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Evolution of the Test Configuration

Horizontal Bar Vertical Cone Various Shapes

Shorter cones
Taller cones
Stepped cones

Rectangular stepped shape
Spring 2007 Spring 2011 Horizontal cylinders
Rectangular tubing horizontal

Rectangular tubing vertical
[-Webs horizontal

T-Webs horizontal

Horizontal Bar

Hollow Cylinder
Inverted cones

Cylindrical tubes horizontal

: - Cylindrical tubes vertical

Spring 2012 Summer 2011

Task Group Session on Seat Structure Test %\ Federal Aviation

March 6, 2013 ; \' Administration




Which Configuration?

Solid Cones (vertical) Hollow Cylinders (vertical) Rectangular Bars (horizontal)

repeatability issues:

*Time of ignition dependent on resulting molten shape (random)

Duration of burning following burner flame removal also dependent on resulting molten shape
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Which Configuration?

Hollow Cylinders (vertical): 59 Tests Rectangular Bars (horizontal): 137 Tests
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Cylinders Bars

EL-21 0.250-Inch EL-21 0.375-Inch EL-21 0.500-Inch EL-21
Cylinder Bar Bar Bar
Begins Begins Begins Begins
to Burn | Cylinder to Burn | Bar Out | Weight | to Burn | Bar Out | Weight | to Burn | Bar Out | Weight
(Sec) out (Sec) | (Sec) [Loss (%) (Sec) | (Sec) |Loss (%)| (Sec) | (Sec) |Loss (%)
Average | 108.0 3101 Average | 196.8 288.6 1.1 66.4 111.4 0.7 35.6 67.5 0.8
Std Dev| 114.0 86.4 Std Dev 10.9 28.4 0.8 113.5 190.5 0.7 100.8 126.0 0.7
% RSO 1055 | 27.9 % RSD [ 5.5 98 | 705 b 170.8 | 1710 | 1033 | 2828 | 1867 | 94.2
WE-43 0.250-Inch WE-43 0.375-Inch WE-43 0.500-WE-43
Cylinder Bar Bar Bar
Begins Begins _ Begins . Begins .
to Burn | Cylinder to Burn | Bar Out | Weight | to Burn | Bar Out | Weight | to Burn | Bar Out | Weight
(Sec) out (Sec) (Sec) |Loss (%)| (Sec) (Sec) |Loss (%)| (Sec) (Sec) |Loss (%)
Average | 69.3 248.8 Average | 1499 | 2844 1.6 214.3 | 306.8 1.3 2354 | 317.6 5.5
StdDevl 673 | 241 StdDev | 734 | 1400 | 16 149 | 733 1.7 98.1 | 1494 | 86
%R " 97.2 137 | % RSD 49.0 49.2 1023 |<Z0 | 239 1362 P 41.7 47.0 155.5
ZE-41 VS . 0.250-Inch ZE-41 0.375-Inch ZE-41 0.500-ZE-41
Cylinder Bar Bar Bar
Begins Begins Begins Begins
to Burn | Cylinder to Burn | Bar Out | Weight | to Burn | Bar Out | Weight | to Burn | Bar Out | Weight
(Sec) Out (Sec) | (Sec) |Loss (%)| (Sec) | (Sec) |Loss (%)| (Sec) | (Sec) |Loss (%)
Average | 167.9 | 573.7 Average | 1934 | 3234 33.1 59.3 80.0 275 250.3 | 364.8 17.6
StdDev| 433 | 363.9 StdDev | 495 | 605 123 | 1185 | 160.0 2.0 201.3 | 2075 8.7
% R 258 63.4 | %RSD |<256 | 187 | 371 P 2000 | 2000 | 7.3 80.4 | 569 | 497
AZ-80 0.250-Inch AZ-80 0.375-Inch AZ-80 0.500-AZ-80
Cylinder Bar Bar Bar
Begins Begins Begins Begins
to Burn | Cylinder to Burn | Bar Out | Weight | to Burn | Bar Out | Weight | to Burn | Bar Out | Weight
(Sec) Out (Sec) (Sec) |Loss (%)| (Sec) (Sec) |Loss (%)| (Sec) (Sec) |Loss (%)
Average | 90.7 1140.0 Average | 1529 | 3943 51.6 209.6 | 467.3 38.9 194.3 | 439.0 33.9
Std Dev 1.2 0.0 Std Dev 154 50.3 3.7 13.7 174.7 49 104.9 315.9 11.0
% RSB 13 0.0 %RSD [€101 | 128 72_P 65 37.4 12.6 54.0 72.0 32.4
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Vertical Cylinder vs. Horizontal Bar Summary

