FLAMVABI LI TY REQUI REMENTS FOR 25.853-1
Al RCRAFT SEAT CUSHI ONS ANM 110

1. PURPCSE. This Advisory G rcular (AC) provides gui dance material for
denonstrating conpliance with the Federal Aviation Regul ations (FAR)
pertaining to flamuability of aircraft seat cushions. This AC al so defines
certain ternms used in the FAR in the context of these requirenents.

2. RELATED FAR SECTI ONS.
a. Section 25.853 of Part 25 of the FAR - Conpartnent Interiors.

b. Appendix F--Part 11, of Part 25 of the FAR - Flanmability of Seat
Cushi ons.

c. Section 29.853 of Part 29 of the FAR - Conpartnent Interiors.

d. Section 121.312 of Part 121 of the FAR - Materials for Conpart nment
Interiors.

e. Section 135.169 of Part 135 of the FAR - Additional Airworthiness
Requi renent s.

3.  BACKGROUND.

a. On Cctober 23, 1984, the Federal Aviation Adm nistration (FAA)
i ssued Anendnents 25-59, 29-23, and 121-184 which becane effective
Novenmber 26, 1984. These anendnents are part of the FAA' s continuing
efforts to upgrade aircraft cabin safety and i nprove occupant survivability
in aircraft accidents. They require that seat cushions installed on
transport category airplanes and rotorcraft meet inproved flammability
st andar ds.

b. Anmendnments 25-59, 29-23, and 121-184 were issued to require that
new type design transport category airplanes and rotorcraft, as well as
aircraft in air carrier operation under Part 121 and | arge airpl anes
operated under Part 135, be equi pped with seat cushions providing a high
degree of fire-resistance. Affected operators are required to conply with
t hese amendnents after Novenmber 26, 1987.

4. OBJECTI VE OF THE RULE.

a. Full-scale and laboratory fire testing conducted by the FAA has
denonstrated that the involvenent of the relatively |arge mass of foam
cushion material in aircraft is a major factor in a cabin fire. Thernal
radi ati on can penetrate the seat's outer upholstery covering and cause
ignition of the foamcore. Due to the quantity of foammaterial used in
aircraft, this potential fuel source can cause a fire to spread throughout
t he cabin and produce | arge anobunts of snobke and toxic gas em ssions.

b. One concept for retarding the involvenent of seat cushion foamin a
cabin fire is the firebl ocking | ayer. Thi s concept involves the use of a
thin layer of highly fire-resistant material to encapsul ate the foam mass
and protect it fromexternal fire sources. Research and devel opnent by the



FAA confirned the viability of the blocking | ayer concept and produced a
new test nmethod to ensure adequate fire protection is provided for
particul ar seat cushion configurations. The newtest nethod utilizes a two
gal l on per hour oil burner operating at tenperatures and heat flux |evels
representative of a cabin fire. Seat cushions which pass this test provide
substantially inproved fire safety in aircraft cabins.

5. DI SCUSSI ON OF TERMS USED | N PART 25, APPENDI X F--PART I

a. Back Cushion Specinen. The back cushi on specinmen, as referred to
i n paragraph”(a)(1), nmeans the cushion specinen in the vertical orientation
Thi s specimen may be representative of either the production seat back or
seat bottom (or both, if the production articles have the sane
construction). This specinmen is hereafter referred to as "the vertica
speci men. "

b. Bottom Cushi on Specimen. The bottom cushi on specinen, as referred
to in paragraph (a)(1), neans the cushion specinmen in the horizonta
orientation. This specinmen may be representative of either the production
seat back or seat bottom (or both, if the production articles have the sane
construction). This specinmen is hereafter referred to as "the horizonta
speci men. "

c. Specinen Set. As used in paragraph (a)(1), a specinmen set consists
of one vertical specinmen and one horizontal specimen. Both speci nens
represent the same production cushion construction; that is, both speci nens
in the speci nen set have identical construction and materials, proportioned
to correspond to the specinmen size (see figuretl).

d. Simlar Dress Covering.
(1) Simlar, as used in paragraph®(a)(3), refers to dress covering

mat eri al s having the sane material conposition, weave style, and weight.
Mat erial bl ends may be considered simlar when the constituent materials’

fractions are the same, +6 percent, as the tested material. Exanples of
di fferent weave styles include: plain, jacquard, or velvet. Wth regard to
wei ght, lighter fabrics are generally nore critical than heavier fabrics.

