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Purpose

To investigate the flammability characteristics of bullet-resistant
armor pancls for showing compliance with Fedoral Sviation Regulation
(FAR) Part 25,8852, pavagraph (&), as amended ip the Notice of FProposed
Rule talking (QIPRM) 69-33., Smoke and toxic gas characteristic tesis ware
also conducted as a parl of this invastigation.

ackeround

.

Flermmability tesis conducted on a bullet-resiscant glass reinforced
armor pancl installed in the Federal Aviation pdulnistratiou’s DC~9 undeyw
Contract U1-71~2500-1, dated 24 March 19714 with the AVCOD Corvporation,
Special Materials Sub-Division, showced thet this panel was not self-
extinguishing within the rvequired 15 scconds specified in the TAR,

As a result of these tests, a Purchase Request Order No, W1-71-3574-1,
dated 28 June 1971, was initiated by RD-732 to the AVCO Corporation to
fabricate and supply NA-542 at NAFEC additional samples of armor panels
for flammability tests,

The panuels specified in the Purchase Roguest ave idencified by AVCO
Covporation a&as:

1. Flightweight IT - sermples identical to the armor installed in the
Fa4 DC-2 undeyx the original contreact.

2. Flightwelght 11F - somnles fabricated of the sane matesrial but
trezted with a fire reravdant of the contractor's chioice,
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Test Procedure

Flammability tests included:

1, Vertical tests for showing compliance with FAR Part 25.853a.
as amended in NPRM 69~33,

2. Radiaut panel tests to obtain a flame-spread index (I1g) as
described in A4STM E-162.

Smoke generation tests were zccomplished by utilizing the test
apparatus and procedures develeoped by thie Hational Bureau of Standards
and described in the Special Technical Publication, STP No. 422,
published in.1967 by the American Society for Testing and Materials
(ASTH) . '

Toxic gas concentration measurencnts were made by drewing semples
of gas from the smcke chamber threough colorimetric gas detection tubes
from special ports provided for this purpose.

Discussion

Vertical test results show that both panels have a burn lepgth of
1 inch or less. However, the flightwveight IT pancl continued to flamc
for 2.15 minutes after removal of the Bunsen burner, and the flight-
weleht ITF pancl was seli-extinguiching immediately aftev removal of
the Bunsen burrner, Therefore, the flightuweight IT panel will not gualify
for acceptance in fransport category aircrafii in accordance with Fik
Part 25,833 when amended by NPRM 69-33.

Radiant panel flame-spread tests show that the flightweight 1T panel
has an average flame-front travel reaching the 12-inch mark in
§.15 minutes, and a net stack temperature rise of 56°C resulting in an
Is value equal to 24, and that the fightweight IIF panel has an average
flame~front travel reaching the 9-inch wmark in 6.24 minutes and a net
stack temperature rise of 45°C resulting in an Ig value equal to 16.

Smoke generation measurements were made on the panels when exposed
to flamiung combusticn sud nonflaming pyrolytic decomposition. The results
of these measvremznts are expressed in texms of specific optiecal
density {Dg) at time intervals of 1.5, &4, and 20 minutes after the start
of the test. Average Dg values for the flightweight 1T panel vere §, 56,
and 303 when tested using the {laming combustion condition and 0, Z, and
378 when tested under the nonflaming condition. Average Dg values for the
flightwveight IIF panel were 10, 128, and 549 when tested under the flaming
combustion candition and 0, 2, and 316 when tested under the nonflaming
condjtion,



Toxic gas concentration measurements for carbon monoxide {(CO),
hydrogen chloride (HC1), and hydrogen cyanide (UCy) were made concurrently
with the smoke generation measurements uvnder the L£laming combustion
conditions. Cownercial ceolorimeteric gas daltector tubes were utilized
for making these measuremcnts. Gas .samples were taken from the test
chamber during the time periods between 1.5 and 4 minutes and again
between 15 and 20 minutes after the start of the swmoke generation tests,
Flightweight IT panzl concentrations were CO = 10ppm, HCL = 1 ppm, and
HC, = less than 1 for the first time period and €O = 1000 ppm, HCl = 4 ppm,
and HCy = less than 1 for the later time period, Flightweight IIF panel
concentrations were CO = 200 ppwm, HCL = approximately 90 ppm, and
HC, = lesg than 1 for the First time period and CO = 3500 ppm, HCL = 10 ppn,
and HC; = 1 ppm for the later time period. Threshold }limit values for
these gases, as established by the American Confereuce of Governmental
Indusirial Hygienists are CO = SO ppn, NCL = 5 ppm, and NCh = 10 pon
based on an 8-hour exposure tine.

Summary of Test Results

A review of the test results of the flightweight 1L and JIF panels
show that the addition of the fire reterdant in the flightweight TIF panel
gualifses this panel for use in the traneport category aircraft as
specified in FAR 25,853, NI 69-33 by veducing the flaming time from
2,15 to 0 winute after removol of the Bunsen burynexr. The flame-~spread
index (I,) was also decressed from 24 for the flightweight (I panel to
16 for the flightweight IIF panel, However, the swmoke and toxic gas
concenirations were raisad appreciably forx the flightweight Ii panel,
ecpecially in the case of toxic gas concentreiiovus during the fivst
5 minutes of buraing.



