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Executive Sunmary
Aircraft Command in Emergency Situation (ACES)

Boeing Comnmercial Airplane Group, Advanced Programs, Payload Systems, performed this product devel-
opment s,udy for the Federal Aviation Administration Technical Center (FAATC), Atlantic City International
Airport, New Jersey, under contract No. DTFA03-89-C-00061. The genesis for this study arises from the
FAAs concern for early detection and control of inflight smoke/fire incidents aboard commercial jet aircraft.
The motivation for this product development study is the computerization of the modern commercial jet
aircraft flight deck, the evolution toward the two-person flight deck crew, and the documented times taken
to locate and .orrcctly implement the appropriate emergency procedures during past accidents. The
purpose ot this contract was to conduct : product definition study that would identify two systems and
associatcd hardware that would provide for the faster detection and identification of an inflight smoke/fire
event and. hence, a faster crew response. The primary objective of an ACES-type system ts to provide a
capability for decreasing the time needed to make a decision to land at the nearest suitable airport.

In developing the ACES system concepts, a four-step process was used: 1) review of aircraft requirements
:ifnd previous studies; 2) develop the necessary database on currently available and new sensors and
detectors: ,) develop the "concept" requirements for each of the proposed dete. :on approaches; and. 4)
identify the necessary flight deck interface equirements for both sensor system status and communications.
'[hc Ihcino 757-0)() was selected as the baseline aircraft for the study model. Both of the ACES concepts
were then applied to the baseline model for comparative ptrposes and analyzed against scenarios identi-
hed and defined in a previous FAATC contract. The installed cost of each ACES concept was estimated for
develo pncnt and installation Qost impact on current production 757-200 aircraft. Costs were estimated for
1lock change implementation in current year (1990) dollars. Retrofitting to existing aircraft is beyond the
scope :f this .,tudy and not considered part of this cost analysis.

[he tUchn )l ( g studied in support of the ACFS concepts centered primarily on new and improved sensor
and detector techno!,ogy and the improvements in :ght deck operations which could be realized with
ch-,"Cs in c)MlpUter and display technology.

lhc t\o cosmcpts dleveloped are: Concept A. which included new types of ionization and photoelectric
smoke lirc dctctors \with additional areas selected for covterage within the pressurized fuselage, and a
clectronic checklist to present the flight deck with emergency procedures. Concept B expands on the
dletctirln c.aliabilitv of Concept A: more areas are to be monitored, greater use of an ilog and digital
.secnsors, thermal detection and monitoring capability wacoustic wire and fiber optic), and an Inflight
)i\crsion Planner on the flight deck to assist, if necessary, in diverting tr 'in alternate airport.

Both 4 the ACES concepts addressed four specific areas that had been previously identified as having
potentiai t r significant improvements. These areas were:

Sensing. - Identify sensors which, through design improvements, have increased overall system reliabilit\
and impro)vcd capabilities, and which will reduce the potential for false alarms hy trend monitoring and
concurrence of other sensors. The incidence of false alarms has been found to be one of the main causes
which delays the decision to divert to alternate airports.

Alerting - The quality of information to the flight deck ,an be improved by providing more definitive data
and improving the co)mmunications between the flight deck and cabin crew. New atutomated systems have
been identified which can respond faster with more qualitative information such a the type and location of
the e\ ent.
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Crew response - Crew response can be significantly improved with the implementation of an automated
emergency procedure checklist. These checklists are keyed to the type and location of the smoke/fire
event and are available immediately after an alarm is initiated, Addition si improvements can be realized in
the verbal and nonverbal communication between the flight deck and cabin crew with the implementation
of a new cabin attendants panel that will interface with the flight management system.

Crew decision making - Flight deck crews are required to make several Key decisions once an alarm or
alert is sounded. Most often these decisions are sequential in nature with periods of time used for diagnos-
tics and analysis. The delays incurred to confirm the alert also delay initiating a response. An electronic
checklist called up by the flight management computer when an alarm is initiated saves the crew time in
locating emergency reference handbooks and starting the emergency procedure. The Boeing-developed
electronic checKlist provides a listing of the emergency procedure steps which must be initiated, tracks
each function that is in progess, and displays those funtions which have been completed. If a deci iion is
made to divert to an alternate airport, an automated Inflight Planner can be selected to Jisplay information
on alternate airports along the flight path, flying time to each airport, weather conditions, runway status,
and equipment available. This information is displayed on the lower Engine Indications and Crew Alerting
System (EICAS) panel located in the center console.

New technology sensors inch-,je improvements in both photoelectric and ionization smoke/particle detec-
tors and new tectinology thermal sensing systems capable of monitoring and establishing a thermal profile
of the area where they are installed. All detectors are interfaced with the aircraft data bus and flight
management computer system, providing alarm indications directly to the flight deck. The generation of a
smoke/fire event signal causes the automated emergency checklist to be activated and displayed to the
flight deck

The need for additional detector coverage has been identified for the galleys, lavatory, overhead compart-
ment (attic), conditioned air exiting the air packs, and hidden areas. The new detectors greatly reduce the
potential for false alarms (a constant source of problems in existing aircraft), one detector requires a given
number of sequential pulses (4 pulses, 2 seconds apart) before the alarm threshold is reached. The use of
parallel detectors coupled with "and" circuit logic further reduces the potential for false alarm by providing
concurrence and backup. These circuits are reconfigurable if one of the detectors fails, and will provide
maintenance messages if a circuitry fault is detected, and still allow the aircraft to be dispatched. A matrix
of detector types, capabilities, advantages, and disadvantages, reviewed during the course of the study, is
provided as an Appendix.

Average unit cos,.s for an installed system, which includes all nonrecurring and recurring costs based on a
fleet implementation for 200 aircraft, is $57,300 for Concept A, $189,150 for Concept B utilizing a
Schlun"- "rger acoustic thermal detection system, and $190,150 for Concept B incorporating a York fiber-
optic themial _tection system.
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Federal Aviation Administration
Aircraft Command in Emergency Situations (ACES)

Final Report

1. INTRODUCTION

The feasibility of using a computer-based system that would assist a flight crew in the direction and man-
agement of inflight fire and smoke emergencies was established through an analysis of thirteen hypothetical
emergency scenarios (Reference 1). The conclusions reached in this study indicate that both the current and
pro cctcd advancenents in sensor, compLter, and display technologies have advanced whereby a corn-
puter-ba.ed fire detection system can provide timely guidance to the flight crew in responding to inflight
smoke fire emergencies. These conclusions influenced the FAA decision to implement a product definition
stL\ .111d dcvelop tile broad objectives for an ACES advanced smoke,'fire detection system.

1.1 BACKGROUND

It can be argtled. that though very infrequent, the most dangerous inflight emergency is a smoke/fire event
occurring in a passenger laden aircraft. Generally the exact location and source of tile smokefire is un-
know\n. somctime, in a hidden area within the pressurized volume. When a fire is discovered in a hidden
ar_.a. time that should be used to divert to the nearest suitable airport is often not used to its best advan-
tle: tile crew tries to determine location and source of the event. Most people, especially those not trained
in fire management. do not appreciate the speed at which a fire can evolve to catastrophic intensity nor the
difficulties in completely extinguishing a fire.

While commercial air travel is undoubUtedly the safest mode of public transportation, it is. unfortunately, not
without its tragedies. The conclusion to be drawn from recent study of accident history file is the necessity
of early smoke fire detection coupled with prompt and correct action by tile flight crew in getting the
airplane oi ti, ground. It is clear from accident and incident data that early detection of a smoke/fire event
is of significant importance as is the communications/warnings of event information to tile flight deck in a
clear. ci ncIse. and reliable nmanner. These two items, early detection and prompt action, are seen to be the
critical critcca in nearly all inflight fire incidents. Tile Varig 707 (1973), Saudi L-101 1 (1980), and the
Air Canada DC-9 ( 1983) c: nts all demonstrate the tragedy that can result when a hidden fire progresses
undetcte(_'d id ls.., than prompt action is taken to land at the nearest available airport.

C(MM> mv Ctinllln\ between the cabin attendants and the flight deck is critical, especially with the advent of
the two-man flight cre\\. \With a two-man flight crew the flight deck is dependent on the cabin attendants
for infrnami iim ,eregarding a smoke fire event in the lavatory, galleys, overhead (attic), and passenger areas.
I'pon being made av.are of a fire event. the flight deck will call upon the Quick Reference Handbook
SQRI I) to review .,nmd implemnent tie specified airline emergency procedure. FAA studies have shown that
the t11e cqu ired t,) icccss the QR-lI and specific procedures is time not spent on directly dealing with the
ellicrgt'ncy.

Nl.iol • fire prevention protection improvements have been incorporated into commercial aircraft in the
dccaide of the 80s. These improvements, while not without great expense in some instances, have provided
a ntienfit to the flying public. Aircraft fire safety improvements are best seen in the Federal Aviation
Regulations (FARs) whicih have been iandated since 198,i. These rules, discussed in tile next section,
included: seat airc blocking layers, floor proximity lighting, smoke detectors and automatic discharge halon
fire extinguishers in the lavatory, and heat release, flammability, and smoke criteria for interior materials. All
of tlc FARs have added greatly to aircraft safety., botl in preventing fire and in increasing passenger
stirviail~iv should a fire occur.

This ACTS stud\ i-s i re,ult Iof the EAAs lesire to improve commercial aircraft fire safety through research
and sltidy )f i'xv te litnoli gy and applications.



In March, 1989, Boeing Commercial Airplane Group completed a multi-phase FAA contract study,
for "Airplanes Tests of Enhanced Smoke Venting" (Reference 2). During 1988/89 Phase 3 aircraft testing,
both ground and inflight, was conducted. A Boeing owned 757-200 was used as a test platform to verify the
previous Phase I Study findings on enhanced smoke venting techniques for removing smoke froia a
passenger aircraft cabin.

For a number of years, Boeing has been conducting Independent Research and Development (IR&D)
studies on various automated cockpit concepts for implementing electronic emergency procedure checklist
and expert systems that will perform various flight deck crew functions, thus reducing pilot work load.
Initial applications of these Boeing IR&D efforts have been included in both the 1989/90 contract for the
ACES Phase I concept development and 1990/91 Phase 2 prototype hardware demonstration.

1.1.1 FAR Requirements

Prior to 1946, there were no requirements for smoke and fire detection systems within the passenger and
cargo compartments. In 1946, Civil Air Regulation (CAR) Amendment 04-1 established limits on the sizes
and classes of cargo compartments and the requirement for smoke/fire detection and suppression in
Class C compartments. The CAR was again amended (4b-6) in 1952 to establish the requirements for a
Class D compartment. Class D compartments are required to have fire-resistant liners and the capability
to extinguish a fire through oxygen depletion. The old CAR amendments resulted in FARs 2 5.,'q55, 25.857.
and 25.858.

As a result of a number of inflight incidents and, most specifically, the tragic loss of life following an inflight
fire on an Air Canada DC-9 in 1983, numerous regulations effecting fire safety inside the pressurized
volume 'ave been adopted. Rules published since 1984 are presented in Table 1-1 below.

Table -1. Transport Aircraft Fire Safety Rulemaking.

Final Rule Compliance Parts Am'dt
Rule Published Date Effected Number

Seat fire blocking layers 10/26/84 11/26/87 25, 29, 121 25-59

Floor proximity lighting 10/26/84 11/26/86 25,121 25-58

Cabin fire protection 3/29/85 121 121-185

Lavatory smoke detectors 10/29/86

Lavatory automatic fire extinguishers 4/29/87

Halon 1211 hand extinguishers 4/29/86

Hand extinguishers 4/29/85

Cargo compartment fire protection 5/16/86 6/16/86 25 25-60

Cabin material flammability 7/21/86 25, 121 25-61

100/100 heat 8/25/88 8/20/88 25-66

65/65 heat, 200 smoke 8/20/90

Crew protective breathing 6/3/87 7/6/89 121 121-193

Cargo compartment fire proection 2/17/89 3/20/91 121,135 121-202

Source: C.P. Sarkos paper presented at International Aircraft Cabin Safety Symposium,
January 22-25, 1990
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Aircraft seat cushions are typically made with a polyurethane foam core that can produce lethal smoke and
combustion gases. Amendment 25-59 established the seat blocking rule (FARs 25.853 (b) and 121.312 (b))
requires the use of a highly fire resistant material to encapsulate the foam core seat cushion. The blocking
material delays the ignition of the seat foam core, thereby providing a more survivable environment.

As a fire burns the upper portion of the cabin is filled with hot buoyant smoke and gases. As smoke and
gas continues to be generated by the fire, the smoke "ceiling" descends down to floor level. Floor proxim-
ity lighting, amendment 25-58, resulting in FARs 25.812 (e) and 121.310 (c), is the means to direct passen-
gers to the emergency exits during the extreme moments of passenger egress.

Regulations governing fire protection in airplane lavatories and hand held fire extinguishers were greatly
expanded with implementation Amendment 121-185. This regulatory activity was the result of two closely
spaced incidents, June 2, 1983 at Cincinnati and June 25, 1983 at Tampa. FAR 121.308 requires that each
lavatory be equipped with a smoke detector system which provides a warning to the flight attendants and/
or the flight deck and that each lavatory trash receptacle be equipped with a fire extinguisher that would
discharge automatically upon fire in the receptacle. FAR 121.309 addresses the need for an increase in the
number of hand held fire extinguishers to be installed in passenger aircraft of 60 seats or more and requires
that at least two of the extinguishers contain Halon 1211 or equivalent as extinguishing agent.

The fire protection requirements for class C and D cargo compartments were upgraded by Amendment
25-60. Class D cargo compartment volume was restricted to 1,000 cubic feet (FAR 25.857 (d)). FAR 25.855
specifies new burn through fire test criteria for C and D cargo compartment ceiling and sidewall liner
panels. A Class 1) cargo compartment depends on oxygen starvation to control a fire. This method of fire
control requires that the compartment liner material not be breached, and thus allow air to enter the
compartment and "feed" the fire. Both these rules serve to upgrade the fire safety standards of Class D
compartment

Amendment 25-61 upgrades the fire safety standard for cabin interiors by establishing new fire testing
criteria. Amendment 25-66 refines the test criteria established by 25-61 and adds new requirements for
smoke emission testing. These two amendments identify the Ohio State University rate-of-heat-release
apparatus as the most suitable method f-3r determining material qualification. Smoke emission testing is
intendled to minimize the impact smoke obscuration will have on emergency egress.

Amendment 121-193 requires protective breathing equipment (PBE), such as a full face mask attached to an
oxygen supply, be made available to the flight attendants, in addition to the flight deck crew, to provide
protection when fighting on-board fires. Three fatal accidents since 1973, the latest being the 1983 Cincin-
nati fire, lead to the requirements contained in this amendment. With PBE available it is conceivable that
the loss of life that occurred in each of these three accidents may have been lessened. Portable PBE as
required by this rule are to be located within three feet of each hand held fire extinguisher (FAR 121.337)
for use by the crew in fighting the fire. Amendment 121-218 extends the compliance date from 7/6/89 as
shown in Table 1-1 to 1/31/91.

Amendment 121-202 (FAR 121.314) imposes stringent burn through requirements on all Class C and D
cargo compartments liners.

Part 25.858 establishes the Airworthiness Standards for cargo compartment fire detection systems and is
given below in full:

a) The detection system must provide a visual indication to the flight deck within one minute
after the start of the fire.

b) The system must be capable of detecting a fire at a temperature significantly below that at
which the structural integrity of the airplane is substantially decreased.
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c) There must be means to allow the crew to check inflight, the functioning of each fire detector
circuit.

d) The effectiveness of the detection system must be shown for all approved operating configura-
tions and conditions.

The major impact of the part 25.858 is the tightening of the respond time criteria from five minutes to one
minute. This has led to the use of even more sensitive detectors, which can impact the rate of false alarms.

The above FARs coupled with increased systems reliability and years of safety design experience, has
greatly improved aircraft fire safety. However, there are still improvements which can be made to provide
increased, cost effective, passenger safety benefits.

1.2 PREVIOUS STUDIES

Several distinguished studies that established the groundwork and technical feasibility of advanced smoke/
fire detection systems have been previously undertaken by the FAA and private companies. These studies
form part of the foundation and direction which has influenced the ACES program. Namely:

Heath Tecna, Kent, WA, 1985/86 - Developed a microprocessor prototype demonstration system utilizing
smoke detectors, fused links, and thermistors (IR&D) (Reference 3).

Hughes Associates, Wheaton, MD, 1987/88 - Conducted an FAA-funded state-of-the-art review of detector
technology focusing on the location and magnitude of temperature changes and software required to link
existing data systems (Reference 4).

Dunlap and Associates, Norwalk, CT, 1987/88 - Conducted FAA-funded technology assessment study
of automated smoke/fire detection, postulating scenarios for evaluation of hypothetical ACES system
(Reference 1).

1.3 PURPOSE

The purpose of the ACES contract is to develop two system configurations utilizing either a different
approach or complexity, which, through analysis, will demonstrate the projected systems effectiveness in
both performance and cost. The goal of each system is the same, to provide accurate and timely smoke/fire
warning to the flight crew, (cabin and flight deck). Such warning will enable the fire to be controlled and
procedures implemented to expedite the landing of the aircraft.

2. SCOPE

The ACES contract studied several broad areas: current and new sensor technology that would provide
additional detection capability on the study aircraft; the computer interface and processing required to
integrate an ACES-type system; display format and type of information to be displayed on the flight deck;
and impact and improvements to crew workload as a result of integrating the recommended ACES concept.

A matrix that details the configurations and capabilities of the baseline aircraft and of the two ACES con-
cepts is shown in Table 2-1. An assessment and analysis of the concept systems performance was accom-
plished using only the 757-200 (baseline) study aircraft and the scenarios previously postulated in the
Dunlap and Associates technology assessment.
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Table 2-1. ACES System Configurations.

Baseline ACES Configuration
757-200 Concept A Concept B

Detector Locations
Lavatory
Ceiling - smoke Ion-discrete Ion-discrete Ion-discrete
Under counter - smoke N/A Ion-discrete Ion-discrete

Attic
Smoke N /A Photo-pulse Photo-analog
Thermal N/A N/A Yes (1)

Air-conditioning
Smoke N/A Photo-analog Photo-analog

Cargo
Smoke Photo-discrete Photo-pulse Photo-analog
Thermal N/A N/A Yes (1)

Galley
Smoke N/A Ion-discrete Ion-discrete

Lower lobe cheek
Smoke N/A N/A N/A
Thermal N/A N/A Yes (1)

Baseline Yes N/A NIA
Baseline w/ expanded memory N/A Yes N/A
New computer N/A N/A Yes

Flight.Deck
Quick Reference Handbook Yes N/A N/A
Electronic Checklist N/A Yes Yes
Inflight Diversion Planner N/A N/A Yes
System Synoptics N/A N/A Yes
Alerting System

Baseline Yes Yes N/A
Expanded N/A N/A Yes

Cabin Attendant
Crew Call System Yes N/A N/A
Cabin Attendant Panel N/A Yes Yes

Note 1: Thermal monitoring: acoustic (Schlumberger) or fiber optic (York)

2.1 OBTECTIVES OF STUDY

Given an inflight smoke/fire emergency:

The objective of the ACES study was to develop two system concepts that would result in reducing the time
required to make a decision to land the aircraft; provide accurate, timely, and complete guidance to the
flight crew for their use in responding to inflight smoke/fire events; and to enhance/improve the situational
awareness of the flight crew to an inflight fire.
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2.2 STUDY CONSTRAINTS

For planning and control purposes, some parametric constraints were placed on the study. These param-
eters are given below:

a) Smoke/fire events were restricted to those occurring in the pressurized volume; engines,
control surfaces and other non-pressurized areas are not considered.

b) The study is directed at large commercial passenger transport category aircraft only. Smaller
general aviation aircraft are not considered.

c) Only new airplanes are considered. Issues regarding fleet retrofit are not addressed.

d) For sensors to be considered for ACES application they must be commercially available.
Sensors in breadboard/R&D stage of development were not considered.

e) Volume, weight, and maintenance considerations of ACES hardware must be adaptable to
aircraft application.

Specific applications of ACES concepts were limited to the Boeing 757-200, but additional consideration
was given to "combi" type aircraft, where passengers and .:argo are colocated on the main deck, posing
unique safety considerations.

2.3 APPLICATION OF DUNLAP SCENARIOS

The fire scenarios described in Reference 1 were prepared by Dunlap and Associates in their technology
assessment and have been used as a basis for comparing the capabilities of the baseline airplane and each
of the two ACES concepts. Improvements in detection time and outcome are postulations based on an
experienced engineering assessment and practical first hand knowledge of the aircraft, its systems and
operational procedures, changes in regulations, and the addition of new technology smoke and fire detec-
tion systems.

A summary of each of the Dunlap scenarios is discussed in Section 7.1. Figure 2-1 is a matrix tabulation of
the general parameters and conditions of these scenarios.

Four specific areas were identified in the Reference 1 report where an ACES type system would contribute
to significant improvements in overall aircraft safety. The areas identified, and investigated in the course of
this produce definition study, are given below:

a) Sensing - Improvements can be achieved with the implementation of newer, increased sensing
capability smoke/fire detectors and additional selected locations.

b) Alerting - By integrating the sensor and detector systems into the aircraft avionics data buses,
the flight deck can receive the alerts the instant they are detected.

c) Crew response - A significant amount of time can be saved with the automation of the emer-
gency procedures checklist, which, once activated by an alert, would be instantly available to
the flight deck crew for implementation.

d) Crew decision making - Once an alert is sounded and the emergency checklist is imple-
mented, the flight crew will be able to consult the Boeing-developed "NEXPERT" system for
assistance in diverting to the closest suitable airport.

Upon review and study of the Reference 1 report the above four areas were found to be major links in the
smoke/fire detection/response chain required to accomplish the primary goal of ACES: land the aircraft and
evacuate the passengers as quickly as possible. While these areas are of importance, they were not used as
study constraints.
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Type of Indication Identified Discern
Scenario Indication Speed Location Smoke/Fire

Scenario #1 Horn and Light Immediately Upon Aft Cargo Only Smoke
Wide Body (Master Warning) Detection; 7-15 minutes Detectors
3 Engine After Ignition
3 Crew
Scenario #2 Interphone Message Immediately Upon Aft Lavatory Attendant Identified
Narrow body Detection; But May Smoke and Fire
2 Engine Have Been 14 minutes
2 Crew After Ignition

Scenario #3 Horn and Light Immediately Upon Aft Baggage Only Smoke
Wide Body (Master Warning) Detection; No Ignition Detectors
4 Engine
2 Crew

Scenario #4 Horn and Light Immediately Upon Aft Lavatory Only Smoke
Narrow body (Master Warning) Detection; No Ignition Detectors
3 Engine
2 Crew

Scenario #5 Interphone Message Immediately Upon Center Lavatory Attendant Identified
Wide Body Horn and Light Detection; Several Smoke
3 Engine (Master Warning) Minutes After Ignition
2 Crew

Scenario #6 Interphone Message Several seconds; Ceing Light Passenger Identified
Wide Body Overheat Occured Ballast Odor Only
4 Engine Before Sensing (No Smoke)
3 Crew

Scenario #7 Horn and Light Immediately Upon Avionics Bay Only Smoke
Narrow body (Master Warning) Detection; Several Detectors
2 Engine Seconds After Smoke
2 Crew Started

Scenario #8 Cabin Attendant 1 Minute; 5 Minutes Forward Closet Attendant Observed
Wide Body After Ignition Smoke
2 Engine
2 Crew

Figure 2.3-I. Dunlap Scenario Evaluation



OPS ManualContains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures Cabin Crew Procedures

Indication Time
True/ False Available to Locate Followed Available Followed

True Yes 4 Minutes Yes, But Did Not No N/A
Expedite Return

lied True No N/A N/A Yes Yes
re

False Yes Immediate Yes No N/A

False No N/A N/A Yes Yes

fied True DC10 - Yes Immediate Yes, But Diverted Yes Yes
L1011I -No N/A N/A

ified True No N/A N/A Yes Yes

True Yes Several Yes N/A N/A
Seconds

ved True No N/A N/A Yes Yes
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Type of Indication Identified Discern Indic
Scenario Indication Speed Location Smoke/Fire True,

Scenario #9 Interphone Message 1 Minute After Smoke Cabin Smoke Attendant Observed

Narrow body Was Observed Smoke
2 Engine

2 Crew

Scenario #10 Horn and Light Immediately Upon Lower Lobe Smoke Detector
Wide Body (Galley Smoke) Detection; But May Galley
3 Engine Have been 26 Minutes

3 Crew After Ignition

Scenario #11 Interphone Message Immediately Upon Galley Oven Attendant Observed
Narrow body Sensing; 12 Minutes Smoke
2 Engine After Smoke Started

2 Crew

Scenario #12 Crew Observation Immediately Upon Avionics Bay Crew Observed False
Narrow body Observing; 34 Minutes Smoke Carq
4 Engine After Ignition

3 Crew

Scenario #13 Interphone Message Immediately Upon Passenger Cabin Attendant Observed
Wide Body Observing; 1 Minute Smoke and Fire

2 Enigne After Ignition

2 Crew

Figure 2.3-1. Dunlap Scenario Evaluation (Continued)



OPS Manual Contains Specific
Procedure for Fire in
Identified Location
Flight Crew Procedures Cabin Crew Procedures

Indication Time
True/ False Available to Locate Followed Available Followed

True Yes 4 Minutes Yes, Crew Acted N/A N/A

Rashly in Engine
Shutdown

True Yes 30 Seconds Yes, But Delayed Yes Yes
35 Minutes to

Declare Emergency

True No N/A N/A Yes Yes

False was a Yes 2-3 Minutes Yes, Identified N/A N/A
Cargo Fire Wrong Source and

Used Wrong

Procedure

True No N/A N/A Yes Yes



One possible scenario not postulated in the Dunlap report pertains to smoke/fire emergencies that occurs
in a combi configuration airplane (Class B cargo compartment) when no alternate airport nearby. This
scenario will be addressed, in full, in Section 7.1.14.

