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Introduction

The purpose of these studies was to obtain information on the durability
Of low-density core materials and sandwich constructions of the aircraft
type. A need for this information exists because of the probability of
widespread application of sandwick-type construction in high-speed aircraft.
The work was done at the Forest Products Laboratory under the joint direc-
tion of the Army Air Forces, the Bureau of Aeronautics, Navy Department,
and the Civil Aeronautics Authority.

The results of various tests on three core materials; balsa, cellular cellu-
lose acetate, and cellular hard rubber, and the nine combinations Of these
three cores with three face materials; aluminum, glass cloth-resin, and
plywood, are presented in this report. Specimens of the same core and face
materials, but involving different adhesives, are at present undergoing test.
Additional core  materials, of the honeycomb type, are currently being pre-
pared for test. Results of tests now in progress will be reported in future
supplements to this report.

This report is divided into two sections: A - Tests an Core Materials, and
B - Tests on Sandwich Panels. The three core materials were subjected to
the following exposures:

IThis is one of a series of progress reports prepared by the Forest Products
Laboratory relating to the use of wood in aircraft. Results here reported
are preliminary and may be revised as additional data become available.
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1. Water immersion

2.  High humidity

3. High temperature

4. Alternate high-low temperature combined with alternate high-low
humidity

Conditions favoring decay

Flame

Aircraft liquids

~N oo

The nine sandwich combinations were subjected to the following exposures:

1. Water immersion

2.  High humidity

3. High temperature

4. Alternate high-low temperature combined with alternate high-low
humidity

5. Outdoor weathering

SECTION A - TESTS ON CORE MATERIALS

Summary

End-grain balsa wood, cellular hard rubber, and cellular cellulose acetate
specimens were conditioned to equilibrium at a relative humidity of 65 per-
cent and a temperature of 75° F. and then subjected to the following treat-
ments: (1) immersion in running tap water for (a) 24 hours, (b) 40 days,

(c) 40 days and reconditioned at 75° F. and 65 percent relative humidity;

(2) (a) conditioned to equilibrium at a relative humidity of 97 percent and
a temperature of 80° F., (b) treatment 2a followed by reconditioning at 75° F.
and 65 percent relative humidity, (3) (a) heated for 240 hours at a tempera-
ture of 2000 F., (b) treatment 3a followed by reconditioning at 75° F. and
65 percent relative humidity, (4) exposed to (a) one, (b) five, and (c¢) 10
cycles of high-low temperatures, each cycle consisting of 24 hours at a
temperature of 175° F, and 75 percent relative humidity, 24 hours at a tem-
perature of -20° F., 24 hours at 175° F. dry heat, and 24 hours at' -20° F.
At the end of the last cycle the specimens were reconditioned at 75° F. and
65. percent relative humidity.

One group of specimens of each core material was tested after the initial
conditioning to provide a basis of comparison with test values obtained
from the specimens exposed to the different conditions. Ten other groups
of specimens were provided, one for each of the exposures in the preceding
list, and tested after- each particular exposure had been accomplished.

The data obtained from the tests included ultimate strength in compression,
stress at the proportional limit, modulus of elasticity, yield at 0.7 per-
cent strain as obtained from compression, ultimate strength in tension,
modulus of rigidity and specific gravity. Measurements were taken for the
determination of changes in specimen dimensions and weight.
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The results of the tests showed that of the three materials, balsa had the
poorest weight and dimensional stability when immersed in water, heated
for long periods, or subjected to high humidities. It retained its com-
pressive strength at high temperatures but lost considerable strength when
immersed in water or subjected to high humidities. The elastic properties
followed the strength properties, increasing slightly when dry and decreas-

ing when wet. The results thus follpw2 the general strength-moisture rela-
tions as found for native wood speciesé

Of the three materials, the cellular hard rubber when immersed in water
had good dimensional and weight stability and retained its compressive
strength better than the other two materials, but it was permanently weakened.
The balsa and cellular cellulose acetate had better recovery characteristics
than the cellular hard rubber when reconditioned at 75° F, and 65-percent
relative humidity after immersion, The cellular hard rubber had very poor
strength properties when heated to 200° F. for 240 hours, retaining only
one-third of the original values, and it did not recover well when recon-
ditioned. It was likewise most affected by the cyclic exposures, decreasing
in all properties except modulus of rigidity. The loss in strength might
have been due to the high-temperature portion of the cyclic exposure.

In general, the cellular cellulose acetate had the best properties of the
three materials. Although it was inferior to the other materiels in a few
Individual exposures, it had the best weight and dimensional stability under
a majority of them. It was the least affected by the cyclic exposures and
maintained a better portion of its tensile strength under dry heat. While
the material was reduced considerably in strength when immersed in water or
subjected to high humidities, its strength recovery after it was recondi-
tioned was very good.

Rated on a specific gravity basis, the balsa had much higher strength and
elastic properties than either the rubber or acetate: the unsatisfactory
characteristic of balsa was its very great change in weight when equilibrium
moisture conditions were varied. Even with its increase in weight when wet,
however, the balsa had greater strength and stiffness than the other two
materials on a strength-weight ratio.

