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INTRODUCTION
PURPOSE.
The purpose of this technical note is to document the results of flammability tests on automotive
child restraint seats approved for use in aircraft. The flammability of the materials was measured
with the vertical Bunsen burner test method, prescribed by the Federal Aviation Administration

(FAA) in Federal Aviation Regulation (FAR) 25.853 (a)(1)(i1).

BACKGROUND.

The primary purpose of a aircraft child restraint seat is to provide protection to the child against
impact forces created in a crash. A secondary consideration is the design of a child restraint seat
is the flammability of the seat materials. Since child seats approved for use in aircraft are
derivatives of automotive designs, the seat materials meet motor vehicle fire test standards issued
by the National Highway Traffic Safety Administration (NHTSA). In particular, the
flammability standard specified in FMVSS 571.302 is a horizontal burn test with pass/fail
criteria of 4 inches per minute. Conversely, comparable minimum FAA flammability
requirements specified in FAR 25.853 (a)(1)(i1) consist of a vertical Bunsen burner test with an
allowable burn length of 8 inches and a flaming time of 15 seconds after 12-second burner
exposure.

DISCUSSION.

A total of eight car seats of five different brands were purchases at a cost ranging from $49.99 to
$199.99. Some of the seats were labeled as certified for aircraft use. The size of the seat and use
of materials on each seat varied considerably. Consequently, the quantity of material did not
allow for the preparation of three samples per material nor, in some cases, the specified sample
size. This necessary departure from the test standard, however, did not impact the overall
conclusions regarding the flammability of the materials tested.

TEST PROCEDURE

The tests were conducted in accordance with the vertical Bunsen burner test described in Chapter
1 of the Aircraft Materials Fire Test Handbook . The following are pertinent test parameters:

o Ignition time is the length of time the burner flame is applied to the specimen. In this
case, ignition time is 12 seconds.

o Time to ignition is the time it takes the specimen to ignite once the flame has been added.
o Flame time is the time in seconds that the specimen continues to flame after the burner

flame is removed from beneath the specimen. Surface burning that results in a glow but
not a flame is not included.

*Aircraft Materials Fire Test Handbook, DOT/FAA/AR-00/12, April 2000.



Drip flame time is the time in seconds that any flaming material continues to flame after
falling from the specimen to the floor of the chamber. If no material falls from the
specimen, the drip flame time is reported to be 0 seconds, or “No Drip.” If there is more
than one drip, the drip flame time reported is that of the longest flaming drip. If
succeeding flaming drips reignite earlier drips that flamed, the drip flame time is the total
of all flaming drips.

Burn length is the distance from the original specimen edge to the farthest evidence of
damage to the test specimen due to that area’s combustion, including areas of partial
consumption, charring, or embrittlement, but not including areas sooted, stained, warped,
or discolored, nor areas where material has shrunk or melted away from the heat.

TEST RESULTS

Century 1000 STE. Four of the six seat materials failed the vertical test criteria (figure
1). The center (checked) material was the most flammable, failing both flame time and
burn length criteria (entire sample length was burned). Even those materials that passed
had relatively long burn lengths (>5 inches).

Evenflo Horizon V. Four of the five seat materials failed the vertical test criteria (figure
2). Three of the failed materials exceeded both the allowable flame time and burn length
(entire sample length was burned).

Cosco Eddie Bauer. Seven of the eight materials failed the vertical test criteria (figure 3).
All of the samples that failed exhibited very high flames. The center-padded insert foam,
which passed, was the only material that did not exhibit high flames. One specimen of
fabric material was tested in accordance with the FMVSS test procedure (horizontal
orientation). A burn rate of 3.8 inches/minute was measured, just slightly less than the
allowable 4.0-inches/minute value.

Century Encore. Four of the nine seat materials failed the vertical test criteria (figure 4).
Some of the materials generated heavy smoke, including two of the samples that passed
the test criteria. Again, even those samples that passed had relatively long burn lengths
(>5 inches).

Britax (Total Plaid). Four of the seven seat materials failed the vertical test criteria
(figure 5). Some of the materials, including a sample that passed, exhibited heavy smoke
and, in one case, fast burning. The two materials that passed had relatively long burn
lengths (>5 inches).

Britax Roundabout. Six of the eight seat materials failed the vertical test criteria (figure
6). Those materials that passed had relatively long burn lengths (7 and 8 inches). Four of
the materials burned along the entire sample length.

Evenflow Medallion. Six of the nine seat materials failed the vertical test criteria (figure
7). The center material and foam produced the heaviest smoke of all seat materials in the




test series. It appeared that the dense smoke inside the test chamber was the cause of
flame extinguishment. When it appeared that the flame was out and the door of the test
cabinet was slightly opened to evacuate the smoke, the flame reignited apparently due to
oxygen entering the cabinet.

o Fisher Price Safe Embrace II. Three of the nine seat materials failed the vertical test
criteria (figure 8). The materials that passed had relatively long burn lengths (=5 inches).