Data indicates horizontal bar configuration more repeatable

Cylinder 0.250-Inch Bar

egin Begin End
Burn Burn
55 9.8
49.0 49.2
25.6 18.7
10.1 12.8
AVG %RSD 22.5 22.6

Bar samples easier/less expensive to produce!
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Updated Horizontal Bar Testing Rig
Magnesium Bar Specimen

Oil Fired Burner

Catch Pan Filled With Dry Talc
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Continue with Horizontal Bar Test Refinement

Improvements to test apparatus

-More precise mounting mechanism

-Standardized depth of talc in catch pan

-Better control of ventilation in testing area

Better define test parameters
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Eliminate measurement of residue ignition & extinguishment time
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Burn Duration vs. Weight Loss
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Sample Thickness Detgrmination

0.250-Inch EL-21 0.375-Inch EL- 0.500-Inch EL-21
Bar Bar Bar
Begins Begins egins
to Burn | Bar Out | Weight | to Burn | Bar Out Burn | Bar Out | W
(Sec) (Sec) |Loss (%)| (Sec) (Sec) |Los ec) (Sec) |Lo
Average | 197.8 326.8 1.1 38.8 65.0 0. 6 67.5
StdDev | 18.6 56.8 0.7 905 1519 06 126.0
% RSD<}—94 | 174 61.6 233.6 | 2338 | 157.7 186.7
0.250-Inch WE-43 0.375-Inch WE-43 00-W
Bar Bar
Begins Begins B
to Burn | Bar Out | Weight | to Burn | Bar Out | Weight | to eight
(Sec) (Sec) |[Loss (%)| (Sec) (Sec) [Loss (%)| (S ss (%) NO advantage to
Average | 139.7 | 277.1 3.1 173.4 | 242.3 1.3 235. 5.5
Std Dev | 69.9 146.1 6.0 44 | 156.3 44 98.1 8.6 . .
% RSD < 527 | 1940 | 602 | 645 | 330.1 | 417 w55+ thicker sample;
0.250-Inch ZE-41 0.375-Inch ZE-41 extended exposure
Bar Bar B
Begins Begins Be i i
to gurn Bar Out | Weight | to Bgurn Bar Out | Weight | to ar ight tl me req ul red
(Sec) (Sec) |[Loss (%)| (Sec) (Sec) |Loss (%) (Se (%)
Average | 191.2 | 321.1 33.7 158.3 | 202.1 27.7 364.
Std Dev | 47.2 145.9 27.0 |_193.0 | 207.5
% RSD 4 7 45.4 80.0 95.9 95.5 5.3 56.9 =
0.250-Inch AZ-80 0.375-Inch AZ-80 0.500-AZ-80
Bar Bar ar
Begins Begins egins
to Burn | Bar Out | Weight | to Burn | Bar Out ‘0 Burn | Bar Out | Wei
(Sec) (Sec) |Loss (%)| (Sec) (Sec) |L (Sec) (Sec) |Loss
Average | 152.9 | 394.3 51.6 209.6 | 467.3 194.3 | 439.0 33.9
Std Dev | 154 50.3 3.7 13.7 1747 1049 | 315.9 11.0
%RSD4—101_| 1238 7.2 6.5 37.4 1 54.0 72.0 32
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Average
Std Dev
% RSD

Average
Std Dev
% RSD

Average
Std Dev
% RSD

Average
Std Dev

% RSD

Sample Thickness Determination

0.250-Inch EL-21

Bar
Begins
to Burn | Bar Out | Weight
(Sec) (Sec) |Loss (%)
197.8 | 326.8 1.1
18.6 56.8 0.7
9.4 17.4 61.6

