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INTRODUCTION

This report is submitted to the FAA Technical Center in fulfiltment of
Government Contract No. DOT-FA79NA-6065, the objective of which was to "study the
feasability of a retrofit program for in-service commercial transport carrier
emergency evacuation slides and slide/rafts,” to quote from the contract. A more
specific objective of the contract was to develop radiant heat-resistant ("reflective")
coating(s) capable of being applied to in-service slides and slide/rafts as a retro-

fit process.

This study began with an experimental evaluation of commercially available
reflective coatings, out of which a single coating -- BFGoodrich Coating KE7601-1,

an aluminum-loaded polyurethane coating -- was selected for further experimentation.

Coating KE7601-1 was then subjected to a series of "ingredient-modification”
experiments, in an attempt to improve the coating's radiation reflectivity and heat

capacity.

These ingredient-modification experiments ultimately resulted in a new alumi-
nized polyurethane coating, BFGoodrich Coating KE7620, which was eventually chosen

as the single coating recommended by this study for slide retrofit purposes.

This study concluded with an experimental evaluation of possible methods for
applying KE7620 coating to escape slides (as well as for preparing the escape slide
surfaces prior to coating), finally culminating with the actual retrofit coating
(and eventual full scale fire testing by the FAA) of a Lockheed L1071 §ing1e-1ane

escape slide.
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The report which follows documents this study. Phases of the study are

discussed in approximately the order described above, i.e. in the order in which

they were performed.
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DISCUSSION



BFG REPORT NO. 80-31-023
Page 4

1. REFLECTIVE COATING SYSTEMS EVALUATION

In order to improve the thermal radiation resistance of in-service aircraft
evacuation-s]ides,.radiant heat reflective elastomeric coatings capable of being
applied to slides as a retrofit process were investigated. This‘investigation
involved both the evaluation of presently available coatings and the development

of new coatings.

For a coating to be considered useable as a retrofit radiant heat resistant
coating, it was determined that the following three requirements must be met:
1) The coating must be reflective of infrared radiation in
the wavelength range 2.1 - 2.5u, which according to the
literature corresponds to the wavelength range of radiation
emitted by JP-4-type aircraft fuel fires;?
2) The coating must be heat resistant, i.e. possess adequate
heat capacity, at radiant heat intensities as high as
2.2 Btu/ft2-sec; and, ’
3) The coating must be "compatible" with all common slide
" fabric materials, i.e. the coating must neither physically
degrade slide materials nor alter the materials' abilities
to meet applicable FAA, TSO, and FAR regulations.
Before proceeding into a discussion of the coatings investigated, it should
be pointed out that the experimental test methods, which served as the primary
means of coatings evaluation, progressed over the time of this study through three

distinct phases.

1 Schoppee, Skelton, Albot, and Donovan, The Transient Thermomechanical Response
of Protective Fabrics to Radiant Heat, Fabric Research Laboratories, Dedham, MA, 1977,
{(work done for Air Force Materials Laboratory, Wright Patterson AFB, Ohio)
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Phase 1 involved the testing of slide materials fabricated into 3-inch diameter
tube test specimens, which were inflated to between 2.5 and 3 psig and exposed to

a radiant heat flux of 2.5 Btu/ft?-sec.

Phase 2 also involved the testing of inflated 3-inch diameter slide material

tubes at 2.5 to 3 psig, but the heat flux in Phase 2 was reduced to 2.2 Btu/ft?-sec.

Phase 3 involved the testing'of 7-inch diameter flat disks cut from stide
materials. During testing, the flat disk would be clamped onto the one open end
of a circular metal cylinder, the cylinder pressurized to between 2.5 and 3 psig,

and the disk exposed to a radiant heat flux of 2.2 Btu/ft*-sec.

Phase 1 (and Phase 2)-type testing is described in Section 6.4.6 of
BFGoodrich Report No. 79-22<O35—;the technical proposal submitted for this study.
One variance from the test procedure described in Section 6.4.6 is that tests
were carried out at 2.5 to 3 psig, rather than at 7.9 psig. Figures 1, 2, and 3
of Report No. 79-22-035, which depict experimental apparatus used in Phase 1 and

2 testing, are reproduced on the following three pages.

Phase 3-type testing differed from Phase 1 and 2-type testing mainly in the
type of test specimen and specimen holder employed. The "flat disk" test fixture
used in Phase 3-type radiant heat tests, shown in Figure 4 of this report,'was

modeled after apparatus used at the FAA Technical Center.
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Test data obtained in this study is‘tabulated in Table 1 ("Master Table"),
on the next two pages. The values of "failure time" (elapsed time between initial
exposure of a test specimen to radiant heat and initial pressuré loss in the
specimen) and "temperature rise rate” (time rate of increase of‘temperature of
the air within the test specimen) are average values -- the averages of values
measured for multiple runs (usually three runs per each slide material/coating

sample).

