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EXECUTIVE SUMMARY

This report contains the results of an evaluation of the vertical Bunsen burner
test method as specified in appendix F of the Federal Aviation Regulations (FAR)
Part 25. Burner fuel, flame placement, and flame temperature were evaluated.

The currently used burner fuel, B~gas, was compared to methane gas. Test results
show that burn length and flame time are similar for both gases when the gases are
fresh. However, a chemical reaction occurs with aging in B-gas between carbon
monoxide and the iron in the steel cylinder, making it difficult to consistently
regulate flame height. This problem is eliminated with the use of methane gas.

Flame placement was evaluated for test specimens ranging up to 1 inch in thickness.
It was found that placing the flame at the midpoint of the lower edge of the front
face resulted in a more realistic and severe evaluation of the test specimen's
flammability properties. This applies to all specimens regardless of thickness.
With the exception of foam, burn results show that it is necessary to test both
front and back faces of test specimens 1/2 inch and greater to ensure a realistic
assessment of surface flammability.

Flame temperature experiments were carried out using various thermocouple gauge
sizes. Test results show that an inverse relationship exist between flame tempera-
ture and thermocouple gauge size. Therefore, a minimum flame temperature specifi-
cation is meaningless without specifying the thermocouple gauge size.




INTRODUCTION

PURPOSE .

The purpose of this report is to present the results of an investigation of the
vertical Bunsen burner test method as specified in appendix F of the Federal
Aviation Regulations (FAR) Part 25.

BACKGROUND .

In 1951, Federal Specification CCC-T-191b, '"Textile Test Methods" was issued for
government procurement purposes. It included a horizontal flammability test for
cloth, Method 5906, and a vertical flammability test for cloth, Method 5902, whose
general apparatus and procedures were eventually used in Federal Aviation Admini-
stration (FAA) regulations.

In 1967, Amendment 15 for FAR Part 25 was issued by the FAA. This Amendment did
not reference the CCC-T-191b methods, but instead, documented the test procedure
with reference to Method 5902 in appendix F of FAR 25.

In 1968, Federal Test Method Standard (FTMS) 191 replaced CCC~T-191b. Method 5903
replaced Method 5902 which was dropped at the time of this change. Method 5903
differed from Method 5902 in that it specified a particular gas mixture for use as
burner fuel.

The vertical Bunsen burner test method has evolved into a certification and quality
control flammability test for a wide variety of aircraft interior materials (honey-
comb, composites, plastic sheets, foams, fiberglass insulation, etc). It has been
proven to be an effective and convenient test procedure. Nonetheless, over the
years, a number of problem areas have arisen, some traceable to the originial test
procedure being intended for cloth materials, that create inconsistencies in data.
This report presents an investigation of several of the most pertinent problem
areas with the aim of producing a more clear and concise test procedure that will
reduce the likelihood of ambiguous or inconsistent data.

DISCUSSION

BURNER FUEL.

Appendix F of FAR Part 25 specifies a particular gas mixture for use as Bunsen
burner fuel by reference to FIMS-191 - Method 5903, '"Flame Resistance of Cloth;
Vertical." This specific gas mixture is commonly refeir-ed to as B-gas. However,
it is sold by different trade names, depending on the gas producer. As an example,
Matheson Gas Products call the gas mixture '"Flame Resistance of Cloth Test Gas.'
Components of the gas mixture are specified as follows:

Hydrogen 55 + 1%
Methane 24 + 1%
Ethane 3 +1%
Carbon Monoxide 18 + 1%

Many testing facilities have stated that B-gas produces inconsistent flame charac~
teristics from cylinder to cylinder. Furthermore, this inconsistency is reflected
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in variable test results. Evaluation of the B-gas has verified that inconsistent
flame characteristics do indeed exist from cylinder to cylinder. Figure 1, photo-
graphs a, b, and c, show actual B-gas flames from three different cylinders of
various ages (age listed under each photograph). The characteristics of the three

