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Agency Contacted,
Time_and Place of Meetings

Functions, Contacts, Purpose,
and Subjects Discussed at Meetings

17 June through 17 July 1907

*Mcbonnell Douglas Co Transport
Aircraft Div, Long Beach, Calif.

*Pacific Inflatables Co

*The Garrett Corporation
13 July 1967

McDonnell Douglas Co
long Beach, Calif.

*Remington Ams Co

13 July 1967

Space Division of North
American Rockwell Corporation

Downey, Calif.

J. A. Graves - member of Aircraft In-
dustries Association Crashworthiness
Committee, Manufacturers of Passenger Jet
Transport Aircraft.

Mcbonnell bouglas - J. A. Graves, Advanced
Design Interiors

L. W. Teel - Chief Interiors Design
H. C. Banas - Interiors Design

Lh'_rj‘-:mat_i_vs_u

R. Black - Remington Ams Co

J. M. Johnson - Pacific Inflatables
W. B. Palmer - The Garrett Corp

: To review activities of the
Aircraft Industries Association Crash-
worthiness Committee work at ‘icDonnell
Douglas and to see a demonstration of
Liquid (See Glossary-chemical light) in-
stalled on an inflatable slide.

Mr. Graves outlined the AIA Committee
approach, after the slide demonstration.
Their study effort parallels this FAA
contract effort in some areas, but in-
cludes laboratory work and is more de-
tailed in design and applications to
current vehicles. Airport operations and
ground support devices are not included.

Manufacturers of Chemical Light
R. Black - Remington Ams Co
J. M. Johnson - Pacific Inflatables Co

Purpose: To obtain detailed technical
data on "chemical light," observe
demonstration of samples, and discuss
applications to emergency evacuation
problems. This purpose was accomplished.
















































































































Besides providing fixed displays, consideration should be given to
various situational display systems that not only provide basic evacuation
informa“ion but are responsive to various conditions of the evacuation which
require passenger redirection, avoidance of various exits or areas or the use
of altemate equipment/procedures. These systems can provide appropriate dis-
plays or information to passengers or crew and even be combined with other
automated emergency systems (automatic doors, slides, etc) to optimize evacua-
tion and decrease the reliance on crew or spontaneous passenger leadership,
decisions, and activations.

The following concepts are representative of this type of system:

(a) 24-C - directional active sensor controlled floor/ceiling/wall
lighting for exits.

(b) 49-C - remote TV cameras and emergency extericr lighting to assess
exterior hazards.

Most aircraft emergency evacuations are required without prewarning and
are accomplished in conditions of confusion often with degraded vision and
lack of complete knowledge of conditions. Consequently, great reliance is
placed upon the crew to provide leadership in order to direct and assist
passengers. This role is often hampered because of lack of commmication
capability among the crew or with the passengers. This results in less than
optimally effective crew participation. Consequently, the need for an emer-
gency commmication system is apparent. This system must be independent of
the nomal power supply and operative with severe structural damage. In addi-
tion, if possible, it should be useful outside of the aircraft for directing
and controlling operations. With these requirements in mind, the following
two concepts are offered:

(a) 40-A - flight crew and attendant emergency commmication equipment
(b) 48-A - miniaturized and solid-state voice amplification device

The predicted growth rate of air travel as well as the current volume
indicate a basic need for not just an adequate, but for a very effective
passenger education program. The current preflight briefing techniques are
sorely inadequate and have been a subject of criticisms by various air safety
experts as basically ineffective. To overcome this deficiency and to meet
the emergency education needs of the public, a basic change in approach is
required. The initial change is an acceptance of the responsibility to insure
that the public is adequately .informed of the emergency provisions instead of
a reluctance to disturb the passengers. Having accepted this requirement,
more effective presentation techniques and media should be investigated to
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or 16 inches for both sides folded, approximately doubling the current
minimun aisle width,

The large-scale solution to the egress problem is shown in f igure 5A,
which relates to the problem of congestion near exits. llere are combined
two concepts, folding or collapsible seats and use of a large cargo-type
door, part of which lifts upward and carries much of the interior lining with
it. The collapsible seats are offered as a means to make such large doors
more accessible without eliminating the seats adjacent to them for nommal
flight, All of the basic technology exists to design this capability into
aircraft for it is essentially a QC (quick-change, cargo-to-passenger accam-
modation) except for the required increase in speed and simplicity of
operation,

EXITS CREATED BY CRASH

Experience has shown that openings have been created in the fuselage by
the crash conditions in many survivable accidents. In several cases, these
openings have been a primary means of egress, being large, immediately
available, obvious, and close to the ground, which eliminated the need for
a slide or other egress device. Evacuation systems analysis and design
should consider such chance opportunities just as much as the chance dis-
advantages of weather and terrain.

It has been shown that present structural analysis techniques can pre-
dict with reasonable reliability the places where large aircraft will break
under given conditions of impact. Also, it is known that there is a
reasonably limited envelope of survivable impact conditions. Examination
of the key points on the periphery of this envelope should establish, with
a practical degree of confidence, those areas of each aircraft which are
especially susceptible.

