. There have been accidents in the past that indicate there may be a problem 
with currently used fluids under certain conditions. A postcrash fire on a Korean 
Airlines 747 was the result of the spillage of hydraulic fluid from the struts with 
sparking as an ignition source. An in-flight fire occured in a Lear Jet when an 
electrical wire arced through a high pressure hydraulic line, causing a mist which 
was ignited by the arcing wire. What is not known, however, is if a more fire 
resistant fluid would have prevented those fires. There has been a great deal of 
work done on the subject by the USAF. Reports by the Directorate of Aerospace 
Safety, Air Force Inspection and Safety Center, Norton AFB, California, indicate 
the complexity of the problem, a continuing and unresolved concern of the Air Force. 

2.3.1.3 Technical Approach. 

The project will be conducted in two major phases, with phase I being a paper study 
to define any problem areas and phase II being the research and testing. 

Phase I: This will be a contractual effort designed to define problem areas and 
determine the state-of-the-art for hydraulic fluids. There will be a study of past 
accidents and incidents. This will be used to determine possible problem areas and 
to be able to predict possible benefits from any changes. A second study will be 
developed defining various hydraulic fluids, their strong points and weak points, 
wirh respect to flammability. Standard test methods for hydraulic fluids will be 
described. Past research in the area will be outlined and summarized. The state­
of-the-art in hydraulic fluids will be defined. 

Phase II: This portion of the project will be conducted in-house, with the scope 
and direction depending on the findings of phase I. This phase will probably need 
the purchasing and set-up of standard tests for hydraulic fluids. Also realistic 
full-scale mock-up tests will be designed and conducted as dictated by the results 
of phase I. These tests will be conducted in the Full-Scale Fire Test Facility 
(building 275) and in the proposed Aircraft Component Fire Test Facility (section 
3.2.1). 

2.3.1.4 Resources. 

Funding 

Accident study contract: lOOK 
State-of-the-art contract: 150K 
Laboratory tests: SOK 
Equipment and Instrumentation: 50K 
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Employee-Power 

1 1/4 Engineer Employee-year 
2.0 Technican Employee-year 

2.3.1.5 Schedule. 

The two contractual studies will be conducted simultaneously over a period of 12 
months. The second phase will also be a 12-month effort, with work beginning after 
the completion of phase I. 

2.3.1.6 Deliverables. 

Final reports will be published on the accident study, the state-of-the-art study, 
and the full- and laboratory-scale testing. Recommendations will be made as to any 
regulatory changes that are deemed necessary. 

2.3.2 Electrical Wiring Insulation Flammability. 

2.3.2.1 Objectives. 

The objectives of this project are as follows: (1) Determine the adequacy of cur­
rent aircraft test standards with regards to aircraft electrical wiring insulation, 
and circuit protection; (2) Determine the benefits that could be expected from any 
changes in the regulations. 

2.3.2.2 Background. 

Aircraft electric~! w~r~ng poses a threat of being the source of an in-flight fire. 
A short in the wiring can cause arcing, which could possibly ignite the wire 
insulation or adjacent materials. Improper circuit protection could lead to over­
heating of the wiring or electrical components and a possible fire. Electrical 
w~r~ng may also be exposed to high temperatures that could cause a breakdown of 
the wire insulation and a possible fire. Electrical wiring, in the past, has been 
the source of some in-flight fires. Electrical fire is being considered as a 
possible cause in the Air Canada DC9 fire. 

2.3.2.3 Technical Approach. 

The project will be conducted in two major phases, with phase I being a paper study 
to define any problem areas, and phase II being the research and testing. Phase I: 
This will be a contractual effort designed to define problem areas and determine 
the state-of-the-art for electrical insulation and circuits. There will be a study 
of past accidents and incidents. This will be used to determine possible problem 
areas and to be able to predict possible benefits from any changes. A second study 
will look at electrical wiring. A report will be generated defining various types 
of wires, insulation and circuits and their strong points and weak points with 
respect to potential fire problems. Standard test methods for electrical wires will 
be described. Past research in the area will be outlined and summarized. The 
state-of-the-art in electrical wiring will be defined. Phase II: This portion of 
the project will be conducted in-house, with the scope and direction depending on 
the findings of phase I. This phase will probably need the purchasing and setup of 
standard tests for electrical wiring. Also, realistic full-scale mock-up tests 
will be designed and conducted as dictated by the results of phase I. These tests 
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will be conducted in the Full-Scale Fire Test Facility (building 275) and in the 
proposed Aircraft Component Fire Test Facility (section 3.2.1). 

2.3.2.4 Resources. 

Funding 

Accident study contract: w~ 
State-of-art contract: 150K 
Laboratory tests: 50K 
Equipment and Instrumentation: 50K 

Employee-Power 

1 1/4 Engineer employee-year 
2.0 Technican employee-year 

2.3.2.5 Schedule. 

The two contractual studies will be conducted simultaneously over a period of 12 
months. The second phase will also be a 12-month effort, with work beginning after 
the completion of phase I. 

2.3.2.6 Deliverables. 

Final reports will be published on the accident study, the state-of-the-art study, 
and the full- and laboratory-scale testing. Recommendations will be made as to any 
regulatory changes that are deemed necessary. 

2.3.3 Chemistry and Toxicity. 

2.3.3.1 Objective. 

The major objective of this project is to define the toxic threat to cabin occu­
pants resulting from aircraft fires. A secondary objective is to provide support 
to program and environmental safety activities requiring chemical analyses or 
expertise in the field of chemistry. 

2.3.3.2 Background. 

A major threat to the survivability of cabin occupants subjected to in-flight 
or postcrash fire are the toxic gases produced by burning cabin materials. 
In the postcrash environment, recent full-scale cabin fire tests indicate that 
toxic hazards effecting survivability are produced by flashover. Postcrash 
fires are characteristically intense open fires of short duration with adequate 
supply of air (before flashover). By contrast, in-flight fires are usually hidden, 
of longer duration than a postcrash fire, and may have a period of smoldering in 
oxygen deficient air. This type of incomplete combustion, which tends to form more 
toxic products than open flaming, will be examined in section 2.1.1.1 under more 
realistic test conditions than heretofore attempted in order to define the toxic 
threat created by hidden in-flight fire scenarios. 

The effect of toxic gases produced by fire on escape potential is the subject of 
ongoing research and testing. In the past several years, this effort has undergone 
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a major change in approach; whereas, past work concentrated on the use of rodents 
and the development of various escape paradigms, the approach now is to utilize 
primates to develop survival models based on dominant gas species. The contention 
is that the latter approach is a better representation of human survival. 

2.3.3.3 Technical Approach. 

2.3.3.3.1 Full-Scale Test Analysis. 

The chemistry laboratory and personnel will continue to support full-scale test 
programs. This will be the collection, identification, and quantification of gas 
samples during fire tests. Reports are submitted in the form of concentration-time 
profiles, representing the condition of the atmosphere at "that" predetermined 
point within the aircraft. The bulk of the analyses will be for hidden fire 
scenarios under the lavatory fire protection project. Additional projects to be 
supported include smoke ventilation, postcrash cabin firefighting, protective 
breathing devices, and accident investigations. The targeted gas analyses are those 
toxic gases not monitored by automatic computerized equipment (e.g., HCN, HCl, HF). 
The present capability is being expanded as required (e.g., measurement of unburned 
hydrocarbons in the smoke layer). 

2.3.3.3.2 Combustion Toxicity Protocols. 

Based on past experience and expertise, development of a combustion toxicity 
test protocol (small-scale material fire test) will be done at CAMI. This work 
will essentially address two critical areas: animal models and fire exposure con­
ditions. CAMI will also provide technical advice and guidance on survival model 
studies administered by the Technical Center (section 2.3.3.3.3). The capability 
exists for setting up a standardized combustion toxicity protocol at the Technical 
Center, if required. 

2.3.3.3.3 Human Survival Modeling. 

The simple human survivable model utilized by FAA is based on two assumptions. 
The first assumption is that the effect of toxic gases is additive and the second 
is that a hyperbolic relationship exists between gas concentration and time-to­
incapacitation. The model needs continual revision and updating as better data are 
generated. FAA will continue to support primate or other studies required to 
develop a valid human survival model. Whereas, past work included single gases 
(primarily irritants) in air, future plans include (a) longer exposure times to 
evaluate the consistancy of the exposure concentration-time-to-effect product (so 
called "ct" product); (b) gas mixtures composed of narcotic and irritant gases 
(e.g., CO and HCl) and (c) combustion mixtures to validate the model. A reference 
library of information on human survival in toxic gas environments will be 
assembled at the Technical Center. 

2.3.3.3.4 Health and Safety. 

The chemistry laboratory may perform specified water analyses under a special 
phase-in provision from the New Jersey Department of Environmental Protection for 
an interim period of time. This provision is a normal procedural step in the 
process of full "certification." The laboratory has targeted those tests on 
potable and waste water required legally by the State agency. The laboratory does 
work with the Safety Officer-toward ensuring a safer work environment. These 
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efforts encompass sampling, identification, and analysis of solids, liquids, and 
gases from working environments. 

2.3.3.4 Resources/Schedule. 

It is estimated that 4 employee-years at the Technical Center and 3 employee-years 
at CAMI are required to perform this project. Contractual support for the upgrad­
ing of the human survival model is estimated at $150K and $200K for FY-1985 and 
FY-1986, respectively. Material support for in-house work at the Technical Center 
and CAMI is estimated at $50K per year. 

2.3.3.5 Deliverables. 

The final product of this project is a definition of the toxic threat created by 
aircraft cabin fires, and improved survival models and toxicity test protocols for 
addressing this hazard. 
technical report. 

Documentation will be primarily in the form of a final 

2.3.4 Sustaining Engineering. 

2.3.4.1 Objective. 

The objectives of this project are as follows: (1) perform cursory fire tests on 
promising new materials developed by industry and government; (2) participate in 
organizations developing standards related to aircraft cabin fire safety; and (3) 
examine the need for permanency requirements for the fire resistance of aircraft 
materials. 

2.3.4.2 Background. 

Companies such as DuPont and General Electric and governmental organizations such 
as NASA and DOD continually support R&D to develop improved polymeric materials. 
Representatives often visit the Technical Center for an informal appraisal of their 
product. This is usually made by conducting standardized fire tests in the 
Material Fire Test Facility (building 203). In this manner, Technical Center 
employees become aware of new developments in polymeric materials technology that 
may have aircraft applications and are better able to assess the need for upgrading 
FAA standards. 

In the past, consensus standards forming organizations such as the American Society 
of Testing and Materials (ASTM) and the National Fire Protection Association (NFPA) 
have developed standards related to cabin fire safety with input provided by Tech­
nical Center employees. Examples of ASTM fire test standards include the Bunsen 
burner, NBS smoke chamber, and evacuation slide heat resistance test methods. 
Participation in round robin test programs are required to establish the repeat­
ability and reproducibility of these devices. This type of activity must continue, 
as new products (generated by this program) gain acceptance and require standard­
ization by consensus organizations with consumer, government, and industry 
representation. 

Following the Air Canada DC9 accident on June 2, 1983, cabin interior materials 
from a sistership were tested at the Technical Center in accordance with FAA 
Standards (FAR 25.853). All materials tested were compliant, except for urethane 
foam samples cut from the surface of the bottom cushion. Apparently, effects such 
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as abrasion, moisture, or age caused the fire resistance of the cushion surface to 
depreciate. Work is required to examine whether this poses a problem under realis­
tic fire conditions that justifies the development of test requirements simulating 
service experience. 

/ 

2.3.4.3 Technical Approach. 

Participation in standards forming organizations and cursory evaluation of promis­
ing new polymeric materials will proceed at the current pace. The permanency of 
the fire resistance of urethane foams will be studied by (1) installing 16 seat 
bottoms in an airliner, (2) removing 4 seat bottoms every 6 months, and (3) con­
ducting realistic in-flight and postcrash fire tests on seat assemblies and 
conducting the vertical Bunsen burner test to study the relationship between 
degradation in standard and realistic fire performance. If notable changes in fire 
behavior is noted, detailed plans will be developed to address the issue of service 
aging and wear. 

2.3.4.4 Resources. 

Approximately one-half employee-year effort is required to participate in standard 
organizations.and maintain an awareness of the properties of promising new poly­
meric materials. One-half employee-year is also required to examine the fire 
resistance permanency of urethane seat bottoms. Purchase and service installation 
of seat bottoms will cost approximately 10K. 

2.3.4.5 Schedule. 

Studies of seat cushion fire resistance permanency will commence in FY-86 and 
continue for a 2-year period. 

2.3.4.6 Deliverables. 

The final products are (1) ASTM and NFPA standards related to aircraft fire safety, 
(2) knowledge of promising developments in polymeric materials technology, and (3) 
an assessment of the magnitude of the problem of loss of fire resistance in foam 
seat bottoms due to airliner service. 

2.3.5 Milestone Schedule. 

The milestone schedule for the projects and tasks comprising the materials and 
test methods element of this program is shown in figure 3. The milestone schedule 
is based on the resouce requirements described in table 2, section 4 and the 
assumption that the current Cabin Fire Safety Program will be completed by October 
1, 1984. 
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2.4 POWERPLANT FIRE PROTECTION. 

2.4.1 State-of-the-Art Evaluation of Aircraft Fire Protection for 
Reciprocating and Gas Turbine Engine Installations. 

2.4.1.1 Objective. 

The objective of this project is the definition of the level of adequacy of 
current practice in powerplant fire detection and extinguishment. 

2.4.1.2 Background. 

Current design criteria on powerplant fire protection are based primarily on work 
done at the CAA's Technical Development Center (TDC) in the late 1940's and early 
1950's. With the passage of the Federal Aviation Act of 1958, this work was · 
transferred to the FAA's newly established Atlantic City facility. The personnel 
from TDC continued work with evaluation of the JT3D when they moved to Atlantic 
City. The JT3C had been done at TDC. The development of the currrently used high 
rate discharge system (HRD system) was done at TDC. The formula for agent weight 
requirements as found in the AlA "Design Manual on Aircraft Fire Protection for 
Reciprocating and Gas Turbine Engine Installations" is based on recommendations 
from TDC. Thus, the origins of currently used design criteria are quite old. The 
currently used design criteria may indeed be adequate in sr~.te of the many evolu­
tions in aircraft systems in the last 30 years. Nevertheless, there is no basis 
currently for stating the level of adequacy of the requirements. As a result, 
there is a clear reluctance to reprint the design criteria by either the government 
or by industry groups. 

Consequently, a state-of-the-art review of powerplant fire protection is necessary 
so that needed documentation can be developed and disseminated for both design and 
certification efforts. 
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2.4.1.3 Technical Approach. 

A work statement will be prepared for evaluation of the state-of-the-art in power­
plant fire detection and extinquishing systems for all current vintage aircraft 
having requirements. The work statement will include definition of detector types, 
agent quantities, agent distribution design criteria, and system response times. 
False alarm frequency as well as fire extinguishing experience will be charac­
terized. Impact of new aircraft materials, nacelle designs, and powerplant designs 
will be evaluated as to impact on the traditional design criteria for powerplant 
fire protection systems. 

2.4.1.4 Resources. 

The in-house technical employee-power resources for formulating the work statement, 
participating in the procurement process, and monitoring the contract is 0.7 
employee-year. The cost of the procurement is expected to be 280K. 

2.4.1.5 Schedule. 

The total duration of the effort is anticipated at 24 months. 

2.4.1.6 Deliverables. 

The final report from the effort will provide either (a) a sound basis for reissu­
ing the material in the AlA "Design Manual on Aircraft Fire Protection for Recipro­
cating and Gas Turbine Engine Installations" as an Advisory Circular or (b) 
definition of potential problem areas that must be addressed to maintain past 
levels of powerplant fire safety. 

2.4.2 Effectiveness of State-of-the-art Intumescent/Ablative Coatings. 

2.4.2.1 Objective. 

The objective of this effort is to assess the effectiveness of current intumescent/ 
ablative materials in aircraft fire scenarios. 

2.4.2.2 Background. 

In the interest of weight saving in aircraft design, manufacturers are replacing, 
with increasing frequency, traditionally accepted materials (e.g. stainless steel) 
in engine nacelle fire zones and resorting to newly developed intumescent/ablative 
materials applied to light-weight substrates such as aluminum. Limited testing of 
a relatively small sample of these new materials at the FAA Technical Center, 
conducted for the USAF, has shown some to be inadequate when subjected to the flame 
of the currently used 2 gallons-per-hour kerosene test burner. This testing has 
also revealed that intumescent/ablative materials are available which can signif­
icantly delay the destructive intrusion of the test flame to the relatively vulner­
able substrate. Since these materials are already used extensively on commercial 
aircraft, testing of a significant number of these materials is required to 
adequately judge which could be acceptable. 
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2.4.2.3 Technical Approach. 

The proposed project is an in-house effort. Testing will be conducted in the 
planned Aircraft Components Fire Test Facility (section 3.2.1). This effort will 
essentially consist of contacting all manufacturers of intumescent/ablative 
materials and request their cooperation in a test program. Their cooperation will 
involve the application of their intumescent/ablative material(s) to Government 
supplied aluminum test panels (approximately 20-inch by 20-inch). 

Pretest data will include such items as color, surface texture description, cura­
tion, fluid compatibility, coating weight, coating thickness, panel preparation (if 
any), application technique, coating flexibility and coating adherence to the 
substitute before and after flexing. The panels will then be subjected to the FAA 
2 gallon-per-hour kerosene test burner in two separate fire tests: 5 minutes to 
determine acceptability as a fire-resistant material; and 15 minutes for accept­
ability as a fireproof material. These two fire tests will be conducted on separate 
panels and at least five of each type will be tested to obtain a statistical base. 
Post-fire test data will include such items as condition of char, strength of char, 
thickness of char, flame penetration of intumescent/ablative material, whether or 
not there was complete flame penetration of test panel, panel weight, temperature 
history of rear surface of the test panel during testing, and color and amount of 
smoke generated during testing. Since these materials are intended for use in 
nonhabitable areas of the aircraft, the latter data item need only be a visual 
assessment and no toxic gas studies are required. 

Since the char of some of these materials is fragile, a suitable shock test and/or 
vibration is appropriate. In order that these tests (fire/shock/vibration) can be 
conducted by anyone with the least possible equipment necessary, both tests should 
be on a small laboratory type scale. The 2 gallon-per-hour torch is a low-cost 
investment and can be conducted in a suitable fireproof and ventilated room of 
adequate size. Shock and vibration test gear can be expensive to purchase and 
install, are generally not portable, can occupy a relatively large area, and will 
be little used by a firm whose only business is the manufacture of intumescent or 
ablative materials. Therefore the shock test gear should be relatively inexpensive 
to construct and portable. The test could consist of merely shocking the frame to 
which the test panel is mounted by such mechanism as striking it from a fixed 
distance with a pendular weight. This test would not necessarily be representative 
of a true flight shock or vibration condition (which would vary among different 
aircraft) but would provide a means to compare char fragility among the various 
types of materials. The severity of the shock could be varied (up or down) as 
experience in field use dictates. The initial shock test proposed for this project 
would be tentative and would be determined at the time of project inception. This 
project is intended to be an ongoing effort. Materials will continue to be tested 
for manufacturers as they are 
ing their own test capability. 

submi~ted and/or assist manufacturers in establish­

2.4.2.4 Resources and Schedule. 

Task EY Duration Cost 

Contact Manufacturers 1/4 6 months $35K 
Testing 1 1 year $10K 
Ongoing Effort 1/4 continuous 
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2.4.2.5 Deliverables. 

o Final report of test effort 
o Test Method 
o Subsequent Reports (ongoing effort) 

2.4.3 Burner Standards for Fireproof and Fire-Resistant Certification 
Testing of Aircraft Components and Systems. 

2.4.3.1 Objective. 

The objective of this effort is to assess the adequacy of test burners now in use 
for aircraft component fire testing considering the fire scenarios that can be 
expected in nonhabitable areas of modern commercial, civil, and military aircraft. 
The effort will include those burners used by both Government agencies and private 
industry. 

2.4.3.2 Background. 

There are at least two distinct types of fire test burners accepted for certifica­
tion of aircraft components and materials: the 2-gallon-per-hour kerosene test 
burner described in SAE ARP 1055 and FAA Powerplant Engineering Report No. 3; 
and a 6-inch-diameter propane burner per MIL-F-7872. Both burners are used by 
private industry with the former used by the FAA Technical Center. The earliest 
document on hand which describes fire test criteria is Department of Commerce Safety 
Regulation Release No. 259, dated August 26, 1947. This document states in part 
that, "the test for demonstrating compliance with criteria for fireproof material 
or components shall subject the material or unit to a 2000 +50 degree F flame." 
Powerplant Engineering Report No. 3A, dated Harch 1978, states, under Controlling 
Characteristics of Flame that "temperature measurements through_ the horizontal 
centerline should indicate 2000 +150 degrees F for a distance of not less than 7 
inches as measured with the thermocouples described." 

From the 1947 issue date of Safety Regulation Release No. 259, there have been 
no regulation revisions, and this release continues to be accepted as a test 
standard by Government and industry. With the high airflow of modern aircraft, 
blow-torch temperature effects have been estimated as high as 3000 degrees F. 
Differences have been noted between tests conducted at the Technical Center using 
the 2 gallon-per-hour burner and tests conducted elsewhere using the 6-inch propane 
burner and/or a standard laboratory propane bunsen burner on identical materials.· 
The test results indicated that when the 2 gallon-per-hour kerosene burner was 
used, certain materials failed or were marginal at best, and when either of the two 
propane burners were used, the materials were considered acceptable. The obvious 
conclusion was that the acceptance or rejection of the same material was a function 
of the test burner utilized. Defining a fireproof or fire-resistant test by environ­
mental considerations has resulted in multiple regulation interpretations and test 
fixtures. What is needed in the area of aircraft component and material fireproof 
and fire-resistant testing for nonhabitable compartments is one test fixture that 
will be accepted as a "standard" by both Government and industry. The use of a 
single standardized test burner would reduce or eliminate the controversy surround­
ing the acceptance or rejection of a material or componen.t which often occurs when 
different test burners are used. 
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Since fires within habitable compartments are considered under a separate realm of 
testing, this proposed project considers areas outside of the habitable compartment 
where fires can start and pose a threat to the survivability of the aircraft. 
These include the engine nacelle, wheel well, and wing areas. 

2.4.3.3 Technical Approach. 

The technical approach will include both contract and in-house efforts. The 
contractual effort will consist of surveying the field of aircraft fire safety 
literature and obtaining a list and copy of each reference (FAA, SAE, Military 
etc.) which refers to fireproof and fire-resistance test criteria of aircraft 
components and materials outside the habitable compartment (e.g. hoses, fuel lines, 
firewalls, firewall fittings, void filler foams etc.). Additionally, published 
documents and photographs, including those available from private industry, will be 
obtained of test fixtures used by any source for fireproof and fire resistant 
criteria. The contractor will also identify areas where criteria is met by the use 
of different fire test fixtures on the same product. The contractor will also, 
through review of reports and personal contact, ascertain as accurately as possible 
the range of severity of fires within a nacelle, wheel well, or wing during an 
in-flight fire. Range of severity will include, but which will not necessarily be 
limited to, range of temperatures, range of heat flux, and fire duration prior to 
detection and/or extinguishment. Whether in-flight fires were of an oxidizing or 
reducing nature should also be ascertained, if possible. This information should be 
obtained for fires aboard military, commercial, and general aviation aircraft 
whenever possible. A theoretical approach to the severity aspect is also desired. 

The resultant study will be documented in a single report. This report will 
be used to assess the adequacy of the currently used test burners. If, upon 
completion of this phase, it is determined that the existing burners are inadequate 
as fire test fixtures, a second contract will be let to design and fabricate a 
burner to meet proposed revisions to fire test criteria. Burner flame criteria 
will be based on the first study, and flame characteristics (temperature, heat 
flux, oxidizing/reducing) will be adjustable within the range determined by this 
study. This burner will then be tested and checked out extensively in an in-house 
effort for possible use in laboratory-type tests for fireproof and fire-resistant 
materials and components testing. 

An additional in-house effort will be conducted using a propane torch which was 
designed and fabricated in-house and which is currently at the FAA Technical 
Center. This propane torch will be used in conjunction with a combustion con­
troller currently at the Technical Center. The combustion controller will be 
checked out and placed in proper operating condition by the original supplier or 
other qualified contractor. An effort will be made to match flame characteristics 
of this propane torch to that of the newly fabricated kerosene torch for a possible 
dual testing capability. The propane torch would essentially be a stationary test 
fixture while the kerosene burner is intended to be a portable device as is the 
currently used 2 gallon-per-hour kerosene burner. All proposed in-house testing 
will be conducted id the planned Aircraft Components Fire Test Facility (section 
3.2.1). 
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2.4.3.4 Resources and Schedule. 