3. BASELINE AIRCRAFT

The Boeing 757-200 airplane was selected by the ACES study team as the baseline aircraft for the purposes
of this study. A 757-200 configuration with mixed class (first and economy) passenger seating, four lavato-
ries, and three galleys located forward, mid and aft is to be used for this product definition study. The
general arrangement, principal characteristics, and body cross section of the 757 aircraft is presented in
Appendix B.

The 757 is also manufactured as combi and package freighter models, thus providing for a full compliment
of airplane configurations to be studied.

3.1 GENERAL DESCRIPTION
The 757, passenger configuration, was studied to develop a full range of aircraft requirements for the
configuration and evaluation of an ACES system. The 757 afforded many advantages in the study and
definition of the two ACES concepts: a modern airplane with a state-of-the-art flight deck, Figure 3-1; a two-
man flight deck crew; a fire detection and suppression system in the forward and aft cargo compartments,
Figure 3-2. The 757 is also equipped with engine, auxiliary power unit (APU), and wheelwell fire/overheat
warning systems, these systems fall outside the pressurized volume and are not addressed in the study.

Master Warning/Caution 0 Ma-e Warning/Caution

0 0

0000

C

Figure3-1. 77-200 light eck CK3Diplys
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aAural Master Warning/Caution
aSwitch/Light

Flight deck

Discrete Upper
Warning EICAS Whee APU
Caution Screen
Light Duct leak

Aft cargo compartment
Duct leak detection

Flight doeck Forward Engine
cargo * Engine fire
compartment • Nacelle overheat

1- 1 0

~ mAPU

Figure 3-2. 757-200 Fire Protection Systems.

To maintain cabin and flight deck air temperature, air quality, and cabin pressurization, the 757 utilizes a
centralized, two pack, Environmental Control System (ECS). The packs condition (cool) engine bleed air,
that is then mixed (in the mix manifold) with recirculated cabin air and given final temperature regulation
by the use of hot trim air. This air is then delivered to the passenger cabin through the air distribution
system. During normal flight the ratio of fresh air to recirculated air is approximately 1 to 1. The flight deck
is serviced separately from the passenger cabin and receives only fresh conditioned air, no recirculated air.
Lavatory and galley exhaust air is routed directly to the aft lower lobe area of the airplane where it is
vented overboard through the outflow valve. Some of the air exiting from the flight deck and the passenger
cabin is used to control the thermal environment of the Electronic Equipment (E/E) bay and cargo compart-
ments. Air which has been circulated through the E/E bay is then returned to the mix manifold to be
reconditioned with fresh conditioned air.

The ECS/air distribution systems provide several potential pathways for smoke to enter the occupied areas
of the airplane. Smoke could be detected in the contaminated bleed air from one of the engines, the APU, a
faulty pack, or the E/E bay. The E/E bay is equipped with smoke detectors that monitor the air both as it
enters and exits the E/E bay, if smoke is detected the E/E exhaust air is vented overboard. There are
currently no procedures on the 757 to determine if a pack, engine, or APU is the source of a smoke
problem, nor is there a procedure which engine or pack (right or left) is the source of the smoke without
some trial and error tests, discussed later in this report.
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3.2 BASELINE DETECTOR TYPES

The 757-200 passenger airplane employs two sensing technologies, ionization and photoelectric, for
monitoring specific areas witl-:, lhe pressurized hull for smoke/fire events. Ionization sensors detect
invisible particles (less than 0.3 im) and photoelectric sensors detect visible particles (greater than 0.3 i)
such as smoke. Each of these technologies, as used in the 757, are discussed in the following paragraphs.

3.2.1 Ionization

The ionization detector used on the 757 and other airplanes in the Boeing family (737,747,767), is a dual-
chamber type manufactured by Jamco, P/N PU90-499R3 (Reference 5). Air entering each of the chambers
passes over an alpha radiation source, Am241. The ionized air. passes between two charge plates, allov ing
a current to flow. One chamber is used as a reference and is only partially open to the environment
through a small pin hole. This secondary, (reference) chamber provides for compensation due to fluctua-
tions in power supply as well as changes in temperature, pressure, and humidity. The primary chamber is
open to the environment and any particles in the air causes the current flow between the two charged
plates to be altered. The current flow in the primary chamber is then compared to the current flow of the
reference chamber. When the two chambers become sufficiently "unbalanced," an alarm signal is gener-
ated. A dual-chamber configuration is design to reduce the incidence of false alarms.

3.2.2 Photoelectric

The photoelectric smoke detector used on the 757 and other airplanes in the Boeing family (737,747,767),
is manufactured by Autronics, P/N 2156-204 (Reference 6). The detector consists of a photocell, a pilot
lamp, light trap, and a test lamp, encased in a light-proof chamber, Figure 3-3.

Pilot lamp Protective -Photoelectric cell

Sample air Inlet Scattered Sample air discharge

Smokee / light
particles -- 0p

Direct light

Figure 3-3. Autronics Photoelectric Smoke Detector.

The detector unit directs a smail focused beam of light, from the pilot lamp, across the chamber to a non-
refl tcive surface (light trap) at the opposite side of the chamber. In clear air, without particles, there is little
or no scattering of the pilot light beam and thus no light reaches the photocell. With the absence of light,
the cell is in a highly resistive state. When particles greater than 0.3 pim (visible particles) enter the cham-
ber, light is scattered with some reaching the photocell. Light striking the photocell causes a decrease in
resistance. When the resistance drops to a calibrated level, equivalent to the light transmissibility to falling
below 92% to 85% (measured over one foot), an alarm signal is sent from the detector to the Automatic
Fire/Overheat Logic Test System (AFOLTS) card, (discussed in Section 3.3.1), for interpretation and transmit-
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tal to the flight deck. Testing of the photocell is accomplished by the use of the test LED (light emitting
diode) that is focused on the photocell.

3.3 LOCATIONS MONITORED

The all passenger configuration 757-200 has smoke/fire protection in the forward and aft Class C cargo
compartments, all 'avatories, and the forward E/E bay. Halon 1301 is used for fire suppression in the cargo
compartments, the command for discharging the halon is initiated from the flight deck. Small halon bottles
are installed in each of the lavatory waste bins. T~ie bottles hax, a thermal plug. that when exposed to
elevated temperatures melts, releasing the halon agent. The passenger cabin is equipped with 3 to q hand
held fire extinguishers, the number depends upon passenger seating configuration. Of these hand held fire
extinguishers at least 2 must contain Halon 1211 or an equivalent agent.

A block diagram of the existing smoke/fire system, showing detector and suppression locations, mainte-
nance message capability, and flight attendant communiations, is given in Figure 3-4. Table 3-1 gives the
component costs of the 757 smoke/fire detection s-,-stem.

FD ------ -- --- ----- (Intercom) _
handset

Flight
deck

EICAS
MW/C

Attn Attn Attn
Hand- and- Hand-

set set set

EICAS

message

Passenger cabin
(4 ionization detectors in lavatories with waste bin halon bottles)

(4 handheld fire extinguishers)

Forward
E/E bay

3 photoelectric

Cargo bays
Dual "and" linked photoelectric detectors

Fire with flow through sampling
suppression I  Halon fire suppression

Figure 3-4. Fvisting 757-200 Fuselage Fire Protection System
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Table 3-1. Baseline 757-200 Component Costs.

Locations Unit Type-
Monitored Units Cost Cost Manufacturer Part No.

Cargo
Fwd (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204

Aft (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204

Lavatory

Ceiling 4 $225 $900 Ionization - Jamco PU90-499R3

Forward E/E bay

Supply air (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204
Exhaust air 1 $788 $788 Photoelectic - Autronics 2156-204

Total Cost 11 $6,416

Note 1: Installed as pairs with "and" logic

3.3.1 Cargo Comnpartments
The 757 forward and aft lower lobe cargo compartments are classified as Class C compartments, as estab-
lished in FAR 25.855. Each compartment is equipped with an independent photoelectric smoke detection
system. '11e two compartments share a Halon 1301 fire suppression system. The cargo detection and
suppression systems are shown schematically in Figure 3-5.

Fire extinguisher
distribution nozzles JS

Dual smoke detectors " .,>' 'N

(2 locations)

Smoke detection tubing

" -\j *Fire extinguisher bottles

Fire extinguisher system

--- , Smoke detection system

Figure 3-5. 757-200 Cargo Compartment Fire Protection.
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Each of the compartments detection systems consists of dual "and" linked Autronics photoelectric smoke
detectors, two vacuum source blowers, a plenum, a pressure switch, air sampling ducting, and electrical
controls, Figure 3-6. Air from the cargo compartment is pulled through air sampling ports located in the
compartment ceiling. (The aft compartment has 5 sampling ports while the forward compartment has 4).
The 5 samples from the aft cargo compartment are mixed together (diluting the air from each port by 80%)
and routed to the detector unit which is located just inside the cargo compartment door. The air is then
divided and drawn through each of the dual linked photoelectric detectors.

Air samplingducting

Smoke detector

Airflow

from cargo Plenum
compartment

Pressure sensor

B lower

Figure 3-6 757-200 Cargo Compartment Smoke Detector Installatiot.

Redundant vacuum blowers, connected through a common plenum, provide the means to pull the air
through the system. If a blower should fail the pressure switch in the plenum actuates, bringing the second
blower on-line. In addition, the trip causes a maintenance message to be generated and stored on the
maintenance computer.

Each of the dual-loop smoke detection systems continuously monitors the air samples from the respective
cargo compartments for the presence of smoke, the parameter used to determine a fire condition. If smoke
is detected in a compartment by either one or both of the detectors (depending on system status), the flight
deck crew is notified by both visual and audible warning devices. These include the master warning light,
fire warning bell, illuminated cargo compartment fire selector switches, and the Engine Indication and Crew
Alerting System (EICAS) displays.

The AFOLTS is the detection system electronic logic card that contains two functionally isolated circuits.
Each circuit is connected to the dual-loop detection system. The function of each circuit is to monitor the
inputs from the detectors and provide the appropriate output alarms and status signals, all based upon a
specific set of Boolean equations. The AFOLTS card contains a test circuit that is activated automatically
upon initial power-up or in response to a manual push-to-test button located o.i the flight deck.
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The dual smoke detector systems of the forward and aft cargo compartments are normally operated in an
"and" logic configuration. For "and" configuration, inputs from each detector is required before AFOLTS
will initiate a fire warning to the flight deck. In the event that one loop (detector) is found inoperable, the
system will reconfigure to single-loop operation automatically. In single-loop operation, AFLOTS requires
only input from one loop (detector) to send an alarm to the flight deck.

Power to the dual detectors and AFOLTS is from the right 28V dc battery bus via three separate circuit
breakers. The 28V dc battery bus provides the ability to accomplish system preflight testing concurrent with
the engine fire detection test. The power circuitry is configured to ensure the continuous operation of the
system. Should a failure occur in one of the redundant power sources, the AFLOTS card and detectors will
remain operational with power supplied by the remaining power source.

3.3.2 Lavatory

Each standard equipment 757 lavatory is furnished with a Jamco (P/N PU90-499R3) ionization smoke
detector and a automatic discharge halon fire suppression bottle located in the waste paper disposal bin, in
compliance with FAR 121.855.

The ionization smoke detector, shown in Figure 3-7, is a ceiling-mounted, self contained dual chamber unit
that operates on free convection principle, that is, there is no mechanical means used to move air to the
detector. When sufficient products of combustion enter the primary (open) chamber an unbalance is
created between the two chambers and an alarm is generated. The alarm is an audio warning sounded
from the unit's built-in alarm horn. In addition, the unit's red alarm light flashes. A customer option is
available that provides for the transmission of this signal to the flight deck as well.

Interrupt switch
(reset switch)

Power
indicator Alarm
(green) horn

Alarm
indicator
(red)

Sensor _

Figure 3-7. Lavatory Ionization Smoke Detector.

The Jamco unit has a green indicator light that confirms the unit is receiving power from a 28V dc battery
bus. There are no provisions or requirements for the unit to be tested from the flight deck. When a smoke
detector is tested, and found to be inoperable, the lavatory is secured (closed), allowing the flight to
continue.
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3.3.3 Electronics Equipment Bay
The forward electronic equipment (E/E) bay smoke detection system employs three photoelectric smoke
detectors, manufactured by Autronics. These detectors are the light-scattering type, previously shown in
Figure 3-3, the same type as used in the cargo compartment, discussed in Section 3.3.1.

The E/E bay smoke detection system, Figure 3-8, contains two smoke detection circuits - supply duct and
exhaust duct. Smoke detection for the supply duct uses two photoelectric detectors, while the exhaust duct
has a single photoelectric detector. The detection of smoke by either unit will illuminate the smoke light on
the pilot's overhead panel. An EICAS display will provide a message indicating in which duct the smoke
has been detected. During cruise condition, smoke detection in either duct causes the recirculation fans, left
and right, to be commanded off, the air-conditioning to be put into high-flow mode, and the E/E Bay
exhaust valve to be latched in the open position. This serves to vent the smoke overboard and switches
incoming cabin air to 100% fresh air (no recirculated air). Equipment cooling requirements are m:intained
by the airflow generated by the pressure differential across the exhaust vent.

Flight deck ain -

L panels Passenger Cabin
Overhead
panels

____ Smoke detector Fwd

Center aisosan equipmentll cooling
Center aislesta n d supply fans

Low flow supply detector

-j q- Electronic Air
equipment E/E cleaner

equipment
]Low flow exhaust detector rocks Forward E/E

compartment

Forward center Smoke detector-equipment center . _ - -L Soedtcr_- Tmx

2 To mix
LT Overboard manifold
Left recirculation fan exhaustvalve

Figure 3-A Equipment Cooling Ventilation Systems, and Smoke Detectors.

The supply circuit uses "and" logic for detecting smoke. However, the supply system will reconfigure to
"or" logic if one detector is found to be faulty during system test. A system check of both circuits is auto-
matically performed upon engine shutdown, with any maintenance messages generated displayed on
EICAS. Manual push-to-test switches are provided on the flight deck, located on panel P61. allowing the
system to be tested inflight.
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The aft E/E bay of 757 airplanes delivered after April 1986 do not have smoke detection units. The detector
was removed when testing showed that smoke exhausting the aft E/E bay will not infiltrate into the
recirculation system and enter the passenger cabin. Air from the aft E/E bay goes into the lavatory/galley
exhaust vent system where it is routed to the outflow valve and overboard.

3.4 SYSTEM REQUIREMENTS

The design of the smoke/fire detection systems must be safe, reliable, and have no adverse impact on the
functioning of other aircraft components.

All components are required to meet or exceed rigorous standards established by Boeing and the Federal
Aviation Administration. Standards for flight quality hardware has evolved from extensive industry/military
operating experience and testing. Standards for the 757 are specified for each system through a Specifica-
tion Control Drawing and include performance test parameters such as altitude, humidity, temperature,
power, electromagnetic interference (EM!), salt, fog, fungus, dust, acceleration loads, vibration loads, and
other parameters that may be unique to a given system.

3.4.1 FAR Compliance

The 757, as certified, meets all applicable Federal Aviation Regulations as proscribed in Parts 25 and 121.
Sections of greatest significance, as regards fie protection safety are addressed in Section 1.1.1

3.4.2 False Alarm Protection
False alarm protection is of paramount importance when designing and configuring a smoke/fire detection
system. The 757 incorporates several features to reduce the occurrence of false alarms.

Ionization detectors installed in the lavatories use a dual-chamber configuration to protect against false
alarms, and are discussed in Section 3.2.1. and 3.3.2. Ionization detectors trigger in the presence of invisible
(less than 0.3 9tm) particles. While this sensitivity may not be practical for all areas of the airplane, in areas
with easy access such as the lavatories, a high level of sensitivity is judged to be warranted.

Photoelectric detectors, which monitor the cargo compartments and the E/E bay, protect against false alarm
by use of dual detectors linked with "and" logic. While not foolproof, such a configuration requires that
both sensors detect a certain smoke level (85% - 92% transmissibility over 1 foot) before an alarm is relayed
to the flight deck- Additional false alarm protection is provided by the fact that photoelectric detectors are
not, inherently, as sensitive as the ionization type. The photoelectric sensors react to visible particles
(greater than 0.3 gm) whereas an ionization detector responds to invisible particles. In areas where visual
inspection is not feasible, such as the lower lobe cargo compartment and E/E bay, a reduction in sensitivity
is balanced by reduction in false alarms.

3.4.3 System Failure Analysis

The lower lobe smoke/fire system was analyzed, component by component, to determine the effects of
various failures in the functioning of the overall system. The failure analysis for the 757-200 found that it is
"extremely improbable that any failure will prevent the continued safe flight and landing of the airplane or
the ability of the crew to cope with adverse operating conditions" (Reference 7, page 79).

3.4.4 Sensor Output/Interface

Sensor output is typically a 28V dc signal to a central electronic processing unit that routes the warning
signals to the appropriate systems. The sensor outputs and interfaces in the 757 master warning/caution
system are shown in Figure 3-9. The Engine Indicating and Crew Alerting System (EICAS) develops the
alerting messages, iights, and tones from these signals. This system interfaces with two of the primary flight
displays, referred to as the "upper and lower EICAS displays."
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Figure 3-9. Sensor Outputs to the Caution and Warning System

3.4.5 Built-in Test (BIT)
The smoke/fire systems on the 757 have press-to-test capabilities that enables locating faulty and/or failed
system components. System functional tests can be initiated from the flight deck allowing systems to be
evaluated on the ground or inflight. System tests occur automatically at power-up for the cargo compart-
ment and on engine shutdown for the E/E bay. A fault identified during a system test causes the system to
reconfigure automatically and appropriate maintenance messages are sent and displayed/stored on EICAS.

3.5 FLIGHT DECK CONFIGURATION
The current 757 flight deck configuration and associated alerting system was used as the baseline for
development of both Concepts A and B. The 757 alerting system is illustrated in Figure 3-1. For demonstra-
tion and concept development, a PC-based simulation of the EICAS displays and a!erting system has been
adopted and is discussed in detail in Sections 4.4, 5.5 and 6.5.

The same flight deck hardware configuration is recommended for both ACES concepts. This configuration
will provide for: a) smoke/fire detector signal processing; b) generation of various alerts; c) flight deck
alerting sequence; d) bringing up and performing the appropriate electronic checklist; e) bringing up and
operating an inflight diversion planner; and f) calling up various synoptic displays.
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3.5.1 Alerting Philosophy

The alerting system design incorporated on the 757-200 is consistent with the philosophy of alerting and
alert urgency levels currently used on other Boeing aircraft and by most of the airline industry.

All alerts originating from smoke/fire detection sensors, or from associated status monitoring subsystems,
are categorized into alert levels defined by the integrated alerting criteria adopted for the 757-200 and all
similar aircraft. The alert levels and their criteria are summarized in Table 3-2. These alert criteria, as
presented in the Boeing 757-200 Operating Manual, are standardized throughout the industry. The three
primary categories of advisories, cautions, and warnings provide for differential response urgencies and
procedures, while keeping the number of alert levels to an easily understood and recognized set.

Table 3-2. Alerting Categorization.

Condition Criteria

Warning Indicates operational or system conditions that require prompt
corrective action. They are the most urgent type of alert. A cargo
compartment fire is a typical warning.

Caution Indicates operational or system conditions that require timely corrective
action. They are less urgent than warnings. An engine overheat is a
typical caution.

Advisory Indicates operational or system conditions that require corrective action
on a time available basis. Advisories are the least urgent type of crew
alert. A yaw damper fault is a typcial advisory.

3.5.2 Current 757-200 Alerting Components

The basic alert system components on the flight deck of the 757-200 are shown in Figure 3-10. The Master
Warning/Caution switch-lights are the initial source of crew alerting, with either the "Warning" segment (in
red), or the "Caution" segment (in amber), illuminating respectively for warning or caution alerts. At the
same time, an aural tone is sounded. A "fire bell" is used for fire alerts, while for other warning-level alerts,
either a siren or a warbler tone is sounded. A "beeper" sound is used for caution level alerts and no alerting
tone is used for advisories.
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Figure 3-1L Central Crew Alerting System.

A fire warning triggers a discrete light (red), located on the front panel beside the upper EICAS display, and
will light up an associated subsystem light for the affected subsystem. Currently, discrete lights are not
provided for all caution and advisory level alerts. However, there may be subsystem lights that illuminate,
usually in proximity or coexistent with switches that are activated in the crew's response to the alert.

Finally, for all warnings, cautions, and advisories, a message is displayed on the left half of the upper EICAS
display identifying the subsystem and the source of the problem, e.g., "FWD CARGO FIRE." This message is
red for warnings and amber for cautions and advisories, with the line for advisories indented one space.
The results of a research study (Reference 8) recommends that a color other than amber (perhaps cyan) be
used to color the advisory messages, with no indentation. Table 3-3 describes some of the relevant features
of this alerting concept.
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Table 3-3. Alerting System Categorization.

Alert System Characteristics
Condition Criteria

Visual Aural Tactile

Warning Emergency operational or aircraft Master visual (red) Unique Stick
system conditions that require plus centrally located attention- shaker
immediate corrective or alphanumeric getting (if
compensatory crew action readout (red) warning required)

sound
plus
voice*

Caution Abnormal operational or aircraft Master visual Unique None
system conditions that require (amber) plus attention-
immediate crew awareness and centrally located getting
require prompt corrective or alphanumeric caution
compensatory crew action readout (amber) sound

plus
voice*

Advisory Operational or aircraft system Centrally located Unique None
conditions that require crew alphanumeric attention-
awareness and may require readout (unique getting
crew action color) advisory

sound
* Voice is pilot selectable

3.5.3 Crew Procedures
On the flight deck, warning-level alerts require an immediate response by the crew, and the established
sequence involves the following steps: a) the master visual warning indicator light illuminates red, with a
"WARNING" legend, and the corresponding aural alerting tone sounds; b) crew response under the 757-200
alerting configuration initially consists of a crewmember depressing the Master Warning/Caution switch-
light that inhibits the fire bell and extinguishes the warning light; c) the crewmember then looks to the alert
section of the upper EICAS display to determine the nature of the problem, the affected system or compo-
nent, and its location; d) from this information, the crewmember performs the procedures frc:n memory or
identifies the correct checklist, and goes to the QRH to find the checklist; e) the crewmember reviews the
appropriate steps that should be taken as covered in the non-normal procedures (checklist) for the particu-
lar alert; and f) the checklist steps are performed by the crewmembers. The decision to perform the check-
list is made by the captain. Items that involve control of the aircraft are usually performed by the pilot
flying, while those involving aircraft systems are usually performed by the pilot not flying.

3.5.4 Flight Deck - Cabin Attendant Communications
Communications between the cabin attendant stations and the flight deck on current 757-200's are estab-

lished using the "Crew Call System." This system uses call switches in each handset in the passenger cabin
and flight deck to select the call-to area, Figure 3-11. A call to the flight deck using the "PILOT" call switch
sounds a flight deck chime and illuminates either the "FWD", "MID", or "AFT" call light, as appropriate on
the pilots' overhead call panel.
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For urgent communications, pressing the red "ALERT" call switch produces an attention-getting chime on
the flight deck and illuminates the pilots "ALERT" call light. In addition, a hi/lo chime sounds three times
over the PA system and the pink master call lights at each flight attendant station flash. Subsequent voice
communications are conducted over the handset.

The flight crew can use the system to call the cabin attendants, which results in: a) illumination of the pink
master call light at the attendant station called; and b) sounding of a hi/lo chime over the passenger address
system. The pink light is extinguished when the handset is lifted from its stowage position, or can also be
extinguished by pressing the "RESET" switch on the handset. Calls can also be made between attendant
stations. An improved cabin attendant panel for Concepts A and B is discussed in detail in Section 4.4.2.3.