In addition to "failure time" and "temperature rise rate," Table 1 also
1ists measured values of radiation reflectivity at wave1eng£hs of 2.0 and 2.5u
for most of the coating samples. Reflectivity was measured separately from the.
radiat{on heat resistance tests, using spectrophotometric techniques available

at the BFGoodrich Research & Development Center.

Another parameter tabulated in Table 1, which is used in this study as a
measure of radiant heat resistance, is the ratio of failure time "T" to the per-
centage weight increase of the slide material test specimen due to retrofit

coating, %Aw. This ratic 1is referred to as T/%Aw.
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II. REFLECTIVE COATING BASE POLYMER VEHICLE

Three polymer vehicles of the elastomeric type which are known to be compati-
ble with common slide materials were evaluated. These vehicles were polyurethane,
neoprene, and Hypalon. In addition to the three elastomer vehicles above, a

silicone-based coating was also evaluated.

Initially, “off the shelf" and "in-house" compounded reflective coatings, as
well as commercially available reflective elastomer paints, were evaluated. (Paints
are distinguished from coatings mainly by being of a more plastic physical nature

than are coatings. Coatings are physically more elastomeric (rubbery) than plastic.)

Candidate reflective coatings and paints were appTied to three common escape
slide fabric materials: neoprene-coated nylon (BFGoodrich Code #NS260) and two

polyurethane-coated nylons (BFGoodrich Code #NS337 and #N5364).

(The neoprene and polyurethane coatings on the nylon in the above common slide
materials are base coats, applied to seal the fabric against air leakage, as opposed
to reflective coatings, which are applied over the base elastomer coats. NS397 is
coated with base coat elastomer on one side only, while both NS260 and NS364 are

base-coated on both sides.)

In this report's Master Table, (Table 1, page 11), slide materials NS260,
NS397, and NS364 are listed as Samples #1, 2, and 3, respectively.
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Samples #1, 2, and 3 served as "control samples" in this study. Control
samples were samples which were not coated with any reflective coating. Radiant
_heat test failure times measured for test specimens which yggg'coatéd with the
various reflective coatings were compared to failure times measured for control
samples in order to determine relative improvements in radiant heat resistance

occurring as the result of the reflective coatings.

Based upon Phase 1-type radiant heat tests, i.e. inflated fabric tubes at
2.5 to 3 psig exposed to a 2.5 Btu/ft?-sec.heat flux, the control.samp]es #f, 2,
and 3 were shown to have failure times in the 13 - 15 second range, as shown in
the table below: |

Inflated Tube (2.5-3 psig)
Failure Time "T"

Reflectivity, p (sec. to pressure drop @
Sample No. @ A= 2.5 2.5 Btu/ft2-sec)
] .37 14.5
2 12 13.0
3 11 ‘ 14.9

The particular type of base elastomer coating applied to the nylon fabric in
thése common slide materials (whether neoprene coated both sides, polyurethane
coated one side, or polyurethane coated both sides) appear# to have no significant
influence on radiant heat resistance, judging from the relatively similar failure

times measured for Samples 1, 2, and 3.

The above table also shows measured values of radiation reflectivity (p) at

a wavelength (1) of 2.5u for the three control samples. By way of explanation, a
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reflectivity value of 0.0 indicates zero reflectance, i.e. total absorption, of

incident radiation at a given wavelength, while a reflectivity value of 1.0 in-

“dicates total reflectance or zero absorption.

The relatively low reflectivity values at A = 2.5u for these control samples
should be noted. Slide fabrics colored "international yellow," such as Samples 1,
2, and 3, are highly reflective of visible light (p > .8 at A = 1u), but are

highly absorbent of infrared radiation (p < .4 ati= 2.5u).

Infrared radiaticn is, of course, the fuel fire radiatidn which poses greatest

thermal danger to escape slides.
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III. COMMERCIALLY AVAILABLE REFLECTIVE COATINGS/PAINTS

Several commercially available paints were evaluated early in %his study.
These commercial haints, although based on polyurethane, dried (or cured) at am-
bient temperatures to a physical state more plastic than e]astbmeric, which made
these paints unsuitable for use on flexible fabrics. In particular, slide ma-
terial samples coated with these paints exhibited britt]ehess, and even cracks in
the paint, when folded. For these reasons, paints were drdpped from consideration
as retrofit coatings. No radjant heat tests were performed on samﬁ]es coated with
paints.

: : .

ngera] "off the shelf" reflective elastomer coatings were next evaluated.
These elastomer coatings were pigmented with either aluminum or white oxide pow-
ders. The polyurethane coatings in Samples #9, 13, 14, and 16 were applied over
polyurethane base coat slide material (NS397), while the neoprene coating (Sample
#8) and the Hypalon coating (Sample #11) were applied over neoprene base coat
material (NS260). One polyurethane coating, Sample #15, was also applied over

NS260 neoprene material.

Test results for these "off the shelf" reflective elastomer coatings, based

upon Phase 1-type radiant heat tests, are shown in the table below:





