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INTRODUCTION 

PURPOSE. 

The purpose of this project was to 
measure and study the integri ty of 
pressurized evacuation slide materials 
exposed to thermal radiation during 
small-scale tests of material samples in 
the laboratory and full-scale outdoor 
pool fire tests of complete slides. 

BACKGROUND. 

During an impact-survivable crash, 
passenger egress can be threatened by 
an external fuel fire. Intense heat and 
flame from such a fire can cause loss 
of potential passenger exit routes. The 
primary vehicle for passenger egress is 
the inflatable evacuation slide which 
has been greatly improved, resulting in 
shortened escape times, since its 
introduction into airline service over 
25 years ago. 

The inflatable portion of current slides 
and slide/rafts are constructed of 
either urethane nylon or neoprene nylon 
materials. The elastomeric coatings 
of these materials are known to have 
inherent ly low melt ing temperatures 
( 27 5 0 F - 3 60 0 F ) inc om par i son t 0 

temperatures produced by a fuel fire 
(2000 0 F). At present, Federal Regu­
lations require evacuation slide 
materials be tested for flame resistance 
in accordance with Federal Aviation 
Reg u 1 a t ion ( FAR) 2 5 . 853 ( Par t b). 

There are currently no Federal Aviation 
Administration (FAA) requirements for 
slide material resistance to thermal 
radiation. A slide deployed in a post­
crash fire environment can be subjected 
to thermal radiation without flame 
contact. The structural integrity of an 
inflatable evacuation slide is dependent 
upon th e mai ntenanc e of adeq uat e 
internal pressurization. If substantial 
damage occurs to the airholding portion 
of the slide, inflation pressure will 

escape rapidly, rendering the slide 
unuseable. 

The National Transportation Safety Board 
(NTSB) investigation of the Continental 
DC-IO accident at Los Angeles Inter­
national Airport (reference 1) concluded 
that fuel fire radiation caused the for­
ward right escape slide/raft to fail, 
without direct flame contact, before all 
passengers and crew members had evacu­
ated the airplane. This early finding 
prompted the FAA Technical Center 
(formerly the National Aviation Facili­
ties Experimental Center (NAFEC» to 
conduct a preliminary assessment of the 
fire protection characteristics of 
various evacuation slide materials 
(reference 2). This cursory study 
included both small-scale tests in the 
laboratory and outdoor pool fire tests. 
The findings indicated that a thin 
coating of aluminum paint provided a 
significant improvement in the thermal 
radiation resistance of a slide 
material. Good correlation was also 
established between the failure time of 
slide materials measured in a crude 
laboratory test, hurriedly developed for 
the study and outdoor fire exposure 
tests. The laboratory test utilized an 
electric radiant heater to expose 
pressurized samples configured into 3­
inch diameter cylinders. The time from 
the initial thermal exposure to fabric 
failure, indicated by a loss in 
pressure, was well defined by a pressure 
transducer trace in these experiments. 
However, the setup time required for 
these tests, particularly for the fabri­
cation of the cylindrical samples, was 
lengthy and cumbersome. The quick 
reaction nature of the study limited the 
outdoor tests to large flat samples, not 
actual pressurized slides, exposed to 
thermal radiation from a fuel fire. 
This study also did not inc lude the 
testing of seams. 

Based on the conclusions and recommen­
dations from the quick reaction study, a 
more comprehensive program was initiated 
at the Technical Center to further 
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investigate the radiant heat resistance 
of slide materials. 

EXPERIMENTAL OBJECTIVES. 

The primary object ives of this program 
were fourfold: 0) design and develop a 
laboratory test method for measuring the 
i nt egr i ty of pres sur ized evacuat ion 
slide materials exposed to thermal 
radiat ion; (2) deve lop a pract ical and 
lightweight coating to be used for 
retrofitting inservice evacuation 
slides; (3) examine and foster the 
development of advanced materials that 
are resistant to radiant heat and 
suitable for use in the fabrication of 
evacuation slides; and (4) determine the 
heat res istance acceptance criteria for 
slide materials. 

DISCUSSION 

GENERAL APPROACH. 

The general approach taken was to test 
slide and slide/raft materials for 
resistance to radiant heat under both 
full-scale and laboratory conditions. 
The laboratory test used in the quick 
reaction study was chosen as a basis 
for the new laboratory test method. The 
lab apparatus was modified and made more 
precise and simple to operate. A 
cont ract was awarded to B. F. Goodrich 
(reference 3) to develop a reflective 
coating for retrofitting inservice 
slides and slide/rafts. Laboratory 
tests were performed on candidate 
materials for use in the manufacture of 
new slides as well as on samples taken 
from the undamaged sections of slides 
used in full-scale tests. 

At various stages during the project, 
pressurized slides were subjected to 
thermal radiat ion produced by a large 
fuel fire. Baseline tests involved 
a series of L-lOll urethane nylon slides 
and DC-lO neoprene nylon slides. 
Similar slides were protected with an 

aluminized coating and tested. An 
aluminized neoprene Kevlar 737 slide and 
a neoprene Kevlar tube section were also 
tested. The purpose of these full-scale 
tests was to establish the failure modes 
under the most realistic conditions 
possible, and to provide full-scale data 
for comparison with data from the new 
laboratory test method. 

EQUIPMENT DESCRIPTION. 

Full-scale tests were conduct ed- at the 
air p 0 rtf ire t €~ S t sit e uti 1 i zing a 
30- by 30-foot fire pit filled with 
Jp-4 fuel. Two towers were fabricated 
with galvanized pipe and positioned 
equidistant on opposite sides of the 
fire pit (see figures 1 and 2). Girt 
bar assemblies allowed for slide 
attachment to simulate a door sill 
height of 15 feet above the ground. 
These t owe rs were cons t ruct ed wi th 
wheels for ease in repositioning to 
obtain various heat fluxes as a function 
of distance from the pit. Three calo­
rimeters (Hy-cal model C-1300 A) were 
used to measure the incident heat flux 
upon each slide. Two calorimeters were 
mounted on stands for placement near the 
middle and foot of each slide. 

The third calorimeter was mounted on the 
tower near the top of the slide. A 
pressure transducer (Dynisco model 
PT305-l5) was connected to each slide 
inflation chamber to continuously 
monitor internal pressure during the 
tests. The calorimeter and pressure 
transducer data were recorded on a 
Honeywell Oscillograph model 1858. Six 
chromel-alumel thermocouples were 
pos it ioned adjacent to each calorimeter 
(three for each slide). Thermocouple 
data was collected at 5-second intervals 
on an Esterline Angus recorder model 
D2020. The oscillograph and temperature 
recorder were located in an instrumen­
tat ion van approximately 100 feet from 
the fire pit. During later tests, an 
additional thermocouple was positioned 
to measure either sliding surface 
temperature or underside temperature in 
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the air pocket near the top of the 
slide. Due to the limited availability 
of slides, later tests consisted of only 
one slide per test. 

Early morning tests were chosen to 
minimize the effects of wind which 
influence fire plume behavior. The 
inflat ion sys tems were removed from 
each slide prior to testing. A 
gasoline-powered portable air compressor 
was used to inflate the slides to 
nominal pressure. Test visual documen­
tation was provided by two clock­
equipped instrumentation motion picture 
cameras, two "still" cameras, three 
color video cameras, and one mobile 
motion picture documentary camera. 

The laboratory apparatus developed 
during this study to determine the 
resistance of pressurized evacuation 
slide and slide/raft materials subjected 
to radiant heat is shown in figure 3. 
The sample is fastened to the open end 
of a cylinder and is pressurized for the 
test. An electric furnace irradiates 
the specimen surface. A 0-5 Btu/ 
foot (ft)2-second (sec) calorimeter is 
used for cal ibrat i ng the irradiance 
level of the furnace and establishing 
the required distance from the furnace 
to the surface of the test specimen. A 

. digital millivolt meter records the out­
put of the calorimeter and a Honeywell 
model 19642 strip chart potentiometer 
recorder monitors the pressure and 
temperature on the test specimen. 

A more complete description of the 
apparatus and its operation can be found 
in a proposed American Society for 
Testing and Materials (ASTM) laboratory 
test method (appendix A). 

TEST MEASUREMENTS. 

A set routine was followed in preparing 
for and conducting each full-scale test. 
Firs t, the fire pi twas filled wi th 
water to a depth that sufficiently 
covered the concrete base. Approxi­
mately 100 gallons of JP-4 fuel per 

minute of desired burn time was then 
pumped from a fuel tanker truck into the 
pit. The slides were pressurized to a 
nominal value specified by the manu­
facturer. Calorimeter cooling water was 
turned on and lines were checked for 
proper water flow. With all instruments 
operational, a horn was sounded to 
signal the start of the test. After 20 
seconds elapsed (start-up time required 
for movie and video coverage), the fuel 
in the pit was ignited and the timing 
clocks were started. The slides 
designated as "A" and "B" (see figure 4) 
were located on the left and right sides 
of the pit, respectively, as viewed from 
the camera position. When both slides 
had visually collapsed, the fire was 
extinguished by the Airport Fire Depart­
ment utilizing light water foam. The 
failure modes of the slides were 
documented after each test with motion 
picture, still, and video cameras. For 
all of the full-scale tests, the 
average heat flux from 15 seconds (time 
required for fire to become fully 
developed) until time of initial 
pressure loss was determined. 

Measurements from the laboratory test 
apparatus i ncl uded incident thermal 
radiation on the test sample, temper­
ature of the unexposed surface (back 
side) of the sample, and time to initial 
pressure loss (time when a decrease in 
the cylinder pressure is first noted). 
Test materials included samples with 
and without seams, and with and without 
heat reflective coatings. 

The desired heat flux exposure condition 
was set, by varying the distance of 
the calorimeter from the opening of the 
radiant heat furnace until the desired 
setting was achieved, and then setting 
the surface of the test specimen (after 

.pressurization) to that same distance. 

Back side surface temperature was 
measured with a 22-gauge iron constantan 
thermocouple attached to the inside of 
the pressure cylinder, adjusted so that 
the thermocouple bead touched (wi thout 
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pressure) the approximate center of the 
test specimen. 

TEST RESULTS AND ANALYSIS 

FULL-SCALE. 

Seventeen full-scale tests were con­
ducted utilizing complete evacuation 
slides or tube sections (see tables 1, 
2, and 3). Baseline tests were per­
formed with urethane nylon and neoprene 
nylon slides. Two urethane nylon and 
two neoprene nylon slides were prepared 
and tested with the B. F. Goodrich 
aluminized coat ing. An addi t ional 
urethane nylon slide was prepared and 
tested with an Air Cruisers aluminized 
coating. A neoprene Kevlar tube section 
and an aluminized neoprene Kevlar slide 
were also tested. Appendix B-1 contains 
heat flux and inflation pressure pro­
files for each test. 

A description of the full-scale tests 
are given in the following paragraphs. 

Test 3: Two urethane nylon double lane 
slides were positioned at a distance of 
15 feet from the edge of the lfire pit. 
Slide "A" was inflated to 2 .~5 pounds 
per square inch gage (psig) find slide 
"B" was inflated to 2.5 ps ~g. Five 
hundred gallons of Jp-4 fuel ~ere added 
to the pit and ignited (fuell quantity 
used in all full-scale tests). I 

At 27 seconds into the testiand at a 
peak pressure of 3.13 psig, Islide "A" 
blew out catastrophically in ~ nonseam 
area near the center of the tJbe facing 
the fire. The peak heat ~lux was 
recorded by the medium height calo­
r i me t e r (1. 6 Btu / f t 2 - s e Ic a t 2 7 
seconds, see figure B-l). T~e highes t 
"average" (defined as the avelrage heat 
flux over the time interva:U from 15 
seconds (developed fire) to t~e time of 
initial pressure loss) heat flux also 
occured at this location (].51 Btu/ 
ft2- sec ). I 

At 27 seconds into the test and a peak 
pressure of 3.0 psig, slide "B" began to 
leak pres sure from a nonseam area near 
the center of the tube facing the fire 
(see figure 5). At 52 seconds, slide 
liB, II after having leaked down to 0.38 
psig, blew out. The heat flux levels 
recorded by the medium height calo­
rimeter were practically identical to 
those measured for slide "A" at the same 
location (see figure B-2). 

Test 5: Two urethane nylon double-lane 
slides were positioned at a distance of 
20 feet from the fire pi t (see figure 
4). Both slides were inflated to 2.5 
psig. 

As shown in figure B-3, at between 70 
and 80 seconds into the test, slide 
"A" gradually began to lose pressure 
after having reached a peak pressure 
of 3.33 psig. At 91 seconds and a 
pressure of 3.13 psig, the pressure 
began to decrease more rapidly from the 
seam above the aspirator at the top of 
the tube facing the fire. By 110 
second s, slide "A" had Ie aked down to 
0.2 psig. The peak heat flux for the 
top calorimeter was 1.1 Btu/ ft 2-sec at 
91 second s; however, the highest heat 
flux was recorded by the medium height 
calorimeter. 

Slide "B" gradually began to lose 
pressure between 60 and 65 seconds. At 
71 seconds, slide liB" began to lose 
pressure from a seam above the aspirator 
at the top of the tube facing the fire. 
By 120 seconds, slide "B" had leaked 
down to 0.43 psig. Thus, both slides 
developed major failures at a seam above 
the aspirator. 

Test 7: One urethane nylon double-lane 
slide was positioned at a distance 
of 25 feet from the fire pit. The slide 
was inflated to 2.5 psig. The slide did 
not fail over the test duration. The 
pressure increased throughout the test 
to a peak of 4.0 psig at 240 seconds. 
At this time the fire began to diminish 
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TABLE 1. SUMMARY OF TEST CONDITIONS 

Test 
Number 

3 A 
B 

5 A 
B 

A 

8 A 
B 

10 A 

Date 

11/6/79 
11/6/79 

11/9/79 
11/9/79 

11/16/79 

11/20/79 
11/20/79 

5/8/80 

Time 

0610 
0610 

0603 
0603 

0603 

0602 
0602 

0526 

Air TeIIlp. 
( ·F) 

36 
36 

48 
48 

44 

38 
38 

53 

Wind 
Dir. Knots 

010 03 
010 03 

200 03 
200 03 

250 09 

00 00 
00 00 

360 06 

Dew Point 
(·F) 

34 
34 

46 
46 

36 

38 
38 

49 

JIl-4 
Amount 
(Gal) 

500 
500 

500 
500 

500 

500 
500 

500 

Distance 
(Feet> 

15 
15 

20 
20 

25 

22.5 
12.5 

15 

Double 
Double 

Double 
Double 

Double 

Single 
Double 

Double 

Slide Description 

Lane Urethane 
Lane Urethane 

Lane Urethane 
Lane Urethane 

Lane Urethane 

Lane Urethane 
Lane Urethane 

Lane Neoprene 

Nylon 
Nylon 

Nylon 
Nylon 

Nylon 

Nylon 
Nylon 

Nylon 

Coating 
Applied By Comments 

1.0 
11 A 5/9/80 0526 42 300 07 36 500 20 Double Lane Neoprene Nylon 

12 

14 

16 

17 

19 

20 

22 

A 

A 

A 
B 

A 

A 

A 

A 

5/13/80 

5/15/80 

6/25/80 
6/25/80 

6/26/80 

7/24/80 

7/25/80 

7/27/80 

0525 

0527 

0431 
0431 

0428 

0507 

0511 

0512 

63 

46 

62 
62 

57 

64 

56 

64 

220 

330 

220 
220 

not 

010 

300 

00 

07 

05 

04 
04 

recorded 

04 

03 

00 

60 

43 

61 
61 

57 

04 

53 

63 

600 

500 

500 
500 

500 

500 

500 

600 

15 

15 

15 
15 

15 

20 

20 

20 

Single 

Tube 

Double 
Single 

Double 

Double 

Single 

Double 

Lane Neoprene Kevlar 
(Aluminhed) 

Section Neoprene Kevlar 

Lane Urethane Nylon BFG 
Lane Urethane Nylon 

(BFCoodrich' Alu-iniled) 

Lane Urethane Nylon Air 
(Air Cruisers Aluminized) Cruisers 

Lane Urethane Nylon FAA 
(Br Goodrich Aluminized) 

Lane Neoprene Nylon FAA 
(BF Goodrich Aluminized) 

Lane Neoprene Nylon FAA 
(BF Goodrich Aluminized) 

Pres. Relief 
Value Plugged 

Light 
Coating 



TABLE 2. SUMMARY OF URETHANE NYLON FULL-SCALE TESTS 

Test 
Number 

Lanes 
Single Double 

Aluminized 
No Yes 

Hi AV H. F.(4) Time Leaked 
Btu/ft'-5 (Second) 

Fail Mode 
Blew Out 

Fail Type & Location 
Base Middle ~ 

Pressure 
Initial Peak Coated By 

3 
3 

A 
B 

X 
X 

X 
X 

1.51M(5) 
1.53M 27 

27 
52 

Nonseam 
Nonseam 

2.65 
2.; 

3.13 
3.0 

5 
5 

A 
B 

X 
X 

X 
X 

1.12M 
1.10M 

91 
71 

Seam 
Seam 

2.5 
2.5 

·3.33 
3.5 

7 X X 0.66B(6) No fail in 240 seconds 2.5 4.0 

8 
8 

A 
B 

X 
X 

X 
X 

0.94M 
1.59M 27 

84 Seam 
Nonseam 

2.5 
2.5 

4.1 
3.05 

..... 
0 

16 
16 

17 

19 

A 
B X 

X X 

X (C)(l) 

X (C) 

BFG(2) 

AC(3) 

BFG 

1.35M 
1. 54T(7) 

1.92T 

1.22M 

32 
71 

26 

58 

Nonseam 

Nonseam 

Seam 

Seam 

2.1 
2.35 

2.45 

2.5 

3.0 
3.5 

3.0 

Data 
Loss 

BFG 

AC 

FAA(8) 

(l) C ­ Canted 

(2) BFG - R. F. Goodrich 

(3) AC - Air Cruiser 

(4) Hi Av H. F. - Highest Average Heat Flux 

(5) M - Mid<lle \ 
(6) B ­ Base 
(7) T - Top 

Calorimeter Locations 

(8) FAA - Federal Aviation Administration 
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TABLE 3. SUMMARY OF NEOPRENE FULL-SCALE TESTS 

Teot 
Number Material 

Lanes 
Single Double 

Aluminized 
No Yeo 

Hi Av H. F.(5) 
Btu/ftL 5 

Time Leaked 
(Second) 

Fail Mode 
Blew out 

Fail Type and location 
Bue Middle !21!. 

Pressure 
Initial Peak 

10 upper( l) 
lower(2) 

Nylon 
Nylon 

X 
X 

X 
X 

1.79M(6) 
1.79M 

23 
28 

Nonseam. 
Nonseam 

2.75 
2.2 

3.15 
2.8 

II upper Nylon X X 1.16M 58 Seam 2.3 3.55 
lower Nylon X X 0.86*(7) 206 Seam 3.0 3.75 

12 Revlsr X AS(3) 1.88M 68 Seam 2.04 5.05 

14 Revlsr (tube oection) . X 1.75T(8) 44 Seam. 1.9 4.65 

20 Nylon X BFG(4) 0.98T 49 Seam 3.35 4.1 

...... 

...... 22 upper 
lower 

Nylon 
Nylon 

X 
X 

BFG 
BFG 

0.94HT 
0.94HT 

104 
106 

Seam 
Seam 

2.75 
2.35 

3.85 
3.75 

*estimated 

(l) upper \ 
Dual Section Slide 

(2) lower 

(3) AS - American Safety 

(4) BFG - B. F. Goodrich 

(5) Hi Av H. F. - Higheot Aversge Heat Flux 

(6) M - Middle \ 
Calorimeter Location 

(7) * Eotirnated 
(8) T - Top 
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FIGURE 5. URETHANE NYLON SLIDE SMOKING DURING TEST; TEST 3B
 



in intensity as the remaining fuel was 
consumed (figure B-5). The fire was 
then extinguished and the pressure in 
the slide gradually returned to 2.5 
psig. The only damage to the slide was 
the "ung1uing" of a nonairho1ding 
filler strip between the upper evacuee 
retaining tube ("armrest") and the main 
tube on the side facing the fire. The 
heat flux histories were very similar 
for the three calorimeters, with an 
average value for the low, medium, and 
high calorimeters of 0.66 Btu/ft2-sec, .. 0.62 Btu/ft 2 -sec, and 0.63 Btu/ 
ft 2-sec, respectively. Thus, this 
test demonstrated that inservice 
urethane nylon slides could withstand 
radiative heat at a distance of 25 feet 
from a major fuel fire (0.6 - 0.7 Btu/ 
ft 2-sec); and subsequent test s were 
conducted closer to the fire in order to 
compare the heat resistance of different 
material systems under conditions 
producing failure. 

Test 8: In order to more closely define 
and bracket the heat failure conditions, 
test 8 consisted of one urethane nylon 
single-lane slide at 22-1/2 feet (slide 
"A") and one urethane nylon double-lane 
slide at 12-1/2 feet (slide "B") from 
the fire pit. Slides "A" and "B" were 
inflated to 2.5 psig. 

At 27 seconds into the ,test, slide liB, II 
having reached a peak pressure of 3.05 
psig, began to lose pressure rapidly 
from a nonseam area near the center of 
the tube facing the fire. By 40 
seconds, slide "B" had leaked down to 
0.15 psig. The onset of failure and 
heating conditions were similar to that 
of slide "A" in test 3, yet the loss of 
pressure was gradual compared to the 
abrubt loss (blowout) evidenced in 
test 3. 

At 84 second s into the test, slide "A" 
blew out catastrophically (see figure 6) 
at a seam approximately 2 feet below the 
aspirator on the tube facing the fire. 
The pressure had increased to 4.1 psig 
at the point of failure. 

The heating history and onset of failure 
was similar to test 5 (20-foot distance 
from fire), but the failure was abrupt, 
contrasted to the more gradual leakage 
witnessed in text 5. The test results 
appear to be more consistent in terms of 
the time to the onset of pressure lots 
rather than the pressure leakage rate. 

Test 10: One neoprene nylon double-lane, 
dual inflation chamber slide was 
positioned at a distance of 15 feet from 
the fi re pi t. The upper and lower 
chambers were inflated to 2.75 psig and 
2.2 psig, respectively. An additional 
thermocouple was attached to the under­
side of the sliding surface near the top 
of the slide. 

At 23 seconds into the test, the upper 
chamber blew out catastrophically in 
a nonseam area approximately 3 feet 
from the foot of the slide. 

The slide remained taut, however, 
because of the support provided by the 
inflated lower chamber. The lower 
chamber began to rapidly lose pressure 
at 28 seconds from a nonseam area on 
the support cushion suspended below 
the lower tube facing the fire, and the 
pressure leaked down to 0.1 psig by 35 
sec on d s . The pe a k he at flu x was 
recorded by the medium height calo­
rimeter at 1.8 Btu/ft 2 -sec at 15 
seconds. The temperature rise on the 
underside of the sliding surface was 
only 28° F by 28 seconds into the test, 
ind icat i ng that ins igni ficant heat 
accumu1at ion occurred in this area. 
This test demonstrated that the dual 
chamber design can provide an additional 
safety margin with regard to maintaining 
slide erection in a fire environment. 

Test 11: One neoprene nylon double-lane 
d u alin f 1 at ion cham be r s 1 ide was 
positioned at a distance of 20 feet from 
the fire pit (in order to examine the 
behavior of neoprene at a less severe 
heating condition than. test 10). The 
upper and lower chambers were inflated 
to 2.3 psig and 3.0 psig, respectively. 

13 



FIGURE 6. CATASTROPHIC FAILURE OF URETHANE NYLON SLIDE; TEST 8A 
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At 58 seconds into the test, the upper 
chamber blew out catastrophically on a 
seam area facing the fire near the base 
of the slide. The blowout shifted the 
base of the slide approximately 3 feet 
further away from the fire pit. Also at 
58 seconds, the lower chamber began 
losing pressure, perhaps from the shock 
caused by failure of the upper chamber. 
The loss of pressure was very gradual 
(figure B-9) in contrast to the experi­
ences of previous tests. By 206 
seconds, the lower chamber had leaked 
down from a peak pressure of 3.75 psig 
at 58 seconds to 3.25 psig, and blew out.. 
catastrophically on a seam area near the 
base of the slide (see figure 7). The 
medium height calorimeter recorded the 
peak heat flux and the highest average 
heat flux, 1.4 Btu/ft 2-sec and 1.16 
Btu/ft2-sec, respectively. It was 
estimated that the heat flux near the 
base of the slide dropped approximately 
0.3 Btu/ft 2-sec after failure of the 
upper chamber. 

Test 12: One aluminized Kevlar single­
lane slide was pos itioned at a di stance 
of 15 feet from the fire pit. The slide 
was inflated to 2.04 psig. An 
additional thermocouple was attached to 
the underside of the sliding surface 
as in tes t 10. The pres sure re li ef 
valve on the slide had been plugged by 
the manufacturer and had inadvertently 
remained so throughout the test. 

At 68 seconds into the test, the slide 
blew out catastrophically on a seam 
approximately 3 feet below the top of 
the tube facing the fire (see figure 8). 
At the time of failure, the inflation 
pressure had increased to over 5 psig, 
higher than in previous experiments, and 
possibly because of the inoperative 
pressure relief valve. Wind conditions 
caused the f ire to bend toward the 
slide, producing a higher heat flux than 
in previous tests, which peaked at 
2.4 Btu/ ft 2-sec at 68 seconds for the 
medium height calorimeter (figure B-lO). 
The temperature rise for the underside 
of the sliding surface, which was 

insignificant in previous tests, was 
134 0 F by 68 seconds. 

Test 14: One neoprene Kevlar slide tube 
section was positioned at a distance of 
15 feet from the fire pit and inflated 
to 1.9 psig. Since there was no 
pressure relief valve installed on the 
tube section, a 1/4-inch copper dump 
line with a valve was fastened to the 
tube section to provide some manual 
pressure regulation during the test. 
This measure for relieving pressure 
later proved to be inadequate. 

At 44 seconds into the tes t, the tube 
section reached a peak pressure of 4.65 
psig and blew out catastrophically on a 
seam near the top of the tube facing the 
fire (see figure 9). The peak heat flux 
was recorded by the top calorimeter at 
1.9 Btu/ ft 2-sec at 30 seconds and was 
much higher at this location than at the 
lower levels (figure B-ll). As in test 
12, wind conditions caused the fire to 
bend toward the tube section, producing 
a higher heat flux than measured in the 
earlier tests at the same distance from 
the fire. Despite the higher radiative 
exposure, the Kevlar proved more heat 
resistant than urethane or neoprene. 

Test 16: A urethane nylon double-lane 
slide was positioned at a distance of 
15 feet from the fire pit (slide "A"). 
For comparison purposes, an aluminized 
urethane nylon single-lane slide was 
positioned at the same distance on the 
opposite side of the fire pit (slide 
liB II ) B. F. Goodrich sprayed the ir• 

aluminized coating to slide "B." During 
the aluminization coating process, B. F. 
Goodrich masked off the stenciling below 
the aspirator, leaving the original 
urethane nylon exposed (see figure 10). 
Thus, the stenciled area was left 
unprotected. Slides "A" and "B" were 
inflated to 2.1 psig and 2.35 psig, 
respectively. 

At 32 seconds into the test, the 
uncoated slide ("A") began leaking 
pressure from a nonseam area in the 
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FIGURE 9. NEOPRENE KEVLAR SEAM FAILURE; TEST 14
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FIGURE 10. ALUMINIZED URETHANE NYLON WITH STENCILING SHOWING; TEST l6B 



middle of the tube facing the fire. By 
64 seconds t at a pressure of 0.5 psig t 
the uncoated slide blew out in a nonseam 
area approximately 3 feet below the 
aspirator on the tube facing the fire 
(see figure 11). The measured radiative 
heat flux levels are shown in figure 
B-12. Although the heat flux values are 
slightly less than in test 3 t which also 
exposed a double-lane urethane nylon 
s 1ideat 15 fee t from the fir e t the 
onset of failure from this test is 
consistent with test 3. 

The aluminized slide did not begin 
leaking pressure until 64 seconds into 
the test t exactly two times as long as 
the uncoated slide. The initial leakage 
which was gradual (figure B-13) was from 
a seam above the aspirator on the tube 
facing the fire. At 71 seconds t a more 
rapid leakage occurred from the non­
a1uminized t nonseam stenciled area below 
the aspirator facing the fire (see 
figure 12). By 80 seconds t slide liB II 

had leaked down to 0.25 psig. As shown 
in figure B-12 t the heat flux levels 
impinging on the aluminized slide ("B") 
were higher than on the unprot ec t ed 
slide ("A"). Thus t one might surmise 
that t notwithstanding the unprotected 
stenciled area t had the aluminized slide 
been subjected to precisely th~ same 
radiation as the unprotected slide t the 
improvement would have been even 
greater. Again t wind conditions caused 
the fire to bend slightly toward the top 
of slide liB t II producing a higher heat 
flux. 

Test 17: An aluminized urethane nylon 
double-lane canted slide was positioned 
at a distance of 15 feet from the fire 
pi t. The sl ide was prepared by Ai r 
Cruisers with their own aluminized 
coating. This coating was applied with 
a roller as opposed to the spraying 
operation used by B. F. Goodrich. The 
slide was successfully repacked by Air 
Cruisers in its original container and 
without any problem. Thus t the 
additional coating thickness did not 
prevent repacking of the slide into its 

original container nor interfere with 
the deployment of the slide. The slide 
was inflated· to 2.45 psig for the fire 
test. 

At 26 seconds into the test t the slide 
began to lose pressure rapidly from a 
nonseam area in the middle of the tube 
facing the fire. At 35 seconds t the 
slide leaked down to 0.15 psig and blew 
out approximately 2 feet below the 
aspirator in a nonseam area (see figure 
13). The earlier than expected failure 
(see test 16) appeared to result from 
the unusually high heat flux leve1s t 
wh ich were greater than in any of the 
previous tests (figure B-14). 

Wind conditions caused the fire to bend 
toward the top of the slide t produc ing 
a higher heat flux. 

Test 19: One a1uminized t urethane nylon 
doub1e-lane t canted slide was positioned 
at a distance of 20 feet from the fire 
pi t. The sl ide was sprayed wi th the 
B. F. Goodrich aluminized coating by FAA 
Technical Center personnel. The slide 
was inflated to 2.5 psig. Unfortu­
nate1Yt pressure transducer data were 
lost short 1y after the start of the 
tes t. A thermocouple was attached to 
the top side of the sliding surface near 
the top of the slide. 

At 58 seconds into the test t seam 
slippage occurred near the top of the 
slide on a rounded corner of the upper 
retaining tube ("armrest") (see figure 
14). The slide visually began to 
collapse at 85 seconds. The peak heat 
fluxes for the low t medium t and high 
calorimeters were 1.75 Btu/ft2-sec t 
1.65 Btu/ft 2 -sec t and 1.25 Btu/ 
ft 2-sec t respectively (figure B-15). 
The average heat fluxes for the 10w t 
medium t and high calorimeters were 1.2 
Btu/ft 2-sec 1.22 Btu/ft 2-sec t and 
0.85 Btu/fti-sec t respectively (refer 
to appendix B-15). This test indicated 
that seam failure limited the potential 
heat resistance improvements provided by 
an aluminized coating applied to a 
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FIGURE 11. URETHANE NYLON NONSEAM FAILURE; TEST 16A
 

21
 



N
 
N
 

FIGURE 12. ALUMINIZED URETHANE NYLON SLIDE FAILURE DURING TEST; TEST 16B
 



FIGURE 13. ALUMINIZED URETHANE NYLON SLIDE FAILURE DURING TEST; TEST 17 
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FIGURE 14. ALUMINIZED URETHANE NYLON SEAM SLIPPAGE; TEST 19
 



complete evacuation slide. No visible 
damage was noted in the nonseam middle 
and base areas, although the average 
heat fluxes at these locations were 
higher than at the top of the slide. 
The temperature rise for the top side of 
the sliding surface was 90 u F by 58 
seconds. 

Test 20: One aluminized neoprene nylon 
single-lane slide was positioned at a 
distance of 20 feet from the fire pit. 
The slide was sprayed with the B. F. 
Goodrich aluminized coating by FAA Tech­
nical Center personnel. The slide was• inflated to 3.35 psig. An additional 
thermocouple was attached to the top 
side of the sliding surface as in 
test 19. 

At 49 seconds into the test, the slide 
reached a peak pressure of 4.1 psig and 
blew out catastrophically on a seam 
near the base of the tube facing the 
fire (see figure 15). The peak heat 
fluxes for the low, medium, ~nd high 
calorimeters were 0.9 Btu/ft 2-sec, 
0.8 Btu/ft 2 -sec, and 1.1 Btu/ 
ft 2-sec, respectively, all recorded at 
45 seconds (figure B-16). At these heat 
flux levels, it was expected that the 
aluminized neoprene nylon slide would 
have res is ted the fire for a longer 
period of time. No visible radiant heat 
damage was noted in the middle and top 
areas of the slide, in spite of the 
highest heat flux levels at the top of 
the slide. Other seam areas near the 
base of the slide also showed no visible 
radiant heat damage. It was therefore .. concluded that the seam in the failure 
area contained some sort of flaw. The 
temperature rise for the top side of the 
sliding surface was 47 u F by 49 seconds. 

Test 22: An aluminized neoprene nylon 
double-lane, dual inflation chamber 
slide was positioned at a distance of 20 
feet from the fire pit. The slide was 
sprayed with the B. F. Goodrich alumi­
nized coating by FAA Technical Center 
personnel. The upper and lower chambers 
were inflated to 2.75 psig and 2.35 

psig, respectively. An additional 
thermocouple was attached to the top 
side of the sliding surface as in 
test 19. 

At 69 seconds into the test, the non­
airholding structural stabilizer peeled 
away from the upper tube, exposing a 
nonaluminized pressurized area of the 
slide to direct radiant heat. The 
exposed yellow area immediately began to 
smoke. At 104 seconds, the upper 
chamber blew out catastrophically on a 
nonaluminized seam near the middle of 
the tube facing the fire (see figure 
16). At 106 seconds, the lower chamber 
began to lose pressure rapidly from a 
nonaluminized seam near the middle of 
the ~ube facing the fire (figure B-17). 
As shown in appendix B-17, the heat flux 
histories for the three calorimeters 
were very similar and the "average" 
values were identical for all practical 
purposes. No visible radiant heat 
damage was noted in the aluminized areas 
of the slide; the temperature rise for 
the top side of the sliding surface was 
24 u F by 55 seconds. Sliding surface 
temperature then leveled off for the 
remainder of the test. 

LABORATORY. 

Tables 4 through 8 are a compilation of 
the laboratory tests conducted during 
this program. Information contained in 
these tables inc lude: (1) a, description 
of the base fabric; (2) whether a 
reflective coating was applied; (3) 
whether the test specimen was plain or a 
seam; (4) material weight in ounces per 
square yard; (5) material thickness; 
(6) heat flux exposure; (7) cylinder 
pressure; (8) temperature on the back 
surface of the specimen at the time of 
initial pressure loss; and (9) time to 
initial pressure loss. 