3.6 AIRBUS DETECTION SYSTEM

In addition to the baseline smoke and fire detection systems used on the Boeing 757 and other similar
airplanes, the detection systems used on another advanced aircraft such as the Airbus A320 were also
examined. The following descriptions are based upon technical training manuals for these systems.

3.6.1 Airbus A320 Fire Protection System Objectives
The objectives of the Airbus A320 fire protection system, as it relates to the pressurized volume includes the
following:

a) To detect the presence of smoke in the E/E compartment;

b) To detect smoke and to extinguish fire in the lavatories;

c) To extinguish fire in passenger/cabin compartments and other accessible areas inflight;

d) To detect smoke in the forward, aft and bulk cargo compartments.

Detection in the E/E compartment, the cargo compartments, and the lavatories is accomplished by elec-
tronic (ionization-type) smoke detectors which are sensitive to both visible and invisible combustion gases.
Each detector is the dual chamber type, one is used as a reference chamber, the other being the measuring
chamber. When the two chambers become "unbalanced" by a set amount a warning is triggered.
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3.6.2 E/E Compartment Detection System
Smoke emission from the E/E compartment can be sensed directly by the crew, supplemented by an
ionization-type smoke detector mounted on the air extraction duct of the equipment cooling system. When
the detector senses smoke, a smoke warning signal is sent to the Centralized Fault Display System (CFDS)
and to the Electronic Centralized Aircraft Monitoring (ECAM) system. The "SMOKE" light on the emergency
electrical power panel comes on, as do the "BLOWER" and "EXTRACT" fault lights on the ventilation panel.

A flight crew member switches the two E/E compartment fans to the override position, which serves to
vent the smoke overboard. If smoke emission persists for more than five minutes, a secondary electrical
power shutdown procedure is initiated to isolate the source of the smoke.

3.6.3 Cargo Compartment Alerting System

Ionization-type detectors are mounted in a dual configuration in each cargo compartment, with "and"
alerting logic between the two detectors in each pair to avoid spurious smoke warnings. If only one
detector of a pair sends an over-threshold signal, the other detector's circuit is checked automatically. If the
detector is found to be faulty, the system accepts the single alerting signal as legitimate. Once the warning
is triggered, the corresponding ventilation and heating system closes automatically. On the flight deck a
repetitive chime is sounded, a red master light illuminates, a red light on the cargo smoke panel also
illuminates, and a warning message is displayed on the ECAM screen.

This warning is nearly identical as that for the 757; master warning/caution light, chime, EICAS message.

3.6.4 Lavatory Alerting System

Each lavatory air extraction duct is equipped with one ionization-type smoke detector to monitor the
corresponding lavatory. Each lavatory also has a fire extinguisher mounted in the waste b.n. This fire
extinguisher is not directly connected to the smoke detector, but fires automatically when a fusible plug in
the tip of the discharge tube melts as the result of an overheat condition. If a lavatory fire occurs outside of
the waste bin, a portable cabin fire extinguisher is used.

A lavatory fire alert signal is routed to the cabin area where: a) a triple chime is sounded through all cabin
loudspeakers; b) a red warning light is illuminated at the Forward Attendant Panel (FAP); c) a display on
the Attendant Indication Panel (AlP) shows which lavatory is affected; and d) a flashing amber light is
activated at the respective lavatory's Area Call Panel (ACP). Pressing a "TONE-OFF" switch at the FAP stops
the aural tone and the visual warnings on the ACP and the AP. However, the red smoke indication light on
the FAP remains on until smoke is no longer detected. The flight deck is made aware of the alert by the
sounding of a single chime, an amber master/caution light illuminating, and a lavatory smoke message is
displayed on the ECAM screen.

3.6.5 Conclusions Drawn from Airbus Systems

The smoke/fire detections systems used on the Airbus A320 are very similar in many regards to those used
on modern Boeing, and other, commercial aircraft. Of particular interest to the present study were the
features incorporated into the cabin attendant panels. Also of interest was the automatic testing and recon-
figuration feature of a "silent" detector's circuit when its partner (in a dual-detector arrangement) sent out a
detection alarm signal. The philosophy and capabilities of the Airbus A320 smoke/fire detection systems
were considered in the design of the ACES concepts.

4. TECHNICAL APPROACH
The technical approach was to identify and develop two system concepts that would comply with the
prototype development requirements of the ACES system. Concepts A and B have undergone comparative
evaluation for application, function, cost, procedural impact, and technical merits, while maintaining the
primary objective of decreasing the time required for the flight crew to decide to land the aircraft at a
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suitable airport. Sensor and detector technology databases have been expanded to include new sensors,
combined function detectors, and new applications. Flight deck enhancements were improved with the
development and implementation of electronic checklists and the NEXPERT system for automated flight
deck functions.

4.1 ACCIDENT STUDY DATA

To assist in establishing the history of the locations of smoke/fire occurrences in commercial jet aircraft, a
detailed review of the Boeing Jet Transport Safety Event Data File, FAA records and library research was
made. These records cover the period of time from January 1974 through September 1989. During this
period of time, an excess of 60-million (free world) flights were recorded. Figures 4-1 through 4-5 show
the events, locations and numbers of smoke/fire incidents. In the figures, total fatalities are shown in
parentheses.

4.1.1 Total Smoke/Fire Incidents
During the period from January 1974 through September 1989, safety data records indicate there were 892
persistent (5 minutes or more) smoke/fire events for both ground and inflight conditions, twenty of which
progressed to the level of accident. It is known the total number of events is not accurate as many go
unreported, however the location distribution is considered to be representative of all smoke/fire events. Of
the twenty accidents, nine occurred inflight with six of these resulting in fatalities. The 892 events were
further analyzed to determine which occurred inflight, and the origin of the smoke/fire, Figure 4-1.
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Figure 4-1. Total Smoke/Fire Incidents.
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4.1.2 Total Inflight Smoke/Fire Incidents
Further analysis of the data for the 892 recorded incidents of persistent smoke and fire in the passenger
cabin indicate that 558 occurred inflight . The most severe of these was the Saudi Arabian L-1011
(August 19, 1980), followed by the Pakistan Air International 707 (November 26, 1979), the Air Canada
DC-9 (June 2, 1983), and Gulf Air 737 (September 23, 1983). In general, the fires with the greatest life loss
potential are those originating in inaccessible areas of the airplane.

4.1.3 Locations of Incidents Aboard Aircraft
Figure 4-2 delineates the frequency and location of occurrence of fire and persistent smoke events. As
indicated in Figure 4-2, the majority of the smoke and fire events are reported for the galley, followed by
the lavatory and passenger cabin. The cargo compartments and E/E bay have the least reported incidents. It
is not surprising that the galley has the highest number of reports, with frequent use of ovens and water
boilers for inflight meal preparation. A tire in the passenger cabin generally does not propagate without
immediate detection, as each of the passengers and crew are individual acute sensory detection systems.

200 U Smoke and Fire

0 Smoke Only (5 + Min)

Number 2 Accidents,
of 2 Fatal (24)

Incidents

100 2 Accidents,
1 Fatal (156)

5 Accidents,
3 Fatal (572)

0

Galley Lavatory Pax Cabin Cockpit Cargo E/E

Figure 4-2. Inflight Smoke/Fire Incidents.

Passengers typically occupy one-half of the pressurized volume of an aircraft, and even less in a combi
configuration. The unoccupied volume is used for airplane systems routing and cargo/baggage compart-
ments. Some of these unoccupied areas have thermal and/or smoke detectors and some do not. The
detection capabilities vary depending upon airplane type. A small fire originating in an area without
detectors could propagate to a significant size before the human sensors (passengers and crew) can detect
it. Studies and investigations have shown that conditions can worsen when the crew spend- time diagnos-
ing or reverifying the problem, thus delaying landing. The previously cited scenario study tReference 1,
page 6) states "... most people (including pilots) do not !have a complete appreciation for the mechanism by
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which fires propagate and, hence, of the limited time available to respond". The standard recommended
operating procedure in the industry is to land at the nearest suitable airport, rather than attempt to confirm
the validity of warnings from the automated sensor systems.

As indicated in Figure 4-2, three areas of an aircraft have contributed to all six fatal accidents incurred in
inflight smoke/fires during the past fifteen years. These are: the lavatory (2), the passenger cabin (1), and
the cargo compartments (3).

The distribution and frequency of occurrence can be determined by examining the data for each of three
areas. Figures 4-3, 4-4, 4-5 identify the location of the smoke/fire source for the lavatory, passenger cabin,
and cargo compartment, respectively. The bars on each figure represent the total number of smoke and fire
or smoke only events.
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4.2 FIRE SIGNATURES

In order to improve the methods and techniques of smoke/fire detection, the combustion process and the
sequential phases and characteristics of each phase must first be understood.

Combustion is a chemical reaction that gives off energy. Three principal ingredients must be present for
combustion to occur: heat, fuel, and oxygen. For combustion to occur, the material(s) involved must be
heated to the kindling temperature, defined as the temperature at which the reaction is sufficiently rapid to
proceed without the addition of heat from an outside source. An ignition source mbsheat source that

raises the material up to the kindling temperature. An adequate oxygen supply must be available to sustain
the combustion.

Combustion of solids (i e., wood, plastic) usually develops and progresses through a sequence of four
stages: incipient, smoldeang, flame, and heat (ASHREA Handbook 1984 Systems, Chapter 38, Fire and
Sino'.e Control, page 38.10-38.12). The stages of fire progression are presented graphically in
Figure 4-6 and outlined below:

Incipient - Starts with the presence of the ignition source where invisible aerosols (less than
0.3 jLin) and combustion gases are emitted without visible smoke, flame, or
appreciable heat being present.
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Smoldering - Combustion particles (greater than 0.3 pm) are visible as smoke.

Flame - An actual fire is present.

Heat - Uncontrollable heat release and rapidly expanding air mark this final stage
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Figure 4-6 The Four Stages of Fire.

The severity of a fire increases as the fire progresses from the incipient stage up to the heat stage. The time
period for the incipient stage to advance to the smoldering stage can vary from minutes to hours. The
advance of the fire past the smoldering stage occurs more rapidly, typically occurring in minutes or even
seconds. Combustion may skip to or start at a later stage, given the ignition source and the materials
involved, thus reducing the time available for detection and suppression. Airplane furnishings and structures
that restrict fire growth also impact the ability to detect the fire event.

A fire, from the moment of its initiation, causes multiple changes to the environment. These changes
provide a means of detecting a fire and are referred to as fire signatures. For a fire signature to be of use,
the parameter monitored must occur early in the stages of a fire to provide time for action. The signature
must also be "visible" and distinguishable from the normal "background noise" that may exist in the area
being monitored.

There are three basic fire signatures: gases, energy release, and aerosols. Any of the three can be used to
monitor a fire event. The function of any sensor is to provide a warning as early as possible, and at the
same time, provide a very high degree of protection against false alarm. The sensor must have the capabil-
ity to respond to all smoke/fire events; that is, the sensor must not, for example, be dependent on the type
of material burning. The types of fire signatures are discussed in the following paragraphs.
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4.2.1 Aerosols
Aerosols are solid particles and/or liquid droplets produced during the earliest stages of a fire. These
particles range in size from 5 x 10-4 

pim to 1 x I0 Jm during pre-ignition and become larger as the fire
advances in stage, Figure 4-7. Particles less than about 0.3 jim are invisible while those greater than
0.3 pim start to enter the visible range. Particle size is important in that photoelectric detectors require
visible particles to function, while an ionization sensor can be triggered by the invisible products of the fire.
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Figure 4-7. Particle Size Ranges for Common Aerosols.

4.2.2 Gases
All fires produce gaseous products. The type of gas produced is a function of the materials burned in the
combustion process. Carbon monoxide (CO) is, in terms of detection, common to almost all fires, the
exception being exotic combustion reactions. Detector methods for these combustion reactions are avail-
able but are not used in general fire detection applications. Most exotic gas detectors are for specific
chemical/petroleum fire protection.

4.2.3 Ener Release
All fires are exothermic reactions that produce both heat and radiation in the infrared (IR), ultraviolet (UV),
and visible wavelengths of the spectrum, Figure 4-7.

A strong heat signature is not produced until the later stages of a fire and is primarily dependent upon
convection to move the thermal energy to the thermal sensor. The build-up of heat in a volume could
range from hours for a slowly developing, smoldering, fire to fractions of a minute for a rapidly developing
fire.
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Infrared emissions from hydrocarbons flames are particularly strong in the 4.4 pim region due to water
vapor, and account for nearly all the emitted energy. An additional IR signature is generated by flame
flicker which has a characteristic energy modulation of 1.5 to 15 Hz.

An ultraviolet radiation signature appears in flames as emissions from OH, CO 2 and CO in the 0.27 to
0.29 lm region. UV has a lower signal to noise ratio than IR signatures.

4.3 SENSOR TECHNOLOGY

Several of the sensor technologies discussed in the following section do not, at this time, have application
in the aircraft environment, but are included to provide a full overview of the technology. A detailed list
and discussion of detector technologies is contained in a list in Appendix A.

4.3.1 Ionization

Ionization detectors are capable of detecting particles in the 0.1 to 1.0 gm range. The method of detection
is to pass air (usually by natural convection) over an alpha radiation source. The alpha source will ionize
the air that passes between two charged plates, allowing a current to flow, Figure 4-8. In a nonsmoke
condition, the current flow is uninterrupted. When aerosols are present in sufficient amounts, the current
flow is altered and an alarm is triggered. Ionization sensors are the most sensitive to fire, and succeptible to
false alarm because of this sensitivity. False alarms can be caused by aerosol sprays (hairspray, etc.),
tobacco smoke, and ozone.

Ionization of chamber air space Effect of aerosol Ionized chamber

* -O

Alpha source Alpha source

Figure 4-a Ionization Detector.

4.3.2 Photoelectric

Photoelectric sensors use visible particles (greater than 0.3 lim in diameter) as the means to detect a smoke/
fire event. Photoelectric sensors function on two different principles; light scattering and light obscuring.
Each of these methods is briefly discussed below.

The light-scattering method, Tyndell effect, Figure 3-3, uses the principle that aerosol particles greater than
0.3 pim will scatter light. Particles enter the sensor, causing a beam of light to be scattered and deflected to
a photocell. An alarm is sounded when the light intensity striking the photocell reaches a predetermined
calibration level. This method of detection is employed in the Boeing airplane cargo compartments and E/E
bays. False alarms can be initiated by nonsmoke particles such as dust, fibers, and other small particles.
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The other detection method using photoelectric technology is light attenuation, Figure 4-9. This principle
involves projecting a light source on a photocell. As smoke passes between the light and photocell, the
amount of light striking the photocell decreases. When the light intensity that the photocell "sees" falls
below a certain threshold level, an alarm signal is generated. Light-scattering smoke detectors are suscep-
tible to false alarms and can be triggered by nonsmoke particles, e.g., dust and fibers.

Lens

Photocell

Light
source

Figure 4-9. Light Attenuation Type Photoelectric Smoke Detector.

4.3.3 Radiation
Radiation sensors detect a UV/IR fire signature which is produced by combustion. The wavelength ranges
from 0.001 to 0.4 Wrn for UV and 0.7 to 140 lim for IR. Both systems are optic detectors that utilize a lens
and filter. The filter screens out the unwanted, spurious wavelengths and the lens focuses the incoming
energy on a detector element.

The disadvantage of the UV/IR detectors is the requirement for the sensors to have a direct line of sight to
the source of the radiation. This negates the practicality of this type of fire detection in variable geometry
areas, such as found in most areas of a commercial airplane.

4.3.4 Thermal
Thermal detectors measure the temperature of an immediate area and initiate an alarm when one of several
thermal parameters, such as a temperature threshold or a rate of rise (15'F/min) is reached. The output
information from such sensors is usually binary, alatrm/no alarm. Thermal detectors rely on free convection
for the heat to reach the sensor. Heat of sufficient magnitude occurs only in the later stages of a fire, (as
defined by ASHRAE, Reference 9). The late stage in which heat becomes a major component of the total
fire environment makes the thermal parameter of a fire an impractical option for the first line of fire detec-
tion for most fire events. The air-conditioning system of an aircraft can further lengthen the thermal re-
sponse time by dissipating heat.

The newest thermal technologies allow for monitoring of the thermal environment with a gradient as fine
as 1C and with the capability of continuous digital output. A rigorous testing program is required to
identify the parameters and limits of these new thermal detection technologies for applications in first-line
fire detection.

4.3.5 Laser
The index of refraction of air changes with heat causing a phase shift in a lased light beam. The light beam
is also affected by smoke particles in the air (Reference 10). Both heat and smoke parameters can be
monitored by one laser receiving/monitoring system. This method of detection is most effective when the
system can be mounted to a very stable surface, a situation that is generally not available on an aircraft.

4.3.6 Condensation Nuclei
Liquid or solid submicrometer (0.00 1 to 0.1 pun) particles act as the nucleus for the formation of water
droplets. The droplet (cloud density), is measured using photoelectric technology. An increase in cloud
density is used to trigger an alarm. A commercial product currently on the market (Reference 11), uses
multiple (up to ten) air-intake ports, enabling the surveying of several areas with one cloud chamber. This
system provides a three-step analog output: warning, alert, and alarm.
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This technology does not appear, at the current stage or development, to have applications in an airplane
environment. Condensation nuclei technology requires increased maintenance (distilled water for the cloud
chamber, contamination of the air sampling tubes), is overly sensitive, and is not, at this stage, judged
rugged enough for airplane application.

4.3.7 Polymeric

Research has been conducted in this area of technology using polymeric substances that react with com-
bustion gases causing a change in their electrical properties (Reference 12). Initial research was accom-
plished in the early 1970's, but no mature commercial products were found based on this technology.

4.3.8 Semiconductor

Semiconductor detectors operate on several principles. The most common detect a combustion gas by
reaction of a solid-state material that initiates a change in the conductive properties of the sensor (Refer-
ence 13). Semiconductor technology is primarily being developed for toxic or explosive gas detection and
has not been applied commercially to fire detection. This technology would be ideal for aerospace applica-
tions where size and weight are of concern. The literature reviewed indicates problems with sensor sensi-
tivity to humidity and hysteresis. Applications in an airplane environment, especially within the temperature
and pressure operating envelopes, would require research.

4.4 FLIGHT DECK DESIGN APPROACH

4.4.1 Objectives of the ACES Design

Automation has often been seen as the answer to problems of human error, work overload, or lack of
operator dependability on the flight deck. This approach leads to a design in which "the system operates
and the human monitors." However, the human is not a very effective monitor, and can suffer performance
decrements under emergency procedures when he/she has not been actively involved in controlling the
system. Therefore, the basic design for ACES was based upon the following philosophy:

a) Equipment and software is on board to help the flight crew perform their job;

b) Any automatic systems are subordinate to the pilot's discretion and legal responsibility;

c) The design should first decide what automation should do, not what it can do;

d) The design should decide how needed information can best be displayed;

e) Flight deck improvements should be toward the development of error-tolerant system design.

4.4.2 Alerting System Design

The alerting system design for the ACES concepts follows the alerting philosophy described in Section 3.5.1
and incorporates the basic components of the 757-200 alerting system as described in Section 3.5.2. The
primary difference is in the more positive alerting of the cabin attendants for those alerts for which they
have responsibility, and in the enhanced awareness of these events that is communicated to the flight deck.
The aspects of these differences are covered in more detail in the sections on Concepts A and B.

4.4.2.1 Master Warning/Caution
The Master Warning/Caution switch-indicator for the ACES concepts is identical in function and form to that
currently used on the 757. This indicator is the first element in the alerting system for all warning or caution
level alerts. The indicator lights, red for warnings (top half) and amber for caution alerts (bottom half). The
alert lights occur coincident with the sounding of an aural alerting sound, which is a "fire bell" for all fire
warnings, and a "beeper" tone for cautions other than ground proximity alerts.
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4.4.2.2 Alert Response Procedures
The alert light is turned off, the alerting tone silenced, and the system reset when either crewmember
presses the Master Warning/Caution switch-indicator. This first action by the crew is followed by attending
to the alert display on the upper EICAS for information on the nature of the alert.

On the left portion of the upper EICAS display, warning level alerts are indicated by a message (in red)
which identifies the location, system or component, and nature of the alert. Caution level alerts are indi-
cated with an amber message, while advisories are amber but indented one space. The messages are listed
in order of urgency (warnings, then cautions, then advisories), and within each category in order of occur-
rence, with the most recent on top.

4.4.3 Flight Deck Enhancements

The ACES concept enhancements to the basic 757-200 system have been designed to minimize the time
needed to respond to the fire itself, and to minimize the decision time for diverting to an alternate airport.
The enhancements developed for Concepts A and B have been based upon an analysis of inflight incidents,
in-house Boeing research efforts in this area, and conclusions drawn from the Dunlap scenarios. The
primary changes involve the addition of software and display formats that assist the crew in their proce-
dures following a smoke or fire alert. Only slight modifications have been made to the alerting system
based upon the results df several years of research contract work with NASA/FAA (Reference 8).

4.4.3.1 Electronic Checklist

Retrieval and performance of checklists has been identified as one source of delay and procedural errors on
the flight deck. A recent review of the Aviation Safety Reporting System database on airline incidents
indicated that, in a p, riod of a little over one year (mostly 1987), over 50 incidents occurred that were
related to errors or difficulties in the retrieval and/or processing of checklists (Reference 14).

One of the primary enhancements of ACES on the flight deck will be in the use of electronic checklists for
crew procedures. This feature will not only save time, but will ensure that the correct procedures are
presented to the crew for implementation. The electronic checklist will be used in both Concepts A and B,
and will be displayed up on the lower EICAS display.

4.4.3.2 Cabin Attendant Panel

Both Concepts A and B utilize a "Cabin Attendant Panel" mounted at three locations in the cabin: forward,
mid, and aft. This panel is utilized for smoke or fire events for which the cabin attendants have primary
responsibility. These include:

Lavatory smoke/fire

Galley smoke/fire

Attic smoke/fire

The panel is similar to the cabin smoke warning system that is provided on the Airbus A320 (and des-
cribed in Section 3.6.4), but functions somewhat differently. The ACES Cabin Attendant Panel provides the
following:

a) A warning light and a ione to alert the attendant(s);

b) The warning light will also be a switch. Depressing the switch will turn off the tone and send a
signal to the flight deck;

c) Location/system lights that identify which detector has been triggered;

d) A switch to "clear/reset" the panel and the alert sent to the flight deck.
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4.4.3.3 Flight Deck Alerts for ACES

In addition to the areas that will be directed to the cabin attendant stations (with a corresponding caution
alert relayed to the flight deck), there are a number of areas that are the primary responsibility of the flight
deck crew:

Cargo bay smoke/fire

E/E bay smoke (no flight deck procedure)

Air-conditioning pack duct smoke

4.4.3.4 Inflight Diversion Planner

Once the crew has completed the appropriate procedures to address the smoke/fire event, the decision
must be made whether to divert to a closer airport or to continue on course to the destination. Diversions
are called for whenever a smoke/fire alarm is sounded and when it cannot be confirmed that the alarm is
false. If such a condition exists, it is imperative that the captain be able to reach a decision, determine
which airport to divert to, obtain clearance for the new route, and execute the diversion as soon as pos-
sible.

To best facilitate this process, an "inflight diversion planner" has been selected for application to the ACES
concept. This expert system program was developed by Boeing using NEXPERT OBJECT application
software. The program provides expert system recommendations on possible alternate airports and allows
the pilot to assess various factors used in the analysis.

4.4.3.5 Synoptic Display

The Boeing 757 operations manual states: "It should be stressed that for persistent smoke, or a fire that
cannot be positively confirmed to be completely extinguished, the earliest possible descent, landing and
passenger evacuation should be accomplished."

Currently, the only way to ascertain whether a smoke/fire event is completely extinguished is to determine
whether the detector in that area remains silent, or re-triggers with a resumption of the smoke or fire that
initially triggered the alarm. However, if the detector has been damaged in the smoke/fire event, a silent
detector might mislead the crew temporarily in regards to the safety of the aircraft, and thus delays the
needed decision to divert. Lingering smoke or contaminants can retrigger the alert even if the source is
suppressed.

Contrarily, the crew may be encouraged to divert and/or land quickly, with subsequent evacuation of
passengers, by a detection and alerting system that has faulted (in absence of a smoke or fire condition)
and repeatedly triggers, even after appropriate extinguishing actions have been taken. There have been
several reported cases of this type (but few in 757's), and in a number of these cases, injuries have been
sustained by passengers in evacuating the aircraft. In one recent case, 31 passengers were injured and no
evidence of a fire was found, (Boeing Jet Transport Safety Event Data File). Incidents such as these point to
the need for better detection and continual monitoring of the status of the smoke/fire event, to enable the
crew to make more informed decisions on diverting and secondary fire fighting.