These areas then can be considered in design of lighting displays, egress
devices, seat location partitions, communications networks, electrical dead
facing, fuel and fire suppressant line temination, and other devices or
procedures which are part of the total emergency evacuation system.

For example, a strain sensor or light sensor could be installed nearby
such an area to detemine if a break has occurred. This could then operate
lights aroun! the area, illuminating and indicating an exit opportunity in
that area, or voice instructions could be selected indicating actions which
should be taken for the situation. Check valves or squibs could be installed
on both sides of the potential break to shutoff or redirect liquids. Systems

S7










¥

Qe CRUISE 208 el

MIDAIR
CL"‘ 2‘ COLLlSl(N
LET DOWN 7%
AFTER TAKE-OFF 12% - -
Taxe-orr 0% LANDING 30%
(5% HIT WATE (48 HIT WATER)

A RECENT SURVEY OF JET ACCIDENTS FROM 1953 TO MARCH 1967, IN WHICH A TOTAL
OF 81 AIRCRAFT WERE INVOLVED AND 2593 LIVES WERE LOST, SHOWS THAT 80% OF
THE ACCIDENTS OCCURRED AT OR NEAR AIRPORTS.

45% OF THE TOTAL OCCURRED IN THE APPROACH AND LANDING AREAS, AND IT
REEMPHASISES THE NEED FOR A SAFETY COMPAIGN IN THIS AREA.

22% OF THE TOTAL ACCIDENTS OCCUPRED DURING TRAINING.
CAIRLINE REPORT)

Figure 6. Approximate Locations of Jet Airliner Serious Accidents

Figure 7. Helicopter Fire Suppression and Rescue Vehicle
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Figure 8.

Remote Controlled Pop-up Nozzle Fire Suppression System at Airport

4w s‘«Ju‘ -
L >~ "
__s‘&-‘c TS

62







































































































1 IFICAT)
AND DESCRIPT iGN

OF VE LOPMENT

S
ANALYS IS

Figure 11. Schematic Flow Diagram of Concept Development and Evaluation




































































































































































































































































































12-B 12-B

SEPARATE EXTERIOR PLATFORM AND SLIDE ENTRY
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CONCEPT DESCRIPTION

GENERAL DESCRIPTION OF CONCEPT

The separate exterior platfom and slide entry concept consists of a
horizontal platfom - extemal to the exit opening - from which one or more
descent slides may be deployed.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

The area of the emergency exit may be the traffic-flow bottleneck because
of reasons other than those imposed by the dimensional limitations of the
actual opening. It may be that the passenger cannot psychologically cope with
the rapid sequence of events all occurring at the exit. For, simultaneously
with passage through the opening, the passenger must immediately change his
environmental reference and spatial attitude by leaving an understood solidity
and jumping or falling into an wmknown. This system might remove this
psychological burden from the passenger - if indeed one exists - by pemitting
a more manageable order of ¢ °nts. In other words, the exit would remain

A-71
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15-B 15-B

MECGHANICAL FOLDING SLILE/WALKWAY

CONCEPT DESCRIPTION
GENERAL DESCRIPTION OF CONCEPT

A specially constructed, lightweight, extendable truss structure is con-
structed to support stairs which can be folded down to fom the surface of a
slide or ramp for emergency evacuation.
AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

Improved safety of egress by elimination of problems of tom slide fabric
or leaks. In gear-up landings, the surface forms a fim ranp which aids rate
of flow in walking mode for shallow angles.
ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILITY

Preparation of exit: Prevents loss of shape duc to puicture or tear of
inflatable device.
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19-E ‘ 19-E

AIRPORT- LOCATED EVACUATION DEMONSTRATION DISPLAY/PLAY
AREA FOR PASSENGER FAMILIARIZATION

b s s b b

GENERAL DESCRIPTION OF CONCEPT

The concept proposes the location of suitable displays and operable mock-
ups in airport terminals to pemit the familiarization of passengers by actual
operation of equipment, presentation of types, location and purpose of equip-
ment, and procedures for emergency evacuation. It is intended to supplement
in-flight briefings in aircraft by providing opportunities for familiarization
not possible after boarding the aircraft.

AREAS OF IMPROVEMENT IN BMERGENCY EVACUATION OF AIRCRAFT

A general improvement in passenger education can be expected. This is
particularly true of items of equipment which the display permits them to use.

The expected improvement is based upon the well-established training principle
of the most effective training being that which allows actual physical parti-
cipation.
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22-1 22-1

adopting the minimum level of the least effective participating airline or
by reliance on mass training in an effort to increase cost-cffectiveness by
streamlining. Therefore, training quality must cqual the hest current pro-
grams if not better.

COMPATIBILITY WITH ONMER REQUIRIMENTS

As the purpose of this training concept is limited to initial and re-
curreat emergency training, requirements for other aspects of crew training
must be provided outside of the scope at this coucept. Allowance must also be
made for unique airline emergency equipment and procedures training require-
ments.
EFFECTIVENESS OF SOLUTIONS IN SPICIFIC PROBLIM ARIAS

(a) Guarantee crew familiarity with emergency equipment and procedures
for each aircraft operated.

