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The use of self-extinguishing test results for
airworthiness substantiation requires verification that
the selected method, representativeness of the
specimens, test conditions, and determination of the
results are equivalent to the applicable requirements.
This assessment requires a comprehensive review of
the basis for selecting the test-methods , how
representative the specimens are to the installed
article, and detailed test conditions. This study
integrated installation- and compartment-specific test
requirements set out in relevant standards and
guidance. Based on the findings, a minimum evidence
checklist was developed covering test applicability,
representativeness of test articles and specimens, test
conditions, and results and determination. Application
to domestic certification cases identified evidence
frequently omitted from test reports and supported
refinement of the checklist. Expert review further
refined the checklist as a practical reference for test
planning, evidence preparation, and equivalency
assessment.
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14 CFR Part 25 Appendix Foll = 1274 9] &+3-7] WAA 9] 314 ¢t
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Table 1. Classification of Appendix F[2].

Part Primary application

Flammability of general interior and cargo—compartment
materials

I Flammability of seat cushions

Flame—penetration resistance of cargo-compartment
liners

Heat-release characteristics of specified large interior
components

Smoke—emission characteristics of specified large
interior components

Flame—propagation characteristics of thermal/
acoustic insulation

Vil Burnthrough resistance of thermal/acoustic insulation

< oottt A4 2holu = W+ ot
=78 gtolu = AT 7
Jk 4= Qltt. Part = StE738 FA4.=249

oo I
i
E o
jo_er

o ARl A4 A%} TS HrFoh, Part I
718kt 2,4].
A0g FHE 2
= °. t}. Part V= A7 7}
o E3lg 4AaAYlE ES Geyi ugsty
I (specific optical density, Ds)E &% 5o 7|
4 449 Woeh pare Ve B4 B2 ¥
WO 39 A5 542 H7hohe, Part VIS 9% 3}
Aol et SA st T HSA 2 A AF=
B 7hero[2).

stE 9 fotE Y2 599 J2A4, AF
A, 234 2 A7) ks o uhet §25.8579]

8 AT = A

dat 38 AE 4834 = Table 29 ZTH[2].
Class A= 5 FHo] P& SA| FAIst A4 H
sho] X &= A= 712 F8o|tt. Class B= 3t

1
ANEA 7100 o5t AR 9 FA SFHo] 5 L3
H| 2 Aot 8 o]H, class C= 3HA A &+ A5
45p 97} 9 2o

Class B 92 118 752 2 53} 279} 970 &
7 Agg B S B AeE FrolH,
class F= 5790 A3 AAsHA] ik sHAE A
% % Q=S 4AY ot

o] = class B9} class E F+8 9] 2}0o]<9} class B,

=
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Table 2. Cargo-compartment classes and applicable fire

tests

KNST

Table 3. Test applicability by interior material and in-

stallation[2,4].

Class Fire—protection and test concept Material or installation group Applicable test

A Crew detection and access; applicable Part | test

Manual extinguishing and detection; Part | and 45°

Continuous ceiling, wall, partition, cabinet Part |, 60-s
wall, or structural floor vertical
Floor covering, textile, leather, padding, duct,
: Partl, 12-s
or discrete molded, thermoformed, and vertical

additively manufactured trim

Transparent, elastomeric, restraint, or other

: Part I, horizontal
miscellaneous non—-small component

Wire or cable insulation Part 1, 60°

B tests for liners and floors
c Detection and built-in suppression; Part lll for liners
and Part 1/45° tests for floor
D Reserved
£ Cargo-only compartment with detection and ventilation
shutoff; Part | and 45° tests for liners and floors
F Main—deck compartment with remote fire control; Part

Il for applicable liners and Part 1/45° tests for floors

Seat cushion other than a flight-crewmember ~ Applicable Part |
seat and Part Il

C B, F 7o] vie} fdoj: BEH 0
K93} 45° A B o] 4 Th2].
57 79 9 7k 337) WA dh Al
A A 71L& Table 39+ Zt}h. Material or in-
stallation group 7+ &9 A% FH o} Qw7 EA
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H= AEY S 2 et[2,4].
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A27gol A AT WA Al Appendix FOJl A
FATAE T4, AP A 23, AP 3], 3
EH BAzA gt P AdE 2 24
¥ #A 7] =2 Table 42} ZTH[2,3].