Task In-House Contract Duration 

Contractor Study 0.75 yr 
Design and Fabrication of 

kerosene burner 50K 0.5 yr 
Testing o.f kerosene burner 1 EY 0.5 yr 
Update of Combustion Controller lOK 0.75 yr 
Propane Torch Feasibility study 1 EY 0.5 yr 

2.4.3.5 Deliverables. 

o Final Reports 
o New Standard Kerosene Test Burner 
o Propane Torch Feasibility Study 
o Revised Standards for Test Criteria and Fixtures 

2.4.4 Development of a Halon Extinguishing Agent Concentration Recorder. 

2.4.4.1 Objective. 

The objective of this project is to develop a new generation halon extinguish­
ing agent concentration recorder based upon state-of-the-art technology for use 
specifically in aircraft powerplant nacelles having high velocity cooling airflow. 

2.4.4.2 Background. 

Since 1952, a unique concept airborne extinguishing agent concentration recorder, 
developed jointly by FAA/USAF and marketed by Statham Laboratories, has been used 
almost exclusively for powerplant fire extinguishing system certification tests for 
commercial and military aircraft. This recorder is also used extensively by 
foreign manufacturers for this purpose. Engine and nacelle design concepts have 
changed greatly since the introduction of the Statham analyzer in 1952. There are 
some serious questions being raised about the ability of this analyzer to accur­
ately quantify extinguishing system agent concentrations under the high nacelle 
cooling airflow conditions that are present in certain existing and design-stage 
aircraft. If this is the case, there will be increasing difficulty in the future 
in FAA and military certification of onboard aircraft powerplant fire-extinguishing 
systems. 

2.4.4.3 Technical Approach. 

This project will be a combined in-house/contractual effort. Possibly the greatest.. 
concentration of expertise in this Country in concept, operation, and in-flight and 
ground utilization of the currently used Statham analyzer is now in existence at 
the FAA Technical Center. The majority of this project will, therefore, be con­
ducted at the Technical Center using Center expertise, Statham analyzers, and 
technical facilities. 

The first phase of the project will be an effort to verify that a problem does 
indeed exist with the current analyzer concept under selected simulated in-flight 
test conditions. Various halon agents will be discharged into a high airflow 
environment using an existing F-111 fuselage/nacelle/engine test bed at the Air 
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Blast Test Facility, and the resultant concentrations will be recorded and analyzed 
with FAA-owned Statham instrumentation. A simultaneous and parallel contractual 
effort will be made to measure and technically verify the concentrations by whatever 
alternate methods available. The success of this phase depends on the presumption 
that the contractual expertise and alternate instrumentation exist for rapid and 
accurate measurement of halon gas concentrations in a high velocity airstream. The 
contractual results will then be compared to the Statham analyzer results. If a 
significant difference exists between the results, a second project phase will be 
instituted. 

The second phase will be contractual effort and will consist of the design and 
fabrication of two halon agent concentration measurement/recording systems. One 
system will contain 12 data channels and will be capable of operating in an in­
flight environment using aircraft electrical power, and the second system will 
contain 18 channels and will be a ground-based unit for 115 VAC, 60-Hz electrical 
power. 

The delivered analyzers will be thoroughly tested in-house at the Air Blast Test 
Facility and the proposed Aircraft Components Fire Test Facility (section 3.2.1) 
in cooperation with the supplier. Any design deficiencies of anomalies 
will be noted and submitted to the contractor for resolution. 

2.4.4.4 - Resources and Schedule. 

In-House 
E/Y Duration Cost 

Statham Studies 2 0.5 yr $ 10K 
New Concept Equipment 0.5 1.5 yr $200K 
Evaluation 1 1.0 yr $ 75K 

2.4.4.5 - Deliverables 

o Final report verifying Statham concept 
o Two state-of-the-art halon concentration recorders 
o New test method 

2.4.5 Milestone Schedule. 

The milestone schedule for the projects and tasks comprising the powerplant fire 
protection element of this program is shown in figure 4. The milestone schedule 
is based on the resource requirements described in table 2, section 4 and the 
assumption that the current Cabin Fire Safety Program will be completed by October 
1' 1984. 
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2.5 ADVANCED CONCEPTS. 

2.5.1 Theoretical Modeling. 

2.5.1.1 Objective. 

The objective of this project is to provide computational procedures that can be 
used to predict growth of fire and its effects in a range of aircraft scenarios. 

2.5.1.2 Background. 

For over a decade the FAA has supported development and applications of mathemat­
ical models of aircraft fires. The original goal was the development of computer 
codes that could predict the development of aircraft fires when material properties 
were available from small laboratory tests. Because of the expense of full-scale 
tests, it was felt that a computer code would play a pivotal role in improved 
material performance standards by providing an alternative way of determing the 
role of an individual material in an aircraft fire. In this manner, a material 
would be characterized in a single small test or in several small tests. The 
resulant properties along with the material usage in the aircraft would be inputs 
to a computer program. The contribution of that material, alone and in combination 
with others, to fire hazards could thereby be determined in an economical fashion. 
This strategy has proven to be on the optimistic side, and the goal has proven to 
be elusive, thus far. Nevertheless, the agency sponsored work in this area has 
resulted in computer programs for aircraft fires equivalent in sophistication and 
utility to those developed by or for other governmental units. These programs have 
clearly advanced the basic understanding of enclosure fires and have been useful in 
selecting practical applications. 

It is not at all certain how much more development would be needed to accurately 
predict the data from a full-scale fire test (postcrash with interior material 
involvement). Given the initial inflated expectations of mathematical modeling and 
the actual experience over a 10-year span, no assurances can be made that the 
original goals of mathematical fire modeling will be attained in the near future. 
On the other hand, the existing ·capabilities in this area represent a significant 
investment and at the very least provide some sound technical underpinnings 
to the FAA fire safety effort. The prudent course of action, therefore, is to 
maintain this technology in an active state and enhance the capabilities at a 
moderate rate. On a routine basis, some of the contractor models developed 
in the past will be used to support large-scale test efforts in this program. 
The Cargo Compartment Fire Model which was developed in 1982 will be applied to 
the Lavatory Fire Protection effort (see 2.1.1.1). DACFIR 3 will be applied to 
specific scenccios in the Emergency Smoke Venting effort (see 2.1.1.2). 

2.5.1.3 Technical Approach. 

The technical approach is to utilize existing programs in-house qnd attempt to 
interface the models with on-going experimental work. Enhancements will be done on 
a contractual basis. 

2.5.1.4 Resources. 

One employee-year per year is required to utilize the computer codes in-house. 
Annual contractual dollars are 200K after FY-85. 
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2.5.1.5 Schedule. 

This will be a 5-year effort with milestones variable with the change of the state­
of-the-art. However, directions will be established through a formal reassessment 
of the effort in year 1. 

2.5.1.6 Deliverables. 

The deliverables will be updated versions of DACFIR and UNDSAFE or other zone and 
field models. 

2.5.2 Physical Modeling. 

2.5.2.1 Objective. 

The objective of this effort is to maintain existing and develop better techniques 
of small-scale modeling to guide and support full-scale fire test efforts. 

2.5.2.2 Background. 

Physical modeling of aircraft fires involves judicious scale-down of fuselages or 
components so that data can be collected which is equivalent to that obtained from 
a full-scale test. Initially, in 1977 when the FAA started this effort, the tech­
niques were used to design the currently used full-scale postcrash test configura­
tion. The early work involved exposing a 1/4-scale fuselage to external fuel fires 
and resulted in characterization of pool fire radiation as well as effects of wind 
and door openings. Subsequently, the same 1/4-scale model was used to perform 
preliminary test on interior materials, advanced windows, and fire-blocking 
curtains. All these preliminary tests were followed by full-scale fire tests. 
Current model work involves a nominal 1/4-scale enclosure wherein aircraft panels 
are exposed to an interior fire and the flashover phenomenon is created. This is 
part of a round-robin series to determine what standard laboratory tests will best 
correlate with the model flashover data. The current effort will be followed by 
full-scale tests to validate the results for rulemaking. This 1/4-scale modeling 
at atmospheric pressure is generally called Froude modeling. This modeling is 
used as a working tool to support the full-scale fire test efforts. 

Under contract, the FAA has also supported efforts in pressure modeling. In 
principle, by increasing pressure as scale is reduced, fire phenomena can be 
modeled in more generality than is possible in Froude modeling. While the Froude 
modeling has been moved out of the research phase into a working tool for the FAA, 
pressure modeling like mathematical modeling is very much in the research phases. 
Like with mathematical modeling, the long range plan with pressure modeling is a 
less costly alternative to full-scale testing. Also, as with mathematical modeling, 
FAA pressure modeling work provides significant technical underpinning to the 
overall FAA fire effort. 

Because material flammability can be related to either pressure or oxygen mass 
fraction, the pressure modeling effort not only forces a clearer understanding of 
material burning process but also naturally leads to description of altitude effects 
on fire growth. 

Froude modeling will continue to be used on a routine basis and pressure modeling 
technology will continue to be developed at a moderate pace. 

39 



2.5.2.3 Technical Approach. 

The work on fire modeling will be done primarily in-house. The 1/4-scale fuselage 
and model pad will continue to be used at the burn site on an "as needed" basis. 
The enclosure type fire modeling such as the flashover work will be done in the 
full-scale fire test facility beyond FY-84. (It is currently done in the Froude 
Modeling Facility.) The 5-foot airflow facility will be used for model tests of 
in-flight smoke venting, and the altitude chamber along with the pressure modeling 
facility will be used to develop the pressure modeling technology and develop the 
data base for altitude fire behavior. In particular, Froude modeling will be used 
for a comprehensive evaluation of the capabilities of various smoke venting proce­
dures. While the Emergency Smoke Venting project (see 2.1.1.2) will focus on the 
interaction of pressure and ventilation on the development of in-flight fire 
hazards, the Froude modeling will be used for evaluating the various existing 
and potential venting techniques from an aerodynamic viewpoint; e.g., the 
efficiency of static and dynamic port openings (windows, scoops, exits) in enhanc­
ing smoke removal. 

2.5.2.4 Resources. 

This work requires 3 employee-years per year and lOOK per annum for supplies and 
equipment. 

2.5.2.5 Schedule. 

Because of the support role of physical modeling, the effort is considered ongoing. 

2.5.2.6 Deliverables. 

The deliverables are Froude modeling inputs to design of full-scale tests and the 
development of pressure modeling as a practical testing tool. 

2.5.3 Aircraft Command in Emergency Situations. 

2.5.3.1 Objective. 

The objective of Aircraft Command in Emergency Situations (ACES) is the development 
of a prototype software and hardware module that would prompt the crew on the best 
course of action during an in-flight fire. 

2.5.3.2 Background. 

Currently, during an in-flight fire situation, the crew can consult an emergency 
manual on what they should do. There are a number of shortcomings in the current 
approach. 

a. Consulting a manual under emergency conditions is time-consuming and 
potentially error producing. 

b. Instructions in the manual are limited in capability. 

c. Instructions are general and not interfaced with minute-by-minute 
developments. 
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d. In hidden fires, the crew has no way of knowing the immediate airworthi­
ness state of the aircraft. 

The ACES concept involves integrating the procedural findings from the in-flight 
fire project (2.1.1.1 and 2.1.1.2) with existing sensor determinations in a small 
computer so that the crew can be prompted on a continuous basis what action to 
take. Existing sensors are those that already are in place in the aircraft fuse­
lage and provide the warning signal which indicate possible malfunctions. 

This would afford the opportunity for the crew to use their sovereignty over the 
aircraft environment most effectively to control fire and minimize damage to the 
aircraft and harm to the occupants. 

2.5.3.3 Technical Approach. 

The technical approach will be that of developing the host computer with the 
appropriate architecture and using the projects (2.1.1.1 and 2.1.1.2) to provide 
the software constraints, requirements, and data bases as those project findings 
become available. At the end, the prototype will be completely demonstrated in 
the in-flight facility (3.2.2) and particularly demonstrated with flight tests. 

2.5.3.4 Resources. 

The resources per year are identified as to employee-power and dollars (contract) 

Employee-power (EY) Dollars 

Year 1 2 200K 
Year 2 4 200K 
Year 3 4 400K 
Year 4 6 200K 
Year 5 10 1,500K 

The employee-power needs are primarily in the microprocessor/programming/electronics 
area. 

2.5.3.5 Schedule. 

6 months Detailed project plan 
24 months Complete contract on sensor availability in aircraft 
36 months Hardware modules with basic architecture and sample 

programing 
48 months Integration of results from projects (2.1.1.1 and 2.1.1.2) 
10 months Final prototype 

2.5.3.6 Deliverables. 

Prototype device and equipment specifications. 

2.5.4 Milestone Schedule. 

The milestone schedule for the projects and tasks comprising the advanced concepts 
element of this program is shown in figure 5. The milestone schedule is based on 
the resouce requirements described in table 2, section 4.0 and the assumption that 
the current Cabin Fire Safety Program will be completed by October 1, 1984. 
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FIGURE 5. ADVANCED CONCEPTS MILESTONE SCHEDULE 

2.6 ACCIDENT INVESTIGATION. 

2.6.1 Accident Investigation, Site Investigation. 

2.6.1.1 Objectives. 

The objectives of this project are as follows: (1) Provide technical expertise on 
aircraft fires to the National Transportation Safety Board during the field 
investigative phase of aircraft accidents involving fire; (2) Obtain first-hand 
information concerning aircraft accidents for input into R&D projects in the fire 
safety area. 

2.6.1.2 Background. 

Due to the unique nature of the work performed by the Fire Safety Branch, technical 
expertise exists in that Branch that is not available anywhere else. The NTSB has, 
in the past, regularly called upon the Fire Safety Branch for support and technical 
advice during the field phase of many aircraft accident investigations. This 
association has not only benefited the NTSB in their investigations but also the 
FAA, leading to more realistic and timely R&D projects. Two prime examples of 
timely R&D projects generated by the participation in an accident investigation are 
the evacuation slide work (Continental DC10 at LAX) and the cargo fire work (Saudia 
L1011, RIYAD, Saudi Arabia). 

2.6.1.3 Technical Approach. 

Provide technical expertise, upon request by ASF-100 (KVS), during the field phase 
of aircraft accident investigations. 

2.6.1.4 Resoures. 

Funding 

Travel Funds lOK per year 
Miscellaneous Funds 2K per year 
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Employee-Power 

1/4 Engineer employee-year per year 
1/12 Technican employee-year per year 

2.6.1.5 Schedule. 

The project will be in effect the full 5 years of this plan. Work each year will 
depend on the number of fire related aircraft accidents. 

2.6.2 Accident Investigation, Experimental Analysis. 

2.6.2.1 Objectives. 

The objectives of this project are as follows: (1) Provide technical expertise and 
facilities at the request of NTSB, through ASF-100 (AVS), for the purpose of con­
ducting tests to determine the cause or propagation of fire during an aircraft 
accident; (2) Conduct experimental testing in conjunction with an aircraft 
accident that may result in recommendations, through ASF-100 (AVS), that could 
improve aircraft fire safety. 

2.6.2.2 Background. 

In the past, the NTSB has requested the Fire Safety Branch to conduct various tests 
in conjunction with the investigation of an aircraft accident. The Technical 
Center's unique technical expertise and facilities (such as full-scale and labora­
tory fire test facilities and a chemistry lab), make it the ideal location for the 
conduct of tests that may lead to finding the cause of an accident and/or the 
improvement of aircraft fire safety. The analytical chemistry lab has performed 
analysis on various fluids from accident investigations. These materials were 
analyzed per ASTM and MIL specifications. Examples of materials analyzed are: 
water from toilet flush tanks, kerosene fuels, hydraulic fluids, and deicing 
fluids. 

2.6.2.3 Technical Approach. 

Provide technical expertise and facilities, upon request by ASF-100 (AVS), for the 
conduct of experimental tests in conjunction with an aircraft accident investiga­
tion. 

2.6.2.4 Resources 

Funding 

Travel Funds 3K per year 
Miscellaneous Funds 5K per year 

Employee-Power 

1/12 Engineer employee-year per year 
1/6 Technican employee-year per year 
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2.6.2.5 Schedule. 

The project will be in effect the full 5 years of this plan. Work each year will 
depend on the number of fire related aircraft accidents. 

2.6.2.6 Deliverables. 

A report of each test will be supplied to NTSB, through ASF-100. 

2.6.3 Accident Investigation, Course Lectures. 

2.6.3.1 Objective. 

Provide guidance to aircraft accident investigators in fire related areas. 

2.6.3.2 ~ackground. 

In many cases, R&D programs and the implementation of safety changes are dependent 
on having sufficient statistical support data. For this information, investigators 
must know what to look for, what is important and how to make it available to 
researchers. General accident investigation knowledge is usually obtained through 
courses given by the Transportation Safety Institute. That organization has 
requested that a member of the Fire Safety Branch lecture on in-flight and ground 
fire patterns at each of their advanced aircraft accident investigation courses. 

2.6.3.3 Technical Approach. 

Provide the Transportation Safety Institute with a fire safety expert to lecture on 
accidents and aircraft fire safety at each of their advanced aircraft accident 
investigation courses. 

2.6.3.4 Resources. 

Funding 

Travel Funds 3K per year 
Miscellaneous Funds 1K per year 

EMployee-Power 

1/24 Engineer employee-year per year 

2.6.3.5 Schedule. 

The project will be in effect the full 5 years of this plan. Work each year will 
depend on the scheduling of the Transportation Safety Institute. 

2.6.3.6 Deliverables. 

Better educated accident investigators in the area of aircraft fires. 

2.7 REIMBURSABLE AGREEMENTS. 
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2.7.1 FAA/USAF Aircraft Fire Protection Program. 

2.7.1.1 Objective. 

The objectives of this program are to evaluate new concepts for the prevention, 
detection, and control of aircraft fires; to establish the effectiveness of 
various fire protection measures; and to establish advanced aircraft engine/nacelle/ 
fuel and flammable systems simulation test criteria. 

2.7.1.2 Background. 

In the early 1950's, the Air Force and the FAA (then CAA) decided that since both 
military and civilian in-flight fire protection fields were similar in nature, a 
joint pooling of resources, expertise, and effort would best serve the interests 
of the aviation community. The benefits derived from this mutual approach have 
been significant, and, in recognition of this fact, the program has continued in an 
uninterrupted fashion for over 30 years. Although originally designed to 
address in-flight fire protection for the engine and nacelle, the program has 
expanded over the years and now includes both ground and in-flight fire protection 
of the entire aircraft and of the systems and components contained thereon. 

Though now sponsored directly by the U.S. Air Force under the direction of the 
Wright-Aeronautical Laboratories at Wright-Patterson Air Force Base, Ohio, the 
program has included participation and funding by the U.S. Army and the U.S. 
Navy. Other direct beneficiaries of the program have included Governmental 
agencies such as NASA, U.S. Marine Corps, Bureau of Mines, Coast Guard, and the 
Royal Canadian Air Force. 

The current FAA/USAF program, as developed over the past 30 years and projected 
through 1990, defines specific areas of cooperation. The USAF transferred six 
DOD positions to the Technical Center for accomplishment of this effort. These 
positions are not included in the FAA Technical Center authorized personnel 
ceiling. The Air Force provides P, C, and B funding, limited travel money, and 
project requirements in the form of a 1-year renewable Military Interdepartmental 
Purchase Request, which is subject to a 10 percent FAA administrative charge. The 
Air Force also supplies special test articles~ materials, and components. The FAA, 
in turn, agrees to supply project personnel, full-scale and component test 
facilities, instrumentation, fire expertise, and associated project support such 
as photography, report processing, test article buildup, and facility upkeep. 

As users of aircraft, the Air Force benefits through rapidly improved fire 
protection, direct application of state-of-the-art fire protection technology, 
and data inputs for military aircraft accident investigations. The FAA benefits 
from the availability of a sound data base for regulatory and advisory actions, 
and from advanced information on military fire protection technology which is 
generally adapted from the original ·military concept to utilization in new 
generation commercial aircraft and, finally, joint benefits are derived from the 
existence of a common proving ground for advanced concepts in fire safety for 
military/commercial/general aviation aircraft. 

2.7.1.3 Technical Programs. 

Two broad technical programs areas are addressed under this agreement. Although 
military oriented in their original conception, it is clear that these programs 
have direct application and benefit to the entire aviation community. 
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2.7.1.3.1 Aircraft Systems/Components Fire Protection. 

The overall program goals are to test, evaluate, and develop state-of-the-art and 
advanced concepts for the prevention, detection, and control of aircraft fires 
external to the engine/nacelle installation; to provide test facilities and data 
for fire related accident investigations and manuals, and to define and establish 
fire test methodology and standards. Examples of proposed fire safety studied in 
this area include intumescent and ablative materials, fire retardant void filler 
foams, advanced fire extinguishers for aircraft habitable compartments, fuel tank 
filler materials, wheel-well fire protection, and composite and advanced structural 
material fire testing. 

2.7.1.3.2 Aircraft Engine/Nacelle Fire Protection. 

The overall program goals are to test, evaluate, and develop state-of-the-art and 
advanced concepts for the prevention, detection, and control of engine/nacelle 
fires; to establish the effectiveness of various fire protection measures; and to 
establish advanced aircraft fire scenarios and simulated in-flight test criteria. 
A full-scale F-111 aircraft with an operating TF-30 turbine engine, considered 
representative of an advanced high-performance aircraft installation, is currently 
being used for simulated in-flight fire safety studies. Examples of proposed 
engine/nacelle investigations include bleed-air duct leak detectors, fire detector 
systems, extinguishing systems and agents, fuels and lubricants, hydraulic oils, 
hot surface ignitions, construction and structural materials, cooling airflow 
patterns, fire isothermal mapping, and fire hardening methods. 

2.7.1.4 Resources. 

The primary facility used to support the aircraft engine/nacelle fire protection 
program, section 2.7.1.3.2, is the existing air blast test facility, section 3.1.6. 
A proposed facility, the aircraft component fire test facility, section 3.2.1., is 
considered essential to the accomplishment of the aircraft systems/components fire 
protection program, section 2.7.1.3.1. All work done on these programs will be 
accomplished in-house with positions supplied by the DOD. The estimated level of 
effort and budgeted Air Force monies are as follows: 

Estimated Authorized AF 
FY EY Funds (P,C,&B) 

1985 4o5 $220K 
1986 4.5 $220K 
1987 4.5 $220K 
1988 5 $220K 
1989 5 open 

In addition to these yearly staffing funds, the AF has provided test articles, 
turbine engines, FAA facility air supply engines, and specialized equipment 
and materials valued in excess of 4.5 million dollars for accomplishment of 
this effort. 
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2.7.1.5 Schedule. 

The schedules for the many individual projects in the two major program areas are 
based upon mutual agreement between FAA and AF. The priorities for the individual 
projects, however, are based upon Air Force requirements. The scheduling, conse­
quently, must remain flexible and is difficult to unilaterally project over a 
5-year period. 

2.7.1.6 Deliverables. 

The major deliverables will be formal final reports leading to advances in the 
state-of-the-art for fire test standards, test simulation criteria, fire prevention 
measures, fire and overheat detection systems, and fire extinguishment and control 
techniques for in-use and new generation aircraft. 

2.7.2 Reimbursable Agreements -Potential Areas. 

The resources of the Aircraft Systems Fire Safety Program and Fire Safety Branch -­
experienced personnel and extensive facilities -- could be employed in fire safety 
studies for applications other than civil or military aircraft. As described in 
section 2.7.1, a continuing program exists with the Air Force covering a broad 
range of fire safety topics. A small interagency agreement with the Transportation 
Systems Center provides standardized testing of urban mass transit vehicles 
materials. These examples illustrate this capability. Moreover, as exemplified by 
test work to support accident investigations by NTSB (section 2.6), the equipment 
and experience is readily available to expeditiously set up and instrument novel 
experiments. 