The cellular cellulose acetate had approximately the same strength-weight
properties as the cellular hard rubber and appeared to be a good material
under severe exposures. The rubber had good properties when wet, but lost
considorable strength when subjected. to the high temperatures that may be
encountered in  aircraft  structures.2

In bottle decay tests, untreated balsa was severely decayed (as measured
by percentage loss in weight) when exposed to Poria microspora (No. 106),
Poria incrassata (No. 563), and Polyporus versicolor (No. 72074.) for periods

2"Moisture Content - Strength Adjustments for Wood." Forest Products Labo-
ratory Report No. 1313, December 1941.

3A Study of Temperatures Attained in a Dummy Aircraft Wing During the Summer
at Madison, Wisconsin." Forest Products Laboratory Report No. 1343 - B,
January 1943,
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of 1, 2, and 3 months, and when exposed in soil. Under the same conditions.
cellulose acetate and cellular hard rubber sustained no weight losses.
Treatment of the balsa with 2.0 percent pentachlorophenol in acetone was re-

quired to prevent decay.

Flame tests made in accordance with Method No. 2021 of L-P-406a"Federal

Specification for Plastics, Organic: General Specifications, Test Methods"
gave an average rate of burning, in inches per minute, of 34 for cellular
hard rubber, 30 for balsa and 10 for -cellular cellulose acetate.

The same three core materials were immersed in the following aircraft liquids:
iso—propyl alcohol, ethylene glycol, 3680 oleo fluid, 3586 oleo fluid, 100
octane gasoline, used crankcase oil, and distilled water. None of the -core
material8 was greatly affected by the 7-day immersion, except balsa, which
materially increased in weight and dimensions when immersed in water, ethy-
lene glycol, 3586 oleo fluid, and alcohol. After reconditioning for 39 days
most test specimens returned essentially to their original weight and dimen-
sions; however, an appreciable weight increase was retained by specimens
immersed in 3580 and 3586 oleo fluids and used crankcase oil, particularly
by the balsa specimens, A slight amount of permanent shrinkage in dimensions
was noted after reconditioning acetate and rubber cores, while balsa, notably
the specimens exposed to ethylene glycol, retained a small amount of perman-
ent swelling.

Description of Materials

Balsa

Balsa passing the following specifications was obtained from a commercial
source: balsa lumber, surfaced two sides, weight 6 to 9 pounds per cubic foot,
kiln-dried, random widths (3 inches minimum), random lengths (6 feet minimum).
Thickness, 1-1/2 inches or 2-1/2 inches with not less than 50 percent of the
material 2-1/2 inches in thickness, with = 1/8 inch allowable tolerance.

Cellular Hard Rubberé

The cellular hard rubber was an expanded, hard, black, synthetic sponge rubber
of the butadiene-acrylonitrile type, hereafter referred to in this report as
cellular hard rubber, or merely as rubber. It was received in the form of
slabs, approximately 1-1/2 by 20 by 36 inches, from a commercial source.

The density, after removing the outer hard skin and adjacent high-density
material, varied between 6.2 and 7.2 pounds per cubic foot. A cross section

view of a slab is shown in figure 1.

‘—1Appendix I, note 1.
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Cellular Cellulose Acetate§

The cellular cellulose acetate was manufactured commercially in a pilot
plant from cellulose ace tat e and approximately 3 percent of chopped-glass
fibers by an extrusion process employing heat and pressure.

The material was received in the form of extruded bars, white in color,
5/8 by 2-5/8 inches in cross section and from 4 to 10 feet in length. The
outer surface of the bar was composed of a dense firm skin, which was sub-
sequently removed. After removal of the outer skin, the density ranged
between 6.0 and 6.8 pounds per cubic foot.

A view of the material is shown In figure 2.

Preparation of Materials

Balsa

Balsa pieces as received were Kiln dried to a moisture content (5 to 7
percent) corresponding approximately to the relative humidity of the atmos-
phere in the work rooms.

The pieces were accurately jointed and planed to rectangular shapes, which
were sawed into end-grain slabs 1/2 inch in thickness, or flat-sawn boards
1/2 inch thick, by ordinary woodworking machinery. Despite the care used

in sawing the balsa slabs, the end-grain surfaces were occasionally slightly
wavy because the higher density summerwood produced ridges and the lower
density springwood formed valleys. A view of the saw set-up for cutting
end-grain slabs is shown in figure 3.

Cellular Hard Rubber

The slabs of cellular hard rubber were jointed to remove the tough outer
skin and adjacent layer of high-density material and subsequently cut on a
band saw and planed to form sheets approximately 1/2 inch thick. In
general, ordinary woodworking machinery and procedures were employed.

Cellular Cellulose Acetate

The bars of cellular cellulose acetate were cut into lengths approximately
48 inches or less for ease in handling. The outer skin of one side and of
both edges of each bar was removed by jointing, after. which the bar was re-
duced to 1/2-inch thickness by the use of a wood-cutting band saw running
at a rate of 4,000 feet per minute and having five teeth per inch. The
surface produced by the band saw compared favorably with surfaces produced
by the jointer. The band saw set-up is shown in figure 4.

