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EMERGENCY CABIN LIGHTING INSTALLATTIONS: AN
ANALYSIS OF CETLING- VS. LOWER CABIN-MOUNTED
LIGHTEING DURING EVACUATION TRIALS

INTRODUCTION

rost-crash fire has been the single most important factor contributing
to loss of life in survivable air carrier and commuter aircraft accidents
for survivers of the crash impact. Many fatalities have occurred because
the cabin filled with smoke with a resulting loss of visual reference, panic,
and eventual incapacitation due to the toxic properties of the smoke. Par-
ticulate matter {smocke} in the cakin may absorb, reflect and refract emergency
lighting to the extent that emergencv lighting and exit signs provide little
or no visual evacuation information. The loss of visual cues for direction
and distance to the nearest usable exit can significantly prolong the time
required to evacuate the aircraft, thus subjecting passengers to irritants
and toxic by-products of combustion for longer periods (1).

The Protection and Survival Laboratory of the Civil Aeromedical
Institute (CAMI) initiated a prooram to study cabin lighting in response
to a reguest from the Federal Aviation Administration's Svstems Research
and Development Service, Washington, D.C. (2). The purpose of the study was
to evaluate the relative effectiveness of emergency cabin lighting under
corditions of stratified or lavered smcke in an aircraft cabin with respect
te passenger evacuation rates. Two lighting systems, one a conventional
cejiling-mounted svstem and the other an aisle-mounted system were compared
during evacuation trials in the CAMI evacuation simulator. The program,
which began in 1976, evaluated the effectiveness of present lighting
requirements in dense cabin smoke typical of a post-crash fire environment.
A CAMI memorandum report was published in 1977 as an interim report (3) out-
liring specific emergency lighting systems to be evaluated in relation to
the adeguacy of current lighting requirements when exposed to a smoke envi-
ronment and with specific applicaetion to human evacuation performance.

Before launching into the full series of evacuation tests, which form
the basis for this report, evacuation tests were conducted to evaluate the
use of light-filtering goggles as an alternative to white smoke in evacuation
testing. The smoke goggle development was completed in 1978 and cited in a
CAMT memorandum report (4). The goggle was developed in an attempt to over-
come the difficulty of record test subject movement in the cabin on film
when actual smoke was used to restrict visibility. Test subjects were each
given a pair of smoke goggles designed to decrease light transmission and
provide a haze factor. Preliminary tests were conducted on July 20 and
August 10, 1978, to evaluate the visibility limitations of both goggles and
white smoke under emergency lighting conditions. The results of these tests
were reported in a CAMI research task guarterly report (5). After comzieting
this preliminary evaluation, it was concluded that the smoke goggles should
not be used to simulate the effects of smoke or evaluate alternate lighting
svstems because of the goggles' inability to simulate the layering ©or the

1
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depth effects of smoke as a light attenuating medium. It was also concluded
that photographic recording of test subject movements with lavered smoke in
the cabin could be accomplished by using image intensifying devices on the
cameras.

During the same time pericd, the FRA Technical Center, formerly the
Naticnal Aviation Facilities Experimental Center (NAFEC), conducted enginser-
ing tests of emergency lighting in black smoke bur could not conduct human
subject evacuations due to the toxic properties of the smoke. The study,
published in a NAFEC Technical Letter Report (6), found that ceiling-mounted
lights and signs are effectively blocked from view by lavered smoke and there
is a significant decrease in effective zabin illumination levels even though
cabin air temperatures are still at a survivable level. Baisle lighting was
evaluated in the forms of armrest-mounted fluorescent lights and floor-mounted
electroluminescent strip lights with the conclusion that, in a smoke—filled
cabin, aisle lighting mounted near floor level provides passenger awareness,
exit location information, and cabin illumination for a longer peried of time
than ceiling or bulkhead-mounted lights.

With the previously mentioned work laying the foundation, the following
study was undertaken to evaluate the relative effectiveness of two types of
emergency cabin lighting under conditions of stratified or layered smoke in
an aircraft cabin. To relate emergency lighting installation locations with
evacuation performance, a test program consisting of six series of four trial
evacuations each were conducted at CAMI during June and July 1280. This report
describes the conduct of those tests and the results of the program.

METHODS

Subjects. A group of 40 subjects was used for each evacuation series
with the exception of the first series which used 20 subijects, for a total of
220 subjects. The subjects were furnished under contract which reguired that
they meet the criteria of a representative mix of the flying pubiic by age
and sex and had not participated in an emergency evacuation within the preced-
ing © months as specified in Federal Aviation Regulation (FAR) Sections 25,863
(7}, and 121.291, Appendix D {8). Table 1 breaks the subject population down
by sex and mean age for each test series.

Cabin Configuration and Lighting. The evacuation simulator was maintained
in a level attitude at ground level. A 4.9m (16 £t) by 2.4m (8 ft) by 1.2m
(4 £ft) black plastic shroud was placed outside the Type A exit to form a tunnel
to prevent outside light from entering the cabin (Figure l1). & floor-to-ceiling
partition was placed just inside the exit, effectively blocking from subject
view the actual exit as they evacuated along the aisle and also served to
further block any external light at the exit.




Figure 1.
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Type A exit shroud blocked light from entering cabin,
simulating night evacuations. Subjects passed through
darkened tunnel before stepping into bright sunlight.
Tunnel evacuation times were not included in total
evacuation times.



TABLE 1. Subject Description

Test Nunber of Subjects

Series Male Female Total Mean Age (Yrs)
A | 8 12 20 28.8

B : - 18d 22 a0 - 23.6

o 15 25 40 25.6
D 24/23% s 39/38 o 23.2/23.2
E_' 17 -.23/22**  40/39 ~29.0/29.5
F - 15 25 a0 C 35.2

*A boy, age 10, dropped out after the first control evacuation and was
not included in the mean age calculation. A 25-year-old male dropped
out after the third evacuation when he reinjured an old knee injury.:

**R 7= year—old female dropped out after the second evacuation because of-
: aDprehen51on about the v1gorous act1v1ty and the smoke envrronment.-

The system of ~ower cabln—mounted emergency lighting consisted of :
armrest—mounted aisle llghts and bulkhead-mounted exit locator srgns. The
cabin interior was conflgured with double and triple seats the full. length
of the coach cabin., Alternate left and right seat rows were equipped with ~
an- aislie 1ight assembly built into the armrest (Figure 2). The light units
were 8-watt fluorescent tubes mounted behind. an edge-lit prismatic Lumipane:
{TM) * lens. This upper lens contained a directional arrow and the words
"EMERGENCY EXIT. Bach unit also had a lower prismatic light panel that
illuminated the aisle and lower portion of the -armrest. In the forward
part of the cabin two twin seats had newer prototypes of aisle lighting
designs. . The left side twin seat had a 4-watt fluorescent tube behind a

‘Lumipane (TM)* lens built into the top of the armrest and a lower aisle
flood panel whlch provided. llght on the aisle (Figure 3}. The right side
 twin seat had a 4-watt fluorescent tube enclosed on three sides by a whlte
reflector and mounted under the aisle seat bottom cushion. :

Two 8-watt fluorescent exit locator signs (directional arrows) were
mounted on the cross-aisle bulkhead (Figure 4), at and below the midpoint
"of the cabin:fleor4to—ceilinq distance. The upper sign shown at midpoint
of the cabin was located 122cm (approximately 48 1n) above the cross aisle.
The lower sign was located 42cm (approximately 16.5 1n) above the alsle,
and provided floor level illumination as well as ex1t location 1pformatlcﬁ.
to the subjects.