0.250-Inch WE-43

Bar
Begins
to Burn | Bar Out | Weight
(Sec) | (Sec) |Loss (%)
146.0 | 264.0 24
83.8 150.5 5.0
57.4 57.0 204.8
0.250-Inch ZE-41
Bar
Begins
to Burn | Bar Out | Weight
(Sec) (Sec) |Loss (%)
1912 | 3211 33.7
47.2 145.9 27.0
24.7 45.4 80.0

0.250-Inch AZ-80

Bar
Begins
to Burn | Bar Out | Weight
(Sec) (Sec) |[Loss (%)
152.9 | 394.3 51.6
154 50.3 3.7
10.1 12.8 7.2
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0.375-Inch EL-21

Bar
Begins
to Burn | Bar Out | Weight
(Sec) (Sec) |Loss (%)
38.8 65.0 0.4
90.5 151.9 0.6
233.6 | 2338 | 157.7

0.375-Inch WE-43

Bar
Begins
to Burn | Bar Out | Weight
(Sec) (Sec) |Loss (%)
181.2 268.7 1.2
101.2 | 159.3 3.5 )
559 | 503 | 2056 | Sample thickness was
0.375-Inch ZE-41 left unresolved
Bar
Begins
to Burn [ Bar Out | Weight
(Sec) | (Sec) |Loss (%)
158.3 202.1 27.7
151.8 193.0 15
95.9 95.5 5.3

0.375-Inch AZ-80

Bar
Begins
to Burn | Bar Out | Weight
(Sec) | (Sec) |Loss (%)
209.6 | 467.3 38.9
13.7 174.7 4.9
6.5 37.4 12.6
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What has been done since last meeting?

\ Additional tests conducted
Ran an additional 138 tests for grand total of 422 tests
\ Draft test method completed
-Sample thickness: 0.250 inches
-Burner exposure time: 4 minutes
-Minimum time for sample to burn: 2 minutes
-Maximum time for sample to self extinguish: 3 minutes after burner off
et " I
Fime-forresidue-to-self-extinguish- % weight loss

-Maximum weight loss: 6% to 10%
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What has been done since last meeting?

\ First round robin completed
\ Report on test method development underway

\ Final report on full-scale testing of mag alloys published

ol N
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Testing Completed to Date

0.250-Inch Samples 0.375-Inch Samples 0.5 & 0.66-Inch Samples
Elektron 21 (13 tests) Elektron 21 (12 tests) Elektron 21 (19 tests)
WE/E-43 (107 tests) WE/E-43 (100 tests) WE/E-43 (27 tests)
ZE-41 (10 tests) ZE-41 (7 tests) ZE-41 (11 tests)

AZ-80/ AZ-31 (10 tests) AZ-80 / AZ-31 (7 tests) AZ-80/ AZ-31 (17 tests)
Experimental (20 tests) Experimental (20 tests) Experimental (2 tests)
(160 tests) (146 tests) (76 tests)

WE/E-43 for Round Robin (40 tests)

422 tests

S 4
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How Repeatable is the Data?