§Appendix I, note 2.
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Preparation—of Test Specimens

In general, the specimens for strength tests conformed 6]‘.0 the specifications
given in the Forest Products Laboratory Report No. 1555.=

Compression Flatwise

Compression specimens 2 inches square by 1/2 inch thick were carefully cut
from a number of prepared pieces of each of the three core materials. The
1/2—inch thickness was selected because it was the maximum that could be
Obtained from the cellular cellulose acetate. The 2-inch dimensions repre-
sented an arbitrary and convenient test size. It appeared advisable to have
the specimen size common to all three materials in order that the effects Of
subsequent exposures would be more nearly comparable for each of the materials.

Plate Shear

Plate shear specimens, 16 inches square by 1/2 inch thick, were prepared by
gluing together a sufficient number of smaller pieces, properly oriented, to
obtain the modulus of rigidity associated with shear distortion in the length-

thickness plane of the material when used as the core in a sandwich construc-
tion.

Balsa. specimens were prepared by edge gluing three pieces of flat-sawn boards.

Strips Of cellular hard rubber, 5/8 inch wide by 1 inch thick by 17 inches

long were cut and glued together to form plates 5/8 inch thick by approximately
17 inches square. The length and thickness of the strips were parallel to the
length and thickness dimensions of the slabs as received. The plates were
jointed and planed to a uniform 1/2 inch thickness and trimmed to dimension

in directions parallel and perpendicular to the glue lines.

The procedure used in preparing plate shear specimens from cellular cellulose
acetate was identical to that described for rubber specimens except that the
thickness of the strips was 1/2 inch.

Tension

Tensile specimens were prepared by bonding 1-inch aluminum cubes to the faces
Of 1/2 inch thick strips of end-grain balsa, and plywood blocks to similar
strips Of cellular hard rubber and cellular cellulose acetate. The specimens
were then cut to the desired contour and 1 inch square cross section by normal
woodworking methods. A view of the bonded assemblies and finished specimens

is shown in figure 5.

8 Tentative Methods of Test for Determining Strength Properties of Core Mate-
rials for Sandwich Construction.” February 1946.
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Decay Specimens

Balsa.——All balsa used in the decay tests was selected from material with a
density of 6 to 9 pounds per cubic foot at 75° F. and 65 percent relative
humidity. The test specimens were 2-1/2 by 1 by 1/2 inch with the shortest
dimension, or thickness, parallel with the direction of the grain. In
addition to the untreated or control specimens, flat-sawed, conditioned
specimens approximately 2 by 1 by 3/8 inch in size were also treated with
0.1, 1.0, and 2.0 percent acetone solutions of commercial grade pentachloro-
phenol applied under a vacuum.

Cellular _ cellulose acetate.--Cores 1/2 inch thick, from which the 2-1/2- by
1- by 1/2-inch specimens were cut, were prepared from the original thicker
sections of  cellular cellulose acetate.

Cellular hard rubber.--The skin on the cellular hard rubber was removed,
and 1/2-inch cores were prepared from which the 2-1/2- by 1- by 1/2-inch
specimens were cut.

Fungi.--The fungi used were: Poria microspora (No. 106) and Poria incrassata
(No. 563), both brown-rot fungi; and Polyporus versicolor (No. 72074), a white-
rot fungus. The fungi grew on a. substrate of 25 cc. malt agar (Trommer's
malt extract, 25 grams; bacto-agar, 20 grams; 2nd distilled water, 1000 cc.)
slanted in 6-ounce French-square bottles. The test specimens were held away
from direct contact with the substrate by means of two glass rods about 0.14
inch in diameter. Specimens were also placed in uninoculated moistened soil—
in  soil bins.

The distribution of the test specimens among the various exposure conditions
of this test are given in table 6.

Flame Test Specimens

The specimens for flame tests were 1/2 by 1/2 by 5 inches cut from the respec-
tive core materials after removal of the outer skin.

Aircraft Liguid Exposure  Specimens

Twenty-one pieces, 1/2 by 1 by 3 inches in size, were cut from each core
material. The balsa selected was within the range of 6 to 9 pounds per cubic
foot when in equilibrium with air at 65 percent relative humidity and 80° F.
It was cut with the grain parallel to the 1/2-inch dimension.

The chemical test liquids used were iso-propyl alcohol: ethylene glycol; 3580
oleo fluid, hydraulic (light petroleum base) Specification No. 3580-c; 3585
oleo fluid, hydraulic (castor oil base) Specification No. 3586-c Grade A -

heavy; 100 octane gasoline; wused crankcase oil; and distilled water.

zThe average soil moisture, oven-dry basis, was 21.6 percent; 1/16-inch birch
heartwood veneer buried in it 24 hours attained an average moisture content
of 42.5 percent. The pH of the soil varied from 5.73 to 6.1
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Treatment of Specimens

All  specimens were conditioned to approximate weight equilibrium in a room
maintained at 75° F. and 65 percent relative humidity. The control specimens
were then teated and the remaining specimens subjected to treatments described
in the following discussion.

Water Immersion

The specimens were placed on small wire racks to prevent floating and contact
with each other, and immersed in a tank of running water. The tank was 18
inches wide by 34 inches long by 16 inches, high and provided with an overflow
opening. Continuously running water was supplied by a small hose connection
to the drinking water supply of the Laboratory, Temperature data taken by

a recording thermometer indicated that the water temperature was approximately
60° F. The immersion periods were 1 day and 40 days.

High Humidity

Specimens were placed in a room in which a temperature of 80° F. and a rela-
tive humidity of 97 percent were automatically maintained, The specimens
remained in this atmosphere until weight observations indicated that they
had reached approximate equilibrium.

When weight equilibrium was reached, one-half of the specimens were tested
immediately. The remainder were placed in a room maintained at 75° F, and
65 percent relative humidity until weight equilibrium was attained, after

which they were tested.

High Temperature

Specimens were exposed continuously for 240 hours to dry heat at 200° + 10° F.
in an insulated box equipped with steam pipe radiators and a circulating fan.
At the conclusion of the heating period, one-half of the specimens were

tested immediately at a temperature of 200° F., while the remainder were re-
conditioned to equilibrium with 75° F. and 65 percent relative humidity and

then tested.

Cyclic Exposures to Alternate High and Low
Temperatures Combined with High and Low
Humidities

Specimens were exposed in a manner conforming essentially to Method No. 6011
described in Federal Specificat ion LP-406a, Plastics, Organic; General Speci-
fications, Test Methods, "Accelerated Service Tests (Temperature and Humidity
Extremes)". An exposure cycle was composed of the following treatments:
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(@ 24 hours In a small kiln automatically operated at 175° F. and 75 per-
cent relative  humidity

(b) 24 hours in a mechanically refrigerated room maintained at -20 + 5° F.

(¢) 24 hours in the small kiln, mentioned in (a) at 175° F, without humidity
control

(d) 24 hours as described in (b)

The cycle was continuously repeated, except that every sixth day the 24-hour
period in the refrigerator was increased to 48 hours.

It may be noted that the 24-hour period between treatments (a) and (c) per-
mitted the kiln to dry out

Specimens were exposed for 1, 5, and 10 cycles respectively. At the end of
the respective cycles one-third of the specimens were reconditioned to ap-
proximate weight equilibrium with 75° F. and 65 percent relative humidity
and tested.

Description __of  Test Procedures

In general, the test methods conformed to, or were similar to, those described
in Forest Products Laboratory Report No. 1555 "Tentative Methods of Test for
Determining Strength Properties of Core Material for Sandwich Construction,"”
February 1946.

Compression Flatwise

Compression tests were conducted by applying loads in the direction parallel
to the thickness of the specimen by means of a universal testing machine
equipped with a hydraulic capsule and load indicator. When end-grain balsa
specimens were tested, the capsule and load indicator were omitted became
the capacity of these instruments was exceeded and the applied loads were
high enough to be easily and accurately read on the weighing scale of the
testing machine. In general, the rate of head motion under no load was
0.0038 inch per minute.

Deformations to 0.00001 inch were observed by means of a 1/4-inch gage length
compressometer attached to two opposite faces of the specimen and to 0.0001
inch by two dial indicators, which measured the total deformation of the
specimen. Load deformation data were observed to maximum load. A typical
test arrangement and the device for alining the small brads used in attaching
the gages are shown in figure 6.
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Plate  Shear

Plate shear tests for the determination of the modulus of rigidity conformed
to the testing procedure described in Forest Products Laboratory Report

No. 1555. This testing procedure is also described in and is a part of
American  Society of Testing Materials Specification D805-45T, "Tentative
Methods of Testing Plywood, Veneer, and Other Wood and Wood-Base Materials."
A view of the test arrangement is shown in figure '7.

Tension Flatwise

Tension flatwise tests were conducted in the manner described in Forest
Products Laboratory Report No. 1555, except that the rate of head travel of
the testing machine was 0.05 inch per minute.

General

All  tests, except those which required a temperature of 200° F., were con-
ducted in a room in which the temperature and humidity were controlled at
75° F. and 65 percent, respectively. Dimensions and widths of all specimens
were taken immediately before test. Normal testing techniques or practices
were  supplemented with the following variations:

Specimens that were immersed for 1 and 40 days were blotted to remove the
surface or free water, weighed, measured, and tested wet immediately,

The specimens exposed to high humidity (97 percent) and not reconditioned
were kept in a closed container (a few at a time) to prevent a change in
their moisture level during the interval of time required for weighing,

measuring, and awaiting test

A large and a small insulated plywood box, each housing the specimen and
necessary apparatus, were used to conduct tests at 200° F. The large box
permitted plate shear and tension tests and the small box, compression tests.
Each box was equipped with a doubled glazed door and windows (to permit
observations), hand holes for apparatus adjustments, a thermometer, several
heating coils, a thermostat, and a fan or means of circulating the air.
Views of the boxes are shown in figures 8, 9, and 10.

Decay

(1) All test specimens were conditioned at 80° F. and 65 percent relative
humidity for about 3 weeks until approximate equilibrium weights were reached,
and the weights recorded.

(2) The balsa specimens designated for preservative treatment were removed

and treated. They were then reconditioned as before for about 5 weeks and
weighed, as were the untreated specimens.

Report No. 1573 -10-



(3) The test specimens (except acetate and rubber, which received no treat-
ment) were surface disinfected by autoclaving for 30 minutes at atmospheric

pressure.

