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ABSTRACT

This presentation describes Boeing's participation in a NASA-funded
program (FIREMEN) to develop materials for use as lavatory wall panels,
sidewall panels, and ceiling panels possessing flammability, smoke, and
toxicity (FS&T) characteristics superior to current materials of construc-
tion (i.e., epoxy resin, polyvinylfluoride film, and acrylic ink). The
objective of the program was to develop a sandwich panel system (viz.,
impregnating resin, honeycomb core, decorative film, and printing ink) that
possessed both improved FS&T characteristics and acceptable cost, proces-
sing requirements, aesthetic qualities, abrasion resistance, stain resis-
tance, scuff resistance, and washability.

Development of an impregnating resin (viz., modified phenolic) has
been completed, development of a decorative film is in progress, and screen
printing ink development has just begun. The effort began in 1975 and is
scheduled for completion in 1979.

All tests performed under this program were on a laboratory scale.
Consequently, final verification of FS&T improvements will ultimately
require full-scale testing.
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PRESENTATION

Slide 1 - Title

A program to evaluate baseline and candidate materials for
aircraft lavatory applications and funded by NASA-ARC began
in 1975.

Slide 2 - Objectives

Overall objectives of the whole program.

Slide 3 - Materials Development Program

Whole program broken into four phases.

Slide 4 - Baseline Lavatory Burn
i

A burn test was conducted on a 747 lavatory in 1975. The
results have been reported.

Slide 5 - Sandwich Panel Resin System Development

Slide 6 - Objectives

Objectives of the resin system development program.

Slide 7 - Sandwich Panel Development Program

Resin system development program broken down into five
tasks.

Slide 8 - Resin System Program Schedule

Slide 9 - Task 1

Screening of phenolic prepregs resulted in peel strength
failure of all candidates.

Slide 10 - Task 2

Laboratory testing of four restn 'systems.

Slide 11 - Materials Matrix - Task 2

Slide 12 - Assessment of Test Results

Slide 13 - Ranking Procedure

Slide 14 - Ranking Procedure
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Slide 15 - Sandwich Panel Ranking

The ranking shown resulted from both arithmetic and geometric
procedures.

Slide 16 - Fire Containment Considerations

Four foams evaluated to improve burn through characteristics.

Slide 17 - Foam Evaluation

Foam and core with no face sheets were tested. The weight
distribution of each of the tests is shown on the slide.

Slide 18 - Foam Ranking

Equations similar to those on Slide 14 were utilized.

Slide 19 - Tasks 3 and 4

Results showed polycarbonate 0-exan) to be the only promising
film. Unfortunately, embrittlement problems precluded its
incorporation into Task 5.

Slide 20 - Materials Matrix - Task 5

Slide 21 - Limiting Oxygen Index Apparatus

Slide 22 - Propensity to Burn

Slide 23 - NASA Animal Exposure Chamber

Slide 24 - Panel Weight

Slide 25 - OSU Heat Release Apparatus

Slide 26 - Smoke Emission - OSU Chamber - Flaming

Slide 27 - Smoke Emission - OSU Chamber - Flaming

Slide 28 - Total Heat Release - OSU Apparatus - Flaming Vertical

Specimens with no decorative film and thin core were utilized
to minimize their contribution to the heat release values.

Slide 29 - Total Heat Release - OSU Apparatus - Flaming Vertical

Specimens included decorative film and thick core.

Slide 30 - Heat Release Rate - OSU Apparatus - Flaming Vertical

Specimens with no decorative film and thin core were utilized
to minimize their contribution to the heat release values.
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Slide 31 - Heat Release Rate - OSU Apparatus - Flaming Vertical

Specimens included decorative film and thick core.

Slide 32 - Boeing Burn Through Apparatus

Slide 33 - Boeing Burn Through

Slide 34 - Mechanical Strength - 0.25 Inch Core

A value of 10 in-lb/3 in width is acceptable.

Slide 35 - Mechanical Strength
2

A value of 150 Ib/in is acceptable.

Slide 36 - FS&T Imrpovements

Slide 37 - Decorative Film Development

Slide 38 - Objectives

Objectives of the decorative film development program.

Slide 39 - Film Development Program

Program involved three tasks.

Slide 40 - Decorative Film Program Schedule

Slide 41 - Test Plan

Decorative film development test plan.

Slide 42 - Test Plan

Continuation of the decorative film development test plan.

Slide 43 - Task 1-A Films

List of candidate films.

Slide 44 - Task 1-A Films

Continuation of the candidate film list.

Slide 45 - Propensity to Burn

Limiting oxygen index.

Slide 46 - Propensity to Burn

Limiting oxygen index.
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Slide 47 - Smoke Emission - NBS Chamber

Tests on unsupported films.

Slide 48 - Smoke Emission - NBS Chamber

Tests on unsupported films.

Slide 49 - Toxic Gas Emission - NBS Chamber

Slide 50 - Toxic Gas Data - NBS Chamber

Slide 51 - Toxic Gas Data - NBS Chamber

Slide 52 - Tensile Properties - Room Temperature

Test Method ASTM D882.

Slide 53 - Tensile Properties - Room Temperature

Test Method ASTM D882.

Slide 54 - Tensile Properties - Room Temperature

Test Method ASTM D882.

Slide 55 - Tensile Properties - Room Temperature

Test Method ASTM D882.

Slide 56 - Tensile Properties - Room Temperature

Test Method ASTM D882.

Slide 57 - Tensile Properties - Room Temperature

Test Method ASTM D882.
\

Slide 58 - Mechanical Test

Test set up to be used in conjunction with a Thermomechanical
Analyzer for the determination of tensile properties of the
candidate films at elevated temperatures.

Slide 59 - Materials Evaluation - Task 2

New resin system from France under evaluation.

Slide 60 - Problems

There are problems with the resin system from France including
the four listed.

288



Slide 61 - Future Work

Tentative films for Task IB - Testing.

Slide 62 - Future Work

Testing for the tentative films shown on Slide 61.

Slide 63 - Decorative Laminate Configurations

Various material configurations to be investigated.

Slide 64 - FS&T Specimens

Specimen configuration to be used for the four tests indicated.

Slide 65 - Screen Printing Ink Development

Slide 66 - Objectives

Objectives of the screen printing ink development.

Slide 67 - Screen Printing Ink Development Program

Program involved three tasks.

Slide 68 - Screen Printing Ink Program Schedule

Slide 69 - Test Plan

Screen printing ink development test plan.

Slide 70 - Test Plan

Continuation of the screen printing ink development test
plan.

Slide 71 - Material Requirements - Task 1

Screening test requirements.

Slide 72 - Resin Systems

Potential candidate materials for consideration.

Slide 73 - Tasks 2 and 3

Five different panels will be made during ink evaluation
studies. Testing will include those tests shown.
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QIZô Jo
2

 cc
<

 ffl
LUQIOQ

.CMOOC
O

DUPONT
PYRALIN

LUO2>-Of\uuC
Mo

DUPONT
PYRALIN 30

LUQ2>•_
i

O0
.

„.

LLOC
L

C
MDU

X
u. "J
£

§
co 

ZLU

o
 9

o
 <

z
 >

U
J
 

-I
X

 
O

LUZoNARMCO
9251

0OzXNARMCO
8250

0OZLUXO
LLO

LLOO
.

C
M

^3Ct-

cu

LLUO
.

LO*^
 to

uj to
Q

 
<

I
 
°

•
J
 
M

O
 

—

OizÛ
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