B-gas flames are vividly different. Photograph ¢ shows an especially elongated and 3
intensely orange-spiked flame while a double cone formation is shown in photograph ]
b. Laboratory evaluation of both flames confirmed the presence of an iron oxide e
compound (Fey 03) emanating from the flame. Fe 03 is a product of the Co
react ion:

2 Fe (CO0)5 +6 0y =--=> Fez 03 + 9C0 + CO

Iron pentacarbonyl 1is a colorless to yellow oily liqid and is formed by the
react ion of carbon monoxide (CO) with iron (Fe). The primary source of iromn is
the steel cylinder in which the B-gas is contained. In effect, what is seen in
photograph ¢ of figure 1 is the atomic spectrum of iron, while photograph b depicts
an intermediate stage. As the cylinder ages, more iron pentacarbonyl is formed,
ultimately resulting in the flame characteristic seen in photograph c. The forma-

] tion of a spike or double cone in the burner flame makes it difficult to adjust the

b burner to give a flame of 1 1/2 inches in height as specified in appendix F of FAR,
Part 25. More importantly, as the flame characteristics are altered with age, the
intensity of the flame and the resulting material sample burn characteristics will
also change.
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Methane gas of 99 percent purity was tested as a substitute for B-gas. Referring
: to figure 2, note the well defined diffusion flame of the methane gas. The blue 4

reaction zone can be seen on the outside of the luminous carbon zone, and reaches

to the top of the flame. Flame height is well defined and easily regulated as a -
; result of this well defined flame tip. In order to compare B-gas with methane,
various materials were tested. Referring to table 1, it can be seen that burn
4 lengths and flame times are very similar for both gases. ¢

FLAME TEMPERATURE.

‘ Appendix F of FAR, Part 25 requires that the minimum flame temperature in the 4
center of the flame be at least 1550° F for the vertical burn test. This tempera- i
ture minimum is also required for the horizontal and 45-degree tests. The 60-
degree test specifies a minimum temperature of 1750° F in the hottest portion of
the flame. A calibrated thermocouple pyrometer 1is specified for temperature
measurement . However, no particular thermocouple gauge size is re quired. .
_ A number of experiments, employing five different gauge size thermocouples, were »
g performed in order to examine flame temperature in the center of the flame. Flame 1
height (1 1/2 inches), gas delivery pressure (2 1/2 + 1/4 pounds psi), and all X

other requirements were followed according to the rule. An in-line needle valve

was used to regulate gas flow. The Bunsen burner base had a 1.5 mm orifice
; diameter. Other bases with orifice diameters as small as 0.67 mm were evaluated
with no significant test result differences. However, the base with the 1.5 mm
orifice produced a conical flame with complete flame impingement around the burner S
mouth and, therefore, was used in all testing. The thermocouples were inserted A
into the flame horizontally. For comparison, B-gas and methane flame temperatures
were evaluated. From figure 3, it can be seen that flame temperature and thermo-
couple gauge size are inversely proportional to each other. The 36-gauge Chromel
Alumel thermocouple reflects the highest average temperature for both gases while
the lowest average temperature is seen with the 20-gauge thermocouple.
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TABLE 1. VERTICAL BURN TEST RESULTS