Example of some of the data recorded during tests

00 0 0 ev-3_[2102/92/6
v'e SLE ozz_ | ev-3 [et02/92/6
00 2T 19T | ev-3 [c102/92/6
00 0 0 ev-3_|zT02ivel6
vy 88¢ 08T | ev-3 [etoemel6
T TGE 19T | ev-3 [eT02e/6
v'e 01E 112 | ev-3 [e102e/6
00 0 0 ev-3_|zT02ivel6
€6 98¢ 98T | €3 [eT02/vEl6
00 0 0 ev-3_|zT0zivel6
00 0 0 ev-3 |zT0zivel6
v'0 0 0 ev-3_|zT0zivel6
vy G8e 191 | €3 [et02/vel6
00 gee o1 | ev3 [et0zieTi6
00 0 0 ev-3_[eT102/eT/6
00 9T 1ST | ev-3 [eT02/2T/6
00 0 0 ev-3_[eT02/eT/6
00 €91 9sT | ev3 [eT02/2T/6
00 ST 9sT | ev3 [eT02/2T/6
00 0 0 ev-3_[eT02/TT/6
00 0 0 ev-3_[eT02/TT/6
v'0 vIT €T | €3 [cT02/TT/6
v'0 0 0 ev-3_[eT02/TT/6
00 ore 19T 3 [etoe/TT6
v'Z L2€ 6.1 | €r-3 YQ102/62/8
00 0z€ €8T | €3 [cT021628
€6 Sev 9.1 | €3 [eT02/62/8
Sg 09€ 1ST | €3 [cT0Z/22/8
8 188 ovT | €3 [cTOZ/Z2/8
00 ove v9T | ev3 [ct0z/ee/8
Z€ 3 9ST | ev-3 [cTOZ/ZZ/8
v'e 8¢ €91 | er-3 [cTOZ/ZZ/8
T62 | 08€ SST | €3 [cT02/TZ8
0 962 TST | €3 [cT02/T2/8
v'e S0 vST | ev-3 [et02/Te/8
91 0z esT | er-3 [eTOZ/TZ8
0 SLE ovT | ev-3 [cTOZ/TZI8
Z€ 0€e 8T | er-3 [cTOZ/TZI8
91 90€ 6vT | €v-3 [c102/02/8
91 06€ vST | ev-3 [eT0Z/02/8
144 (0144 a1 €y-3 |CT0¢/L1/8
6 96 18T | ev-3 [eT02/LT/8
€ 3 evT | ev-3 [e102/LT/8
80 0S5 vaT | ev-3 [et0eLT8
Lr8e | o ovt | ev3 [etoen iy
ee gIe 67T ev-3 [cT02/918
80 Gog 9T er-3 [zT0z/9h/8
€6 ove ovT ev-3 [¢10701/8
Y Gog GST er-3 [zTok/on/8
19 06€ LST | ev3 [cfoewtis
91 09 66T | €r3 |ZT0C/vT/8
00 S0€ ssT | ev3 /etoen1i8
00 08¢ 16T | ev-F [etoemT8
oY ove zvl | evA | z102/9/9
9€ 5SS 08T -3 | z102/9/9
00 €z¢e vee | £v3 | 2102/9/9
TT 0ze 16T |/ ev3 | 2102/9T/S
00 0 0 ev-3 | 2102/91/5
L0 S0€ evT | er-3m | 2T0Z/9T/S
8T 8ve 65T | er-3M | 2T0Z/9T/S
2 g | 25
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How Repeatable is the Data?

0.250-Inch WE-43

Bar
Begins
to Burn | Bar Out | Weight . . ,
(Sec) (Sec) |Loss (%) Original Data with Zeros when bar doesn’t burn (107 Tests)
Average | 146.0 264.0 2.4
Std Dev | 83.8 150.5 5.0
% RSD 57.4 57.0 204.8
0.250-Inch WE-43
Bar
E)egtr:‘: Bar Out | Weight Modified Data with Zeros removed (67 Tests)
(Sec) (Sec) |Loss (%)
Average | 184.4 353.6 3.9
Std Dev | 37.5 53.4 5.9
% RSD 20.3 15.1 151.4
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How Repeatable is the Data?

0.375-Inch WE-43
Bar
Begins
to Burn | Bar Out | Weight o ) ,
(Sec) (Sec) |Loss (%) Original Data with Zeros when bar doesn’t burn (100 Tests)
Average | 181.2 268.7 1.2
StdDev | 101.2 | 159.3 3.5
% RSD 55.9 59.3 295.6
0.375-Inch WE-43
Bar
Begins - Modified Data with Zeros removed (52 Tests)
to Burn | Bar Out [ Weight
(Sec) (Sec) |Loss (%)
Average | 231.6 371.0 2.3
Std Dev 21.9 65.7 4.7
% RSD 9.5 17.7 203.0
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0.250-Inch Thickness Bar Results (inferior alloys)

720 - 36
660 M Bar Begins to Burn (Sec) 33
B Bar Out (Sec)
Weight Loss (%)
600 +— - 30
5/16/12 to 9/20/12
540 — - 27
480 - 24
—é~420 — — — g
g 2
!’,360 - - 18 =
2 )
F 300 - - 15 2
240 - - 12
180 - - 9
0 0