NEW URETHANE COATED FABRICS. Table 
summarizes the result s of tests on new 
urethane coated fabrics, including 
fabrics with various types of reflective 
coatings applied to the exposed surface. 
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FIGURE IS. ALUMINIZED NEOPRENE NYLON SEAM FAILURE; TEST 20
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FIGURE 16. NEOPRENE NYLON SEAM FAILURE; TEST 22 
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TABLE 4. SUMMARY OF URETHANE COATED FABRICS
 

Fabric 
Reflective 

Coating Seam No Seam 

Material 
Weight 

(oz/yd 2) 

Material 
Thickness 

---i.!!!2..­
Heat Flux 

Btu/ft 2-sec 

Cylinder 
Pressure 

~ 

Temperature At 
Time Of Initial 

Pressure Loss (·F) 

Time For Initial 
Pressure Loss 

(sec) 

Dacron 

Kevlar 

Nylon 

Nylon 3.9 
single ply 

None 
None 
Aluminum 
Aluminum 
White 
White 
Chrome 
Chrome 
None 
None 
None 
None 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
None 
None 
None 
None 
None 
None 
None 

x 

x 
x 

x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 

7.13 
7.32 

10.58 
9.59 
7.68 
9.62 
7.55 
7.84 
6.43 
6.43 
6.43 
6.60 
5.99 
5.99 
5.99 
6.3 
NA 
9.0 
9.0 
9.0 
8.1 
8.1 
8.1 
8.8 

0.011 
0.011 
0.013 
0.013 
0.013 
0.013 
0.011 
0.013 
0.008 
0.008 
0.008 
0.008 
0.007 
0.007 
0.007 
0.007 
NA 
0.01l 
0.01l 
0.011 
NA 
NA 
NA 
0.011 

2 
2 
2 
2 
2 
2 
2 
2 
2 
1.5 
1.0 
2 
2 
1.5 
1.0 
2 
2 
1.5 
2.2 
2.2 
2.5 
2.0 
1.5 
2.0 

5 
5 
5 
5 
5 
5 
5 
5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2 
2 
2 
2.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
163 
197 
218 
181 
112 
126 
144 
144 
126 
NA 
136 
211 
NA 
NA 
NA 
225 

7 
6 

10 
29 

7 
8 

125 
110 

7 
12.5 
30. 
8.5 
6 
8.5 

16.3 
7.5 
6.3 

28 
10.5 
9.5 

10 
14 
26 
13 

.. 

Nylon 1.4 -
2.0 double ply 

None 8.3 0.011 2.0 2.5 207 10.5 

Nylon 3.9 
single ply 

None 7.5 0.011 2.0 2.5 204 10.5 

Nylon 3.0 -
3.3 single ply 

None x 7.7 0.013 2.0 2.5 145 5.5 

Nylon 3.9 
single ply 

None 8.4 0.010 2.0 2.5 214 13.5 

Nylon Aluminized 
Mylar 

x NA 0.013 2.3 NA 540 

Aluminized 
Mylar 

NA 0.013 4.5 10 NA At start of test 

Aluminized 
Kapton 

x NA 0.019 4.5 NA At start of test 

Aluminized 
Kapton 

NA 0.019 2.2 NA At start of test 

AI/urethane 
AI/urethane 
AI/urethane 
AI/urethane 
AI/urethane 
AI/urethane 
AI/urethane 
AI/urethane 
Aluminum 
Aluminum 
Aluminum 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.5 
2.0 
1.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
2.0 

233 
238 
233 
233 
218 
221 
191 
197 
NA 
NA 
NA 

19 
20 
18.5 
19.5 
16.5 
18 
11 
11 
22 
55 

>600 
... 

Nylon 3.0 -
3.3 single p~y 

Aluminum 

Aluminum x 

8.7 

6.8 

0.014 

0.012 

2.0 

2.0 

2.5 

2.5 

133 

136 

7.5 

7.0 

Nylon 3.9 
single ply 

Aluminum 

Aluminum 

x 8.3 

7.7 

0.011 

0.011 

2.0 

2.0 

2.5 

2.5 

216 

194 

20 

16 

Nylon 

Nylon 

Nylon 

A1I1ight <oat(1) 

AI/medium coat(2) 

Allheavy <oat(3) 

x 
x 
x 
x 

8.83 
8.83 
8.83 
9.18 
9.18 
9.18 
9.42 
9.42 
9.42 

0.011 
0.011 
0.011 
0.012 
0.012 
0.012 
0.013 
0.013 
0.013 

2.0 
1.5 
1.0 
2.0 
1.5 
1.25 
2.0 
1.5 
1.4 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

259 
244 
216 
253 
236 
220 
253 
221 
217 

32 
132 

>600 
• 63 
192 

>600 
84 

294 
>600 

NOTE: (1) Light coat· I spray COat 
(2) Medium coat a :£ spray coats 
(3) Heavy coat = 3 spray coats 

Uncoated· 8.74 
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Figure 17 shows the effect of reflective 
coating thickness, by percent weight 
increase, on the heat resistance of a 
urethane nylon slide fabric. Time to 
initial pressure loss increases from 27 
seconds for the noncoated material to 
approximately 210 seconds for a 
5-percent weight increase over the base 
fabric weight (approximately 2 spray 
coats) . 

The repeatabi 1 i ty of the laboratory 
apparatus was determined by performing 
five replicate tests at 1.5 Btu/ 
ft 2-sec and 2.5 psig on both non­• 
reflect ive and aluminized (B. F. 
Goodrich KE 7620 paint) coated 
urethane nylon fabrics. The laboratory 
apparatus is very repeatable and more so 
than many standardized fire tests. The 
coefficient s of variat ion for the time 
to initial pressure loss for the non­
coated and aluminized coated samples 
were 2.9 percent and 2.2 percent, 
respectively (see table 5). As shown in 
figure 18, the advantage of a light­
weight aluminized coating on the ability 
of a slide fabric to retain pressure can 
be very significant in a laboratory test 
environment. For the aluminized fabric 
the decrease in pressure at the time of 
failure is extremely small compared to 
the uncoated material. It should be 
noted that the results of figure 18 are 
with an aluminized fabric prepared by 
the fabric supplier, and heat resistance 
of this material is much greater than 
when the aluminized coating is applied 
"in the field" (figure 17). 

Figure 19 shows the effect of heat flux, 
base fabric and aluminization, on "the 
time to initial pressure loss. For 
urethane nylon at 1.5 Btu/ft 2-sec, 
the time-to-failure was increased from 
26 seconds for the noncoated material 
to over 600 seconds for a new material 
with a reflective coating. This reflec­
tive coating was applied by the manu­
facturer in the finished fabric. At the 
same heat flux, the improvement provided 
by aluminization was much less signi­
ficant for the Kevlar fabric, aR shown 

in figure l8B. Only 4 seconds in useful 
time was gained by aluminization of 
Kevlar. 

NEW NEOPRENE COATED FABRICS. Table 6 
summarizes the laboratory test results 
on new coated fabrics. Figure, 20 is a 
comparison of the difference between 
neoprene nylon and neoprene Kevlar 
materials with and without an aluminized 
reflective coating. These results alone 
and compared wi th figure 19 provide 
several important findings. All other 
factors being the same, neoprene coated 
materials are equal or superior to 
urethane counterparts in terms of heat 
resistance and ability to retain 
pressure. This difference is most pro­
nounced for the Kevlar fabric. Clearly, 
neoprene coated Kevlar is substantially 
more heat resistant than urethane coated 
Kevlar. 'Figure 20 also illustrates that 
aluminization of neoprene nylon provides 
a greater proportional improvement in 
heat resistance than does aluminization 
of neoprene Kevlar. 

SAMPLES FROM FULL-SCALE TEST SLIDES. 
Samples were taken from the undamaged 
part of the slides after full-scale 
tests for evaluation in the laboratory. 
This included samples from slides as 
they are presently used without any 
reflective coatings and slides that had 

,been coated with an aluminum paint (B. 
F. Goodrich KE 7620) under consideration 
as a retrofit coating. This series of 
tests included samples with and without 
seams. 

Table 7 contains the laboratory test 
results on samples taken from urethane 
nylon slides tested full-scale. Labora­
tory tests at 1.5 Btu/ft 2 -sec on 
slide samples taken from test 3 
indicated a seam failure at 27 seconds 
and a nonseam sample failure at 22 
seconds. Thus,'at this"condition the 
reinforcement of material at the seam 
provides a slight benefit or longer time 
to f ai lure. Thes e laboratory pre­
dictions agree very well with the full­
scale test results (see figures B-1 and 
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Table 5. LABORATORY REPEATABILITY TESTS 

For Coated and Uncoated Evacuation Slide Materials 
.. Urethane Nylon Tested at 1.5 Btu/ft2-sec, 2.5 psig 

Test Time to Initial Pressure Loss Temperature 
Number (seconds) CF) 

1 31.5 167.0 
2 30.5 170.0 
3 30.5 168.0 
4 32.5 170.0 
5 30.5 173.0 

Average 31.5 169.6 
Standard 0.89 2.30 
Deviation 
Coefficient 2.9 percent 1.4 percent 
of Variation 

Aluminized Urethane Nylon Tested at 1.5 Btu/ft2-sec, 2.5 psig 

Test Time to Initial Pressure Loss Temperature
Number (seconds) (U F) 

1 105.0 167.0 
2 105.0 170.0 
3 110.0 170.0 
4 108.0 168.0 
5 105.0 171.0 

Average 106.0 169.2 
Standard 2.3 1.64 
Deviation 
Coefficient 2.2 percent 1.0 percent 
of Variation 
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TABLE 6. SUMMARY OF NEOPRENE COATED FABRICS
 

Fabric 
Reflective 
Coatinll- Seam ~.!.~ 

Material 
Weight 

$!!z!yd2) 

Material 
Thickneaa 
---.1!~ 

Reat Flux 
Btu/ftl-aec 

Cylinder 
PreS8ure 

(psig) 

Temperature At 
Time of Initial 

PreaBure LOBa (·F) 

Time For Initial 
Pressure L088 

(Bec) 

Kevlar 

Kevlar 

Kevlar 2.2 
·Bingle ply 

None 

Aluminum 

Aluminum 

x 
x 
x 
x 
x 

" x 
x 

7.0 
7.0 
7.0 
8.5 
8.5 
8.5 
8.5 
6.0 

NA 
NA 
NA 
NA 
NA 
lfA 
NA 
0.007 

2.5 
2.0 
1.5 
2.5 
2.0 
1.5 
2.5 
2.0 

2 
2 
2 
2 
2 
2 
2.5 
2.5 

NA 
NA 
NA 
NA 
NA 
lIA 
341 
328 

24 
160 
456 
185 
306 

>600 
100 

>600 

Kevlar 2.2 
single ply 

N!u aluminum x NA 0.007 2.0 2.5 278 24 

Kevlar 2.2 
Bingle ply 

None x 7.3 0.008 2.0 2.5 333 110 

Nylon 3.0 -
3.3 single ply 

None x 8.0 0.01l 2.0 2.5 213 13.5 

UJ 
~ 

Nylon 1.4­
2.0 double ply 

None x 8.5 0.010 2.0 2.5 208 11.2 

Nylon 3.9 
Bingle ply 

None x 9.3 0.01l 2;0 2.5 216 14 

Nylon 1.4 -
2.0 double ply 

None x NA NA 2.0 2.5 199 10.25 

Nylon 1.4 -
2.0 double ply 

AluminU1ll x NA NA 2.0 2.5 253 74 

Nylon 

Nylon 

Nylon 

Nylon 

None 

A1Ulllinum 

A1Ulllinized 
Mylar 

A1Ulllinized 
Kapton 

x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
x 
x 

x 

8.4 
8.4 
8.4 

10.1 
10.1 
10.1 
10.1 
10.1 

NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
0.01l 
0.01l 
0.011 
0.01l 
0.011 
0.012 

0.012 
0.012 
0.017 

0.017 

. 

2.5 
2.0 
1.5 
3.0 
2.7 
2.5 
2.0 
1.5 
4.5 

4.5 
2.3 
4.5 

2.2 

2.0 
2.0 
2.0 
2.5 
2.5 
2.5 
2.5 
2.5 

leLO 

5 
5 
5 

5 

NA 
NA 
NA 
279 
289 
276 
259 
235 
NA 

NA 
NA 
NA 

NA 

8 
12 
18 
45 

306 
>600 
>600 
>600 

32 

>900 
>900 

858 

>980 
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TABLE 7. SUMMARY OF URETHANE COATED SLIDE FABRICS FROM FULL-SCALE TEST SLIDES
 

Hatedsl Hsterial Cylinder Temperature At Time For Initisl 
Fabric and Reflective W"il!ht Thickneos Heat Flux Pressure Time Of Initial PreslllUre LOll 

Test Number Costing Sesm (oz/yd2) (in) Btu/ftLsec (psig) Pressure Loss (OF) (seel~ 

Nylon Test 38 None 9.0 0.011 1.5 2.5 NA 23" Nylon Te.t 3A None x 9.0 0.011 1.5 2.5 NA 22 
Nylon Test 3A None x 9.0 0.011 1.5 2.5 NA 21 
Nylon Test 168 Aluminum x 8.3 0.012 1.5 2.5 239 78 

x 8.3 0.012 1.4 2.5 153 148 
x 8.3 0.012 1.0 2.5 204 >600 

Nylon Test 161\ Aluminum x 8. ) 0.012 1.6 2.5 202 51 
x 8.3 0.012 1.5 2.5 193 72 
x 8.3 0.012 1.0 2.5 193 95 

W 
(J\ Nylon Test 11 Aluminum x 8.91 0.012 1. 75 2.5 147 35.5 

Aluminum x 8.91 0.012 1.5 2.5 258 105 
Aluminum 8.91 0.012 1.0 2.5 217 179 
Aluminum " 8.91 0.012 1. 75 2.5 176 46 
Aluminum " x 8.91 0.012 1.5 2.5 207 63.5 
Aluminum x 8.91 0.012 1.25 2.5 197 72 
Aluminum x 8.91 0.012 1.0 2.5 215 159 

Nylon Tegt 16A None x 8.57 0.012 1.55 2.5 256 27.7 
Nylon 'fest 19 Aluminum x 7.89 0.011 1. 75 2.5 275 78 

x 7.89 0.011 1.65 2.5 156 III 
x 7.89 0.011 1.5 2.5 263 198 
x 7.89 0.011 1.15 2.5 234 >600 

x 7.89 0.011 1. 75 2.5 167 30 
x 7.89 0.011 1.65 2.5 143 32.8 
x 7.89 0.011 1.5 2.5 177 37 
x 7.89 0.011 1.15 2.5 175 52.5 
x 7.119 0.011 1.08 2.5 197 51.8 

<:­



B-2). Figure 2lA shows the effect of 
heat flux on the failure time of alumi­
nized urethane nylon samples, with and 
without seams. It is evident that the 
weakest part of an aluminized urethane 
nylon slide is the seam. Figure 2lB 
shows a similar comparison for alumi­
nized neoprene nylon materials. 
(Table 8 is a tabulation of laboratory 
test results on samples taken from 
neoprene coated slides evaluated ful1­
scale.) It is significant that the 
failure profile for the seam and nonseam 

..	 samples of aluminized neoprene nylon are 
practically identical. Figure 21 demon­
strates the benefit of aluminized 
neoprene nylon as compared to aluminized 
urethane nylon. Laboratory tests at 1.5 
Btu/ft 2-sec on neoprene nylon slide 
samples show seam failure occurring at 
27 seconds. Sample without a seam 
lasted 17 seconds before initial 
pressure loss. 

Nonaluminized neoprene Kev1ar samples 
from a prototype slide were also tested 
in the laboratory. At 1.5 Btu/ftLsec 
the seam failed at 195 seconds, while 
the nonseam sample lasted for 540 
seconds before initial pressure loss. 
When the heat flux was raised to 1.85 
Btu/ft2-sec, there was no significant 
difference between the seam and nonseam 
data obtained, 95 and 106 seconds, 
respectively. 

Aluminized neoprene Kevlar samples from 
the prototype slide, tes ted at 1.5 Btu/ 
ft 2-sec lasted for over 600 seconds ... 
in both the seam and nonseam configu­
rat ion. A seam tested on this material 
at 2.0 Btu/ft2-sec, held pressure for 
492 seconds and the· nonseam sample 
started losing pressure at 528 seconds.· 
At 2.8 Btu/fi2-sec a seam and nonseam 
sample failed at 29 and 32 seconds, 
respectively. 

CORRELATION. 

URETHANE NYLON. Full-scale test results 
indicated that urethane nylon slides 
failed at 27 seconds in a nonseam area 

37 

when exposed to an "average" radiant 
heat flux of 1.5 Btu/ft 2-sec. This 
heat flux corresponded to a distance of 
15 feet from the fire pit under zero 
windc.ond'itions. Laboratory test 
results at 1.5 Btu/ft 2 -sec showed 
that urethane nylon nonseam and seam 
samples failed in 22 and 27 seconds, 
respectively. Thus, the laboratory and 
full-scale test· results on urethane 
nylon slide fabrics were in good 
agreement as were the results on alumi­
nized slides. Full-scale test results 
indicated that a· urethane nylon slide, 
with the B. F. Goodrich KE 7620 alumi­
nized coating applied to airho1ding 
surfaces, failed on a seam in 64 seconds 
at an "average" radiant heat flux of 
approximately 1.5 Btu/ ft 2 -sec. 
Laboratory test results showed that 
aluminized urethane nylon seam samples 
failed in 72 seconds when exposed to a 
radiant heat flux of 1.5 Btu/ft2-sec. 
Laboratory tests of nonseam samples 
failed in 198 seconds when·· exposed to 
the same heat flux, confirming the seam 
failu~e mode evidenced in full-scale 
tests. 