Average of 3 Samples

Flame Time (sec) Burn Length (in.)
SAMPLE DESCRIPTION Methane B—gas Methane B-gas
Carpet 90/10 2.7 2.2 1.3 1.2
Wool Nylon
Warp Dir.%
Carpet 90/10 2.4 1.9 1.2 1.2
Wool Nylon
Weft Dir.*
Carpet 85/15 6.1 7.0 2.4 2.7
Wool Nylon
Warp Dir.
Carpet 85/15 3.6 4.0 2.1 2.3
Wool Nylon
Weft Dir.
Upholstery 90/10 1.0 0.7 2.1 1.6
Wool Nylon
Drapery 35/65 (o] (o] 3.3 2.7
Wool Synthetic
ili Tedlar Finish
Ceiling Panel Epoxy/¥iberglass Pacings 0 o 3.3 3.2
Phenolic/Nomex Core
Sidewall Panel 0 0 3.4 3.8
Tedlar Finish .
Epoxy/Fiberglass Facings
Phenolic/Nomex Core
Partiti Tedlar Finish 0 0 1.9 1.6
artittion Epoxy/Fibergiass Pacings
Phenolic/Nomex Core
Stowbin Shelf Tedlar Finish 0 0 1.5 1.1
Epoxy/Fibérglass Facings
Phenolic/Nowex Core
Flooring Carbon/Epoxy Facings 0 0 1.6 2.1

Nomex/Phenolic Core

* Tested in warp direction - yarns extended lengthwise

* Tested in weft direction - crossing yaras y
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It is known that wire (in this case, thermocouple wire) will normally be cooler
than the flame gases, owing to heat losses by radiation, conduction, and coavec-
tion. Thus, as the thickness of the thermocouple wire is decreased, the closer the
measurment to the real flame temperature. There is obviously a limit set by the
mechanical strength of the wire for the smallest diameter thermocouple wire that
can be practically utilized; therefore, nothing finer than 36-gauge wire was
tested,

Referring to figure 3, both the B-gas and methane flames show an average tempera-
ture of 2300° F in the center of the flame when measured with the 36-gauge
thermocouple. According to Hassian and Russel, theoretical flame temperature for
methane exceeds 3000° F (reference 2), thus, the measurement was reasonable and,
perhaps, still below the true flame temperature.

FLAME PLACEMENT.

According to appendix F of FAR Part 25, the flame for the vertical burn test must
be applied to the center line of the lower edge of the specimen. This 1is an
ambiguous statement since it does not specify a point, but a line.

While initially a cloth materials test, the vertical burn test now encompasses
interior aircraft composite materials such as class partitions which can range over
one inch in thickness. For this reason, flame placement must be clearly identified.

Interior ceiling panels, wall panels, cabinet walls, structural flooring, etc., are
generally sandwich composites. The composites are fabricated by bonding resin
systems such as epoxies or phenolics to a honeycomb core material with an adhesive.
While core materials such as balsa, glass, and aluminum are used in certain
applications, core material used in aircraft composite panels 1is primarily an
aromatic polyamide sold under the trade name of Nomex™. Testing with the Bunsen
burner has shown Nomex honeycomb core to be self-extinguishing.

At the present time, the burner is positioned under the geometric center of the
bottom surface of the test specimen. This 1is common practice in most test facili-
ties. However, testing has shown that placing the flame on the midpoint of the
lower edge of the front face produces test results that best represent the
specimen's overall flammability properties. Figures 4, 5, and 6 depict various
panels of different thicknesses burnt with the flame placed in the geometric center
of the bottom surface and also on the midpoint of the lower edge of the front
face.

No distinguishable difference in burn length can be seen for the thin specimens
shown in figure 4. However, the differences are obvious when viewing the thicker
panels shown 1in figures 5 and 6. For samples 1/2 inch and greater, geometric
center flame placement does not give test results representative of the material's
totai flamability properties. This 1is due to flame impingement primarily on the
self-ext inguishing honeycomb core.

Referring to figure 7, note the absence of flame impingement on the back face of

the panel. While flame placement on the midpoint of the lower edge of the front
face gives more realistic test results, it was found that it 1is necessary to test
the back face as well for samples 1/2 inch and greatrer. Une test specimen, how-

ever, may be used for both front and back face testing.
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According to appendix F of FAR, Part 25 thick foam parts, such as seat cushions,
must be tested in 1/2-inch thickness. Referring to figure 8, flame placement on
the midpoint of the lower edge of the front face resulted in a melting away of the
material. However, the burn length is the same as the sample with geometric center
flame placement. For foam test specimens, it is not necessary to separately test
front and back faces. Unlike composite materials or carpets with different back-
ings, polyurethane foams are homogeneous.

