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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
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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.
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