NEOPRENE NYLON. Full-scale test results 
indicated that a neoprene nylon slide 
failed in 23 seconds at a nonseam area 
when exposed to an average radiant heat 
flux of 1.5 Btu/ft2-sec, while labor­
atory results on a comparable sample 
tested at 1.5 Btu/ft 2-sec failed in 
17 seconds. Laboratory tes ts of seam 
samples failed in 27 seconds when 
exposed to the same heat flux. Fu11­
scale tests were not conducted in 
the 1.5 Btu/ft 2 -sec range for an 
aluminized neoprene nylon slide. 
Laboratory test results showed that 
aluminized neoprene nylon seam samples 
failed in 366 seconds when exposed to a 
radiant heat flux of 1.5 Btu/ft2-sec, 
and nonseam samples did not fail in 600 
seconds at the same heat flux. Full­
scale test results (tests 20 and 22) at 
1. 0 Btu/ ft 2- s ec failed much ear lier 
than would have been predicted, based on 
the laboratory test method. It was 
possible that the early full-scale 



TABLE 8. SUMMARY OF NEOPRENE COATED SLIDE FABRICS FROM FULL-SCALE TEST SLIDES
 

Haterial Haterial Cylinder Temperature At Time For Initial 
Fabric and Refiect ive Weight Thickness Heat Flu" Pressure Time of Initial Pressure Loss 
Test Number Costing Seam No Seam (oz}yd2) (in) Btu/tt2-sec (psig) Pressure Loss ·F (sec) 

Kevlar Test 14 None 7.6 0.008 2.0 2.5 341 86
" 7.6 0.008 1.85 2.5 335 101
" 7.6 0.{l08 1.85 2.5 332 112
 
Kevlar Test 14 None " 7.6 0.008 2.0 2.5 345 82
" 7.6 {l.008 1.85 2.5 336 95
" 7;6 {l.008 1.5 2.5 3{l8 195
 
K..vlar Test 12 Aluminum " 8.4 0.010 2.8 3.5 349 29
" 8.4 0.010 2.5 2.5 312 352
" 8.4 0.010 2.0 2.5 312 492
" 8.4 0.010 1.5 2.5 269 >600" 8.• 4 0.010 1.5 2.5 276 >600 

W Nylon Test 10 None " 7.9 0.009 1.5 2.5 178 21
00 " 7.9 0.009 1.5 2.75 162 12
 
Nylon Test 10 None " 7.9 . 0.009 1.5 2.5 174 22
" 7.9 0.009 1.5 3.0 269 32
 
Nylon Test 11 None " 7.9 0.009 1.4 2.5 263 28
" 7.9 0.009 1.25 2.5 277 >600
" 7.9 0.009 1.05 2.5 259 >600
" 7.9 0.009 1.15 2.5 267 138
 
Nylon Test 20 Aluminum " 7.74 0.009 1. 75 2.5 260 35.5
" 7.74 0.009 1.65 2.5 164 81
" 7.74 0.{l09 1.5 2.5 261 >600" 7.74 0.009 1.15 2.5 233 >600
" 7.74 0.009 1.0 2.5 173 >600
 
Nylon Test 20 Aluminum " 7.74 0.009 1.75 2.5 251 72
" 7.74 0.009 1.65 2.5 215 90
" 7.74 0.009 1.5 2.5 244 366
" 7.74 0.009 1.4 2.5 251 ~600
" 7.74 0.009 1.15 2.5 220 >600
" 7.74 0.009 1.0 2.5 205 >600
" 
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t,est method. It was possible that the 
early full-scale test failure of an 
aluminized neoprene nylon prototype 
slide was due to a flaw in the seam, 
since a slide will fail at its weakest 
point. With the exception of alumi­
nized neoprene nylon seams, all full ­
scale test data correlated well with 
laboratory test results. This good 
agreement is due, at leas t in part, to 
the selection of time to initial 
pressure loss as the end point measure­
ment, which obviates scaling problems 
due to thermal radiation exposure areas 
versus inflation volume ratio. 

A summary of the laboratory/full-scale 
test results comparison are contained 
in table 9. 

SUMMARY OF RESULTS 

FULL-SCALE. 

1. Full-scale test results (tests 3A, 
3B, 8B, 10, and 16A) indicated that 
inservice evacuation slides (yellow 
urethane nylon or yellow neoprene 
nylon) failed in 20 to 30 seconds in a 
nonseam area, when exposed to an aver­
age radiant heat flux of 1.5 Btu/ 
ft 2-sec. This heat flux corresponds 
to a distance of 15 feet from the edge 
of a 30- by 30-foot fuel fire during 
2:ero wind conditions. 

2:. Full-scale test result s (tests 5A, 
5B, and 10) indicated that inservice 
evacuation slides (yellow urethane nylon 
or yellow neoprene nylon) failed in 60 
to 80 seconds on a seam when exposed to 
"tn average heat flux of 1.0 Btu/ 
ft 2-sec. This heat flux corresponds 
to a distance of 20 feet from the edge 
of a 30- by 30-foot fuel fire during 
~:ero wind conditions. 

3. Full-scale test results (test 16B) 
i.ndicated that an aluminized urethane 
nylon slide failed on a seam in 64 
seconds when exposed to an average heat 
flux of 1.5 Btu/ft2-sec. 

4. Full-scale tests results indicated 
that an aluminized neoprene nylon slide 
(test 20) failed unexpectedly early on a 
seam when exposed to an average heat 
flux of 1.0 Btu/ftl-sec (possibly due 
to a flaw in a seam). However, little 
radiant heat damage was noted on other 
areas of the slide compared to a non­
aluminized slide exposed to the same 
heat flux leve 1. 

5. Full-scale test results. indicated 
that an aluminized neoprene Kevlar slide 
failed on a seam in 68 seconds (test 12) 
when exposed to an average heat flux of 
1.88 Btu/ft 2-sec (possibly due to 
overpressure from a plugged relief 
valve). A yellow neoprene Kevlar tube 
section failed on a seam in 44 seconds 
(test 14) when exposed to an average 
heat flux of 1.75 Btu/ft2-sec. (also 
possibly due to inadequate pressure 
relief} . 

6. The temperature of the top and 
unders ide sliding surface was recorded 
for some tests. Temperature rise did 
not appear to be significant for these 
tests. 

7. With exception of the Kevlar tests, 
pressure rise did not appear to have 
hastened the failure time of the full ­
scale slide tests. 

LABORATORY. 

1. The laboratory test apparatus that 
was developed to measure the integrity 
of slide fabrics subjected to radiative 
heat ing exh ibi ted exce llent with in­
laboratory repeatability for both 
aluminized and nonaluminized urethane 
nylon fabrics. The coefficients of 
variation of the time to initial 
pressure loss were 2.2 percent and 2.9 
percent, respectively. 

2. Laboratory tes ts demons trated that 
the B. F. Goodrich KE 7620 aluminum 
coating applied to the exposed surface 
of a new urethane nylon fabric, at a 
coating thickness corresponding to 5 

40
 



)' 

TABLE 9. LABORATORY /FULL-SCALE CORRELATION 

1.5~ 
ft -sec. 

FULL 
(seconds)S:CALE 

SEAM 
LAB (seconds) 

.po SCALE NON-SEAM ..... 
(seconds) 

URETHANE NYLON 

YELLOW ALUMINIZED 

25 - 30 70 - 75 
. ­

70 - 7535 - 40 

20 - 25 195 - 200 

NEOPRENE NYLON
 

YELLOW
 

23 - 28 

30 - 35 

20 - 25 

ALUMINIZED 

NA 

365 - 370 

+600 



pE~rcent of the base fabric weight, will 
increase the time to initial pressure 
loss from 27 seconds to 210 seconds at 
1.5 Btu/ftLsec. 

3. Urethane nylon materials with the 
aluminum pigment included in the 
UJrethane coating by the materials manu­
facturer can increase the time to 
initial pressure loss from 27 seconds to 
over 600 seconds at 1.5 Btu/ft 2-sec. 

4. The urethane Kevlar fabric exhibited 
poor heat resistance, and application of 
an aluminized coating only provided a 
n~latively slight improvement in heat 
resistance. 

5. New neoprene nylon aluminized 
materials show a significant increase 
in heat resistance at 1.5 Btu/ft2-sec 
over the nonaluminized material (600 
seconds versus 18 seconds for time to 
initial pressure loss). 

6. New neoprene Kevlar fabrics are more 
heat res ist ant than neoprene ny Ion 
fabrics. 

7. Seam and nonseam urethane nylon 
slide samples fail at practically the 
same time at 1.5 Btu/ft 2 -sec (27 
seconds and 22 seconds., respectively). 

8. Aluminized urethane nylon slide seam 
samples fail at 72 seconds, nonseam 
samples fail at 198 seconds. 

9. Neoprene nylon slide seam samples 
8.re more heat res is tant at 1.5 Btu/ 
ft 2 -sec than nonseam samples 
(27 seconds versus 17 seconds for time 
to initial pressure loss). 

10. Nonaluminized and aluminized neo­
prene Kevlar samples were found to 
Ellways fail earlier at seams than on the 
plain material. 

CONCLUSIONS
 

1. Inservice slides can fail prema­
turely when exposed to radiant heat 
alone from a fuel fire (no flame 
contact) . 

2. An aluminized reflect ive coat ing on 
the exposed surface of a slide fabric 
significantly improves the airholding 
qualities upon exposure to radiant heat. 

3. Under radiant heat exposure con­
ditions, new neoprene Kevlar fabrics 
are far superior to other materials 
presently used for slide fabrication. 

4. Laboratory and full-scale tests 
demonstrate that after the retrofit 
application of a reflective aluminum 
coating to an evacuation slide, failure 
of the slide from radiative heating 
originates at the seam. 

5. Adhesives that are presently used 
for seam fabrication appear to limit the 
potential improvements in heat 
resistance provided by new and alumi­
nized slide materials. 

6. The laboratory test method is a 
valid procedure for evaluating the heat 
resistance of slide materials subjected 
to thermal radiation as evidenced by the 
good correlation with full-scale test 
results and excellent repeatability 
within a laboratory. 
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RECOMMENDATIONS	 REFERENCES
 

It is recommended that: 

1. B. F. Goodrich KE 7620 aluminized 
paint or an equivalent be considered for 
retrofit application on inservice slide/ 
slide rafts in the United States (U. S.) 
Transport aircraft fleet. 

2. The laboratory test method developed 
during this study be adopted as ..	 Federal Aviat ion Administrat ions (FAA) 
standard for evaluation of the radiative 
heat resistance of evacuation slide 
materials. 

3 . A r oun d rob ins e r i e s 0 f t est s be 
conducted with the laboratory test 
method by various laboratories to 
determine the precision of the test 
method within different laboratories and 
between laboratories. 

4. Full-scale tests be performed on 
newly fabricated slides constructed of 
advanced materials, especially both 
uncoated and aluminized neoprene Kev1ar 
and a1umnized neoprene nylon, in order 
to resolve the inconsistent laboratory 
and full-scale test results for these 
materials. 

1. Aircraft Accident Report, Conti ­
nenta1 Airline DC-10, Los Angeles 
Internat iona 1 Ai rport, Los Angeles, 
California, NTSB - AAR-79-1, March 1, 
1978. 

2. Geyer, G., Brown, L., Neri, L., and 
O'Neill, J., Preliminary Assessment of 
the Integrity of Aircraft Evacuation 
Slide Material When Exposed to Thermal 
Radiation, FAA-NA-78-41-LR, June 1978. 

3. Cole, R., and Sims, G., Aluminized 
Coating Study for Retrofitting Slide 
Materia1s,FAA-CT-81-151, November 1980. 
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APPENDIX A 

PROPOSED LABORATORY TEST METHOD FOR 
AIRCRAFT INFLATABLE EVACUATION SLIDE/ 

SLIDE RAFT MATERIALS 

1. SCOPE. 

1.1 This method is intended for use in 
determining the res istance of aircraft 
inflatable evacuation slide/slide raft 
materials to radiant heat. 

1.2 This standard should be used to 
measure and describe the propert ies of 
materials, products, or assemblies in 
response to heat and flame under con­
trolled laboratory conditions and should 
not be used to describe or appraise the 
fire hazard or fire risk of materials, 
products, or assemblies under actual 
fire conditions. However, results of 
this test may be used as elements of a 
fire risk assessment which takes into 
account all of the factors with are 
pertinent to an assessment of the fire 
hazard of a particular end use. 

2. SIGNIFICANCE. 

2.1 The useful time of an aircraft 
inflatable evacuation slide/slide raft 
is dependent on the ability of the 
coated fabric to hold air pressure when 
exposed to radiant heat from a fuel 
fire. 

2.2 This method provides a laboratory 
test procedure for measuring and com­
paring the resistance to loss of air 
pressure through coated fabric material 
specimens of small size that are 
intended for use in the manufacture of 
aircraft inflatable slides and slide 
rafts. 

3. APPARATUS. 

3.1· The test apparatus shall be 
essentially as shown in figures A-I 
through A-6 and shall include the 
following. 

3.2 The pressure cylinder and speC1men 
holder as shown in figures A-I, A-2, and 
A-5 consists of a 7-inch (178 millimeter 
(mm» outside dimensions (O.D.) by 6 
1/2-inch (165mm) inside dimensions 
(I.D.) by l2-inch (305mm) long aluminum 
tube. On one end of the tube is welded 
a 1/2-inch (13mm) thick aluminum plate, 
drilled and tapped for a 1/4-inch (6mm) 
NPT to facilitate air and pressure 
recording hookups. On the other end of 
the tube a 7-inch (178mm) O.D. by 5 
l/2-inch (l4Omm) LD. ring of l/2-inch 
(l3mm) thick aluminum is welded. This 
ring is drilled and tapped for 1-32 by 
7/8-inch (22mm) long studs. Another 
ring 6 3/4-inch (172mm) O.D. by 5 
1/2-inch (14Omm) I.D. by 1/2-inch (13mm) 
thick aluminum ring and two neoprene 
rubber gaskets with matching clearance 
holes to fit over the studs provide a 
means for clamping and sealing the test 
specimens in place. Hinges and 
adjustable stops are welded to the sides 
of the cylinder, shown in figures A-2 
and A-6. 

3.3 An electric furnace, figure A-7 
with a 3-inch (76mm) diameter opening 
shall be used to provide a constant 
irradiance on the specimen surface. The 
standard NSB smoke chamber radiant heat 
furnace, available from Superpressure 
Inc., 8030 Gorgia Avenue, Silver 
Springs, Maryland 20910, is recommended. 

3.4 A 0-5 Btu/ft2-sec Hy-Cal'" calo­
rimeter, model C-1300-A, avaliable from 
Hy-Cal Engineering, 12105 Los Nietos 
Road, Sante Fe Springs, California 
90670, is used. The calorimeter is 
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mounted in a 4 1/2-inch (114mm) diameter 
by 3/4-inch (l9mm) thick insulating 
block and is hinged to one of the 
s I idi ng bars of the framework. The 
sll1rface of the calorimeter is flush with 
the surface of the insulat ing b lock and 
centered with the furnace. See 
figures A-I and A-6. 

3.5 The pressure cylinder, calorimeter 
and furnace are mounted on a framework 
as detailed in figures 1 and 6. 
Adjustable sliding stops are located on 
each of the bars for setting the 
cylinder and calorimeter at the desired 
distance from the opening of the 
furnace. 

3.6 Compressed air is connected to the 
cylinder through a needle valve attached 
to the end of the framework. A tee on 
the outlet side of the valve provides 
for a 0-5 psig pressure gage, transducer 
and flexible tube to supply air to the 
rear plate of the pressure cylinder 
(figures A-3 and A-4.) 

3.7 The outputs of the calorimeter and 
pressure transducer are measured and 
recorded using a recording potentiometer 
or other suitable instrument capable of 
measurement of the range required. 

~,. TEST SPECIMEN AND CONDITIONING. 

~f.l Test specimens 7 inches (l78mm) in 
diameter with l/4-inch (6mm) holes 
punched in the material to match the 
studs in the pressure cylinder are cut 
from the material to be tested. 

If.2 Specimens shall be conditioned at 
70° F and 50 percent relative humidity 
for at least 24 hours prior to testing. 

4.3 All tests shall be conducted in a 
draft free room or enclosed space. 

5. TEST PROCEDURE. 

5.1 Turn on radiant heat furnace and 
other required instrumentation. Allow 
1/2 to 3/4 hour to stabilize heat output 
and instrumentation warmup. 

5.2 Adjust transformer to produce a 
radiant heat flux of 2 Btu/ft2-sec 
when the calorimeter is positioned 1 1/2 
inches (38mm) in front of the radiant 
heat furnace. 

5.3 Find the locat ion in front of the 
furnace for the desired test heat flux. 
This is done by sliding the calorimeter 
on the horizontal bar and fixing the 
position with the sliding stop provided. 
Swing the calorimeter out of position. 

5.4 Mount the specimen on the open end 
of the cylinder with a neoprene gasket 
on each side of the specimen. Place the 
aluminum ring on the studs and tighten 
the nuts so that an airtight seal is 
made. 

5.5 Pressurize the cylinder to the 
desired test pressure. Check for 
leakage. 

5.6 Check the distance from the radiant 
heat furnace to the surface of the 
test specimen. This distance is the 
same as the distance to the surface 
of the calorimeter. 

5.7 Place the calorimeter in front of 
the radiant heat furnace and record the 
heat flux. Remove calorimeter. 

5.8 Place the pressure cylinder and 
test specimen in front of the radiant 
heat furnace. Start time r or not e 
starting time on the recorder. 
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5.9 Pressure is monitored from the time 
the specimen is placed in front of the 
furnace until initial pressure loss is 
observed. 

6. REPORT. 

6.1 Useful time of a material is the 
time that the material is exposed to the 
radiant heat until initial pressure 
loss. 