*nmerican Optic Light Corp., Fort Worth, Texas
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Figure 3. Newer prototype aisle light built into seat armre(ét
o with upper lens in- top of armrest and flocd panel below -
which directs light into aisle. _- AT
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The lighting system used for comparison was composed of ceiling-meounted
fixtures with incandescent bulbs providing general aisle i1llumination of
1.2 lux (0.1! foot candle} at seat armrest height without smoke in the cabin.
This value is more than twice the minizmum value reguired by FAR 25.812(c)(9).
A single incandescent cross-aisle exit locator sign and two exit identifica-
tion signs were also used as part of the conventionally mounted emergencv
lighting system. The cross-aisle sign (Figure 5) was a Lumipator {TMj}* unit
located 245cm {96.5 ina) above the floor and provided 0.32 iux {C.03 foot
candle) on the cross aisle which is also above the minimum specified by FAR
25.812(d). ©One of the two exit identifier signs was a cabin sidewall-
mounted Luminator (TM}** unit located 137cm (54 in)} above the floor. The
other exit identifier was a Grimes*** unit mounted 198cm (78 in) above floor
level and above the Type A exit (Figure 6)}.

Figure 5. Cross-aisle exit locator sign mounted above the
intersect.ion of maiu and cross aisle at ceiling
height.

*luminator Div., Gulton Industries Inc., Plano, Texas. Model L-20419-3
*x[uminator Div., Gulton Industries Inc., Plano, Texas. Model L-20482-7
***Crimes Mfg. Co., Urbana, Ohio. Model 10-0067-9
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Figure 6. Exit was identified with two conventionally mounted
' exit signs. Sign on left is mounted directly over the
exit. Sign on right is mounted to right clde of Type A
exit on cabin sidewall.

The FAR requiveﬁent ig a minimum value, stating that cabin emergency
lighting rust be wrov1de‘ so that "....at seat armrest height and 1.02
meter (40 inch) intervals, the average illumination is not less than 0.54
lux (0.05 foot candles)...." along the centerline of the main passenger .
aisle. The reg"latlon ‘al=c defines minimum cross-aisle lighting reauire-
ments as 0.22 lux (0.92 fc) along the centerline of the cross aisle 15. 2cm
{& inches) abcve the floor.



Layered Smoke. The inert, white, nontoxic smoke was generated by a
Pepper Fog (TM)* smoke generator.. The dlscharge nozzle was placed into
the intake of a smoke dlstrlbutlon system which’ oonsxsted of a squlrrel )
‘cage fan and 110v motor which forced the smoke 1nt0-a plenum forming a 4_- f,
e 1nto two. 6~inch alameter ducts (Figure 7). The orifice of the upper - [~
Cduct dlrected smoke: towards,t w2 aft cabin. The lower orifice was equ1pped B
with vanes glvlng the smoke a counterclockwise vortex in the forward Uﬂ-ﬁ3'
- dabin. ’ Preliminary work, 1nﬁludlng smoke optical density measuremencs,: e
had''shown this to be an effective. and reproducible method for creatlng a
" layered smcoke environment in the cabin of the evacuation 51mu1ator (see
'A“Dendlx A) R - o - S

| Figure ?;_ Smoke distribution system ductwork shown
' ' with white smoke being discharged.

*Smith“& Wesson, General Ordnance Egquipment Corb., Eittsburqh,:Pennsylvania.'”
Model MK X11 B ; ‘ ' ' ' S

x

10




Photometric Instrumentation. hach trial of each evacuation series
was recorded on lémm motion picture film with one extericr and two interior
cameras. .During the trials with smoke, the interior cameras were eguipped
with Javelin Mcdel 220 Night Viewing Devices* to permit low light level
photography. A twm1ng clock was placed in the field of view of the exterlor
camera and the rear 1nterlor camzrz was._equipped with numeric timing along
the film margln.A The rear camera angle covered the sublects as they. reached
the end of the 12.5m (41 foot) main aisle, turned into the cross alsle, and:
ex1ted throuqh the Type A exlt (Flcure 8, interior view).

Figure 8. Interior view of cross aisle at the Type A
exit showing antrance 1nto .exit shroud {darkened
tunnel)

*Javelin Electronics Div., Apollo Lasers Inc., Los Angeles, California.
. 11 :



The forward camera faced aft and covered the subjects as they arose from
their seats, stepped into the center aisle, and moved toward the exit.
The 16mm motion picture cameras were operated at 24 * 1/2 frames per
second,

Evacuation Alarm and Timing Svstem. The evacuation alarm bell, flash-
bulbs, and the timing clocks were interconnected to form the timing system
which was controlled from the aft cabin by a master switch. The switch
activation started the timing clocks, fired the flashbulbs to identify
the first film frame of the trial, and activated the remote alarm bell in
the forward cabin signaling the start of the trial to the subjects. The
lapsed time from start of the trial to the time the last subject moved from
the seat row into the main aisle was recorded on hand-held stopwatches.

PROCEDURE

The subjects were given a briefing about the purpose of testing, the
general nature of the task they would be required to perform, the potential
minor hazards they might be exposed to, and the general experimental
environment. No information was given about the specific nature of the
project or what lighting or smoke condition they could expect on a given
trial. The primary instructions were to listen to the CAMI flight
attendant's instructions, do as they were told, and evacuate the simulator
as rapidly as possible. Each subject wore a numbered vest for identifica-
tion and occupied an assigned seat with a corresponding number for each
trial.

Following the test protocol (Appendix B), full bright cabin lighting
was emploved on the two control evacuation trials in each series. The
full bright lighting was also used on the third and fourth trials with
smoke until after the smoke had been intrcocduced into the cabin for 60
seconds and had lavered uniformly in the upper half of the cabin. The
bright cabin lights were then turned off and the emergency lighting appro-
priate for that particular trial was turned on. As the lavered smoke
began to settle into the lower half of the cabin, the evacuation bell was
sounded. The time the lights were switched to emergency until the
bell sounded was approximately 10 to 15 seconds, limiting time for wvisual
dark adaptation by the subjects.