(4) The test specimens were placed in test bottles or soil, as recorded in
table 6, and incubated at room temperature (about 82° F.).

(5) The specimens were removed from the test conditions at the end of 1, 2,
and 3 months, They were cleaned of mycelium or soil and weighed.

(6) The test specimens were returned to conditions of 80° F. and 65 percent
relative humidity for a minimum period of about 6 months, until they were in
approximate  equilibrium, and weighed.

(7) The percentage change in weight, based on the approximate equilibrium
weights at 80° F. and 65 percent relative humidity before and after exposure,

were computed as follows:

Weight at step 2 - weight at step 6 x 100
Weight at step 2

Flame

Flame tests were in accordance with Method No. 2021 of L-P-406a, "Federal
Specifications, Test Methods."

Aircraft Liquids

The core specimens were first conditioned for 7 days in a room maintained

at 75° F. and 50 percent relative humidity, They were then weighed to the
nearest milligram on an analytical balance kept in the same room under the
same conditions, and their length, width, and thickness dimensions were
measured with a micrometer caliper to the nearest 0.001 inch. Two measure-
ments were made of both width and thickness, one on each end of the specimen,
and the average was recorded. Of the 21 specimens of each core material,
three were selected at random for immersion in each of the seven liquids.

The specimens were placed in quart cans in layers, three layers per can,
each layer composed of three specimens of a single core material laid edge-
wise upon wire screen of 1/4-inch mesh. The cans were filled with enough
liguid to cover all specimens completely. A maple block 1 inch thick was
placed upon the top layer in each can to insure that the specimens would
remain submerged, and the can was closed with a lid.

The core materials were allowed to soak for 7 days in a room maintained at

approximately 75° F. Each day the liquids were agitated by shaking each can
gently, At the end of the 7-day soaking period, the specimens were removed
from the containers, one specimen at a time, wiped with a dry cloth, weighed
in a closed weighing bottle, and measured as before in each dimension to the

nearest 0.001 inch.

Report No. 1573 -11-



Because of the possibility that soluble constituents might be removed from
the core materials by the liquid, all specimens were dried for 7 days in

the conditioning  atmosphere (75° F. and 50 percent relative humidity), and
then reweighed. As a final check, all specimens were conditioned for 32
days more and then weighed and measured again.

Results and Discussion

Physical Appearance of Specimens During
Various Treatments

The physical appearance of the specimens during immersion in water conformed
generally to expectations, except for one unusual phenomenon. At about the
midpoint of the immersion period, a nearly colorless, slimy or gelatinous
film, which could not be positively identified, appeared on the specimens.
The cause or source of the film was not known, although it was thought that
the extractives in the wooden strips around the wire trays might be contrib-
uting to a chemical reaction involving the zinc coating on the wire.

Very little distortion in the shape of the specimens appeared during the re-
conditioning period following Immersion.

During the 40 days of immersion, the cellular rubber and acetate reached
approximate weight equilibrium, while the end-grain balsa attained about 80
percent of its estimated weight equilibrium.

Specimens exposed to 80° F. and 97 percent relative humidity displayed no
unusual behavior. Although extensive weight observations were not made

during the exposure period, the data taken indicate that approximately 70
to 80 days were required for the specimens to reach approximate weight

equilibrium.

Cellular hard rubber plate-shear specimens showed some distort ion when ex-
posed for 240 hours to dry heat at 200° F. Some embrittlement of the sur-
face texture was also noted. Balsa and cellular cellulose acetate exhibited

no apparent change,

Cyclic exposurea to high and Ilow temperatures and humidities affected. the
cellular hard rubber plate shear specimens much the same as did the exposure
to dry heat at 200° F. Several additional specimens from which the outer
dense layer was not completely removed had considerably more surface distor-
tion, Small surface irregularities were observed in the balsa and cellular

cellulose acetate.

Water Immersion

Table 1 is a compilation of the results of the tests on balsa, cellular hard
rubber, and cellular cellulose acetate after immersion in water at 60° F. for
(@ 24 hours and (b) 40 days, and (c) reconditioning after (b) to  equilibrium
with 75° F. and 65 percent relative humidity,
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(@) Specimens immersed for 24 hours.—Ofthe three materials, the balsa
specimens had the least dimensional stability and after 24 hours immersion
had increased approximately 1-1/2 times their original weights. The acetate
specimens increased approximately 45 percent and the rubber specimens approx-
imately 30 percent of their original weights. The bond between the tension
blocks and the balsa was not sufficient to withstand the high tensile

stresses developed, and failure took place largely in the bond. The strength
of bond developed in the rubber and acetate specimens was sufficient to cause
these materials to fail in tension. The results of the tension tests showed
that the immersion lowered the tensile strength of the acetate and rubber
approximately 50 percent. The balsa tensile specimens maintained their
strengths after immersion. The modulus of rigidity of the rubber specimens
did not appear to be materially affected by immersion, but the values for
balsa and acetate were reduced by about 25 percent.

The data obtained from the flatwise compression tests showed that the balsa
had a greater ultimate strength and modulus of elasticity after treatment
than the other materials, The rubber which lost approximately 25 percent of
its original strength, showed less change after immersion than either the
balsa or acetate, which lost approximately 50 percent. The vyields at 0.7
percent strain for the three materials were reduced in general, approximately
the same amounts as their respective ultimate strengths. in modulus of
elasticity, the rubber lost about 18 percent compared with the control value;

the balsa and acetate, about 35 percent.