A A AHE F8EH 229 A5 E (relative
humidity, RH)O| Al H35ta A|F A A 7HA] 5 Let

o)

Applicable Part |,
Part IV, and
PartV

Large interior surface in an airplane with 20 or
more passenger seats

Partl, 12-s

Class B/E liner or Class B/C/E/F floor panel vertical and 45°

Class C or applicable Class F ceiling/

sidewall liner Part Il
Part VI and
Fuselage thermal/acoustic insulation where
applicable,
Part Vil
274 A et

Part I A] -2 21£3°C, 50£5% RHO| A] ~EH ]
LgS Q7R B 2447 5 9F H A3t Part 119}
Part Il A] 2 T %= 21+2°C, 55% RHOJA] X4 244
FF¢ HEtH, s s8R = Part 117}
+10%, Part I117} £5%°] t}[2].

Part I A2 F-F AT (draft-free cabinet)o]
A EA 1 (Bunsen burner) E& HIE HYy
(Tirrill burner) & AF8-3ttt.

AEE X 99% o]4Y H gt (methane)S A&
g & Qlow, HA7FA (natural gas) B= T2 0
(propane)& AF83H= A 9ol = 3t F 0] 24
257} 843°C o]} R1A] &Rl gfof gttt

HetS AFEShe B¢ MY AU 17+2 kPa
2 AdA3}[3]. Part 119} Part 119 2 U H 1 (oil
burner)ol & A|25F 5 (No. 2 grade kerosene)
EE= ASTM D2 A253 =7 (No. 2 grade fuel
omE*¥%W1E%JﬁEEH&4hO%ﬂ%
FartH2,3)

ﬂ%%WEﬂE%ﬂ&ﬂﬂ,
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Table 4. Key parameters for test equivalency substantiation[2,3]

Test Essential test parameters Acceptance criteria
Part |, >3 specimens; specimen =76x305 mm; exposed area 251x305 mm; burner < . .
60-s [.D. 9.5 mm; flame height 38 mm; temperature 2843°C; specimen gap 19 é:%sbgv lefTag;:;1§§rP12?;nivgéfLame time
vertical mm; exposure 60 s =19 S avg. granp -
Part |, >3 specimens; specimen =76x305 mm; exposed area 251x305 mm; burner < . )
12-s [.D. 9.5 mm; flame height 38 mm; temperature =2843°C; specimen gap 19 é\{%sb:r\? Iefr;agrtT:n_%Ojrirnrtri];naevgéfLame time
vertical mm; exposure 12's =15 s avg. g-anp -

>3 specimens; specimen =76x305 mm; installed surface facing downward;
Part |, timing length 254 mm; burner I.D. 9.5 mm; flame height 38 mm;
horizontal ~ temperature 2843°C; burner centerline aligned with specimen edge;
exposure 15's

Avg. burn rate <63.5 mm/min for
elastomeric, transparent and restraint items;
<101.6 mm/min for other applicable items

>3 specimens; exposed area 2203x203 mm; installed surface facing

Pigtol' downward at 45°; burner 1.D. 9.5 mm; flame height 38 mm; temperature E%ﬂsa.n;v\e/ pe;ff;rratig\r;t?r\;% iajtoe;ﬂame time
>843°C; one-third flame contact; exposure 30 s =19 s avg. E B
Part II >3 bottom-and-back cushion sets; bottom 457x508x102 mm; back In 22/3 of specimen sets, burn length <432
oil ! 457x635x51 mm; No. 2 diesel, Jet A or equivalent; flow 2.0+0.1 GPH; heat  mm and does not reach the opposite side;
burner flux 211.36 W/cm? any 2 TCs 2954°C, remaining TCs and avg. 2982°C; average weight loss <10%,; weight loss
burner distance 1023 mm; exposure 120 s <10% in 22/3 of specimen sets
Part 111, >3 panels; specimen 406+3x610+3 mm; No. 2 diesel, Jet A or equivalent; No flame penetration within 300 s;
oil flow 2.0£0.1 GPH; heat flux 8.6 W/cm? each TC 2871°C; burner distance  ceiling—panel peak temperature <204°C at
burner 203+3 mm for ceiling or 513 mm for sidewall; exposure 300 s 10243 mm above upper surface

W A%E, 4572 0 A FPe2US wols)
of +/4%t.