For Concept B, the ACES designed a "synoptic display" capability to provide additional status information
or situational awareness of the smoke/fire event. Information is primarily intended to provide feedback on
the effectiveness of the procedures taken by the flight deck or cabin crews to address the problem, or
provide supplemental procedures that would be customized to the evolving situation.

4.4.3.6 Other Alerting System Enhancements

Several additional enhancements have been proposed for the Concept B flight deck. One enhancement is
the addition of a cautionary discrete light that will indicate "CABIN SMOKE" and will be locatea adjacent to
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the "FIRE" discrete light. As a caution light, the color will be amber rather than red. This will provide some
redundancy in case of EICAS failure and additional situational awareness for alerts that are the responsibil-
ity of the cabin attendants.

Another enhancement for Concept B is the addition of a pilot-selectable voice message for warning and
caution level alerts. This voice message provides a second channel of information on the nature of the alert,
the affected component, and its location. These two features have not been included in the PC-based
demonstrations of the ACES concepts however.

The additional sensors required for the ACES concepts are reflected in the addition of alerts available on
the upper EICAS display. Some of the alerts are the same for both concepts, while others are different, or
only occur for Concept B. The additional alerts that have been identified for the two concepts are described
in Section 5,

4.4.4 ACES Demonstration Software Design

To illustrate the flight deck and cabin attendant functionality of the ACES concepts, a PC-based demonstra-
tion was developed. This demonstration included formats for all the enhancement elements, including the
alert display, the electronic checklist, the cabin attendant panel, the inflight diversion planner, and the
system synoptic display. The software for this demonstration was written such that the procedural steps that
the crew, or cabin attendants, would follow in responding to a smoke/fire event under the ACES concepts
could be sequentially completed by simply interacting with the PC-based displays with a mouse and a few
function keys.

The software that would be used to implement the ACES concepts on a 757 platform would not necessarily
be identical to the software designed for the demonstration modules. Therefore, the following description
of the software design is primary applicable to the demonstration system and not necessarily to a 757
implementation design.

The demonstration software was designed to be as flexible as possible so that changes in functions or
design could be rapidly accommodated. The software system enables the user to define the sensor environ-
ment that postures the problem being simulated. The user can exercise options to retrieve procedures or to
display synoptic information reflecting the aircraft's current situation.

The system consists of a graphic interface and an embedded expert system, NEXPERT OBJECT. The
interface is a Microsoft Windows application written in C. The expert system consists of a rule base contain-
ing pilot/engineer knowledge and a supporting object architecture with an inference engine to reason
about the current situation. "WinMain" is the driver for the ACES system. It is a Microsoft Windows program
and therefore performs routine windows housekeeping. All global variables are defined in this program.
These include variables to define which sensors have been selected by the user, messages to be sent to
NEXPERT OBJECT, and variables associated with the objects in the graphic user interface.

Figure 4-10 is a context diagram of the software design, showing information inputs from the pilots QRH
and operations manual, from Boeing pilots, and the resulting procedures, displays, and control logic for the
various smoke/fire detection areas.
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Figure 4-10. ACES Context Diagram

Figure 4-11 diagrams the top level structure of the ACES control software, while Figure 4-12 shows a similar
structural layout for the knowledge base in the NEXPERT OBJECT expert system program. Additional data
flow diagrams are presented in Appendix C.
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Figure 4-11. The Overall Structure Diagram of ACES
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5. CONCEPT A

5.1 GENERAL DESCRIPTION

One of the requirements of this contract was to identify a candidate airplane(s) for the purpose of this
study. The 757-200 aircraft has been selected as the baseline aircraft on which to develop the ACES con-
cepts. The details of the baseline aircraft are presented and discussed in Section 3.

Concept A defines specific improvements in detection and communications capability which can be real-
ized in the performance of the baseline aircraft. The number and type of smoke/fire detectors and areas to
be monitored have been increased. Communications between the flight deck and cabin crew are signifi-
candy enhanced with the addition of a new cabin attendants panel. A functional block diagram, Figure 5-1,
illustrates improvements which can be achieved in the 757 with the addition of an ACES Concept A.
Table 5-1 lists the costs of the Concept A smoke/fire detector components. These costs are included in the
overall cost model discussed in Section 5.6. Concept A will provide continuous sensor and system opera-
tion evaluation and, in addition, will provide specific and detailed maintenance diagnostic information.
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Figure 5-1. ACES Concept A.
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Table 5-1. Concept A 757-200 Component Costs.

Locations Unit Type-
Monitored Units Cost Cost Manufacturer Part No.

Cargo and lower lobe
Fwd (1, 4) 2 $210 $420 Photoelectic - Gamewell RT-7
Aft (1, 4) 2 $210 $420 Photoelectic - Gamewell RT-7

Lavatory
Ceiling (3) 4 $225 $900 Ionization - Jamco PU90-461 R3
Under counter (3) 4 $225 $900 Ionization - Jamco PU90-461 R3

Forward E/E bay
Supply air (1) 2 $788 $1,576 Photoelectic - Autronics 2156-204
Exhaust air 1 $788 $788 Photoelectic - Autronics 2156-204

Galley
Ceiling (3) 4 $225 $900 Ionization - Jamco PU90-461 R3

Passenger area
Attic (3, 4) 6 $210 $1,260 Photoelectic - Gamewell RT-7
A/C (3, 4) 4 $1,030 $4,120 Photoelectic - Geamatic SDS-300A

Total 29 $11,284

Note 1: Installed as pairs with "and" logic
Note 2: Conditioned air upstream of the mix manifold
Note 3: Connected to the flight/deck communications panel
Note 4: Estimated, not flight-qualified hardware in current commercial configurations

5.2 DETECTOR TYPES
The criteria for detectors chosen for use in Concept A were: function, reliability, false alarm protection, and
a net benefit (improvement) over the current system.

Sensors by four different manufactures, totaling 29 detector units, makes use of two de:iction technologies:
photoelectric and ionization. These two methods of detection are discussed in detail in Section 3.3.1
(technology) and Section 5.2.1 (application).

5.2.1 Ionization
Ionization detectors were selected for applications in the lavatory and galley areas. Ionization sensors are
triggered by small invisible (less than 0.3 9±m) aerosols, that are present in the initial, incipient stage of a
fire. This sensitivity, which may contribute to false alarms, was not felt to be a detriment as all areas to be
monitored by ionization sensors can be inspected by the cabin attendants in an expedient manner.

The ionization detectors selected for use in the Concept A system are manufactured by Jamco
(P/N PU90-461R3), Figure 3-7. These sensors are currently in use in the lavatories on Boeing airplanes.
Mounted flush to the ceiling, particles/smoke reaches the unit by free convection. The detector employs a
dual chamber configuration to reduce the incidence of false alarm. When the two chambers become
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sufficiently "unbalanced" the detector unit will generate an alarm. The detector provides a binary, on/off,
output signal. The alarm is made known in four ways; a visual alert at the cabin attendant panels, a visual
alert to the flight deck, a chime heard over the passenger address system, and the alarm horn internal to
the detector unit.

Jamco sensors have a proven history of reliability/maintainability in aviation application, demonstrating
their use on the entire fleet of Boeing airplanes. This experience (since November 1986) has shown the
incidence of false alarms to be minimal and is considered acceptable.

5.2.2 Photoelectric
Photoelectric sensors, triggered by visible (greater than 0.3 im) airborne particles are not, inherently,
as sensitive as ionization sensors. Photoelectric detectors react to the smoldering phase of the fire
(Section 3.2.1) when larger particles are present. The reduction in sensitivity (compared to ionization) is
considered a positive feature for use in unattended/inaccessible areas of the airplane. Reduced sensitivity
lessens the chance for spurious alarms. False alarms, in areas which can not be inspected, lead to aborted
flight plans and unnecessary emergency evacuation, which enviably results in passenger injuries. Of greater
concern is false alarms eroding flight deck confidence in the system, which may result in time not used to
its greatest efficiency when an actual emergency occurs.

Three types of photoelectric detectors have been identified for use in the Concept A system. Two are of the
light-scattering type one manufactured by Autronics and the second by Gamewell, (Reference 15). The third
photoelectric detector is a light-attenuation type made by Geamatic, (Reference 16).

The Autronics detector, previously shown in Figure 3-3, is a binary (on/off) system currently installed in the
forward E/E bay and the cargo compartments of the 757. This detector is activated when particles entering
the light chamber scatter sufficient light to shine on the detector's photocell. Alarm occurs at a particle level
comparable to about 15% obscuration measured over a distance of one foot. The current Autronics detec-
tor, as used on Boeing airplanes, uses a bulb (white light) for the pilot light. For Concept A the light source
will be upgraded to a LED light source. The use of a LED light will improve the long term stability of the
detector, service life and reliability/maintainability. A bulb type light source will "drift" (not providing a
constant output) with age.

The Gamewell RT-7 sensor, Figure 5-2, will be used to monitor the cargo compartments and main deck
attic area. The RT-7 is an open area detector, with particles reaching the sensor by free convection. This
unit is addressable and has a binary output signal. A pulsing infrared light source is employed to provide
false alarm protection. In the unit's current commercial configuration, the sensor must "see" particles on
four consecutive pulses to trigger an alarm signal (a pulse occurs once every 2 seconds). Thus the detector
uses an 8 second sampling time/"window" to reduce false alarms. The Gamewell unit is not currently
available as a flight-qualified sensor, but the technology is straightforward and should not be difficult to
repackage into a flight-quality configuration. The Gamewell model RT-7 also features an integral, self
restoring, thermal detector. When the body of the sensor reaches 135'F an alarm signal is initiated. The
thermal set point of 135°F is the temperature limit available in commercial configurations. The thermal
alarm threshold would require changing for airplane application as soak temperature in the cargo compart-
ments can exceed 150OF in worst case, airplane on the ground, conditions.
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Figure 5-2. Gamewell Consecutive Pulse Photoelectric Detector.

Geamatic detector, model number SDS-300A, shown in Figure 5-3, is a photoelectric detector of the light-
attenuation type. The detector will be used to monitor conditioned air for smoke as the air exits the packs.
The rational for monitoring this area is presented in Section 5.3.5. The detector uses an infrared emitter and
a receiver. Short pulses are continuously emitted for detection of smoke. When smoke is present, the light
reaching the receiver is attenuated, that is, the receiver "sees" less light. When the light reaching the
receiver falls below a minimum threshold, an alarm signal is generated. The detector provides a two-step
output, an initial pre-warning and a second alarm if light reaching the receiver continues to diminish.

Figure 5-3. Geamatic Light Attenuation Photoelectric Detector.

Every second hour the SDS-300A emits a calibration signal to determine the unit's state of cleanliness. The
calibration signal is compared with a stored reference signal and, if required, the strength of the emitted
signal is boosted to compensate for dirt and dust buildup. The amount of recalibration that has taken place,
and hence the state of cleanliness, is indicated in 15 stages, with stage I being the cleanliest stage. When
the unit reaches stage 12. a maintenance signal is generated.

The detector can be set to alarm at four levels of sensitivity, with the highest level of sensitivity resulting in
a shorter time between required maintenance. Maintenance consists of removing the sensing probe, wiping
with cleaning fluid, and placing the probe back into the unit. Recalibration automatically takes place when
the unit is switched back on, that is, the unit "recalculates" its state of cleanliness.
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5.3 LOCATIONS MONITORED

Several additional areas to be monitor in the pressurized volume of the aircraft have been identified based
on the smoke/fire incident/accident data collected and analyzed in Section 4.1. The areas to be monitored
in the proposed Concept A ACES system are discussed in detail in the following sections.

5.3.1 Cargo Compartments
In Concept A, the forward and aft cargo compartments are to be monitored by dual Gamewell consecutive
pulse, photoelectric detectors, Figure 5-4. These detectors will replace the current system now being used
on the 757. The Gamewell detectors are free convection detectors, relying on smoke rising to the ceiling to
reach the unit. The Gamewell detectors will be mounted as a pair in each cargo compartment and coupled
with "and" logic. To meet the 60-second detection requirement (Section 1.1.1), a number of sensor pairs
may be required (the exact number of pairs can only being determined by analysis and/or testing).

Gamewell
photoelectric
smoke detectors

Aft: L Ei I Fwd

j>Plan view

STA STA ST5 (45
GamewellCargoDete ctor--Cag

compartment
ceiling

Post and sidewall

Cargo compartment liner Cross section

Figure 5-4. Lower Cargo Compartments.

The Gamewell detcctor consists of two components; the sensor head and the "smart" base. The sensor
head (Figure 5.2) contains the infrared light source, the light receiver, baffle to reduce entrance of foreign
material, and an aperture to shield the light source from the light receiver. The base contains the "smarts" of
the detector, the pulsed light source, event counter, alarm generator, aircraft interface and a unique ad-
dress. The base pulses the LED light source once every two seconds. If smoke is present, light from the
LED reaches the light receiver and a smoke event is noted. If four consecutive pulses result in light reach-
ing the light receiver the base generates an alarm signal. The ACES system will provide additional false
alarm protection by linking two Gamewell detectors with "and" logic, thus both detectors must "see" smoke
before an alert is forwarded to the EICAS computer and the flight deck, Figur6 5-5.

43



Detector

Sensor "Smart" Base - Alarm Signal
Pulsed Light Pulse Counter

---------------------------- II

"And" Logic Computer

Detector

Sensor "Smart" Base - Alarm SignalDeck- 1 ~~~Alr SuledLihta"mat

Pulsed Light Pulse Counter Alerting

28 Vdc -

Backup
Power
Supply

Figure 5-5. Cargo Compartment Detection System.

Each base will be recess above the cargo compartment ceiling such that the sensor head will protrude only
slightly below the ceiling. Maintenance of the sensor will consist of removing a protective cover (needed to
protect the sensor head from the severe pounding which takes place in a cargo compartment), snapping
the sensor out of the base and replacing with a clean unit.

The Gamewell system allows the baseline 757 air sampling components; ducting, both blowers, pressure
switch, and plenum (shown in Figure 3-6), to be removed. The proposed system will have lower installa-
tion costs, reduced maintenance requirements, and lower recurring system costs as a result of fewer system
components. Most importantly will be the reduction in the potential for false alarms. The Gamewell system
would reduce the minimum equipment list (MEL) on the baseline airplane from two items per cargo
compartment (one functioning detector and one fan) to one, a functioning detector.

5.3.2 Lavatory
The lavatories, easily accessible by the cabin attendants, will be monitored by the more sensitive ionization
detectors. The current ionization detectors used in the lavatories will be upgraded by replacing the existing
detector (Jamco P/N 90-499R3) with a detector that has an output signal feature (Jamco P/N PU90-461R3).
An additional smoke detector (Jamco P/N PU90-461R3) will be installed under the sink counter/paper
products area to provide more complete monitoring of the lavatories Figure 5-6. The reasoning for more
thorough monitoring of the lavatory arises out of the accident data (Section 4.1) and the concern for
flammable materials both stored and disposed under the lavatory counter. Both detectors will be interfaced
with the cabin attendants' panel and with the flight deck.
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Figure 5-6 Concept A Modifications -Lavatory Features.

The Jamco 461R3 is a dual chamber detection unit that functions as explained in Section 3.2.1. When the
two chambers become sufficiently "unbalanced", as determined by the comparator, the alarm circuit is
activated, Figure 5-7. Alarm circuit activation cause the horn integral to the unit to sound, a light to illumi-
nate on all three cabin attendant panels, illuminates a light on the flight deck, and sound a chime over the
cabin address system. A reset switch on the cabin attendant panel shuts off the horn and the alert light, and
allows monitoring to resume once the area is cleared of smoke.
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Figure 5- 7. Jamco Ionization Smoke Detector PU90-461.

Since the inflight fire on the Air Canada aircraft in 1983 and subsequent FAA ruling, all current Boeing
aircraft have current overload protection on the lavatory pump motor. No smoke or fire incidents have
occurred since the addition of the FAA-mandated overload protection devices. Therefore, additional smoke
detectors behind the toilet shroud was not considered a necessary. On some airplanes, such as the 737, the
shroud (tank) area is connected to the cabinet area and the "under-sink counter detector" would detect
smoke events that would emanate from the tank motor.

5.3.3 Electronic Equipment Bay
Concept A incorporates the current 757 baseline detection system in the E/E bay without change, except for
the use of a LED light source to replace the white light bulb currently in use.

5.3.4 Attic Area

The overhead area on the main passenger deck above the ceiling panel (attic) has been identified as a new
area for smoke/fire monitoring. The attic is a large hidden area which has electrical wiring, air ducts,
lighting components (ballast), galley exhaust vents, and (on some models) video equipment. In models
with retractable clothes closets (not a feature on the 757), an attic detector would be able to monitor the
motor used to pull the closet into the attic. Attic sensors become more important on widebody aircraft such
as the 747 and 767, both of which have much larger inaccessible areas above the ceiling panels (as cora-
pared to a narrow body aircraft).

Six of the Gamewell RT-7 consecutive pulse photoelectric detectors, Figure 5-2, (same as used in the cargo
compartment Section 5.3.1), are to be placed equidistant down the length of the airplane in the area above
the ceiling liner of the passenger cabin, Figure 5-8. The detectors will be staggered on each side of the
main overhead air distribution duct. Provisions will be made in the necessary ceiling panels to allow access
to the detection units for maintenance.
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The block diagram for the attic detector would be the same as shown in Figure 5-5, without the compara-
tor, as the attic detectors will not linked with "and" logic. The alarm signal will be relayed to the EICAS
computer for alerting the flight deck, to the cabin attendant panels, and a chime will be generated to sound
on the passenger address system.

During the course of this study, light ballast units were found to be an identifiable source of smoke in the
passenger cabin area and have been subjected to testing for resistance to electrical faults by the FAA
Technical Center. Such faults would be detected by the proposed attic detectors.

5.3.5 Air-Conditioning Pack Ducts

Conditioned air discharged from the air-conditioning packs will be monitored for smoke ingestion before
reaching the mix manifold, Figure 5-9. This location was selected to expedite pack shutdown, should
smoke enter the passenger cabin as a result of an air pack malfunction or contaminated bleed air. With the
introduction of air bearings in the air-conditioning pack, the pack shutdown procedure was deleted from
the 757 manual. However, other sources (besides bearing failure) such as contaminated/smoky bleed air
can result in smoke being delivered to the passenger cabin. Although these events are infrequent, provision
to monitor the air exiting the pack was judged to be prudent.
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Figure 5-9. Air Conditioning System

In the older Boeing aircraft (equipped with oiled bearings), the procedure to locate a malfunctioning pack
was a process of elimination. The procedure calls for shutting down the right hand pack, then waiting five
minutes for the smoke in the cabin to diminish. If the smoke does not subside, the pack is restarted and the
left hand pack is shut down. This is time-consuming, and if the left pack is malfunctioning, can allow large
quantities of smoke to enter the passenger cabin, creating high levels of anxiety among the passengers.
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Geamatic light-attenuation photoelectric duct detectors were selected to monitor the pack air for smoke.
The detectors will be mounted as a pair upstream of the mix manifold (Figure 5-9), and linked with "and"
logic. An alarm signal, generated when both detectors sense smoke, is sent to the flight deck, allowing
pack shutdown procedures to be initiated well before noticeable volumes of smoke enter the aircraft. The
Geamatic units self-test for detector cleanliness and a maintenance signal is generated when sensor con-
tamination levels reach set limits. Figure 5-10 shows the block diagram for the conditioned air monitoring
system.
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Figure 5-10L Conditioned Air Smtoke Detection Systenm

The installation location for this detector may subject the sensor to water droplets and/or fog depending on
humidity conditions. The Geamatics capability to provide reliable monitoring in this area will require
additional analysis and testing.

5.3.6 Galley Ceiling

One Jamco detector ionization will be placed in each galley work area, Figure 5-11. The detectors will
sense smoke emitted from the front of ovens, carts, storage compartments, and waste containers. The
galleys are sealed in the back and any smoke generated from behind the galley will be detected by the attic
detectors (Section 5.3.4).
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Figure 5-11. Smoke Detector Galley Area Ceiling.

Since each galley detector will be interfaced with the cabin attendants panel and the flight deck, the
schematic diagram will be the same as the lavatory detectors, Figure 5-7. Of concern, but which can only
be resolved with further analysis and testing, is whether the minor miscellaneous spills, steaming coffee,
and other normal galley activities will cause undue alarms during food service preparation. The monitoring
of this location may be of greatest benefit for use on long duration flights when the galley area is without
activity for extended periods of time.

5.4 SYSTEM REQUIREMENTS

The system requirements for Concept A are the same as for the baseline aircraft and are discussed in
Section 3.4.

The Gamewell consecutive pulse photoelectric smoke detector and the Geamatic light attenuation duct
detector will require repackaging to meet standards imposed on flight-quality hardware. Certification to FAA
standards will he necessary prior to installation on commercial airplanes.

5.4.1 False Alarm Protection

An alarm system that does not provide consistently accurate information would, over time, be treated as a
nuisance and the "boy who cried wolf' syndrome results. For safe operation of an aircraft in a smoke/fire
situation, it is critical for the flight crew to be able to react with the utmost speed in preparing to divert to
the nearest available airport. Such timely action will take place only if a minimum of time is spent in
assessing the validity of the alarm. For this reason, false alarm protection will have a high priority in the
configuration of the ACES fire alerting system.
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The ACES Concept A system provides several means by which to protect against false alarms, especially in
the unoccupied/inaccessible areas. Protection is provided by: consecutive pulse photoelectric detectors,
self-monitoring photoelectric detectors, and the use of colocated detectors that are then linked with "and"
logic. Each of these features are discussed below.

The consecutive pulse false alarm protection feature uses a pulsed LED in a photoelectric configuration,
with a rate of one pulse every two seconds. The Gamewell RT-7 detector (Section 5.2.2), which employs
the pulsed feature, is slated for use in the cargo compartments and the overhead attic area. To trigger an
alarm, the light receiver must have light of sufficient intensity strike it four consecutive times, that is, the
receiver must "see" light four times over an interval of eight seconds. For example, if the sensor "sees" an
alarm level of particles for three pulses but not in the fourth, the smart base will reset the counter and the
procedure will begin anew. This feature is designed to prevent false alarms as a result of a single, light
scattering event.

A self-monitoring detector, such as the light attenuation photoelectric unit manufactured by Geamatic,
protects against false alarm by checking system cleanliness at a regular interval. The light emitter is boosted
to compensate for any contamination on the optic surfaces and the unit continues to operate without either
reduced or heightened sensitivity. This feature will reduce or eliminate false alarms due to system contami-
nation. The Geamatic unit generates a maintenance message before the system is completely "blind",
allowing the system to be operational without experiencing a blind period, as is the case with some units
that must go "out" (blind) before a maintenance message is generated.

The Geamatic detector also provides a two-step analog output. Step one gives an initial signal, while step
two requires an increase in smoke density to trigger a second alarm signal. This capability can be utilized
by requiring the sensor to "see" both smoke levels before giving an alarm or the lower level signal from
both detectors, could be used to generate the alert. This provides additional flexibility for alarm generator,
providing false alann protection over a binary-type sensor.

Collocating detectors provide additional protection and reliability when the detector pairs are linked by
"and" logic. This configuration requires both of the detectors to "see" evidence of a fire before an alarm is
sent to the flight deck and/or cabin aztendant panel. Such a system configuration provides the added
advantage of allowing for the system to reconfigure to "or" logic (one detector initiates the alarm) in the
event of one of the detectors malfunctioning.

The ACES system is designed to continuously interrogate the sensors to determine their operating condi-
tion. For detectors linked with "and" logic, this is essential to ensure that both detectors are indeed func-
tioning. In the "and" logic configuration, if one of the detectors ceases operating, the system can be
reconfigured from "and" to "or" logic, and a malfunction, fault message is sent to the maintenance com-
puter.

5.4.2 Wiring

The system wiring is required to be reliable, functionally effective and maintainable. The present standard
practices for wire bundle design, fabrication, and installation would support the Concept A system.

5.4.3 System Failure Analysis

A requirement of Concept A is that system reliability be equal to or better than the current system, dis-
cussed in Section 3.4.3. Such an analysis cannot be performed until the actual flight quality detectors can be
tested (in an accelerated manner) for life cycle mean time between failure (MTBF). Redundant design
techniques provide highly reliable systems with minimum dispatch impact.

5.4.4 Sensor Output

Sensor output is discussed in Section 3.4.4.
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5.4.5 Built-In Test (BIT)

The system will be tested automatically on a continuous basis, as required, to verify system integrity.
Continuous testing will enable the system to automatically reconfigure to operate with "or" logic should a
component failure occur inflight. Current systems are automatically tested upon power-up or engine
shutdown, as required, and this feature will be retained in the Concept A system. The flight deck will have
press-to-test capability providing for system functions to be tested from the flight deck. Appropriate mainte-
nance messages will be displayed via EICAS if a fault is diagnosed.