The use of each emergency lighting system was counterbalanced throughout
the six series of evacuations to minimize bias resul:iing from presentation
order, residual learning effects, and subject fatigue or boredom. Upon
rebocarding from the previous trial, the subjects were briefed on their
performance on the previous trial and were encouraged to imagine them-—
selves in a real emergency during the upcoming trial. Different versions
of a basic questionnaire were given to each subject after each trial to
record their subjective impressions of various aspects of the just com-
pleted trial, including their feelings and evaluations of a number of
environmental features in the cabin (see Appendix C). In addition to the
CAMI flight attendant, at least three additional test personnel supervised
the subjects to insure their safety.



RESULTS

The times from the start of each trial until the last subject crossed
the exit threshold are shown in Table 2. Also shown are the elapsed times.
until the last subject moved: from the seat row into the main aisle. The '
first and second control evacuations averaged 32.7 and 24.8 seconds respec—'
tively for . all series of evacuations for an overall improvement of 7.9 seconds
or 24.2 percent .on the second trial. These trials were intended to brlng the.
groups up to a common experience:level and minimize the interaction of learn=-.
ing effect; with the maln varlable during subseguent trials. Such initial
improvement was -in general agrecement with the results of a previous study of
learning during several successive evacuation repetitions (10). This tralnlng
experlence also allowed those persons who had reservations about partlclpatlng,;
or ‘who ‘encountered a Ohvs‘cal problem moving rapidly in a crowded aisle, to’
withdraw from the tests before the paramount trials with emergency llghtlng
-and white smoke. Wltldrawals are noted for Serles b and E at the bottom of
.Tables l and 2; ' R

Series. & trlals were to be a complete series scaled down to half size
(20 test subjects) to verify évacuation procedures, checklists, and teamwork
of the CAMI crew. : Series A evacuation trials 1-4 were completed without - .
problems, -and individual evacuation rate data (seconds/subject) were recorded
on f£ilm. Serles A data have been included in the analysis of rates of evacu—" o
~ation where.*otal evacuees and:total times are secondary to the 1nd1V1dual “
performance. When total t;nes ano grouo rates are discussed, aporoprlate
notes are made for Qerles A, :

Table B'Shows overall evacuation times for groups of 40 experienced.ﬂ:ff
subjects. . Aisle-mounted lighting shows significant improvement over con-
ventlonal ce*llng mounted llghtlng under smoke conditions. An overall - .
performance 1mprovenept of 18.54 percent for the aisle lighting was ev1dent:f'
when comblnlﬂg averages for. the counterbalanced trials. :

Average'evacuatiOn_rates per subject are shown in Figure S as combiﬁedf:
‘trials of counterbalanced tests ard also with trials of all series combined.
- Table 4 shows the percentage improvement .in. average evacuation rates per ‘
subject, u51ng alsle llchtl ng compared to celllng-mounted llghtlng.

Direct. alsle 1lght1ng resul ted -in shorter time per subject evacuatlon B
rates regardless.of whether it was employed before (16.8 percent) or
sabsequent to (21.9 percent) the trlal employing ceiling-mountad llghts. L
An overall performance improvement of 19.7 percent is indicated for the ..~ @
combined third- and fourth alsle llghtlng trials compared to the celllng-.'
mounted llghts. '

DISCUSSION

As early as 1966, concern for upgrading cabin lighting criteria
became apparent. A series of FAA and industry conferences were held to
review regulations involving crashworthiness and passenger evacuation.
As a result of these meetings; the regulation on emergency lighting,
FAR Part 25.8l2, was extensively rewritten and amended October 24, 1967.

13




TABLE 2. Total Evacuation Times Per Trial
Test Trial Total Time for Last Time for Last Number-
Series Subject to Reach Exit Subject Into of
Threshold (sec) Aisle (sec) Subiects
A 1 27.5 14.6 20
2 17.7 8.6 20
3 Ceiling 29.8 7.8 20
4 Aisle 21.3 4.4 20
B 1 33.4 1.2 40
2 25.3 17.2 40
3 Aisle 37.0 13.2 40
4 Ceiling 40.4 20.6 40
‘C 1 34.0 no data 40
2 28.1 i4.4 490
3 Ceiling 24.5 17.8 40
4 Aisle 36.5 12.0 40
o 1 34.0 14.0 40
2 24.7 10.4 39
3 hisle 28.6 13.4 39
4 Ceiling 34.6 no data 3ig
E 1 32.0 17.4 40
2 26.4 10.2 40
3 Ceiling 38.9 13.8 39
4 Aisle 30.5 1G.6 39
F 1 35.4 24.2 40
z 26.3 21.0 40
3 Aisle 33.0 17 40
4 Ceiling 44.1 21.4 40
NOTES: Total evacuation times for Series A are not comparable to other

series because of smaller number of subjects.

Ceiling - Ceiling-mounted emergency lights

Aisle - Aisle-mounted emergency lights

Ureven number of subjects in Series D and E are the result of
subjects withdrawing from voluntary participation.

14



TABLE 3. Percent Improvement of Overall Evacuation Rate With
Direct Aisle Lighting vs. Ceiling-Mounted Illumination
Using Experienced Subjec¢ts With La -ered Smoke

Test Lighting System Total Evacuation
Series* Sequence Time (seconds) Improvement
B,C,D, Conitrol 33.79
E&F Trial 1 average
Control 26.14 22.6%

Trial 2 average

B,D, Aigle Lights 32.85 17.23%
& F Average third trials
Ceiling Lights 39.70

Average fourth trials

C & E Aisle Lights 33.49 19.7%
Average fourth trials

Ceiling Lights 41.73
Average third trials

B,C,D, Aisle Lights 33.17 18.54%
FE&F Combined third and
fourth trials

Ceiling Lights 40.72
Combined third and
fourth trials

*Series A has been eliminated from this data as the first series
used only 20 test subjects per trial.