(b) Specimens immersed for 40 days.--The balsa wood specimens continued to
gain in weight and increase in dimensions during the 40-day immersion period.
The acetate and rubber changed to a lesser degree after the first 24 hours.
The strength values for the three materials were not appreciably changed by
the increase in immersion time. The modulus of elasticity of the materials
appeared to change to a lesser degree than after immersion for 24 hours, the
rubber showing no decrease and the balsa and acetate losing approximately

20 percent of their original values.

(c) Specimens immersed for 40 days and reconditioned. --The specimens of balsa
that were subjected to 40 days immersion in water and then reconditioned to
equilibrium with 75° F. and 65 percent relative humidity  before testing,
showed an overall return to approximately 85 percent of the values obtained
from the control specimens. The rubber specimens returned to approximately
90 percent of the control values. After reconditioning, balsa did not return
completely to original dimensions, but for both the rubber and acetate the
final dimensions were less than the originals, It also appeared that the
acetate retained its compressive and tensile strengths after immersion and.
reconditioning better than the rubber and the balsa, since the specimens
were able to withstand 99 and 91 percent of the control. stress against 82
and 88 percent for balsa and 72 and 79 percent for rubber, respectively.

Exposure to High Humidity

Table 2 is a compilation of the results of tests on the same materials when
conditioned to equilibrium with 80° F. and 97 percent relative humidity, and
also after reconditioning at 75° F. and 65 percent relative humidity.
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Again the balsa specimens increased considerably more in weight and in
dimensions than the other two materials. The rubber retained a better pro-
portion of its compressive strength and shear modulus. All three materials
lost about one-third of their tensile strength after exposure. Except in
tensile  strength, the test values obtained after reconditioning were approxi-
mately equal to the control values.

Exposure to High Temperature

Table 3 is a compilation of the results of teste on the specimens that we—
heated to 200° F., dry heat, for 240 hours and also when reconditioned at

75° F. and 65 percent relative humidity. Except in thickness, the balsa
showed the greatest decrease in weight and dimensions and the rubber the

least when weighed and measured at 200° F. Although the tensile strength Of
the rubber was reduced approximately 65 percent, it was reduced only about

35 and 15 percent for balsa and acetate, respectively. After reconditioning,
the tensile strengths of the rubber and acetate showed permanent weakening
due to the heat, testing approximately 60 percent and 75 percent, respectively,
of their control strengths, This was not due to a weakness in the glue bonds.
In compression, the rubber lost approximately 65 percent of ita original
strength but, after reconditioning, the ultimate compressive strength was
about 85 percent of the control value. The compressive strength values ob-
tained from the balsa specimens tested after reconditioning were also about
85 percent Of the control values. The shear modulus of the materials was

not permanently changed by the high temperature exposure.

Exposure to Cycles of High and Low
Temperatures Combined with High
and, Low Humidities

Table 4 gives the results of the tests on specimens subjected to 1, 5, and
10 cycles of high and low temperatures combined with high and low humidities.
One cycle consisted of 24 hours at 175° F. and 75 percent relative humidity,
24 hours at —-20°F., 24 hours at 175° F. dry heat, and 24 hours at -—-20°F.
All  specimens were conditioned to equilibrium at 75° F. and 65 percent rela-

tive humidity after cyclic exposure prior to testing. In general, the

three materials stood up well under the heating and freezing cycle. The
rubber specimens were the most affected, losing up to 20 percent in compres-
sive and 25 percent in tensile strength after exposure. The acetate speci-
mens were the least affected, for they retained their compressive strength
for all cycles and lost approximately 20 percent io tensile  strength. The
balsa specimens dropped approximately 10 percent in compressive strength
and 17 percent in tensile strength after 10 cycles of exposure. All three
materials maintained their modulus of rigidity throughout the  exposures,

Table 5 is a condensation of tables 1 through 4 |listing the results as
ratios for all tests of the final strength or property after exposure to
the control value from tests of specimens conditioned to equilibrium with
75° F, and 65 percent relative humidity.
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Decay Resistance

Results for the balsa specimens (excluding those treated with 2 percent
preservative) are reported individually in table 7 in order that the density,
preservative retention, and amount of decay of these specimens may be com-
pared. A summary for these specimens, as well as the remaining ones in test,

is given in table 6.

Growth of all the fungi over the balsa control specimens in bottles was
good and a considerable amount of weight loss was sustained; there was also
a considerable amount of weight loss for the specimens buried in soil, In
general, the weight losses were greater as the Ilength of exposure increased.
Specimens attacked by Poria incrassata were brown, shrunken, and curved.
The cross-sect ion surface resisted somewhat indentation by the thumb nail.
Specimens  attacked by Polyporus versicolor were vyellowed, only slightly
shrunken or distorted, and very light in weight, The cross section offered
but slight resistance to pressure of the thumb nail.

The response of the fungi to the balsa specimens containing preservative
was varied. Poria microspora was very susceptible to the preservative dur-
ing the first 2 months of exposure. The effect of the preservative in con-
centrations at and below 1.0 percent, however, seemed to diminish with time
in the case of all the fungi.