SUMMARY OF RESULTS

1. Burn length and flame time values are similar for both B-gas and methane
when used as burner fuel if the B-gas flame characteristics have not been altered
by aging. It appears that the change in the flame characteristics of B-gas with
aging 1is a result of chemical reactions with the iron in steel storage cylinders,

2. Flame height is much easier to regulate with methane as opposed to B-gas due
to methane's reproducible flame characteristics.

3. Placing the flame on the midpoint of the lower edge of the front face of
composite test specimens produces more realistic and severe test results than
placing the flame in the geometric center of the bottom face.

4. With the exception of foam, flammability properties of test specimens 1/2 inch
and greater in thickness are best represented by testing the back face in addition
to the front face (one test specimen may be used for both tests).

5. An inverse relationship exists between the measured flame temperature and
thermocouple gauge size.

CONCLUSIONS

1. Methane gas can be used as a replacement or alternative to B-gas as Bunsen
burner fuel because it produces similar flame characteristics and does not experi-
ence an alteration in flame characteristics as a result of storage cylinder aging
effects.

2., Placement of the burner flame at the geometric center of the specimens bottom
edge does wnut give a realistic and severe assessment of surface flammability for
composite materials.

3. With the exception of foam, all test specimens 1/2 inch and greater in thick-
ness should be tested on both front and back faces in order to asses surface

flammability.

4. A minimum temperature specification is unnecessary and meaningless without a
thermocouple gauge size specified.

REFERENCES

1. Guastavino, T., Federal Aviation Administration Analytical Chemistry Labora-
tory, Quality Control Notebook, Page 17, 1986.

2. Hasian, R., and Russel, R., Fuels and Their Combustion, McGraw Hill, New
York, 1929,
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GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE
FLAME PLACEMENT
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THICKNESS-'s INCH

GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE
CEILING PANEL FLAME PLACEMENT

THICKNESS-" INCH

FIGURE 4. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(THICKNESS 1/8, 1/4 INCH)
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FIGURE 5. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(THLCKNESS 3/8, 1/2 INCH)
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FIGURE 7. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(FRONT FACE, BACK FACE)
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ST. LOUISy MISSOQURL AZ1&6

ZOME RZR

JULIA M., BAER

CELANESE F1BERS
F.0. BOX 32414
CHARLOTTEy HN.C.

MARKE TING oM,
28230

Dk, LED F. PARTS

MONSANTO RESEARCH CORF.

1515 NICHOLAS FAD
DAYTONy OHIO AS407
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t‘ |' Y

M. JAMES . PRIUCE
HEATH TECNA CGRF,

1v81% 34TH aVE . SUOUTH
RENTy WaSHIHGT 95031

MR RIUCHARD M. HAWR IS0
CUSTOM PRODUECTS GO,
F.0, BOX &%%

SUN VALLEYy UnalYF. 91347

MR. BILL MARTINEZ . Mtik. aln 3hrY,
AMI INDUSTRIESs INU.

