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Motivation

Code of Federal Regulations 14 (FAA)
Part 21 (Certification Procedures)

§ 21.93 Classification of changes in type design (paraphrased)

(a) Changes in type design (e.g., B737-100, -200, -300, -400, -500 and
A340-200, -300, -500, -600) are classified as minor and major. A “minor
change” is one that has no appreciable effect on the weight, balance,
structural strength, reliability, operational characteristics, or other
characteristics affecting the airworthiness of the product. All other changes
are “major changes” and require re-certification of the airplane.

§ 21.95 Approval of minor changes in type design.

(a) Minor changes in a type design may be approved under a method
acceptable to the FAA before submitting to the FAA any substantiating or
descriptive data.

A change to the Type Design includes any change to a chemical formulation
of a specific qualified/certified material listed on the specification or
engineering drawings.




Pass / Fall FAA Flammability Tests
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ASTM D7309 (MCC)
Test and Criterion
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FAA Fire Tests Measure Flame Spread ‘
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Flame Spread And Fire Size

y” Fire Size (W)= O =¢"A4 = gL (4,= peak HRR, W/m2)
T q';'xt Flame Spread Theory and Empirical d_Q _ Q (1)
l Correlations Give Fire Growth Rate, dt T

| . . . . t
—{l+—b Solution of (1) for Q(0)=0, ——> Q@)=0,exp ;} (2)

- pcb(T,, -T,) 5 dT (T,gn -1;) _ 24,
2q; dt T och
Characteristic time for fire growth (s) Heating rate in fire (K/s)
At early stages of fire when 00 =0, 1+_ -0, +Q 0 +p—2 0
t << 1, Equation 2 becomes (T,gn -T) (3)
Normalizing for mass (m) 9, _ Qo/m+ Q/m 0, A

and fire environment (j3) mp B (T, -T) L AT (4)
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Fire Response Parameter (FRP) Measured in MCC (HRC + IGC)



MCC Combined Properties

(Flammability Parameters)
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Ignition Capacity Scales with Post-Crash
Fire Performance of Cabin Materials

Aluminum [ T
FEP [ |
Insulation

PAI I 2005+ Radiant

PEI I Rules Panel 737-500 767
PEEK [ | Denver (2008) Chicago (2016)
PPsy ] ' ——
PVC [ P hea '

PEN [ 1986-1988  Release

« Seat
Cushion

©
o
g 737-300
T Manchester (1985)
1967 Bunsen
Rules Burner
|
0000000001
vethanol [ ey 400 J/g-K

0 20 40 60 80 100 120

.. ) March 2018 FTWG Presentation:
Ignition Capacity (Q./AT,y,), J/g-K https://www.fire.tc.faa.gov/pdf/materials/
March18Meeting/Slaton-0318-MCC.pdf




1)

2)

3)

4)

Regulatory Approach

Parameterize MCC data to obtain relevant micro-scale fire
properties of materials for comparison.

Develop simple, reliable method to compute flammability
parameters from MCC data

Compare materials in MCC and in FAA fire test to demonstrate
acceptable “small change” method.

Define guidance document.




MCC Individual Fire Properties
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Kinetic Parameters
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Specific Heat Release Rate, Q' (W/Q)

MCC PROCEDURE
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1. Measure specific heat
release rate Q' versus §
temperature T as per
ASTM D7309

2. Integrate Q'/p versus T to
obtain Q versus T, i.e., Q(T).

3. Obtain total heat release

Q(T..) = Q.(J/g)

4. Obtain T, at 5% deflection
from Q(T) baseline, i.e., at
0.05Q.,

5.Obtain T, at 0.95Q...

6. Calculate 2 Flammability
Parameters

@® HRC (J/g-K) = h /(T,-T,)
® IGC (J/g-K) = h /(T-T,)

HRC + IGC = FRP



Summary

FAA-Industry Fire Test Working Group is developing a regulatory process
for certifying small changes in material formulations by comparing fire
properties:

— Milligram scale (MCC)

— Kilogram scale (FAA coupon tests)
Statistical criteria for comparing materials

So far, materials that are Similar in the MCC are Similar in FAA coupon
tests for statistically valid samples.