5.5 FLIGHT DECK DESIGN

5.5.1 Electronic Checklist Design

Figures 5-12 and 5-13 depict the two-page display screen for a CRT-based checklist which, in this example,
addresses an AFT CARGO FIRE alert. The figures illustrate an implementation in which the warning-level
checklist from the QRH is displayed on one of the EICAS screens. An implementation scheme that is direct
and closed-looped has been selected for checklist operation. In the closed-loop design, each item is
initiated by the pilot, using the appropriate system panel switches. The switch action is then sensed by the
checklist logic, which updates the display and tracks each event that has been completed. This keeps the
pilot "in-the-loop," an objective of pilot-centered automation philosophy.

CARGO FIRE - AFT

s [AFT] CARGO FIRE SWITCH ---------------------- ARMED

o3 CARGO FIRE BOTTLE
DISCHARGE SWITCH ---------------------- PUSH
Push and hold for I second.

NOTE: DISCH light may require approximately
30 seconds to Illuminate.

ONE PACK CONTROL SELECTOR OFF

After 80 minutes or during approach
whichever occurs first:
NO.2 CARGO FIRE BOTTLE

DISCHARGE SWITCH ---------------------- PUSH
Push and hold for I second.

[PAG LIN DON;E] KPIPG
kpage Iof2 BACK Up LINEF DOWNI HJH

Figure 5-12. Format for the Electronic Checklist -
Aft Cargo Fire ChecklisL
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CARGO FIRE - AFT

0 No. 2 CARGO FIRE BOTTLE
DISCHARGE SWITCH ---------------------- PUSH
Push and hold for 1 second.

CHECKLIST COMPLETE - CLEAR DISPLAY *

PAGE [LINE DON SKIP PAGE SN PA

Page 2of 2 BACK UP LINE DOWN SNH

Figure 5-13. Page Two of the Aft Cargo Fire Checklist.

5.5.1.1 Checklist Features

System identification of the specific fault and its location is used to access a checklist that is customized for
the particular fault and other prevailing conditions. The checklist itself i< pilot-selectable and, depending
upon its criticality, may be inhibited during certain phases of flight. For example, the fire bell and master
warning lights would be inhibited for fire warnings which occur after gear strut extension on takeoff and

before 20 seconds elapsed time or the reaching of 400 feet above ground level (AGL). Caution tones and
lights are inhibited after an airspeed of 80 knots is reached on takeoff, and again ending at 20 seconds or
400 feet AGL. The EICAS messages for these alerts function normally however.

The basic design of the checklist will be similar for all alerts that have flight deck procedures. This format
provides for the differentiatiri of the "current" action iem, "completed" action items, "incomplete" )r
skipped action items, and "in-transit" action items (items that have been initiated but whose action has not
yet reached completion).

The design of the electronic checklist makes extensive use of color coding to enhance the operation and

interpretation of the checklist. The "current" action item is indicated in magenta. with a magenta box
around the item (in Figure 5-12, this is the "NO. 2 CARGO FIRE BOTTLE DISCHARGE SWITCH" item). A
completed item is shown in green, with a small filled green box shown to the left of the item (the "[AFT]
CARGO FIRE SWITCH" item). An in transit item has an open, green box beside it, with the item title
remaining white until the action is completed (i.e., the "CARGO FIRE BOTTLE DISCHARGE SWITCH" item).
The "ONE PACK CONTROL SELECTOR" item illustrates an item that hs been skipped or is incomplete, and
these are shown in white. When the other items in the checklist have been completed, the system automati-
cally returns to the incomplete item, which can then be completed or again skipped. Memo (non-action)
items are shown in cyan. Figure 5-13 shows the item second page of this checklist. The last item from the
first page is shown at the top of the second page in its completed form. The final checklist item is to either
accept the "CHECKLIST COMPLETED" (or an "UNCOMPLETE CHECKLIST") message, which clears the
checklist from the display, or for Concept B to select the inflight diversion planner (PLAN) or synoptic
display (SYN). which will clear the checklist and bring up the desired display.
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5.5,1.2 Checklist Operation Interface

A method of interfacing with the electronic checklist must be provided for the crew. While the exact
implementation would depend upon the overall information management system on the airplane, several
control schemes were reviewed, including: a) dedicated switches mounted on the glareshield; b) a small
keyset with cursor control mounted either on the control column, on the seat armrest, or from the forward
aislestand; and c) a touch screen mounted on the lower EICAS display. For purposes of demonstrating the
features and operation of the ACES concepts, the second alternative was selected. The same basic tech-
nique was used for both Concepts A and B.

Checklist items that involve pilct checks not requiring push-button or toggle switch actions are checked off
by depressing a "DONE" switch. For the PC-based demonstrations, this switch was used to "complete" all
items on the checklist.

Soft switches incorporated at the bottom of the display page also provide the capability to space beck or
ahead one line item at a time, or to page ahead or back within the checklitt.

Provisions for accessing information pages, synoptic, or the inflight diversion planner supplement the
performance of the checklist. The provisions for synoptic and the inflight diversion planner, while shown in
the figure, are only implemented in Concept B.

Other features of the electronic checklist that would be incorporated include: a) the automatic sensing of
switch actions; b) the application of expert systems to checklist customization, c) multiple-fault checklist
prioritization; and d) the resolution of conditional ("if") statements. If a system failure prevents the crew
from completing the electronic checklist, they revert b'ack to the Quick Reference Handbook.

For functions that are accomplished through switchbes on systems panels, etc., the signals from the switch
closings are also routed to the EICAS computer, that initiates and completes the appropriate coding changes
of the items on the checklist display. The crewmcmbe: can easily follow the status of the che,-.klist items
clue to the color and symbolic coding used to reflect ch-cklist item status.

All necessary checklist actions are available on the checklist display )age. If the pilot leaves the checklist
without completing it, a reminder that the checklist is incomplete is provided on the new display format.

5.5.2 Cabin Attendant Panel
The cabin attendant panel is designed to provide enhanced alerting procedure and tracking of alerts that
are the primary responsibility of the cabin attendants. Figure 5-14 depicts the basic layout of the panel and
the areas that would initially be illuminated for an "AFT LAVATORY SMOKE" alert. Three separate panels
are located in the passenger cabin: at the aft, mid, and forward cabin attendant stations. Layout of the
panels is identical at ali three locations except for a small triangular symbol wl,,ch inuicates panel location
,Figure 5-14 shows an aft panel location).
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INTERCOM Cabin Attendant's Panel
V

FWD MID AFT ProceduresLZ II L
LI]1 LIZ LI

CALL

mNN

Figure 5-14. Cabin Attendant Panel -
Aft Lavatory Smoke Alert

5.5.2.1 Panel Features

The alert indicators and control switches are arranged in separate columns labeled "FWD", "MID", and
"AFT". While this results in a higher overall number of indicators and switches than would be absolutely
necessary, it was felt that the redundancy provided in indicating the location of the event, and the circuit
separation, were valuable assets in the design of this panel.

The function of the cabin attendants panel is to provide a point source of information in the cabin that will
provide the type and location of the sensor alert and both a verbal and nonverbal communications link to
the flight deck.

If the alert is the primary responsibility of the cabin attendants, the alert signal will bring up the alerting
indicators and warning tone on the cabin attendant panel, with lights indicating both the urgency and the
location of the event. The alert is simultaneously sent to the flight deck and displayed on the upper EICAS
screen.

5.5.2.2 Panel Operation

The top three indicator segments in any column designate whether the smoke/fire event is located in the
corresponding lavatory, galley, or passenger cabin attic. If the event has reached the alarm condition, the
appropriate "LAV", "GALLEY", or "ATTIC" indicator illuminates red. along with the associated "ALERT'
switch-indicator.

The cabin attendant will initially respond by pressing the illuminated "ALERT" indicator, sending a "re-
sponding" message to the flight deck. During or after attending to the smoke/fire event, the attendant can
clear/reset the panel by pressing the "CLEAR/RESET" button, that is a readable, but non-illuminated button
until the "ALERT" button is pressed. at which time it illuminates with a blue background (Figure 5-15). This
status information could be relayed to the flight deck by pressing the "CLEAR/RESET" button, or by talking
to the flight deck over the handset phone that will be adjacent to the cabin attendant panel.
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INTERCOM Cabin Attendant's Panel
V

FWD MID AFT Procedures

I11 FII IIILIZ III I
LII [11 1 II I

CALL

Figure 5-15. Cabin Attendant Panel -
After Attendant Response

There are three switch-indicator light segments located below the "CLEAR/RESET" switch-indicator in each
column. The first of these is a "DISCH" lamp for any extinguishing bottles that may be a built-in part of the
lavatory, galley, or attic smoke/fire extinguishing systems. If a bottle has been discharged, the lamp will
illuminate with a blue (advisory) background. Pressing the "DISCH" indicator-switch will cause the area(s)
where the discharged bottle is located to illuminate (lavatory, galley, or attic).

The second indicator is a "FAULT" button which will illuminate (also in blue) if any detector circuit is
determined to be faulty. As with the "DISCH" indicator, pressing it will illuminate the affected area.

The third switch is a lamp "TEST" switch to checkout the operation of the panel. Depressing the switch will
cause all operating panel indicators (for that column) to illuminate. Figure 5-16 illustrates operation of the
"TEST" switch-indicator.
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INTERCOM Cabin Attendant's Panel
V

FWD MID AIFT Procedures

CALL

Figure 5-16 Cabin Attendant Panel -
Circuit/Lamp TesL

Cabin attendant procedures (checklists) will be presented on printe . flip cards on the panel, in a format
that can be periodically updated if procedures are upgraded or modified. A changeable card system for the
several checklists will be employed at these stations. For the Phase I concept definition study, and Phase II
prototype hardware development, the attendants panel will be simulated on a PC-based system.

5.5.3 Data Management
The 757 EICAS computer, that will host the algorithms and display formatting associated with the ACES
concepts, is currently "full" (no additional storage capacity is available at this time). It has therefore been
assumed, for the purposes of the ACES study contract, that a larger computer would be in place on future
757's before consideration could be given to the incorporation of the processing and display features
needed in the ACES concepts. Since a larger computer would be needed for both Concepts A and B, this
aspect is not considered a factor in comparative evaluations of the two concepts.

With a larger computer, it is also anticipated that the data bus would be upgraded from the current
ARINC 429 bus to a bidirectional ARINC 629 (DATAC) bus. The remainder of the display hardware is

assumed to be unchanged from the current set found in the avionics suite of the 757-200.

The basic display generation capability of the 757-200 avionics suite will be utilized to support Concept A
requirements. The major changes consist of the addition of several alert messages to the alert display
portion of the upper EICAS and addition of the format structure for the electronic checklist.

5.6 CREW PROCEDURES
Concept A results in new areas being monitored for smoke/fire events. As such, new and expanded
procedures and training need to be developed and/or refined to reflect the capabilities of an ACES system.
Although exact procedures can not be fully developed without a worlng test system, some of the basic
procedures can be commented on. As has been stated in earlier sections of this report, the guiding philoso-
phy is to keep the pilot in the loop, that is, only the flight deck can initiate actions to shut down or
reconfigure equipment.
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Responsibility for fire fighting duties fall into two categories, those for which the primary responsibility lies
with the two-man flight deck crew and those with the cabin attendants.

The flight deck has primary responsibility for smoke/fire events in the cargo compartments, E/E bay, and
the air-conditioning system. The procedures currently in place for smoke/fire events in the cargo compart-
ments and the E/E bay will not be changed. These procedures will be displayed to the flight deck crew via
the electronic checklist (Section 5.5.1), displayed on the lower EICAS screen. A smoke alert occurring in the
air-conditioning monitoring system will require new crew procedures. These procedures, to be displayed
via the electronic checklist, are seen to be:

a) Shut down the faulted (left or right) pack.

b) Command the remaining (left or right) pack to high flow configuration.

c) Command recirculating fans off.

d) Institute diversion procedures (if deemed by flight deck to be warranted).

The fli-tr deck will also be made aware of all alarms being generated by the lavatory, galley, and attic
detectors. The flight deck will not actively participate in fighting the fire nor would the two-man flight deck
crew be involved in visually accessing the situation. The procedures to be initiated from the flight deck may
include:

a) Pulling the circuit breakers to shut down electrical power to the affected lavatory or galley
complex.

b) For an attic alert the circuit breakers to be pulled would be those to non-essential overhead
electrical equipment and lighting, such as interior ceiling lighting, sidewall lights, passenger
service units, and in some configurations video equipment and retractable closet motors.

c) Institute diversion procedures (if deemed by flight deck to be warranted).

The cabin attendants have the primary fire fighting responsibilities for smoke/fire events that occur in the
lavatory, galley, and attic. In these areas the cabin attendants procedures would involve pushing the
button/switch on the cabin attendants panel to provide the flight deck (non-verbally) that the alert is being
investigated. The attendants then have at their disposal both halon and water filled fire extinguishers with
which to fight a fire. Upon reacting to and investigating the alarm a cabin attendant vould establish verbal
contact with the flight deck via the handset (colocated with the cabin attendant panel) to apprise the flight
deck of the situation. Depending on the situation the cabin attendants may elect to placard close the
lavatory or shut down the galley complex. An incident in the attic may require that halon be discharged
into the space above the ceiling via a hand held extinguisher equipped with a wand to enable the ceiling
panel to be penetrated.

Crew training (flight deck and cabin attendant) to incorporate the new and/or expanded procedures will be
necessary to maximize the benefits of a ACES system. The training must emphasize communications
between the flight deck and the cabin attendants. Clear and concise communications are necessary in
providing timely resolution of smoke/fire incidents. The time and re .ources that need to be committed, by
both the airframe manufacturer and the operating airline, to make the flight crews proficient in the use of
an ACES system can not be estimated at this time

5.7 SYSTEM INSTALLATION COST

An installation and cost matrix for each of the two concepts has been prepared and shown herein as
Table 5-2. The cost matrix is composed of several components: nonrecurring cost which consists of engi-
neering for design and development of ACES systems, fabrication and installation drawings, avionic soft-
ware and flight deck changes, certification and flight testing, manufacturing tooling design and develop-
ment, tooling fabrication, and mock-up for form and fit.
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Table 5-2. ACES Production Estimate.

Concept B

Labor Concept A Schlumber York

Installation & Fabrication
Initial Design $0.47 $0.91 $0.93

Sustaining $4.00 $6.12 $6.30

Engineering
Initial Design $3.10 $5.51 $5.51

Sustaining $1.13 $1.45 $1.45

Total
Initial Design $3.57 $6.42 $6.44
Sustainina $5.13 $7.57 $7.75

Total $8.70 $13.99 $14.19

Fiaht Test $0.50 $0.80 $0.80

Total Labor Cost $9.20 $14.79 $14.99

Material
Detectors $2.26 $3.04 $3.04
System Cost $20.00 $20.00
(@ 100K each)

Total Material Cost $2.26 $23.04 $23.04

Total Cost (1) $11.46 $37.83 $38.03

Average per ship set $57,300 $189.150 8190.150

Note 1: 1990 dollars in millions

Recurring costs include repeated manufacturing operations for systems installations, engineering support of
manufacturing for initial implementation and sustaining support, material (detectors, sensors, wiring, and
related hardware) necessary for installation in the 757-200, and functional test required for delivery and
certification. Two columns are listed under Concept B to denote that two different thermal sensors were
evaluated for this application.

Basic to the cost estimates is the assumption that ACES installation would occur as a block change on
current production aircraft and not as a retrofit package to aircraft currently in service. Integration costs for
retrofit installations would be substantially higher and are not included in these estimates.

The cost of each of the two respective systems is presented and discussed in Sections 5.7.2 (Concept A)
and 6.7.2 (Concept B).

5.7.1 Component/Subsystem Quantity/Cost
The total quantity of each type of detector required for Concept A and the unit cost for each is listed in
Table 5-1. In some instances, the unit cost was estimated for those units that are not available as flight-
qualified hardware. Prices for the individual components will vary and depend on the quantities ordered.

5.7.2 Installation Cost Impact
The total cost for implementation of an ACES Concept A system is estimated to be $11,460,000 for a pro-
duction run of 200 aircraft. This includes all development labor for engineering and tooling fabrication,
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recurring costs for labor and materials necessary to support the systems installations, and any support from
engineering. These costs would then, on a single shipset, average approximately $57,300, excluding any fee
or contingency factors. The cost breakdown for Concept A is referenced in Table 5-2.

6. CONCEPT B

6.1 GENERAL DESCRIPTION
The ACES Concept B incorporates all of the detection capabilities described in Concept A, with modifica-
tions, and adds additional features that are unique.

Concept B will change the consecutive pulse photoelectric detectors of Concept A to photoelectric detec-
tors that have full analog output to provide the capability to trend-monitor smoke events. Analog output in
conjunction with interrogation software should virtually eliminate false alarms, thus increasing flight deck
confidence in the system. A thermal detection and monitoring system has been considered and proposed
for monitoring the cargo compartments and hidden areas. Two types of thermal detectors have been
researched and will be discussed in detail herein. These sensors would be used to monitor the temperature
conditions after an event has occurred. Monitoring of thermal conditions might negate the necessity for an
emergency evacuation procedures once the aircraft has landed, and reduce the possibility of passenger
injuries. Thermal detection is not usually considered a candidate for a primary sensor because of the time
required for the air temperature to rise to a point above the set threshold temperatures. Threshold tempera-
tures would require a large range of values to accommodate the temperatures the cargo compartment
experiences, i.e., cruise altitude to runway temperature. Monitoring changes in outside air temperature
versus changes in sensor temperature would negate some of the problem with temperature transients.

Under certain test conditions, such as alcohol fires, thermal detectors have been shown to respond faster
than photoelectric detectors. Further testing under actual cargo/load conditio-is would be warranted to
verify thermal detection systems as primary sources of detection.

Once an alert is sounded, an electronic checklist with the correct procedure can be implemented. The
checklist will track the sequence of steps to be followed on the flight deck and confirm completion of these
steps.

An inflight diversion planner will provide information to the flight deck that will significantly lessen both
the time and crew workload required to divert to an alternate airport. Local airports along the planned
flight path, pertinent information such as; runway conditions, emergency equipment, and flying time are
displayed on a moving route map.

A block diagram of the Concept B system showing areas monitored for smoke/fire events, locations to
which sensor output is directed, flight deck/cabin attendant communications, and suppression capability, is
illustrated in Figure 6-1.
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Figure 6-1. ACES Concept R

6.2 DETECTOR TYPES
Two new detectors are introduced in the Concept B system; continuous thermal monitoring in hidden areas
and analog photoelectric in the cargo compartment and attic. The component cost of the detection system
defined for Concept B is listed in Table 6-1.
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Table 6-1. Concept B Component Costs.

Locations Unit Type-
Monitored Units Costs Costs Manufacturer Part No.

Smoke detectors

Cargo/lower lobe

Fwd (1, 5) 2 $600 $1,200 Photoelectric - Fike 63-014

Aft (1, 5) 2 $600 $1,200 Photoelectric - Fike 63-014

Lavatory

Ceiling (4) 4 $225 $900 Ionization - Jamco PU90-461R3

Under counter (4) 4 $225 $900 Ionization - Jamco PU90-461 R3

Forward E/E bay

Supply air (1) 2 $788 $1,576 Photoelectric - Autronics 2156-204

Exhaust Air 1 $788 $788 Photoelectric - Autronics 2156-204

Galley

Ceiling (4, 5) 4 $225 $900 Ionization - Jamco PU90-461 R3

Passenger area

Attic (4, 5) 6 $600 $3,600 Photoelectric - Fike 63-014

A/C (1, 2, 5) 4 $1,030 $4,120 Photoelectric - Geamatic SDS-300A

Thermal Detection (3)

Cargo/Lower Lobe

Fwd 1 wire

Aft 1 wire

Cheek 2 wires

Passenger area

Attic 1 wire

Wire runs 5 $100,000 (6) Note 3 TBD

Total 34 $115,184

Note 1: Installed as pairs with "and" logic
Note 2: Conditioned air upstream of the mix manifold
Note 3: Acoustic thermal detector (Schlumber) or fiber optic (York)
Note 4: Connected to the flight deck/cabin communications panel
Note 5: Estimated, not flight-qualified hardware in current commercial configuration
Note 6: Total estimated cost for a 5 wire run system
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6.2.1 Ionization
Concept B will use the same ionization detectors as identified for Concept A, Section 5.2.1. The sensitive
ionization detectors (incipient stage of the fire) are intended for use only in areas where the cabin atten-
dants have quick and ready access: lavatories and galley areas. Jamco detectors (P/N PU90-461R3) are to
be used, with the alarm signal sent to the cabin attendant panels and to the flight deck.

6.2.2 Photoelectric
An analog photoelectric smoke sensor manufactured by Pike, P/N 63-014 (Reference 17), will replace the
Gamewell detectors that were identified for use in the attic and cargo volumes in Concept A. The Pike
detector transmits an analog value proportional to the percentage of obscuration measured by the sensor.
The sensor has built-in calibration and test circuitry. In its commercial application, a sensor array is linked
by the Pike Intella-Scan panel, a microprocesser control panel, that monitors the sensor network. The
control panel is the "brains" of the system, interpreting the signals which are received from the sensors.

The sensor chamber, Figure 6-2, contains a carefully calibrated test LED that is remotely activated by the
control panel to accurately measure the quiescent condition of the sensor. During calibration, an analog
calibration value is sent and stored in the panel. The calibration value is used by the panel as a reference
baseline by which to measure the sensor signal and monitor the unit for maintenance. The control panel
allows each individual sensor to be set to alarm at different levels, allowing the level of obscuration to
initiate an alarm to be custom tailored to the environment,

Photo diode

Lens
Electrical shield

I I\

I ,

I I

Figure 62. Fike Analog Photoelectric Detector.

The Pike sensor is not flight qualified at this time, but there is nothing inherent in the technology to pre-
clude the manufacturing of a unit that would meet flight specifications.
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6.2.3 Thermal
Two types of thermal monitoring detectors were investigated for use; spot and continuous. Spot detectors,
such as thermocouples, were not chosen for use in Concept B as this type of detector requires numerous
wiring runs and connectors. In addition the loss of one or two sensors in a thermocouple system can
blind the system to a large area being monitored. Continuous detector/monitors were the type of detector

chosen. With these systems wire runs and connectors are kept to a minimum and the system can be
monitored from both ends of the wire to provide redundancy. If the wire is damage or broken, information
can continue to be obtained.

Continuous (firewire), detectors are used on the 757 to detect overheat conditions in power plants and
leaks from hot air ducts. A firewire operates on changes in electrical resistance to monitor thermal condi-
tions. At normal temperature, resistance is high, but drops rapidly as the element is heated. When the
resistance decreases to a preset level the electronic controls activate the fire alarm. The continuous detector
currently in use provides two levels of information; "overheat" and "fire".

New technologies in thermal monitoring allow temperatures to be monitored digitally. Digital data coupled
with advanced software algorithms provide further protection against false alarms. Thermal monitoring in
the ACES Concept B system is to be provided by one of two distributed temperature systems (DTS): fiber
optic and acoustic technology, each of which will be demonstrated.

Either the fiber optic or the acoustic method of overheat/fire detection could be designed to replace the
monitoring currently preformed by the firewire system. The use of one type thermal detection system on
the airplane would provide cost benefits in the form of fewer part numbers, spare part requirements,
common installation and maintenance procedures.

6.2.3.1 Fiber Optic
The fiber optic system identified for evaluation in Concept B is manufactured by York V.S.O.P. of the
United Kingdom (Reference 18). The York DTS II in its current configuration consists of one to four
multimode optical fibers, an electro-optic system, and a controlling microprocessor, shown as a block
diagram in Figure 6-3.
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Otcl sensing__endfiber... rontIfle

AID endiie loops
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display)

Figure 6-3. Schematic Layout of the York Fiber-Optic DTS System.
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The electro-optic box contains the laser light sources, optical systems for launching eye-safe light levels into
the fiber, the optical detection system, and electronic signal processing to analyze the light returning from
the fiber. Each box can currently "run" and process the data on up to four fiber loops. Growth of the
system to more than four loops is not beyond the current technology. Expansion would require greater
processing capability and reconfiguration of the optical front end. Each fiber loop can be up to 2-km in
length. The interrogation time is 12 seconds per loop for a 2-km length of fiber, allowing a four-loop
system (8-km of fiber) to be evaluated once every 48 seconds. Upon detection of a thermal abnormality the
effected, loop would be repeatedly interrogated, allowing the loop to be questioned 5 times in one minute.