(b) Assure minimum training variation between airlines, particularly
smaller ones.

(c) Decrease the prohibitive training costs in an effort to maintain
and/or improve training quality.

A-109
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DIRECTIONAL ACTIVE SENSOR/MANUAL-CONTROLLED
FLOOR/CEILING/WALL LIGHTING FOR EXITS
~—— T\ e
P e M P "
HECINTENSITY FLASHING ('_/‘ — Ay T— S—
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GENERAL DESCRIPTION OF CONCEPT

The system consists of progressive on-off lamps timed to give impression
of movement, catch passenger atten*ion, and direct them to exits. Lamps are
controlled by sensors detecting heat, structural damage, etc, and by crew, to
indicate best exits and hereby control passenger flow. Lamps would be located
to promote optimum visibility under the variety of conditions expected in an
emergency evacuation situation.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

(a) Capability to redirect passengers by control of light motion for
optimum flow,

A-117
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27-C 27-C

PSYAQIOLOGICAL EVALUATION

The use of air movement and/or cold-heat air sensations for tactual per-
ceptions is within human capabilities. The effects of fear and partial
toxicity upon the sense organ thresholds have not been ful lv evaluated.
COMPATIBILITY WITH OTHLR REQUIRIMLNTS

As the system is intended as a requndant exit location aid, it offers no
incompatibility in this regard. Potential probelms arise with ditching and
fire suppression. The concept 1s also potentially combinable with concept
59-G.
EFFECTIVENESS OF SOLUTIONS FOR SPECIFIC PROBLIMS

These would include solution to problems of:

(a) Inability to see exit.

(b) Toxic inhalation death or incapacitation.

A-133
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INFLATABLE ANTISMOKE TUNNEL IN AISLEWAY

CONCEPT DESCRIPTION
GENERAL DESCRIPTION OF CONCEPT

A tubular protective tunnel deployed in the aisleway by means of
inflatable structure provides a smoke-free, lighted pathway to exits.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT
Improved safety of egress. Protection of passengers fram smoke, hot

air, or fumes along pathway to exits does not depend on individual willingness
or capability to put on a personal antismoke hood.
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AUTOMATIC, MANUAL ANTISMOKE HOOD AND FANS IN AISLES
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GENERAL DESCRIPTION OF CONCEPT

An antismoke hood is deployed over the aisleway to protect the heads of
evacuating passengers and provide breathing space for evacuating smoke from
local area.

AREAS OF IMPROVEMENT IN IMERGENCY EVALUATION OF AIRCRAFT

Improved safety of egress, protection from eye damage, protection from
breathing smoke.

ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILITY

100 percent complete protection from smoke inhalation if Jesign concept
is effective.

A-157

























39-B 39-B

DIVIDER- SEPARVIED IOUBLL SLIDE CONFIGURNTTON

CONCEPT DESCRIPTION
GENERAL DESCRIPTION OF CONCEPT

Provides an inflatable, semirigid separator fence on dJouble inflatable
slides at major exits such as the main entrances.
AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

Reduced time of exit, and improved safety of exit.

The double slide configuration cuts the congestion by providing two
adjacent slides, with an inflatable semirigid center divider which aids two
persons to slide Jdown side-by-side without hesitation, hitting each other, or

tangling arms or legs. A higher point at the ground end helps pull body
forward and helps raise oneself up off of the slide.
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41-B 41-B

SITDOWN SLIDE ENTRANCE

/

@ STOOL N POSITION

UNSTOWS AND
POSITIONS STOOL
AS SLIDE INFLATES

STOOL, FACES DOOR,
RAISING LEGS ONTO
SLIDE FAIRING

SLIDES OUT, ASSISTED

Q \ BY P TILTING STOOL
SEAT
S’

CONCEPT DESCRIPTION

) GENERAL DESCRIPTION OF QONCEPT

Provide stool, ledge, ramp, or other device to permit passengeres to sit
down at chair level before entering slide to avoid hesitation of jumping into
slide.

ARLAS OF IMPROVIMINT IN EMERGENCY IVACUATION OF ATRCRAFT
{ Reduces lost time due to elderly, or balky, hesitant passenger. Provides

smoother, sater slide entry, with less Janger of falling, bouncing, or trip-
{ ping.

A-173
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41-B 41-B

CONCEPT _EVALUATTON
OVERALL SUMMARY RATINGS
Cost-effectiveness: Mulerate

Primarily useful for elderly, infim ambulatory passengers.

ENGINEERING FEASIBILITY

Within current state-of-the-art. Detailed design and testing methods
are applications of standard procedures. Adds weight to interior structure
attachments. Requires extra space for storage. \pproximately 1.5 cubic
feet maximm. Mo power required to actuate once set up. Mechanism fairly
simple.

Failure mode safety: Walk around or restow if will not stay up; not serious.