Fe 0. BOX 370

COLORADD SFRINGS. CALIF.  &SOv0l

MR. T. E. WAVERMAM

II7T RESEARCH INSTITUTL
10 WEST 257 H 57.
CHICAGOy ILLINGIS 40614
ke Jo Je BRENNEMAN

FIRE FROTECTIUON ENGLVEER
UNITED AIRCINESy ING.
F.0. BOX 66100
CHICAGOD,y ILIINUIE 50464
MR. HENRI BRaAMTING

FAf HEARQUARTIERS

AWS-120

800 INDEFENDENCE AVE. H.u,
WASHINGTON, D. 0. 20571

MR« EDWARD L. LOFEZ
LOCKHEED ATRCRADT CORF.
DEFT. 74-75: BLLIG. 239~
BOX 551
BURBANK, CALIF, 91503

ke JAMES E. MIELKE

SCTENCE FOLICY RESEARUH ULV,
CONGRESSIONAL RESEARUH SERVYLES
LTERARY OF CONGRESS

WAHSHINGTON, .0, 20%20

DR, D, KOURTINES
CHEMICAL RESEARCH CENTER

NASA/AMES REGEARCH CENTER
MOFFETT FIELTe CALLE. 40345

MR« THOMAS HAl'GUHIUK
ERITISH AREOQSHACT sl .o
ATRCRAFT GROUYF
WEYBRIDGE -5 T570L DIVISION
FILTON HOUSE

BRISTOL .BSYY JAR ENGL_AMD
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MR, ©, HAYLEN LERDY
TE-10 EBLOG. 10-4

NATIONAL TRANSFORTALIONM GAFETY EBOARD

WASHINGTON, . C. 2G5Y4

MR. JOSEFH L. BUCKLEY

FACTORY MUTUAL SYSTERM o
1151 ROSTON-FROVIDENCE TURNPIRE
NORWOUOD, MAZS. .

Q2G4

Mr. Gary Killion

ANM-110 _ .
17700 FACIFIC HIGHWAY SOUTH
C-6894¢

SEATTLEY WA 28144

MR, JOHN HOFFHANN

FORT OF NEWR YORK & NEW MERSEY
AUTHORITY

ONE FATH FLaZs [47TH FLODR)

JERSEY CITY, HN.J.  (7%0s

IR CHARLES ®, CRAnL
Faas, TANIs ¢AC-114
P, BOX 2S087
ORLAHOMA Y 1R £y VS I

Ml ROBERT £ hlealds
FayIWEn ¢ aR)E.

JO00 TANSTITUTION URIVE
MENLD FaRKy CALYTE, 940725

MR, REGIMaLDT o111 1dG
THE BOEIMNG © o,

COMMERLTAL alRFbave GROy 247 NIV,

a0, ROX 37472
SEATTLE e WASHINLGTUON 281.4

ME . JUOHN A, DRk

Mattaue Ry STAMDARDE

FoaT DUPONT SefNEMOURYS ¢ CuLafPP 4R
FHESTHUT W

Wil.hTaNLTaN FY 17840
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MR, GEORGE M. JOHNSEONM
CHIEF CHEMISTY

FAN AMERICAN AIRWAYS. TNC.
RLDG. 208 RM, 2228

J F KENNEDY INT/L ALRFORT
JAMAICA, NEW YORK 11430

DR, C. FERRY BANKSTON

ENERGY AMD MAYER1ALS KRESFARCH SEL,
JET FROFULSYON LAECRATORY

4800 OAK GROVE DR,

FASADENAs CALIFORNIA 911032

DRe LLOYIN H., BACK

ENERGY AND MATERIALS RESEARCH SE(,
JET FROFULSION LAEBORATURY

4800 0AK GROVE DRIVE
FASADENAY CALIFDRNIA G110

MR. JOSEFH &, KR

ATHOL MANUFACTURING (ORFORATION
1330 EBROADWAY

NEW YORKy NEW YORK 10013

DR« A. CARLOS FEZRNANIREZ-FEILN
MECHANICal ENGINEERING DEFARTMEN
UNIVERSITY OF CALIFORNIA. RERKEL Y
BERKELYy» CALIFORNIA 94700

MR. W.G. 0YE

DNIRECTOR OF ENGINEERING
FAIRCHILD BURNS CC.

1455 FAIRCHILD DiIVE
WINSTON SALEMy N.O. 272024

MR, A F, TAYLOK

COLLEGE OF AERONAUTICH

CRANFIELD INZVLTUTE 0F TECHNGL OGY
CRANFTELD, EBEUFOED #KA0AL EsGL ANN

IR. ROBERYT KEITH

LABORATORY INBUSTRIAL S THE
EAGTMAN CHEMIUAL €O,
KINGSFORT Y TENMN, 47840

DR. H.R, DVORAK

WESSON AND N5300TaTESe 1N,
510 SOUTH WFRSTER

FOSTal BODY 1og.