7. PRECISION AND ACCURACY. 

7.1 Each test ing agency has the 
responsibility of judging the acceptance 
of its own results. The precision of 
the results is a function of the pro­
cedures and the equipment utilized as 
well as compliance to the materials 
specifications. 

7.2 As soon as sufficient data have 
been obtained a more definitive state­
ment on precision and accuracy will be 
included. 
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HEAT FLUX AND PRESSURE PLOTS FOR FULL-SCALE TESTS
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	INTRODUCTION 
	INTRODUCTION 

	PURPOSE. 
	The purpose of this project was to measure and study the integri ty of pressurized evacuation slide materials exposed to thermal radiation during small-scale tests of material samples in the laboratory and full-scale outdoor pool fire tests of complete slides. 
	BACKGROUND. 
	During an impact-survivable crash, passenger egress can be threatened by an external fuel fire. Intense heat and flame from such a fire can cause loss of potential passenger exit routes. The primary vehicle for passenger egress is the inflatable evacuation slide which has been greatly improved, resulting in shortened escape times, since its introduction into airline service over 25 years ago. 
	The inflatable portion of current slides and slide/rafts are constructed of either urethane nylon or neoprene nylon materials. The elastomeric coatings of these materials are known to have inherent ly low melt ing temperatures 0 F -3 60 0 F) incomparison t 0 temperatures produced by a fuel fire F). At present, Federal Regu­lations require evacuation slide materials be tested for flame resistance in accordance with Federal Aviation Regu1at ion (FAR) 25. 853 (Part b). 
	(27 5 
	(2000 
	0 

	There are currently no Federal Aviation Administration (FAA) requirements for slide material resistance to thermal radiation. A slide deployed in a post­crash fire environment can be subjected to thermal radiation without flame contact. The structural integrity of an inflatable evacuation slide is dependent upon th e mai ntenanc e of adeq uat e internal pressurization. If substantial damage occurs to the airholding portion of the slide, inflation pressure will 
	escape rapidly, rendering the slide unuseable. 
	escape rapidly, rendering the slide unuseable. 
	The National Transportation Safety Board (NTSB) investigation of the Continental DC-IO accident at Los Angeles Inter­national Airport (reference 1) concluded that fuel fire radiation caused the for­ward right escape slide/raft to fail, without direct flame contact, before all passengers and crew members had evacu­ated the airplane. This early finding prompted the FAA Technical Center (formerly the National Aviation Facili­ties Experimental Center (NAFEC» to conduct a preliminary assessment of the fire prote
	Based on the conclusions and recommen­dations from the quick reaction study, a more comprehensive program was initiated at the Technical Center to further 

	1. 
	investigate the radiant heat resistance of slide materials. 
	EXPERIMENTAL OBJECTIVES. 
	The primary object ives of this program were fourfold: 0) design and develop a laboratory test method for measuring the i nt egr i ty of pres sur ized evacuat ion slide materials exposed to thermal radiat ion; (2) deve lop a pract ical and lightweight coating to be used for retrofitting inservice evacuation slides; (3) examine and foster the development of advanced materials that are resistant to radiant heat and suitable for use in the fabrication of evacuation slides; and (4) determine the heat res istanc
	DISCUSSION 
	DISCUSSION 

	GENERAL APPROACH. 
	The general approach taken was to test slide and slide/raft materials for resistance to radiant heat under both full-scale and laboratory conditions. The laboratory test used in the quick reaction study was chosen as a basis for the new laboratory test method. The lab apparatus was modified and made more precise and simple to operate. A cont ract was awarded to B. F. Goodrich (reference 3) to develop a reflective coating for retrofitting inservice slides and slide/rafts. Laboratory tests were performed on c
	At various stages during the project, pressurized slides were subjected to thermal radiat ion produced by a large fuel fire. Baseline tests involved a series of L-lOll urethane nylon slides and DC-lO neoprene nylon slides. Similar slides were protected with an 
	aluminized coating and tested. An aluminized neoprene Kevlar 737 slide and a neoprene Kevlar tube section were also tested. The purpose of these full-scale tests was to establish the failure modes under the most realistic conditions possible, and to provide full-scale data for comparison with data from the new laboratory test method. 
	aluminized coating and tested. An aluminized neoprene Kevlar 737 slide and a neoprene Kevlar tube section were also tested. The purpose of these full-scale tests was to establish the failure modes under the most realistic conditions possible, and to provide full-scale data for comparison with data from the new laboratory test method. 
	EQUIPMENT DESCRIPTION. 
	Full-scale tests were conduct ed-at the airp0rtfire t €~ St site uti1i zing a 30-by 30-foot fire pit filled with Jp-4 fuel. Two towers were fabricated with galvanized pipe and positioned equidistant on opposite sides of the fire pit (see figures 1 and 2). Girt bar assemblies allowed for slide attachment to simulate a door sill height of 15 feet above the ground. These t owe rs were cons t ruct ed wi th wheels for ease in repositioning to obtain various heat fluxes as a function of distance from the pit. Thr

	The third calorimeter was mounted on the tower near the top of the slide. A pressure transducer (Dynisco model PT305-l5) was connected to each slide inflation chamber to continuously monitor internal pressure during the tests. The calorimeter and pressure transducer data were recorded on a Honeywell Oscillograph model 1858. Six chromel-alumel thermocouples were pos it ioned adjacent to each calorimeter (three for each slide). Thermocouple data was collected at 5-second intervals on an Esterline Angus record
	2. 
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	t' 
	w 

	FIGURE 1. SLIDE ATTACHMENT TOWER. 
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	FIGURE 2. DIAGRAM OF FULL-SCALE TEST SET-UP 4 
	the air pocket near the top of the slide. Due to the limited availability of slides, later tests consisted of only one slide per test. 
	Early morning tests were chosen to minimize the effects of wind which influence fire plume behavior. The inflat ion sys tems were removed from each slide prior to testing. A gasoline-powered portable air compressor was used to inflate the slides to nominal pressure. Test visual documen­tation was provided by two clock­equipped instrumentation motion picture cameras, two "still" cameras, three color video cameras, and one mobile motion picture documentary camera. 
	The laboratory apparatus developed during this study to determine the resistance of pressurized evacuation slide and slide/raft materials subjected to radiant heat is shown in figure 3. The sample is fastened to the open end of a cylinder and is pressurized for the test. An electric furnace irradiates the specimen surface. A 0-5 Btu/ foot (ft)2-second (sec) calorimeter is used for cal ibrat i ng the irradiance level of the furnace and establishing the required distance from the furnace to the surface of the
	A more complete description of the apparatus and its operation can be found in a proposed American Society for Testing and Materials (ASTM) laboratory test method (appendix A). 
	TEST MEASUREMENTS. 
	A set routine was followed in preparing for and conducting each full-scale test. Firs t, the fire pitwas filled wi th water to a depth that sufficiently covered the concrete base. Approxi­mately 100 gallons of JP-4 fuel per 
	minute of desired burn time was then pumped from a fuel tanker truck into the pit. The slides were pressurized to a nominal value specified by the manu­facturer. Calorimeter cooling water was turned on and lines were checked for proper water flow. With all instruments operational, a horn was sounded to signal the start of the test. After 20 seconds elapsed (start-up time required for movie and video coverage), the fuel in the pit was ignited and the timing clocks were started. The slides designated as "A" a
	Measurements from the laboratory test apparatus i ncl uded incident thermal radiation on the test sample, temper­ature of the unexposed surface (back side) of the sample, and time to initial pressure loss (time when a decrease in the cylinder pressure is first noted). Test materials included samples with and without seams, and with and without heat reflective coatings. 
	The desired heat flux exposure condition was set, by varying the distance of the calorimeter from the opening of the radiant heat furnace until the desired setting was achieved, and then setting the surface of the test specimen (after .pressurization) to that same distance. 
	Back side surface temperature was measured with a 22-gauge iron constantan thermocouple attached to the inside of the pressure cylinder, adjusted so that the thermocouple bead touched (wi thout 
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	FIGURE 3. EVACUATION SLIDE MATERIAL LABORATORY TESTING APPARATUS. 
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	pressure) the approximate center of the test specimen. 
	TEST RESULTS AND ANALYSIS 
	TEST RESULTS AND ANALYSIS 

	FULL-SCALE. 
	Seventeen full-scale tests were con­ducted utilizing complete evacuation slides or tube sections (see tables 1, 2, and 3). Baseline tests were per­formed with urethane nylon and neoprene nylon slides. Two urethane nylon and two neoprene nylon slides were prepared and tested with the B. F. Goodrich aluminized coat ing. An addi t ional urethane nylon slide was prepared and tested with an Air Cruisers aluminized coating. A neoprene Kevlar tube section and an aluminized neoprene Kevlar slide were also tested. A
	A description of the full-scale tests are given in the following paragraphs. 
	Test 3: Two urethane nylon double lane slides were positioned at a distance of 15 feet from the edge of the lfire pit. Slide "A" was inflated to 2 .~5 pounds per square inch gage (psig) find slide "B" was inflated to 2.5 ps ~g. Five hundred gallons of Jp-4 fuel ~ere added to the pit and ignited (fuell quantity used in all full-scale tests). I 
	At 27 seconds into the testiand at a peak pressure of 3.13 psig, Islide "A" blew out catastrophically in ~ nonseam area near the center of the tJbe facing the fire. The peak heat ~lux was recorded by the medium height calo­ri met er (1. 6 Btu/ft2-se Ic at 27 seconds, see figure B-l). T~e highest "average" (defined as the avelrage heat 
	flux over the time interva:U from 15 seconds (developed fire) to t~e time of initial pressure loss) heat flux also occured at this location (].51 Btu/ ft2-sec ). 
	I 
	I 

	At 27 seconds into the test and a peak pressure of 3.0 psig, slide "B" began to leak pres sure from a nonseam area near the center of the tube facing the fire (see figure 5). At 52 seconds, slide II after having leaked down to 0.38 psig, blew out. The heat flux levels recorded by the medium height calo­rimeter were practically identical to those measured for slide "A" at the same location (see figure B-2). 
	liB, 

	Test 5: Two urethane nylon double-lane slides were positioned at a distance of 20 feet from the fire pit (see figure 4). Both slides were inflated to 2.5 psig. 
	As shown in figure B-3, at between 70 and 80 seconds into the test, slide "A" gradually began to lose pressure after having reached a peak pressure of 3.33 psig. At 91 seconds and a pressure of 3.13 psig, the pressure began to decrease more rapidly from the seam above the aspirator at the top of the tube facing the fire. By 110 seconds, slide "A" had Ieaked down to 
	0.2 psig. The peak heat flux for the top calorimeter was 1.1 Btu/ft -sec at 91 second s; however, the highest heat flux was recorded by the medium height calorimeter. 
	2

	Slide "B" gradually began to lose pressure between 60 and 65 seconds. At 71 seconds, slide liB" began to lose pressure from a seam above the aspirator at the top of the tube facing the fire. By 120 seconds, slide "B" had leaked down to 0.43 psig. Thus, both slides developed major failures at a seam above the aspirator. 
	Test 7: One urethane nylon double-lane slide was positioned at a distance of 25 feet from the fire pit. The slide was inflated to 2.5 psig. The slide did not fail over the test duration. The pressure increased throughout the test to a peak of 4.0 psig at 240 seconds. At this time the fire began to diminish 
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	TABLE 1. 
	SUMMARY OF TEST CONDITIONS 
	SUMMARY OF TEST CONDITIONS 

	Test Number 3 A B 5 A B A 8 A B 10 A 
	Test Number 3 A B 5 A B A 8 A B 10 A 
	Test Number 3 A B 5 A B A 8 A B 10 A 
	Date 11/6/79 11/6/79 11/9/79 11/9/79 11/16/79 11/20/79 11/20/79 5/8/80 
	Time 0610 0610 0603 0603 0603 0602 0602 0526 
	Air TeIIlp. ( ·F) 36 36 48 48 44 38 38 53 
	Wind Dir. Knots 010 03 010 03 200 03 200 03 250 09 00 00 00 00 360 06 
	Dew Point (·F) 34 34 46 46 36 38 38 49 
	JIl-4 Amount (Gal) 500 500 500 500 500 500 500 500 
	Distance (Feet> 15 15 20 20 25 22.5 12.5 15 
	Double Double Double Double Double Single Double Double 
	Slide Description Lane Urethane Lane Urethane Lane Urethane Lane Urethane Lane Urethane Lane Urethane Lane Urethane Lane Neoprene 
	Nylon Nylon Nylon Nylon Nylon Nylon Nylon Nylon 
	Coating Applied By 
	Comments 

	1.0 
	1.0 
	11 
	A 
	5/9/80 
	0526 
	42 
	300 
	07 
	36 
	500 
	20 
	Double 
	Lane 
	Neoprene 
	Nylon 

	TR
	12 14 16 17 19 20 22 
	A A A B A A A A 
	5/13/80 5/15/80 6/25/80 6/25/80 6/26/80 7/24/80 7/25/80 7/27/80 
	0525 0527 0431 0431 0428 0507 0511 0512 
	63 46 62 62 57 64 56 64 
	220 330 220 220 not 010 300 00 
	07 05 04 04 recorded 04 03 00 
	60 43 61 61 57 04 53 63 
	600 500 500 500 500 500 500 600 
	15 15 15 15 15 20 20 20 
	Single Tube Double Single Double Double Single Double 
	Lane Neoprene Kevlar (Aluminhed) Section Neoprene Kevlar Lane Urethane Nylon BFG Lane Urethane Nylon (BFCoodrich' Alu-iniled) Lane Urethane Nylon Air (Air Cruisers Aluminized) Cruisers Lane Urethane Nylon FAA (Br Goodrich Aluminized) Lane Neoprene Nylon FAA (BF Goodrich Aluminized) Lane Neoprene Nylon FAA (BF Goodrich Aluminized) 
	Pres. Relief Value Plugged Light Coating 


	TABLE 
	TABLE 
	TABLE 
	2. 
	SUMMARY 
	OF 
	URETHANE 
	NYLON 
	FULL-SCALE 
	TESTS 

	Test Number 
	Test Number 
	Lanes Single Double 
	Aluminized No Yes 
	Hi AV H. F.(4) Time Leaked Btu/ft'-5 (Second) 
	Fail Mode Blew Out 
	Fail Type &Location Base Middle ~ 
	Pressure Initial Peak 
	Coated By 

	3 3 
	3 3 
	A B 
	X X 
	X X 
	1.51M(5) 1.53M 
	27 
	27 52 
	Nonseam Nonseam 
	2.65 2.; 
	3.13 3.0 

	5 5 
	5 5 
	A B 
	X X 
	X X 
	1.12M 1.10M 
	91 71 
	Seam Seam 
	2.5 2.5 
	·3.33 3.5 

	7 
	7 
	X 
	X 
	0.66B(6) 
	No 
	fail in 240 seconds 
	2.5 
	4.0 

	8 8 
	8 8 
	A B 
	X 
	X 
	X X 
	0.94M 1.59M 
	27 
	84 
	Seam Nonseam 
	2.5 2.5 
	4.1 3.05 

	..... 0 
	..... 0 
	16 16 17 19 
	A B 
	X 
	X X X (C)(l) X (C) 
	BFG(2) AC(3) BFG 
	1.35M 1. 54T(7) 1.92T 1.22M 
	32 71 26 58 
	Nonseam Nonseam 
	Seam Seam 
	2.1 2.35 2.45 2.5 
	3.0 3.5 3.0 Data Loss 
	BFG AC FAA(8) 

	TR
	(l) C ­
	Canted 

	TR
	(2) 
	BFG 
	-
	R. 
	F. 
	Goodrich 

	TR
	(3) AC 
	-Air Cruiser 

	TR
	(4) Hi 
	Av 
	H. 
	F. 
	-
	Highest Average Heat 
	Flux 

	TR
	(5) M -Mid<lle \ (6) B ­Base (7) T -Top 
	Calorimeter Locations 

	TR
	(8) 
	FAA -Federal Aviation Administration 
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	TABLE 
	TABLE 
	TABLE 
	3. 
	SUMMARY OF NEOPRENE 
	FULL-SCALE TESTS 

	Teot Number 
	Teot Number 
	Material 
	Lanes Single Double 
	Aluminized No Yeo 
	Hi Av H. F.(5) Btu/ftL 5 
	Time Leaked (Second) 
	Fail Mode Blew out 
	Fail Type and location Bue Middle !21!. 
	Pressure Initial Peak 

	10 upper( l) lower(2) 
	10 upper( l) lower(2) 
	Nylon Nylon 
	X X 
	X X 
	1.79M(6) 1.79M 
	23 28 
	Nonseam. Nonseam 
	2.75 2.2 
	3.15 2.8 

	II upper 
	II upper 
	Nylon 
	X 
	X 
	1.16M 
	58 
	Seam 
	2.3 
	3.55 

	lower 
	lower 
	Nylon 
	X 
	X 
	0.86*(7) 
	206 
	Seam 
	3.0 
	3.75 

	12 
	12 
	Revlsr 
	X 
	AS(3) 
	1.88M 
	68 
	Seam 
	2.04 
	5.05 

	14 
	14 
	Revlsr 
	(tube oection) . 
	X 
	1.75T(8) 
	44 
	Seam. 
	1.9 
	4.65 

	20 
	20 
	Nylon 
	X 
	BFG(4) 
	0.98T 
	49 
	Seam 
	3.35 
	4.1 

	...... ...... 
	...... ...... 
	22 upper lower 
	Nylon Nylon 
	X X 
	BFG BFG 
	0.94HT 0.94HT 
	104 106 
	Seam Seam 
	2.75 2.35 
	3.85 3.75 