CONCLUSIONS

Flammability tests conducted on eight types of automotive child restraint seats indicated that the
large majority of materials would not meet the FAA vertical Bunsen burner test criteria,
prescribed in FAR 25.853 (a)(1)(i1). Some of the failed materials burned across the entire
sample length, and others exhibited high flames or dense smoke. The seat materials are required
to pass a horizontal burn test. It is known that a horizontal burn test is far less severe than a
vertical burn test, and the test results are consistent with this behavior.



00°6¥$

“HLS 0001 AdNINAD T HdNDId

ssed 00:0 SL'S 00 10:0 Jupjoeq weoj

[red 0€0 S'L 81:C 100 2Imonns dnse[d

(9983 3070 O/M)

Ired 00:0 001 L0 100 QUO[Y Weo

(weoy ou)

ssed 00:0 8°C MIIPYIM 00:0 100 9% 101D

Jreg 00:0 +0'C1 121 10:0 (p22Y) 103U

[red 000 +0°C1 €Tl 100 [CENRENR) FEER)
¢9 3yoeq

[req 00:0 9'g 208 20:0 10:0 (on[q) sap1g
001 =oed

Ired 00:0 AV ARERI | 0€0 100 (enq) soprg
8L 2oedq

[red 00:0 0°L :99e] v1:0 10:0 (on[q) sap1g

SIuSWILIO) (99s:urw) (soyour) (09s:urmw) (oas:urur) oweN LI

own | owel] dug |SuoT wng o], owe] uontug[ 0 swiy,




(ponunuo)) A1S 0001 AMNINAD T AINDIA

v G , = vy

.
wetinely : W
TIAW pwew rewsi,

AP
e sauul 1
‘ ”f (st e sumas o —

--3uruing 10y *+-3uruing a10jog

2 STES PC




66'6LS ‘A NOZTYOH OTANHAH T HINDIA

ssed 00:0 +0'9 00:0 10:0 supjoeq weoj
[red 00-0 06 00-0 10-0 (908] O/M) OUOTY WIEO,]
reqd 00:0 0TI 0T:L 10:0 sImonng onseld
reqd 00:0 +0'C1 €50 10:0 9de] oD
e 00:0 +0°CI 45! 10:0 (yeos amud) [eLIAIRI JINO
e 00:0 +0'C1 911 10:0 (yeas 21nud) [eLIAIRIA 1IN
[eq 00:0 +0T1 0L:1 10:0 (Jeas a1nus) LR IO
SIUQWILIO)) (09s:uru) (soyour) (09s:uru) (09s:urur) owreN el
owr ], swel dug ysuoyung | owi] Swe[ | uonudy 0 dwil],

1080

ANOZMOH

ANOZNOH

VLeYey ——




(ponunuo)) A NOZIYOH OTANAAG ‘T A4NDIA

N
A\ Uoziich molyia13

=2 oeveu) mc.ﬁua@
S W o W oo/

**guruing PPy

*+-3uruing a10jog



66'66% ANV d1Add ODSOD "¢ TANDIA

[e ‘sowel ySig A1A 00-0 +0°CI 80-1 10:0 10359301 189D

Sy oed Aluo

ssed 00:0 ‘G'¢ uolg 10:0 10:0 weo, 11osu] papped 1o1ue)

Ired ‘sowe[] YSIH A19A 00-0 +0°CI 051 10-0 ureo,{ pue JeLISJeIN joeq

(umoiq) reLareN

[re ‘sowel] YSIH A10A 00:0 +0°CI LS:0 10:0 119SUT POppeJ U

(umoiq) reLdreN

[re ‘sowre]] YSIH A0\ 00-0 0¢I 860 10-0 Mosu] papped 12jua)

Ired 00-1 06 81T $0-:0-¥0-0 2INONNS dNse[d

[e] ‘sowel ySig A1A 00-0 +0°Cl el 10:0 (104e[-¢) 1s1pEOH

[re.] ‘sowe] YSIH AI0A 00:0 +0°CI 911 10:0 (104e]-¢) 1s21pLOy
¢'9 doed

ssed 00:0 ‘09 :uolj 00:0 10:0 [BLISIBIA USQID) O/M WEBO]

[Te] ‘sowel ySig A1A 00-0 +0°Cl LS:0 10:0 AJuQ JeLo)ey UdaIn

Ireqd
‘(U1 Z1-01) soweq ySTH A10A 00:0 +0'C1 SI:1 10:0 JELIDJRIA UDAID) M WEO ]
SIUSWIWO) (09s:uru) (soyour) (09s:uru) (0as:urur) ouIeN [BLIDJBIA
owr ], owel duq q3uoT wing uIr ], owe[ uonIug[ 03 Sl ],