15



Evacuation Rate (Seconds per Subicct)

1.¢

T
i
i <
I‘—.
. ~
4 ~— — e}
o] .
- —
+ —
< o o
4 o @© O < o O
. . o «© .
4 ~
r~ ©
t * w
P = 2 . ur
b O < ]
1L O - . - b K w
- Pl i A ~ o 2
— | = o | 3 ETS T B e
+ -3 - ) o
el B [ Ee wnluw el
0 D iy R N T
- oo -1 clolg
T 3 vt o IR I a
z o just jon FN SR N i
- b [ o - st o L u:
o fon U@ otota t -~
— | o~ 215 — |~ Sl E Clolo | <
) | =0 e 3 | aF )o@l
= £ ol i L
= =] o =2 o e S eloeja ] o
¥ of o & ol c £ Sfejct s
e Ml @ LEI R G R Y Al s b A
2 2] )= EUN BN R i Rl a
4 ol ol | w | ol v e ﬁ 'g é
ct ol ¢~ cltocl—=la clolol o
D] OO < O | OO ololo|
1 2 3% a% 1 2 3% ax o
Series A,C,&E Series B,D,&F All Series
Evacuation Trials Evacuation Trials Comb ined
Combined Cenmbined

*Trials with smoke in the cahin.
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'~ The method used to counterbalance trials is shown

graphically with Series A, C, and E having ceiling

lighting as the third trial and Series B, D, and F

where ceiling lights were used as the fourth trial.
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TABLE 4. Percent Improvement in Evacuation Rates
With Direct Aisle Lighting vs. Ceiling-Mounted Emergency
Lightirg Using Experienced Subjects With Layered Smoke in the Cabin

Lighting System Sequence Average Evacuat.on Percentage
Rate (Seconds/Subject} Improvement

Aisle lights - third trials 0.84 16.8
Ceiling lights - fourth trials 1.01
{118 Subjects)

Alsle iights - fourth trials 0.89 21.9
Ceiling lights - third trials 1.14
(99 Subjects)

Aisle lights - combined trials 0.86 19.7
Ceiling lights -~ combined trials 1.07
(A1l 217 Subjects)

In May 1972, the lighting criteria was again revised to upgrade emergency
lighting system reguirements for wide-bodied aircraft. Since that time no
significent changes have been made in emergency lighting regquirements.
There has been no reguirement that general cabin emergency lighting or
exit locator and identification signs be proven effective in a cabin smoke
environment.

Depending on its density and distribution in an aircraft cabin, smoke
can become a considerable restriction to effective visibility. Because
smoke tends to stratify in an alrcraft cabin, with progressively increasing
cptical densities from floor-to-ceiling levels, emergency lighting and
internally illuminated signs mounted in the upper one-third to upper one-
half of the cabin may be rendered ineffective even though the smoke
densities in the lower part of the cabin may be considerably less visually
restrictive. Lights and signs which are restricted from view by smoke
offer little guidance during the evacuation. This is reflected in the
increase in evacuation times recorded for trials using ceiling-mounted
lights, as shown in average evacuation rates in Figure 2 and Table 4.

Relocating emergency exit signs and locator sians lower in the cabin
would appear to fulfill the requirement of FAR 25.811(c), reference(1ll)
which sta.es that means must be provided to assist occupants in locating the
exits in conditions of dense smoke. The criteria for dense smoke are not
defined but the results of studies on the effect of smoke on the visibhility
of exit signs (12,13) indicate that signs similar to those meeting the
criteria of FAR 25.312(b) (1) (i) are not readable with any degree of
certainty when the total optical density of the smoke between the observer
and the signs exceeds approximately 3.5. This value is based on otherwise
optimal viewing conditions and therefore vrobably exceeds the density that
would render the signs ineffective in an actual emergency situation
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invelving smoke in the cabin. The presence of even very low concentra-
tions of irritant gases in the cabin will produce a loss of visual acuity
and impairment of vision (14). Larger or brighter signs are a relatively
ineffective, or at least inefficient, arproach to compensating for higher
smoke densities though such signs may be more effective in meeting their
intended purpose at lower optical densities. With this limitation,. the
most apparent method for improving the visibility of the signs in the
presence of smoke is to locate them lower in the cabin where the smoke 1s
normally less dense, but high enough above floor level to be seen without
obstruction from view by interior features such as seait backs or the move-
ment of passengers through the cabin. The decreases shown in evacuation
times for trials using armrest-mounted aisle lighting in this suudy
indicates the effectiveness of lighting systems mounted below the lavered
smoke (see percent improvement in Table 4},

By mounting signs, aisle lights, and cross~aisle markers at or below
the midpoint of the cabin, illumination in the aisle can be achieved in
layered smoke at or above present minimum levels with proper sizing and
spacing of lights. The option for alternate mounting locations of emer-
gency exit marking signs and emergency illumination of the aisleway
presently exists in the regulatory reguirements of Part 25.811(d)(2,3)
and 25.812(c). At least one such adeoption of this concept has been accom-
plished on medifications to several Gulfstream American G-1C a‘rcraft
with certification by FAA Scuthern Region in December 1980 {see Apvendix D).
The modification included mounting emergency light units under every tl.ird-
seat row, flooding the aisleway with illumination at a level above that
which 1s required by regulation. This certification was granted with
technical gquidance on emergency lighting from the FAA Technical Center's
Fire Safety Branch, ACT-350.

FAR 25.812{(c) does not require that general emergency lighting systems
be mounted at the ceiiing or other overhead locations even though the
requirement for measurement of illumination levels might be interpreted
to imply such a location. A direct aisle-lichting svstem, such as was
used in this study and as found on the Gulfstream aircraft, concentrates
the general emergency lighting in the aisle space below armrest level.
Similarly, FAR 25.812(d) does not specify the mounting position for the
signs that provide illumination of the cross-aisle passageways to the floor
level exits. However, to the extent that the passageway lighting is
provided from the same fixtures as provide exit locaticn and/or identifica-
tion information, FAR 25.811{(d) (1) specifieg that such si.. - be located
above the cross aisles or at other overhead locations. Locating the exit
locator signs lower in the cabin area may or may not meet this require-
ment depending on the particular definition of "overhead." If "overhead"
is defined .s above the passenger's seated head height, the exit locator
signs could be mounted lower in the cabin and still wmeet the requirement
of being mounted above (higher than) the aisle. An exit locator sign
mounted halfway down a bulkhead or galley partition would still be visible
from the passenger's seated position. During the evacuation trials, with smoke
layered most heavily in the upper third of the cabin, subjects tended to
crouch down or stoop over to avoid the smoke, and were locking for the
exit from just above seatback height. Those individuals who were first
down the aisle had the greatest need to seec exit locator signs below the
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layered smoke. Other subiects followed in trail as documented on 16mm
film coverage of each trial evacuation. During trials with ceiling-
monnted lights and signs engulfed in smoke, subjects had nc visual refer-
enze as to exit location from a crouched bedy position, thus both indi-
vidual znd group evacuation times were slower than on trials where signs
were mounted at cabin midpoint or helow.

Results of subject questionnaires, although subjective in nature,
showed a favorable reaction to the aisle-mounted lighting system. Reported
disorientation was less with the aisle-mounted lights. The effects of the
smoke on the overhead-mounted signs and lights were judged twice as severe
as on the signs and lights mounted at the midpoint of the cabin or below.

CONCLUSION

The traditional interpretation of lighting requirements has been
restricted to ceiling and high cabin-mounted installations.

Evacuation times can be reduced in a smoke-filled cabin when emergency
lighting and exit locator signs are mounted at or below the midpoint of
the cabin, directly illuminating main and cross airleways.