	TR
	*estimated 

	TR
	(l) upper \ 
	Dual Section Slide 

	TR
	(2) lower 

	TR
	(3) AS 
	-American Safety 

	TR
	(4) BFG 
	-
	B. 
	F. 
	Goodrich 

	TR
	(5) Hi Av 
	H. 
	F. 
	-
	Higheot Aversge Heat Flux 

	TR
	(6) M -Middle 
	\ 

	TR
	Calorimeter Location 

	TR
	(7) 
	* Eotirnated 

	TR
	(8) T -Top 
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	FIGURE 5. URETHANE NYLON SLIDE SMOKING DURING TEST; TEST 3B. 
	in intensity as the remaining fuel was consumed (figure B-5). The fire was then extinguished and the pressure in the slide gradually returned to 2.5 psig. The only damage to the slide was the "ung1uing" of a nonairho1ding filler strip between the upper evacuee retaining tube ("armrest") and the main tube on the side facing the fire. The heat flux histories were very similar for the three calorimeters, with an average value for the low, medium, and high calorimeters of 0.66 Btu/ft-sec, 
	2

	0.62 Btu/ft -sec, and 0.63 Btu/ ft -sec, respectively. Thus, this test demonstrated that inservice urethane nylon slides could withstand radiative heat at a distance of 25 feet from a major fuel fire (0.6 -0.7 Btu/ ft -sec); and subsequent test s were conducted closer to the fire in order to compare the heat resistance of different material systems under conditions producing failure. 
	.. 
	2
	2
	2

	Test 8: In order to more closely define and bracket the heat failure conditions, test 8 consisted of one urethane nylon single-lane slide at 22-1/2 feet (slide "A") and one urethane nylon double-lane slide at 12-1/2 feet (slide "B") from the fire pit. Slides "A" and "B" were inflated to 2.5 psig. 
	II having reached a peak pressure of 3.05 psig, began to lose pressure rapidly from a nonseam area near the center of the tube facing the fire. By 40 seconds, slide "B" had leaked down to 
	At 27 seconds into the ,test, slide liB, 

	0.15 psig. The onset of failure and heating conditions were similar to that of slide "A" in test 3, yet the loss of pressure was gradual compared to the abrubt loss (blowout) evidenced in test 3. 
	At 84 second s into the test, slide "A" blew out catastrophically (see figure 6) at a seam approximately 2 feet below the aspirator on the tube facing the fire. The pressure had increased to 4.1 psig at the point of failure. 
	The heating history and onset of failure was similar to test 5 (20-foot distance from fire), but the failure was abrupt, contrasted to the more gradual leakage witnessed in text 5. The test results appear to be more consistent in terms of the time to the onset of pressure lots rather than the pressure leakage rate. 
	Test 10: One neoprene nylon double-lane, dual inflation chamber slide was positioned at a distance of 15 feet from the fi re pi t. The upper and lower chambers were inflated to 2.75 psig and 
	2.2 psig, respectively. An additional thermocouple was attached to the under­side of the sliding surface near the top of the slide. 
	At 23 seconds into the test, the upper chamber blew out catastrophically in a nonseam area approximately 3 feet from the foot of the slide. 
	The slide remained taut, however, because of the support provided by the inflated lower chamber. The lower chamber began to rapidly lose pressure at 28 seconds from a nonseam area on the support cushion suspended below the lower tube facing the fire, and the pressure leaked down to 0.1 psig by 35 seconds . The peak heat flux was recorded by the medium height calo­rimeter at 1.8 Btu/ft-sec at 15 seconds. The temperature rise on the underside of the sliding surface was only 28° F by 28 seconds into the test, 
	2

	Test 11: One neoprene nylon double-lane du alin f 1 ation chamber s 1 ide was positioned at a distance of 20 feet from the fire pit (in order to examine the behavior of neoprene at a less severe heating condition than. test 10). The upper and lower chambers were inflated to 2.3 psig and 3.0 psig, respectively. 
	13 
	FIGURE 6. CATASTROPHIC FAILURE OF URETHANE NYLON SLIDE; TEST 8A 
	14 
	At 58 seconds into the test, the upper chamber blew out catastrophically on a seam area facing the fire near the base of the slide. The blowout shifted the base of the slide approximately 3 feet further away from the fire pit. Also at 58 seconds, the lower chamber began losing pressure, perhaps from the shock caused by failure of the upper chamber. The loss of pressure was very gradual (figure B-9) in contrast to the experi­ences of previous tests. By 206 seconds, the lower chamber had leaked down from a pe
	At 58 seconds into the test, the upper chamber blew out catastrophically on a seam area facing the fire near the base of the slide. The blowout shifted the base of the slide approximately 3 feet further away from the fire pit. Also at 58 seconds, the lower chamber began losing pressure, perhaps from the shock caused by failure of the upper chamber. The loss of pressure was very gradual (figure B-9) in contrast to the experi­ences of previous tests. By 206 seconds, the lower chamber had leaked down from a pe

	.. 
	catastrophically on a seam area near the base of the slide (see figure 7). The medium height calorimeter recorded the peak heat flux and the highest average heat flux, 1.4 Btu/ft-sec and 1.16 Btu/ft-sec, respectively. It was estimated that the heat flux near the base of the slide dropped approximately 
	catastrophically on a seam area near the base of the slide (see figure 7). The medium height calorimeter recorded the peak heat flux and the highest average heat flux, 1.4 Btu/ft-sec and 1.16 Btu/ft-sec, respectively. It was estimated that the heat flux near the base of the slide dropped approximately 
	2
	2

	0.3 Btu/ft-sec after failure of the upper chamber. 
	2

	Test 12: One aluminized Kevlar single­lane slide was pos itioned at a di stance of 15 feet from the fire pit. The slide was inflated to 2.04 psig. An additional thermocouple was attached to the underside of the sliding surface as in tes t 10. The pres sure re lief valve on the slide had been plugged by the manufacturer and had inadvertently remained so throughout the test. 
	At 68 seconds into the test, the slide blew out catastrophically on a seam approximately 3 feet below the top of the tube facing the fire (see figure 8). At the time of failure, the inflation pressure had increased to over 5 psig, higher than in previous experiments, and possibly because of the inoperative pressure relief valve. Wind conditions caused the f ire to bend toward the slide, producing a higher heat flux than in previous tests, which peaked at 
	2.4 Btu/ ft-sec at 68 seconds for the medium height calorimeter (figure B-lO). The temperature rise for the underside of the sliding surface, which was 
	2

	insignificant in previous tests, was F by 68 seconds. 
	134
	0 

	Test 14: One neoprene Kevlar slide tube section was positioned at a distance of 15 feet from the fire pit and inflated to 1.9 psig. Since there was no pressure relief valve installed on the tube section, a 1/4-inch copper dump line with a valve was fastened to the tube section to provide some manual pressure regulation during the test. This measure for relieving pressure later proved to be inadequate. 
	At 44 seconds into the test, the tube section reached a peak pressure of 4.65 psig and blew out catastrophically on a seam near the top of the tube facing the fire (see figure 9). The peak heat flux was recorded by the top calorimeter at 
	1.9 Btu/ft-sec at 30 seconds and was much higher at this location than at the lower levels (figure B-ll). As in test 12, wind conditions caused the fire to bend toward the tube section, producing a higher heat flux than measured in the earlier tests at the same distance from the fire. Despite the higher radiative exposure, the Kevlar proved more heat resistant than urethane or neoprene. 
	2

	Test 16: A urethane nylon double-lane slide was positioned at a distance of 15 feet from the fire pit (slide "A"). For comparison purposes, an aluminized urethane nylon single-lane slide was positioned at the same distance on the opposite side of the fire pit (slide II ) B. F. Goodrich sprayed the ir
	liB 

	• 
	aluminized coating to slide "B." During the aluminization coating process, B. F. Goodrich masked off the stenciling below the aspirator, leaving the original urethane nylon exposed (see figure 10). Thus, the stenciled area was left unprotected. Slides "A" and "B" were inflated to 2.1 psig and 2.35 psig, respectively. 
	At 32 seconds into the test, the uncoated slide ("A") began leaking pressure from a nonseam area in the 
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	FIGURE 9. NEOPRENE KEVLAR SEAM FAILURE; TEST 14. 
	<.D 
	FIGURE 10. ALUMINIZED URETHANE NYLON WITH STENCILING SHOWING; TEST l6B 
	middle of the tube facing the fire. By 64 seconds t at a pressure of 0.5 psig t the uncoated slide blew out in a nonseam area approximately 3 feet below the aspirator on the tube facing the fire (see figure 11). The measured radiative heat flux levels are shown in figure B-12. Although the heat flux values are slightly less than in test 3which also exposed a double-lane urethane nylon s 1ideat 15 fee t from the fire t the onset of failure from this test is consistent with test 3. 
	t 

	The aluminized slide did not begin leaking pressure until 64 seconds into the testt exactly two times as long as the uncoated slide. The initial leakage which was gradual (figure B-13) was from a seam above the aspirator on the tube facing the fire. At 71 seconds t a more rapid leakage occurred from the non­a1uminized nonseam stenciled area below the aspirator facing the fire (see II had leaked down to 0.25 psig. As shown in figure B-12 t the heat flux levels impinging on the aluminized slide ("B") were hig
	t 
	figure 12). By 80 seconds t slide liB
	t 
	t 
	of slide liB t

	Test 17: An aluminized urethane nylon double-lane canted slide was positioned at a distance of 15 feet from the fire pi t. The sl ide was prepared by Ai r Cruisers with their own aluminized coating. This coating was applied with a roller as opposed to the spraying operation used by B. F. Goodrich. The slide was successfully repacked by Air Cruisers in its original container and without any problem. Thus t the additional coating thickness did not prevent repacking of the slide into its 
	Test 17: An aluminized urethane nylon double-lane canted slide was positioned at a distance of 15 feet from the fire pi t. The sl ide was prepared by Ai r Cruisers with their own aluminized coating. This coating was applied with a roller as opposed to the spraying operation used by B. F. Goodrich. The slide was successfully repacked by Air Cruisers in its original container and without any problem. Thus t the additional coating thickness did not prevent repacking of the slide into its 
	original container nor interfere with the deployment of the slide. The slide was inflated· to 2.45 psig for the fire test. 

	At 26 seconds into the test the slide began to lose pressure rapidly from a nonseam area in the middle of the tube facing the fire. At 35 seconds t the slide leaked down to 0.15 psig and blew out approximately 2 feet below the aspirator in a nonseam area (see figure 13). The earlier than expected failure (see test 16) appeared to result from the unusually high heat flux leve1s t wh ich were greater than in any of the previous tests (figure B-14). 
	At 26 seconds into the test the slide began to lose pressure rapidly from a nonseam area in the middle of the tube facing the fire. At 35 seconds t the slide leaked down to 0.15 psig and blew out approximately 2 feet below the aspirator in a nonseam area (see figure 13). The earlier than expected failure (see test 16) appeared to result from the unusually high heat flux leve1s t wh ich were greater than in any of the previous tests (figure B-14). 
	t 

	Wind conditions caused the fire to bend toward the top of the slide t produc ing a higher heat flux. 
	Test 19: One a1uminized t urethane nylon doub1e-lane t canted slide was positioned at a distance of 20 feet from the fire pi t. The sl ide was sprayed wi th the 
	B. F. Goodrich aluminized coating by FAA 

	Technical 
	Technical 
	Technical 
	Center 
	personnel. 
	The 
	slide 

	was 
	was 
	inflated 
	to 
	2.5 psig. 
	Unfortu­

	nate1Yt 
	nate1Yt 
	pressure 
	transducer 
	data 
	were 


	lost short 1y after the start of the tes t. A thermocouple was attached to the top side of the sliding surface near the top of the slide. 
	lost short 1y after the start of the tes t. A thermocouple was attached to the top side of the sliding surface near the top of the slide. 
	At 58 seconds into the test t seam slippage occurred near the top of the slide on a rounded corner of the upper retaining tube ("armrest") (see figure 14). The slide visually began to collapse at 85 seconds. The peak heat fluxes for the low t medium t and high calorimeters were 1.75 Btu/ft-sec t 
	2

	1.65 Btu/ft -sec and 1.25 Btu/ ft -sec respectively (figure B-15). The average heat fluxes for the 10w t mediumand high calorimeters were 1.2 Btu/ft-sec 1.22 Btu/ft-sec t and 
	2 
	t 
	2
	t 
	t 
	2
	2

	0.85 Btu/fti-sec respectively (refer to appendix B-15). This test indicated that seam failure limited the potential heat resistance improvements provided by an aluminized coating applied to a 
	t 
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	FIGURE 11. URETHANE NYLON NONSEAM FAILURE; TEST 16A. 21. 
	N. N. 
	FIGURE 12. ALUMINIZED URETHANE NYLON SLIDE FAILURE DURING TEST; TEST 16B. 
	FIGURE 13. ALUMINIZED URETHANE NYLON SLIDE FAILURE DURING TEST; TEST 17 
	23 
	N 
	""'" 
	FIGURE 14. ALUMINIZED URETHANE NYLON SEAM SLIPPAGE; TEST 19. 
	complete evacuation slide. No visible damage was noted in the nonseam middle and base areas, although the average heat fluxes at these locations were higher than at the top of the slide. The temperature rise for the top side of F by 58 seconds. 
	complete evacuation slide. No visible damage was noted in the nonseam middle and base areas, although the average heat fluxes at these locations were higher than at the top of the slide. The temperature rise for the top side of F by 58 seconds. 
	the sliding surface was 90 
	u 

	Test 20: One aluminized neoprene nylon single-lane slide was positioned at a distance of 20 feet from the fire pit. The slide was sprayed with the B. F. Goodrich aluminized coating by FAA Tech­nical Center personnel. The slide was

	• 
	inflated to 3.35 psig. An additional thermocouple was attached to the top side of the sliding surface as in test 19. 
	inflated to 3.35 psig. An additional thermocouple was attached to the top side of the sliding surface as in test 19. 
	At 49 seconds into the test, the slide reached a peak pressure of 4.1 psig and blew out catastrophically on a seam near the base of the tube facing the fire (see figure 15). The peak heat fluxes for the low, medium, ~nd high calorimeters were 0.9 Btu/ft-sec, 
	2

	0.8 Btu/ft -sec, and 1.1 Btu/ ft-sec, respectively, all recorded at 45 seconds (figure B-16). At these heat flux levels, it was expected that the aluminized neoprene nylon slide would have res is ted the fire for a longer period of time. No visible radiant heat damage was noted in the middle and top areas of the slide, in spite of the highest heat flux levels at the top of the slide. Other seam areas near the base of the slide also showed no visible radiant heat damage. It was therefore 
	2 
	2


	.. 
	concluded that the seam in the failure area contained some sort of flaw. The temperature rise for the top side of the sliding surface was 47 F by 49 seconds. 
	concluded that the seam in the failure area contained some sort of flaw. The temperature rise for the top side of the sliding surface was 47 F by 49 seconds. 
	u 

	Test 22: An aluminized neoprene nylon double-lane, dual inflation chamber slide was positioned at a distance of 20 feet from the fire pit. The slide was sprayed with the B. F. Goodrich alumi­nized coating by FAA Technical Center personnel. The upper and lower chambers were inflated to 2.75 psig and 2.35 
	psig, respectively. An additional thermocouple was attached to the top side of the sliding surface as in test 19. 
	At 69 seconds into the test, the non­airholding structural stabilizer peeled away from the upper tube, exposing a nonaluminized pressurized area of the slide to direct radiant heat. The exposed yellow area immediately began to smoke. At 104 seconds, the upper chamber blew out catastrophically on a nonaluminized seam near the middle of the tube facing the fire (see figure 16). At 106 seconds, the lower chamber began to lose pressure rapidly from a nonaluminized seam near the middle of the ~ube facing the fir
	24 

	LABORATORY. 
	Tables 4 through 8 are a compilation of the laboratory tests conducted during this program. Information contained in these tables inc lude: (1) a, description of the base fabric; (2) whether a reflective coating was applied; (3) whether the test specimen was plain or a seam; (4) material weight in ounces per square yard; (5) material thickness; 
	(6) heat flux exposure; (7) cylinder pressure; (8) temperature on the back surface of the specimen at the time of initial pressure loss; and (9) time to initial pressure loss. 
	NEW URETHANE COATED FABRICS. Table summarizes the result s of tests on new urethane coated fabrics, including fabrics with various types of reflective coatings applied to the exposed surface. 
	25 
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	FIGURE IS. ALUMINIZED NEOPRENE NYLON SEAM FAILURE; TEST 20. 
	FIGURE 16. NEOPRENE NYLON SEAM FAILURE; TEST 22 
	27. 
	27. 

	TABLE 4. SUMMARY OF URETHANE COATED FABRICS. 
	Fabric 
	Fabric 
	Fabric 
	Reflective Coating 
	Seam 
	No 
	Seam 
	Material Weight (oz/yd2) 
	Material Thickness ---i.!!!2..­
	Heat Flux Btu/ft2-sec 
	Cylinder Pressure ~ 
	Temperature At Time Of Initial Pressure Loss (·F) 
	Time For Initial Pressure Loss (sec) 

	Dacron Kevlar Nylon Nylon 3.9 single ply 
	Dacron Kevlar Nylon Nylon 3.9 single ply 
	None None Aluminum Aluminum White White Chrome Chrome None None None None Aluminum Aluminum Aluminum Aluminum Aluminum None None None None None None None 
	x x x x x x x x x x x x x x x x x x x 
	7.13 7.32 10.58 9.59 7.68 9.62 7.55 7.84 6.43 6.43 6.43 6.60 5.99 5.99 5.99 6.3 NA 9.0 9.0 9.0 8.1 8.1 8.1 8.8 
	0.011 0.011 0.013 0.013 0.013 0.013 0.011 0.013 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.007 NA 0.01l 0.01l 0.011 NA NA NA 0.011 
	2 2 2 2 2 2 2 2 2 1.5 1.0 2 2 1.5 1.0 2 2 1.5 2.2 2.2 2.5 2.0 1.5 2.0 
	5 5 5 5 5 5 5 5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2 2 2 2.5 
	NA NA NA NA NA NA NA NA 163 197 218 181 112 126 144 144 126 NA 136 211 NA NA NA 225 
	7 6 10 29 7 8 125 110 7 12.5 30. 8.5 6 8.5 16.3 7.5 6.3 28 10.5 9.5 10 14 26 13 
	.. 