Due to the severe shrinking and unpredictable distortion experienced by
| eat her dress cover materials, simlarity approvals for |eather are not
reconmended.

(2) Certification by simlarity to previously tested dress covers
should be limted to instances where the material conposition is the saneg,
and the wei ght and weave type are essentially the same. 1In all cases,
results of the bunsen burner test per 725.853(b) for the new materi al
shoul d be equal to or better with respect to burn length than the tested
material. In addition, it may be useful to evaluate the weight |oss and
burn Iength results of the oil burner test to determine if the tested
material is a good basis for simlarity; that is, the closer weight |oss
and burn length with the oil burner are to the maxi num all owed, the nore
ali ke the dress covering materials should be for simlarity. |In general
test data and resultant experience gained fromconducting tests will also
be a major source of information to determine if approval by simlarity is
accept abl e.

6. DEMONSTRATI NG COVPLI ANCE W TH THE REGULATI ONS.



a. Test Apparatus. The test apparatus is described in Part 25,
Appendi x F--Part 11, including oil burner, nounting stand, cal orineter,
t her mocoupl es, etc., and is specified to the degree necessary to yield
reproduci ble test results. Use of an alternate cal orineter or
t her nocoupl es can result in different calibration neasurenments and,
consequently, different test results. Mslocating the drip pan or al um num
foil influences the amount of heat radiated to the test specinen by
dri ppi ngs and can al so affect test results. The drip pan should be | ocated
at the bottom of the nounting stand | egs, 12+1/8 inch bel ow the horizonta
speci men holder. |In general, deviations fromthe specifications of
Appendi x F--Part Il will influence the accuracy of the test. The apparatus
specified in Appendi x F shoul d be adhered to as cl osely as possible.
Per m ssi bl e deviations are as foll ows.

(1) Burner. Mnor deviations to the fuel nozzle spray angle, fue
pressure, or other simlar paraneters can be accepted if the nom nal fue
flow rate and tenperature and heat flux neasurements conformto the
requi renents of Appendix F. Major deviations, for exanple a different
burner type, would require thorough conparison testing with a burner that
meets FAA specifications. Tenperature and heat flux nmeasurenents, as well
as test results, would have to correspond to those produced by an FAA
approved burner that neets the specifications of Appendix F. An alternate
burner shoul d al ways be conpared with an approved burner that neets the
Appendi x F requirenents, and not against other alternate burners. The
anount of conparison testing required woul d be dependent on the degree of
departure fromthe specifications and should al ways include nore than one
mat eri al conbination. Flanme characteristics can be enhanced by optiona
use of tabs, as described in Power Plant Engineering Report No. 3A, dated
March 1978, and Report No. DOT/ FAA/ RD 76/ 213, Reeval uati on of Burner
Characteristics for Fire Resistance Tests, dated January 1977.

(2) Fuel .

(i) Fuels such as #1 kerosene, fuel oil, or #2 diesel, can be
consi dered equi valent to the fuel specified, if the nom nal fuel flowrate,
flane tenperature, and heat flux conformto the requirenents of Appendix F
Use of a different fuel (e.g., propane gas) would require conparison
testing with a burner using #2 Kerosene or equival ent, and shoul d incl ude
tests on nore than one material conbination as noted in paragraph (1) above
for burner conparison testing.

(ii) Fuel tenperature is not specified in Appendi x F;, however,
if fuel tenperature is allowed to vary, care nust be taken to ensure that
the fuel flowrate is maintained at the correct value. Variations in
tenperature can cause calibration paraneters to change (i.e. fuel flowrate
decreases with increasing tenperature) and can produce essentially
different test results.

(3) Thernocoupl es. Experience has shown that 1/16-inch
t her rocoupl es may provide nore accurate calibration than 1/8-inch
t her rocoupl es; the 1/16-inch thernocoupl es are therefore recommended.

b. Test Specinmens. The primary purpose of the inproved flammability
test for aircraft seat cushions is to evaluate the tendency for the seat
materials to cause a fire to spread throughout the cabin. As the test
speci men nounting is configured to ook like an aircraft seat, it m ght be
expected that the test speci mens should sinmulate the production article in



as many ways as possible. However, it should be noted that as with any
qualification test, the oil burner test is not intended to represent al
possi bl e in-service scenarios. An actual cabin fire mght inpinge upon a
seat fromany direction, so all sides of the seat cushions should be
protected to the sanme standard. The follow ng are guidelines for the
construction of test specinens.