PSYCHOLOGICAL EVALUATION
Human engineering: Operation appears to be natural, relatively obvious.
Motivational psychology: Straddling action may be distasteful, awkward
for zome.
PHYSIOLOGICAL EVALUATION

Not applicable

KINESIOLOGICAL EVALUATION

Requires fair coordination to be effective unless assisted by others.
May require additional actions to erect or place in position. Aids infim
and elderly but may impede able-bodied.

COMPATIBILITY WITH OTHER REQUIREMENTS
Not necessary, or incompatible with, passenger conveyor belts, escalator,
bosun's chair or similar concepts where passengers are carried or are pre-

positioned by other means. May cause additional constriction at exit if
fail-safe, adequate design is not developed.

A-175
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43-11 43-1

KINESIOLOGICAL EVALUATION

The forces involved must not be such as to prevent seatbelt removal or
such as to cause trapping of small children in the secat.
COMPATIBILITY WITH OTHER REQUIREMENTS

Compatible with all devices with the possible exception of concept
7-B (bosun chair). Could supplement other warning and motivational devices.

EFFECTIVENESS OF SOLUTIONS IN SPECIFIC PROBLEM AREAS

Improves the nonstarters or slow starters, and may tend to eliminate this
problem. May complicate problems of elderly, incompetent, and injured.
EFFECTIVENESS OF SOLUTION IN TYPICAL ACCIDENT CASES

Case 1 - Denver, DC-8

From the available information, it does not appear that this concept
would have aided evacuation of the Denver IX-8 accident. A possible
exception to this conclusion is that maybe the audio warning would have made
all tourist passengers move more rapidly. 7The available data on the evac-
uation indicate that the passengers who died had left their own seats and
were enroute to the exit when they sat or slumped into aisle seats because
of smoke fumes. It could be speculated that, even if the seats had motivated
them to stand up again, it would probably have only increased their smoke
inhalation.

Case 2 - Salt Lake City, B-727

Indications on this accident are that passengers reacted very quickly
to evacuate the aircraft., Two men reached the ventral exit before the
stewardess. Also from the board report, 'the speed with which the passengers
progressed toward the exits - prevented (the stewardess) from reaching (her)
assigned duty station for evacuation."

A-179
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46-B 46-B

ABLATIVE COATING FOR EXIT ARFAS AND DEVICES
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GENERAL DESCRIPTION OF CONCEPT

Provide lightweight ablative coating (which insulates, chars, and off-
gasses instead of supporting flame) on surfaces outside of cabin which are
critical to survival in evacuation of aircraft when flame is burning outside.
Includes wing- fuselage joints, engine firewall compartments, and auxiliary
power unit (APU) compartment areas.

AREAS OF IMPROVEMENT IN IMERGENCY EVACUATION OF AIRCRAFI
Reduces flame propagation into cabin.

Prevents heat distortion of critical structure around exits which might
cause jamming.
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49-C 49-C

REMOTE TV CAMERAS AND EMERGENCY EXTERIOR LIGITING TO
ASSESS EXTERIOR HAZARDS

GENERAL DESCRIPTION OF CONCEPT
TV cameras in tail and sides of fuselage are connected to situation

display panel in stewardess duty stations and flight crev compartment. May be
supplemented by outside TV broadcast from ground vehicles.

AREA(S) OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT
Improved exit awareness for flight crew/cabin attendants reduces lost

time in opening wrong exits, reduces danger of fire coming in an exit opened
into a hazardous area.

A-195
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49-C 49-C

CONCEPT EVALUATION

OVERALL SUMMARY RATINGS

Cost-effectiveness: Low-to-moderate
(Modification costs would be very high)
Effectiveness greatest for larger aircraft.

ENGINEERING FEASIBILITY

Within current state-of-the-art; however, considerable design ingenuity
would be required in adopting optimum locations for lights and cameras to
insure good visibility with proper fairing and without undue loading. Post-
crash power would be a major problem, as would insuring integrity of cabling.
Weight of console and camera would be a problem.

A-197
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51-G 51-G

DLTAIL DESCRIPTION OF SYSTEMS AND COMPONLNIS

This concept presents a method for rapid personnel egress from a Jdisabled
aircraft, following a survivable accident at or in close proximity to an air-
port, and involves the use of both equipment and rescue personnel, as well as
a method of operation. As presented herein, the growd rescue vehicle (GRV)
embodies a pair of side-mounted extendible ramps which nomally stow aft along
the vehicle body. These ramps are independently operated through mechanisms
housed in the forward end of the vehicle bed, and through associated gearing
and drive mechanisms in the side mounting housings. lump length adjustment
(by telescoping) is provided as well as adjustments in azimuth and elevation.
These ramps are of lightweight, but Juruble, construction so that if only one
is extended laterally to its maximun range, there will be no tendency for the
GRV to overturn. Support provided by the aircraft itself, when the ramps are
in use, will preclude tendencies of the GR\ to voll with the ramps loaded.
Laterally deployed and hydraulically operated vehicle stabilizers are also
provided beneath the ramps' side mounting housings, to afford a greater Jegree
of vehicle stabilization, especially for use on unlevel terrain.