NMOREMAaN- OKLAHNMG 23000

MR KEHTON T, Wanst
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MR. ERICH FELDKIRCHNER
AIRBUS INDUSTRIE
HEADQUARTERS, BRF NO 32
31700 BLAGNAC» FRANCE

MR. GEORGE VERYIOQGLOU

SYSTEMS TECHNOLOGY STAFF
EOEING COMMERCIAL AIRFLANE CO,
FeO. BOX 3707, MS 77-70
SEATTLE,» WA 98124

MS. DIANE EROULAVUSKY
AMERICAN TEXTILE MFGRS.
1101 CONNECTICUT AVE,
EUITE 350
WASHINGTUNy D.C

MR. GREGORY SMITH

BE.F, GODDRICH TECHNICAL
F.0, BOX 122

AVON LAKE, OHID 44012

N.W,

20034

CENTER

MR, MATTHEW FINUCANE

INSTITH

ITF

AVIATION CONSUMER ACTION FROJECT

F.0. BOX 192049
WASHINGTON, DG 26036

IR, JAMES G, OUINTIERE
NATIONAL EUREAU OF STANDARDS
BLDG, 224y RM., B-3%46
WASHINGTON., DC 20234

MF. LEO FISHER
CREST FOAM

100 CARDL FPLACE
MOONACHIE, MJ 27074
MR. STAN MARTIN coc,
840 VIZTA LRIVE
FEDWOOD CITYr JalllF.

& AS

YA0&

MR, FHILIF J. UiNENHN'
FROFESSIOMAL LOSS COHTROL, INC
F.Q, BOX 444

O0ak RIDGE, TN 37330

MR. A, L. BRILGHAN
GENERAL ELECTRIC CO.
FLASTICS TECHNILOGY
1 FLASTICS AVENUE
FITTEFIELD, MA € 20L
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MR. JAMES A. MILKE

DEFARTMENT OF FIRE FROTECTION
ENGINEERING

UNIVERSITY OF MARYLAND

COLLEGE FARKy MIN 20742

MR. WALTER T. CLARK» JR.
CLARK ENGINEERING SERVICE
312 E. MAIN STREETY
LANSCASTERy TEXAS 705146

MR. JOHN P. REESE

AEROSFACE INDUSTRIES ASSOCIATION
OF AMERICA» INC.

1725 DESALES STREETs N.W.

WASHINGTON, D.C 200346

COMMANDING GENERAL
U.S. ARMY TEST & EVALUATION
COMMAND

AttniDRSTE-AD-A (D'y CONLEY)
ARERDEEN FROVING GROUND, MD. 21005
MR. WILLIAM R. KANE

SYSTEM ENGINEERING GROUF
ASTI/ENFEF

WRIGHT-FATTERSON AFER» OHIOD 45433
WM, KIRKHAM, FHDO. M0y AAC-114
DDT/FAA CAMI

AERONAUTICAL CENTER

F.0. BOX 25082

OKLAHOMA CITY, OKLAHOMA 73125

MR. A.J. CHRISTOFHER

ROYAL AIRCRAFT ESTABLISHMENT
MATERALS DEFT.

SO0UTH FARNEBORDUGH

HANTSy ENGLAND

MR+ HENRY .J. ROUX

FRODUCY FIRE FERFORMANCE
ARMETRONG WORLD INDUSTRIES,
lLLANCASTER: FA. 17604

INC,

MANAGER

FLIGHT ATTENDANT
WESTERN AIRLINES
5060 AVION DRIVE

TRALHING &

LOS ANGELES: CALLIF. 90009

MR, JOHN ED RYAN

MATIONAL FOREST FRODUCTS ASSOC.
50 NORTH FRANKLIN TURNFIKE

F.0., BOX 314

HOHOKUS, NEW JERSEY 07403
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MR. EVERETT A. TUSTIN