AY3S VW)

ATGILIIANOD




(ponunuo)) YANVE A1Add OIS0 "€ TINDIA

Jemq PPy o)
U,..f.wd.i doy HEE
43230 2H

wWOHOF

=== e

[

J2mg 3:1pPP2 @)w0)

x AR ) 2P —+Jasu/
.un_.U ftd.u.m wo

Jawg) 2 PFY 00D

ey
Ag

-
\

--3uruing 10y *+*3uruing a10jog



(ponunuo)) YANVE A1AAd 0DS0D "€ TINDIA

1SaIpeoy 103093014 1Y) [BLISJBIA] 189S 1oINQ) UAID)

‘3unso) [emoe JuLinp Jeas 1oneq dIppy Ay} Jo sarmold a1e 910 ‘sowre[} 959y} JO
opmyruSew oy} MOys O], "3S9) Y} UI S)BIS UOASS JOY}0 o) UBY) Sowe[J J0yYSIY A[[eriuejsqns pey s[eriojews 1eas Joneq a1ppg YL ‘HLON

10



00'68$

‘HIYOONH AININAD ¥ HINDIA

red 0€:1 0°¢ 86°1 10:0 2ImPNn§ dnse|d

[1e] QWIB[) OU/M MIIPYIA 00-0 0°6 MIIPIM 00-0 10:0 114 3S31peaH

ssed ‘oyowr§ AABOH 00:0 8°G MAIPYI A S0:0 10:0 IouIT }SQIpBOH

¢ sapdry

sseq ‘ojowrs AABOH 00:0 GL'{ uo1] 80:0 10:0 (104e]-¢) 1501pBOH

ssed 00:0 S9 00:0 10:0 suppoeq weoj
08

ssed 00:0 joeg (7L Suor] €0:0 10:0 AuQ weo 19ua)

ssed 00:0 08 90:0 10:0 AJuQ weoJ 103ua)

ssed 00:0 9'S MAIPYIM $0:0 10:0 (on1q) A[UQ [eLI9IRIN IS

112 ‘jowg AABIH 00:0 $'8 90°1 10:0 (prejd) AJuQ [BLIJRIN 1)U
S0l

[re,] ‘ajows AAeOH 00:0 2oed '8 U0l Cl:0 10:0 (on]q) [ELIAJRIA pUE WIBO] dPIS
89

Ired ‘ojowrg AaoH 00:0 2joeg 'L U0l S0:0 10:0 (onjq) [eLIRIEIN pUE WEO] oPIS

[1e] “ojouwls AAeOH 12:0 +0°Cl 4! 10:0 (prejd) JeLIo)e\ pue WeoJ 10)ud)

SjuoWIwIo)) (09s:uru) (soyour) (09s:uru) (09s:urur) oweN [eLIOJBIA
owr | swel dug q)SuoT wing owin] owel] | uonruSy[ 0} owiI],

11



**guruing PPy

(ponunuo)) TIOINT AANINAD v FINDIA

*+-3uruing a10jog

12



66'661$ ‘dIVI1d TVLOL XVLIEA 'S H¥NOIA

1red LET L'y 1€:C 10:0 IMdNNS dnse[d
SSed 00:0 0'8 MaIpYIM 00:0 10:0 WeoJoIAlS
ssed 00:0 69 00:0 10:0 Sunjoeqg Weoj
ssed ‘ool AABOH 00:0 G'C MAIPYIM 00:0 10:0 LRI 114
I1e] ‘oo AAedH 00:0 0°6 MaIPYIM 00:0 10:0 [eLISJE]N WOROY
[e ‘Suruing iseq 00:0 +0°Cl ¥1-0 10:0 Jetoley dog,
[le] ‘oyowrs AABOH 00:0 +0°CI S0 10:0 (104e]-¢) [eLRIR 90[dwo)