Side panels or railings will be required tor the ramps, and the walkways
are textured (such as with transverse ribs) to present nonslip surfaces under
the most extreme degree of ramp elevation anticipated. A crosswalk connects
the teminal points of the ramps and, from this crosswalk, a central sloping
ramp extends aft through the bed of the GRV. Another ramp section, nomally
stowed within this area, is either telescoped or rotated aft to extend this
central ramp to the ground, at a relatively shallow angle. These latter ramp
sections are wider than the side ramps to accommodate the flow of egressing
personnel. The outer ends of the side ramps incorporate a widened area to
acconmodate a member of the rescue crew, witiout restricting the passageway
for egressing personnel.

Adequate tankage volume for water or other fire suppressant is provided
on either side of the GRV aft ramp. The handrails of the extendible ramps
are equipped with necessary plumbing (such as flexible looped lines to pemit
ranp telescoping, or telescoping plumbing lines may comprise the handrails),
including nozzles at spaced intervals, so that a protective canopy of water
fog (fine spray or mist) may be afforded egressing personnel, at the option
of the ramp operator in the event of fire, smoke, heat, or toxic fumes. This
feature could be expanded to provide a water fog over the entire exit patlway,
Two or more standard gun-type nozzles are also provided on the cab roof of the
GRV so that the GRV's crew may direct a water or fire suppressant spray toward
the aircraft's emergency exits and/or the intervening area betweei. such an
exit and the ramp entrance (i.e., the wing surface between an overwing exit anl
the ramp entrance). Additionally, the GRV would also incorporate equipment for

A-203
























51-(-2 31-G-2
EXTERNALLY ACTUATED BLOWOUT PANEL(S)

CONCEPT DESCRIPTION

GENERAL DESCRIPTION OF CONCEPT

Since fuselage structural deformation or failure following a survivable
accident may jam egress doors and overwing exits to the extent that they may
be inoperable, it is highly desirable to provide an emergency hackup method
of providing openings in the fuselage for evacuation. The concept presented
herein relates to the use of esternally actuated blowout panels to provide
these openings, either within the periphery of existing Joors so as not to
damage the surrounding airframe structure (as later explained), or through
secondary structure adjacent to these doors or at other presclected locations
in the fuselage. \nother concept {10-B) relates generally to internally
actuated explosive panels, to effect a similar end result, but is different
in scope. This concept for external actuation of blowout panels is particu-
larly well suited to be operated in conjunction with a ground rescue vehicle
(reference concept 51-G), to comprise a more effective overall system.
Although other types of standard firefighting equipment could be utilized
with equal effectiveness to initiate extermal actuation of the system, a
means for passenger descent is still required, from emergency exits where no
descent devices would nomally be provided.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCR\FT

Provides evacuation capability in case nomual egress openings are
inoperable or inaccessible. In the event that nomal openings are operable
and in use, affords the capability to provide additional openings to reduce
total evacuation time.

ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILITY
Provides backup system to insure that evacuation openings will be
available under various contingencies and thus prevent entrapment. Can

provide additional emergency exits to increase total passenger egress flow
rate, as well as improve cabin ventilation.
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51-G-3 51-G-3

HOLE-CUTTING MECHANISM FOR EMERGENCY EXITS

CQONCEPT DESCRIPTION

GENERAL DESCRIPTION OF CONCEPT

The hole-cutting mechanism for emergency exits envisioned in this concept
is an item of powered ground equipment adapted to rapidly cut and remove
large portions in the fuselage structure of a transport-category aircraft
following a survivable accident, in order to provide egress means for
passengers, or entry for rescue or assistance by ground personnel. Use of
this concept may provide auxiliary openings in fuselage structure, or primary
openings if the normal egress means and emergency (overwing) exits are
inoperative, inaccessible, or unusable because of aircraft attitude (i.e.,
exits blocked by debris, fuselage on side, etc). Although this mechanism
may be mounted on a separate vehicle to provide an individual item of ground
support equipment, or possibiy on a modified firefighting vchicle, it is
particularly well suited for operation in conjunction with a ground rescue
vehicle (reference concept 51-G). In this manner, it will comprise a more
effective overall system, since the ground rescue vehicle (GRV) inherently
provides descent devices which are required to effect a complete evacuation
system, as well as fire suppressant capabilities which could be utilized
while the opening is being prepared and subsequently during cvacuation.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

Provides evacuation capability in the event that nomal or emergency
egress openings are inoperable, inaccessible, or unusable for any reason.
If some of these openings are operable and in use, it affords the capability
to provide additional openings to reduce total evacuation time.

ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILITY

Provides backup system to insure that cvacuation openings can be made
available under various contingencies and thus prevent entrapment. Can
provide additional emergency exits to increase total passenger egress flow
rate, as well as improve cabin ventilation, thereby enhancing survivability.,
Would be especially useful if the aircratt fuselage ended up in a rolled
attitude, such tnat the exits on one side were blockhed or othervise unusable
and the opposing exits were high so that passengers had to clinb up the
unlevel floor and/e: over seats to cgress.