In terms of scope, the fire test facilities at the FAA Technical Center may be 
unsurpassed anywhere in the world. The Full-Scale Fire Test Facility is the second 
largest enclosed fire test bay in the United States, designed to withstand a large 
fuel fire. Hundreds of measurements may be taken of temperature, heat flux, smoke 
density, oxygen and numerous toxic gases under realistic fire test conditions. 
The Materials Fire Test Laboratory houses numerous small-scale fire tests standard­
ized by FAA, ASTM, SAE, and NFPA, and two new test methods developed by Technical 
Center employees which are the basis for recently issued regulatory notices for 
seat cushion fire blocking layers and cargo liners. The Analytical Chemistry 
Laboratory contains instrumentation for the measurement of toxic gases and animal 
handling (rodents) capability for combustion toxicity studies. The Airflow 
Facility has a broad range of capabilities, including simulating flight conditions 
in small aircraft or engine nacelles, pressure modeling, theoretical fire modeling 
using a VAX 750 computer and fuselage smoke venting. Finally, the Froude Modeling 
Facility contains a number of reduced scale models for various fire related 
applications. 

Over 30 years of FAA experience exists in aircraft fire safety. The following is a 
generalized list of past work which can be brought to bear on any fire problem or 
fire study: 

o Engine fire detection and extinguishment 
o· Detection of combustion chamber failure 
o Flammability, smoke and toxic gas test method development 
o Full-scale fire tests 
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o Total flooding systems 
o Compartmentation 
o Fire burn-through 
o Flame spread 
o Theoretical and physical fire modeling 
o Cargo compartment fire safety 
o Emergency lighting 
o Portable fire extinguishers 
o Flashover and flash ·fire 
o Smoke venting -
o Fuel tank inerting with liquid nitrogen 
o Postcrash, in-flight and ramp fire tests 
o Pool fire impact on aircraft fuselages 
o Seat cushion fire blocking layers 
o Heat resistant evacuation slides 
o Toxicity 
o Correlation of small- and large-scale fire tests 
o Window burn-through 
o Measurement of toxic gases 
o Investigation of major aircraft fire accidents 
o Flight recorder fire protection 
o In-flight measurement of discharged extinguishing agent concentra-

tions 
o Combined hazard analysis 
o Fuel tank explosion hazards 
o Hazards of burning materials 

The fire technology accumulated in the past few years in aircraft fire safety 
r~presents a significant advance in the state-of-the-art and contains a wealth of 
technical information that is transferable to not only other modes of transporta­
tion but also to the building industry. 

3. FACILITY REQUIREMENTS. 

3.1 EXISTING FACILITIES. 

3.1.1 Material Fire Test Facility (Building 203). 

This facility contains a number of small-scale fire test methods frequently used to 
evaluate the performance of aircraft cabin materials. Many of the test methods 
are standardized by the American Society of Testing and Materials (ASTM). Some 
of the tests methods are in the process of being standardized, while others are 
used for research purposes only. The test methods are located in test cells 
equipped with smoke ventilation equipment. The facility also contains a shop area, 
material conditioning (temperature and humidity) chambers and a buildup area 
required for test apparatus maintenance and modification and sample preparation. 
Office space exists in the front of the building. 

Improved methods of testing were the result of research and te~ting in this 
facility. FAA flammability requirements are contained in FAR 25.853 (a and b); the 
basis is the vertical test apparatus (ASTM-F-501). At present, the following 
additional test methods are operational in the facility: (1) the radiant panel 
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(ASTM E-162), (2) horizontal test method (ASTM F-776), (3) evacuation slide test 
method (ASTM F-828), (4) OSU rate of heat release apparatus (ASTM E-906), (5) seat 
blocking fire test (undergoing evaluation), (6) NBS smoke chamber (ASTM F-814), (7) 
flooring radiant panel (ASTM E-648), (8) cargo liner test (undergoing evaluation) 
(9) limiting oxygen index (ASTM D-2863), and (10) Setchkin burner (ASTM F-777). 
The OSU apparatus has been extensively modified for toxic gas analysis and comput­
erized data acquisition to calculate the combined hazard index (CHI) of a burning 
material. 

3.1.2 Airflow Facility (Building 204). 

The airflow facility, until 1981, consisted of one capability which was a 5-foot 
diameter test section with velocity capabilities up to a Mach number of 0.85. This 
test section is part of an induction-type airflow facility driven by two J57 
turbojets. The facility was originally used for powerplant fire protection 
testing. 

This facility has now been modernized and expanded to include a number of new 
capabilities and test beds. A low-speed test section of 10-foot diameter was 
added to the inlet section so that light aircraft could be tested at simulated 
flight conditions. This new section currently contains a Cessna 210 used for hand 
fire extinguisher studies. A high pressure (1000 psi) air capability consisting of 
a 120 cfm compressor and storage tank has been added to the existing 100 psi 
facility compressed air capability. The high pressure system is configured to feed 
both the high pressure fire test vessel (see 2.5.2:) as well as a B707 fuselage on 
the facility for in-flight smoke venting certification procedure development. Data 
acquisition capabilities have been enhanced by installation of a DEC VAX-750 
computer and by a centralized video data acquisition system. The facility in its 

-current configuration and final configuration (see 3.2.3.) represents an Environ­
mental Complex unique in the Government for simulating the wide range of conditions 
that influence in-flight fires. 

3.1.3 Froude Modeling (Scale-Test)Facility (Building 205). 

The Froude Modeling Scale~Test Facility is a warehouse-type building, 102 feet long 
and 39 feet wide. The buildings' sidewalls are 20 feet high, and a 26-foot high 
peak runs the length of the building. The building has a series of modifications 
that make it suitable for fire tests (see 2.5.2). These include large-volume, 
low-pressure fans for smoke removal, an attached control room housing a DEC MINC 11 
computer for data acquisition, louvered lighting sources to keep the building 
illuminated during tests resulting in deep smoke layers, and a 64-square-foot hood 
for evacuating toxic products during specialized material tests. 

The Froude Modeling Scale-Test Facility currently houses a wide range of models 
ranging in size from a 48-cubic-foot flashover model to a 1/5 scale model of the 
Full-Scale Fire Test Facility. 

In addition to the current active work on flashover phenomena with aircraft 
interior materials, the facility has recently been used for a wide range of tests. 
A partial listing includes the following: 

a. Evaluation of intumescent coatings on hose assemblies 
b. Characterization of aviation fuel fire radiation 
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c. Comparison of the relative effectiveness of the halons 1011, 1211, 
and 1301 

d. Verification testing for the Harvard model on fire penetration into 
fuselage doorways 

3.1.4 Full-Scale Fire Test Facility (Building 275). 

The function of this facility is to provide a controlled environment in which to 
conduct full-scale aircraft fire test programs. The test area is 180 feet long, 70 
feet wide and 40 feet high, and is capable of withstanding localized temperatures 
of over 2000° F, indefinitely. The center 70-foot by 70-foot section of the test 
area ceiling is constructed of 2-inch thick refractory plaster and can tolerate a 
constant temperature of 2200° F. Two vents in the test area ceiling allow smoke to 
exit the area during and after test fires. All exposed electrical wiring in the 
test area are ceramic-insulated wires inside a copper sheathing. 

The facility consists of the test area, office and operation areas, buildup shop, 
computer room and electrical and mechanical rooms that contain the facility 
operating equipment (boiler, generators, vacuum pump, etc.). The buildup area 
allows project personnel to fabricate and assemble all types of test furnishings 
and equipment. 

The test bay currently houses a surplus USAF C133 aircraft modified to resemble a 
wide-bodied passenger aircraft. This test article is used for simulating postcrash 
and in-flight fires. The bay also contains a fuselage section of a DC10-30 that is . 
being used for the cargo compartment fire test program. 

The facility computer room contains a Data General Nova 3 computer that collects 
and records data from various test instrumentation that is located both inside and 
adjacent to both test articles. This instrumentation includes Beckman Instrument 
Company infrared carbon monoxide, carbon dioxide, and Halon 1301 analyzers and 
polarographic oxygen analyzers. Also, temperatures, smoke density, and heat flux 
is recorded directly by the computer. A Texas Instrument 99/4A computer system is 
also used in the facility to assist in recordkeeping, report writing, etc. 

Due to the large amount of dirt and carbon residue generated by the test fires, two 
washdown hoses are installed in the test area for cleaning purposes. The waste 
water from the cleaning operation is directed to a 3000-gallon underground hold 
tank for proper disposal. Test article fire protection is provided by both a 
900-gallon water/foam tank installed in the test area and a 7.5-ton carbon dioxide 
tank located externally at the rear of the facility. There is no installed fire 
extinguishing equipment for the facility itself, however every room in the building 
contains thermal detectors with both local alarms and hookup to the central fire 
dispatch center on the Technical Center. 

Both the test area and the shop have electrical outlets which supply 28 VDC, 
115 VAC, 60 Hz, and single phase 115 VAC, 400 Hz power. Also, a large movable 
fan in the test area can provide velocities as high as 10.5 mph to simulate 
wind conditions during C133 pool fire tests. 

3.1.5 Analytical Chemistry Facility (Building 277). 

The Analytical Chemistry Laboratory is located adjacent to the Full-Scale Fire 
Test building in the R&D area of the Technical Center. It is staffed with four 
chemists and a technician. 
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The prime responsibility for this support effort is the sampling and analysis of 
toxic gases from full-scale fire tests run in this facility. Time/concentration 
analytical profiles are produced for specific points within a test article. These 
graphic reports are produced for acid gases and cyanide gas, using ion and gas 
chromatographic methods of analysis, respectively~ These reports are combined with 
other reports of gases that are automatically analyzed, (i.e. oxygen) and informa­
tion on smoke and temperatures. The combination of all information is analyzed for 
impact on -survivability. A second effort is the development of laboratory sized 
testing devices that can be used to comparatively rank materials for their con­
tribution to fire hazards. A prime example is the adaptation of the OSU apparatus 
to measure a series of toxic gas emissions in order to generate a Combined Hazard 
Index (CHI). The laboratory is also equipped to perform toxic gas exposure tests on 
rats, for example the CAMI ranking test. The laboratory analytical devices are 
supported by computers, hardware and software. The chemists are trained to 
write and modify software programs to adapt them to changing demands. 

A third effort conducted in the laboratory is in the area of fuel testing. The 
laboratory has the ability to perform half of the ASTM tests required for aviation 
kerosene (jet A). The laboratory also runs other tests in support of the program 
to develop and introduce antimisting kerosene to the civil fleet. 

The fourth effort is the conducting of special analytical tests for the National 
Transportation Safety Board in their investigations of the causes of aircraft 
accidents. 

A fifth effort is the analyses of materials within the environment of the Technical 
Center in the support of Health and Safety Programs. The chemical facility is 
well equipped with state-of-the-art analytical tools to perform analysis on fire 
gases, fuels, potable water, waste water, and a variety of solid, liquid and gas 
samples of unknown materials. 

3.1.6 Air Blast Test Facility (Building 311C). 

This unique fire test facility is designed to provide high mass, high velocity 
airflow for simulated in-flight fire safety studies of full-scale aircraft engine/ 
nacelle installations, components, and external aircraft surfaces. 

Facility operation is accomplished by in-house personnel. The simulated in-flight 
airflow for the facility is generated by a single Pratt-Whitney YTF-33 turbofan 
engine. The uncontaminated bypass fan air is collected at the fan exit and 
delivered to the test article through a 30-inch diameter duct. The ducting is 
branched, and a series of movable duct gates allow supply and control of air to 
one or more test articles, simultaneously. The test article(s) can be situated on 
either of two abutting reinforced ~oncrete test pads. The first test pad is 25 
feet by 25 feet in size and is used for component testing. The second test 
pad is 75 feet by 100 feet in size and is used primarily for full-scale aircraft 
testing. The larger test pad incorporates a water deluge system capable of washing 
the pad with 3400 gallons of water in less than 1 minute in the event of a large 
fuel spill fire emergency. Any burning fuel/water mixture is diverted to a remote 
6000 gallon holding tank for personnel safety and to minimize fire damage to the 
full-scale test article. The test pads are lighted for night work and have ample 
power outlets located around their perimeters. 
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Facility instrumentation and operation are controlled within a large trailer pro­
tected by a steel barrier structure. A second adjoining trailer is used for 
machining, component buildup, and storage. 

The facility has additional buildings for extinguishing agent container filling; 
electrical power generation and transmission; and flammable fluid pumping~ mixing, 
heating, and distribution to any desired test article. The facility also contains 
three large capacity underground fuel tanks and a complex buried system of 
instrumentation conduit and hydraulic, pneumatic, and flammable fluid lines. 

The only other facility in this Country of similar design and utilization is the 
u.s. Navy DASH facility located at the Naval Weapons Center, China Lake, 
California. 

The major capabilities provided by this facility are: 

1. Variable mass airflows from 0 to 200 pounds per second exiting a 30-inch 
diameter duct. 

2. Variable airspeeds from 0 to 400+ knots exiting a 30-inch diameter duct. 

3. Heated flammable aviation fluids variable to 200° F (fuel, engine oil, 
hydraulic fluid, etc.) 

4. Variable boundary layer generation to 8 inches for external fire pattern/ 
ignition/spread studies. 

5. Remotely operated motion picture and v}deo camera coverage. 

6. Three types of aviation test fuels from buried tanks of 5000/1000/1000 gallon 
capacities. 

7. Total facility intercommunications system for use in high noise level environ­
ments. 

8. Protected enclosure for instrumentation and personnel during hazardous 
testing. 

9. Wheeled, 150-pound capacity Halon 1211 auxiliary fire protection unit. 

10. Steel tie down fixtures embedded throughout the test pads for adequate 
securing of test articles using l-inch diameter bolts. 

11. Comprehensive data acquisition utilizing DEC PDP ll/34A computer, data 
logger, oscillographs, strip-chart recorders, manometer banks, pressure trans­
ducers, thermocouples, gas analyzers (extinguishing agent, CO, co2, Oz), boundary 
layer probes, pitot-static probes, flowmeters, strain gages, and closed circuit 
video/recording system. 

12. A weapon mounting pad and protective backstop for conducting military ballis­
tic fire protection studies. 

13. Varied electrical power including 115/220 VAC, 60 hertz; 115 VAC, 400 hertz; 
and 28 VDC. 
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The 10+ year old trailers and other temporary buildings compr1s1ng this facility 
should be replaced with a single permanent structure capable of housing project 
personnel, instrumentation, a computer, a machining and buildup area, a storage 
area, and facility control consoles. Cost for this structure and associated site 
improvements (parking, grading, etc.) is estimated to be $350K. If the proposed 
AIRCRAFT COMPONENTS FIRE TEST FACILITY, described in Section 3.2.1 were con­
structed adjacent to the AIR BLAST TEST FACILITY as approved by the Center Master 
Planning and Siting Board, the two facilities could be combined into a single 
structure, thus eliminating the estimated $350K. 

3.2 PLANNED FACILITIES. 

3.2.1 Aircraft Component Fire Test Facility. 

3.2.1.1 Function. 

This facility is a building designed and constructed specifically for the purpose 
of conducting fire and environmental testing of aircraft sections, components, 
systems, and materials. 

3.2.1.2 Requirement. 

The fire test facilities of the FAA Technical Center and the in-house expertise are 
nationally and internationally recognized. However, currently there exists a 
distinct gap in the facility capability. Full-scale and laboratory tests can be 
adequately undertaken but a facility is needed to conduct component tests. Com­
ponent parts, sections, or systems of aircraft require fire testing before teSting 
as a complete integrated aircraft fuselage, engine or total aircraft. Also, there 
is a need for a test cell which has high ventilation rates for evacuating smoke 
and toxic gases for personnel protection and an ability to control environmental 
factors such as temperature and humidity. This proposed facility would provide 
the required capability and allow FAA to maintain our leadership in this area which 
has been established over the past years. 

The current long range fire safety plan as contained in the National Airspace (E&D) 
5-year plan and, more specifically, the FY-84 budget submission calls for an 
assessment of current aircraft design deficiencies to identify parts or systems 
that need updating to the current state-of-the-art in fire protection methods and 
materials. The long range plan calls for looking at the whole aircraft and systems 
as a fireworthy vehicle beyond that currently emphasized -- cabin and cargo 
compartments. Specific aircraft systems and components have already been identi­
fied in this program plan which require the aircraft component fire test facility 
for timely and efficient testing. These identified items, as well as several other 
suggested fire study areas, are as follows: 

1. Conduct a system test on the current oxygen system used in aircraft today 
to determine its vu}nerability to fire and its ability to perpetuate a fire. 

2. Evaluate the effectiveness of current and anticipated advanced fire detec­
tion and extinguishing systems -- cargo and engine. 

3. Evaluate advanced concepts in hand-held extinguishers. 

4. Test the fireworthiness of current hydraulic systems and their potential 
as a fire source. 
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5. Test the fireworthiness of electrical systems and their potential as a 
fire source. 

6. Conduct component fuselage fire tests to determine resistance to burn­
through from external pool fire. An important item as we extend survival time inside 
the cabin by increasing survival time through improved cabin materials. 

7. Conduct fire tests on galley and lavatory components for improved fire­
worthiness. 

8. Conduct fire tests on component parts such as engine cowling which are 
now being designed to use composites. There is a large trend in aviation towards 
replacing current metals with composites. 

9. Test system component hoses and tubing fire resistance under simulated 
in-flight aircraft vibration. 

10. Fireproof testing for nacelle construction materials and methods, in­
cluding engine firewalls. 

11. Test new fire ablative, intumescent, and void filler materials requiring 
high ventilation rates in test cell. 

12. Test fireworthiness of strategic controls such as flight cables when 
located in vulnerable areas such as near a cargo compartment. 

13. Evaluate new extinguishing agent concentration analyzer instrumentation 
for engine compartment certification testing. 

14. Establish burner standards for aircraft component fire testing. 

In an effort to continue urgently needed work in the component fire test field, 
certain past and present projects have had to adapt and utilize alternate facil­
ities not specifically suited for this purpose. In most cases, compromises have 
resulted in project delays, interference with ongoing work, space limitations, 
safety concessions, decreased quality of test results, and extended planning 
and test preparation. Therefore, this proposed facility is considered a 
necessity to insure rapid response to FAA, military, and industry requests for 
component tests. Component testing is a dynamic field with new technological 
advances occurring at a constantly increasing rate. Component testing generally 
leads to definable and rapidly implemented results. We know of no other facility 
that has the component and systems test capability and versatility that are 
planned for the subject facility. 

3.2.1.3 Resources. 

Based upon past justifications, budget approval, and congressional authorization, 
a $44K A&E study was completed in FY-82. This study includes complete plans, draw­
ings, and specifications, and the package is ready for immediate construction 
bid advertising. The estimated construction costs have escalated from an A&E study 
projection of $500K in the original authorized FY-82 implementation year to $762K 
in the FY-85 budget year. 
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3.2.1.4 Schedule. 

Bid advertising procedure --- 3 mos. 
Construction --- 12 mos. 

3.2.2 In-flight Fire Test Facility. 

3.2.2.1 Definition. 

The In-flight Fire Test Facility is a large metal enclosure capable of containing 
an aircraft fuselage and being evacuated to altitude pressure conditions. 

3.2.2.2 Requirements. 

The characteristics of in-flight fires are quite different from postcrash fires. 
The postcrash fire generally involves an external pool fire which can penetrate the 
fuselage through open doors or ruptures depending on ambient wind conditions. 
Fuselage fire safety considerations are primarily aimed at preventing interior fire 
hazards from developing for a long enough period so that occupants have enough time

•to escape. The fire test conditions are so dominated by a large pool fire, that 
improvements can be aimed at major phenomena such as fuselage burn-through and 
flashover Rrevention under a relatively limited range of parameters. 

The in-flight fire, lacking such a strong ignition source as an external fuel fire, 
tends to be characterized by much longer development times. Additionally, the 
in-flight fire can occur in many different parts or systems of the aircraft. 
Forced ventilation rates and altitude/pressure have a strong bearing on the nature 
of the fire growth (both rate and direction). Handling a non-extinguished in­
flight fire in reality is an attempt to land and evacuate an aircraft before the 
fire grows to a point where it disables the aircraft or the occupants. 

Two major control features that can slow fire growth or modify it are the ventila­
tion in the fuselage and the pressure in the fuselage. The only way to develop 
sound recommendations for manipulating ventilation and pressure is by full-scale 
fire tests in a fuselage where these two parameters can be varied. Because of the 
systems nature of such in-flight fires, they are extremely difficult to model. 
Model tests can only yield a data base on burning rates of materials per ~ but 
not of real-life configurations of these materials. 

The major requirement for a facility for in-flight fire tests is the need for 
credibility. There are really two options. One is continued use of the exist­
ing full-scale fire test facility for fire tests of in-flight scenarios. This 
would mean either the test pressure would be sea level or the test fuselage 
would be pressurized so that the working pressure were below sea level. The 
second option is full-scale testing at altitude. Since setting fire to a test 
aircraft in flight is (a) technically difficult from a data collection view, (b) 
dangerous, and (c) expensive on an hourly basis; a realistic altitude program in­
volves utilization of an altitude chamber capable of accommodating a test fuselage. 
No such fire facility exists in the United States at this time. 

Sea level testing is viable in that fires will burn more severly at sea level than 
at altitude. Thus, insofar as materials are concerned, a material with flammabil­
ity resistance at sea level will have more resistance at altitude. Nevertheless, 
when it comes to systems fires or fires involving materials that.are not designed 
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for fire resistance (baggage, contraband, or trash), the possibilities of use of 
depressurization for fire control; have been periodically suggested for many years. 
A study at Lockheed involving small paper samples showed that fire spread rates 
dropped by one-third if the pressure was dropped from sea level to 15,000 feet. 
Flame spread rates dropped two-thirds if the pressure dropped from sea level to 
30,000 feet. Additionally, pressure modeling indicates that flame spread rate 
is directly proportional to the absolute pressure to the two-thirds power. 
Thereby, pressure modeling also predicts a one-third drop in flame spread rate as 
pressure is dropped from sea level to 15,000 feet. Pressure modeling also pre­
dicts the same two-thirds law for the heat release rates of a bur~ing material. 

These observations and theories on pressure effects have a foundation exclusively 
on small-scale tests. The effect of pressure on fires in full-scale tests of 
aircraft is still open to conjecture as to quantitative predictive accuracy. It 
can be said that a one-third decrease in burning rate coupled with a one-third 
decrease in flame spread rate could conceivably give a decrease in heat release by 
as much as a factor of 3 at a given point in time. Thus, potential ·benefits 
associated with moderate pressure decrease cannot be lightly dimissed as a method 
of fire control. Actual determination of these effects can only be accurately 
established by conducting full-scale .tests in the required in-flight fire test 
facility. 

Thus, a facility is required that would be approximately 100 feet long and 40 
feet in diameter that could accommodate an aircrafL and be evacuated to cover a 
range·of altitudes and aircraft ventilation rates. 

The chamber will be evacuated with an ejector system driven by turbojet action. 
The test article ventilation will be fed by a metering system from the atmosphere 
outside the chamber. The facility will accommodate projects 2.1.1.2 (Emergency 
Venting), 2.2.2 (Oxygen System Safety), and 2.5.3 (ACES). All of these projects 
require altitude simulation for definitive results. The 10 B707 fuselages ident­
ified under 2.1.1.2 will be used in a sequential and destructive progression and 
the fuselages will be salvaged as they are damaged beyond further test application. 

3.2.2.3 Resources. 

Construction of the facility will cost 1,400K. 

3.2.2.4 Schedule. 

The construction of this facility will take 2 years with the following major 
milestones. 

Month 3 Site selection and design requirements 
Month 6 Design complete for foundation and services 
Month 9 Contract let for foundation 
Month 9 Metal orders 
Month 18 Assembly contract let 
Month 24 Assembly completed 

3.2.3 Environmental Laboratory. 
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3.2.3.1 Definition. 

The existing low-speed wind tunnel and altitude chamber will be moved into a new 
wing at the Airflow Facility. The resultant complex will also include the Pressure 
Modeling Facility and will be reidentified as the Environmental Facility.· 

3.2.3.2 Requirements. 

Reconfigurations of buildings from lab or shop purposes to offices have displaced 
two significant capabilities at the Technical Center. One is the low-speed cali­
bration wind tunnel and the other is the altitude chamber. Both are needed for 
calibration of sensors, and the altitude chamber is further needed for developing a 
data base on altitude material burning as related to in-flight fires. A host of 
other near-term needs for these two entities come from fuel safety (high altitude, 
low-temperature soaking as well as outgassing in fuel), powerplant fire safety 
(Statham sensor calibration), and postcrash fire testing (anemometer calibration). 

By adding these devices to the present Airflow/Pressure Modeling complex, signif­
icant improvements in employee-power and equipment utilization will occur. This 
addition has 'already been requested and approved and is expected to be on-line at 
the start of the 5-year program. 