SJUSWWO)) (09s:uru) (soyour) (09s:uru) (00s:urur) ouIeN [BLIDBA

oun [, owe duq 8uoT wng QuIr, owe[ uongy 03 AWy,

a1duiis spep Kases

13



- guruang Yy

(

panunuo)) AIv1id TV.ILOL XVIINE 'S TdNOIA

*+-3uruing a10jog

14



00'661% ‘LNOIVANNOY XV.LIEL "9 HINDIA

red SC0 S8 S¢T 10:0 2Imonng dnse[d
ssed 00:0 0L 10:0 10:0 weo ] suryjoeq
sj[nsal Je[iuuls 9onpold p[noys [eLIajewl JWBS—IAOQE SAUl| G S [BLIOJeW WS [eL191Be] wonog
s)[nsal Je[ruils 90npoid pnoys [eL19)ell JWES—OAOQE SAUI|  SB [BLIdJBUW JWES el [[1d
[re "1$931 9y} INoy3noIy)
SI} JO QOUALINIO0 A[UO — MO[T
0} PANUKUOO [BHIAJRU N0 JWR DYV 00-0 +0°Cl 101 10-0 (wruop) etojejy do,
red 00:0 +0°CI 0C:1 10:0 [eLIRIEIN OPIS 9odwo)
red 00:0 €6 00:0 10:0 [ELIDJBJ\ Wonoy
ssed 00:0 08 00:0 10:0 LRI 114
11ed 00:0 +0'Tl LE0 10:0 (prejd) jenare |y do,
Ired 00-0 +0°CI 8¥-0 10-0 [RLIDIEIA 10JUR)) 9)9]dwo)
SJUSWIWIO)) (09s:uru) (soyour) (09s:uru) (09s:urur) oweN [eLIOJBIA

ou [, owe duq q3uoT wng uIr ], owe[ uonIug[ 03 Sl ],

15



(ponunuo)) 1NOIVANNOY XVIIIE "9 TANDIA

“-3uruing 10y “-3uruing a10jog

16



(ponunuo)) 1NOIVANNOY XVIIIE "9 TANDIA

“-3uruing 10y *+-3uruing a10jog

17



66'6€1$

‘A NOITIVAIIN OTANAAHA "L H4NOIA

Synsax re[iuuis 9onpoid p[noys—uweo,] urjoeg A UOZLIOH O[JUSAF SE [BLIdJew duwes

weo,] Sunoeyg

Ireq 00-C S8 9¢-¢ S0-0 2Imonng Jnse|d
[1e] ‘oW 191ABH 00-0 +0°Cl 120 10-0 wieo pue [ELIBIN 9PIS
Ired 00-0 'L L1:0 10:0 Weo 19uan)
Ired 00-0 +0°CI 11-0 10-0 [BLIJBIA 11Uy
[1e,] ‘Ojouwg }SaIABOH 00:0 +0°C1 $0:1 10:0 Wweo,| Pue [BLIQJRIA JJUd)D)
[1ed ‘DJOoWS 1SAABIH 00-0 +0°CI 00-1 10-0 Wweo,{ pue [ELIJIA Jjua7y
SSed 00:0 8L 00:0 10-0 [T Weoq
ssed 00:0 09 v1-:0 10-0 [eLIIBIA (11
Ssed 00-0 §T9 00:0 10:0 JeLoleN dog,
Ireq 00-0 k3 10:0 10-0 (194e[-¢) [BLIJRIA 11OSU] JuBfU]
Ireq 00-0 8'Y 90-1 10-0 (194e[-¢) [BLIIRIA 11OSU] JuBjU]
SIuSWIO)) (09s:urw) (sayour) (09s:uru) (o9s:urt) owieN [BLIdIBIN
owr], owel duq 3uoT wng Qi owe[j | uonmsdy 03 dwI],

OpfuAd

©lUISB-0INY « 4Dag JDY
X A Uol||PP2W

18



i\

(e

- guruang Yy

(ponuniuo)) A NOI'TIVAAN OTANAAA ‘L TINOIA

*+-3uruing a10jog

19



666718 ‘I HOVIIINA d4VS dDIdd JHHSIA '8 HNOIA

Jreq 70 _ 06 _ €viT _ $0:0 onseld
synsax reqruars 9onpoid pnoys—ureo Suroeq pre[d [8I0], Xeillg Se [BLIdJBW dWES weo, surjoeyg
e 00:0 0'1T M3IPYIM 00:0 10:0 [eLIoJe]\ Wopog
ssed 00:0 0’8 :JPeg S'9 uoIg 00:0 10:0 wWeo,{ IANU)
ssed 00:0 §'9 MAIPYIM 00:0 10:0 [BLISJRIN J9)URD
weo,]
e 00:0 0'6 =oeg ('L “JU0L] 91:0 10:0 pue [BLIDJBIA JOIUd)
ssed 00:0 0’8 MIIPYIM 00:0 10:0 [eLIoje]\ Wwonog
ssed 00:0 0°S 00:0 10:0 Weo § IS
Sse( ‘duwIe[} OU/M MIIPYIA 00:0 0'L MIPYIM 00:0 10:0 [eLIdIEIN 9PIS
ssed 00:0 €9 ¥0:0 10:0 weo ] pue [eLIeIN 9pIS
NliEliiiitve) (09s:urur) (soyour) (09s:urw) (09s:uru) oweN [eLIOJeIN
our [, owel] duq qSuoT wng QI ], dwe[g uongy 03 sy,

B DS D)) SO

B 77.0004qUUH 2JDS

20



(ponunuo)) 11 HOVIGNA dAVS dOI¥dd YTHSIA "8 TINDIA

---3urung 101y T BUILING 010Jog

21/22



	Abstract 
	Key Words 
	Table of Contents
	List of Figures