The 2.0 percent concentration of the preservative was  sufficient to suppress
all the fungi in the test bottles. At the end of the test re-isolations
were attempted from 18 bottles, and in two-thirds of the cases the results
were negative. If this type of test is considered acceptable, a concentra-
tion Of 2.0 percent pentachlorophenol is shown to be adequate to protect the
balsa specimens against the fungi tried, It should also be noted, in sup-
port of this type of test, that the specimens treated with 2.0 percent
pentachlorophenol exposed to soil sustained no  losses.

Neither cellular cellulose acetate nor cellular hard rubber sustained any
significant weight losses. The growth of the fungi over these specimens

varied, although most of the cultures appeared normal. The rubber speci-
mens were well covered by Poria microspora and the acetate specimens by
Poria incrassata, Polyporus versicolor did not achieve good growth in

either case. The acetate specimens were somewhat stained by contact with
the fungi, while no change was apparent in the rubber. Slight contamination
by Penicillium and Aspergillus spp. was observed in many of these tests.

It was planned to make a more careful analysis of the weight changes of the
specimens based on the behavior of the reference specimens. However, when
the density of the various balsa specimens, as well as the retention of the
preservative, was found to vary so widely this was abandoned. Therefore,

the change in weight of each specimen was based on a conditioned weight
after the  preservative had been added and again after exposure to test, The
weight of preservative was thus included in all computations, and the re-
sults were subject to any changes in weight of the preservative, While
these values were small as far as any consequential decay loss was concerned,

they undoubtedly accounted for wvariations that did occur. The results
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indicated that the effect of the preservative diminished with time of ex-
posure: presumably some of the preservative was volatilized during this
time. An idea of the behavior of the reference samples may be obtained
from table 7, where changes in weight after exposure to sterile agar (sim-
ulating exposure to test) and to 65 percent relative humidity are shown.

A technique that might be employed to advantage in future tests would be

to expose all specimens to a high humidity under sterile conditions for a
time Dbefore they are conditioned for the test at a lower humidity. This
would allow the application of a desorbing gradient in obtaining equilibrium
weights before the test, as well as afterward,

In computing the density of the specimens, the weight of each at 65 percent
relative humidity and 80° F. before preservative was added was used. The
volume used was the average of 35 reference specimens held under the same

conditions.

There seemed to be no relationship between the density of the specimens, re-
tention of preservative, and the weight loss, At retentions of 0.0950 pound
per cubic foot or more, however, there were only two or three cases of con-
sequential weight loss. It was observed that most control specimens were

more or less uniformly decayed, while in many of the treated specimens the

decay was likely to occur in pockets or at one end. This seemed to indicate
failure of this method of treatment to disperse the preservative completely.

Flame Tests

Flame tests were made on end-grain balsa, cellular hard rubber, and cellular
cellulose acetate core materials, A summary of the results is given in
table 8.

Aircraft Liquids

Table 9 shows the average changes in weight of the specimens of balsa, rub-
ber, and cellular cellulose acetate after ? days of immersion in aircraft
liquids, after immersion followed by 7 days of conditioning, and after im—
mersion followed by 39 days of conditioning. Also shown in the table are
the average changes in thickness, width, and length after 7 days of immer-
sion and after immersion plus 39 days of conditioning. The changes are
expressed as percentages based upon the weight and dimension of the speci-
mens  after the initial conditioning.

The percentage increase in weight of balsa, after 7 days of immersion in
the liquids, was higher than that for the other core materials. Water was

absorbed by balsa to a greater extent than were the other liquids. The core
materials appeared to have lost no solid matter while in the solutions, ex-

cept perhaps the rubber in the alcohol and gasoline,

The rubber showed only slight dimensional change in any of the seven liquids
tested.
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The balsa specimens showed but slight dimensional change in the petroleum
oleo  fluid, gasoline, or crankcase oil. They did show appreciable changes,
however, in width and length in the alcohol, glycol, castor oil oleo fluid,
and water, and in these cases the percentage change in width was greater
than the percentage change in length, The greatest expansion was in water
and amounted to about 4.0 percent in width. The Ilongitudinal change of
balsa (thickness of specimen) was usually slight.

The cellular cellulose acetate showed only slight dimensional change in the
petroleum oleo fluid, gasoline, and crankcase oil. There was appreciable
change in the alcohol, castor oil oleo fluid, glycol, and water.

The ogeneral appearance of the core materials used in this test did not seem
to have been altered by the 7-day immersion in any way, except in color.

The balsa and cellular cellulose acetate were colored by crankcase oil and
the oleo fluids. Rubber was not perceptibly colored, Other physical charac-
teristics of the materials appeared to remain unchanged.

SECTION B - TESTS ON SANDWICH PANELS

Summary

Nine sandwich constructions (made by combining three face materials: aluminum,
glass cloth-resin, and plywood, with the three core materials described in
Section A; balsa, cellular hard rubber, and cellular cellulose acetate) were
conditioned to equilibrium at a relative humidity of 65 percent and a tem-
perature of 75° F. and then subjected to the following exposures: water im—
mersion, high humidity, high temperature, alternate high-low temperature and
humidity, and weathering to determine, by tension tests, weight and dimen-
sional measurements, and observation, the relative durability of each con-
struction. The details of these exposure conditions were the same as those
described in Section A.