The fiber-optic (DTS system utilizes the scattering properties of pulsed light to determine temperature. As
the light passes through the commercial multimode optical fiber cable, Raleigh scattering occurs, a phe-
nomenon in which light is reflected equally in all directions. Thus, some of the light is directed back down
the fiber to an optical coupler and then to the signal processing unit. The approach is to modulate the
scattering loss coefficient by temperature; the Raman component (anti-Stokes) is particularly sensitive to
temperature along the fiber. As the temperature of the fiber rises, the amount of Raman-scattered light
increases. Fiber losses are negated by transmitting the lased pulse from each end of the fiber, canceling the
noise components of the signal. Pulsing both ends of the fiber also serves to make the system insensitive to
breaks in the fiber, as the information on either side of the break is still available.

Currently, the spatial resolution of the York system is on the order of 7.5m (25 ft), although, in conversa-
tions with York, the impression was given that a finer resolution was to be available in the near future. To
obtain a finer resolution, the optic fiber is coiled on a spool, enabling the spatial resolution to be reduced
to about 4 cm, allowing for point monitoring.

6.2.3.2 Acoustic

A continuous thermal monitoring system, using an acoustic technology, has been identified. The system,
manufactured by Schlumberger (Reference 19), is similar to the fiber optic system in that a pulse is
initiated and the returned signal provides information that is processed to establish thermal environmental
conditions.

The acoustic system is comprised of three components: a solid steel-alloy wire, a transceiver, and a control
unit. Figure 6-4 shows the sensor wire, transceiver, and the wire support clips. A broadband ultrasonic
pulse is sent down the wire and reflected back to the transceiver. Variations in the frequency domain of the
reflected pulse are a result of changes in temperature of the wire.

Support clip

Ta v Sensor wire B-

-Transceiver

) To coaitrol unit

Figure 6-4. Schlumberger Acoustic Thermal Monitoring System
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The sensor wire is a 0.064-in diameter steel-alloy wire, that can be up to 50 ft in length. A 50 ft length of
wire can be divided into 8 mechanical zones by coding cut into the wire. Each mechanical zone can be
further divided, at the control unit, to provide a spatial resolution of 6 in. The wire currently is restricted to
minimum bend radius of 1.2 in. The wire is practically immune to contamination. Support is provided by
bushings of composite construction in a quick-release clamp. This clamp/bushing assembly is currently
used at Boeing to support the "firewire" used in various areas of the airplane (APU duct, engine).

The transceiver attaches to the sensor wire, energizes the wire with a broadband ultrasonic pulse, and
receives the returning signal. The transceiver relays the signal to the control unit where data processing and
system evaluation take place. The transceiver, as currently designed, is 1 in diameter by 3 in long and
weighs about 0.25 lb.

The control unit is a powerful digital signal processing unit that controls and monitors system operation.
The control unit has the capability to divide the mechanical zones electronically into finer zones. This
allows "hot spots" to be more precisely located. The control unit allows each zone to be programmed for
an individual threshold temperature at which to initiate an alarm. This system provides the capability for
.ontinuous trend monitoring and data storage.

The Schlumberger acoustic thermal monitoring system has been tested by the propulsion research and
development group at Boeing for use as the engine fire/overheat detector. The preliminary assessment is
favorable for a high-vibration environment. The initial drawback was that the sensor had to be one continu-
ous wire. This problem was solved by Schlumberger, with the development of an acoustic coupling that
would provide for breaks in the wire. The environments that the sensor would be exposed to in the ACES
Concept B would be less harsh than the environment it was subjected to by the propulsion testing.

6.3 LOCATIONS MONITORED

All of the areas monitored in the Concept A system are also included for monitoring in Concept B. Thermal
monitoring will be used to detect hot spots in the cargo compartment, main deck attic, and the cheek areas
in the lower lobe. Monitoring the cheek area extends fire detection capability to a large hidden area located
behind the cargo liners.

6.3.1 Cargo Compartments

The forward and aft cargo compartments will be monitored for both smoke and thermal events. This system
incorporates all the sensor capabilities of Concept A (photoelectric sensors) with the enhancement of an
acoustic thermal detector system. These two methods are discussed as follows:

6.3.1.1 Smoke Detectors

The smoke detectors to be used in the cargo compartment are manufactured by Fike; their operating
principles were discussed in Section 6.2.2. The Fike detectors will be substituted for the Gamewell detectors
identified for use in Concept A. This detector will also require a recessed housing to hold the sensor and its
base above the cargo ceiling liner. A protective grill, of sufficient durability, will protect the sensor from the
rough physical environment of the cargo compartment. The detectors will be mounted in pairs and linked
with "and" logic, necessitating both sensors to "see" smoke to initiate an alarm.

6.3.1.2 Thermal Detectors
Either of the thermal detectors described in Section 6.2.3 are to be used in Concept B. Each cargo compart-
ment will have a wire/fiber serpentine down the compartment, mounted behind the ceiling panels. The
acoustic system has the advantage of rugged construction, while the fiber-optic system would be easier to
route in confined areas due to its flexibility.

As mentioned previously, the thermal system can be used as a primary alarm only if the temperature
gradients the system can distinguish is of fine enough definition. That is, the wire must be able to detect
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small changes in temperature to be effective. A methodology to incorporate changes in the outside ambient
temperature mast also be determined as temperature transits can be large, i.e., changing from a cruise
altitude temperatire to a runway temperature.

6.3.2 Lavatory
No changes over the Concept A ionization detectors located in the ceiling and under the counter are
proposed, Section 5.3.2.

6.3.3 Electronic Equipment Bay

Concept B incorporates the current 757 baseline detection system in the E/E bay without change. This
system is discussed in Section 3.3.3.

6.3.4 Attic Area
Smoke/fire sensors in the main deck overhead area will be the Fike analog detectors, discussed in
Section 6.2.2. The installation of the six Fike detectors will be similar to the Gamewell detectors, used in
Concept A, that they will replace. This area will be thermally monitored by either a fiber-optic or an
acoustic system. In the cramped area of the attic, the flexibility of fiber optic would have installation
advantages over the acoustic.

6.3.5 Air-Conditioning Pack Ducts

The use of the Geamatic light attenuation photoelectric duct detector system will remain the same as
defined in Concept A, Sections 5.2.2 and 5.3.5.

6.3.6 Galley Ceiling

No changes from the Concept A ionization detectors located in the ceiling in each of the three galleys;
these sensors will be interfaced with both the cabin attendants panel and the flight deck. This system ir
more fully defined in Section 5.3.6.

6.3.7 Lower Lobe Cheeks
The lower lobe cheek area runs the length of the airplane, except for the wing center section, between the
cargo liner and sidewalls. This can be seen schematically in Appendix B. This is a large constrained area
through which run wire bundles, hydraulic lines, air ducts, and contains a myriad of motors, valves, and
switches. At this time, the lower lobe cheek area has no smoke/fire detection system. It is recommended
that for Concept B, a thermal monitoring system, as detailed in Sections 6.2.3.1 and 6.2.3.2, be installed to
provide thermal monitoring.

6.3.8 Combi/Freighter Aircraft Considerations
Regulations governing Class B cargo compartments (compartments with inflight access, a smoke/fire
detection system, and greater than 200 cubic feet) have recently changed. The new rule impacts Combi
configured aircraft, that carry passengers and cargo on the main deck. The new rule offers three methods
of compliance:

a) Convert the Class B cargo compartment to a modified Class C compartment.

b) Use flame penetration resistant containers for all cargo in the compartment, have a smoke
detection system and a built-in fire suppression system.

c) An alternative design (approved by the FAA) that provides a level of safety equivalent to the
above two options.
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6.3.8.1 Pellew Engineering Approach
A South African company, Pellew Engineering (Reference 20), offers a unique approach to the sensing and
extinguishing of fires which may occur in cargo freight containers and/or covered pallets. The system is
made up of four major elements: the sensor, the connecting hardware, a data processing unit, and a fire
suppressant supply.

A quick disconnect fitting is attached to the container/pallet. The container is then continuously monitored
for CO by the sensor that is integral to the fitting. The computer compares the CO signal received with a
preset alarm level. Should the CO concentration exceed the preset level, a warning is generated and the
flight deck is notified via the Master Warning/Caution System. The flight deck can either reset the threshold
and retest or command the discharge of a suppressant, such as halon, into the container. The discharge
command would serve to open a valve so that only the alarmed container would be flooded with halon.
The system is shown in Figure 6-5.

To Halon supply

Solenoid valve
Wiring to processor normally held closed

when system healthy

Quick connect
incorporating
m iniaturized co-m onitck et

Container

Figure 6-5. Pellew combi/Freighter Smoke i )etection System

6.3.8.2 Optical
Optical sensors require a line of -"ght between the sensor and the fire event for detection to occur although
weak signals can be detected fro.,, reflected light and heat. This requireme.,t is not practical for the variable
geometry present in most areas of the ai,tlane. However, this .estriction is not as demanding in the high-
ceiling area of the main deck cargo compartment of the 747 Coinbi or Freighter configured aircraft. An
optical detector, maide by HTh of California (Reference 21), wa:. submitted for consideration for use in this
unique compartment. The system is designed to look down onto the top of cargo containers/pallets, with
redundant, overlapping view being provided by the use of muitiple sensors.
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The detector is a thermal imaging module (TIM), Figure 6-6, that has three detection thresholds, each of
which is able to generate a fire signal. The three detection methods are as follows:

a) Primary detection is provided by an infrared optical overheat device

b) Secondary detection warns of presence of flame signature (infrared radiation)

c) Tertiary output indicates that the sensor body has exceeded 85°C (185'F)

LI gl

Approximately 3.0"

Field of view - 1500 solid cone

Approximately 4.0" T.

HTL thermal imaging module

Figure 6-6 Combi/Freighter Main Deck Cargo Bay Fire Protection System

The optical component of the sensor is designed to rotate at a few revolutions per minute, providing
hemispheric coverage over a 24-ft diameter field of view in an empty 747 main deck cargo bay. The
de~ector wavelength was selected to be blind to solar radiation yet retain a high sensitivity to hot body and
flame signatures. The sensitivity of the system is 1-ft diameter at 400°F at 17 ft for overheat resolution and a
5-in pan fire at 17-ft for the flame sensor.

Each TIM will be connected to a control module where system fault detection, location logic and alarm
signal generation logic will be contained. Each of the sensors has a unique address allowing the event to be
identified, as occurring a given pallet/container location.

6.4 SYSTEM REQUIREMENTS

The system requirements for Concept B are the same as for the baseline aircraft and are discussed in
Section 3.4.
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The Fike analog photoelectric smoke detector and both of the thermal monitoring systems will require
repackaging to meet standards imposed on flight-quality hardware. Certification to FAA standards is
necessary prior to installation in commercial airplane service.

6.4.1 False Alarm Protection

Concept B expands on the false alarm protection outlined in Section 5.4.1 for Concept A. The replacement
of the Gamewell consecutive pulse photoelectric with the Fike analog photoelectric detector provides an
expanded format by which to analyze and display data. The ability to monitor the change in smoke density
can be used, with suitable system logic, to further decrease the occurrence of false alarms. With continu-
ous, step function (analog) data available, numerous criteria could be formulated for generating an alarm.
How best to use the data available from the sensor can only be known through a testing program, but
scenarios can be developed to demonstrate this feature. The analog data could be monitored such that an
alarm would not be generated unless the smoke density exceeded a nominal confidence range for a certain
time or number of signals over a given period of time. A time delay could also be built into the system so
that the initial detection of an alarm level of smoke would be rechecked after a time period to confirm the
continued presence of smoke before generating an alarm. The Fike system also allows each sensor to be
tailored for its location and environment, further reducing the potential for false alarms.

Thermal monitoring has potential to provide another parameter by which to reduce false alarms. If a
thermal system can be shown to be sensitive enough, two parameters, smoke and heat, could be com-
bined as the criteria in generating an alarm. This would be practical only upon rigorous testing of the
proposed thermal systems. As previously discussed, large amounts of heat are not generated until the
latter, third stage of a fire, Section 4.2; therefore, a thermal system would be required to detect small,
localized changes in temperature to be useful as a supporting parameter for the generation of an alarm.

6.4.2 Wiring

The system wiring is required to be reliable, functionally effective and maintainable. The present standard
practices for wire bundle design, fabrication, and installation would support the Concept B system.

6.4.3 System Failure Analysis

A requirement of Concept B is that system reliability be equal to or better than the current system,
(Section 3.4.3). Such an analysis cannot be performed, with any degree of confidence, until the actual flight
quality detectors can be tested (in an accelerated manner) for life cycle mean time between failure (MTBF).
Redundant design techniques will provide highly reliable systems with minimum impact on dispatch
reliability.

6.4.4 Sensor Output
Sensor output is discussed in Section 3.4.4. With a new computer, the ARINC 429 databus will be updated
to DATAC 629.

6.4.5 Built-In Test

BIT functions are discussed in Section 5.4.5.

6.5 FLIGHT DECK DESIGN

The basic ACES design incorporated into Concept A was used as the basis for the design for Concept B.
This approach was selected as being more efficient, cost-effective, and resulting in a more highly devel-
oped system in Concept B than would have been possible with two equally-competing concepts. From the
baseline flight design incorporating the electronic checklist and cabin attendant panel. Concept B enhance-
ments were added, including an inflight diversion planner and a synoptic display capability. Additional
enhancements have been made to the basic crew alerting system.
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6.5.1 Alerting System Enhancements for Concept B
In addition to the basic alerting system configuration used in Concept A, two enhancements have been
included in Concept B. The first is the addition of voice messages for all smoke/fire alerts on the flight
deck. These voice messages will mirror the messages on the alert display, providing dual-channel message
presentation. The voice message for an alert are activated by the crewmember when the Master Warning/
Caution switch-indicator is depressed.

A second enhancement is a minor change to the alert display in which advisories will be represented in
cyan instead of amber, and not indented (on the current 757-200 EICAS display, message titles for adviso-
ries are displayed in amber characters, with the line indented one space to differentiate them from caution
level messages, also coded in amber).

6.5.2 Electronic Checklist and Cabin Attendant Panel

Although a number of the smoke/fire alerts for either Concept A or B may be of the same criticality level
(the majority are warnings), many may have slightly different priority levels as to how urgent the situation
is. Based upon information received from the sensors and processed by an "intelligent" (rule-based) logic
set, each alert can be assigned a priority-level index. This priority index can then be used by the expert
system to customize the crew response checklist to obtain the best sequence of actions needed to resolve
the alert. In various flight phases or conditions, such as below 500 ft on approach for example, the priority
index would inhibit the alert from being initiated until this more critical flight segment was accomplished.

The cabin attendant panel for Concept B is identical to that used for Concept A. No variations in either
design or function are recommended for Concept B.

6.5.3 Inflight Diversion Planner
When a serious smoke/fire event occurs when airborne, the proper crew procedures include diverting the
aircraft to the nearest suitable airport. Although much of the information needed to make the decision as to
which airport to divert to is contained in the Flight Management Computer (FMC) database, it is not neces-
sarily in the best format for making a quick, informed decision. At this critical time, access to the informa-
tion may be time-consuming, and crew workload may be impacted by the amount and diversity of the
information.

For Concept B, a display format and associated software was developed to provide expert system informa-
tion on the nearest (or "best") available airport, in the event a decision is made to divert. The initial display
page for this inflight diversion planner is shown in Figure 6-7.
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REPLAN-FRRE EMERGENCY

AIRPORT

.] LIII II] LII

SELECT

Figure 6-7. Inflight Diversion Planner Display Formal

6.5.3.1 Inflight Diversion Planner Functions

The inflight diversion planner function includes estimates of time en route (ETE) to alternate airports, a
runway analysis of the availabh. (within range) airports, weather, rescue, and fire fighting facilities that
might influence selection of an alternate landing site. The inflight diversion planner display would utilize
information currently available in the 757-200 navigation database, but would require additional information
on airport facilities.

The initial display format provides the results of the expert system analysis, with a rank-order presentation
of the recommended airports that the pilot might divert to, i.e., "PPG", "NAN", and "JON" are, in order, the
most attractive alternates, according to the expert system analysis. The airport listed last, "PLA" is the fourth
best alternate, but is not recommended, as noted by the different shading used on this airport box.

Three levels of coding are used to differentiate the "goodness" of the various alternates: a) a filled green
(white in above figure) box indicates the highest rating; b) a box divided diagonally with one half green
and the other half blue (shaded in above figure) represents a middle rating, and c) an all-blue (shaded) box
designates the lowest recommended rating. An non-recommended alternate is shown with an amber-filled
(black) box.

This same coding scheme is utilized in boxes at the intersections of the airports and the rating factors listed
across the top of the display. Thus the pilot can see at a glance how each alternate airport rated on the four
factors considered by the expert system. These four factors may each have been assigned different "weights
of importance" in the initial setup of the expert system rule-based logic. They are listed, from left to right,
in order of this weighting factor, e.g., ETE was given the highest priority of the four factors in the fire
emergency scenario.
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This analysis process uses the design of a Boeing developed NEXPERT OBJECT expert system shell which
coded the rules, hosted the expert knowledge database, and derived the decision-aiding features of the
inflight diversion planner. In this Boeing project, an inflight fire scenario was used to develop the rule-
based analysis of the relevant factors and to develop the subsequent recommendation of the most suitable
alternate airport.

6.5.3.2 Inflight Diversion Planner Operation

Once the flight deck crew completes the checklist for a particular smoke or fire alert, they would normally
select the inflight diversion planner format. This functional display can be accessed from a menu item on
the bottom of the checklist page. The crew would then evaluate the recommendations of thc expert system
and select an alternate airport accordingly. If the pilot is unsure about the expert system's recommendation
and desires additional supportive information, he/she would be able to exercise additional options of the
inflight diversion planner expert system by selecting expanded information on any one of the parameters
used in the process of alternative airport selection. Available information for each airport would include
details of the evaluations of either: a) estimated time en route; b) weather; c) runway suitability; or d) fire
and rescue facilities at each airport. Figure 6-8 shows the display format for weather information that would
be selected by "clicking" on the "WEATHER" box on the first page (Figure 6-7) of the inflight diversion
planner. The pilot could also select expanded information on any single airport (which would include
expanded information on all four factors), or select information on a non-recommended airport if it is closer
than the displayed airports. The crew can also query the expert system as to why it made the airport
selections it did. Finally, the crew could request a summary of parameter information on the set of recom-
mended airports.

REPLAN-FIRE EMERGENCY

WEATHER INFORMATION

REPORTED FORECAST
CEIL VIS ISSUED CEIL VIS ISSUED FOR
(FT) (SM) (Z) (FT) (SM) (Z) (Z)

PPG 2000 3 1300 2500 5 1300 1400

NAN 1000 2 1300 800 1 1300 1500

JON 1000 3 1300 1200 2 1300 1600

rRUEAETFALYIREUR I ]l

Figure 6-& Inflight Diversion Planner Format
for Weather Information.

When the pilot has selected the desired alternate airport and reprogrammed the airplanes route, he/she
might turn next to the synoptic display format to review the latest status of the smoke/fire event.

73



6.5.4 Synoptic Display Format

As an additional system enhancement under Concept B, the pilot will be able to access synoptic displays
for feedback and situational awareness of the progress of the smoke/fire event. Two types of synoptic
display pages are available: a) one showing the location and status of each of the ACES system detectors;
and b) one showing the signal history of a particular (selected) detector. Both of these are accessible
through a menu system on the display. These formats are shown in Figures 6-9 and 6-10, respectively.

LAVATORY I LAVATORY
DETLA DET2 DET3 DETi1 DET 2 DE 3

FWD CARGO F FCARGO
DETI DET 2 1D DET2

Figure 6-9. Synoptic Display Layout for Concept R
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Figure 6-10 Synoptic Display -Sensor Signatures.
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The first of these is a synoptic which identifies the locations of all the detectors and their status. If an alert
has been triggered, the involved detector is highlighted on the synoptic by an associated box appearing to
show the nature of the alert. The type of detector triggered is shown by a graphic representation, with the
urgency of the alert shown in color.

The second display format can be called up from the first synoptic page by "clicking" on the indicated
detector. This will bring up a synoptic with information such as that shown in Figure 6-10. A time history of
the detector's status (level of smoke, temperature, etc.) would be displayed that provides trend information
on the smoke/fire event. Currently, there are no firm data on what format should be used to display this
information.

One point that should be emphasized is that at no time is it being advocated that the flight crew conduct
detailed analysis of these event signatures but rather, presented with whatever information can assist them
in reaching a quick, appropriate decision, their primary objective and response is still to land the
aircraft as soon as is safely possible.

6.5.5 Dat o  *nagement

For Concept B, the goal will be to accommodate the marked increase in fire/smoke sensor information and
data management requirements, with computing hardware configurations currently being studied for
application to future Boeing derivative aircraft. These configurations involve enhanced capabilities in areas
such as increased processing speeds, bidirectional I/O (DATAC) bus designs, integrated (multitask) func-
tionality, expanded memory for processing and data storage, and software optimization schemes (increased
use of Ada, enhanced or relational databases, parallel processing designs, etc.).

Of special importance to System B will be the capability to process, in real time, any rule-based, and/or
object-oriented expert system modules.

With the limit being reached on the number/arrangement of displays that can be accommodated in the
current EICAS computer, the ACES design proposes a display suite configuration for Concept B that would
be consistent with the realistic restraints and capabilities of a ntxt-derivative or near-future computer
system. This increased size, with increased multifunctional capabilities and formatting options, will provide
the needed additional display capabilities to support the more sophisticated design of Concept B, as well as
that of Concept A.

6.6 CREW PROCEDURES

The Concept B ACES system has been expanded to monitor areas not included in the Concept A system,
these being, thermal monitoring of the main deck attic, cargo compartments, and the lower lobe cheek
area. The increase in monitoring capability would require changes in crew procedures and training.

Smoke/fire alerts from the cargo compartment, E/E bay, air conditioning, lavatory, galley and attic are
viewed as having the same basic procedures for both the flight deck and cabin attendants as discussed in
Section 5.6. Changes to the flight deck procedures would be made to reflect the capabilities of both the
inflight diversion planner and the synoptic display. The viewing of sensor data via the synoptic display will
be available to the flight deck if the need to monitor the situation is deemed necessary. The work load on
the flight deck during an inflight fire emergency may preclude the use of the synoptic display.

Procedures on the flight deck for overheat alerts from the thermal monitoring system (located in the cargo
compartments, main deck attic area, and the lower lobe cheek area), can only be developed when the full
capability of the thermal system is tested and better known. It is possible, however, to speculate that
thermal alerts would trigger the same response as would be accorded a smoke a!ert. That is, an abnormal
thermal profile in the cargo compartment would result in the electronic checklist displaying the procedures
to discharge the fire suppressant and then to make use of the inflight diversion planner to identify the
nearest available airport for landing. The procedure for an alert originating from the lower lobe cheek area
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would be displayed via the electronic checklist, this may include the shedding of non-essential electrical
loads, shut down of recirculation fans, configuring packs to high flow and the use of the inflight diversion
planner.

Consideration was given in Concept B to reducing the work load on the flight deck through the automation
of some of the crew functions, such as, electronic load shedding, control of recirculation fans, air-condition-
ing pack flow control, and the activation and discharging of the fire suppressant systems. While such
automation is certainly possible, it runs counter to the philosophy of keeping the pilot "in-the-loop", that is
the flight deck crew should initiate, if only by pressing a button, commands that shuts clown and/or results
in system reconfiguration. This philosophy was re-enforced by conversations with flight deck personnel
who made it clear that configuration control of the airplane, especially in emergency situations, should
reside with the person responsible for landing the airplane.

Coordinated training which includes both flight deck and cabin personnel would greatly enhance effective-
ness of the Concept B system. An estimate of the resources and time that would be needed to adequately
train the crew to best use the Concept B ACES system is not, at this time, known with any degree of
confidence.

6.7 SYSTEM INSTALLATION COST

Concepts A and B installation costs were developed using standard Boeing price/cost estimating methods
for developing model change costs. This procedure involved generating a work statement sufficiently
defined and detailed that would provide the vehicle by which the various functional organizations, such as
Manufacturing, Engineering, and Flight Test, estimate their respective nonrecurring and recurring costs.

Each of the concepts was treated as a model change for "and on" aircraft, that is, for pricing purposes, the
concept implementation would start at a particular line position and would continue thereafter. For cost
purposes, an assumption was made that the model changes would occur over a production run of 200
airplanes, involving 18 customer configurations. The number of customer changes is based on the actual
number of customers for the 757-200 to date. Each of these customers has requirements that are unique to
their aircraft, therefore requiring estimates for each configuration. In some instances, such as occur with the
flight deck, a change made for one airplane applies to all. Changes which affect the Flight Management
System, such as the system software, are extremely expensive and because the software is embedded, a
new set of "black" boxes and part numbers must be generated. Table 5-2 presents the production cost
estimates for Concept B.