3.2.3.3 Resources. 

The cost of this modification is approximately 160K. 

3.2.3.4 Schedule. 

The Environmental Facility is projected to be complete at the start of the 5-year 
program. 

I

4. RESOURCE REQUIREMENTS. 

Contract funding and in-house employee-power requirements to meet the objectives 
set forth in this technical program plan are identified in table 2. This informa­
tion is presented for each of the 17 planned projects through fiscal years 1985 to 
1989. Resources are committed--- almost entirely--- to in-flight fire or 
related activities. Fiscal year 1985 employee-power requirements are consistent 
with present staffing levels; however, in FY-1986 and beyond, additional employee­
power is required as shown in table 2 to undertake the complete program. 
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TABLE 2. AIRCRAFT SYSTEMS FIRE SAFETY RESOURCE REQUIREMENTS 
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The Technical Center management of the Aircraft Systems Fire Safety Technical Pro­
gram is performed by the Fire Safety Branch, ACT-350, within the Aircraft and 
Airport Systems Technology Division, ACT-300, FAA Technical Center, Atlantic City 
Airport, N.J. FAA Headquarters responsibility and accountability for this program 
has been assigned to the Program Engineering and Maintenance Service, Aircraft 
Safety and Airport Technology Division (APM-700) under the Associate Administrator 
for Development and Logistics (ADL-1). Other elements of the agency participating 
in this activity include: Office of Aviation Safety (ASF), Office of Airworthiness 
(AWS), Certification Directorates and FAA operating services, and the Civil Aero­
medical Institute (CAMI). Participating groups outside the agency include: the 
National Aeronautics and Space Administration (NASA), the Department of Defense 
(DOD), industry, user organizations, academic institutions, and other pertinent 
government agencies. 
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5.2 PARTICIPATION ON TECHNICAL OR ADVISORY COMMITTEES. 

Individuals working in the program participate on various fire safety and aircraft 
safety technical committees to assure maxim~m integration and benefit from related 
activities. These committees include the following: 

a. NBS Ad Hoc Committee on Mathematical Fire Modeling 
b. ASTM E-5 Committee on Fire Standards, and F-7 Committee on Aerospace 

Industry Methods 
c. NFPA Aviation Committee 
d. SAE S-9 Cabin Safety Provisions 
e. SAE A-20C Aircraft Interior Lighting 
f. SAE G-3 Aerospace fittings, hose, and tubing assemblies 

The FAA program adheres to the major recommendations of the SAFER Advisory 
Committee. 

5.3 TECHNICAL PROGRAM INTERFACE. 

The effectiveness of the Aircraft Systems Fire Safety Technical Program will be 
enhanced and maintained at a high level by continual interface not only internally 
within FAA and DOT, but also with National and International organizations pro­
minent in the aircraft fire safety field. Figure 7 illustrates the many inter­
faces that have led to FAA's worldwide prominence in aircraft fir~ safety in the 
past and will continue under this 5-year program• 

• 
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FIGURE 7. AIRCRAFT SYSTEMS FFU; SAFETY TECHNICAL PROGRAM NTERFACE 
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	EXECUTIVE SUMMARY 
	PROBLEM. 
	Previous work in cabin fire safety -reference E&D program plan FAA-ED-18-7 dated June 1980 (revised 1983) -has made considerable inroads into the postcrash fire problem and several areas related to in-flight safety. As a result of this work, notices of propo·sed rulemaking were issued by the Federal Aviation Administration (FAA) on flammability requirements for aircraft seat cushions, and floor proximity emergency escape path marking. Also, technical standard order TSO-C69A was issued to improve fire resist
	-

	Attention has now shifted almost completely to the in-flight fire problem due to two recent accidents -the Saudia 11011 accident and the Air Canada DC9 which resulted in a total of 324 fatalities. On an international basis there have been 2061 fatalities from in-flight fires during the period of 1964 to 1983. Of the 2061 fatalities, 1102 were caused by fires originating in the cabin/fuselage. Five hundred and thirty eight fatalities resulted from engine fires. Some of the products previously mentioned as fo
	1. 
	1. 
	1. 
	Preventive measures/procedures are developed. 

	2. 
	2. 
	Detection of the in-flight fire is made early. 

	3. 
	3. 
	The fire is extinguished early.
	-


	4. 
	4. 
	The fire is isolated. 


	Additional effort is needed to look at the..whole aircraft as a system and update it to the current state-of-the-art in fire protection. This is particularly important from the standpoint of preventing potential future fire problems from occurring and establishing an atmosphere of fire prevention by anticipation rather than by reaction after the fact. Considerable advancement in fire technology has been made in the last few years that should be utilized and applied. Also, fire protection measures and proced
	PROGRAM OBJECTIVES. 
	The overall objective of the aircraft systems fire safety technical program is to characterize the hazards created by an in-flight fire as it relates to aircraft safety, determine effective means for preventing, detecting, extinguishing, and isolating the fire through development of technical criteria, operating procedures, and recommendations for regulatory procedures for transport, general aviation and rotorcraft, that will establish overall fireworthy aircraft. Also, through con­tinued study and testing 
	CRITICAL ISSUES. 
	The aircraft systems fire safety technical program, due to its systems approach as related to the whole aircraft, will address certain critical issues. Some of these issues are as follows: 
	a. 
	a. 
	a. 
	Several factors need to be resolved concerning the use of aircraft ventilation systems in the control of in-flight fires. Should the ventilation dump valve be closed or the airplane depressurized, thereby restricting oxygen to the fire source and slowing its progress, or should it be opened to allow escape of smoke, heat, and unburned hydrocarbons to delay flashover? Also, is the current ventilation system designed properly to most effectively aid the pilot in an emergency in controlling a fire? Many variat

	b. 
	b. 
	b. 
	Considerable controversy exists concerning the use by passengers of pro­tective breathing apparatus during in-flight and-postcrash fires. Although, appearing to be a very viable and cost-effective aid to passenger survivability, there are issues that need to be resolved to prove that the concept is worthwhile. Such issues as: 

	1. 
	1. 
	1. 
	Will the passengers actually put the system on during an emergency? 

	2. 
	2. 
	Will it hinder or help during evacuation? 




	3. 
	3. 
	3. 
	Will there be psychological ~ffects such as causing people to become disoriented? 

	4. 
	4. 
	How much capacity should the system have in providing toxic free air? Under some scenarios would passengers run out of air and actually suffocate? 

	5. 
	5. 
	With the advent of composites and more of this material being utilized in aircraft construction to the point where eventually the majority of the aircraft will be constructed of composities, the issue arises--does this make the air­craft more or less fireworthy? 

	6. 
	6. 
	The current oxygen system onboard aircraft has been the subject of discussion many times as to whether or not it might have contributed to an aircraft fire. Certainly, the introduction of oxygen will intensify a fire. This longtime issue needs resolving and if oxygen systems are found to be contributing to fires, recommendations for making the system fireworthy should be made. 


	vi 
	These issues must be carefully studied, as sometimes the introduction of a safety feature may solve one problem but unknowingly introduce another. 
	PROGRAM TECHNICAL APPROACH. 
	The general technical approach in this program will be to conduct full-scale fire tests to define the problem. In the previous program on cabin fire safety (FAA-ED18-7), full-scale fire tests were conducted on a simulated wide-body test article in a postcrash fire scenario. Emphasis in this program will be placed in simulat­ing (full-scale) the in-flight fire scenario as realistically as possible to properly characterize the in-flight fire and obtain valid realistic solutions. Tests will be conducted to cor
	-

	The program is broken down into seven areas as follows: 
	a. 
	a. 
	a. 
	Fuselage fire management 

	b. 
	b. 
	Systems 

	c. 
	c. 
	Advanced concepts 

	d. 
	d. 
	Powerplant fire protection 

	e. 
	e. 
	Materials and test methods 

	f. 
	f. 
	Accident investigations 

	g. 
	g. 
	Reimbursable agreements 


	ESTIMATED COMPLETION DATES. 
	Completion dates for the major 
	Completion dates for the major 
	Completion dates for the major 
	areas 
	(which 
	are 
	subdivided) 
	are 
	as 
	follows: 

	a. 
	a. 
	Fuselage Fire Management Lavatory Fire Protection Smoke Ventilation General Aviation Postcrash Cabin Firefighting Burn-Through resistance 
	November 1986 November 1988 November 1988 November 1986 April 1988 

	b. 
	b. 
	Systems Protective Breathing Devices Oxygen System Safety Aluminized Slides 
	November 1987 November 1989 November 1985 

	c. 
	c. 
	Materials and Test methods Hydraulic Fluids Electrical Wiring Sustaining Engineering 
	November 1990 November 1990 Continuous 

	d. 
	d. 
	Powerplant Fire Protection Burner Studies Coating State-of-the-art Study 
	April 1989 April 1988 November 1989 


	vii 
	e. Advanced Concepts 
	Modeling ACES 
	Modeling ACES 
	Modeling ACES 
	Continuous November 1989 

	f. 
	f. 
	Accident Investigations 
	Continuous 

	g. 
	g. 
	Reimbursable Agreements 
	Continuous 


	viii 
	1. INTRODUCTION. 
	1.1 AIRCRAFT SYSTEMS FIRE SAFETY PROBLEM. 
	The more recent work in aircraft fire safety research placed considerable emphasis on reducing the hazards of the postcrash fire. Accident statistics showed that approximately 39 percent of the fatalities in a survivable accident are fire related and occur during a postcrash fire. The work conducted in this area is outlined in report number FAA-ED-18-7, Engineering and Development Program Plan­Aircraft Cabin Fire Safety, dated June 1980 (revised February 1983). As a result of this comprehensive program, the
	-

	. ments for aircraft seat cushions. (Fire-resistant material such as seat blocking layers was shown to increase the survivable time in the cabin during a postcrash fire by as much as 1 minute.) and (2) Floor proximity emergency escapepath marking. (Lower mounted emergency lights reduced the time to evacuate passengers in a smoke filled environment by 20 percent.) Both NPRM's were issued on October 11, 1983. An NPRM on test methods and criteria for cabin interior materials is planned for late fall 1984. 
	In-flight fires in commercial aviation are becoming a concern since there have been a total of 2,061 worldwide fire fatalities over the past 20 years with 324 of these occurring within the past 3 years. Of the 2,061 fatalities 1,102 were caused by fires originating in the cabin/fuselage. A listing of in-flight cabin/fuselage fatal fires (1964-1983) is found in table 1. 
	In the case of the Varig 707 accident, the in-flight fire was said to have been caused by a cigarette being dropped in a waste basket in an aft lavatory. The fire spread throughout the cabin, causing a forced landing. Only 11 of the 134 occupants survived. In the Air Canada DC9 accident, the fire started in the vicinity of the the aft lavatory, possibly by an electrical failure. The fire progressed through the cabin, forcing an emergency landing and evacuation during which 23 people died. In another signifi
	Some progress has already been made toward helping to reduce the in-flight fire problem. Besides the issuance of the NPRM on seats, as previously mentioned, wherein the seat fire blocking layer concept was proven to be even more effective in the in-flight fire scenario, work has been accomplished on cargo compartment fire protection and hand-held extinguishers. 
	1 
	TABLE 1. IN-FLIGHT CABIN/FUSELAGE FATAL FIRES 1964 TO 1983 
	Date Aircraft Operator Location Phase Fatalities Circumstances 
	9-1-64 DC-3 ALA Nr Zarate Enroute 28 Fire reported in 
	cabin Viscoun~ United Nr Parrotsville Unknown 39 Fire in fuselage 23-6-67 One-Eleven Mohawk Nr Blossburgh Enroute 34 Cabin fire 11-9-68 Caravelle Air Inter Cap d'Antibes Enroute 95 Fire on board 2-4-69 C-46 Unknown New Providence Take-off 2 Fire on board 
	9-7-64 

	reported 26-7-69 Caravelle Air Algerie Algiers Landing 35 Cabin fire 4-8-72 11-62 Interflug East Berlin Climb 156 Fire in tail 1-7-73 707 Varig Pans Appoach 123 Cabin in fire started 
	by cigarette in rear lavatory waste bin. Forced landing short of airport 
	N 3-11-73 707 Pan American Boston Enroute 3 Fire and smoke caused by acid-cargo spillage 3-3-78 748 LAV Caracas Take-off 47 Crashed into sea after fire reported 
	in cabin 23-3-78 DC3 Dominica Grand Turk Take-off 1 Fire on board reported 26-11-79 707 TIA Jeddah Enroute 156 Cabin fire reported 19-8-80 TriStar Saudia Riyadh Landing 301 Cabin fire originating 
	in cargo hold reported during climb: aircraft returned to airport emergency doors not opened 
	21-12-80. Caravelle Aerovias Nr Rio Hace Take-off 70 Cabin explosion and del Cesar Colombia fire 
	2-6-83 DC9 Air Canada Cincinnatti En-route 20 Fire broke out in rear cabin enroute: emergency decent landing and evacuation 
	-

	Flight International, August 13, 1983 
	Fire tests on cargo compartments (Saudia accident) revealed that the Nomex liner used in L1011 class D cargo compartments was inadequate in containing a fire. A service bulletin was issued suggesting replacement of the Nomex liner with more fire resistant fiberglass material. A new cargo liner material laboratory fire acceptance test was also developed, which more realistically represents the cargo compartment fire scenario than the existing regulatory lab test. Extensive tests were conducted on a variety o
	When considering the in-flight fire scenario versus the postcrash scenario there are very distinct, contrasting differences which require technical consideration when both defining the problem and identifying solutions. For example, the post­crash scenario is identified as normally an external originated pool fuel fire which progresses into the cabin through door openings or ruptures in the fuselage. The duration of the postcrash fire is generally in the order of 2 to 3 minutes before flashover or a non-sur
	Conversely, the in-flight is generally of a hidden nature in the initial stages; i.e., starting in a cargo compartment, lavatory or behind a panel, and progressing at a slow rate due to a smaller ignition source as compared to a large fuel fire in the postcrash scenario. Also, due to its location there will be more smoldering and possibly levels of smoke and toxic gases that are significant, even prior to the onset of flashover. The in-flight fire can be controlled more readily by following a procedure wher
	1. 
	1. 
	1. 
	Preventive measures/procedures are developed. 

	2. 
	2. 
	Detection of the in-flight fire is made early. 

	3. 
	3. 
	The fire is extinguished early. 

	4. 
	4. 
	The fire is isolated. 


	The recent accidents, such as the Air Canada DC9 and Saudia L1011, resulted in several National Transportation Safety Board (NTSB) recommendations to FAA for in-flight fire research that, coupled with planned FAA initiatives in the specific areas of emergency smoke ventilation, lavatory fire protection and protective breathing devices, form the key requirements for this plan. Other areas of research outlined in this technical program plan are required to update all air­
	craft systems to the current knowledge or state-of-the-art of fire protection. 
	Every effort must be made to examine any system or aspect of the aircraft that emp~asis in the past in aircraft fire safety has been placed in the areas where past fire accidents have occurred, the time has come to take a systems approach in identifying potential fire problems. Prevention of unidentified fire problem areas before the fact is 
	would make flying as fire-safe as possible. Although prime 
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	also a key consideration in this technical program plan. The sound technical base in fire technology formed at the FAA Technical Center in the last 5 years now permits this thorough look at the whole aircraft, not only transport but also general aviation and rotorcraft. 
	1.2 PROGRAM OBJECTIVES. 
	The overall objective of the aircraft systems fire safety technical program is to characterize the hazards created by an in-flight fire as it relates to aircraft safety, and determine effective means for preventing, detecting, extinguishing and isolating the fire through developing technical criteria, test methods, operating procedures and recommendations for regulatory consideration. Also, broadly, to establish an overall fireworthy aircraft. Specific objectives of the program are to: 
	-

	a. 
	a. 
	a. 
	Develop, by conducting full-scale and laboratory tests, improved fire protection measures for transport aircraft lavatories. 

	b. 
	b. 
	Develop optimal procedures for use of aircraft ventilation/environmental control systems for fire control and emergency smoke ventilation. 

	c. 
	c. 
	By transfer of established transport fire technology and specified tests, define the proper types and amounts of extinguisher agents, adequacy of current FAR flammability requirements of materials and overall fireworthiness of general aviation and rotorcraft aircraft. 

	d. 
	d. 
	Determine effectiveness of new and innovative procedures and techniques (e.g., infrared detectors, penetrating nozzles and onboard foam/water sprinkler systems) for use by the CFR services to locate and extinguish a postcrash cabin interior fire. 

	e. 
	e. 
	Improve the burn-through resistance of an aircraft fuselage by an external fuel fire in a postcrash environment. 

	f. 
	f. 
	Determine effectiveness of and design requirements for protective breath­ing devices for use by passengers. 

	g. 
	g. 
	Determine relationship, if any, during a fire, between the oxygen system and fire progression under both in-flight and postcrash conditions. 

	i. 
	i. 
	Determine the adequacy of current regulations or fire protection criteria for hydraulic fluids and electrical wiring. 

	j. 
	j. 
	Define the toxic threat to cabin occupants resulting from aircraft fires. 

	k. 
	k. 
	Maintain currency of the state-of-the-art in fire-resistant materials by performing cursory fire tests and study effects of aging on fire-resistant materials. 


	1. Define the level of adequacy of current practice in powerplant fire detec­tion and extinguishment. 
	4 
	m. 
	m. 
	m. 
	Assess the effectiveness of state-of-the-art intumescent/ablative coatings. 

	n. 
	n. 
	Assess the adequacy of current standard fire test burners for component testing. 

	o. 
	o. 
	Develop a new, updated more effective Halon extinguishing agent concentra­tion recorder. 

	p. 
	p. 
	Provide mathematical (theoretical) modeling procedures that can be used to predict fire growth and effects of improved fireworthiness concepts. 

	q. 
	q. 
	Provide, maintain, and develop improved physical (small-scale) modeling techniques to guide and support full-scale fire test efforts. 

	r. 
	r. 
	Develop prototype software and hardware module of an aircraft command in emergency situations (ACES) that would automatically direct the crew on the best course of action to take during a fire. 

	s. 
	s. 
	Continue assisting NTSB in accident investigations and analysis to provide firsthand technical knowledge of fire problems needing R&D so_lution. 

	t. 
	t. 
	Provide Transportation Safety Institute with fire safety expertise in the form of lecturers during accident investigation courses. 

	u. 
	u. 
	Continue reimbursable fire-work with the (military) Air Force and other civilian agencies where mutual benefits would be attained through transfer of fire technology and identifying future (anticipated) civil aircraft fire problems. 

	v. 
	v. 
	Maintain worldwide prominence in the aircraft fire protection field through maintaining existing unique, fire test facilities and erecting new facili­ties as required to adequately fulfill our mission. 


	1.3. CRITICAL ISSUES. 
	The aircraft systems fire safety technical program, due to its systems approach as related to the whole aircraft, will address certain critical issues as follows: 
	a. 
	a. 
	a. 
	Several factors need to be resolved concerning the use of aircraft ventilation systems in the control of in-flight fires. Should the ventilation dump valve be closed, thereby restricting oxygen to the fire source and slowing its progress or should it be opened to allow escape of smoke, heat, and unburned hydrocarbons to delay flashover? Also, is the current ventilation system designed properly to most effectively aid the pilot in an emergency in controlling a fire? Many different fire scenarios occur in fli

	b. 
	b. 
	Considerable controversy exists concerning the use by passengers of protective breathing apparatus during in-flight and postcrash fires. Although appearing to be a very viable and cost effective aid to passenger survivability, there are issues that need to be resolved to prove that the concept is worthwhile. Such issues as: (I) Will the passengers actually put the system on during an emergency? (2) Will it hinder or help during evacuation? (3) Will there be 


	5 
	psychological effects such as causing people to become disoriented? (4) How much capacity should the system have to providing toxic free air? Under some 
	scenarios would passengers run out of air and actually suffocate? Sometimes the introduction of a safety feature may solve one problem but unknowingly introduce 
	another. 
	c. 
	c. 
	c. 
	With the advent of composites and more of this material being utilized in aircraft construction to the point where eventually the majority of the airc~aft will be constructed of composites, the issue arises --does this make the aircraft more or less fireworthy? 

	d. 
	d. 
	The current oxygen system onboard aircraft has been the subject of discus­sion many times as to whether or not it might have contributed to an aircraft fire. Certainly, the introduction of oxygen will intensify a fire. This longtime issue needs resolving and if oxygen systems are found to be contributing to fires, recom­mendations for making the system fireworthy should be made. 


	1.4 GENERAL TECHNICAL APPROACH. 
	The general technical approach in this program will be to conduct full-scale fire tests to define the problem. As undertaken in the previous program on cabin fire safety (FAR-ED-18-7), full-scale fire tests were conducted on a simulated wide-body test article in a postcrash fire scenario. Emphasis in this program will be placed in realistically simulating the in-flight fire scenario to obtain valid answers. 
	Priorities in this program will be placed on addressing fire problems identified in recent fire accidents such as lavatory fire protection, emergency smoke venting and protective breathing devices. However, the program is so structured as to study other aircraft systems as to their fireworthiness in an attempt to identify potential future fire problems and make recommendations of procedure or design change to prevent them from causing a future accident. 
	The aircraft systems fire safety program plan is divided into seven areas: 
	a. 
	a. 
	a. 
	Fuselage fire management 

	b. 
	b. 
	Systems 

	c. 
	c. 
	Advanced concepts 

	d. 
	d. 
	Powerplant fire protection 

	e. 
	e. 
	Materials and test me·thods 

	f. 
	f. 
	Accident investigation 

	g. 
	g. 
	Reimbursable agreements 


	Each area is composed of individual projects as described in sections 2.1 to 2.7. 
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	2. TECHNICAL PROGRAM DESCRIPTION. 
	2.1 FUSELAGE FIRE MANAGEMENT. 
	2.1.1 In-flight. 
	2.1.1.1 Lavatory Fire Protection. 
	2.1.1.1.1 Objective. 
	The objective of this project is to develop improved fire protection measures for transport aircraft lavatories. 
	2.1.1.1.2 Background. 
	or~g~n of the fire was inside a lavatory. The first known accident of this type occurred in a Varig 707 in 1974 and resulted in 123 fatalities. Careless disposal of a cigarette into the waste paper disposal bin was attributed to be the cause of the fire. More recently, on June 2, 1983, an Air Canada DC9 caught on fire, beginning in the lavatory, resulting in 23 fatalities. Although the investigation by the National Transportation Safety Board is on-going, it is believed that the ignition source was in the g
	Two fatal in-flight fires have occurred where the 
	rate of heat, smoke and gases overboard and, in the final analysis, 

	In terms of fire protection requirements, a lavatory appears to lie in-between a cockpit or passenger cabin and an inaccessible cargo compartment, in that it is accessible but intermittently occupied. Since the Varig accident, improvements in fire safety have resulted from a number of actions taken by the Federal Aviation Administration (FAA) and industry, including a total ban on smoking in the lava­tory, and fire hardening of the waste paper receptacle compartment by sealing air gaps, installing self-actu
	2.1.1.1.3 Technical Approach. 
	A four-task approach is planned to cover the broad areas of problem definition, detection, extinguishment (and ventilation), and materials. Most of the work will be performed in-house, supported by selective contracts and interagency agreements. 
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	-
	2.1.1.1.3.1 Problem Definition. 
	The initial effort will be a paper study to document the important lavatory design features having a bearing on fire safety for the different aircraft models compris­ing the United States (U.S.) transport fleet. Examples of these features include ventilation (grill size, exhaust rate), types of materials, location of potential ignition sources (waste paper receptacle, flushing toilet motor, electrical out­lets, etc.), overall dimensions and integration of lavatory with cabin. The importance of this effort i
	Concurrent with the paper study, velocity measurements will be taken inside the lavatories of all the aircraft models comprising the U.S. fleet. Of greatest importance will be the velocity measurements in hidden areas, such as behind wall paneling, inside the amenities area, and near the flushing toilet motor, in addition to the measurements in the open space. An attempt will be made to con­struct a mass flow balance. These measurements will give insight to smoke detec­tion requirements, the ability of exti
	A series of full-scale fire tests will be performed in real lavatories to gain an understanding of the characteristics and hazards of a hidden lavatory fire. This work will produce knowledge about the patterns of fire spread and smoke accumula­tion, time framework for significant events and means by which a lavatory fire spreads into the passenger cabin. An example of the latter is whether the fire or smoke can spread into the attic space for a long period of time without being evidenced in the main cabin. 
	2.1.1.1.3.2 Detection. 
	The main goal of this project is to determine the requirements for early detection of potential lavatory fires, with emphasis on hidden fires. Commercial automatic fire/smoke detectors of various principles of operation and models will be examined and compared for responsiveness under the following conditions: 
	a. 
	a. 
	a. 
	at different suitable locations in real lavatories using artificial smoke (under para. 2.1.1.1.3.1), 

	b. 
	b. 
	at different suitable locations for various fire scenarios under realistic fire conditions (under para. 2.1.1.1.3.1 and 2.1.1.1.3.3), and 

	c. 
	c. 
	inside the NBS smoke chamber using a series of fire exposure conditions and lavatory materials. 
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	Because of economic considerations, the feasibility of using home detectors must be 
	established. Also, mounting a detector in the overboard exhaust duct will be 
	studied. 
	Perhaps the greatest problem associated with a hidden lavatory fire is not as much early detection as it is locating the base of the fire. In both the Varig and Air Canada accidents the exact location of the fire was not apparent to the crewmembers. Several interesting devices are available and will be examined as an aid for locating hidden fires. One device is a small, lightweight, and inexpensive plastic probe which is designed to "pop-up" at a specific temperature. These could be imbedded in the lavatory
	The final product of this effort will be a specification for aircraft lavatory fire 
	detectors. This work will be accomplished through an interagency agreement with NBS, relying on their experience and background on home fire detectors. The need 
	for specific requirements to alleviate or minimize false alarms and for detector operation at cabin pressure will be addressed. 
	2.1.1.1.3.3 Extinguishment. 
	Another important goal of this project is to determine effective methods for extinguishing or suppressing various types of hidden lavatory fires. A full-scale "standardized" lavatory test article will be constructed of non-combustible (Kaowool• ceramic panels) outer wall, incorporating essential design features (ventilation, size, configuration) established under para 2.1.1.1.3.1. This test article will be utilized to examine and compare the following approaches for fire extinguishment: 
	a. 
	a. 
	a. 
	Utilization of Halon hand-held extinguishers, including (1) simple dis­charge through a partially opened lavatory door, (2) discharge through a wall or door port straight into the lavatory space or through special lines to carry the agent into accessible areas, and (3) use of penetrator nozzles to gain access to hidden areas. 

	b. 
	b. 
	Fixed total flooding systems, emphasizing agent penetration into potential hidden.fire areas. 