Materials that are Different in the MCC can be Similar or Different in the
FAA test depending on physical behavior, sample configuration, etc.

MCC Task Group using case studies to validate methodology.



Statistical Analysis Methodology

Material Change Similarity
* Proposed Statistical Methodology--EXAMPLE

— Example: Fictitious Heat Release Capacity (HRC) results from “original” and “reformulated” material

— Intended te demonstrate statistical procedure only....not intended to be representative of any true material HRC
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Additional Slides from the full BCC
presentation by Dr. Richard Lyon



Large Uncertainty Using Single
MCC Property to Predict Pass/Fall
Results (Peak HRR) In OSU
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Predictive Capability of Individual MCC Fire
Properties on Pass / Fail Test Results

R.E. Lyon, N. Safronava, J.G. Quintiere, S.I. Stoliarov, R.N. Walters and S. Crowley, Material Properties and Fire Test Results
Fire and Materials, 38, 264-278 (2014).

« UL 94 V-0
 FAA Heat Release of Aircraft Cabin Materials
* FAA Vertical Bunsen Burner Test (12s /60s)

Heat of Combustion ‘/

O
8

Heat Release Capacity

-
')

Heat Release Parameter (cone calorimeter)

1-@ Volatile Fraction

Peak Pyrolysis Temperature

Explanatory Variable, X
T
2y
T

0.70 0.75 0.80 0.85 090 0.95 1
Predictive Capability*

*Predictive Capability = Predicted/Observed Frequency of Passing Test at Particular X



MCC Critical Temperature (T,,...) IS Good
Predictor of Ignition Temperature (T,

Ignition Temperature, 7, (°C)
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Heat Release Capacity For Multi-
Component Aircraft Materials
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Q(T), Jig
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MCC Parameters for Burning Rate

(HRC) and Ignitability (IGC)
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Specific Heat Release Rate,Q (W/Q)

MCC and Cone Calorimeter Data for PC/ABS
Blends: 2-component series

ABS
700 ASTM D 7309-13 (Method A)

600 - PC

: 25/75
00T bejaBs %ABS HRC IGC
400 g in Blend (J/g-K) (J/g-K)

© 50/50

0 250 39
25 195 58
50 220 73
75 374 84

100 469 93

200F 7505

PC/ABS

100 |

350 400 450 500 550 600 650
Temperature, T (° C)



(HRC + IGC) from MCC* Correlates Peak HRR**
of PC/ABS Blends

® 900 600

2 | é550

£ 800F ] T
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O 600 | ! %)
c 5 ] ~—
T 1300 %
—;é :
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% ABS in PC/ABS Blend

*MCC @ 1 K/s, 3-mg samples
**Cone calorimeter @ 50 kW/m?, 3-mm samples



Criterion for No Significant Change In
Flammability (MCC or FAR)

Fire Response Parameter Fire Response Parameter
of Sample A (X+Y), of Sample B (X+Y)g
Xat Ya= (X+Y)ptop Xg+Yg=(X+Y)g £ op

Are the materials *Significantly Different w/rt flammability?

(X+Y)a— (X+Y)g = A(X+Y), 5 0,

o

Is this
difference... significantly
G, = (07 +c2)2 different ;‘rom
Zero”

Uncertainty of Differences

*TBD



Heat Release Rate, Q' (W/Q)
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- Example of Method
! PEKK 7002
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- 6002 Comparing

PEKK Thermoplastic
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phthalic acid ratio)
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500 600 700 800 900 1000

Temperature (°C)



PEKK | PHRR | THR PHRR PEKK | PHRR | THR PHRR
6002 | (5-min) | (2-min) | +THR 7002 | (5-min) | (2-min) | +THR
1 72 6 78 1 84 4 88
2 81 17 98 2 79 5 84
3 78 32 110 3 71 8 79
4 102 9 110 4 61 5 66
5 78 0 78 5 68 0 68
1.5 mm/50g Average: | 95 + 1.5 mm/50g Average: | 77

16 10

A(PHRR+THR) = (95-77) = (162+10%)Y2 = 18 18 Different (from zero)