(1) The method of fabricating blocking | ayer seans and cl osures
shoul d duplicate the production nethod and should be eval uated for possible
weakness if exposed to a fire. This may require configuring a test
speci men so that the seamis exposed to the test burner, even though a seam
may not be located in the sane place on a production cushion. Tests with
seans in this orientation may yield results which can be used to predict
the vulnerability of seans in a given configuration

(2) Seats which utilize multiple varieties of foamwhere the
percent age of the foam conponents varies fromnodel to nodel require
substantiation for each foam conbi nation. One way to substantiate each
conbination is to test each one. However, foam conbinations may be
substantiated by running tests which envel ope the quantity of each foam
conponent to be approved. For exanple, if Foamt"A' makes up 80 percent of
t he speci nen volune in one series of specinmen sets and 50 percent in
anot her, with Foant"B" conprising the remai nder in each case, al
conbi nati ons of Foanms”"A" and "B" between those limts could be approved
based on the previous test results. 1In addition, test data gathered to
dat e has yiel ded predictabl e behavior of foamwhen all other el enents of
the test sanple are the same. For foans of a given chem cal conposition
| ow density foam may be used to qualify foanms of higher density. 1In this
case, as in the case of foam conbinations, all other elenents that nake up
t he cushi on should be the sane.

(3) Since the test specinmen sizes required by Appendi x F do not
generally correspond in size or shape to production articles, the test
speci mens are fabricated separately; usually frombulk material supply. In
some cases, however, it may be possible to fabricate test speci nens by
conbi ning two or nore production articles. |If the production article
i ncl udes bonded foam parts, the same bondi ng agent shoul d be used to bond
the test specinen together. It is not necessary to bond two (or nore)
identical foans together to fabricate a test specinmen if the production
article does not include bonding. Care nust be taken to maintain the
correct percentage by volume of cushion conponents if specinens are
fabricated this way.

(4) The test specinens are intended to represent the principa
materi al el enents and construction methods of the production seat cushion
Therefore, itens such as buttons or detail stitching (logos) which are
decorative in nature, and hand-hold straps or velcro attach strips that do
not penetrate the bl ocking |layer, need not be included in test specinens.
Thi n paddi ng such as that used on arnrests or filler around food trays is
al so unnecessary for test specimens and does not require fire bl ocking.
Layers of padding or filler imredi ately under the dress cover material are
considered to be part of the dress cover material and should be included in
the test specinens.

(5) Foam headrest and footrest cushions should be treated the sane
as bottom and back cushi ons and tested as conplete specinen sets if their
construction is different fromthe seat bottom and/or seat back cushions.



In sone cases, it may be reasonable to include the headrest as part of the
seat back specinmen set. |In such a case, the specinens should be
constructed as for foam conbi nati ons.

(6) If nore than one bl ocking layer material is used on a given
cushi on, specinen sets nust be tested with each bl ocking | ayer conpletely
encapsul ati ng the specimens so that all blocking |ayers are subjected to
the sane level of test severity. Blocking layers are not used in
conbination for tests (see figure 1). Al um num seat pans, etc., of the
t hi ckness usually found in service have not been shown to provi de adequate
protection.

(7) Some installations may result in blocking |ayer or dress cover
mat eri al covering netal seat pans, nmetal structure, or other itens not
associ ated with the cushion construction. |If these itens are included in
t he speci nens, their weight should not be included in the speci nen wei ght
since they are not part of the cushion construction

(8) Production seats which use nore than one dress cover nmateri al
may be substantiated in one of two ways:

(i) One specinen set for each dress cover material may be
tested. This nethod would allow the use of each material in conbination
with other materials that have passed the test.

(ii) Alternatively, the test may be run with all dress cover
materials. Each material should be equally exposed to the test burner
(see figure 2).

NOTE: If the dress cover(s) is used to enhance the firebl ocking effect,
seans, etc., should be treated as described in paragraph 6b(1) of this AC

(9) Specinmen dinensions specified in Part 25, Appendix F--Part 11,
par agraph (c), are final assenbled dinmensions including fireblocking |ayer
and dress cover. Specinens that are over- or under-sized will cause burner
i mpi ngenent to be biased to either the bottomor the top surface of the
hori zontal speci men and can influence test results.
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c. Pass/Fail Criteria.

(1) Each set of three specinmen sets nust pass the weight |oss and
burn Iength criteria independently of other specinen sets. That is, each
producti on seat conponent (seat bottom seat back, foot rest, head rest,
etc.) should pass; results may not be extended from one conponent specinen
set to another.