Test subjects reported an overall reduction in disorientation during

evacuation with aisle lighting, accerding to subjective responses to the
questionnaires, as reported in Appendix C.
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APPENDIX B

EVACUATION RESEARCH UNIT PROTOCCL, 80-02

Title: Emergency Cabin Lighting Installations - An Analysis of Ceiling-

Mounted vs. Lower Cabin-Mounted Lighting During Evacuation Trials,
FAA Form 9550-1, ARD-500-76-2.

Introduction: CAMI's continuing investigations into commercial aircrafi
crashworthiness and cabin fire safety is in response to *“he FAA Technical
Center's Fire Safetv Program Fian and FAA Form 9550-1, Technical Support

for Transport Emergency Lighting Evaluation, ARD-520 Proiject No. 181-521-095
(ARD-500-76-2). The effectiveness of FAR Part 25.812 exit sign and cabin
emergency lighting locations/installations will be analyzed in dense cabin
smoke tvpical of a post-crash fire environment.

Preliminary work has stressced the development of a means to uniformly
distribute white smnke in the cabin of the evacuation simulator consis-
tentlv during each test. Smoke optical density measurelents have been made
as part of our effort to replicate layered smoke in the cabin during suc-
cessive evacuation trials. From these preliminary efforts, we have
developed repeatable test methodolegy which will allow consisteni smoke
distribution and stratification throughout the evacuation simulator aft
cabin.

Problem: Swmoke in an aircraft cabin, whether from a cabin fire or from an
QLEQrERL, frga. @§§§§£¥%Q§§§§F3§§“$Sé$%é§$%x Do TS . cronsoam e Shors.
directional arrows, and exit wash (floodl [{ahting become less effective
in providing evacuation information to passengers when the cabin fills with
smoke. Results of FAA Technical Center (formerly NAFEC) tests published
in NA=79-46-LR, "A Preliminary Examiration of Interior Alrcraft Emergency
Lighting Under Simulated Post-Crash Fire and Smoke Conditions,” found that
the lowering of exit signs and lighte closer to the floor may increase
their usefulness during times when the aircraft cabin fills with ilayered
smoke. The study found that ceiling-mounted lights and signs are effec-
tively plocked from view and there is a significant decreased emergency
capin iliuminaticon oven though cabin air temperatures are still at a sur-
vivahle level. 2.isle lighting was evaluated in the forms of armrest-
mounted fluorescent lights and floor-mounted electroluminescent strip
lights with the conclusion that, in a smoke-filled cabin, aisle lighting
mounted near the floor provides passenger awareness, exit locativa informa-
ticn, and cabin illumination for a lornger period of time than ceili-ng- or
Lulkhead-mounted lights. However, no testing was conducted with actual
passengers due te the toxic properties of the smoke being used.

CAMI, recognizing the problems with smoke stratification in the cabin,
conducted human subject evacuation testing on July 20 and August 10, 1978,
to evaluate evacuation problems with cbscured vision. Four tes’s were
conducted using 40 sublects on each of two test dates. Results were
preliminary in nature, having been reported in the July-September 1978
Eesearch Task Quarterly Report under tisk AM-B-78-PRS-38. For these
tests, 40 test subjects, in a vepresentative mix of the flying public,
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APPENDIX B

EVACUATION RESEARCH UNIT PROTOCOL, 80-02

Title: Emergency Cabin Lighting Installations - An Analysis of Ceiling-

Mounted vs. Lower Cabin-Mounted Lighting During Evacuation Trials,
FAA Form 9550-1, ARD-500-76-2.

Introduction: CAMI's continuing investigations into commercial aircraft
crashworthiness and cabin fire safety is in response to the FAA Technical
Center's Fire Safety Program Filan and FAR Form 9550-1, Technical Support

for Transport Emergency Lighting Evaluation, ARD-520 Project No. 181-521-09%
(ARD-500-76-2). The effectiveness of FAR Part 25.812 exit sign and cabin
emergency lighting locations/installations will be analyzed in dense cabin
smoke typical of & post-crash fire environment.

Preliminary work has stressed the development of a means to uniformly
distribute white smoke in the cabin of the evacuation simulator consis-
tently during each test. Smoke optical density measurements have been made
as part of our effort to replicate layered smoke in the cabin during suc-
cessive evacuation trials. TFrom these preliminary efforts, we have
developed repeatable test methodology which will allow consistent smoke
distribution and stratification throughout the evacuation simulator aft
cabin.

roblem: Smoke ir an aircraft cabin, whether from a cabin fire or from an
external fire, quickly chscures visibility. Exit signs, cross-aisle signs,
directional arrows, and exit wash (flood) lighting become less effective

in providing evacuation information to passengers when the cabin fills with
smoke. Results of FAA Technical Center (formerly NAFEC) tests published

in NA-79-46-LR, "A Preliminary Examination of Interior Alrcraft Emergency
Lighting Under Simulated Post-Crash Fire and Smoke Conditions,” found that
the lowering of exit signs and lights closer to the floor may increase
their usefuliness during times when the alrcraft cabin fills with layered
smoke. The study found that ceiling-mounted lights and signs are effec-
tively nlocked fyom view and there is a significant decreased emergency
cabin illumination even though cabin alr temperatures are still at a sur-
vivable level. Risle lighting was evaluated in the forms of armrest-
mounted fluorescent lights and floor-mounted electroluminescent strip
lights with the conclusion that, in a smoke-filled cabin, aisle lighting
mounted near the floor provides passenger awareness, exit location informa-
tion, and cabin illumination for a longer peried of time than ceiling- or
bulkhead-mounted lights. However, no testing was cenducted with actual
passengers due to the toxic properties of the smoke being used.

CAMI, recognizing the problems with smoke stratification in the cabin,
conducted human subject evacuation testing on July 20 and August 10, 1978,
tc evaluate evacuation problems with obscured vision. Four tesis were
conducted using 40 subjects on each of two test dates. Results were
preliminary in nature, having been reported in the July-September 1978
Research Task Quarterly Report under task AM-B-78-PRS-38. For these
tests, 40 test subjects, in a representative mix of the flying public,
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were all brought up to the same learning level by four trial runs earlier

in the afterncon.

From this baseline, subjects participated in four tests

of various lighting levels and visibility conditions as follows:

1978 Emergency Lighting Tests

Visibility Evacuation Evacuation
Limitation Lighting Conditiens Times, July 20 [ Times, aAugust 10
Smoke goggles { Full cabin lighting 32.2 s 30 s
Smoke goggles | Ceiling-mounted emergency 42.8 = 42.0 s
light system (0.05 FL)
Smoke goggles | Armrest-mounted fluorescent 35.6 s 34.0 s
light system from American
Optic Light, Inc. (Plumbly
Tndustries)
White smoke Ceiling-mounted emergency 37.2 s 34 s

light system {G.05 FL)

Data on the smoke goggles used to limit vision have been published in CAMI
Memorandum Report AAC-119-78-11(E), December 11, 1978.