AE2 BAAPYF(warp) T IAPE R (fill) S 22
Aldsto] B £ kS Eelsh, 24 ik E e
o NEZoE FHSHEE FFAZ Ha 379 A | /
?_’10 EEJ_Q_'ET 138" mm}

| ) =) N . 1 “/ i

2 FA| £ (additive manufacturing) & JA| 4 S ﬁ| e

! .
Al G AE AT, 57, HF A= (infill) +3 ‘ o Bl
9 A9 20E §rEsto] Al | A& sfof gt

SPECIMEN LOWER EDGE

ol ol A= W AR FEFFIR AR E
~
R

Fig. 1. Vertical Bunsen burner test setup[5]

EATT 7| T2 HE AASHL, oA o] 38 m

ES
|5t 3 ot m 7| & Ao A 292
ot ot L Al d st o] H 85, 39 AA E mm 7[EA7A] o]Eotke= H A9 A7 S5t
A HE ZFF A E(afterflame time), YA Z o] (burn 254 mm 779 A AHE S AESITH]2 3]
length) ¥ EF 4Yot=E2] A& A|7H(flaming-drip 45° AP L AA =2HL ol & slA 51 A
time)< 5735t 1L Z}2H 9] B ghS AFE gt HES sBHo Hoff 45°= AX gt 3 oF 38
A4 ZolE ste] HLH Hx EooA g@std 9 10] AH FYo] HESHEE 302 T A LT F
dolE 4ol 1o, ¥5 = Y Rt UFe 3} 3-5 (flame penetration) o &, ZtF A7+ 9 2k
2 5EE8" FE2 AaZolo] xgstA] gt FA I (afterglow time)S 7] F3tt}. 8FE of B
[2,3]. £FA P9 A 9 W wix} FQ e = EREAHSNEHORE e, FAA T 7
Fig. 13} Zt}. JAZE AHE S BHo 2 BATTH2,3]
FHAYL A Ao 15% 59 312 235 AlH A2 2t ot 3H 3 & 912 = Fig. 29F 2 T
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Part II A Y&
NBAER F45tel 2

4 o139} Suro] LA st
A9 daASS F7Is
o}, webA AlHofl= & Fof(foam core), WShAtth
A (fire-blocking materlal) 2] 1] (dress covering),
ox gl ZpFH = okAtZ o] Z=Q gt XHYLH
vt sfjof gt} WAt A S AR 5= A
Fol & &H 3] A E=E LA TTH2,3].

ZHAPAES 27 $HL 2AT T 0d HYS

o

o‘l“ ]‘1:‘

Bl FLAME: 1038 £ 38°C
HEAT FLUX: 11.9 £ 0.6 W/cm?
EXPOSURE: 120 s

SEAT-BOTTOM FACE

Fig. 3. Seat cushions test setup[7]

Parc 11 A9 3278 A4 EL 21 gho]1] o]
ST AR WoHeTh thebA] A E L o]y A
2o FA% ohU et o] 9%, mA Y, A AR U 21

Journal of the KNST

do
ot
B
ta e

AL
o
N
Jhu
_O|_lg
x
2 o fN gy

)

o
ﬂﬂﬂﬂﬂmﬂm5%%ﬂ%%
Hol A 31 5 o] Rl g A|7
FEo] HAystH A Y
2ol Aol A= AJH 4 102 mm 95
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FLAME: 927 + 38°C
HEAT FLUX: 9.1 + 0.6 W/cm?
EXPOSURE: 300 s

TC LOCATION (NOT VISIBLE)
102 mm ABOVE UPPER SURFACE
PEAK LIMIT: 204°C

L NBESHYZ LA

41HAYZ42 LB

u| =+ AH}el-E-<t(Federal Aviation Administration,
FAA) Order 8110.1130f] W2 FQ 487 28 WAAY
A2 AEAE SAAHA= AFAE, AEgAIE 9
434 2l A8 93] 9L ATAR 59 58 A1 Y
of P THL FAOR LT} FAA BPH EE
g HSHS 71 Y U71& 4 At (designated en-
gineering representative, DER) &8 737| &3}
NEAYS AEST, ATHPAE-AHAEFLA9

AL AT T AW YEoke, AP Ao o
4712482 AE-SATTHo).