	Various extinguishing system design parameters will be studied such as agents (Halon 1301 versus Halon 1211), nozzles, nozzle locations, etc. The effect of lavatory ventilation will be examined during these experiments. It must be established as to whether hidden fires can be effectively extinguished or suppressed without shutting off the lavatory ventilation. 
	A lower level of effort will examine the performance of "potty bottles" currrently installed in the waste paper receptacle compartments in some aircraft. A potty 
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	bottle is a small disposable container designed to release less than a pound of Halon 1301 when thermally actuated. One possible "problem" that will be studied is whether the discharge of a potty bottle causes flaming paper towels clogging the disposal chute to be strewn into the lavatory and possibly causing ignition. 
	2.1.1.1.3.4 Materials. 
	The behavior of currently used materials during realistic lavatory fire tests will be studied. Two general classes of materials will be examined: (1) thermoplastics and (2) composite panels. With regard to thermoplastics, of concern is whether the use of acrylonitrile-butadiene-styrene (ABS) in such applications as toilet shrouds and counter tops poses any unusual problem which would require consideration of more fire resistance and more expensive materials such as polyethersulfone and polyetherimide. Compo
	2.1.1.1.4 Resources. 
	The in-house employee-power and contract monies required are summarized below: 
	Task 
	Problem Definition Paper Study Velocity Measurements Realistic Lavatory Fire Tests Detection Extinguishment Materials 
	Problem Definition Paper Study Velocity Measurements Realistic Lavatory Fire Tests Detection Extinguishment Materials 
	Problem Definition Paper Study Velocity Measurements Realistic Lavatory Fire Tests Detection Extinguishment Materials 
	0.25 0.67 2.5 4.0 3.0 2.0 
	lOOK 150K 250K lOOK lOOK 

	2.1.1.1.5 
	2.1.1.1.5 
	Schedule. 


	Months Task End 
	Problem Definition 
	Paper Study 0 3 
	Velocity Measurements 0 3 
	Realistic Lavatory Fire Tests 2 8 Detection 0 15 Extinguishment 12 21 Materials 18 24 
	2.1.1.1.6 Deliverables. 
	The main deliveraple will be data and information leading to design criteria for fire protection of lavatories against hidden in-flight fires. This data and information will cover early detection and rapid extinguishment of fires, and proper usage of materials, documented in formal technical reports. A specification for automatic lavatory fire detectors will be developed. 
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	2.1.1.2 Emergency Smoke Ventilation. 
	2.1.1.2.1 Objective. 
	The objective of this effort is to develop optimal procedures for use of the 
	aircraft environmental systems for fire control and smoke evacuation. 
	2.1.1.2.2 Background. 
	In-flight fires that are hidden and/or out of control represent a serious threat 
	because of the long time needed for descent and landing. Even in an emergency 
	descent mode, several minutes are required to drop 30,000 feet. The time to travel 
	to the nearest useable airport and set up a proper approach can take a long time 
	additionally. In this period, the fire can grow significantly, can damage or 
	destroy essential parts of the aircraft control system, and can kill the occupants 
	from exposure to smoke, heat, and toxic gases • 
	.There are capabilities, to this date uncharted, which might afford the crew more 
	control over their ultimate destiny. At the very least, there are capabilities of 
	modifying the flight profile, cabin pressurization, and cabin ventilation. Ven­
	tilation plays a strong role in dumping heat and smoke while pressure plays a 
	strong role in fire growth. Ultimately, operations research techniques could be 
	used to get the optimal trade-off between minimizing the time to land an aircraft 
	and maximizing the fire control through the environmental system control and flight 
	profile selection. 
	The overriding consideration, nevertheless, is the development of a sound data base 
	from small-and full-scale tests on the relationships of ventilation and pressure 
	to fire growth under a range of scenarios. 
	Recent analytical work at the FAA Technical Center has shown how ventilation can 
	slow the rate of temperature rise. A recent dissertation from Harvard shows the 
	relationships of flash-fire phenomena to flammability limits. These types of 
	analyses can be married to show what to expect of ventilation. As to pressure effects, the burning rate of a material is related to the Spalding B number which 
	is proportional to the heat of combustion to the heat of vaporization and is directly related to the mass concentration of oxygen. 
	2.1.1.2.3 Technical Approach. 
	The approach needed here would be interdisciplinary in nature. Expertise is required in fire testing, aircraft systems, operations research, and aircraft flying. The first major thrust is the identification of the role of pressure and ventilation on control of fire through a combined analytic and small-scale (altitude chamber) approach. This is followed by full-scale verification. Finally, the data will be used in an operations research effort to optimize options avail­able to the aircraft crew. The In-flig
	A fuselage will be inserted into the In-flight Fire Test Facility and a specific scenario will be identified for testing. At first, small fires will be used so that a given fuselage will be able to sustain the greatest number of fire tests. Instrumentation throughout .the aircraft will indicate hazards to passengers, crew, 
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	and to the integrity of the aircraft systems. Sample flight pr9files will be varied to determine the optimum combination of cabin pressure and ventilation rate for minimizing hazard development for that scenario. The next scenario will be started and the same progression will ensue. 
	Interface with available expertise in such groups as the American Society of Heating, Refrigerating, and Air-Conditioning Engineers will be maintained through­out the effort. 
	2.1.1.2.4 Resources. 
	The in-house employee-power and 
	The in-house employee-power and 
	The in-house employee-power and 
	contract dollar 
	resources 
	over 
	a 
	4-year period 
	are 

	as 
	as 
	follows: 

	TR
	Employee­

	TR
	Power 
	Dollars 


	Year 1 5 800K Year 2 5 400K Year 3 8 1,000K Year 4 12 500K 
	The skills over· this period would gradually shift from exclusively fire specialists at the start to a combination of operations research analysis, flight specialists, aircraft systems specialists, and fire specialists at the end. The resources here are based on the assumption that the facility described under 3.2.2 will be available. 
	2.1.1.2.5 Schedule. 
	Month 6 Project Plan (detailed) Month 12 Receive 10 B707 fuselages Month 18 Small-scale tests Month 24 Facility completion Month 36 Full-scale test completion Month 48 Systems analysis report 
	2.1.1.2.6 Deliverables. 
	The deliverable is a recommended procedure or set of procedures for managing the flight profile and cabin environmental system during an in-flight fire (see 3.2.2). 
	2.1.1.3 General Aviation and Rotorcraft. 
	2.1.1.3.1 General Aviation and Rotorcraft Fire Protection. 
	2.1.1.3.1.1 Objective. 
	The objective of this effort is the definition of the proper types and amounts of extinguisher agents for use in small aircraft and rotorcraft. 
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	2.1.1.3.1.2 Background. 
	The firefighting capabilities in large aircraft have recently been upgraded through increased deployment of halon hand extinguishers. Because of the large volumes of these aircraft as well as crew training and cockpit oxygen availability, the selec­tion criteria for hand extinguishers are reasonable and effective. This state of affairs does not yet exist among rotorcraft and small aircraft. 
	Small aircraft and rotorcraft can have volumes small enough so that neat agent toxicity can be a problem if the compartments are not adequately ventilated. At present, there is adequate data for hand extinguisher selection for a well venti­lated small aircraft like the Cessna 210, but no work has been done by the FAA to this point on rotorcraft or pressurized aircraft like the Citation 3. Additionally, the FAA does not have an adequate data base to adequately judge the safeness and effectiveness of cabin to
	2.1.1.3.1.3 Technical Approach. 
	For hand extinguishers, a small pressurized aircraft will be obtained from the Drug Enforcement Agency and ventilated from the high pressure air facility to simulate in-flight ventilation rates. Data acquisition will be conducted in the manner used in the Cessna 210 project. Flight testing will be us~d for the rotorcraft evaluation and the Statham analyzers will be used for agents concentration measurements. 
	A total flood system for the cabin/cockpit will be installed in the Cessna 210, the pressurized aircraft, and the rotorcraft. Evaluation of agent concentration and decay will be conducted in the same test model used in the hand extinguisher work. additionally, the class A fire fighting effectiveness for both fixed-wing aircraft and rotorcraft will be evaluated under simulated flight conditions. 
	2.1.1.3.1.4 Resources. 
	The in-house employee-power and contract dollar resources over a 3-year period are as follows: 
	Employee-Power (EY) 
	Employee-Power (EY) 
	Employee-Power (EY) 
	Dollars 

	Year 1 
	Year 1 
	2 
	60K 

	Year 2 
	Year 2 
	2 
	lOOK 

	Year 3 
	Year 3 
	2 
	150K 


	2.1.1.3.1.5 Schedule. 
	Month 12 Report on hand extinguisher in pressurized aircraft Month 24 Report on total flooding in fixed-wing aircraft Month 36 Report on extinguishers in rotorcraft 
	2.1.1.3.1.6 Deliverables. Technical criteria and requirements for extinquisher systems. 
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	2.1.1.3.2 General Aviation Interior Materials. 
	2.1.1.3.2.1 Objective. 
	The objective of this effort is to evaluate the adequacy of current flammability requirements prescribed by FAA for general aviation (GA) interior materials. 
	2.1.1.3.2.2 Background. 
	It is recognized that transport aircraft cabin materials are far more fire resis­tant than the materials used in GA. Generally, FAA regulations specify the usage of materials in transport cabins that are "self-extinguishing" when tested in a vertical orientation. In contrast, the requirements for GA are a horizontal burn­rate; i.e., either flame re.sistant (less than 4 inches/minute) or flash resistant (less than 20 inches/minute), depending on the year the airplane was certified. Laboratory experiments hav
	The fire problem associated with GA materials is an in-flight problem. Improve­ments in postcrash fire safety are being addressed by more crashworthy fuel tanks/ lines. In-flight fires usually originate from relatively small ignition sources. It has often been stated that the vertical Bunsen burner test prescribed by FAA in FAR 25.853 accurately reflects the ignitability of a material subjected to a small ignition source. This project will attempt to determine whether significant improvements in GA in-fligh
	2.1.1.3.2.3 Technical Approach. 
	The benefits of self-extinguishing materials over materials that are flame or flash resistant, during a GA cabin fire, must be determined by conducting full-scale fire tests. The Cessna 210 airplane used for extinguishing tests described in Section 
	2.1.1.3.1 will be used as the test article after the extinguishing work is completed. This airplane will be fire hardened and protected in a fashion similar to the C133 wide-body test article. A series of realistic in-flight fires will be conducted with the interior furnished with self-extinguishing materials and with the interior furnished with flame-or flash-resistant materials. The need for more fire-resistant materials in GA will be based on the observed differences in fire development between the two c
	2.1.1.3.2.4 Resources and Schedule. 
	An engineer and two technicians are required over a period of 15 months to complete this project. The estimated contract dollars are $75K. 
	2.1.1.3.2.5 Deliverables. 
	The final product is data and information contained in a final report that addresses the benefits of more fire resistant cabin materials during various in-flight fire scenarios. 
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	2.1.2 Postcrash. 
	2.1.2.1 Postcrash Cabin Fire Fighting 
	2.1.2.1.1 Objectives. 
	The objectives of this project are (1) to examine and compare the effectiveness of 
	(a) an onboard foam/water sprinkler system and (b) innovative fuselage skin penetrator no.zzles, operated by the Crash-Fire-Rescue (CFR) services, against postcrash cabin fires; and (2) to perform detailed studies of the design impact and costs associated with the implementation of the most promising systems. 
	2.1.2.1.2 Background 
	One of the principal objectives of the CFR services is to respond to aircraft accidents/incidents and extinguish all exterior fires to permit the self-evacuation of occupants. However, this limited scope objective is currently being reviewed by experts in the field. Accident reports are existent in which the CFR services accomplished their basic mission, but the aircraft was subsequently lost because of the uncontrollable interior cabin fires which had been ignited by external fuel­spill fires. 
	Limited test work or field experience exists for each of the concepts to be studied, as follows: 
	a. 
	a. 
	a. 
	Application rates from an onboard sprinkler system were adjusted to extin­guish seat fires in a small number of FAA fire tests in a DC7 fuselage. 

	b. 
	b. 
	The NASA skin penetrator nozzle is tactically deployed at all potential landing sites of the space shuttle for extinguishing interior cabin fires, if required; and 

	c. 
	c. 
	The feasibility of employing the USAF's penetrator nozzle was established in FAA Technical Center report (FAA-NA-79-43, June 1979), employing one particular fire scenario. 


	2.1.2.1.3 Technical Approach. 
	The technical approach consists of (a) realistic full-scale cabin fire tests to determine and compare the effectiveness of each system under evaluation; and (b) a cost/design impact study of the most promising system(s). 
	2.1.2.1.3.1 Fire Tests. 
	The full-scale cabin fire tests will 'be··conducted in the C133 test article because of the need for highly controllable conditions to make systems performance compar­isons meaningful. Also, the C133 test article is extensively instrumented for mapping out cabin fire hazards and is more representative of contemporary cabin configurations than a DC7 fuselage. The fire tests will be preceeded by prelim­inary tests to gather design information. For example, the number, type, location and discharge rate of spri
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	evaluated under a number of fire intensities, including, if feasible, post­flashover conditions. 
	2.1.2.1.3.2 Design/Cost Impact Study. 
	A contract will be awarded to determine the design/cost impact of the most-promis­ing system(s) on the U.S. fleet and/or CFR services, whichever is applicable. Taking the results from section 2.1.2.1.3.1, estimates will be made of benefit/cost 
	ratios. 
	2.1.2.1.4 
	2.1.2.1.4 
	2.1.2.1.4 
	Resources/Schedule. 

	The estimated 
	The estimated 
	resource 
	requirements 
	are 
	as 
	follows: 

	TR
	E/Y 

	TR
	Year 1 Year 2 
	3.5 2.0 
	75 150 


	2.1.2.1.5 Deliverables 
	Formal technical reports will document the comparative effectiveness of an onboard sprinkler system and penetrator nozzles, operated by the CFR services, against postcrash internal fuselage fires. Information on the design impact, costs and estimated benefit/cost ratios of the most promising system(s) will also documented. 
	2.1.2.2 Fuselage Burn-Through Resistance. 
	2.1.2.2.1 Objective. 
	The objective of this project is to improve the resistance of an aircraft fuselage to penetration or burn-through by an external fuel fire in a postcrash environment. 
	2.1.2.2.2 Background. 
	A typical survivable postcrash aircraft fire scenario consists of a relatively intact fuselage exposed to a large adjacent fuel fire. The cabin will be imme­diately subjected to intense radiant heat and flames through fuselage openings next to the fuel fire. However, if the fuselage is completely intact in this region, fire burn-through into the cabin is resisted for a period of time. This resistance is the result of heat-sink effects in the aluminum skin and structural elements, moisture evolution and heat
	When the fuel fire covers the side of the fuselage, full-scale tests at the Tech­nical Center demonstrated that the initial flame penetration will be through the window assembly. Replacement of the inner "fail-safe" pane by a modified epoxy 
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	pane developed by NASA (EX-112) was found to provide a significant improvement in flame resistance. Because the EX-112 pane cannot be economically produced on a commercial scale, due to its high chemical reactivity and relatively short pot life, and because its physical properties are below the minimum requirements of the conventional stretched acrylic pane, a contract was awarded in FY-84 to develop a commercially producible, thermally improved window transparency meeting all of the requirements of the cur
	With the anticipated significant improvement in burn-through resistance of window 
	assemblies, a need exists to upgrade the remaining fuselage structures to at least 
	that level of resistance. The route of fire burn-through and the structural 
	components requiring improved fire resistance must be determined. In addition, 
	replacement of the aluminum with advanced structural polymeric composites in the 
	future can either lengthen or shorten the fuselage burn-through time, dependent on 
	the following parameters: thermal diffusivity, polymer degradation temperature, 
	effective heat of degradation, percent char yield, and high temperature structural 
	degradation. Thus, the effects of burn-through times by evolution to polymeric 
	composite replacements for metal must also be evaluated. 
	2.1.2.2.3 Technical Approach. 
	The overall technical approach will include burn-through characterization of com­
	ponents in the laboratory, failure analysis of major aircraft models for select 
	fire scenarios, and full-scale testing to support the development of burn-through 
	performance requirements. Testing will be performed in-house and the failure .analysis will be a contractural effort. Component testing will be conducted in the 
	proposed Aircraft Components Fire Test Facility (s:ection 3.2.1), and the full-scale 
	testing will be conducted in the Full-Scale Fire Test Facility.(section 3.1.4). 
	2.1.2.2.3.1 Failure Analysis. 
	A contract will be awarded to examine the pertinent design features of major 
	transport models (DC8, DC9, DC10, L1011, 727, 737, 747, 757, 767, and A300) having 
	a bearing on fuselage burn-through. Skin thickness, thermal insulation type and 
	thickness, floor design, interior panel construction, floor-sidewall interface, 
	attachment method and any other relevant features will be documented in detail. 
	Fire scenarios will be developed to identify potential failure modes. Based on 
	this analysis, full-scale and small-scale fire tests will be recommended to val­
	idate the path of burn-through and develop performance requirements to upgrade the 
	burn-through resistance of the fuselage system. 
	2.1.2.2.3.2 Fire Tests. 
	Small-scale fire tests will be performed initially to characterize the burn-through resistance of a variety of fuselage components, including skins, insulation, interior panels, flooring and advanced structural composites. The composite types will probably include a range of both components (phenolics, epoxies, graphite, Kevlar, etc.) and a ~ange of structural configurations (laminates with and without honeycomb core). This work will also culminate in the development of a suitable small-scale test method fo
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	2.1.2.2.4 Resources. 
	The in-house technical employee-power is expected to be 3 employee-years in year 1 
	and 4 employee-years in year 2. The contractual effort is estimated at $150K and 
	the cost of equipment, supplies and test materials is estimated at $125K. 
	2.1.2.2.5 Schedule. 
	The total duration of the effort is anticipated at 30 months starting in FY-86. 
	2.1.2.2.6 Deliverables. 
	The final product will be fire test performance requirements to upgrade the overall burn-through resistance of the aircraft fleet against a large external fuel fire. At least two formal reports will document the technical effort leading to this final product. 
	2.1.3 Milestone Schedule. 
	The milestone schedule for the projects and tasks comprising the fuselage fire management element of this program is shown in figure 1. The milestone schedule is based on the resource requirements described in table 2, section 4 and the assumption that the current Cabin Fire Safety Program will be completed by October 1, 1984. 
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	FIGURE 1. FUSELAGE FIRE MANAGEMENT MILESTONE SCHEDULE 18 
	2.2 SYSTEMS. 
	2.2.1 Passenger Protective Breathing Devices. 
	2.2.1.1 Objective. 
	The objective of this project is to determine the effectiveness of and design 
	requirements for protective breathing devices for use by passengers during a cabin 
	fire. 
	2.2.1.2 Background. 
	FAA NPRM 69-2 proposed the use of smoke hoods for passengers to provide protection against the hazards of a cabin fire during an emergency evacuation. The smoke hood was essentially a transparent, heat resistant plastic bag with a neck seal. Air trapped in the bag during donning constituted an adequate supply for breathing by the wearer during "typical" evacuation times. However, a number of important issues about the effectiveness, safety and practicality of smoke hoods resulted in the withdrawal of NPRM 6
	In the more than 13 years that have transpired since the withdrawal of NPRM 69-2, two major developments point to the need for reconsideration of --not necessarily smoke hoods --but the concept of passenger breathing devices. Foremost is the appearance in the marketplace of devices that go beyond the simple smoke hood; e.g., a number of hoods with a smoke filter, various hoods with portable oxygen/air supplies, large hoods that fasten at the waist, a hood supplied by air from the passenger fresh-air supply 
	2.2.1.3. Technical Approach. 
	A broad program is required to cover the areas of need for the device, safety and effectiveness, compatability with aircraft design, concept development, training requirements and psychological considerations, and evacuation effects. In-house resources at CAMI and the Technical Center will be utilized, supplemented by an outside contract and possibly an interagency agreement with NBS. Two basic devices will be examined: (1) separate smoke protection devices and (2) emergency oxygen masks modified for smoke 
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	2.2.1.3.1 Cabin Hazard Analysis. 
	Will protective breathing devices be effective or are they even needed in the cabin 
	environment created by in-flight or postcrash cabin fires? This question will be 
	addressed by conducting realistic full-scale cabin fire tests at the Technical 
	Center. In the postcrash environment, additional measurement stations and more extensive measurements are needed, as well as more completely furnished test 
	articles in order to map out the hazards throughout a cabin before and after flash­over to examine the potential need and efficacy of a protective breathing device. 
	Similarly, in-flight fire tests performed under para. 2.1.1.1.3.1 will describe 
	the toxic hazards associated with longer duration, hidden in-flight fires. 
	2.2.1.3.2 Laboratory Tests for Safety and Effectiveness. 
	All existing protective breathing devices available on the marketplace or of a prototype design will be tested in the laboratory. A battery of tests will be con­ducted to characterize each of the devices as follows, where applicable: (1) donning time, (2) visibility, (3) leakage, (4) sound transmission, (5) heat resistance, 
	(6) weight, (7) filtering efficiency against major toxic gasses (CO, HCl, HF, HCN, etc.), (8) useable air supply, etc. 
	2.2.1.3.3 Compatibility With Aircraft Design. 
	Each protective breathing device will be examined on the basis of compatibility will ail aircraft models in the U.S. fleet. Of particular importance, will be the availability and accessibility of supplemental air for hoods equipped with quick 
	connect lines, exploration of potential stowage areas for portable devices, and aircraft modifications and costs associated with providing supplemental air or oxygen requirements, if not available. Decision analyses will be applied to select the optimum protective breathing device specification. 
	2.2.1.3.4 Development of Modified Emergency Oxygen Mask. 
	Recent work performed at CAMI has indicated the feasibility of a simple rebreather bag to impart smoke protection to· an emergency oxygen mask. Additional work, pref­erably with an experienced manufacturer of aircraft oxygen masks, will be necessary to properly develop and design a dual purpose mask for aircraft application. 
	2.2.1.3.5 Psychological Studies and Training. 
	A contractual study will be undertaken to examine several concerns with the effec­tive use of protective breathing devices. Psychological testing is required to establish what ·)ercentage of the broad spectrum of aircraft passengers will actually be able to don these devices. Also, the most effective means of instructing pas­sengers during preflight briefings on the proper donning of these devices must be determined. 
	2.2.1.3.6 Evacuation Studies. 
	Realistic evacuation tests with human subjects would have to be performed to deter­mine what the effect is of donning a protective breathing device in the time it takes to evacuate an airplane. In particular, promising devices not previously 
	tested at CAMI would have to be studied. 
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	2.2.1.4. Resources. 
	It is estimated that 3 employee-years at CAMI and 3 employee-years at the Technical Center, working for a period of 3 years, is required to perform this project. Contract monies are summarized below. 
	Task _$_ 
	Cabin Hazard Analysis 125K Laboratory Tests 75K Compatibility Study 200K Modified Oxygen Mask 300K Psychology and Training 200K Evacuation Studies 150K 
	2.2.1.5. Schedule. 
	Month Task Begin End 
	Cabin Hazard Analysis 0 6 Laboratory Tests 0 12 Compatibility Study 6 18 Modified Oxygen Mask 12 30 Psychology and Training 18 30 Evacuation Studies 24 36 
	2.2.1.6. Deliverables. 
	The main deliverables will be data and information relative to the safety and effec­tiveness of passenger protective breathing devices for application during cabin fires. This will be documented into formal technical reports that could be used for advisory or regulatory material. A final design of a dual function mask for emergency oxygen and smoke protection for aircraft application will be developed. 
	2.2.2 Oxygen System Safety. 
	2.2.2.1 Objective. 
	The objective of this effort is the definition of any potential hazard caused by use of the emergency masks during an in-flight fire as well as definition of the performance· of the oxygen system during fire growth processes. 
	2.2.2.2 Background. 
	The emergency oxygen system of an aircraft is directed to lifeguarding occupants ~s directed towards preventing failures of the system that could cause a fire. However, the role of the oxygen systems as they are exposed to a developing fire is not clear. This lack of information causes confusion over such critical issues as whether to deploy masks during an in-flight fire on the intact system. For instance, it might be 
	in the event of depressurization. Design of the system also 
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	safer to deploy masks and/or deplete the oxgen systems before fire has a chance to cause system failure which would allow the oxygen to feed the fire. Most polymers in aircraft have a limiting oxygen index (LOI) in excess of 21. Thus, they tend to be relatively non-flammable at atmospheric conditions and probably even less so at altitude. However, enriching air with oxygen can make these non-flammable materials more flammable. 
	2.2.2.3 Technical Approach. 
	The work will include a number of separate tasks. A contract will be let to develop the state-of-the-art of the oxygen systems. The work statement will include both identification of the type systems used in commercial aircraft including air-taxi and commuter models and the service history of these aircraft, in this regard. Simultaneously, a data base from the literature will be developed on combustion of various materials in enriched environments. Significant gaps will be filled through in-house small-scal
	2.2.2.4 Resources. 
	This project will encompass a 5-year period with the first 2 years involving in­house planning and literature searching at the rate of 1/2 employee-year per year. The contracted study will be done at this time at an estimated lost of 220K. Year 3 will involve small-scale test work and projections of the most significant fire scenarios. Year 3 will use 2 employee-years with equipment and supply costs of 70K. Year 4 will involve full-scale tests of postcrash fire scenarios and year 5 will involve the full-sca
	2.2.2.5 Schedule. 
	8 months: award contract 24 months: contract completed 36 months: completion of scenario projections 48 months: full-scale postcrash report 60 months: full-scale in-flight fire report 
	2.2.2.6 Deliverables. 
	The deliverables will be a technical description of when and how oxygen systems should be used during an in-flight fire and a determination of the system's integ­rity during a postcrash fire. 
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	2.2.3 Evacuation Slides. 
	2.2.3.1 Objectives. 
	The objectives of this project are as follows: (1) Modify ASTM F828, Test Method 
	for Radiant Heat Resistance of Aircraft Inflatable Evacuation Slide/Slide Raft Materials, to include seam construction testing relevant to full-scale postcrash 
	fire conditions; (2) Demonstrate the relevancy of the modified laboratory test 
	method in conjunction with the improved radiant heat resistance of new aluminized 
	slides under realistic full-scale fire conditions. 
	2.2.3.2 Background. 
	As a result of the Continental Airlines DClO accident at the Los Angeles Airport in March 1978, the FAA Technical Center conducted a preliminary assessment of the fire protection characteristics of various escape slide materials. This study was followed by a more comprehensive program during which F828 was designed and developed and additional full-scale technical data were collected in support of correlating laboratory and full-scale results. Information was supplied to FAA Headquarters in support of the c
	Duri~g this program an aluminized coating was developed for retrofitting inservice evacuation slides. The program was concluded with a Symposium held at the Technical Center to present the results to industry. During the test program, inconsistent laboratory and full-scale test results were observed for materials which exhibited seam failures. Also, full-scale test results not obtained for newly fabricated alulminized slides due to their limited availability. These data will provide a more complete analysis
	testing slide materials exposed to thermal radiation. 