Using these tests and the work conducted by the FAA Technical Center as
background, the present test series has bean programed to begin June 1980.

Equipment and Facilities:

The gvacuation simulator has been configured

with double and triple seats the full length of the aft cabin. Every other
seat row is ecuipped with a fluorescent light assembly manufactured by
american Optic Light which lights the aisle as well as provides a lighted
surface area at knee height to illuminate the aisle passageway and mark

seat positions.

Overhead cabin incandescent lighting provides the minimum 0.05 FL of
illumination at armrest height tvpical of FAR Part 25.812 reguirements.
Standard commercially available incandescent exit signs will be provided
above three exits and one cross-aisle light will be installed at the inter-

section of the main alsle with the cross aisle.

The incandescent lights

will pe evaluated as a complete lighting system and compared to the fluores-

cent lighting system under swmoke conditions.

Trials 1 and 2 will be with the 2.43m flucrescent light fixtures in the
simalator. Trial 3 on June 17 will use the incandescent
ceiling-mounted lighting system and Trial 4 will be with the aisle-mounted

ceiling of the

fluorescent system.
incandescent (counterbalanced).

On June 19, Trial 3 will be flucrescent and Trial 4
The test series on June 24 and July 1

will be the same as June 17 and June 26 and July 2 will be the same as

June 19.
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The exit used will be a "Type A" (110.5 cm X 182.8 cm) design. Aisle
will be approximately 12.5 meters lorg. Airline-type seats will be
spaced at 86.3 cm pitch.

A partition has been installed just inside the left rear exit to block
sunlight from entering the forward part of the cabin when the exit is
opened. A wooden structure has been evected just outside, adjacent to the
exit, which is covered with black plastic and has black plastic baffles
hanging from the ceiling inside. This structure will serve as a shroud
around the exit to prevent sunlight from entering the evacuation simalator.
The aircraft attitude will be wings level with the simulator remaining on
the ground. Escape slide and safety net will not be used.

Twenty paid volunteer subjects will be used on June 17 and 40 subjects on
successive tests on June 19, 24, 26, and July 1 and 2. Passengers will be
briefed about the general test conditions they will be exposed to in the
lobby of the CAMI Building. When both subjects and the test vehicle are
ready, subjects will be led to the simulator and assigned seats. The same
seat assignment will be maintained throughout the test series. Seating
will be 4, 5 and 6 abreast in the forward part of the cabin.

Cameras will be prepositioned in the forward and aft sections of the
simulator and outside, viewing the test subjects as they egress the black
plastic shroud covering the exit. One camera will be equipped with
numeric timing equipment and flash bulbs will go off, giving a visual
signal to the cameras that the test has begun. Motion picture cameras
will shoot 24 frames/second with camera accuracy being * % frame/s.

Rates of movement down the aisle and total time will be obtained from
both film coverage and stopwatches.
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9.
10.

11.

16.
HY
18.
19.
20.
21.
22.
23.
24.
25.

26.

*On

Check

Briet

Test Sequence Checklist

subject seated position.

subjects "Do as they are told.™

Photo team reset cameras.

Reset clocks.

Replace two flashbulbs.

Change outside and inside run numbers.

Turn
Readi
Turn
Turn
Start
Smoke
Turn
Turn
Turn
Turn
Five-

Ring

on tape recorder.
ness check from each crewmember.
on smoke fan.*
off air conditioner.*

smoke generator.®*

cabin for 60 seconds.?*
off smoke fan.*
on special lighting for that trial.*
off overhead fluorescent lights.*
on Night Viewing Devices.*
second countdown {cameras start}.

beil.

Remove door ccvering.

Shout
Stop

Turn

evacuation instructions.
clocks.

off Night Viewing Devices.*

Record stopwatch readings.

Record clock readings.

Turn

Debri

third

on exhaust fans.*

ef passengers and reboard.

and fourth trials with smoke onlv.
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APPENDIX C

Summary &f Results of Selected Questionnaire Items:

The percentage of subjects reporting experiencing an impression or
feeling of the existence of a real emergency during the trial evacuations
increased from 43 percent on the first control tc 67 percent on the second
control evacuation. This may be the result of the encouragement given the
subjects to improve their performance on subseguent trials. The reported
incidence of such impressions increased to 83 percent on the third trial
when smoke was first introduced into the cabin but decreased to 75 percent
on the fourth trial, which was also with smoke. There were essentially no
differences in the reported freguencies c¢f impressions of an actual emer-
gency attributable to the specific type of emergency lighting employed.
The weighted strengths of the reported impressions were in approximately
the same ratio as the frecuency cif occurrence.

The frecuency of reports of having experienced disorientation during
the trial decreased from Z¢ percent on the first trial to 18 percent on
the second triai. The Ifreguency increased to 67 percent on the third
trial when ceiling lights were used with the first introduction of smoke.
Cn the fourth trial the freguency iecreased te 42 percent when aisle
lighting was used with smoke. When the aisle lights were used on the
third trial the repcorted freguency was 47 percent and increased to 53 percent
on the fourth trial with ceiling lights. In both seguences the reported
frequency of disorientation was less with aisle lighting than with ceiling
lights. This also suggests a seguence effect with reported disorientation
being more prevalent when the first experience with smoke is coupled with
the use of ceiling lighting.

Almost all reports of disorientation were associated with moving
through the cabin but a few reported onset with the sound <f the alarm
bell. It is possiblie these subjects interpreted their alerting reaction
for disorientation.

The ceiling-mounted emergency iighting was rated inadequate by 52 percent
of those responding to the auestion while 28 percent rated the aisle light-
ing inadegquate. The aisle lighting fared somewhat better when presented on
the fourth trial when 22 percent rated it inadeguate compared to 33 percent
when it was presented on the third trial. This difference can be attri-
buted to the subjects making a comparative evaluation against celling
lighting rather than an absolute judgment. Interestingly, a small number of
responses judged the full bright cabin lighting on the control trials as
inadeguate.

More than half judged the =ffects of the smoke on the ceiling lights to
be severe while only a little more than a third judged the effect on aisle
lights to be severe. This difference was most rronounced when aisle light-
ing was employed on the fourth trial. The ecffects of the smoke on the over-
head emergency locator signs was judged severe twice as often as for the
bulkhead signs meunted lower in the cabin. The smoke was alsc judged to
severely affect access to the exits twice as often with ceiling lighting as
with aisle lighting. Awareness of exit signs appeared relatively low and
may have beer the result of the subjects' stated practice of simply follow-
ing the person ahead of them.
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TRIAL 1. Questionneire Results, Contxol Lighting No. 1

NAME : VEST NO.