ZE-41 ZE-A1 ZE-41 ZE-A1 ZE-41 ZE-A1 ZE-41 ZE-41 ZE-41 ZE-41 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80 AZ-31 AZ-31 AZ-31
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0.375-Inch Thickness Bar Results (good alloys)

720 24
660 m Bar Begins to Burn (Sec)
m Bar Out (Sec)
600 = Weight Loss (%) 20
5/14/12 to 1/7/13
540
480 16
© 420 S
c (%))
o wn
o 12 9
) 360 -
0 S
(5]
= 300 =
240 - - 8
180
120 4
60
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0.375-Inch Thickness Bar Results (inferior alloys)

720 - 36
M Bar Begins to Burn (Sec)
660 m Bar Out (Sec) - 33
Weight Loss (%)
600 - 30
540 - 27
480 - 24
3 420 - - 21 S
g 360 - | g g
(V]
£ 3
£ 300 - - 15 =
240 - - 12
- I I I I I I I I 9
120 - 6

0 T T T T _O

ZE-41  ZE-41  ZE-41  7ZE-41 7ZE-41 < ZE-41 ZE-41 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80 AZ-80

1
w
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Test Results Using New (draft) Standard

When Testing “Good” Mag Alloys:

0.250-Inch Thick Bars: 172/180 Passed (95.6% Passing Rate)

0.375-Inch Thick Bars:  119/132 Passed (90.2% Passing Rate)

When Testing “Poor” Mag Alloys:

0.250-Inch Thick Bars:  1/20 Passed (5% Passing Rate)

0.375-Inch Thick Bars: 0/14 Passed (0% Passing Rate)
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Charts showing burner calibration temps during RR

1726 F

Lab A Temperatures

1800

1700

1600

1500

1400

1300

1200

1100

1000

1800

1637 F
Lab B Temperatures
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Relationship of burner calibration temps and extinguishment time

Avg Time

350

345

340

335

Avg Time

330 —Linear (Avg Time)

325

320

315 T T T T T 1
1620 1640 1660 1680 1700 1720 1740
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Systematic Development of Lab-Scale Test

Determine basic configuration: solid cone, vertical cylinder, horizontal bar
Make improvements to test apparatus: mounting mechanism, depth of talc

Determine which parameters to measure: e.g., time to melt, time to ignite sample, time residue burns, time

sample extinguished, time residue extinguished, weight loss
Determine if weight loss is good predictor of residue burn duration
Select appropriate test parameters

Select appropriate thickness of sample

Determine interlab repeatability via Round Robin

Determine influence of exhaust ventilation on test results
Determine other sources of error and correct

Finalize all test parameters and details
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Potential Sources of Error
Talc in Pan vs. Kaowool Board
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Potential Sources of Error
AZ-31 Sample on Kaowool Board .
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Potential Sources of Error
AZ-80 Sample on Kaowool Board

—
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Potential Sources of Error

ZE-41 Sample
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Potential Sources of Error

Not all samples perfectly straight!
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Potential Sources of Error
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Potential Sources of Error

s 'l h

[« ‘
s Curved sample prior
to clamping

g g0 A L

Iw k.t
- AR
|
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Potential Sources of Error

What is influence of
preloading sample?
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Lab A Ventilation Configuration

S| v

Hood Centered

ol N
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Lab B Ventilation Configuration
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Planned Activities and Next Steps?

Determine sources of error, finalize draft test method
Complete report on test method development
Additional Round Robin with other labs participating?

Insert new test method into Handbook?
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DOT/FAA/AR-11/3

Federal Aviation Administration
William J. Hughes Technical Center
Aviation Research Division

Atlantic City International Airport
New Jersey 08405

Evaluating the Flammability of
Various Magnesium Alloys During
Laboratory- and Full-Scale Aircraft
Fire Tests

Timothy R. Marker

January 2013

Final Report

This document is available to the U.S. public
through the National Technical Information
Services (NTIS), Springfield, Virginia 22161.

This document is also available from the
Federal Aviation Administration William J. Hughes
Technical Center at actlibrary.tc.faa.gov.

U.S. Department of Transportation
Federal Aviation Administration
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Questions?
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