6.7.1 Component/Subsystem Cost Impact

The cost of each of the ACES concept components, sensors, and detectors, was collected from each of the
manufacturers or suppliers. Production quantities of the components was, in some cases estimated, with the
estimates based on current procurement of comparable hardware. For example, in Concept B where new
technology thermal detection systems are proposed, the manufacturers current cost for commercial systems
was used with the understanding that repackaging these systems to comply with airborne standards and
reliability may drive the cost higher. In that regard, if the system procurement costs were to be twice the
estimate used in the cost analysis, the recurring procurement cost would be obviously higher but the effect
on the total price spread over time (airplanes) would not be as significant as the amount of labor required
for the initial engineering and subsequent recurring labor.

6.7.2 Installation Cost Impact

The implementation cost for Concept B was estimated for two systems: one estimate utilizing the York fiber
optic temperature sensing system, and the other utilizing the Schlumberger acoustic wire temperature
sensing system. The reason for two estimates is that a relative figure of merit of either system is not avail-
able as both are new technology applications. The average cost for implementing the York or Schlumberger
system for 200 current production airplanes is $190,150 and $189,150, respectively. The detailed cost
breakdown for Concept B components is listed in Table 6-1.
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7. CONCEPT PERFORMANCE EVALUATIONS

It was originally proposed to conduct comparative evaluations of the two ACES concepts to determine the
relative performance merits of them. However, instead of developing two competitive concepts, a more
cost-effective approach was taken in which Concept B includes all features and developments of Concept
A, as well as incorporating several of its own performance enhancements. Thus, Concept B would naturally
be expected to outperform Concept A in any direct comparison. It was therefore determined that a direct
comparison, on the basis of performance, would not be a very meaningful measure.

While the ACES concepts will save time in the correct performance of crew/attendant procedures in re-
sponse to a smoke or fire event, the major and significant benefits of the ACES concepts lie in their ability
to detect smoke/fire events earlier, prevent errors in procedures, and to prevent non-productive (wasted)
time in the decision-making segments of the response sequence. In order to objectively measure the
benefits of the ACES concepts over the baseline configuration, a test would have to be devised in which the
crew made a significant number of errors, and consumed in ordinate amounts of time in responding to
smoke/fire events under the baseline condition. Any such test would be extremely artificial, and perhaps
impossible to control or measure adequately.

Therefore, the approach taken for this contract phase was to reanalyze each of the scenarios described in
the Dunlap report (Reference 1), to indicate where, and in what way, the two ACES concepts would
contribute to a more expedient, error-free crew and attendant response sequence to these events. It was felt
that it would be gross speculation, however, to try to attach numbers to time savings, or to the reduction of
errors in regards to the benefits of the ACES concepts. Extensive simulator evaluations could provide data
on the actual timeliness that could be expected with the two concepts under perfect, or near perfect
conditions of crew performance. These data could be used to validate the appropriateness of the applica-
tion of these concepts to this area of alerting. Reliable conclusions concerning the major potential benefits
of the two concepts will probably be better determined from subjective evaluation of past and potential,
smoke and fire scenarios, and the anticipated chain of events that might be seen under the two concepts
and the non-ACES baseline configuration.

7.1 DUNLAP SCENARIO EVALUATIONS

7.1.1 Scenario No. 1

This scenario involves a widebody three-engine jet airplane with a three-person flight deck crew. A fire
started in the aft cargo compartment and was detected approximately fifteen minutes later. The flight crew
choose to check the smoke detection system from the flight deck as well as send the flight deck engineer
to investigate the incident. There was additional confusion and delay in correctly locating the correct
procedures in the flight manual. The confusion in locating the proper procedure was due to the needed
procedure being located in the "Emergencies" section of the manual rather the "Abnormal Procedures". The
crew initiated a return to airport turn around four minutes after detection, landing about twenty-three
minutes after detection or thirty-eight minutes after the start of the fire. The fire continued to bum within
the compartment, enveloping the rest of the airplane in smoke, finally totally consuming the entire interior.
There were no survivors even though the airplane was landed and stopped at the airport.

7.1.1.1 757 Baseline Airplane
The primary difference between the 757 baseline airplane and the aircraft in this scenario is that the
baseline aircraft is designed with Class C cargo compartments, equipped with "and" linked photoelectric
smoke detectors, and a halon fire suppression system. One other significant difference is there is no flight
engineer on the baseline aircraft, only a two-man flight crew.

In a cargo compartment smoke/fire alert, the smoke detectors would sense the smoke and provide an alert
warning to the flight deck. The flight crew would, as in 'he scenario, interrogate the detection system
through the flight deck test panel and consult the fligh, manual to confirm abnormal or emergency proce-
dures prior to initiating emergency measures. The crew would then respond by discharging the No. I fire
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suppression bottle, flooding the compartment with halon, maintaining a sufficient concentration to suppress
a fire for approximately 80 minutes. The suppression system should provide sufficient time to reach an
airport and allow an evacuation of the airplane. The baseline system will minimize the potential for fatali-
ties, although injuries associated with an emergency evacuation are assumed to occur.

7.1.1.2 Concept A

Concept A incorporates two multi-pulsed, "and" linked photoelectric smoke detectors in the cargo compart-
ments and the electronic checklist on the flight deck that will display the emergency procedures for an aft
cargo compartment fire alert.

The improved system reliability achieved by integration of the multi-pulsed smoke detector will increase
the flight crew confidence in the alerting system, by reducing the potential for false alarms. This increased
confidence, coupled with the electronic checklist, should result in an immediate activation of the aft cargo
compartment fire procedures, providing several minutes of additional time for diverting to an alternate
airport. Upon landing, normal emergency evacuation procedures would be initiated.

Time saved in landing the aircraft safely results from:

a) Increased confidence in the detection system, thus eliminating time spent rechecking the
system and revivifying sensor alerts;

b) Automatic display of the emergency procedures eliminates the time required to search for the
proper procedure.

7.1.1.3 Concept B

The Concept B airplane has the detection capability of Concept A detection system but incorporates dual
"and" linked analog smoke detectors and a thermal detection in the cargo compartment. The flight deck
capabilities are significantly increased with the addition of an inflight diversion planner and synoptic
display.

The scenario response for Concept B would be similar to that of Concept A. The flight deck will realize
additional confidence in the system due to the added reliability of analog output detection devices that
reduce the potential for false alarms associated with discrete output detectors. Implementation of the
electronic checklist will assure the completion of the correct cargo fire procedures. The inflight diversion
planner will be used to confirm that landing at an alternate airport is the most expedient option for the
flight crew. Additional information will be provided on the selected airports, weather, runway, field condi-
tions and emergency capabilities.

The thermal and smoke environment of the aft cargo compartment could be monitored on the flight deck
using the synoptic display should sufficient time be available. Monitoring would be of value for early
detection of possible re-ignition and the decision to discharge halon bottle No. 2. Early discharge is un-
likely, but a damaged cargo liner may not contain the halon at suppressions levels for the full 80 minutes.
Upon landing, if the cargo compartment temperature monitor indicated the lack of a hazard, an emergency
evacuation could be performed in a orderly/controlled manner, or even avoided altogether, reducing the
potential for injuries to passengers and crew.

Time saved in landing the aircraft safely results from:

a) Increased capabilities of the detection system;

b) Auzomatic display of the proper emergency procedures;

c) Inflight diversion planner in locating the nearest suitable airport;

d) Monitoring conditions with synoptic display capability.
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7.1.2 Scenario No. 2

This scenario involves a narrow-body, two-engine jet airplane with a two-person flight deck crew. A fire
started in the area of the aft lavatory and spread behind the interior panels (an area not covered by detec-
tors or accessible for extinguishing). The fire was detected approximately nineteen minutes after ignition
and the airplane diverted eight minutes after detection. Fire fighting started soon after detection, but had
little effect. The airplane landed twenty-two minutes after the fire was detected and an evacuation was
started immediately. Flashover, as a result of excessive heat buildup, consumed the cabin before everyone
was evacuated.

7.1.2.1 757 Baseline Airplane
The 757 baseline airplane is different from the scenario airplane in that it is equipped with lavatory smoke
detectors, flush motor overheat protection, interiors incorporating stringent flammability materials, and
lavatory trash bins that have auto-discharge halon extinguishers. Additionally, as a result of several lavatory
smoke/fire incidents, crew duties are now more clearly defined for this type of emergency.

The first indication of an electrical problem would be tripping of circuit breakers, followed by the lavatory
smoke detectors sounding as the smoke entered the lavatory. This system might possibly provide a fire
warning about ten minutes before smoke would be noticed outside the lavatory. The cabin crew would
initiate fire fighting procedures and provide the flight deck with an assessment. The flight deck would not
be aware of the incident until communications, via the handset, was established by the cabin attendants
(757 procedures require both pilots remain in the flight deck during an emergency). The flight deck would
then initiate emergency procedures and begin diversion to the nearest airport. Air Traffic Control would be
informed and a diversion started approximately eighteen to twenty minutes sooner than in the scenario.
Upon landing, an emergency evacuation would be carried out. More efficient cabin floor proximity would
facilitate evacuation in a smoke filled cabin. The potential for an increased number of survivors would be
greatly enhanced.

7.1.2.2 Concept A

Concept A provides for a smoke detector in the lavatory amenities cabinet in addition to those already in
the lavatory. The detectors provide warning to the flight deck and the three cabin attendant panels via the
aircraft avionics bus.

The smoke detector in the amenities cabinet would alarm first, initiating a warning that is displayed at the
cabin attendant panels and on the flight deck. The warning would occur sooner as the cabinet detector is
located closer to the fire source. The cabin crew would respond to the alert by pushing the alert button on
the cabin attendants panel and assessing the alert. The alert button informs the flight deck, non-verbally,
that the incident is being investigated. The cabin attendants would inform the flight deck, via the handset,
on the conditions and the procedures being deployed to manage the situation.

The cockpit would be immediately aware of the incident as the lavatory detectors are linked to the flight
deck. The electronic checklist would be displayed, automatically with the triggering of the alarm, providing
the flight crew with the procedures for the incident. This list would include the removal of electrical power
to the effective lavatory, divert to nearest airport, and the smoke evacuation procedures to be undertaken if
conditions warrant. Communicated with the cabin attendants would first be non-verbally and then by the
hand-set. Once on the ground, an emergency evacuation would be initiated with the aid of the proximity
floor lighting.

Time saved in landing the aircraft safely results from:

a) The additional lavatory smoke detector located under the amenities counter;

b) Flight deck alert displays linked to the lavatory smoke detectors;
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c) Reliable non-verbal communications between flight deck and cabin attendants;

d) Automatic display of the emergency procedures.

7.1.2.3 Concept B

The Concept B airplane incorporates all the capabilities of Concept A with the addition of thermal detection
in the cabin ceiling and an inflight diversion planner on the flight deck.

The scenario would progress as it did for the Concept A system. The thermal detection feature of
Concept B would, most likely, not contribute to the initial detection. The inflight diversion planner would
enable a faster decision in selecting a suitable airport with a reduction in crew workload. The planner
provides information on landing field lengths, emergency services, and weather conditions. As conditions
stabilized and the flight crew workload lessens the flight deck may choose to use the synoptic display to
monitor the thermal conditions in the airplane, for information regarding any possible spreading of the fire.
Upon landing, an emergency evacuation would be initiated. All passengers and crew members should
survive.

Time saved in landing the aircraft safely results from:

a) Additional lavatory smoke detector located under the amenities counter;

b) Flight deck alerts linked to the lavatory smoke detectors;

c) Improved non-verbal communications between flight deck and cabin attendants;

d) Electronic checklist for automatic display of emergency procedures;

e) Inflight diversion planner for alternative airport selection;

f) Thermal monitoring capability using the synoptic display.

7.1.3 Scenario No. 3

This scenario involves a widebody four-engine jet with a two-person flight deck crew and ten member
cabin crew. During the flight a fire warning in the aft cargo compartment sounded. Further investigation
lead to the conclusion that the alarm was false. When the same alarm sounded a second time, emergency
procedures were implemented. The fire extinguisher was discharged into the cargo compartment, the crew
donned oxygen, and implemented smoke evacuation procedures (there was no smoke in the flight deck or
cabin). Clearance for an emergency flight departure was requested and approval for diversion was received.
Upon landing emergency evacuation procedures were conducted, resulting in minor injuries to some of the
passengers. Investigation of the aircraft revealed that a smoke detector had malfunctioned because of a
connector grounding.

7.1.3.1 Baseline 757 Airplane

The current 757 airplane has Class C cargo compartments, with dual smoke detectors and halon fire
suppression capability similar in function to that of the scenario aircraft. The photoelectric smoke detectors
are discrete in function but are "and" logic coupled to reduce the potential for false warnings.

Should a cargo fire warning be sounded, the crew response is to discharge the halon fire suppression agent
and implement company emergency guidelines fc - diversion. The crew would not don oxygen or imple-
ment smoke evacuation procedures unless smoke was actually entering the flight deck and/or cabin. The
diversion would be normal, that is choosing the closet airport available, weather conditions permitting.
After landing the airplane would be evacuated utilizing standard procedures. There would be little or no
change in procedures for the baseline aircraft from that of the scenario aircraft.
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7.1.3.2 Concept A

The Concept A airplane incorporates photoelectric smoke detectors mounted in pairs that use consecutive
pulse monitoring coupled with "and" logic to increase system reliability and to reduce false warnings. This
would decrease the possibiity of this scenario occurring. However, should this scenario occur, a fire
warning would be displayed on the flight deck on the upper EICAS panel and the electronic checklist for
this particular alert would be displayed on the lower EICAS panel. Immediate implementation of aft cargo
compartment fire procedures would begin. These procedures entail discharging the No. 1 halon suppres-
sion bottle into the aft cargo compartment and begin diversion to the nearest airport. After eighty minutes
or upon landing approach the second halon bottle is discharged. Emergency evacuation procedures would
be initiated once the aircraft stops. There would be no changes from the basic scenario for either the
baseline aircraft or Concept A aircraft.

7.1.3.3 Concept B

The Concept B airplane incorporates analog photoelectric smoke detectors mounted in pairs coupled with
"and" logic to improve system reliability and to reduce false alarm warnings. The cargo compartment is also
monitored for fire events by a digital output thermal detector. The ability to monitor two parameters of a
fire event (smoke and heat) may provide a further reduction in false alarms, by requiring both parameters
to "see" a fire. (Consideration should also be given to optical detectors as a second source due to their
faster response time for "verifying" the primary detector).

Should a false alarm occur, the flight deck would be alerted by the cargo compartment fire warning system.
The emergency procedure for an aft cargo fire would be displayed on the EICAS electronic checklist.
Following the implementation of the emergency procedures, additional information on the nearest suitable
airport would be available for selection by the flight crew on the inflight diversion planner, also displayed
on the lower EICAS display. The use of the planner will reduce the time required for the flight crew to
select and divert to an alternative airport. After completing the emergency checklist and selection of a
secondary airport, the time history of the thermal and smoke profile could be monitored for changes in
conditions within the cargo bay. Upon entering the landing approach the thermal profile could be briefly
reviewed to determine if a full emergency evacuation procedure should be implemented. If the thermal
monitor displayed no indication of heat buildup the emergency evacuation procedures may not be initiated
and a more orderly deplaneing could be conducted, thereby reducing the potential for passenger injury.

7.1.4 Scenario No. 4

This scenario involves a narrow-body three-engine jet with a two-person flight deck crew. A fire warning
was sounded in the aft lavatory (later determined to be false). The lavatory was inspected by the First
Officer and Flight Attendant, neither finding any sign of smoke, flame, or heat. The lavatory was placarded
"OUT OF SERVICE" for the balance of the flight and the airplane continued to its destination. Subsequent
inspection found a faulty detector.

7.1.4.1 757 Baseline Airplane

The baseline airplane is equipped with binary smoke detectors that sound an aural alarm from within the
lavatory. A customer option is available that would display lavatory smoke and fire events on the Upper
EICAS display.

When an alarm is sounded, the occurrence is investigated by the cabin crew and immediately reported to
the flight deck. If there are no indications of smoke or fire, the detector would be reset, providing for
continued monitoring. The lavatory may or may not be placarded as a matter of company policy and crew
discretion. The captain may decide on a further action such as diverting. W?,h the absence of any evidence
to support the likelihood of a smoke or fire event, in all probability the flight would continue on to its
scheduled destination.
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7.1.4.2 Concept A

Concept A provides for additional detection capability in the lavoratories by the addition of a smoke
detector in the amenities cabinet. All lavatory fire warnings are displayed on the flight deck as well as on
the three cabin attendant panels.

The cabin crew wouk'. -'spolid to the alert, first by pushing the flashing button on the cabin attendants
panel. This action provides for non-verbal cor ,,nunication with thc flight deck ior when the attendant
pushes the button the light changes form blinking to steady state, thus alerting the flight deck that the cabin
crew is investigating the alert. Following inspection of the alert the cabin attendant could then establish
verbal communication with the flight deck over the aircraft intercom handset located on the attendants
panel. The attendant would reset the alarm(s) and the lavatory would continue to be monitored. The
lavatory may be placarded for the duration of the flight. The flight deck would be made aware of the initial
incident upon the detector alerting. The alert would cause the electronic checklist to display the correct
lavatory emergency procedures on the lower EICAS screen. The flight deck would know that the cabin
attendants were responding to the emergency due to the capability of the cabin attendant panel. Once
handset communications were established, the captair ould decide what, if any, action should be taken.
With the lack of collaborative data to indicate a problem, the flight would probably continue to it's sched-
uled destination.

7.1.4.3 Concept B

The response with the Concept B system would be the -'-mc j- with Concept A. The detector alerts and
crew procedures implemented are the same for both concepts. Should the flight deck crew decide to divert
to an alternate airport then the inflight diversion planner would be available to provide alternate route and
airport information.

7.1.5 Scenario No. 5

This scenario involves a widebody three-engine jet with a two-person flight deck crew and cabin crew of
twelve. A smoky odor was detected in the aft cabin area by the flight attendant. Further investigation
revealed a fire had started in the amenities counter from a discarded cigarette. The fire did not develope to
the flame stage clue to rapid detection and immediate extinguishing by the cabin crew. The fire was
confirmed extinguished approximately seventeen minutes after detection but a decision was made to divert
as a precaution. Emergency evacudion procedures were not implemented when the aircraft stopped. All
passengers exited safely.

7.1.5.1 757 Baseline Airplane

The 757 baseline airplane is equipped with a photoelectric smoke detector in the lavatory ceiling and a
thermal fused halon potty bottle above the waste paper container which discharges when the thermal fuse
reaches its melting temperature. The ceiling smoke detector will provide an audible alert to the cabin crew
and the procedures followed will be the same as in the above scenario.

7.1.5.2 Concept A

The lavatory smoke/fire detection for Concept A adds a smoke detector under the am-vnities cabinet in each
of the lavoratories. Eac, of the detectors is integrated into the avionic bus with the alerts displayed on the
flight deck as well as at the three cabin attendant panels. An electronic checklist will display the proper
emergency procedure the alerts. Events would be the same as in the base scenario.

7.1.5.3 Concept B

Concept B does not provide any additional smoke/fire detection systems that would enhan,_e the perfor-
mance of the aircraft or crew in this scenario. The chain events would probably unfold the same as they
did in Concept A. I lowever. Concept B is equipped with an inflight diversion planner capability that
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provides information about the nearest airport, estimated time of arrival to the airport, runway length, and
emergency services. The decision to divert and land is at the discretion of the flight deck crew.

7.1.6 Scenario No. 6
This scenario involves a widebody four-engine jet with a three-person flight deck crew and an unknown
number of cabin crew. A passenger reports the smell of overheating electrical equipment. Upon investiga-
tion, the cabin attendant turned off the overhead lights and reported to the captain who directed the circuit
breakers also be pulled. Subsequent investigation by the maintenance crew revealed a faulty light ballast
unit in the ceiling area which overheated causing an odor in the cabin. Rapid detection and removal of
electrical power prevented any smoke or fire. The flight continued to its destination.

7.1.6.1 757 Baseline Airplane

An overheated light ballast is assumed to have been detected and dealt within the same manner as the
above scenario.

7.1.6.2 Concept A

The scenario for Concept A would be the same as the base scenario. However, earlier detection of the
overheat and possible smoke might be detected by the overhead (ceiling) detectors. Air movement in the
ballast area would certainly influence if smoke was to reach the ceiling detectors and alarm.

7.1.6.3 Concept B
The scenario for Concept B would be the same as the base scenario. With the apparent small amount of
heat produced by the ballast unit, a ceiling mounted thermal detector would probably not detect the
overheat conditions.

7.1.7 Scenario No. 7
This scenario involves a narrow-body two-engine jet with a two-person flight deck crew. Smoke began
entering the flight deck from just below the flooring. A visuals check of the instruments panels did not
reveal any abnormalities. Smoke could not be detected in the cabin area. The crew donned masks and
began implementing the emergency checklist for electrical fire and smoke shutdown procedures for the
non-essential electrical equipment. An emergency was declared four minutes after detection. The source of
the fire never progressed beyond the smoldering stage, but the smoke remained throughout the flight, both
in the passenger cabin and on the flight deck. Fourteen minutes after detection the airplane landed at a
diversion airport and was evacuated via the emergency slides. Subsequent inspection revealed a wire had
overheated in one of the navigation computers producing the source of smoke.

7.1.7.1 757 Baseline Airplane
The 757 baseline airplane has photoelectric smoke detectors located in the E/E bay that would detect
burning/smoking wiring. The detectors are linked to the avionics data bus and alerts are displayed on the
EICAS display panels. All of the electrical equipment is protected from overheat by circuit breakers.

A wire overheat, as in the scenario, should be detected by the E/E bay detector triggering an alert on the
flight deck. The recirculation fans would be shut off, thus venting the E/E bay cooling air and smoke
overboard. The air packs would be commanded to high flow configuration. Diversion to an alternate
airport is assumed to occur as in the base scenario.

7.1.7.2 Concept A

Concept A incorporates the same smoke detection sensors in the electronics equipment bays that is cur-
rently installed on the 757-200 baseline aircraft. These sensors are linked to the avionics data bus and alerts
are displayed on the EICAS panels. In a smoke/fire alert in the lower electronics equipment bay the elec-
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tronic checklist for this event will be displayed on the EICAS panel. The procedures are then manually
implemented by the flight deck crew.

Time saved in landing the aircraft safely results from:

a) Rapid detection of the smoke/fire event;

b) Automatic display of emergency procedures to insure faster and correct implementation.

7.1.7.3 Concept B

The Concept B system incorporates the same smoke/fire detection equipment in the E/E bay that is utilized
in both Concept A and the baseline 757. The emergency procedures for this type of event are the same as
in the Concept A system and are displayed on the flight deck and implemented manually. If a decision to
divert to an alternate airport is made, the inflight diversion planner provides data on alternate airports, field
conditions, weather information, and flying time. The planner reduces crew work load in locating and
setting course to a diversion airport.

Time saved in landing the aircraft safely results from:

a) Rapid detection of the smoke/fire event;

b) Automatic display of the correct emergency procedures;

c) Inflight diversion planner for locating an alternate airport.

7.1.8 Scenario No. 8

This scenario involves a widebody two-engine jet with a two-person flight deck crew. Combustion started
in a coat closet and smoke was detected in the cabin within a few minutes. Extinguishing started two
minutes after detection and an emergency was declared five minutes after detection. A diversion was
initiated seven minutes after detection and the fire was completely extinguished ten minutes after initial
detection. The airplane landed and an emergency evacuation occurred twenty-two minutes after detection.
Due to the rapid detection and extinguishing, the fire did not grow beyond the smoldering stage. Smoke in
the cabin caused some passenger panic and several people were treated for smoke inhalation.

7.1.8.1 757 Baseline Airplane

The baseline airplane is not equipped with smoke/fire detectors in the closet or cabin area of the airplane.
Detection would depend on the presence of the cabin occupants (passengers and crew) and be addressed
in the same manner as the base scenario.

7.1.8.2 Concept A

Concept A provides for installation of smoke detectors to the cabin attic, spaced along the length of the
ceiling and an electronic emergency checklist that provides guidance to the crew for addressing cabin
smoke/fire emergencies.

A smoldering fire in a coat closet would be sensed by the smoke detectors located in the attic. Selective
location of these detectors will provide better protection to the passenger cabin area and reduce the time
required for detection at the onset of the emergency. The detector will provide an alert to both the flight
deck and at the cabin attendant panels. The cabin crew would respond, pressing the correct alert light and
begin an immediate investigation. Simultaneously, the fire warning will be displayed on the flight deck
along with the electronic checklist. Once the cabin attendants assess the nature and severity of the alert,
voice communication is established with the flight deck. The crew would initiate diversion procedures as a
precautionary measure.
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Time saved in landing the aircraft safely results from:

a) Early detection by the smoke detector located in the attic area of the passenger cabin;

b) Automatic display of the correct emergency procedures;

c) Improvement in flight deck/cabin attendant communications.