Fulole 37 WA AFE AR AR
AW AAE 795 B0l A 5T 4 9l DER
AE7t A gEA] gonz, Auk 1§ G A4
Ao Hg wARORE AFAT F5S Y50
7] o gtk wekA AT ARAE ADAYAE 245}
of AYTRT A8 AT L ASHAE Ao
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Table 5. Minimum evidence checklist for test equivalency

Check area Minimum evidence checklist

[ Certification basis; installation zone; component function
Test applicability [ Installation form; article dimensions WxLxT, mm; material or component class
[0 Appendix F Part; test method; selection basis

[0 Material composition; layer sequence; thickness, mm

[0 Surface finish; adhesive; joints, seams and fasteners

[ Material or build direction; layer or infill; post-treatment

[ Specimen source or lot; quantity; dimensions WxXLxT, mm

[J Exposed area WxL, mm; exposed face; orientation and flame-applied edge

Test article and
specimen

[0 Conditioning temperature, °C or °F; relative humidity, %; duration, h
[ Test enclosure; airflow, ft/min; burner type and I.D., mm
[ Fuel type or grade; supply pressure, kPa; flow, GPH

Test conditions [ Flame height, mm; flame temperature, °C or °F, or heat flux, W/cm?
[0 Burner distance or flame contact; preheat time, s; exposure time, s
[0 Heat-source calibration; measurement-equipment calibration; validity
[0 Test deviation; technical basis; disposition

[ Individual specimen values; required observations; raw-data reference
[J Average or individual assessment; measurement or calculation method
[ Acceptance limits; result comparison; final determination

Results and
determination

A o5l of qttt. A AAIA = A8 AR 9 Aad, FH7eFEE=AAEY TS A
FERE AR, ARt R, Al E2d 2 A9 A ARk
Z"%H 9] Appendix F £34d & &HQl3tc}. o] o A] Y u}l 2] 9} results and determinationo| Al = AJHH
AGA AT 554 Tdol AH ot A4S SA%, B B NE YA, S AL, 9§
A= E Table 59 Zo] AAIoHh HAAFAREE SV 2 IS A BRI AZFS FRATH A E
ANE L4, AN GEF A H R, AFE2A AHAY dFETE= AHE 2ae} AL AE B
L AR o v A= A 5HA o ASetth B AESA RS HAER A A7
A WA test applicabilityol A= G259, 4 &, AEH AR, AR Be I = 283 &
9 7l5-dH-27 € AREFE 7= T AolZ7 | HNAR R 427 Appendix F
2rEol -85 Appendix F Part®} Al A7 [SFAGHRY A S 7|08 HAA R A&, 5
o AL Gttt o] dANA A ZAL} THEHE B AAAY FE2AE AN
H71ES gRlste o]F 554 HEY 7€ =
&gt 4245 D AR HEZA L
= HA test article and specimen©] A= A| F o
AET AlHo] AA| AAES Amet A4S tHES)H APt ALY AEQ AR AEHS AESH] ¢
=AE FAsoh. w5+, FA4, A5, 2Hut S F2FH, AEEL D A& ATHH AR O E
Ao A2 @ ALEA 9FE A= AFE I FE7I WA A EAE Al A& A s Al
AS AESHL, AA St e SH Y Al F L ol 240 A3 E4ZRE g o r AT A2
59 F8 AASA0] AdAH WP EH A=A AE Z2QHZ ZF AtE o 485t A& Tl
2 gols, Bree 3R AUsl1, o2 wrdste] ALl s
Al 917 test conditionso A= A8 A B, EE RS F 5 A AH Lot 8 A
Aldgu|er dg, 3t = €94 =527, AlET + Table 62} 2t}
R4S W 2 AL HAUE Appendis FS A A 22 AU AU, 2
b AgEoly 2 7o) 488 Aol 1 Aol AgdE, sz € ¥y Azl reE g gl
o} 7l ZAE A AESHY AFHAA A A5 5t At o] test article and 8pecmen°ﬂ A H X =
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Table 6. Case-based checklist refinements and determi-
nations

Case Checklist finding and refinement Review result

Missing evidence — specimen
and exposure conditions

Supplemental review;
equivalency confirmed

60-s test; retest
passed

Test-applicability mismatch —
installation and selection basis

Nonstandard condition —
C deviation and calculation
method

Technical review;
limited use

HeF. - 2 H-E test conditionsol] &SP 2 A -H
Y W AE neselt. 94 AR Rt RE
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Sy o] 22 2430l
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