	Nylon 1.4 -2.0 double ply 
	Nylon 1.4 -2.0 double ply 
	None 
	8.3 
	0.011 
	2.0 
	2.5 
	207 
	10.5 

	Nylon 3.9 single ply 
	Nylon 3.9 single ply 
	None 
	7.5 
	0.011 
	2.0 
	2.5 
	204 
	10.5 

	Nylon 3.0 -3.3 single ply 
	Nylon 3.0 -3.3 single ply 
	None 
	x 
	7.7 
	0.013 
	2.0 
	2.5 
	145 
	5.5 

	Nylon 3.9 single ply 
	Nylon 3.9 single ply 
	None 
	8.4 
	0.010 
	2.0 
	2.5 
	214 
	13.5 

	Nylon 
	Nylon 
	Aluminized Mylar 
	x 
	NA 
	0.013 
	2.3 
	NA 
	540 

	Aluminized Mylar 
	Aluminized Mylar 
	NA 
	0.013 
	4.5 
	10 
	NA 
	At 
	start 
	of 
	test 

	Aluminized Kapton 
	Aluminized Kapton 
	x 
	NA 
	0.019 
	4.5 
	NA 
	At 
	start 
	of 
	test 

	TR
	Aluminized Kapton 
	NA 
	0.019 
	2.2 
	NA 
	At 
	start 
	of 
	test 

	TR
	AI/urethane AI/urethane AI/urethane AI/urethane AI/urethane AI/urethane AI/urethane AI/urethane Aluminum Aluminum Aluminum 
	x x x x x x x x x x x 
	NA NA NA NA NA NA NA NA NA NA NA 
	NA NA NA NA NA NA NA NA NA NA NA 
	2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.5 2.0 1.5 
	2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.0 2.0 2.0 
	233 238 233 233 218 221 191 197 NA NA NA 
	19 20 18.5 19.5 16.5 18 11 11 22 55 >600 
	... 

	Nylon 3.0 -3.3 single p~y 
	Nylon 3.0 -3.3 single p~y 
	Aluminum Aluminum 
	x 
	8.7 6.8 
	0.014 0.012 
	2.0 2.0 
	2.5 2.5 
	133 136 
	7.5 7.0 

	Nylon 3.9 single ply 
	Nylon 3.9 single ply 
	Aluminum Aluminum 
	x 
	8.3 7.7 
	0.011 0.011 
	2.0 2.0 
	2.5 2.5 
	216 194 
	20 16 

	Nylon Nylon Nylon 
	Nylon Nylon Nylon 
	A1I1ight <oat(1) AI/medium coat(2) Allheavy <oat(3) 
	x x x x 
	8.83 8.83 8.83 9.18 9.18 9.18 9.42 9.42 9.42 
	0.011 0.011 0.011 0.012 0.012 0.012 0.013 0.013 0.013 
	2.0 1.5 1.0 2.0 1.5 1.25 2.0 1.5 1.4 
	2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
	259 244 216 253 236 220 253 221 217 
	32 132 >600 • 63 192 >600 84 294 >600 

	NOTE: 
	NOTE: 
	(1) Light coat· I spray COat (2) Medium coat a :£ spray coats (3) Heavy coat = 3 spray coats Uncoated· 8.74 

	TR
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	Figure 17 shows the effect of reflective coating thickness, by percent weight increase, on the heat resistance of a urethane nylon slide fabric. Time to initial pressure loss increases from 27 seconds for the noncoated material to approximately 210 seconds for a 5-percent weight increase over the base fabric weight (approximately 2 spray coats) . 
	Figure 17 shows the effect of reflective coating thickness, by percent weight increase, on the heat resistance of a urethane nylon slide fabric. Time to initial pressure loss increases from 27 seconds for the noncoated material to approximately 210 seconds for a 5-percent weight increase over the base fabric weight (approximately 2 spray coats) . 
	The repeatabi1i ty of the laboratory apparatus was determined by performing five replicate tests at 1.5 Btu/ ft -sec and 2.5 psig on both non­
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	• 
	reflect ive and aluminized (B. F. Goodrich KE 7620 paint) coated urethane nylon fabrics. The laboratory apparatus is very repeatable and more so than many standardized fire tests. The coefficient s of variat ion for the time to initial pressure loss for the non­coated and aluminized coated samples were 2.9 percent and 2.2 percent, respectively (see table 5). As shown in figure 18, the advantage of a light­weight aluminized coating on the ability of a slide fabric to retain pressure can be very significant i
	reflect ive and aluminized (B. F. Goodrich KE 7620 paint) coated urethane nylon fabrics. The laboratory apparatus is very repeatable and more so than many standardized fire tests. The coefficient s of variat ion for the time to initial pressure loss for the non­coated and aluminized coated samples were 2.9 percent and 2.2 percent, respectively (see table 5). As shown in figure 18, the advantage of a light­weight aluminized coating on the ability of a slide fabric to retain pressure can be very significant i

	Figure 19 shows the effect of heat flux, base fabric and aluminization, on "the time to initial pressure loss. For urethane nylon at 1.5 Btu/ft-sec, the time-to-failure was increased from 26 seconds for the noncoated material to over 600 seconds for a new material with a reflective coating. This reflec­tive coating was applied by the manu­facturer in the finished fabric. At the same heat flux, the improvement provided by aluminization was much less signi­ficant for the Kevlar fabric, aR shown 
	Figure 19 shows the effect of heat flux, base fabric and aluminization, on "the time to initial pressure loss. For urethane nylon at 1.5 Btu/ft-sec, the time-to-failure was increased from 26 seconds for the noncoated material to over 600 seconds for a new material with a reflective coating. This reflec­tive coating was applied by the manu­facturer in the finished fabric. At the same heat flux, the improvement provided by aluminization was much less signi­ficant for the Kevlar fabric, aR shown 
	2

	in figure l8B. Only 4 seconds in useful time was gained by aluminization of Kevlar. 

	NEW NEOPRENE COATED FABRICS. Table 6 summarizes the laboratory test results on new coated fabrics. Figure, 20 is a comparison of the difference between neoprene nylon and neoprene Kevlar materials with and without an aluminized reflective coating. These results alone and compared wi th figure 19 provide several important findings. All other factors being the same, neoprene coated materials are equal or superior to urethane counterparts in terms of heat resistance and ability to retain pressure. This differe
	NEW NEOPRENE COATED FABRICS. Table 6 summarizes the laboratory test results on new coated fabrics. Figure, 20 is a comparison of the difference between neoprene nylon and neoprene Kevlar materials with and without an aluminized reflective coating. These results alone and compared wi th figure 19 provide several important findings. All other factors being the same, neoprene coated materials are equal or superior to urethane counterparts in terms of heat resistance and ability to retain pressure. This differe

	SAMPLES FROM FULL-SCALE TEST SLIDES. Samples were taken from the undamaged part of the slides after full-scale tests for evaluation in the laboratory. This included samples from slides as they are presently used without any reflective coatings and slides that had ,been coated with an aluminum paint (B. 
	F. Goodrich KE 7620) under consideration as a retrofit coating. This series of tests included samples with and without seams. 
	F. Goodrich KE 7620) under consideration as a retrofit coating. This series of tests included samples with and without seams. 
	Table 7 contains the laboratory test results on samples taken from urethane nylon slides tested full-scale. Labora­tory tests at 1.5 Btu/ft-sec on slide samples taken from test 3 indicated a seam failure at 27 seconds and a nonseam sample failure at 22 seconds. Thus,'at this"condition the reinforcement of material at the seam provides a slight benefit or longer time to f ailure. Thes e laboratory pre­dictions agree very well with the full­scale test results (see figures B-1 and 
	2
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	FIGURE 17. THE EFFECT OF REFLECTIVE COATING THICKNESSES. 
	Q 
	Q 
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	Table 5. LABORATORY REPEATABILITY TESTS 
	For Coated and Uncoated Evacuation Slide Materials Urethane Nylon Tested at 1.5 Btu/ft-sec, 2.5 psig 
	.. 
	2

	Test Time to Initial Pressure Loss Temperature Number (seconds) CF) 
	1 31.5 167.0 
	1 31.5 167.0 
	1 31.5 167.0 

	2 30.5 170.0 
	2 30.5 170.0 

	3 30.5 168.0 
	3 30.5 168.0 

	4 32.5 170.0 
	4 32.5 170.0 

	5 30.5 173.0 Average 31.5 169.6 Standard 0.89 2.30 Deviation Coefficient 2.9 percent 1.4 percent of Variation 
	5 30.5 173.0 Average 31.5 169.6 Standard 0.89 2.30 Deviation Coefficient 2.9 percent 1.4 percent of Variation 


	Aluminized Urethane Nylon Tested at 1.5 Btu/ft-sec, 2.5 psig 
	2

	Test Time to Initial Pressure Loss TemperatureNumber (seconds) F
	(U
	) 

	1 105.0 167.0 2 105.0 170.0 3 110.0 170.0 4 108.0 168.0 5 105.0 171.0 
	Average 106.0 169.2 
	Standard 2.3 1.64 
	Deviation 
	Deviation 

	Coefficient 2.2 percent 1.0 percent 
	of Variation 
	of Variation 
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	FIGURE 19. 
	FIGURE 19. 

	HEAT FLUX VERSUS TIME TO INITIAL PRESSURE LOSS 
	TABLE 6. SUMMARY OF NEOPRENE COATED FABRICS. 
	Fabric 
	Fabric 
	Fabric 
	Reflective Coatinll-
	Seam 
	~.!.~ 
	Material Weight $!!z!yd2) 
	Material Thickneaa ---.1!~ 
	Reat Flux Btu/ftl-aec 
	Cylinder PreS8ure (psig) 
	Temperature At Time of Initial PreaBure LOBa (·F) 
	Time For Initial Pressure L088 (Bec) 

	Kevlar Kevlar Kevlar 2.2 ·Bingle ply 
	Kevlar Kevlar Kevlar 2.2 ·Bingle ply 
	None Aluminum Aluminum 
	x x x x x " x x 
	7.0 7.0 7.0 8.5 8.5 8.5 8.5 6.0 
	NA NA NA NA NA lfA NA 0.007 
	2.5 2.0 1.5 2.5 2.0 1.5 2.5 2.0 
	2 2 2 2 2 2 2.5 2.5 
	NA NA NA NA NA lIA 341 328 
	24 160 456 185 306 >600 100 >600 

	Kevlar 2.2 single ply 
	Kevlar 2.2 single ply 
	N!u aluminum 
	x 
	NA 
	0.007 
	2.0 
	2.5 
	278 
	24 

	Kevlar 2.2 Bingle ply 
	Kevlar 2.2 Bingle ply 
	None 
	x 
	7.3 
	0.008 
	2.0 
	2.5 
	333 
	110 

	Nylon 3.0 -3.3 single ply 
	Nylon 3.0 -3.3 single ply 
	None 
	x 
	8.0 
	0.01l 
	2.0 
	2.5 
	213 
	13.5 

	UJ ~ 
	UJ ~ 
	Nylon 1.4­2.0 double ply 
	None 
	x 
	8.5 
	0.010 
	2.0 
	2.5 
	208 
	11.2 

	TR
	Nylon 3.9 Bingle ply 
	None 
	x 
	9.3 
	0.01l 
	2;0 
	2.5 
	216 
	14 

	TR
	Nylon 1.4 -2.0 double ply 
	None 
	x 
	NA 
	NA 
	2.0 
	2.5 
	199 
	10.25 

	TR
	Nylon 1.4 -2.0 double ply 
	AluminU1ll 
	x 
	NA 
	NA 
	2.0 
	2.5 
	253 
	74 

	TR
	Nylon Nylon Nylon Nylon 
	None A1Ulllinum A1Ulllinized Mylar A1Ulllinized Kapton 
	x x x x x x x x x x x x x 
	8.4 8.4 8.4 10.1 10.1 10.1 10.1 10.1 NA NA NA NA NA 
	NA NA NA 0.01l 0.01l 0.011 0.01l 0.011 0.012 0.012 0.012 0.017 0.017 
	. 
	2.5 2.0 1.5 3.0 2.7 2.5 2.0 1.5 4.5 4.5 2.3 4.5 2.2 
	2.0 2.0 2.0 2.5 2.5 2.5 2.5 2.5 leLO 5 5 5 5 
	NA NA NA 279 289 276 259 235 NA NA NA NA NA 
	8 12 18 45 306 >600 >600 >600 32 >900 >900 858 >980 
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	FIGURE 20. HEAT FLUX VERSUS TIME TO INITIAL PRESSURE LOSS 
	FIGURE 20. HEAT FLUX VERSUS TIME TO INITIAL PRESSURE LOSS 


	0' II SJ , oI 
	I I 
	oI2 3 012 
	HEAT FLUX (BTU/ FT-SEC) HEAT FLUX (BTU/FT-SEC). AB. 
	2
	2

	TABLE 7. SUMMARY OF URETHANE COATED SLIDE FABRICS FROM FULL-SCALE TEST SLIDES. 
	Hatedsl Hsterial Cylinder Temperature At Time For Initisl Fabric and Reflective W"il!ht Thickneos Heat Flux Pressure Time Of Initial PreslllUre LOll Test Number Costing Sesm (oz/yd2) (in) Btu/ftLsec (psig) Pressure Loss (OF) (seel
	~ 
	Nylon Test 38 None 9.0 0.011 1.5 2.5 NA 23
	" 
	" 

	Nylon Te.t 3A None x 9.0 0.011 1.5 2.5 NA 22 Nylon Test 3A None x 9.0 0.011 1.5 2.5 NA 21 Nylon Test 168 Aluminum x 8.3 0.012 1.5 2.5 239 78 x 8.3 0.012 1.4 2.5 153 148 x 8.3 0.012 1.0 2.5 204 >600 Nylon Test 161\ Aluminum x 8. ) 0.012 1.6 2.5 202 51 x 8.3 0.012 1.5 2.5 193 72 x 8.3 0.012 1.0 2.5 193 95 
	W 
	Nylon Test 11 Aluminum x 8.91 0.012 1. 75 2.5 147 35.5 Aluminum x 8.91 0.012 1.5 2.5 258 105 Aluminum 8.91 0.012 1.0 2.5 217 179 Aluminum 8.91 0.012 1. 75 2.5 176 46 Aluminum x 8.91 0.012 1.5 2.5 207 63.5 Aluminum x 8.91 0.012 1.25 2.5 197 72 Aluminum x 8.91 0.012 1.0 2.5 215 159 Nylon Tegt 16A None x 8.57 0.012 1.55 2.5 256 27.7 Nylon 'fest 19 Aluminum x 7.89 0.011 1. 75 2.5 275 78 x 7.89 0.011 1.65 2.5 156 III x 7.89 0.011 1.5 2.5 263 198 x 7.89 0.011 1.15 2.5 234 >600 x 7.89 0.011 1. 75 2.5 167 30 x 7.89
	(J\ 
	" 
	" 

	<:­
	<:­

	B-2). Figure 2lA shows the effect of heat flux on the failure time of alumi­nized urethane nylon samples, with and without seams. It is evident that the weakest part of an aluminized urethane nylon slide is the seam. Figure 2lB shows a similar comparison for alumi­nized neoprene nylon materials. (Table 8 is a tabulation of laboratory test results on samples taken from neoprene coated slides evaluated ful1­scale.) It is significant that the failure profile for the seam and nonseam 
	samples of aluminized neoprene nylon are practically identical. Figure 21 demon­strates the benefit of aluminized neoprene nylon as compared to aluminized urethane nylon. Laboratory tests at 1.5 Btu/ft-sec on neoprene nylon slide samples show seam failure occurring at 27 seconds. Sample without a seam lasted 17 seconds before initial pressure loss. 
	... 
	2

	Nonaluminized neoprene Kev1ar samples from a prototype slide were also tested in the laboratory. At 1.5 Btu/ftLsec the seam failed at 195 seconds, while the nonseam sample lasted for 540 seconds before initial pressure loss. When the heat flux was raised to 1.85 Btu/ft-sec, there was no significant difference between the seam and nonseam data obtained, 95 and 106 seconds, 
	2

	respectively. 
	Aluminized neoprene Kevlar samples from the prototype slide, tes ted at 1.5 Btu/ ft-sec lasted for over 600 seconds 
	2

	... 
	in both the seam and nonseam configu­rat ion. A seam tested on this material at 2.0 Btu/ft-sec, held pressure for 492 seconds and the· nonseam sample started losing pressure at 528 seconds.· At 2.8 Btu/fi-sec a seam and nonseam sample failed at 29 and 32 seconds, 
	2
	2

	respectively. 
	CORRELATION. 
	URETHANE NYLON. Full-scale test results indicated that urethane nylon slides failed at 27 seconds in a nonseam area 
	37 
	when exposed to an "average" radiant heat flux of 1.5 Btu/ft-sec. This heat flux corresponded to a distance of 15 feet from the fire pit under zero windc.ond'itions. Laboratory test results at 1.5 Btu/ft -sec showed that urethane nylon nonseam and seam samples failed in 22 and 27 seconds, respectively. Thus, the laboratory and full-scale test· results on urethane nylon slide fabrics were in good agreement as were the results on alumi­nized slides. Full-scale test results indicated that a· urethane nylon sli
	when exposed to an "average" radiant heat flux of 1.5 Btu/ft-sec. This heat flux corresponded to a distance of 15 feet from the fire pit under zero windc.ond'itions. Laboratory test results at 1.5 Btu/ft -sec showed that urethane nylon nonseam and seam samples failed in 22 and 27 seconds, respectively. Thus, the laboratory and full-scale test· results on urethane nylon slide fabrics were in good agreement as were the results on alumi­nized slides. Full-scale test results indicated that a· urethane nylon sli
	2
	2
	2 
	2