ROEING COMMERICAL AIRFPLANE COMPANY
F.0. RBOX 3707y M/S &F-24

SEATTLE, WASHINGTUN 98124

C.M. SLIEPCEVICH

FLAME DYNAMICS LARBORATORY
UNIVERSITY OF OKLAHOMA
1215 WESTHEIMER ST,

NORMANy OKLAHOMA 73049
MR. R.G, CLODFELTER
AFWAL/FOSH

WRIGHT-FATTERSON AFER
OHIO 45433

MR. LOUIS FRISCO

WIRE & CARLE DIVISION
RAYCHEM CORF,

300 CONSTITUTION DRIVE
MENLO FARKy CALIF. 94025

DR+ EDWIN SMITH
OHID STATE UNIVERSITY
140 W, 19TH AVE,
COLUMRUS, OHIO

RERNARD GRENDAHL »
AERDSFACE DIVISION
UNIVERSAL OIL FROLUCTS CO.
BEANTAM, CONN. 06750

43214

MGR. TECH. SERV,

MR. WILLIAM SNODDY
AMERICAN AIRLINES

F.0. BOX 51009 MAIL STOF
TULSA, OKLAHOMA 74151

$10

A, TEWARSON

FMKC

1151 BOSTON-FROVIDENCE
NORWOOD, MASS. 02062

T/FKE

MRS, CHARLOTTE GEEHARY
ROHM & HAAS CO,

INDEFENDENCE MALL
FHILADELFHIAY Fa,

WEST
192165

DR. ROSALINUD
ARTHUR D,
ACORN FAFREK
CAMEBRIOGE,

Co ANDERSON
LITTLE . TINT
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MR« FRED JENKNINSy ANM-130(
FEDERAL AVIATION ADMINISTRATLDN
4344 DNONALD DOUGLAS DR TUE

LONG EEACH, CALTFLANIA 90804

MR, MATTHEW M. McCoRHIUK
NATIONAL TRANSFORTATION
BRUREAU OF TECHNOLOGY
WASHINGTON, DO, 20%94

sAYErY ED.

MR. DAN GROSE
E-66 TECHNOLOGY RUILDING
NATIONAL BUREAU OF STAMIARDS

WASHINGTON, D.C. 20224
MR. A. DELMAN

THE WOOL BUREAUs INC.
TECHNICAL SERVICES CENTEW
225 CROSSWAYS FARK DRIV
WOODBURYs LI+ MEW YURN 11797
IR. JAMES M. FETERSON

THE ROEING CO.

MS/73-43

SEATTLE, WASHINGTON 98124
OR. L. BENISEK

INTERNATIONAL WOOL SECRETARIAT
TECHNICAL CENTERy VALLEY DRIVE

ILKLEYy WEST YORKSHIREy LS2% 8Pk
ENGLAND

DR. JOHN 0. FUNDERSON

E.I. DUFONT De NEMOURS

F.0., BOX 1217

FARKERSEURGs W. VA. 26102

IR, FUMIHARU SAITO

BUILDING RESEARCH INSTITUTE
MINISTRY OF CONSTRUCTION
TATEHARA-1 OHO-MACHT
TSUKURBA-GUN

IEARAKI FREFECTURE, JAFAN

MR. FETER METRLEM
CIVIL AIR ATYTALH ' S(3aFE Ty
BRITISH EMEASH Y

3100 MASSACHUSE (7S AVE . MW
WOSHINGYON. D1 SCo0
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DR. CHARLES F. LAZZARA

US BUREAU OF MINES
FGH. RESEARCH CENTER
F.0. ROX 18070

FITTSEBURGs FA. 13236

KIRKE COMSTOCHK
MANAGER OF INTERIOK

ENGINEERING
UNITED AIRLINES MAINT.