A-217







51-G-5 31-G-5

These powered saw components would utilize high-speed metal cutting
circular blades (or possibly a chain-saw type mechanism), and each of the
four components would include a sensor mechanism to maintain a predeterined
depth of cut. These cuts would be made essentially nomal to the skin surface
and of a depth sufficient to cut through the conventional stringer/frame air-
craft fuselage construction. Also included in the four frame sections are
holding devices which would be driven into the saw cut after passage of the
powered saw component, to positively engage and hold the cutout fuselage
segment upon completion of the sawing operation. Removal of this cutor
fuselage segment would be accomplished by first withdrawal, then rotation, of
the frame assembly, outward and away from the crew station at the end of the
ramp, and above the ramp surface. Sufficient holding power during removal
would insure that such low-strength materials as interior trim, lining,
insulation, etc, would not inhibit segment removal.

Another version of a hole-cutting mechanism, which is less complex and
consequently may be more reliable, as well as more rapid, would cut a circular
rather than rectangular opening. Although smaller in size (i.e., such as
approximately a 42-inch diameter opening as compared to approximately a
42 x 72-inch rectangular opening), it would still be considered adequate to
provide a true "emergency" exit. This version would employ a circular hole
or plug cutter, cylindrical in configuration with metal-cutting teeth on the
forward edge, mounted on a central spindle or arbor. This arbor, the power
unit, and associated drive equipment would be mounted in a frame above the
ramp surface, capable of being driven a predetemined distance axially (for
depth of cut), then withdrawn and rotated to one side, away from the rescue
operator's station at the ramp end, to clear the passageway for egress.

Subsequent to ramp connection and stabilization with respect to the
fuselage, this assembly would be driven forward so that the central spindle
would first pierce the fuselage structure; radial or barbed devices would
then lock the spindle to this structure so that subsequent withdrawal of the
cutting assembly would remove the plug. The cylindrical saw would operate to
cut through the structure, rapidly and eff iciently. If the cutting teeth
at the forward end of the cylinder are mounted on a rotating ring so that
they may be disposed or flared slightly outwardly (to provide a clearance
cut), then locked by a camming or overcenter action, they can be rotated
inwardly upon completion of cutting to pemit a thin, smooth-surfaced sleeve
or bushing, stowed on the aft end of the cylindrical saw body, to be inserted
as the saw is withdrawn; this would cover the rough-cut edges of the hole to
prevent passenger injury during egress. Such a reversal of the saw teeth
during or prior to removal will further assist in plug removal. This cammin:
or flaring action of the ring-mounted cutting teeth may also be accomplished
by the rotational direction of the cutting cylinder, or the tooth design and
its interaction with the structure being cut.
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CONCEPT DESCRIPTION

GENERAL DESCRIPTION OF CONCEPT

This concept provides for increasing passenger accessibility to emergency
window or escape hatches by reducing obstructions imposed by passenger seats.
The concept includes the following:

(a) Provides the capability for seats adjacent to emergency exits to
translate downward and forward and drop back rests down to form
relatively level platfomm.

(b) Inboard (aisle) seats could also be foldable downward and outward
to form increased aisle width along entire length of aisle.
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(a) To provide a relatively level low-profile seat back platfomm for
exit access requires two separate design requirements for seat
assemblies:

(1) To modify the two- or three-seat asserblies to provide capa-
bility for releasing the entire seat rack from its floor sus-
pension and moving the seat rack forward and dowaward to obtain
a minimum profile. Operation should be quickly performed by
one person.

(2) To provide capability for folding the seat backs forward wntil
level with the arm rests and locking them automatically in that
position; or, altemately, folding the seat back rest backward
until level and removing the am rests as required. A type III
overwing exit would not require the outboard am rest to be
removed, for example. This provides a lower profile, but a
longer package and only can be used for one or two seat rows
until the available space between seat attach points is used

w.

(b) To provide an increase of aisle width throughout the length of the
airplane, or at least the tourist section. (ne aisle seat on each
row could be made to fold into a box-table top area, or even to
slide into and under the adjacent seat. An additional 15 to 25
inches would be very valuable. The seat could also be folded for
nomal in-flight use whenever the passenger manitfest pemmitted, thus
enhancing customer appeal by increased roominess and lounge-like
appearance of tables.

Both of these capabilities could be provided in existing aircraft by
retrofitting with new seats. The scope of such a change is indicated for
type (a) folding seats (for exit access only) for representative aircraft
models :

707-120B Two seat racks with two seats each

707-320C Two seat racks with three seats each

DC-8-61 Two seat racks with three seats each

Boeing SST Four seat racks with two three-seat and two two-seat
assemblies

A-233
























58-E S8-E

PASSENGER VOLUNTEER EMERGENCY ASSISIANT PROGRAM

CONCEPT_DESCRIPTION

GENERAL DESCRIPTION OF CONCEPT

Initiate an approved FAA training program to qualify volunteer assistant
flight attendants. The trained volunteer service will augment the flight
attendant's efforts during an actual emergency evacuation.