	2.2.3.3 Technical Approach. 
	The project effort is divided into two tasks: 
	Task 1 -ASTM F828 will be modified to include seam construction testing of slide samples. This will require use of Material Fire Test Facility, (building 203), with existing instrumentation associated with F828. Some machine shop time may be required. This task could possibly be accomplished with modification to the pressure cylinder only. 
	Task 2 -Approximately six emergency evacuation slides (state-of-the-art aluminized) will be procured to verify the relevancy of the modified laboratory seam construc­tion radiant heat test under full-scale postcrash fire conditions. These slides will employ varying seam constructions and neoprene/nylon versus urethane/nylon aluminized materials. Full-scale tests will utilize building 275 (Full-Scale Fire Tests Facility). Instrumentation set-up will replicate previous full-scale slide tests. Indoor tests wil
	2.2.3.4 Resources. 
	Funding 
	Slides and Hardware ---lOOK 
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	Employee-Power 
	2/3 Engineer employee-year 
	1/2 Technican employee-year 
	2.2.3.5 Schedule. 
	The project will be completed within 8 months upon receipt of the evacuation slides. 
	2.2.3.6 Deliverables. 
	The project with be documented in a final report and the modified test method will be presented to FAA and ASTM. 
	2.2.4 Mileston~ Schedule. 
	The milestone schedule for the projects and tasks comprising the systems element of this program is shown in figure 2. The milestone schedule is based on the resource requirements described in table 2, section 4 and the assumption that the current Cabin Fire Safety Program will be completed by October 1, 1984. 
	I ' 
	PP.cr:rC"-<.:.T/IASV.S 
	PP.cr:rC"-<.:.T/IASV.S 
	PP.cr:rC"-<.:.T/IASV.S 
	:F"'-g5 
	I : 
	Fi-BE:I 
	F'<-67 
	f't'-SS 
	F'i-89 

	TR
	i 
	I 
	I 
	: 
	: 
	I 

	.PRt'TeCiiVE ~I:A1tiiNG. OeJlcES 1 
	.PRt'TeCiiVE ~I:A1tiiNG. OeJlcES 1 
	I 
	I 
	I 

	•14A.""Z.At.O Al<lALiSIS • LAeo!U\TOR.'{ TesTS 
	•14A.""Z.At.O Al<lALiSIS • LAeo!U\TOR.'{ TesTS 
	: 
	' 
	I 
	i 
	I ! I I 
	I I : 
	: 

	1• C011~T~I!.\Ll Ti' I • 1"\oOI~\El) Oz. MAS"K... . Ps'/(.I+OL0'-'1 rr~P4~ I~G, · E.v~w A<ll o~ i ' Q)(.'{GEN S~.3TeM SAFe:T'"{ 
	1• C011~T~I!.\Ll Ti' I • 1"\oOI~\El) Oz. MAS"K... . Ps'/(.I+OL0'-'1 rr~P4~ I~G, · E.v~w A<ll o~ i ' Q)(.'{GEN S~.3TeM SAFe:T'"{ 
	: I 
	I j ! 
	1 I I I 
	i 
	! I : I I 
	i 
	I I I I I I : 
	' I I I 
	I I ! : : 
	I : : i 
	: 
	: 
	' 
	I 
	I I I '! 
	I 
	I 
	I 
	I 

	•LITI:!ftA.TIJRI!, 3£*11/PlAt-UJit.lG. •Sf"\AU..-~LE TEST$ •PosTctZAstt n~e S<.erJAR!OS '1"-\-~l..l<-ttT ~ttc S<...eN~OcS 1\LlMitlt-aEO S'Lit>~ 1 
	•LITI:!ftA.TIJRI!, 3£*11/PlAt-UJit.lG. •Sf"\AU..-~LE TEST$ •PosTctZAstt n~e S<.erJAR!OS '1"-\-~l..l<-ttT ~ttc S<...eN~OcS 1\LlMitlt-aEO S'Lit>~ 1 
	! I : 
	I I 
	! 
	i i 1 ! 
	! ! I ! i I 
	: I 
	! I ! ' i i 
	! i I i 
	I I i i 
	i I i ! 
	: i i I ! I I 
	I 
	' I ! I 
	.. 
	I ; 
	i 
	: 

	TR
	I 
	I 
	I 


	FIGURE 2. SYSTEMS MILESTONE SCHEDULE 
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	/~ 
	2.3 MATERIALS AND TEST METHODS. 
	2.3.1 Hydraulic Fluid Flammability. 
	2.3.1.1 Objectives. 
	The objectives of this project are as follows: (1) determine the adequacy of present fire related regulations with regards to hydraulic fluid; (2) determine 
	the benefits that could be expected from any changes in the regulations. 
	2.3.1.2 Background. 
	Hydraulic fluid onboard an aircraft represe~ts both an in-flight and postcrash fire hazard. There have been accidents in the past that indicate there may be a problem with currently used fluids under certain conditions. A postcrash fire on a Korean Airlines 747 was the result of the spillage of hydraulic fluid from the struts with sparking as an ignition source. An in-flight fire occured in a Lear Jet when an electrical wire arced through a high pressure hydraulic line, causing a mist which was ignited by t
	2.3.1.3 Technical Approach. 
	The project will be conducted in two major phases, with phase I being a paper study to define any problem areas and phase II being the research and testing. 
	Phase I: This will be a contractual effort designed to define problem areas and determine the state-of-the-art for hydraulic fluids. There will be a study of past accidents and incidents. This will be used to determine possible problem areas and to be able to predict possible benefits from any changes. A second study will be developed defining various hydraulic fluids, their strong points and weak points, wirh respect to flammability. Standard test methods for hydraulic fluids will be described. Past resear
	Phase II: This portion of the project will be conducted in-house, with the scope and direction depending on the findings of phase I. This phase will probably need the purchasing and set-up of standard tests for hydraulic fluids. Also realistic full-scale mock-up tests will be designed and conducted as dictated by the results of phase I. These tests will be conducted in the Full-Scale Fire Test Facility 
	(building 275) and in the proposed Aircraft Component Fire Test Facility (section 3.2.1). 
	2.3.1.4 Resources. 
	Funding 
	Accident study contract: lOOK State-of-the-art contract: 150K Laboratory tests: SOK Equipment and Instrumentation: 50K 
	Employee-Power 
	1 1/4 Engineer Employee-year 
	2.0 Technican Employee-year 
	2.3.1.5 Schedule. 
	The two contractual studies will be conducted simultaneously over a period of 12 months. The second phase will also be a 12-month effort, with work beginning after the completion of phase I. 
	2.3.1.6 Deliverables. 
	Final reports will be published on the accident study, the state-of-the-art study, and the full-and laboratory-scale testing. Recommendations will be made as to any regulatory changes that are deemed necessary. 
	2.3.2 Electrical Wiring Insulation Flammability. 
	2.3.2.1 Objectives. 
	The objectives of this project are as follows: (1) Determine the adequacy of cur­rent aircraft test standards with regards to aircraft electrical wiring insulation, and circuit protection; (2) Determine the benefits that could be expected from any changes in the regulations. 
	2.3.2.2 Background. 
	electric~! w~r~ng poses a threat of being the source of an in-flight fire. A short in the wiring can cause arcing, which could possibly ignite the wire insulation or adjacent materials. Improper circuit protection could lead to over­heating of the wiring or electrical components and a possible fire. Electrical w~r~ng may also be exposed to high temperatures that could cause a breakdown of the wire insulation and a possible fire. Electrical wiring, in the past, has been the source of some in-flight fires. El
	Aircraft 

	2.3.2.3 Technical Approach. 
	The project will be conducted in two major phases, with phase I being a paper study to define any problem areas, and phase II being the research and testing. Phase I: This will be a contractual effort designed to define problem areas and determine the state-of-the-art for electrical insulation and circuits. There will be a study of past accidents and incidents. This will be used to determine possible problem areas and to be able to predict possible benefits from any changes. A second study will look at elec
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	will be conducted in the Full-Scale Fire Test Facility (building 275) and in the proposed Aircraft Component Fire Test Facility (section 3.2.1). 
	2.3.2.4 Resources. 
	Funding 
	Accident study contract: w~ State-of-art contract: 150K Laboratory tests: 50K Equipment and Instrumentation: 50K 
	Employee-Power 
	1 1/4 Engineer employee-year 
	2.0 Technican employee-year 
	2.3.2.5 Schedule. 
	The two contractual studies will be conducted simultaneously over a period of 12 months. The second phase will also be a 12-month effort, with work beginning after the completion of phase I. 
	2.3.2.6 Deliverables. 
	Final reports will be published on the accident study, the state-of-the-art study, and the full-and laboratory-scale testing. Recommendations will be made as to any regulatory changes that are deemed necessary. 
	2.3.3 Chemistry and Toxicity. 
	2.3.3.1 Objective. 
	The major objective of this project is to define the toxic threat to cabin occu­pants resulting from aircraft fires. A secondary objective is to provide support to program and environmental safety activities requiring chemical analyses or expertise in the field of chemistry. 
	2.3.3.2 Background. 
	A major threat to the survivability of cabin occupants subjected to in-flight or postcrash fire are the toxic gases produced by burning cabin materials. In the postcrash environment, recent full-scale cabin fire tests indicate that toxic hazards effecting survivability are produced by flashover. Postcrash fires are characteristically intense open fires of short duration with adequate supply of air (before flashover). By contrast, in-flight fires are usually hidden, of longer duration than a postcrash fire, 
	The effect of toxic gases produced by fire on escape potential is the subject of ongoing research and testing. In the past several years, this effort has undergone 
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	a major change in approach; whereas, past work concentrated on the use of rodents and the development of various escape paradigms, the approach now is to utilize primates to develop survival models based on dominant gas species. The contention is that the latter approach is a better representation of human survival. 
	2.3.3.3 Technical Approach. 
	2.3.3.3.1 Full-Scale Test Analysis. 
	The chemistry laboratory and personnel will continue to support full-scale test programs. This will be the collection, identification, and quantification of gas samples during fire tests. Reports are submitted in the form of concentration-time profiles, representing the condition of the atmosphere at "that" predetermined point within the aircraft. The bulk of the analyses will be for hidden fire scenarios under the lavatory fire protection project. Additional projects to be supported include smoke ventilati
	2.3.3.3.2 Combustion Toxicity Protocols. 
	Based on past experience and expertise, development of a combustion toxicity test protocol (small-scale material fire test) will be done at CAMI. This work will essentially address two critical areas: animal models and fire exposure con­ditions. CAMI will also provide technical advice and guidance on survival model studies administered by the Technical Center (section 2.3.3.3.3). The capability exists for setting up a standardized combustion toxicity protocol at the Technical Center, if required. 
	2.3.3.3.3 Human Survival Modeling. 
	The simple human survivable model utilized by FAA is based on two assumptions. The first assumption is that the effect of toxic gases is additive and the second is that a hyperbolic relationship exists between gas concentration and time-to­incapacitation. The model needs continual revision and updating as better data are generated. FAA will continue to support primate or other studies required to develop a valid human survival model. Whereas, past work included single gases (primarily irritants) in air, fut
	2.3.3.3.4 Health and Safety. 
	The chemistry laboratory may perform specified water analyses under a special phase-in provision from the New Jersey Department of Environmental Protection for an interim period of time. This provision is a normal procedural step in the process of full "certification." The laboratory has targeted those tests on potable and waste water required legally by the State agency. The laboratory does work with the Safety Officer-toward ensuring a safer work environment. These 
	28 
	efforts encompass sampling, identification, and analysis of solids, liquids, and gases from working environments. 
	2.3.3.4 Resources/Schedule. 
	It is estimated that 4 employee-years at the Technical Center and 3 employee-years at CAMI are required to perform this project. Contractual support for the upgrad­ing of the human survival model is estimated at $150K and $200K for FY-1985 and FY-1986, respectively. Material support for in-house work at the Technical Center and CAMI is estimated at $50K per year. 
	2.3.3.5 Deliverables. 
	The final product of this project is a definition of the toxic threat created by aircraft cabin fires, and improved survival models and toxicity test protocols for 
	addressing this hazard. technical report. 
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	promising new materials developed by industry and government; (2) participate in organizations developing standards related to aircraft cabin fire safety; and (3) examine the need for permanency requirements for the fire resistance of aircraft materials. 
	2.3.4.2 Background. 
	Companies such as DuPont and General Electric and governmental organizations such as NASA and DOD continually support R&D to develop improved polymeric materials. Representatives often visit the Technical Center for an informal appraisal of their product. This is usually made by conducting standardized fire tests in the Material Fire Test Facility (building 203). In this manner, Technical Center employees become aware of new developments in polymeric materials technology that may have aircraft applications 
	In the past, consensus standards forming organizations such as the American Society of Testing and Materials (ASTM) and the National Fire Protection Association (NFPA) have developed standards related to cabin fire safety with input provided by Tech­nical Center employees. Examples of ASTM fire test standards include the Bunsen burner, NBS smoke chamber, and evacuation slide heat resistance test methods. Participation in round robin test programs are required to establish the repeat­ability and reproducibil
	Following the Air Canada DC9 accident on June 2, 1983, cabin interior materials from a sistership were tested at the Technical Center in accordance with FAA Standards (FAR 25.853). All materials tested were compliant, except for urethane foam samples cut from the surface of the bottom cushion. Apparently, effects such 
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	as abrasion, moisture, or age caused the fire resistance of the cushion surface to depreciate. Work is required to examine whether this poses a problem under realis­tic fire conditions that justifies the development of test requirements simulating service experience. 
	/ 
	2.3.4.3 Technical Approach. 
	Participation in standards forming organizations and cursory evaluation of promis­ing new polymeric materials will proceed at the current pace. The permanency of the fire resistance of urethane foams will be studied by (1) installing 16 seat bottoms in an airliner, (2) removing 4 seat bottoms every 6 months, and (3) con­ducting realistic in-flight and postcrash fire tests on seat assemblies and conducting the vertical Bunsen burner test to study the relationship between degradation in standard and realistic
	2.3.4.4 Resources. 
	Approximately one-half employee-year effort is required to participate in standard organizations.and maintain an awareness of the properties of promising new poly­meric materials. One-half employee-year is also required to examine the fire resistance permanency of urethane seat bottoms. Purchase and service installation of seat bottoms will cost approximately 10K. 
	2.3.4.5 Schedule. 
	Studies of seat cushion fire resistance permanency will commence in FY-86 and continue for a 2-year period. 
	2.3.4.6 Deliverables. 
	The final products are (1) ASTM and NFPA standards related to aircraft fire safety, 
	(2) knowledge of promising developments in polymeric materials technology, and (3) an assessment of the magnitude of the problem of loss of fire resistance in foam seat bottoms due to airliner service. 
	2.3.5 Milestone Schedule. 
	The milestone schedule for the projects and tasks comprising the materials and test methods element of this program is shown in figure 3. The milestone schedule is based on the resouce requirements described in table 2, section 4 and the assumption that the current Cabin Fire Safety Program will be completed by October 1, 1984. 
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	FIGURE 3. MATERIALS AND TEST METHODS MILESTONE SCHEDULE 
	2.4 POWERPLANT FIRE PROTECTION. 
	2.4.1 State-of-the-Art Evaluation of Aircraft Fire Protection for Reciprocating and Gas Turbine Engine Installations. 
	2.4.1.1 Objective. 
	The objective of this project is the definition of the level of adequacy of current practice in powerplant fire detection and extinguishment. 
	2.4.1.2 Background. 
	Current design criteria on powerplant fire protection are based primarily on work done at the CAA's Technical Development Center (TDC) in the late 1940's and early 1950's. With the passage of the Federal Aviation Act of 1958, this work was · transferred to the FAA's newly established Atlantic City facility. The personnel from TDC continued work with evaluation of the JT3D when they moved to Atlantic City. The JT3C had been done at TDC. The development of the currrently used high rate discharge system (HRD s
	Consequently, a state-of-the-art review of powerplant fire protection is necessary so that needed documentation can be developed and disseminated for both design and certification efforts. 
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	2.4.1.3 Technical Approach. 
	A work statement will be prepared for evaluation of the state-of-the-art in power­plant fire detection and extinquishing systems for all current vintage aircraft having requirements. The work statement will include definition of detector types, agent quantities, agent distribution design criteria, and system response times. False alarm frequency as well as fire extinguishing experience will be charac­terized. Impact of new aircraft materials, nacelle designs, and powerplant designs will be evaluated as to i
	2.4.1.4 Resources. 
	The in-house technical employee-power resources for formulating the work statement, participating in the procurement process, and monitoring the contract is 0.7 employee-year. The cost of the procurement is expected to be 280K. 
	2.4.1.5 Schedule. 
	The total duration of the effort is anticipated at 24 months. 
	2.4.1.6 Deliverables. 
	The final report from the effort will provide either (a) a sound basis for reissu­ing the material in the AlA "Design Manual on Aircraft Fire Protection for Recipro­cating and Gas Turbine Engine Installations" as an Advisory Circular or (b) definition of potential problem areas that must be addressed to maintain past levels of powerplant fire safety. 
	2.4.2 Effectiveness of State-of-the-art Intumescent/Ablative Coatings. 
	2.4.2.1 Objective. 
	The objective of this effort is to assess the effectiveness of current intumescent/ ablative materials in aircraft fire scenarios. 
	2.4.2.2 Background. 
	In the interest of weight saving in aircraft design, manufacturers are replacing, with increasing frequency, traditionally accepted materials (e.g. stainless steel) in engine nacelle fire zones and resorting to newly developed intumescent/ablative materials applied to light-weight substrates such as aluminum. Limited testing of a relatively small sample of these new materials at the FAA Technical Center, conducted for the USAF, has shown some to be inadequate when subjected to the flame of the currently use
	32 
	2.4.2.3 Technical Approach. 
	The proposed project is an in-house effort. Testing will be conducted in the planned Aircraft Components Fire Test Facility (section 3.2.1). This effort will essentially consist of contacting all manufacturers of intumescent/ablative materials and request their cooperation in a test program. Their cooperation will involve the application of their intumescent/ablative material(s) to Government supplied aluminum test panels (approximately 20-inch by 20-inch). 
	Pretest data will include such items as color, surface texture description, cura­tion, fluid compatibility, coating weight, coating thickness, panel preparation (if any), application technique, coating flexibility and coating adherence to the substitute before and after flexing. The panels will then be subjected to the FAA 2 gallon-per-hour kerosene test burner in two separate fire tests: 5 minutes to determine acceptability as a fire-resistant material; and 15 minutes for accept­ability as a fireproof mate
	Since the char of some of these materials is fragile, a suitable shock test and/or vibration is appropriate. In order that these tests (fire/shock/vibration) can be conducted by anyone with the least possible equipment necessary, both tests should be on a small laboratory type scale. The 2 gallon-per-hour torch is a low-cost investment and can be conducted in a suitable fireproof and ventilated room of adequate size. Shock and vibration test gear can be expensive to purchase and install, are generally not p
	for manufacturers as they are ing their own test capability. 
	for manufacturers as they are ing their own test capability. 
	for manufacturers as they are ing their own test capability. 
	submi~ted 
	and/or assist manufacturers in establish­

	2.4.2.4 
	2.4.2.4 
	Resources and Schedul
	e. 