AGE: SEX: DATE : TEST NC.:

Please respond to every item on this questionnaire according to your best
judygment on each item,

How many times have you flown as a passenger on a commercial airlines
during the past two years?

53 I have never flown

|

57 I have not flown during the past two vears
46 Once oy twice
35 Three to five times
28 More than five times
(219)

As a passendger, have you ever participated in a real emergency evacuation?
5 Yes 213 No 1 No Answer

Before the bell sounded, were vou aware of your seat location in relation
to the exit?

146 Yes 64 No 9 Don't remember
Do you feel that the briefing on the evacuation procedures was:
142 Adeguate 22 Inadeguate
5 Tco long 8 Too short
0 Too technical 37 Not specific enough
10 Confusing 71 Helpful

Did vou have a feeling or an impression that a real emergency existed
during the evacuation?

94 Yes 124 No 1 No Answer

If you answered ves to the above question, how strong was the feeling or
impression?

39 Slighf 45 Moderate 10 Strong 1 No Answer
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Did you feel disoriented or confused at any time during the test?
64 Yes 153 No 2 No Answer
If you felt disoriented or confused, when was that feeling strongest?

i54 Not applicable

When first seated in simulator
38 When bell sounded
16 While moving through the cabin
2 No Answer

‘m

|

While vou were seated, before the bell rang, were you aware of the exit
signs?

138 Yes 74 No 6 Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the
exit signs?

80 VYes 126 No 12 Don't remember 1 No Answer

Did the type of lighting affect your confidence and speed of evacuation?

52 Yes 103 No 42 Don't know 2 HNo Answer

Do you think the lighting was:
More than
17 Inadeguate 60 Barely adequate 150 BAdeguate 2 No Answer

for a quick and safe evacuation?

How well could you see the exit when you first moved into the aisle after
the bell rang?

96 Not at all &1 Barely 60 Distinctly 2 No Answer

- P I s P
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TRIAL 2. OQuestionnaire Results, Control Lidghting Ne. 2

NAME

"

VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best
judament on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
during the evacuation?

147 Yes 72 No

If you answered yes to the above guestion, how strong was the feeling or
impression?

59 Slight 55 Moderate 33 Strong

pid you feel disoriented or confused at any time during the test?

40 Yes 179 No

If you felt disoriented or confused, when was that feeling strongest?

179 Not applicable
2 When first seated in simulator
23 When bell sounded
14 While moving through the cabin
1 HNo Answer

While youIWere seated, before the bell rang, were you aware of the exit
signs?

174 Yes 32 No 5 Don't remember 1 No Answer

After the bell rang and you got up from your seat, were you aware of the
exit signs? :

100 Yes 109 No 9 Don't remember 1 No Answer
Did the type of lighting affect your confidence and speed of evacuation?
44 Yes 147 No 28 Don't know

Do you think the lighting was:

12 Inadequate 58 Parely adequate 149 More than adequate

for a quick and safe evacuation?




How well could you see
after the bell rang?

92 Not at all

the exit when you first moved into the aisle

56 Barely 71 Distinctly



TRIAL 3. Ceiling Lighting

NAME - VEST NG. TEST NO.

Please respond to every item on the gquestionnaire according to vour best
Judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
during the evacuation?

_§§__Yes 16 No

If you answered yes to the above question, how strong was the feeling oY
impression?

12 slight 38 Moderate 26 Strong

Did you feel disoriented or confused at any time during the test?

66 Yes 33 No

If you felt disorierted or confused, when was that feeling strongest?

23 Not applicable
2 When first seated in simulater
4 When bell socunded
59 While moving through the cabin
1 No Answer

While you were seated, oefore the bell rang, were you aware of the exit
signs?

73 Yes 25 No 1 Don't remember

After the bell rang and vou got up from your seat, were you aware of the
exit signs?

33 Yes 64 MNeo 2 Don't remember

Did the type of lighting affect your confidence and speed of evacuation?

66 Yes 29 No 4 Don't know

Do you think the 1lighting was:

53 Inadeguate 35 Barely adequate 11 More than adequarce

for a guick and safe evacuation?



How well could you see the exit when you first moved into the aisle after
the bell rang?

80 Not at all 16 Barely 3 Distinctl-

How much did the presence of smcke in the cabin affect youar access to
the exit?

4 Not at all 16 Very li.tle
30 Moderately 36 Severaly
13 No Answer
How much did the smoke affect the lighting in the cabin?
1 Not at all 4 vVery little
29 Moderately 52 Severely
13 1lNo Answer
How much did the smoke affect the visibility of the exit signs?
1 Not at all 7 Very little
20 Moderately 58 Severely
13 No Answer
Did you experience any phyvsical reactions to the swmoke?

18 Yes [oYs; No

If yes, how so: (Please describe reaction)



TRIAL 4. Aisle Lighting

NAME : VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best
judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
during the evacuation?

75 Yes 24 No

If you answered yes to the above guestion, how strong was the feeling
or impression?

18 Slight 39 Moderate _ 18 strong

Did you feel disoriented or confused at any time during the test?

42 Yes 57 No

If you felt disoriented or confused, when was that feeling strongest?

57 Not applicable

When first seated in simulator
& When belli sounded
35 While moving through the cabin

[

while you were seated, before the beil rang, were you aware of the exit
signs?

79 Yes 18 No 1 Don't remember 1 No Answer

After the bell rang and you gnt up from your seat, were you aware of the
exit signs?

68 Yes 29 No 72 Don't remember

Did the type of lighting affect your confidence and speed of evacuation?

57 Yes 32 HNo 5 Dbon't know

Do you think the lighting was:
22 Inadequate 45 Barely adequate 31 More than adequate

for a quick and safe evacuation?

C-3
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How well could you see the exit when you first moved into the aisle after
the bell rang?

53 ©WNot at all 31 Barely 15 Pietinctiy

How much did vrhe presence of smoke in the cabin affect your access tc
the exit?

5 DNeot at all 25 Very little

40 Moderately 16 Severely
13 No 2Answer

How much did the smoke affect the lighting in the cabin?
2 Not at all 20 Very little

3g Moderately 26  Severely
13 No Answer

How much did the smoke affect the visibility of the exit signs?
14 Not at all 18 vVery little

31 Moderately 23 Severely
i3 No Answer

pid you experience any phvsical reactions to the smoxe?

10 Yes 74 No 15 Ko Answer
If yes, how so: (Please describe reaction)
C-9
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TRIAL 3. Aisle Lightirg

NAME : VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best
judgment on each item for the test just completed.

Did you have a feeling or an impression that a real emergency existed
during the evacuation?

98 Yes 20 No

If you answered yes to the above cuestion, how strong was the feeling
cr impression?