PEKK IGC HRC IGC + PEKK IGC HRC IGC +
6002 | (J/g-K) | (J/g-K) | HRC 7002 | (J/g-K) | (3/g-K) | HRC
1 14 31 45 1 16 45 61
2 13 28 41 2 16 42 58
3 14 30 44 3 16 41 o7

5 mg Average: | 43 = 2 5 mg Average: | 59 = 2

A(IGC+HRC) = (59-43) = (22+ 22)12 =16 = 3 Different (from zero)




HRR, Lg-K

60

=e = Phenolic 1
s Phenolic 2

50

40

30

1000

900

200 300 400 500 800 700 800

Temperawre, C

Phenolic  HRC IGC HRC + MCC
J/g-K)  (I/g-K) IGC result
1 24 201 44=%1
+1 Similar

251 24=*+1 49=*1

Comparing
Neat Phenolic

ResIns
osu OSuU 2- PHR+ FAR
PHRR min HR THR Result
(KW/m?2) (KW-
min/m?)
14+9 8x+5 22+1
0 Similar
13+1 15+3 28=*3



100 ;

== Sample |
==#-+Sample 2

o A
w 60| i -
Comparing
Thermoplastic
“ Films
lii) ' 7'400 -l(.)() 54.)0 ()l.)() "(]0 S(.l() ‘)7(‘]0
l'emperature, C
Film HRC IGC HRC+IGC MCC FAR
result Result *
1 31 1 38 = 3 69 + 3
Different Different
2 29 + 2 28 =+ 2 57 £ 3

 FAR 25.856 Thermal/Acoustic Insulation Flame Propagation Test Method
« Failure probably due to configuration of the blankets



-~

HRR (W/g)

A -+ = Phenolic
¢ 3 - =#=-Phenolic + top coat

15

Comparing Phenolic
Fiberglass Lamina
(w/ and w/o Topcoat)

10 +

0
100 200 300 400 500 600 700 800 900
Temperature (C)

Sample HRC IGC HRC+ MCC Peak 2min OoSu
IGC result HRR HR result

Lamina 11+ 12x£3 233 68 = 44 *

1 Similar 6 6 Different*
Lamina + 16 £2 26 x£2
topcoat 10 = 72+ 60 =%

1 *iInsuff@ient sa@ple size, n <5



HRR (W/g)

Polyphenylsulfone (PPSU)
Thermoplastic

160 -

140 |-
@eD Material

120 Variations

100 +
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60

400 500 600 700 800 O
Temperature (C)



Sample

PPSU Pair-wise Comparison of 4 Samples

HRC

42 + 2
40 = 1

IGC

HRC+
IGC
59 £ 2
57 =1

59 = 2
50 £ 1

59 = 2
44 + 4

S5/ £ 1
50 1

MCC
result

Similar

Different

Different

Different

Different

Different

PHRR

34 = 3
43 =
14
34 = 3
40 = 6

34 £ 3
48 = 9

43 +
14
40 + 6
43 +
14
48 + 9
40 + 6
48+ 9

HR
2-min
4 + 2
4+ 1

4 =+ 2
9+£5

9+X5
6 3

osuU
result
Similar

Different

Different
Similar

Similar

Similar



HRR (W/g)

80

'_ ——Sample 1
70 | —=— Sample 2

' Comparing
Phenolic Resins
(fiberglass lamina)

50 |

40 |

30 |

20 |

10 j
0

200 300 400 500 600 700 800 900

Temperature (C)

Sample HRC IGC HRC+ MCC Peak 2 min OSuU
IGC result HRR HR result

1 332 365 69*5 206 12+ 3
Similar Similar

2 40 x4 26x2 66 £5 177 12X 4



HRR., W/g

400

350 - | =—=—Adhesive A
—— Adhesive B

Comparing Adhesives
(formulation change)

300 |

250 |
200 -
e | 0.047 inch Kydex
100 - (0005 InCh)—>
”1(_:)0 200 300 400 500 600 700 osu Specimen
['emperature, C
Adhesive HRC IGC HRC+ MCC Peak 2 min OoSsu
IGC result HRR HR result
A 113 +1 98*x6 211 6 52 = 64 *=
Similar 2 4 Different*
B 109 1 101 x4 210 x4
54 += 72 =

: : .2 3
*Invalid comparison-combustible substrate