	Task 
	Task 
	EY 
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	Contact Manufacturers 1/4 6 months $35K Testing 1 1 year $10K Ongoing Effort 1/4 continuous 
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	2.4.2.5 Deliverables. 
	o 
	o 
	o 
	Final report of test effort 

	o 
	o 
	Test Method 

	o 
	o 
	Subsequent Reports (ongoing effort) 


	2.4.3 Burner Standards for Fireproof and Fire-Resistant Certification Testing of Aircraft Components and Systems. 
	2.4.3.1 Objective. 
	The objective of this effort is to assess the adequacy of test burners now in use for aircraft component fire testing considering the fire scenarios that can be expected in nonhabitable areas of modern commercial, civil, and military aircraft. The effort will include those burners used by both Government agencies and private industry. 
	2.4.3.2 Background. 
	There are at least two distinct types of fire test burners accepted for certifica­tion of aircraft components and materials: the 2-gallon-per-hour kerosene test burner described in SAE ARP 1055 and FAA Powerplant Engineering Report No. 3; and a 6-inch-diameter propane burner per MIL-F-7872. Both burners are used by private industry with the former used by the FAA Technical Center. The earliest document on hand which describes fire test criteria is Department of Commerce Safety Regulation Release No. 259, da
	From the 1947 issue date of Safety Regulation Release No. 259, there have been no regulation revisions, and this release continues to be accepted as a test standard by Government and industry. With the high airflow of modern aircraft, blow-torch temperature effects have been estimated as high as 3000 degrees F. Differences have been noted between tests conducted at the Technical Center using the 2 gallon-per-hour burner and tests conducted elsewhere using the 6-inch propane burner and/or a standard laborato
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	Since fires within habitable compartments are considered under a separate realm of 
	testing, this proposed project considers areas outside of the habitable compartment 
	where fires can start and pose a threat to the survivability of the aircraft. 
	These include the engine nacelle, wheel well, and wing areas. 
	2.4.3.3 Technical Approach. 
	The technical approach will include both contract and in-house efforts. The contractual effort will consist of surveying the field of aircraft fire safety literature and obtaining a list and copy of each reference (FAA, SAE, Military etc.) which refers to fireproof and fire-resistance test criteria of aircraft components and materials outside the habitable compartment (e.g. hoses, fuel lines, firewalls, firewall fittings, void filler foams etc.). Additionally, published documents and photographs, including 
	The resultant study will be documented in a single report. This report will be used to assess the adequacy of the currently used test burners. If, upon completion of this phase, it is determined that the existing burners are inadequate as fire test fixtures, a second contract will be let to design and fabricate a burner to meet proposed revisions to fire test criteria. Burner flame criteria will be based on the first study, and flame characteristics (temperature, heat flux, oxidizing/reducing) will be adjus
	An additional in-house effort will be conducted using a propane torch which was designed and fabricated in-house and which is currently at the FAA Technical Center. This propane torch will be used in conjunction with a combustion con­troller currently at the Technical Center. The combustion controller will be checked out and placed in proper operating condition by the original supplier or other qualified contractor. An effort will be made to match flame characteristics of this propane torch to that of the n
	35 
	2.4.3.4 Resources and Schedule. 
	Task In-House Contract Duration 
	Contractor Study 0.75 yr Design and Fabrication of 
	kerosene burner 50K 0.5 yr Testing o.f kerosene burner 1 EY 0.5 yr Update of Combustion Controller lOK 0.75 yr Propane Torch Feasibility study 1 EY 0.5 yr 
	2.4.3.5 Deliverables. 
	o 
	o 
	o 
	Final Reports 

	o 
	o 
	New Standard Kerosene Test Burner 

	o 
	o 
	Propane Torch Feasibility Study 

	o 
	o 
	Revised Standards for Test Criteria and Fixtures 


	2.4.4 Development of a Halon Extinguishing Agent Concentration Recorder. 
	2.4.4.1 Objective. 
	The objective of this project is to develop a new generation halon extinguish­ing agent concentration recorder based upon state-of-the-art technology for use specifically in aircraft powerplant nacelles having high velocity cooling airflow. 
	2.4.4.2 Background. 
	Since 1952, a unique concept airborne extinguishing agent concentration recorder, developed jointly by FAA/USAF and marketed by Statham Laboratories, has been used almost exclusively for powerplant fire extinguishing system certification tests for commercial and military aircraft. This recorder is also used extensively by foreign manufacturers for this purpose. Engine and nacelle design concepts have changed greatly since the introduction of the Statham analyzer in 1952. There are some serious questions bei
	2.4.4.3 Technical Approach. 
	This project will be a combined in-house/contractual effort. Possibly the greatest.. concentration of expertise in this Country in concept, operation, and in-flight and ground utilization of the currently used Statham analyzer is now in existence at the FAA Technical Center. The majority of this project will, therefore, be con­ducted at the Technical Center using Center expertise, Statham analyzers, and technical facilities. 
	The first phase of the project will be an effort to verify that a problem does indeed exist with the current analyzer concept under selected simulated in-flight test conditions. Various halon agents will be discharged into a high airflow environment using an existing F-111 fuselage/nacelle/engine test bed at the Air 
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	Blast Test Facility, and the resultant concentrations will be recorded and analyzed with FAA-owned Statham instrumentation. A simultaneous and parallel contractual effort will be made to measure and technically verify the concentrations by whatever alternate methods available. The success of this phase depends on the presumption that the contractual expertise and alternate instrumentation exist for rapid and accurate measurement of halon gas concentrations in a high velocity airstream. The contractual resul
	The second phase will be contractual effort and will consist of the design and fabrication of two halon agent concentration measurement/recording systems. One 
	system will contain 12 data channels and will be capable of operating in an in­flight environment using aircraft electrical power, and the second system will contain 18 channels and will be a ground-based unit for 115 VAC, 60-Hz electrical 
	power. 
	The delivered analyzers will be thoroughly tested in-house at the Air Blast Test Facility and the proposed Aircraft Components Fire Test Facility (section 3.2.1) in cooperation with the supplier. Any design deficiencies of anomalies will be noted and submitted to the contractor for resolution. 
	2.4.4.4 -Resources and Schedule. 
	In-House E/Y Duration Cost 
	Statham Studies 2 0.5 yr $ 10K New Concept Equipment 0.5 1.5 yr $200K Evaluation 1 1.0 yr $ 75K 
	2.4.4.5 -Deliverables 
	o 
	o 
	o 
	Final report verifying Statham concept 

	o 
	o 
	Two state-of-the-art halon concentration recorders 

	o 
	o 
	New test method 


	2.4.5 Milestone Schedule. 
	The milestone schedule for the projects and tasks comprising the powerplant fire protection element of this program is shown in figure 4. The milestone schedule is based on the resource requirements described in table 2, section 4 and the assumption that the current Cabin Fire Safety Program will be completed by October 1' 1984. 
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	2.5 ADVANCED CONCEPTS. 
	2.5.1 Theoretical Modeling. 
	2.5.1.1 Objective. 
	The objective of this project is to provide computational procedures that can be used to predict growth of fire and its effects in a range of aircraft scenarios. 
	2.5.1.2 Background. 
	For over a decade the FAA has supported development and applications of mathemat­ical models of aircraft fires. The original goal was the development of computer codes that could predict the development of aircraft fires when material properties were available from small laboratory tests. Because of the expense of full-scale tests, it was felt that a computer code would play a pivotal role in improved material performance standards by providing an alternative way of determing the role of an individual mater
	It is not at all certain how much more development would be needed to accurately predict the data from a full-scale fire test (postcrash with interior material involvement). Given the initial inflated expectations of mathematical modeling and the actual experience over a 10-year span, no assurances can be made that the original goals of mathematical fire modeling will be attained in the near future. On the other hand, the existing ·capabilities in this area represent a significant investment and at the very
	2.5.1.3 Technical Approach. 
	The technical approach is to utilize existing programs in-house qnd attempt to interface the models with on-going experimental work. Enhancements will be done on a contractual basis. 
	2.5.1.4 Resources. 
	One employee-year per year is required to utilize the computer codes in-house. Annual contractual dollars are 200K after FY-85. 
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	2.5.1.5 Schedule. 
	This will be a 5-year effort with milestones variable with the change of the state­of-the-art. However, directions will be established through a formal reassessment of the effort in year 1. 
	2.5.1.6 Deliverables. 
	The deliverables will be updated versions of DACFIR and UNDSAFE or other zone and field models. 
	2.5.2 Physical Modeling. 
	2.5.2.1 Objective. 
	The objective of this effort is to maintain existing and develop better techniques of small-scale modeling to guide and support full-scale fire test efforts. 
	2.5.2.2 Background. 
	Physical modeling of aircraft fires involves judicious scale-down of fuselages or components so that data can be collected which is equivalent to that obtained from a full-scale test. Initially, in 1977 when the FAA started this effort, the tech­niques were used to design the currently used full-scale postcrash test configura­tion. The early work involved exposing a 1/4-scale fuselage to external fuel fires and resulted in characterization of pool fire radiation as well as effects of wind and door openings.
	Under contract, the FAA has also supported efforts in pressure modeling. In principle, by increasing pressure as scale is reduced, fire phenomena can be modeled in more generality than is possible in Froude modeling. While the Froude modeling has been moved out of the research phase into a working tool for the FAA, pressure modeling like mathematical modeling is very much in the research phases. Like with mathematical modeling, the long range plan with pressure modeling is a less costly alternative to full-
	Because material flammability can be related to either pressure or oxygen mass fraction, the pressure modeling effort not only forces a clearer understanding of material burning process but also naturally leads to description of altitude effects on fire growth. 
	Froude modeling will continue to be used on a routine basis and pressure modeling technology will continue to be developed at a moderate pace. 
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	2.5.2.3 Technical Approach. 
	The work on fire modeling will be done primarily in-house. The 1/4-scale fuselage 
	and model pad will continue to be used at the burn site on an "as needed" basis. The enclosure type fire modeling such as the flashover work will be done in the full-scale fire test facility beyond FY-84. (It is currently done in the Froude Modeling Facility.) The 5-foot airflow facility will be used for model tests of 
	in-flight smoke venting, and the altitude chamber along with the pressure modeling facility will be used to develop the pressure modeling technology and develop the data base for altitude fire behavior. In particular, Froude modeling will be used 
	for a comprehensive evaluation of the capabilities of various smoke venting proce­dures. While the Emergency Smoke Venting project (see 2.1.1.2) will focus on the interaction of pressure and ventilation on the development of in-flight fire hazards, the Froude modeling will be used for evaluating the various existing and potential venting techniques from an aerodynamic viewpoint; e.g., the efficiency of static and dynamic port openings (windows, scoops, exits) in enhanc­ing smoke removal. 
	2.5.2.4 Resources. 
	This work requires 3 employee-years per year and lOOK per annum for supplies and equipment. 
	2.5.2.5 Schedule. 
	Because of the support role of physical modeling, the effort is considered ongoing. 
	2.5.2.6 Deliverables. 
	The deliverables are Froude modeling inputs to design of full-scale tests and the development of pressure modeling as a practical testing tool. 
	2.5.3 Aircraft Command in Emergency Situations. 
	2.5.3.1 Objective. 
	The objective of Aircraft Command in Emergency Situations (ACES) is the development of a prototype software and hardware module that would prompt the crew on the best course of action during an in-flight fire. 
	2.5.3.2 Background. 
	Currently, during an in-flight fire situation, the crew can consult an emergency manual on what they should do. There are a number of shortcomings in the current approach. 
	a. 
	a. 
	a. 
	Consulting a manual under emergency conditions is time-consuming and potentially error producing. 

	b. 
	b. 
	Instructions in the manual are limited in capability. 

	c. 
	c. 
	Instructions are general and not interfaced with minute-by-minute developments. 

	d. 
	d. 
	In hidden fires, the crew has no way of knowing the immediate airworthi­ness state of the aircraft. 
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	The ACES concept involves integrating the procedural findings from the in-flight 
	fire project (2.1.1.1 and 2.1.1.2) with existing sensor determinations in a small 
	computer so that the crew can be prompted on a continuous basis what action to 
	take. Existing sensors are those that already are in place in the aircraft fuse­
	lage and provide the warning signal which indicate possible malfunctions. 
	This would afford the opportunity for the crew to use their sovereignty over the aircraft environment most effectively to control fire and minimize damage to the aircraft and harm to the occupants. 
	2.5.3.3 Technical Approach. 
	The technical approach will be that of developing the host computer with the appropriate architecture and using the projects (2.1.1.1 and 2.1.1.2) to provide 
	the software constraints, requirements, and data bases as those project findings 
	become available. At the end, the prototype will be completely demonstrated in 
	the in-flight facility (3.2.2) and particularly demonstrated with flight tests. 
	2.5.3.4 Resources. 
	The resources per year are identified as to employee-power and dollars (contract) 
	Employee-power (EY) Dollars 
	Year 1 2 200K Year 2 4 200K Year 3 4 400K Year 4 6 200K Year 5 10 1,500K 
	The employee-power needs are primarily in the microprocessor/programming/electronics area. 
	2.5.3.5 Schedule. 
	6 months Detailed project plan 
	24 months Complete contract on sensor availability in aircraft 
	36 months Hardware modules with basic architecture and sample 
	programing 
	48 months Integration of results from projects (2.1.1.1 and 2.1.1.2) 
	10 months Final prototype 
	2.5.3.6 Deliverables. 
	Prototype device and equipment specifications. 
	2.5.4 Milestone Schedule. 
	The milestone schedule for the projects and tasks comprising the advanced concepts element of this program is shown in figure 5. The milestone schedule is based on the resouce requirements described in table 2, section 4.0 and the assumption that the current Cabin Fire Safety Program will be completed by October 1, 1984. 
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	FIGURE 5. ADVANCED CONCEPTS MILESTONE SCHEDULE 
	2.6 ACCIDENT INVESTIGATION. 
	2.6.1 Accident Investigation, Site Investigation. 
	2.6.1.1 Objectives. 
	The objectives of this project are as follows: (1) Provide technical expertise on aircraft fires to the National Transportation Safety Board during the field investigative phase of aircraft accidents involving fire; (2) Obtain first-hand information concerning aircraft accidents for input into R&D projects in the fire safety area. 
	2.6.1.2 Background. 
	Due to the unique nature of the work performed by the Fire Safety Branch, technical expertise exists in that Branch that is not available anywhere else. The NTSB has, in the past, regularly called upon the Fire Safety Branch for support and technical advice during the field phase of many aircraft accident investigations. This association has not only benefited the NTSB in their investigations but also the FAA, leading to more realistic and timely R&D projects. Two prime examples of timely R&D projects gener
	2.6.1.3 Technical Approach. 
	Provide technical expertise, upon request by ASF-100 (KVS), during the field phase of aircraft accident investigations. 
	2.6.1.4 Resoures. 
	Funding 
	Travel Funds lOK per year Miscellaneous Funds 2K per year 
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	Employee-Power 
	1/4 Engineer employee-year per year 
	1/12 Technican employee-year per year 
	2.6.1.5 Schedule. 
	The project will be in effect the full 5 years of this plan. Work each year will depend on the number of fire related aircraft accidents. 
	2.6.2 Accident Investigation, Experimental Analysis. 
	2.6.2.1 Objectives. 
	The objectives of this project are as follows: (1) Provide technical expertise and facilities at the request of NTSB, through ASF-100 (AVS), for the purpose of con­ducting tests to determine the cause or propagation of fire during an aircraft accident; (2) Conduct experimental testing in conjunction with an aircraft accident that may result in recommendations, through ASF-100 (AVS), that could improve aircraft fire safety. 
	2.6.2.2 Background. 
	In the past, the NTSB has requested the Fire Safety Branch to conduct various tests in conjunction with the investigation of an aircraft accident. The Technical Center's unique technical expertise and facilities (such as full-scale and labora­tory fire test facilities and a chemistry lab), make it the ideal location for the conduct of tests that may lead to finding the cause of an accident and/or the improvement of aircraft fire safety. The analytical chemistry lab has performed analysis on various fluids f
	2.6.2.3 Technical Approach. 
	Provide technical expertise and facilities, upon request by ASF-100 (AVS), for the conduct of experimental tests in conjunction with an aircraft accident investiga­
	tion. 
	2.6.2.4 Resources 
	Funding 
	Travel Funds 3K per year 
	Miscellaneous Funds 5K per year 
	Employee-Power 
	1/12 Engineer employee-year per year 1/6 Technican employee-year per year 
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	2.6.2.5 Schedule. 
	The project will be in effect the full 5 years of this plan. Work each year will depend on the number of fire related aircraft accidents. 
	2.6.2.6 Deliverables. A report of each test will be supplied to NTSB, through ASF-100. 
	2.6.3 Accident Investigation, Course Lectures. 
	2.6.3.1 Objective. Provide guidance to aircraft accident investigators in fire related areas. 
	2.6.3.2 ~ackground. 
	In many cases, R&D programs and the implementation of safety changes are dependent on having sufficient statistical support data. For this information, investigators must know what to look for, what is important and how to make it available to researchers. General accident investigation knowledge is usually obtained through courses given by the Transportation Safety Institute. That organization has requested that a member of the Fire Safety Branch lecture on in-flight and ground fire patterns at each of the
	2.6.3.3 Technical Approach. 
	Provide the Transportation Safety Institute with a fire safety expert to lecture on accidents and aircraft fire safety at each of their advanced aircraft accident investigation courses. 
	2.6.3.4 Resources. Funding Travel Funds 3K per year 
	Miscellaneous Funds 1K per year EMployee-Power 
	1/24 Engineer employee-year per year 
	2.6.3.5 Schedule. 
	The project will be in effect the full 5 years of this plan. Work each year will depend on the scheduling of the Transportation Safety Institute. 
	2.6.3.6 Deliverables. 
	Better educated accident investigators in the area of aircraft fires. 
	2.7 REIMBURSABLE AGREEMENTS. 
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	2.7.1 FAA/USAF Aircraft Fire Protection Program. 
	2.7.1.1 Objective. 
	The objectives of this program are to evaluate new concepts for the prevention, detection, and control of aircraft fires; to establish the effectiveness of various fire protection measures; and to establish advanced aircraft engine/nacelle/ fuel and flammable systems simulation test criteria. 
	2.7.1.2 Background. 
	In the early 1950's, the Air Force and the FAA (then CAA) decided that since both military and civilian in-flight fire protection fields were similar in nature, a joint pooling of resources, expertise, and effort would best serve the interests of the aviation community. The benefits derived from this mutual approach have been significant, and, in recognition of this fact, the program has continued in an uninterrupted fashion for over 30 years. Although originally designed to address in-flight fire protectio
	Though now sponsored directly by the U.S. Air Force under the direction of the Wright-Aeronautical Laboratories at Wright-Patterson Air Force Base, Ohio, the program has included participation and funding by the U.S. Army and the U.S. Navy. Other direct beneficiaries of the program have included Governmental agencies such as NASA, U.S. Marine Corps, Bureau of Mines, Coast Guard, and the Royal Canadian Air Force. 
	The current FAA/USAF program, as developed over the past 30 years and projected through 1990, defines specific areas of cooperation. The USAF transferred six DOD positions to the Technical Center for accomplishment of this effort. These positions are not included in the FAA Technical Center authorized personnel ceiling. The Air Force provides P, C, and B funding, limited travel money, and project requirements in the form of a 1-year renewable Military Interdepartmental Purchase Request, which is subject to 
	Air Force also supplies special test 

	As users of aircraft, the Air Force benefits through rapidly improved fire protection, direct application of state-of-the-art fire protection technology, and data inputs for military aircraft accident investigations. The FAA benefits from the availability of a sound data base for regulatory and advisory actions, and from advanced information on military fire protection technology which is generally adapted from the original ·military concept to utilization in new generation commercial aircraft and, finally,
	2.7.1.3 Technical Programs. 
	Two broad technical programs areas are addressed under this agreement. Although military oriented in their original conception, it is clear that these programs have direct application and benefit to the entire aviation community. 
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	2.7.1.3.1 Aircraft Systems/Components Fire Protection. 
	The overall program goals are to test, evaluate, and develop state-of-the-art and advanced concepts for the prevention, detection, and control of aircraft fires external to the engine/nacelle installation; to provide test facilities and data for fire related accident investigations and manuals, and to define and establish fire test methodology and standards. Examples of proposed fire safety studied in this area include intumescent and ablative materials, fire retardant void filler foams, advanced fire extin
	2.7.1.3.2 Aircraft Engine/Nacelle Fire Protection. 
	The overall program goals are to test, evaluate, and develop state-of-the-art and advanced concepts for the prevention, detection, and control of engine/nacelle fires; to establish the effectiveness of various fire protection measures; and to establish advanced aircraft fire scenarios and simulated in-flight test criteria. A full-scale F-111 aircraft with an operating TF-30 turbine engine, considered representative of an advanced high-performance aircraft installation, is currently being used for simulated 
	2.7.1.4 Resources. 
	The primary facility used to support the aircraft engine/nacelle fire protection program, section 2.7.1.3.2, is the existing air blast test facility, section 3.1.6. A proposed facility, the aircraft component fire test facility, section 3.2.1., is considered essential to the accomplishment of the aircraft systems/components fire protection program, section 2.7.1.3.1. All work done on these programs will be accomplished in-house with positions supplied by the DOD. The estimated level of 
	effort and budgeted Air Force monies 
	effort and budgeted Air Force monies 
	effort and budgeted Air Force monies 
	are 
	as 
	follows: 

	TR
	Estimated 
	Authorized AF 

	FY 
	FY 
	EY 
	Funds 
	(P,C,&B) 