bl ot Bad et Mo ) TR WRT T WP TOUTH VWO UNTOWON WS

MR. FASCAL DRANITSARIS

ONTARIO RESEARCH FOUNDATION
SHERIIAN FARK RESEARCH COMMUNLTY
MISSISSAUGAs ONTARIOs CANADA
LS5K1E3

MR ERIC W. SIMMONS
ONTARID RESEARCH FOUNDATI1NDN
SHERIDIAN FARK RESEARCH COMMUNIVY

£

ENGINEERING [EFT., MISSISSAUGAy ONTARIOs LCANADA -:
SAN FRANCISCD INTERNATIONAL AIRFORT LSK1E3 )
SAN FRANCISCOy CALIF, 4128

MR. V.W, BALLENGER .
IR. JOHN LEVERTON DIRECTORy ENGINEERING AND MAINT. N
CIVIL REGULATIONS MANALER AIR TRANSFORT ASSOCIATION ;
CIVIL BRUSINESS GROUF 1709 NEW YORK AVE.,» NU “
WESTLAND HELTICOFTERSy LI, WASHINGTONy Ilsvs 20006 ﬁ
YEOVILy BAZD 2YER
SOMERSET,» ©NGLAND MR. JAMES H. KEELER )

GENERAL ELECTRIC COMFPANY p
0.A., RADICE ONE FLASTICS AVE. i
MANAGERy FLEXIRLE SALES FITTSFIELD» MASSACHUSETTS 01201 )
CFR DIVISION 0OF UPFJOHN O, A
555 ALASKA AVE. MR. WILLIAM K. GBREER
TORRENCE,» CaALIF. POS0E GENERAL ELECTRIC COMFANY :

ONE FILLASTICS AVE. i
OR, DALE G+ ONDERAK FPITTSFIELDs MASSACHUSETTS 01201 -
JOHN SCHNELLER 3 ASSQCIATES i
6019 FOWDERMILL ROAD MR. JIM RROWN )
KENTy OHIO 44240 GENERAL DYMNAMICS ELECTIC BOAT DIV,

STATION Cé2 ~J
MR, MICHE&L TYLER EASTERN FOINT ROALD t‘
AVIATION SAFETY RUREAN GROTONy CONN., 06340 t;
TRANSFORT CeaiNAlA 3
DTTAWAYy ONTARTO., CLANSDA ETANRNE MR+ CHARLES MACALUSS

JsS¢ TESTINNG
MR, MINE BAUCC IO 5555 TELEGRAFH RID. r
eSS, ARMY AVLIATTON RO U 0~eapl L+A+sy CA. 20040
AVUSCOM/TRSAY -1 N
4300 GNOALTELLOYN ELYD, MR+ JOHN R, FOUWERS v
5T, LOUISY HIKSOURT 631000 DELTA AIRLINES. 1INEG ,;

HARTSFIELLDL ATLANTA
MR . CHARLFS W. mMCSUIRT INTERNATIONAL AlLRRURT e
DEFT. OF TRANSEFORTATTON ATLANTAy GEORGIA 20320 .
400 7TH STREPT =,W. K
WASHINGTUN N 0. 20590 MR+ STEVE WAL IR .

REFUBRLIC AIRLINES Y.
ME . MY TH BARREAUSKNAS 7500 AIRLINE D=fVE "
HATIONGL BUREAL QF S TANTAR Y MINNEAFOLISy fISNESUTA 55450 "
ELODG, 274y ROOM A -5 .:
WASUTHGTON Tr.0 . 2074 MR. S.M. HODFEFR .

EASTERN AIRLINES ~:
ME. AT, FEAICK MIAMT INTERNATIONAL ATRD 0\
DOUGLAS AIRLUEAFT COMEAY MIAMT, FL. 332140
ITNTERNAML Ma Lt 0 0nE Ts -0 Ry,
1855 LANEWQOD w1 Y. \
LONG BEACH, 14, 920944 ot
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