(2) The burn length criteria as noted in Part 25, Appendix F--Part
I, paragraph (a)(4), refers to 2/3 of the specinmen sets. On at |east two
of the sets, burn length may not exceed 17 inches. A burn length of
greater than 17 inches is considered to have reached the side of the
cushion opposite the burner. Burn length is recorded on the |ongest burn
on any specinen surface. This is typically on the top of the horizonta
speci men or the front of the vertical specinen. Because sone speci nens nmay
shrink during the test, it may be useful to mark the 17-inch di nension on
the specinmen prior to test.

(3) Specinmen weight at the conclusion of the test is recorded after
t he speci nens have been extinguished (if extinguishment is required).
However, where continuous wei ghing systens are used, it would be acceptable
to record the final specimen weight while the specinmen is still burning if
testing shows that this nethod does not influence the test results. As
noted in Part 25, Appendix F--Part Il, the extingui sher used should be a
gaseous type to avoid adding weight to the specinmen. |If a continuous
wei ghi ng systemis used, drippings which remain attached to the frame my
be included in the final weight. |If the specinmens are renoved for
wei ghi ng, pieces that remain attached to the frame may al so be incl uded;
however, care should be taken to avoid including extraneous materi al

d. Conduct of the Test. The ability to denonstrate repeatable test
results for a given facility depends primarily on maintaining the test
apparatus in its original condition. Thernocouples, calorineters, weighing
devices, and other instrunents used in nmeasuring test paraneters should be
calibrated regularly. Annual calibration (or nore frequent if recomrended
by the manufacturer) is suggested. The follow ng areas where discrepancies
are likely to occur should be periodically nonitored and corrected as
needed.

(1) Burner Cone Distortion. The burner cone will distort sonmewhat
upon initial use. The distortion is not usually significant and shoul d not
adversely affect test results. However, if calibration neasurenments shoul d
start to change, the cone should be examined for distortion and returned to

the specified shape, if necessary. |If the burner cone/draft tube is
cantil evered fromthe burner notor, the cone/tube should be periodically
checked to ensure the centerline is level. An additional brace may be

required. An out-of-level burner can bias the flame to one speci nen
surface and adversely influence test results.

(2) Burner O eaning. Products of conbustion (soot, etc.), can
build up inside the burner cone. As above, calibration nmeasurenments shoul d
be monitored and the burner cleaned if needed. |In addition, changes in
flane | ength, shape, and color are indicators that the burner m ght need
cleaning. A regular cleaning interval is recommended to avoid problens in



this area.

(3) Calorineter Alignment. As noted in Part 25, Appendix F--Part
Il, the insulation block can crunbl e causing m salignnent of the
calorimeter which can, in turn, result in faulty calibration. The
calorimeter should be shinmed when necessary to ensure proper alignnent.

e. Sections 25.853(c) and 29.853(b) of the FAR except flight
crewnenber seats fromthese requirenents. This refers to required
flightcrew seats in the cockpit only; observer seats, flight attendant
seats, and any other seats are required to pass the test criteria of
Part~25, Appendix F--Part”ll. Berths are also excepted fromthese
requirenents if they are used exclusively as berths. Berths that are
convertible to seats nust be tested.

f. Approval Process. A Supplenental Type Certificate is not necessary
to gain FAA approval of cushion assenblies which neet the standards of
Part~25, Appendix F--Part 11; a letter of FAA engineering approval is
consi dered adequate. \Wen authorized by the cogni zant FAA Aircraft
Certification Ofice, Designated Engi neering Representatives may al so grant
FAA approval on FAA Form 8110-3. Cushion assenbly part nunbers shoul d be
changed where appropriate to reflect the addition of fireblocking materi al
If a change to the cushion assenbly part nunber is not applicable, sonme
ot her nmeans of maintaining configuration control may be used. Letters of
approval (or FAA Form 8110-3) will be specific as to applicable cushion
assenbly part nunbers and will reflect any limtations in material or
nodi fication procedures. Note that engineering approval of a configuration
is not an authorization to produce parts. Changes in dress covering wll
require resubstantiation either by retest or by the provisions of
simlarity allowed in the regulation. Approval should therefore indicate
the specific dress cover approved, either explicitly or by incorporation
i nto the cushion part nunber.

/s/ DARRELL M PEDERSON
Acting Manager, Aircraft Certification Division
9/ 17/ 86