	1985 
	1985 
	4o5 
	$220K 

	1986 
	1986 
	4.5 
	$220K 

	1987 
	1987 
	4.5 
	$220K 

	1988 
	1988 
	5 
	$220K 

	1989 
	1989 
	5 
	open 

	In addition to 
	In addition to 
	these yearly staffing funds, 
	the AF has provided test articles, 


	turbine engines, FAA facility air supply engines, and specialized equipment and materials valued in excess of 4.5 million dollars for accomplishment of this effort. 
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	2.7.1.5 Schedule. 
	The schedules for the many individual projects in the two major program areas are based upon mutual agreement between FAA and AF. The priorities for the individual projects, however, are based upon Air Force requirements. The scheduling, conse­quently, must remain flexible and is difficult to unilaterally project over a 5-year period. 
	2.7.1.6 Deliverables. 
	The major deliverables will be formal final reports leading to advances in the state-of-the-art for fire test standards, test simulation criteria, fire prevention measures, fire and overheat detection systems, and fire extinguishment and control techniques for in-use and new generation aircraft. 
	2.7.2 Reimbursable Agreements -Potential Areas. 
	The resources of the Aircraft Systems Fire Safety Program and Fire Safety Branch -­experienced personnel and extensive facilities --could be employed in fire safety studies for applications other than civil or military aircraft. As described in section 2.7.1, a continuing program exists with the Air Force covering a broad range of fire safety topics. A small interagency agreement with the Transportation Systems Center provides standardized testing of urban mass transit vehicles materials. These examples ill
	In terms of scope, the fire test facilities at the FAA Technical Center may be unsurpassed anywhere in the world. The Full-Scale Fire Test Facility is the second largest enclosed fire test bay in the United States, designed to withstand a large fuel fire. Hundreds of measurements may be taken of temperature, heat flux, smoke density, oxygen and numerous toxic gases under realistic fire test conditions. The Materials Fire Test Laboratory houses numerous small-scale fire tests standard­ized by FAA, ASTM, SAE,
	Over 30 years of FAA experience exists in aircraft fire safety. The following is a generalized list of past work which can be brought to bear on any fire problem or fire study: 
	o 
	o 
	o 
	Engine fire detection and extinguishment o· Detection of combustion chamber failure 

	o 
	o 
	Flammability, smoke and toxic gas test method development 

	o 
	o 
	Full-scale fire tests 

	o 
	o 
	Total flooding systems 

	o 
	o 
	Compartmentation 

	o 
	o 
	Fire burn-through 

	o 
	o 
	Flame spread 

	o 
	o 
	Theoretical and physical fire modeling 

	o 
	o 
	Cargo compartment fire safety 

	o 
	o 
	Emergency lighting 

	o 
	o 
	Portable fire extinguishers 

	o 
	o 
	Flashover and flash ·fire 

	o 
	o 
	Smoke venting 
	-


	o 
	o 
	Fuel tank inerting with liquid nitrogen 

	o 
	o 
	Postcrash, in-flight and ramp fire tests 

	o 
	o 
	Pool fire impact on aircraft fuselages 

	o 
	o 
	Seat cushion fire blocking layers 

	o 
	o 
	Heat resistant evacuation slides 

	o 
	o 
	Toxicity 

	o 
	o 
	Correlation of small-and large-scale fire tests 

	o 
	o 
	Window burn-through 

	o 
	o 
	Measurement of toxic gases 

	o 
	o 
	Investigation of major aircraft fire accidents 

	o 
	o 
	Flight recorder fire protection 

	o 
	o 
	In-flight measurement of discharged extinguishing agent concentrations 
	-


	o 
	o 
	Combined hazard analysis 

	o 
	o 
	Fuel tank explosion hazards 

	o 
	o 
	Hazards of burning materials 
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	The fire technology accumulated in the past few years in aircraft fire safety r~presents a significant advance in the state-of-the-art and contains a wealth of technical information that is transferable to not only other modes of transporta­tion but also to the building industry. 
	3. FACILITY REQUIREMENTS. 
	3.1 EXISTING FACILITIES. 
	3.1.1 Material Fire Test Facility (Building 203). 
	This facility contains a number of small-scale fire test methods frequently used to evaluate the performance of aircraft cabin materials. Many of the test methods are standardized by the American Society of Testing and Materials (ASTM). Some of the tests methods are in the process of being standardized, while others are used for research purposes only. The test methods are located in test cells equipped with smoke ventilation equipment. The facility also contains a shop area, material conditioning (temperat
	te~ting in this facility. FAA flammability requirements are contained in FAR 25.853 (a and b); the basis is the vertical test apparatus (ASTM-F-501). At present, the following additional test methods are operational in the facility: (1) the radiant panel 
	Improved methods of testing were the result of research and 
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	(ASTM E-162), (2) horizontal test method (ASTM F-776), (3) evacuation slide test method (ASTM F-828), (4) OSU rate of heat release apparatus (ASTM E-906), (5) seat blocking fire test (undergoing evaluation), (6) NBS smoke chamber (ASTM F-814), (7) flooring radiant panel (ASTM E-648), (8) cargo liner test (undergoing evaluation) 
	(9) limiting oxygen index (ASTM D-2863), and (10) Setchkin burner (ASTM F-777). The OSU apparatus has been extensively modified for toxic gas analysis and comput­erized data acquisition to calculate the combined hazard index (CHI) of a burning material. 
	3.1.2 Airflow Facility (Building 204). 
	The airflow facility, until 1981, consisted of one capability which was a 5-foot diameter test section with velocity capabilities up to a Mach number of 0.85. This test section is part of an induction-type airflow facility driven by two J57 turbojets. The facility was originally used for powerplant fire protection testing. 
	This facility has now been modernized and expanded to include a number of new capabilities and test beds. A low-speed test section of 10-foot diameter was added to the inlet section so that light aircraft could be tested at simulated flight conditions. This new section currently contains a Cessna 210 used for hand fire extinguisher studies. A high pressure (1000 psi) air capability consisting of a 120 cfm compressor and storage tank has been added to the existing 100 psi facility compressed air capability. 
	-current configuration and final configuration (see 3.2.3.) represents an Environ­mental Complex unique in the Government for simulating the wide range of conditions that influence in-flight fires. 
	3.1.3 Froude Modeling (Scale-Test)Facility (Building 205). 
	The Froude Modeling Scale~Test Facility is a warehouse-type building, 102 feet long and 39 feet wide. The buildings' sidewalls are 20 feet high, and a 26-foot high peak runs the length of the building. The building has a series of modifications that make it suitable for fire tests (see 2.5.2). These include large-volume, low-pressure fans for smoke removal, an attached control room housing a DEC MINC 11 computer for data acquisition, louvered lighting sources to keep the building illuminated during tests re
	The Froude Modeling Scale-Test Facility currently houses a wide range of models ranging in size from a 48-cubic-foot flashover model to a 1/5 scale model of the Full-Scale Fire Test Facility. 
	In addition to the current active work on flashover phenomena with aircraft interior materials, the facility has recently been used for a wide range of tests. A partial listing includes the following: 
	a. 
	a. 
	a. 
	Evaluation of intumescent coatings on hose assemblies 

	b. 
	b. 
	Characterization of aviation fuel fire radiation 
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	c. 
	c. 
	c. 
	Comparison of the relative effectiveness of the halons 1011, 1211, 

	TR
	and 1301 

	d. 
	d. 
	Verification testing for the Harvard model 
	on 
	fire penetration into 


	fuselage doorways 
	3.1.4 Full-Scale Fire Test Facility (Building 275). 
	The function of this facility is to provide a controlled environment in which to 
	conduct full-scale aircraft fire test programs. The test area is 180 feet long, 70 
	feet wide and 40 feet high, and is capable of withstanding localized temperatures 
	of over 2000° F, indefinitely. The center 70-foot by 70-foot section of the test 
	area ceiling is constructed of 2-inch thick refractory plaster and can tolerate a 
	constant temperature of 2200° F. Two vents in the test area ceiling allow smoke to exit the area during and after test fires. All exposed electrical wiring in the 
	test area are ceramic-insulated wires inside a copper sheathing. 
	The facility consists of the test area, office and operation areas, buildup shop, 
	computer room and electrical and mechanical rooms that contain the facility operating equipment (boiler, generators, vacuum pump, etc.). The buildup area allows project personnel to fabricate and assemble all types of test furnishings and equipment. 
	The test bay currently houses a surplus USAF C133 aircraft modified to resemble a wide-bodied passenger aircraft. This test article is used for simulating postcrash and in-flight fires. The bay also contains a fuselage section of a DC10-30 that is . being used for the cargo compartment fire test program. 
	The facility computer room contains a Data General Nova 3 computer that collects and records data from various test instrumentation that is located both inside and adjacent to both test articles. This instrumentation includes Beckman Instrument Company infrared carbon monoxide, carbon dioxide, and Halon 1301 analyzers and polarographic oxygen analyzers. Also, temperatures, smoke density, and heat flux is recorded directly by the computer. A Texas Instrument 99/4A computer system is also used in the facility
	Due to the large amount of dirt and carbon residue generated by the test fires, two washdown hoses are installed in the test area for cleaning purposes. The waste water from the cleaning operation is directed to a 3000-gallon underground hold tank for proper disposal. Test article fire protection is provided by both a 900-gallon water/foam tank installed in the test area and a 7.5-ton carbon dioxide tank located externally at the rear of the facility. There is no installed fire extinguishing equipment for t
	Both the test area and the shop have electrical outlets which supply 28 VDC, 
	115 VAC, 60 Hz, and single phase 115 VAC, 400 Hz power. Also, a large movable fan in the test area can provide velocities as high as 10.5 mph to simulate wind conditions during C133 pool fire tests. 
	3.1.5 Analytical Chemistry Facility (Building 277). 
	The Analytical Chemistry Laboratory is located adjacent to the Full-Scale Fire Test building in the R&D area of the Technical Center. It is staffed with four chemists and a technician. 
	50 
	The prime responsibility for this support effort is the sampling and analysis of toxic gases from full-scale fire tests run in this facility. Time/concentration analytical profiles are produced for specific points within a test article. These graphic reports are produced for acid gases and cyanide gas, using ion and gas respectively~ These reports are combined with other reports of gases that are automatically analyzed, (i.e. oxygen) and informa­tion on smoke and temperatures. The combination of all informa
	chromatographic methods of analysis, 

	A third effort conducted in the laboratory is in the area of fuel testing. The laboratory has the ability to perform half of the ASTM tests required for aviation kerosene (jet A). The laboratory also runs other tests in support of the program to develop and introduce antimisting kerosene to the civil fleet. 
	The fourth effort is the conducting of special analytical tests for the National Transportation Safety Board in their investigations of the causes of aircraft accidents. 
	A fifth effort is the analyses of materials within the environment of the Technical Center in the support of Health and Safety Programs. The chemical facility is well equipped with state-of-the-art analytical tools to perform analysis on fire gases, fuels, potable water, waste water, and a variety of solid, liquid and gas samples of unknown materials. 
	3.1.6 Air Blast Test Facility (Building 311C). 
	This unique fire test facility is designed to provide high mass, high velocity airflow for simulated in-flight fire safety studies of full-scale aircraft engine/ nacelle installations, components, and external aircraft surfaces. 
	Facility operation is accomplished by in-house personnel. The simulated in-flight airflow for the facility is generated by a single Pratt-Whitney YTF-33 turbofan engine. The uncontaminated bypass fan air is collected at the fan exit and delivered to the test article through a 30-inch diameter duct. The ducting is branched, and a series of movable duct gates allow supply and control of air to one or more test articles, simultaneously. The test article(s) can be situated on ~oncrete test pads. The first test 
	either of two abutting reinforced 
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	Facility instrumentation and operation are controlled within a large trailer pro­tected by a steel barrier structure. A second adjoining trailer is used for machining, component buildup, and storage. 
	The facility has additional buildings for extinguishing agent container filling; electrical power generation and transmission; and flammable fluid pumping~ mixing, heating, and distribution to any desired test article. The facility also contains three large capacity underground fuel tanks and a complex buried system of instrumentation conduit and hydraulic, pneumatic, and flammable fluid lines. 
	The only other facility in this Country of similar design and utilization is the 
	u.s. Navy DASH facility located at the Naval Weapons Center, China Lake, California. 
	The major capabilities provided by this facility are: 
	1. 
	1. 
	1. 
	Variable mass airflows from 0 to 200 pounds per second exiting a 30-inch diameter duct. 

	2. 
	2. 
	Variable airspeeds from 0 to 400+ knots exiting a 30-inch diameter duct. 

	3. 
	3. 
	Heated flammable aviation fluids variable to 200° F (fuel, engine oil, hydraulic fluid, etc.) 

	4. 
	4. 
	Variable boundary layer generation to 8 inches for external fire pattern/ ignition/spread studies. 

	5. 
	5. 
	Remotely operated motion picture and v}deo camera coverage. 

	6. 
	6. 
	Three types of aviation test fuels from buried tanks of 5000/1000/1000 gallon capacities. 

	7. 
	7. 
	Total facility intercommunications system for use in high noise level environ­ments. 

	8. 
	8. 
	Protected enclosure for instrumentation and personnel during hazardous testing. 

	9. 
	9. 
	Wheeled, 150-pound capacity Halon 1211 auxiliary fire protection unit. 

	10. 
	10. 
	Steel tie down fixtures embedded throughout the test pads for adequate securing of test articles using l-inch diameter bolts. 

	11. 
	11. 
	Comprehensive data acquisition utilizing DEC PDP ll/34A computer, data logger, oscillographs, strip-chart recorders, manometer banks, pressure trans­ducers, thermocouples, gas analyzers (extinguishing agent, CO, co, Oz), boundary layer probes, pitot-static probes, flowmeters, strain gages, and closed circuit video/recording system. 
	2


	12. 
	12. 
	A weapon mounting pad and protective backstop for conducting military ballis­tic fire protection studies. 

	13. 
	13. 
	Varied electrical power including 115/220 VAC, 60 hertz; 115 VAC, 400 hertz; and 28 VDC. 
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	The 10+ year old trailers and other temporary buildings compr1s1ng this facility should be replaced with a single permanent structure capable of housing project personnel, instrumentation, a computer, a machining and buildup area, a storage area, and facility control consoles. Cost for this structure and associated site improvements (parking, grading, etc.) is estimated to be $350K. If the proposed AIRCRAFT COMPONENTS FIRE TEST FACILITY, described in Section 3.2.1 were con­structed adjacent to the AIR BLAST
	3.2 PLANNED FACILITIES. 
	3.2.1 Aircraft Component Fire Test Facility. 
	3.2.1.1 Function. 
	This facility is a building designed and constructed specifically for the purpose of conducting fire and environmental testing of aircraft sections, components, systems, and materials. 
	3.2.1.2 Requirement. 
	The fire test facilities of the FAA Technical Center and the in-house expertise are nationally and internationally recognized. However, currently there exists a distinct gap in the facility capability. Full-scale and laboratory tests can be adequately undertaken but a facility is needed to conduct component tests. Com­ponent parts, sections, or systems of aircraft require fire testing before teSting as a complete integrated aircraft fuselage, engine or total aircraft. Also, there is a need for a test cell w
	The current long range fire safety plan as contained in the National Airspace (E&D) 5-year plan and, more specifically, the FY-84 budget submission calls for an assessment of current aircraft design deficiencies to identify parts or systems that need updating to the current state-of-the-art in fire protection methods and materials. The long range plan calls for looking at the whole aircraft and systems as a fireworthy vehicle beyond that currently emphasized --cabin and cargo compartments. Specific aircraft
	1. 
	1. 
	1. 
	Conduct a system test on the current oxygen system used in aircraft today to determine its vu}nerability to fire and its ability to perpetuate a fire. 

	2. 
	2. 
	Evaluate the effectiveness of current and anticipated advanced fire detec­tion and extinguishing systems --cargo and engine. 

	3. 
	3. 
	Evaluate advanced concepts in hand-held extinguishers. 

	4. 
	4. 
	Test the fireworthiness of current hydraulic systems and their potential as a fire source. 

	5. 
	5. 
	Test the fireworthiness of electrical systems and their potential as a fire source. 

	6. 
	6. 
	Conduct component fuselage fire tests to determine resistance to burn­through from external pool fire. An important item as we extend survival time inside the cabin by increasing survival time through improved cabin materials. 

	7. 
	7. 
	Conduct fire tests on galley and lavatory components for improved fire­worthiness. 

	8. 
	8. 
	Conduct fire tests on component parts such as engine cowling which are now being designed to use composites. There is a large trend in aviation towards replacing current metals with composites. 

	9. 
	9. 
	Test system component hoses and tubing fire resistance under simulated in-flight aircraft vibration. 

	10. 
	10. 
	Fireproof testing for nacelle construction materials and methods, in­cluding engine firewalls. 

	11. 
	11. 
	Test new fire ablative, intumescent, and void filler materials requiring high ventilation rates in test cell. 

	12. 
	12. 
	Test fireworthiness of strategic controls such as flight cables when located in vulnerable areas such as near a cargo compartment. 

	13. 
	13. 
	Evaluate new extinguishing agent concentration analyzer instrumentation for engine compartment certification testing. 

	14. 
	14. 
	Establish burner standards for aircraft component fire testing. 
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	In an effort to continue urgently needed work in the component fire test field, certain past and present projects have had to adapt and utilize alternate facil­ities not specifically suited for this purpose. In most cases, compromises have resulted in project delays, interference with ongoing work, space limitations, safety concessions, decreased quality of test results, and extended planning and test preparation. Therefore, this proposed facility is considered a necessity to insure rapid response to FAA, m
	3.2.1.3 Resources. 
	Based upon past justifications, budget approval, and congressional authorization, a $44K A&E study was completed in FY-82. This study includes complete plans, draw­ings, and specifications, and the package is ready for immediate construction bid advertising. The estimated construction costs have escalated from an A&E study projection of $500K in the original authorized FY-82 implementation year to $762K in the FY-85 budget year. 
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	3.2.1.4 Schedule. 
	Bid advertising procedure ---3 mos. 
	Construction ---12 mos. 
	3.2.2 In-flight Fire Test Facility. 
	3.2.2.1 Definition. 
	The In-flight Fire Test Facility is a large metal enclosure capable of containing an aircraft fuselage and being evacuated to altitude pressure conditions. 
	3.2.2.2 Requirements. 
	The characteristics of in-flight fires are quite different from postcrash fires. The postcrash fire generally involves an external pool fire which can penetrate the fuselage through open doors or ruptures depending on ambient wind conditions. Fuselage fire safety considerations are primarily aimed at preventing interior fire hazards from developing for a long enough period so that occupants have enough time
	•
	to escape. The fire test conditions are so dominated by a large pool fire, that improvements can be aimed at major phenomena such as fuselage burn-through and flashover Rrevention under a relatively limited range of parameters. 
	The in-flight fire, lacking such a strong ignition source as an external fuel fire, tends to be characterized by much longer development times. Additionally, the in-flight fire can occur in many different parts or systems of the aircraft. Forced ventilation rates and altitude/pressure have a strong bearing on the nature of the fire growth (both rate and direction). Handling a non-extinguished in­flight fire in reality is an attempt to land and evacuate an aircraft before the fire grows to a point where it d
	Two major control features that can slow fire growth or modify it are the ventila­tion in the fuselage and the pressure in the fuselage. The only way to develop sound recommendations for manipulating ventilation and pressure is by full-scale fire tests in a fuselage where these two parameters can be varied. Because of the systems nature of such in-flight fires, they are extremely difficult to model. ~ but not of real-life configurations of these materials. 
	Model tests can only yield a data base on burning rates of materials per 

	The major requirement for a facility for in-flight fire tests is the need for credibility. There are really two options. One is continued use of the exist­ing full-scale fire test facility for fire tests of in-flight scenarios. This would mean either the test pressure would be sea level or the test fuselage would be pressurized so that the working pressure were below sea level. The second option is full-scale testing at altitude. Since setting fire to a test aircraft in flight is (a) technically difficult f
	Sea level testing is viable in that fires will burn more severly at sea level than at altitude. Thus, insofar as materials are concerned, a material with flammabil­ity resistance at sea level will have more resistance at altitude. Nevertheless, when it comes to systems fires or fires involving materials that.are not designed 
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	for fire resistance (baggage, contraband, or trash), the possibilities of use of depressurization for fire control; have been periodically suggested for many years. A study at Lockheed involving small paper samples showed that fire spread rates dropped by one-third if the pressure was dropped from sea level to 15,000 feet. Flame spread rates dropped two-thirds if the pressure dropped from sea level to 30,000 feet. Additionally, pressure modeling indicates that flame spread rate is directly proportional to t
	dicts the same two-thirds law for the heat release rates of a 

	These observations and theories on pressure effects have a foundation exclusively on small-scale tests. The effect of pressure on fires in full-scale tests of aircraft is still open to conjecture as to quantitative predictive accuracy. It can be said that a one-third decrease in burning rate coupled with a one-third decrease in flame spread rate could conceivably give a decrease in heat release by as much as a factor of 3 at a given point in time. Thus, potential ·benefits associated with moderate pressure 
	Thus, a facility is required that would be approximately 100 feet long and 40 feet in diameter that could accommodate an aircrafL and be evacuated to cover a range·of altitudes and aircraft ventilation rates. 
	The chamber will be evacuated with an ejector system driven by turbojet action. The test article ventilation will be fed by a metering system from the atmosphere outside the chamber. The facility will accommodate projects 2.1.1.2 (Emergency Venting), 2.2.2 (Oxygen System Safety), and 2.5.3 (ACES). All of these projects require altitude simulation for definitive results. The 10 B707 fuselages ident­ified under 2.1.1.2 will be used in a sequential and destructive progression and the fuselages will be salvaged
	3.2.2.3 Resources. 
	Construction of the facility will cost 1,400K. 
	3.2.2.4 Schedule. 
	The construction of this facility will take 2 years with the following major milestones. 
	Month 3 Site selection and design requirements Month 6 Design complete for foundation and services Month 9 Contract let for foundation Month 9 Metal orders Month 18 Assembly contract let Month 24 Assembly completed 
	3.2.3 Environmental Laboratory. 
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	3.2.3.1 Definition. 
	3.2.3.1 Definition. 
	The existing low-speed wind tunnel and altitude chamber will be moved into a new wing at the Airflow Facility. The resultant complex will also include the Pressure Modeling Facility and will be reidentified as the Environmental Facility.· 

	3.2.3.2 Requirements. 
	3.2.3.2 Requirements. 
	Reconfigurations of buildings from lab or shop purposes to offices have displaced two significant capabilities at the Technical Center. One is the low-speed cali­bration wind tunnel and the other is the altitude chamber. Both are needed for calibration of sensors, and the altitude chamber is further needed for developing a data base on altitude material burning as related to in-flight fires. A host of other near-term needs for these two entities come from fuel safety (high altitude, low-temperature soaking 
	By adding these devices to the present Airflow/Pressure Modeling complex, signif­icant improvements in employee-power and equipment utilization will occur. This addition has 'already been requested and approved and is expected to be on-line at the start of the 5-year program. 

	3.2.3.3 Resources. 
	3.2.3.3 Resources. 
	The cost of this modification is approximately 160K. 

	3.2.3.4 Schedule. 
	3.2.3.4 Schedule. 
	The Environmental Facility is projected to be complete at the start of the 5-year program. 
	I
	4. RESOURCE REQUIREMENTS. 
	Contract funding and in-house employee-power requirements to meet the objectives set forth in this technical program plan are identified in table 2. This informa­tion is presented for each of the 17 planned projects through fiscal years 1985 to 1989. Resources are committed---almost entirely---to in-flight fire or related activities. Fiscal year 1985 employee-power requirements are consistent with present staffing levels; however, in FY-1986 and beyond, additional employee­power is required as shown in tabl
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	TABLE 2. AIRCRAFT SYSTEMS FIRE SAFETY RESOURCE REQUIREMENTS 
	• j
	. p RC:fECT 
	' 

	i : i 
	! 
	-

	:"TOTAl-S' 
	5 • PROGRAM MANAGEMENT. 5 .1 GENERAL. 
	. F'<-g.s , 
	. F'<-g.s , 
	. F'<-g.s , 
	1 
	F'{'.-87 
	' 

	Mf'( 
	Mf'( 
	t-1/Y 
	$K 

	soo 
	soo 
	s.o 
	200 
	·
	-

	'-i 
	:-· 

	s.o 
	s.o 
	f>OO 
	s.o 
	500 
	e.o 
	1000 
	1:2·0 
	soo 

	TR
	1 60 
	t7S 
	:z.o 
	ISO 

	a.s 
	a.s 
	75 
	.:~.o 
	/SO 
	,_ 
	-: 

	'.2s 
	'.2s 
	I '75 
	100 

	J,S 
	J,S 
	IOO 
	!-: 

	o.s 3.0 
	o.s 3.0 
	&70 350 
	o.s 
	so 500 
	2.0 
	70 150 
	.._, 
	-· 
	IZO 

	TR
	_I 
	~so 

	TR
	i
	-

	_, 
	·
	-

	!~ 

	o.s 
	o.s 
	::zoo 
	4.0 J.o 
	:250 iiO 
	1·0 
	So 
	"'·0o.s 
	-: 
	4.0 o.s 
	70 :_ 

	TR
	·-· 
	·-· 
	0115 
	135 
	:2.2s 
	;z<lo 

	TR
	100 
	4.0: 
	300 
	4·0 
	3QO 

	;J,O 
	;J,O 
	l.OO 
	;lOO 
	400 
	6.o 
	.200 
	IS'OC> 

	o.s 
	o.s 
	o,s 
	.::10 
	o.s 
	.::10 
	O,S 
	.:l.O 
	o.s 
	2.0 

	s.o 
	s.o 
	:.,.o 
	s.o. 
	s.a 
	s.o 
	so 

	i i 35.0 
	i i 35.0 
	2350 
	' 
	I 
	I i ! .2'J65 
	' I ' I 4~J.'lS 
	I ! I 2.450 
	j i 42.ZS 
	' ,.j I t6SO 
	' i ;.4o.o 
	I I 2.78 0 


	The Technical Center management of the Aircraft Systems Fire Safety Technical Pro­gram is performed by the Fire Safety Branch, ACT-350, within the Aircraft and Airport Systems Technology Division, ACT-300, FAA Technical Center, Atlantic City Airport, N.J. FAA Headquarters responsibility and accountability for this program has been assigned to the Program Engineering and Maintenance Service, Aircraft Safety and Airport Technology Division (APM-700) under the Associate Administrator for Development and Logist
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	5.2 PARTICIPATION ON TECHNICAL OR ADVISORY COMMITTEES. 
	Individuals working in the program participate on various fire safety and aircraft safety technical committees to assure maxim~m integration and benefit from related activities. These committees include the following: 
	a. 
	a. 
	a. 
	NBS Ad Hoc Committee on Mathematical Fire Modeling 

	b. 
	b. 
	ASTM E-5 Committee on Fire Standards, and F-7 Committee on Aerospace Industry Methods 

	c. 
	c. 
	NFPA Aviation Committee 

	d. 
	d. 
	SAE S-9 Cabin Safety Provisions 

	e. 
	e. 
	SAE A-20C Aircraft Interior Lighting 

	f. 
	f. 
	SAE G-3 Aerospace fittings, hose, and tubing assemblies 


	The FAA program adheres to the major recommendations of the SAFER Advisory Committee. 
	5.3 TECHNICAL PROGRAM INTERFACE. 
	The effectiveness of the Aircraft Systems Fire Safety Technical Program will be enhanced and maintained at a high level by continual interface not only internally within FAA and DOT, but also with National and International organizations pro­minent in the aircraft fire safety field. Figure 7 illustrates the many inter­faces that have led to FAA's worldwide prominence in aircraft fir~ safety in the past and will continue under this 5-year program• 
	• 
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	FIGURE 7. AIRCRAFT SYSTEMS FFU; SAFETY TECHNICAL PROGRAM NTERFACE 
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