AREAS OF IMPROVEMENT IN EMERGENCY EVACUATION OF AIRCRAFT

Reduced egress time.
Improve public training and preparation of passengers.
Increased passenger assistance and guidance.

ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILITY
Preparation of exit: 25 percent extra exits available

Passenger flow rate: 10 to 50 percent depending on cenditions

HOW NEW IS THIS CONCEPT?

Adapted from nonaircraft fields or practice: ski patrol, Red Cross First
Aid, Sierra Club, and other volunteer semiskilled personnel organizations.

DEIAIL DUSCRIPTION OF SYSTIMS AND COMPONENTS

Properly trained assistant flight attendants could help cope with emer-
gency evacuations. Training should start soon to help future critical con-
ditions as passenger density increases.

It is expected that many passengers who travel extensively via commercial
aircraft will volunteer for the training. Candidates would be expected to
pass minimum required written, oral, and physical standards. Upon successful
completion of the training program, the trainec would receive a validated
card and/or Jdiploma. When the qualified flight assistant travels, he or she
presents the validated card when purchasing a ticket and is assigned to a
flight attendant. The attendant would assign the assistant to a specific
seat and area of assistance in case of an emergency.
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SMOKE AND FIME REMOVAL SYSITIM

CONCLPL _DESCRIPTION «

GENERAL DESCRIPTION OF CONCLPT

The system could use existing cabin air vents in reverse flow to withdraw
smoke and fume from cabin. LImergency batteries and fans could be used, or
bottled nitrogen.

AREAS OF IMPROVIMENT IN EMERGENCY EVACUATION OF ALRCRAFI

Improves safety and visibility of persons on the aircraft until evacu-
tion could be completed. Prevents super heating of interior atmosphere, and
may reduce spontancous combustion or spread of fires.

ESTIMATED QUANTITATIVE IMPROVEMENT IN SURVIVABILID

Reduction in wrong exits tried: 10 percent

Al

Survival time possibly up to . to 3 minutes Jdepending on sources of fire.

HOW NEW IS THIS CONCEPT?
Previous publications: \one

Patents related: Component patents, probably none for
this system per se.

HOW ORIGINAL IS THIS CONCEPT?

Adapted from commercial aircraft developments or practice, i.e., cochpit
in-flight smoke removal systems. A check of various commercial aircraft
manufacturers indicates, however, that no work is being done on cabin smoke
evacuation. Mr. John F. Marcy was contacted at FAA-NAFLC, and indicated that
some testing had been done with small openings in simulated cabins with little
effect on smoke. lowever, more sOphisticated testing of an active smoke
removal device is indicated, with measured results in reduction of heat,
smoke, and toxicity.
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DETAIL DESCRIPTION OF SYSTEMS AND COMPONENTS

Add emergency battery(ies) and fan(s) to draw smoke and fumes (increased
flow) through cabin air conditioning inlets.

Add nitrogen bottle(s) adjacent to skin plug access plates. Plugs to be
withdrawn, and nitrogen released through opening creating flow, using jet
pump aspiration effect.

Since various airciraft cabin airflow systems differ greatly, more
detailed description is not feasible. Considerable investigation of suitable
methods must be done and tests with fire and smoke conditions must be made to
establish overall desirability and to prevent undesirable ''chimney' effects.

The following data on firefighting were taken from:

Bieberdorf, F. W., and Yuill, C. H., "An Investigation of the Hazards of
Combustion Products in Building Fires, 14 October 1963,'" Southwest
Research Institute, San Antonio, Texas; available from Division of
Hospital and Medical Facilities, U.S. Department Health, Education, and
Welfare.

"As the fire in a closed building grows in intensity, it 'burns' the
oxygen at a more rapid rate. As this supply diminishes, the combustion
becomes incomplete, and less of the carbon is consumed. Under such
conditions dense smoke and voluminous quantities of carbon monoxide and
other unburned gases could be expected. It is standard procedure in
fighting such fires to provide ventilation at a high point of the
building, such as the roof, for the purpose of exhausting unburned gases
and to help clear the air for the benefit of entering fircmen.

""The presence of unburned gases in this type of fire can be a severe
hazard if not approached properly. 7To open a door or window of a burning
building at a low level before venting the roof or upper story is to
invite trouble. The rapid entry of a fresh supply of oxygen will mix
with the unburned gases to form a highly combustible - often explosive -
gaseous mixture. Firemen have been blown from a door for considerable
distances by 'hot air' explosions."

CONCEPI'"_EVALUATION

OVERALL SUMMARY RATINGS

Cost-effectiveness: Moderate
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other types of suppressants for external fires indicates a possible appli-
cation to onboard use. Also, it does not appear to be overly restricted by
weight. Tests by Naval Research Lab indicate "Light Water" by itself to be an
effective fire suppressant. Applying data from the \Rl report (developed for
JP-5 spill fires), an estimate is included in the 2ttached figure of the
quantity of "Light Water" required to control a fire within a IC-8-61 (or -03)
type aircraft. Smaller, redundant "Light Water' syvstems should be located
throughout the cabin area to insure complete coverage in the event of cabin
breakup.