	NEOPRENE NYLON. Full-scale test results indicated that a neoprene nylon slide failed in 23 seconds at a nonseam area when exposed to an average radiant heat flux of 1.5 Btu/ft-sec, while labor­atory results on a comparable sample tested at 1.5 Btu/ft-sec failed in 17 seconds. Laboratory tes ts of seam samples failed in 27 seconds when exposed to the same heat flux. Fu11­scale tests were not conducted in the 1.5 Btu/ft-sec range for an aluminized neoprene nylon slide. Laboratory test results showed that alum
	2
	2
	2
	2

	1. 0 Btu/ ft 2-s ec failed much ear lier than would have been predicted, based on the laboratory test method. It was possible that the early full-scale 

	TABLE 8. SUMMARY OF NEOPRENE COATED SLIDE FABRICS FROM FULL-SCALE TEST SLIDES. 
	Haterial Haterial Cylinder Temperature At Time For Initial Fabric and Refiect ive Weight Thickness Heat Flu" Pressure Time of Initial Pressure Loss Test Number Costing Seam No Seam (oz}yd2) (in) Btu/tt2-sec (psig) Pressure Loss ·F (sec) 
	Kevlar Test 14 None 7.6 0.008 2.0 2.5 341 86." 7.6 0.008 1.85 2.5 335 101." 7.6 0.{l08 1.85 2.5 332 112. Kevlar Test 14 None 7.6 0.008 2.0 2.5 345 82.
	" 

	" 
	" 

	7.6 {l.008 1.85 2.5 336 95." 7;6 {l.008 1.5 2.5 3{l8 195. K..vlar Test 12 Aluminum " 8.4 0.010 2.8 3.5 349 29." 8.4 0.010 2.5 2.5 312 352.
	" 
	8.4 0.010 2.0 2.5 312 492.
	" 
	8.4 0.010 1.5 2.5 269 >600
	" 
	8.• 4 0.010 1.5 2.5 276 >600 
	W 
	Nylon Test 10 None " 7.9 0.009 1.5 2.5 178 21.
	00 
	" 7.9 0.009 1.5 2.75 162 12. Nylon Test 10 None " 7.9 . 0.009 1.5 2.5 174 22." 7.9 0.009 1.5 3.0 269 32. Nylon Test 11 None " 7.9 0.009 1.4 2.5 263 28." 7.9 0.009 1.25 2.5 277 >600." 7.9 0.009 1.05 2.5 259 >600.
	" 
	7.9 0.009 1.15 2.5 267 138. Nylon Test 20 Aluminum " 7.74 0.009 1. 75 2.5 260 35.5.
	" 
	7.74 0.009 1.65 2.5 164 81.
	" 
	7.74 0.{l09 1.5 2.5 261 >600
	" 
	7.74 0.009 1.15 2.5 233 >600." 7.74 0.009 1.0 2.5 173 >600. Nylon Test 20 Aluminum " 7.74 0.009 1.75 2.5 251 72.
	" 
	" 

	7.74 0.009 1.65 2.5 215 90." 7.74 0.009 1.5 2.5 244 366.7.74 0.009 1.4 2.5 251 ~600." 7.74 0.009 1.15 2.5 220 >600." 7.74 0.009 1.0 2.5 205 >600.
	" 
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	t,est method. It was possible that the early full-scale test failure of an aluminized neoprene nylon prototype slide was due to a flaw in the seam, since a slide will fail at its weakest point. With the exception of alumi­nized neoprene nylon seams, all full­scale test data correlated well with laboratory test results. This good agreement is due, at least in part, to the selection of time to initial pressure loss as the end point measure­ment, which obviates scaling problems due to thermal radiation exposur
	A 
	A 
	A 
	summary 
	of 
	the 
	laboratory/full-scale 

	test 
	test 
	results 
	comparison 
	are 
	contained 

	in table 9. 
	in table 9. 


	SUMMARY OF RESULTS 
	SUMMARY OF RESULTS 

	FULL-SCALE. 
	1. Full-scale test results (tests 3A, 3B, 8B, 10, and 16A) indicated that inservice evacuation slides (yellow urethane nylon or yellow neoprene nylon) failed in 20 to 30 seconds in a nonseam area, when exposed to an aver­age radiant heat flux of 1.5 Btu/ ft -sec. This heat flux corresponds to a distance of 15 feet from the edge of a 30-by 30-foot fuel fire during 2:ero wind conditions. 
	2

	2:. Full-scale test result s (tests 5A, 5B, and 10) indicated that inservice evacuation slides (yellow urethane nylon or yellow neoprene nylon) failed in 60 to 80 seconds on a seam when exposed to "tn average heat flux of 1.0 Btu/ ft -sec. This heat flux corresponds to a distance of 20 feet from the edge of a 30-by 30-foot fuel fire during ~:ero wind conditions. 
	2

	3. Full-scale test results (test 16B) i.ndicated that an aluminized urethane nylon slide failed on a seam in 64 seconds when exposed to an average heat flux of 1.5 Btu/ft-sec. 
	2

	4. 
	4. 
	4. 
	Full-scale tests results indicated that an aluminized neoprene nylon slide (test 20) failed unexpectedly early on a seam when exposed to an average heat flux of 1.0 Btu/ftl-sec (possibly due to a flaw in a seam). However, little radiant heat damage was noted on other areas of the slide compared to a non­aluminized slide exposed to the same heat flux leve1. 

	5. 
	5. 
	Full-scale test results. indicated that an aluminized neoprene Kevlar slide failed on a seam in 68 seconds (test 12) when exposed to an average heat flux of 


	1.88 Btu/ft -sec (possibly due to overpressure from a plugged relief valve). A yellow neoprene Kevlar tube section failed on a seam in 44 seconds (test 14) when exposed to an average heat flux of 1.75 Btu/ft-sec. (also possibly due to inadequate pressure relief} . 
	2
	2

	6. 
	6. 
	6. 
	The temperature of the top and unders ide sliding surface was recorded for some tests. Temperature rise did not appear to be significant for these tests. 

	7. 
	7. 
	With exception of the Kevlar tests, pressure rise did not appear to have hastened the failure time of the full­scale slide tests. 


	LABORATORY. 
	1. 
	1. 
	1. 
	The laboratory test apparatus that was developed to measure the integrity of slide fabrics subjected to radiative heat ing exh ibited exce llent with in­laboratory repeatability for both aluminized and nonaluminized urethane nylon fabrics. The coefficients of variation of the time to initial pressure loss were 2.2 percent and 2.9 percent, respectively. 

	2. 
	2. 
	Laboratory tes ts demons trated that the B. F. Goodrich KE 7620 aluminum coating applied to the exposed surface of a new urethane nylon fabric, at a coating thickness corresponding to 5 


	40. 
	40. 
	)' 

	TABLE 9. LABORATORY /FULL-SCALE CORRELATION 




	1.5~ 
	1.5~ 
	1.5~ 
	ft -sec. FULL 
	(seconds)

	S:CALE SEAM (seconds) .po SCALE NON-SEAM 
	LAB 

	..... 
	(seconds) 
	(seconds) 

	URETHANE NYLON YELLOW 
	ALUMINIZED 
	ALUMINIZED 

	25-30 
	25-30 
	70-75 

	. ­
	. ­

	70-7535-40 
	20-25 
	195 -200 
	195 -200 

	NEOPRENE NYLON. 
	YELLOW. 
	YELLOW. 
	23 
	23 
	23 
	-28 

	30 
	30 
	-35 

	20 
	20 
	-25 



	ALUMINIZED NA 
	365 -370 +600 
	pE~rcent of the base fabric weight, will increase the time to initial pressure loss from 27 seconds to 210 seconds at 
	1.5 Btu/ftLsec. 
	3. 
	3. 
	3. 
	Urethane nylon materials with the aluminum pigment included in the UJrethane coating by the materials manu­facturer can increase the time to initial pressure loss from 27 seconds to over 600 seconds at 1.5 Btu/ft-sec. 
	2


	4. 
	4. 
	The urethane Kevlar fabric exhibited poor heat resistance, and application of an aluminized coating only provided a n~latively slight improvement in heat resistance. 

	5. 
	5. 
	New neoprene nylon aluminized materials show a significant increase in heat resistance at 1.5 Btu/ft-sec over the nonaluminized material (600 seconds versus 18 seconds for time to initial pressure loss). 
	2


	6. 
	6. 
	New neoprene Kevlar fabrics are more heat res istant than neoprene ny Ion fabrics. 

	7. 
	7. 
	Seam and nonseam urethane nylon slide samples fail at practically the same time at 1.5 Btu/ft-sec (27 seconds and 22 seconds., respectively). 
	2


	8. 
	8. 
	Aluminized urethane nylon slide seam samples fail at 72 seconds, nonseam samples fail at 198 seconds. 

	9. 
	9. 
	Neoprene nylon slide seam samples 8.re more heat res is tant at 1.5 Btu/ ft -sec than nonseam samples (27 seconds versus 17 seconds for time to initial pressure loss). 
	2 


	10. 
	10. 
	Nonaluminized and aluminized neo­prene Kevlar samples were found to Ellways fail earlier at seams than on the plain material. 


	CONCLUSIONS. 
	CONCLUSIONS. 

	1. 
	1. 
	1. 
	Inservice slides can fail prema­turely when exposed to radiant heat alone from a fuel fire (no flame contact) . 

	2. 
	2. 
	An aluminized reflect ive coat ing on the exposed surface of a slide fabric significantly improves the airholding qualities upon exposure to radiant heat. 

	3. 
	3. 
	Under radiant heat exposure con­ditions, new neoprene Kevlar fabrics are far superior to other materials presently used for slide fabrication. 

	4. 
	4. 
	Laboratory and full-scale tests demonstrate that after the retrofit application of a reflective aluminum coating to an evacuation slide, failure of the slide from radiative heating originates at the seam. 

	5. 
	5. 
	Adhesives that are presently used for seam fabrication appear to limit the potential improvements in heat resistance provided by new and alumi­nized slide materials. 

	6. 
	6. 
	The laboratory test method is a valid procedure for evaluating the heat resistance of slide materials subjected to thermal radiation as evidenced by the good correlation with full-scale test results and excellent repeatability within a laboratory. 


	42. 
	RECOMMENDATIONS. REFERENCES. 
	It is recommended that: 
	1. 
	1. 
	1. 
	B. F. Goodrich KE 7620 aluminized paint or an equivalent be considered for retrofit application on inservice slide/ slide rafts in the United States (U. S.) Transport aircraft fleet. 

	2. 
	2. 
	The laboratory test method developed during this study be adopted as 


	Federal Aviat ion Administrat ions (FAA) standard for evaluation of the radiative heat resistance of evacuation slide materials. 
	... 

	3. 
	3. 
	3. 
	0f tests be conducted with the laboratory test method by various laboratories to determine the precision of the test method within different laboratories and between laboratories. 
	A round robinseries 


	4. 
	4. 
	Full-scale tests be performed on newly fabricated slides constructed of advanced materials, especially both uncoated and aluminized neoprene Kev1ar and a1umnized neoprene nylon, in order to resolve the inconsistent laboratory and full-scale test results for these materials. 
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	1. 
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	Aircraft Accident Report, Conti­nenta1 Airline DC-10, Los Angeles Internat iona1 Ai rport, Los Angeles, California, NTSB -AAR-79-1, March 1, 1978. 


	2. 
	2. 
	Geyer, G., Brown, L., Neri, L., and O'Neill, J., Preliminary Assessment of the Integrity of Aircraft Evacuation Slide Material When Exposed to Thermal Radiation, FAA-NA-78-41-LR, June 1978. 

	3. 
	3. 
	Cole, R., and Sims, G., Aluminized Coating Study for Retrofitting Slide Materia1s,FAA-CT-81-151, November 1980. 
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	PROPOSED LABORATORY TEST METHOD FOR AIRCRAFT INFLATABLE EVACUATION SLIDE/ SLIDE RAFT MATERIALS 
	1. SCOPE. 
	1.1 This method is intended for use in determining the res istance of aircraft inflatable evacuation slide/slide raft materials to radiant heat. 
	1.2 
	1.2 
	1.2 
	This standard should be used to measure and describe the propert ies of materials, products, or assemblies in response to heat and flame under con­trolled laboratory conditions and should not be used to describe or appraise the fire hazard or fire risk of materials, products, or assemblies under actual fire conditions. However, results of this test may be used as elements of a fire risk assessment which takes into account all of the factors with are pertinent to an assessment of the fire hazard of a particu

	2. 
	2. 
	SIGNIFICANCE. 


	2.1 The useful time of an aircraft inflatable evacuation slide/slide raft is dependent on the ability of the coated fabric to hold air pressure when exposed to radiant heat from a fuel fire. 
	2.2 This method provides a laboratory test procedure for measuring and com­paring the resistance to loss of air pressure through coated fabric material specimens of small size that are intended for use in the manufacture of aircraft inflatable slides and slide rafts. 
	3. APPARATUS. 
	3. APPARATUS. 
	3.1· The test apparatus shall be essentially as shown in figures A-I through A-6 and shall include the following. 

	3.2 The pressure cylinder and speC1men holder as shown in figures A-I, A-2, and A-5 consists of a 7-inch (178 millimeter (mm» outside dimensions (O.D.) by 6 1/2-inch (165mm) inside dimensions (I.D.) by l2-inch (305mm) long aluminum tube. On one end of the tube is welded a 1/2-inch (13mm) thick aluminum plate, drilled and tapped for a 1/4-inch (6mm) NPT to facilitate air and pressure recording hookups. On the other end of the tube a 7-inch (178mm) O.D. by 5 l/2-inch (l4Omm) LD. ring of l/2-inch (l3mm) thick 
	3.3 An electric furnace, figure A-7 with a 3-inch (76mm) diameter opening shall be used to provide a constant irradiance on the specimen surface. The standard NSB smoke chamber radiant heat furnace, available from Superpressure Inc., 8030 Gorgia Avenue, Silver Springs, Maryland 20910, is recommended. 
	3.4 A 0-5 Btu/ft-sec Hy-Cal'" calo­rimeter, model C-1300-A, avaliable from Hy-Cal Engineering, 12105 Los Nietos Road, Sante Fe Springs, California 90670, is used. The calorimeter is 
	2

	A-I. 
	mounted in a 4 1/2-inch (114mm) diameter by 3/4-inch (l9mm) thick insulating block and is hinged to one of the s I iding bars of the framework. The sll1rface of the calorimeter is flush with the surface of the insulat ing b lock and centered with the furnace. See figures A-I and A-6. 
	3.5 The pressure cylinder, calorimeter and furnace are mounted on a framework as detailed in figures 1 and 6. Adjustable sliding stops are located on each of the bars for setting the cylinder and calorimeter at the desired distance from the opening of the furnace. 
	3.6 Compressed air is connected to the cylinder through a needle valve attached to the end of the framework. A tee on the outlet side of the valve provides for a 0-5 psig pressure gage, transducer and flexible tube to supply air to the rear plate of the pressure cylinder (figures A-3 and A-4.) 
	3.7 The outputs of the calorimeter and pressure transducer are measured and recorded using a recording potentiometer or other suitable instrument capable of measurement of the range required. 
	~,. TEST SPECIMEN AND CONDITIONING. 
	~f.l Test specimens 7 inches (l78mm) in diameter with l/4-inch (6mm) holes punched in the material to match the studs in the pressure cylinder are cut from the material to be tested. 
	If.2 Specimens shall be conditioned at 70° F and 50 percent relative humidity for at least 24 hours prior to testing. 
	4.3 All tests shall be conducted in a draft free room or enclosed space. 
	5. TEST PROCEDURE. 
	5.1 Turn on radiant heat furnace and other required instrumentation. Allow 1/2 to 3/4 hour to stabilize heat output and instrumentation warmup. 
	5.2 Adjust transformer to produce a radiant heat flux of 2 Btu/ft-sec when the calorimeter is positioned 1 1/2 inches (38mm) in front of the radiant heat furnace. 
	2

	5.3 Find the locat ion in front of the furnace for the desired test heat flux. This is done by sliding the calorimeter on the horizontal bar and fixing the position with the sliding stop provided. Swing the calorimeter out of position. 
	5.4 Mount the specimen on the open end of the cylinder with a neoprene gasket on each side of the specimen. Place the aluminum ring on the studs and tighten the nuts so that an airtight seal is made. 
	5.5 Pressurize the cylinder to the desired test pressure. Check for leakage. 
	5.6 Check the distance from the radiant heat furnace to the surface of the test specimen. This distance is the same as the distance to the surface of the calorimeter. 
	5.7 Place the calorimeter in front of the radiant heat furnace and record the heat flux. Remove calorimeter. 
	5.8 Place the pressure cylinder and test specimen in front of the radiant heat furnace. Start time r or not e starting time on the recorder. 
	A-2. 
	5.9 
	5.9 
	5.9 
	5.9 
	Pressure is monitored from the time the specimen is placed in front of the furnace until initial pressure loss is observed. 

	6. 
	6. 
	REPORT. 


	6.1 Useful time of a material is the time that the material is exposed to the radiant heat until initial pressure loss. 
	7. PRECISION AND ACCURACY. 
	7.1 Each test ing agency has the responsibility of judging the acceptance of its own results. The precision of the results is a function of the pro­cedures and the equipment utilized as well as compliance to the materials specifications. 
	7.2 As soon as sufficient data have been obtained a more definitive state­ment on precision and accuracy will be included. 
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