26  Slight 37 Moderate 35 Strong

Did vou feel discriented or confused at any time during the test?

55 Yes 63 No

1f vou felt disoriented or confused, when was that feeling strongest?

63 Not applicable
2 When first seated in simulator
3 When bell sounded

50 WwWhile moving through the cabin

While vou were seated, before the bell rang, were vou aware of the exit
signs?

105 Yes 12 No 1 Don't remember

After the bell rang and vou got up from your seat, were you aware of the
exit signs?

68 Yes 47 WNo 3 Don't remember

Did the tvpe of lighting affect your confidence and speed of evacuation?

74 Yes 36 No 8 Don't know

Do you think the lighting was:

39 Inadequate 54 Barely adeguate 25 More than adegquate

for a gquick and safe evacuation? .
g
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How
the

How
the

How

How

well could vou see the exit when you first moved into the aisle after
bell rang?

77 Mot at all 28 Barely 13 Distinctly

much did the presence of smoke in the cabin affect your access to

exit?
19 Not at all 22 Very little
51 Moderately 25 Severely

1 No Answer

much did the smoke affect the lighting 1in the cabin?
5 Not at all 10 very little
49 Moderately 53 Severely

1 No Answer

much did the smoke affect the visibility of the exit signs?
14 Not at all 22 Very little
42 Moderately 38 Severely

2 No Answer

Did you experience any physical reactions to the smoke?
18 Yes 99 No 1 No Answer
If yes, how so: (Please describe reaction)
c-11
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TRIAL 4. Ceiling Lighting

NAME : VEST NO. TEST NO.

Please respond to every item on the questionnaire according to your best
judgment on each item for the test just completed.

Did yvou have a feeling or an impression that a real emergency existed
during the evacuation?

88 Yes 30 No

If you answered yves to ihe above question, how strong was the feeling
or impression?

13 Slight 39 Moderate 36 Strong
Did you feel disoriented or confused at any time during the test?

63 Yes 55 No

If you felt disoriented or confused, when was that feeling strongest?

Not applicable

When first seated in simulator
When bell sounded

While moving through the cabin

glefof
te] -bOIU"

While you were seated, before the hell rang, were vou aware of the exit
signs?

896 Yes 20 No l Den't remember _ 1 DNo Answer

After the bell rang and vou got up from your seat, were you aware of the
exit signs?

50 Yes 64 No 3 Don't remember 1 No Answer

Did the type of lighting affect your confidence and speed of evacuation?

84 Yes 25 No 2 Don't know

Do you think the lighting was:
59 Inadequate 43 Barely adequate 16 More than adequate

for a quick and safe evacuation?

Cc-12



How well could you see the exit when yvou first moved into the aisle after
the bell rang?

86 Not at all 22 Barely 10 Distinctly

How much did the presence of smoke in the cabin affect your access to
the exit?

13 Not at alil 11 Very little

24 Moderately 68 Severely
1 No Answer

How much did the smoke affect the lighting in the cabin?

2 Not at all 7 Very little

38 Moderately 70 Severely
1 No Answer

How much did the smoke affect the visibiiity of the exit signs?

7 Not at all 20 Very little

25 Moderately 65 ESeverely
1 No Answer

Did you experience any physical reactions t¢ the smoke?
14 Yes 103 No

1f yes, how so: (Please describe reaction)
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APPENDIX D

Gulfstream American Corporation's Gulfetream 1C (Stretched) G-159
Aircraft Emergency Aisle Lighting System Test Results.

The following is a narrative description of the aisle lighting system
test results obtained from FAA/ASO-213 records of the FaA Conformity
Inspection and Certification approval on the first Gu fstream 1C (G-1C)
to be modified with seat-mounted aisle lighting.

The extended fuselage of the G-~1C modification necessitated the
installation of additional cabin emergency lighting. Commercially avail-
able lights were installed under aisle seats con seat rows 1, 4, 7 and 10
of the first aircraft to be modified. Lights were round incandescent
dome units made by Grimes,* P/N B-7545, containing both a 28-veclt bulb for
normal illumination and a 6.5-veolt bulb for emergency illumination. The
frosted lens cast light down and out into the aisle. Tests were conducted
using aircraft battery power only.

Measurements of general emergency cabin illiumination were taken at
seat armrest height with 2 Spectra Photometer, Model FC-200 supplied by
the FAA Technical Cente:x The lens of the photometer was oriented down-
ward and fixed at armrest heicght for initial readings. The photometer
was then rotated 90% up and aft at the same height to record additional
readings. Illumination readings were taken in accordance with FAR
Part 25.812{c) and (d) at 14 positions along the aisleway, Table D-1.

The average illumination measured, locking down at armrest height, was
0.96 Iux (0.089 foot candles) and viewing aft was 1.02 lux (0.095 foot
candles), which were both well above the minimum FAR requirements of
0.54 lux (0.05 foot candles). Light cast in the cross aisles from the
exit liahts also far exceeded the minimum 0.215 lux (0.02 foot candle)
regquirement.

The illumination measuremehts were made during the FAA Conformity
Inspection of the Gulfstream 1, S/N 116 on October 28, 1980, by the
manufacturer, FAA Southern Region and FAA Technical Center personnel. The
report on the installation and testing of the emergency lighting system
was published as Gulfstream American Report No. 159-GER-14 on November 13,
1980. The FAA Form 8110-3, Statement of Compliance with Federal Aviation
Regulations, was also issued on November 13, 1980, and recommended
approval of data gathered during the Conformity Inspection. Gulfstream
American Corporation submitted the report and the FAA Form 8110-3 to the
Southern Regicon by letter dated November 25, 1980. FAA/ASO-213 Engineering
and Manufacturing Branch acknowledged receipt of the letter December 2,
1980, and approved the recommendation for certification with the aisle-
mounted lighting system installed.

*Grimes Manufacturing Co., Urbana, Chio
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TABLE D-1.

Measured Illumination Levels of the
Gulfstream American G-1C Aircraft*

Photometer Orientation
Section 25.803(c) Section 25.803(d}
Aisle lighting Exit signs
at armrest ievel at 15.24 cm
Aisle Looking Rotated (6 inches) above Aisle
Position Down 90° Aft cross—aisle floor. Location
1 - - . 225 Entrance to cockpit
2 - - .16 Baggage compartment
3 . 009 . 009 .27 Fwd cabin door
4 .14 .073 - Seat row 1
5 .026 . 044 -
) .145 .139 - Seat row 4
7 .095 .325 -
8 .125 .11 -
9 127 .04¢e .55 Seat row 7 and
overwing exits
10 .081 .074 -
11 .147 .034 - Seat row 10
12 .038 .035 -
13 .030 .192 -
14 .039 .057 .37 kear docr
Average 0.081 0.095 0.315

*Readings in foot candles.
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