Components of a system would include:

(a) Storage container for the "Light Water" concentrate solution.
This would in effect be a pressure vessel to allow expulsion by a
pressurizing source.

(b) An air or nitrogen pressure source.

(¢) Ducting and no:z:zle system for distribution of the solution. A
nozzle design which would distribute the solution in a hemispherical
pattern would be required to saturate both floor and walls of the
cabin.

/ALUATION
OVERALL SUMMARY RATINGS

Cost-effectiveness: Low - Moderate

ENGINEERING FEASIBILITY

Within current state-of-the-art? This concept is within the state-of-
the-art. Equipment is available; however, specific aircraft requirements
may necessitate design activities.
PSYGHOLOGICAL EVALUATION

Human engineering: "Light Water' spray may have adverse

effects upon passenger vision and
behavioral psychology.
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One senior psychologist, responsible for test design requirements
and psychological evaluation of test data

One senior physiologist, responsible for test toxic products safety
design requirements and evaluation of physiological implications of
test Jata

ne electrical engineer, responsible for design and operation of instru-
mentation and data acquisition

One mechanical uesign engineer, responsible for design of simulators,
strength of mockups and mechanical devices

Laboratery technicians and shop support mechanics as required for fabri-

cating and setting up test equipment and tests. Scientists and technicians
can serve as test subjects during the initial and advanced development test-

ing. In combined full-system testing, many more subjects will be employed.

BEQUIPMENT REQUIRIMENTS

Forty aircralt passenger seats

Aircraft cabin mockup (partial or complete)

Simulated walls, ceilings, and floor for mockup with lighting installed
Smoke generators (four)

Hot-air generators and infrared heat sources (four each)

Fire simulators (optical device) (four each)

INSTRUMENTATION RIQUIREMENTS

Light channel FM-FM tape recorder (two)

Use of closed-circuit I\ equipment with low light intensity capability
feight systems)

Use of lo-millimeter motion picture equipment including lighting (16
cameras)
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In addition to the basic parameters, impediments such as smoke, simulated
fire, heat, noise, background light, blocked aisles, Jammed exits, defective
displays, or water rising in the cabin may be added.

As development tests proceed  each type of display or lighting method
will be tested and evaluated indi.idually so that the effectiveness of the
basic types can be compared. Combinations of displays will be tested next,
using the same method as used in the individual experiments, adding more
parameters and impediments as the tests proceed.

PILOT TESTS

For the pilot tests, equipment, mockups, and instrumentation will be
improved and modified. Refinements will be added to the display equipment
as a result of the findings during the development tests. Progressively,
more parameters and enviromments will be introduced into the experimental
procedures.

The test laboratory and personnel, equipment and instrumentation require-
ments will be enlarged to the extent that concepts, impediments, and environ-
ments will be added. Testing will be on a small scale as far as numbers of
test subjects and size of test apparatus.

MEASUREMENT REQUIREMINTS

The number and kinds of measurements per test will increase proportion-
ally to the number of parameters and environments involved in each experiment.

NUMBER OF TESTS

The number of combined pilot tests will be considerably less than the
number of tests required in the development tests. The minimm mumber for
each type and configuration will be five successes. A successful test is
defined as a test in which the requirements are satisfied, the subject
completes the required tasks, and all important simulators, specimens, and

equipment function properly.

TEST METIOD
The method for the pilot tests will be an extension of the method

employed in the development tests. Many ol the tests will involve only one
test subject. Although the test enviromments and number of test parameters,
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MEASUREMENT REQUIRIMENTS

The basic parameters to be measured in the full-scale tests are similar
to those of the pilot tests:

(a) Time versus light intensity

(b) Time versus heat radiation versus temperature

(c) Smoke intensity versus time

(d) Time required for each subject to accomplish each task
(e) MNumbers of subjects versus time through each exit

NUMBER OF TEST EVALUATIONS

The number of tests necessary to investigate all concepts is a function
of the time allowed and the effort in temms of costs applied to the test
program. It appears that a program of this nature, to be of value, must
generate results which can be incorporated into specifications for hardware
and into regulations for transport design and operation within a year after
the beginning of the project. This means tnat sufficient development tests
and pilot tests must be completed within 9 months so that an initial full-
scale test series can be completed within a year. A full-scale test series
should comprise at least 20 tests.

The initial number of tests will consist of a minimun of two tests for
each total control group and two tests for each experimental group in each
configuration with not more than five similated configurations.

Configuration 1

Wheels-up crash landing, moderate damage to the cabin, small fires ont-
side tie airplane block one-half the exits. Bright daylight.

Configuration 2

Wheels-down crash landing, moderate damage to airplane, small fires
outside bloch one-halt the exits. Ixtreme Jarkness.
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