7.1.8.3 Concept B

Concept B incorporates the same smoke detection capabilities of Concept A but has, in addition, a thermal
detection system that monitors temperatures in the attic and the inflight diversion planner on the flight
deck.

The outcome of the scenario for Concept B will be the same as for Concept A. Smoke will be detected by
the attic detectors, with the similar responses by the cabin attendants and flight deck. The Concept B
system is enhanced by the addition of the inflight diversion planner that provides information on the
nearest suitable airports. The in-flight capability will assist in speeding the decision, at reduced workload, to
land the aircraft at an alternate airport.

Time saved in landing the aircraft safely results from:

a) Early detection by the smoke detector located in the attic area;

b) Automatic display of the correct emergency procedures;

c) Improvement in flight deck/cabin attendant communications;

d) Inflight diversion planner identifies nearest suitable airports for possible diversion.

7.1.9 Scenario No. 9

This scenario involves a narrow-body two-engine jet with a two-person flight deck crew. The passenger
cabin filled with smoke, that was initially thought to originate from an electrical failure. Subsequent trial
and error analysis determined that the source of smoke was the left air-conditioning pack. The shut down
for the left pack was followed by an engine fire warning that required engine shutdown and diversion to
the nearest airport.

7.1.9.1 757 Baseline Airplane

In the baseline 757 airplane, the initial procedures for determining the source of cabin smoke is similar to
that given above. Once it is determined that the smoke is not the result of an electrical problem, additional
action to determine the smoke source would be initiated. The pack isolation procedures have been deleted
from the 757 manual as changes in pack design has greatly reduced smoke being generated as a result of
pack failure. To isolate a faulty pack the flight deck would need to employ a trial and error method, first
shutting down one pack for 5 minutes and observing if the smoke decreases. If the smoke does not de-
crease, then the pack is brought back online and the second pack is shut down.

For engine fire warnings, the procedures require the immediate shutdown of the engine and diversion of
the aircraft to the nearest suitable airport.

7.1.9.2 Concept A

Concept A incorporates a pair of smoke detectors coupled with "and" logic in each of the air conditioning
pack outlets. The smoke detectors in the pack outlet will trigger an upper EICAS panel display "pack
smoke alert," and the lower EICAS will display the pack isolation procedure. This procedure will hasten the
shutdown of the pack before a significant amount of smoke could enter the cabin. Significant time in
isolating a faulty air pack can be achieved with the implementation of the smoke detectors in the pack
outlets by eliminating the trial and error procedures. Early detection and identification of the smoke source
will result In a significant reduction in the amount of smoke that enters the passenger cabin.
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The procedures for engine fire warning, emergency shutdown, and diversion are the same for both Con-
cept A and the baseline. However, should the engine fire detection occur during the pack smoke alert, the
electronic checklist has a priority override that establishes the higher priority of the two checklists, that is
the engine fire. The electronic checklist will reduce the crew workload in identifying the source of the
smoke, locating the correct procedures and establishing crew reaction priorities.

Time saved in landing the aircraft safely results from:

a) Smoke detection capability in the two pack outlet ducts;

b) Electronic checklist for automatic display and prioritization of emergency procedures.

7.1.9.3 Concept B

For a cabin smoke emergency scenario previously described, the Concept B system response would be
identical to that performed in Concept A. Again, trial and error identification procedures are eliminated.
Concept B will have the additional capability of the inflight diversion planner, that will facilitate landing the
airplane at the nearest airport.

Earlier and precise detection of the smoke source and the electronic checklist capability would be the same
as in Concept A. Concept B has the additional benefit of being able to identify the nearest diversion airport,
at reduced crew workload, by the use of the inflight diversion planner.

Time saved in landing the aircraft safely results from:

a) Early smoke detection - detectors located in the outlet duct of each pack;

b) Electronic checklist for automatic display and prioritization of emergency procedures;

c) Inflight diversion planner to identify nearest airport and reduce crew work load.

7.1.10 Scenario No. 10
This scenario involved a widebody tri-engine jet with a three-person flight deck crew and 11 member cabin
crew. A lint and debris fire started in the sidewall area adjacent to the lower lobe galley from an arcing
electrical power cable. The smoldering fire produced smoke that was distributed overhead, fore and aft
within the cheek area. The small fire caused the failure of an aluminum hydraulic line that provided a
source of additional smoke. The fire was detected, by the lower lobe galley smoke detector, nine minutes
after ignition. After reviewing the proper procedures, the Flight Engineer was sent, with hand held fire
fighting equipment, to investigate the fire. First attempts at extinguishing were not successful and were
repeated in diminishing conditions. Air Traffic Control was informed of the smoke situation three minutes
after detection but diversion was not started until forty minutes after detection. After reviewing several
alternate airfields on the flight path, a military field was selected. Even though several airports were closer
they were not selected due to runway length, weather or the availability of emergency equipment. The
airplane was finally landed and evacuated seventy-seven minutes after detection. The fire had progressed
and was in the flame stage just prior to landing. Ground firefighters finally extinguished the fire.

7.1.10.1 757 Baseline Airplane
The baseline airplane is a narrow-body and does not contain a lower lobe galley. Therefore, this scenario is
not applicable to this aircraft.

7.1.10.2 Concept A

This scenario is not applicable to the 757-200 baseline aircraft due the absence of a lower lobe galley.
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For a lower lobe galley equipped aircraft, an ionization smoke detector would be part of the ACES system,
providing smoke/fire protection to this area, same as the base scenario aircraft. The detector would be
linked to the cabin attendant panels and to the flight deck. The verbal and nonverbal communications
feature that the ACES system provides between flight deck and cabin attendants would be beneficial to this
type aircraft. For a two person crew aircraft, the responsibility for responding to a lower lobe smoke alert
would be the duties of the flight attendants.

The electronic checklist would save considerable time in responding to lower lobe galley smoke/fire alerts.
The correct procedures would be displayed on the lower EICAS screen upon the first indication of an alert
to the flight deck. With the Concept A ACES system the cheek fire would be treated as a lower lobe galley
fire, same a't the base scenario. The low hydraulic system pressure alert would indicate that a higher
priority problem was occurring and the procedure for such a event would be displayed on the electronic
checklist. The information regarding a hydraulic system failure may alert the flight deck to the correct
location of the fire.

Time saved in landing the aircraft safely results from:

a) Automatic display of the proper emergency procedures which are prioritized to reflect the
nature of the events;

b) The cabin attendants panels and communication systems would provide for quicker exchange
between the crew attending to the emergency and the flight deck.

7.1.10.3 Concept B

The Concept B aircraft has thermal monitoring capability installed in the lower lobe cheek and sidewall
areas. A thermal or flame incident should be detected by the thermal detector in the cheek area when
enough heat has been produced to increase the temperature around the sensing element. System resolution
and the proximity of the heat source to the sensor are key elements in accomplishing early detection. The
system would alert the flight deck as to the location of the overheat/fire thus avoiding the mistaken conclu-
sion that it is a lower lobe galley incident. The emergency procedures for a cheek area incident would be
to shed electrical load and possibly reconfigure the air distribution system to 100% fresh air. Identification
and isolation of the smoke source quickly will provide time for other procedures such as smoke venting to
be implemented before the conditions are noticed or intolerable in the cabin.

The inflight diversion planner will immediately provide the flight deck information on the nearest airports,
weather conditions, and the availability of emergency equipment and services all of which contribute to the
decision on where to land the aircraft. The synoptic display feature provides a time history of the incident
that can be monitored on the flight deck. This capability would be of value if the intensity of the fire
indicated a rapidly deteriorating situation, forcing the captain to choose a less than optimum airport for
landing.

Time saved in landing the aircraft safely results from:

a) Thermal monitoring, enabling correct diagnosis of incident location;

b) Automatic display of the emergency procedures;

c) Inflight diversion planner providing real time data on the location of the nearest suitable
airport;

d) Synoptic system display capability that provides a time history of the thermal detector output.

7.1.11 Scenario No. 11

This scenario involves a narrow-body two-engine jet with a two-person flight deck crew and five member
cabin crew. Food trays left in a galley oven began smoldering and went unnoticed for a short period of
time. The smoke was detected by a passenger twelve minutes after the smoke started. The cabin crew was
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alerted and an initial attempt was made to extinguish the smoldering food. The smoking continued
unabated. The First Officer was sent to investigate with an additional hand held extinguisher. A possible
emergency was declared by the captain seven minutes after initial detection. Circuit breakers to the ovens
were pulled, removing power from the galley four minutes after detection. The fire was confirmed extin-
guished twenty minutes after detection. A diversion was initiated twenty-seven minutes after detection due
to problems of smoke in the cabin. The airplane landed without incident or the need for emergency
evacuation. The doors were opened prior to taxiing to the gate.

7.1.11.1 757 Baseline Airplane

The baseline airplane does not incorporate smoke/fire detectors in the passenger cabin or galleys. Cur-
rently, the most reliable and sensitive detector is still the passenger when it comes to detecting smoke,
odors, etc., in the open cabin area. The events would be the same as the above scenario.

7.1.11.2 Concept A

The Concept A aircraft will add additional detection capability to the passenger cabin: galley ceiling smoke
detectors, attic ceiling smoke detectors, and the electronic emergency checklist to the baseline airplane.

The galley ceiling detectors would sense the smoke much sooner than given in the scenario. Ionization
smoke detectors are extremely sensitive to very small aerosol/smoke particles. An alarm would be triggered
at the cabin attendants panels and provide an advisory message on the flight deck. The cabin crew would
respond to the cabin attendants panel chime and indicator lights that denotes the affected galley. The cabin
attendants have the primary responsibility to first investigate and assess the source of the alert. Their initial
cabin crew/flight deck communications would be nonverbal through the use of the cabin attendants panel.
Verbal communication would then be established with the flight deck to apprise them of the on going
nature of the situation.

The flight deck would become simultaneously aware of the incident via the Master Warning/Caution
alerting system. The electronic checklist would indicate the alarm originated in the aft galley and provide
the procedures to be performed for an aft galley fire, including electrical power isolation and air distribu-
tion reconfiguration. The electronic checklist would save several minutes over the base scenario by remov-
ing the necessity to manually locate the procedures handbook. Smoke removal procedures would be
available on the checklist if conditions should warrant their implementation.

Time saved in the aircraft safely results from:

a) Quicker detection of smoke with galley smoke detectors;

b) Automatic display of the emergency procedures;

c) Faster communication between the flight deck crew and cabin crew by use of the cabin
attendants panel.

7.1.11.3 Concept B
The Concept B aircraft has all the improvements of Concept A, plus the capability of both the inflight
diversion planner and thermal monitoring.

The sequence of events would be similar to those described in Concept A above. After the flight deck
completed steps given by the electronic checklist, the inflight diversion planner would be called up on the
lower EICAS display to provide information on the nearest airport to be accessed. Data, such as time to the
airport, weather conditions, runway lengths, and equipment available can be displayed.

Time saved in landing the aircraft safely results from:
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a) Faster detection as a result of smoke detectors installed in the galleys;

b) Automatic display of the emergency procedures;

c) Inflight diversion planner to provide information on available alternate airports.

7.1.12 Scenario No. 12

This scenario involves a narrow-body four-engine jet with a three-person crew. This was an all-cargo
airplane on an overseas flight when a fire started in the main deck compartment from spilled corrosives.
The fire was detected by the crew 34 minutes after ignition, when the smoke entered through the return air
grilles that connected the cockpit to the avionics bay. The crew did not determine the location nor source
of the fire. Two minutes after detection, a turn back was initiated, but there was no urgency to land at the
nearest airport. En route, the conditions grew worse and the crew requested the closest airport. Control of
the airplane was lost 36 minutes after detection and less then five minutes before landing due to the
improper shedding of the electrical load. The yaw damper had been turned off.

Note: The baseline scenario does not define the fire detection system on the airplane, the air distribution
system, nor the -air path between the cockpit and main deck cargo compartment.

7.1.12.1 757 Baseline Airplane

The baseline airplane that most closely simulates the scenario aircraft is the 757 package freighter. This
aircraft is configured with smoke detectors in the main deck cargo area. The cargo compartment is com-
pletely separated from the cockpit by a rigid barrier and the crew door does not penetrate the cargo
compartment. The cockpit air supply is directly from the air pack and vents along the lower lobe cheek
areas to the outflow valve.

In this scenario it is expected that the main deck smoke detectors would sense the smoke soon after the
acid spill. This should remove the confusion which existed in the base scenario as to the location of the
fire. The crew would initiate a diversion to the nearest airport. Early diversion (or turn back) would put the
airplane back on the ground within 20 minutes (the same time it took the crew to detect the smoke in the
baseline scenario), providing the crew time to evacuate the airplane.

7.1.12.2 Concept A

The Concept A aircraft would add dual, multi-pulsed, "and" linked smoke detectors to the main deck cargo
compartment and an electronic emergency checklist on the flight deck.

The smoke generated from an acid spill, as described in the base scenario, is expected to be detected as
described in the baseline 757 airplane. An alert of this type would cause the appropriate electronic emer-
gency checklist to display the emergency procedures for controlling airflow in the fuselage and to divert to
the nearest airport.

The ACES system, in conjunction with better flight deck awareness of smoke/fire incidents, should result in
earlier detection of the event and diversion to an alternative airport, thus providing the crew additional time
to evacuate the airplane.

Time saved in landing the aircraft safely results from:

a) Detection of incident sooner;

b) Automatic display of the emergency procedures;

c) Heightened crew awareness of seriousness of a smoke/fire event
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7.1.12.3 Concept B

The Concept B aircraft incorporates analog smoke detectors, a thermal monitoring system, the inflight
diversion planner, and synoptic display to the Concept A system.

An acid spill, as described in the base scenario, would be detected at the same time as in Concept A (about
10 minutes after the spill). The electronic checklist would display the appropriate procedures and the
inflight diversion planner would automatically display a selection of airports for possible diversion. The
synoptic display system would be available to monitor both the level of smoke and temperature in the
compartment while the aircraft is diverting to an alternate landing site.

Time saved in landing the aircraft safely results from:

a) Detection of incident sooner;

b) A ,tomatic display of the emergency procedures;

c) Inflight diversion planner for locating nearest airport;

d) Synoptic display for monitoring event - thermal and smoke;

e) Heightened crew awareness of seriousness of a smoke/fire event.

7.1.13 Scenario No. 13

This scenario involves a widebody two-engine jet with a two-person flight deck crew. A cabin fire started
from a lighted match igniting papers and lighter fluid in a passenger's hand luggage. The fire quickly
spread to adjacent seats and furnishings. The fire was detected in less than one minute and completely
extinguished within four minutes. Five minutes after detection an emergency was declared by the Captain
and a diversion initiated. During descent, after the aircraft had reached safe altitude and airspeed the doors
were opened to improve smoke removal. The airplane landed and the evacuation was complete twenty-
four minutes after the fire was detected. The fire did not developed beyond a short flame stage due to
rapid detection and extinguishing.

7.1.13.1 757 Baseline Airplane

All newer airplanes use improved flame resistant materials for seats and interior furnishings. The incident
would be instantly detected by the passenger responsible and responded to rapidly by the cabin crew.

The sequence of events would not differ from the base scenario.

7.1.13.2 Concept A

Concept A has smoke detectors in the attic area, electronic checklist, and expanded cabin attendant panel
capability.

The sequence of events would be similar to the base scenario. Given the speed with which the incident
was detected by the cabin attendants the attic smoke detectors would not be expected to respond until
after the flight deck had been informed by a cabin attendant. The flight deck would access cabin smoke
venting procedures by using the electronic emergency checklist. The flight deck crew would remain on the
flight deck and rely on the cabin attendants to communicate using the handset. The scenario would
progress in the same manner as described in the baseline 757 case.

7.1.13.3 Concept B

The application of the Concept B systems to this scenario would have similar results to those expected in
Concept A. The addition of the inflight diversion planner to Concept A is the single feature that has an
impact.
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Events would be similar to Concept A, however, the inflight diversion planner would reduce the workload
of identifying and navigating to a diversion airport. Due to the rapid extinguishing of the fire the attic
detectors, smoke and heat, would probably not alarm.

7.1.14 Scenario No. 14

This scenario involves a narrowbody, Combi configured aircraft with the Class B main deck cargo compart-
ment located in the forward half of the airplane. The aircraft carries a two person flight deck crew and a
full complement cabin crew, one of whom is the on-board firefighter (F/F). The Class B cargo compartment
is equipped with a smoke detection system but no extinguishing capability, other than hand held extin-
guishers deployed by the on board F/F. Two hours after take-off a smoke odor is noticed by a cabin
attendant, who relays the information to the flight deck. The flight crew evaluates the aircraft systems and
no abnormal conditions are found. The odor increases and the flight deck is again informed. The F/F enters
the main deck cargo compartment to investigate. Upon entering the source of smoke becomes evident as a
thin haze hangs in the air. Simultaneously the smoke alarm sounds on the flight deck. The flight deck crew
initiates a diversion to an alternative airport following the first indication of alarm. The F/F then retrieves a
fire extinguisher charged with halon. Upon returning to attack the fire he finds the smoke density has
increased dramatically and alerts the flight deck. A cargo pallet is the source of the smoke, due to low
visibility the best place to discharge the halon is difficult to determine. The F/F discharges the halon and
goes to retrieve a second extinguisher. Following the discharge of the second extinguisher the situation
appears to improve. The F/F leaves the compartment to escape the irritating smoke after having assessed
the situation as stabilized. Smoke had entered the passenger compartment causing noticeable tension
among the passengers. The F/F prepares to reenter the compartment to further assess the situation. Smoke
continues to enter the passenger compartment whenever the F/F opens to door to enter the cargo compart-
ment. The passenger compartment slowly clears of smoke, but passenger anxiety is high. The nearest
airport remains 40 minutes away. The Class B cargo compar'nent remains full of smoke for the duration of
the flight, but no additional smoke enters either the passenger compartment or the flight deck. The airplane
lands and the emergency slides are deployed to evacuate the aircraft.

7.1.14.1 757 Baseline Airplane

The 757 Combi configured airplane employs "fire blankets" to cover all palletized cargo, a trained F/F, and
a smoke detection system. The fire blankets cover the cargo to form a mini Class D cargo compartment.
Any fire occurrine inside the cover pallet will be suppressed as a result of oxygen starvation. If smoke
should leak out from under the blanket the smoke alarm would sound and the F/F would don a fire
protection suit and investigate/attack the fire using hand held fire extinguishers. The event should not
progress to the extent it did in the base scenario, minimal smoke should enter the passenger compartment.

7.1.1i.2 Concept A

Concept A has multi-pulsed "and" linked photoelcctric smoke detectors in the Ciss B rargo compartment
and an electronic checklist on the flight deck. Fire blankets are assumed to be used in future 757 Combi
aircraft. The electronic checklist would insure that all flight deck procedures would be carried out in a
timely and correct manner. This scenario would duplicate the 757 baseline situation; minimal smoke should
enter the passenger compartment and the passengers may well never know of the incident until the
emergency evacuation was made.

7.1.14.3 Concept B

The addition of a thermal monitoring system, the inflight diversion planner, and the synoptic display are the
Concept B features that contribute to improvements in this scenario.

The smoke alarm would cause the electronic checklist for a main deck cargo fire to be displayed on the
lower EICAS screen. The flight crew would implement the emergency checklist procedures, consult the
inflight diversion planner for information on the availability of airports and make flight path changes as
required. If time permits, or the situation demands, the synoptic display will be called up and the detector
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output from both the smoke and thermal detectors could be monitored. The synoptic display will provide
the flight deck with information regarding the ongoing conditions in the (Class B) cargo compartment. The
information would be of great valuable should the smoke/fire event intensify requiring a more severe
diversion action as a result of thermal conditions reaching catastrophic levels.

An interesting and alternative approach to fire blankets has been designed by Pellew Engineering and is
discussed in Section 6.3.8.1. The Pellew system connects each container and/or pallet to a monitoring/
suppression system on-board the aircraft. The smoke would be detected at a very early stage, by the
miniaturized CO monitor, the flight deck would be alerted and initiate discharge of a fire suppression agent
(halon) to the targeted container/pallet. The Pellew system, in effect, makes each container and covered
pallet a mini Class C cargo compartment - smoke/fire detection and suppression. An emergency would be
declared and the inflight diversion planner would be used to locate the nearest available airport.

8. CONCLUSIONS

Given the outstanding safety record and performance of the 757-200 baseline aircraft, improvements can be
further realized with the implementation of new capability sensors now on the commercial market.

8.1 The reaction/response time to an inflight smoke/fire emergency can be significantly
enhanced with the implementation of an electronic checklist of emergency procedures
tailored for specific events.

8.2 Both verbal and nonverbal communications between the flight deck and cabin crews can
be significantly improved with a new cabin attendants panel that interfaces with both the
cabin sensors and aircraft data bus.

8.3 The potential for false alarms, the necessity to divert to an alternate airport, and subse-
quent passenger injuries sustained in emergency evacuations, can be significantly
reduced with the implementation of new types of sensor systems, computer controls and
displays.

8.4 Once an emergency situation has been declared, the inflight diversion planner can be
utilized to facilitate a more expedient decision as to where to land by providing the flight
deck crew with alternate airport information, including estimated time en route, runway
suitability, weather, and rescue and fire fighting capability.

8.5 Thermal monitoring affords the flight deck crew the opportunity to establish and monitor
various compartment temperatures before an alarm has sounded and a response has
been initiated, and may provide indications to the flight crew that other procedures must
be initiated earlier than normal.
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Appendix A

Smoke and Fire Detector

Summary
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Detector Performace Summary

Detection Device Adanta Disadvantages Comments

Infrared Detectors Rapid response time Affected by ambient Indoor fires
(10 ins) temperature changes

Moderte cost A, B class fires

Insensitive to sunlight Detects only flame

Ultraviolet Detectors Rapid response time Blinded by smoke Outdoor/indoor
applications

Very sensitive to fires Subject to false alarms A, B & D class fires

Automatic selft test Detects only flame

Photoelectric (several types Can be faster than ion Indoor use where smoke is
- see below) detectors contained

Can be used with a Generally less sensitive to
fixed piping system black than paler smoke

Low unit cost

Adjustable sensitivity

Beam-Type Photoelectric Capable of detecting Sensitive to voltage Photoelectric detectors
incipient fires variations respond to 2nd stage

(smoldering) fires

Sensitive to dirt on lamp or
lens

Reflected Beam Capable of detecting Requires high battery
Photoelectric (spot-type) incipient fires standby capacity

Sensitive to pale smoke

Not sensitive to variations
in temperature, humidity or
air movement

Gas (Fume) Detectors Multi-point monitoring Expensive Generally used for
remote system industrial hazard

monitoring
Not affected by changing
environment

Rapid response

Alarm points can be preset

Ionization detector (several Low unit cost Easily contaminated Indoor use class A, C & D
types - see below) fires

Incipient fire detection Excessive dust triggers false Contains small amount of
alarms radioactive material

Single Chamber Most economical of this Can be affected by changes Generally best in low air
class in weather or altitude turbulence and no heavy

accumulation of smoke
Dual Chamber Accepts wide rage of Low voltage units have low

atmospheric variations profile detector heads
without false alarms
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Detector Performace Summary (Continued)

DcnD Advyamage Danragcs Comments

Low-voltage Needs only 24 volts Increased temperature can Generally sensitivity
decrease sensitivity decreases with humidity

and increasing altitude
Combustion Resistance Dual mode - less false Both modes must detect
Bridge/Ion alarms fire by-products

Less sensitive to dust, Resistance bridge detects
aerosol sprays and water driven off by fire
humidity

Triple Chamber Third chamber improves Chambers are reference,
Ionization Detector sensitivity and stability detection, and balance

screening
Wide temperature range In theory, improved
(-200 to 800F) electronics design and

reliability will make
multiple chambers
unnecessary

Fixed Temperature Simple Heat activated Used where no life hazard
is present

Inexpensive

Low power consumption

Metallic Rate-of- Detects preset temperature Activated by rapid Not smoke sensitive
Compensation Thermal temperature increase
Detectors

Rate-of-Rise Thermal Simple Heat must impinge
Detectors

LOw cost Detects only rapid
temperature increase

Line-Type Thermal Can take severe abuse Only detects A I's
Detectors

Alarms at low A T's

Line-Type Detectors None Not applicable to Used only on belt bearings
Conveyor Lavatory-galley fire

detection based on
available information

Bulb Detection System Simple Detects hear rise and

corresponding A P
No electricity required

Can activate mechanical
extinguishing system

Condensation Nuclei Detects incipient fires Requires plumbing
Detector

Laser Beam Detector Detects heat and smoke Expensive

Little information available

Taguchi Gas Sensor Low cost Senses gases not Not a smoke detector
combustion products
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Appendix B

757-200 General Description
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Appendix C

Software Design

Architecture
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