All test panels were nominally 1/2 by 6 by 6 inches, and four panels were
prepared for each exposure condition, two with unprotected edges and two
with well-painted edges. Eight tension specimens, of the type described in
Section A, were prepared for each exposure, except weathering.

The test results, in general, presented considerable variation. It is dif-
ficult therefore to present clearly and concisely the effect of the different
exposure conditions on the nine sandwich combinations. Certain fairly well

established effects, however, can be summarized.

In water immersion, the weight gain of each sandwich construction was con-
trolled partly by the characteristics of the core and face material and
partly by the quality of the edge seal. Unsealed balsa-glass cloth panels
gained about 92 percent, whereas, edge-coated rubber-aluminum panels gained
about 2.5 percent, The glass cloth faces were poorer vapor barriers than
the 1/16-inch birch plywood faces but absorbed less moisture.
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Tensile strengths were generally lower in the soaked conditions than at
room conditions but regained most of this loss upon reconditioning.

Transverse dimensional. changes wunder all exposures reflected the properties
Of the faces only and those for plywood were wusually two to three times those
for either glass cloth or aluminum. Changes in thickness followed the same
trends exhibited by the respective core materials in the tests described in
Section A.

The effects of exposure to high humidity resembled, on a reduced scale,
those of immersion in water,

All  sandwich combinations lost weight in the exposure to high temperature.
The unprotected acetate—plywood specimens lost the most (about 9 percent);
the rubber-glass cloth, the least (about 1.5 percent). A retained loss in
weight in some combinations (glued with resorcinol glue) wupon being recon-
ditioned was attributed to a loss of retained solvent in the glue lines.

Dimensionally the acetate—-glass cloth panels were the most stable in this

exposure.

Ten cycles of high and low temperatures and humidities had relatively little
effect on the weight, dimensions, or tensile strengths of the nine sandwich
combinations.

An exposure of 1 year to the weather with inspection after 4, 8, and 12
months' exposure  produced little  detertoration on  edge-protected sandwich
panels other than fading of the glass cloth faces, checking of the unpro-
tected plywood, and slight corrosion of the aluminum. Panels with unpro-
tected edges exhibited some delamination between the faces and the cores.
Unprotected cellular cellulose acetate edges shrank considerably and were
in poorer condition than either the balsa or cellular hard rubber.

Description of Materials

The three core materials, balsa, cellular hard rubber, and cellular cellu-
lose acetate previously described in Section A of this report, were each
faced with three face materials to produce nine different constructions of
sandwich panels for test specimens. Descriptions of the three face materi-
als follow:

Plywood

Plywood faces conforming to Army-Navy Aeronautic Specification AN-NN-P-511b
were 0.070 inch, three-ply, birch plywood glued with a phenolic-type sheet
glue.
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Aluminum

All aluminum faces were 24 ST Alclad 0.020 inch thick conforming to Army-—
Navy Aeronautic Specification AN-A-13. The material was inspected to
eliminate all dented, wrinkled, and contaminated sheets that might produce
weak or questionable panels.

Glass Cloth§ Resing

Heat-treated glass cloth 0.003 inch thick with a basket weave was impreg-

nated with one of the exceptionally viscous, contact pressure, laminating
resins to a resin content of approximately 43 percent, based on total
treated weight, to form glass cloth-resin face material, hereafter referred

to as glass cloth faces.

Preparation of Panels

Plywood-balsa.--Panels with end-grain balsa cores and plywood faces were
glued with an intermediate-temperature-setting melamine resin glue.l—0 The

glue was spread on the plywood by brush. Twenty-four grams of wet glue
were spread per square foot. After an open assembly period of 1 to 7 days
the panels were assembled and bag molded on a flat plate glass or aluminum
mold.  The curing cycle was 15 minutes at a pressure of 50 pounds per square
inch and a temperature of 300° F.

Aluminum-balsa.--The Air Forces requested that a specific two-step bonding

processu be wused on all aluminum combinations. The primed and cured alu-
minum faces, therefore, were bonded to the balsa cores with a room-

temperature-setting resorcinol resin glue.l—2

Glass cloth-balsa.--Panels with glass cloth faces and balsa cores were as-
sembled and cured in one operation with no additional adhesive between the
faces and the core. This procedure was commonly known as “wet laminating.”

The normal procedure was to cover the flat caul with a parting film of
cellophane. The impregnated glass cloth for one face (8 sheets) was then
laid, one sheet at a time, cross laminated, on the cellophane-covered caul.
This procedure was repeated for the other face on the matching caul or a
piece of cellophane taped to a flat surface. The balsa core was then laid
on one of the cauls and covered with the lay-up for the opposite face.
This procedure, rather than laying the glass cloth directly on the core,
was found necessary to avoid Dblisters and  wrinkles.

8Appendix 1, note 3.
9Appendix 1, note 4.
1—OAppendix I, note 5.
Llappendix 1, note 6.
QAppendix I, note 7.
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Due to the slight waviness of the balsa-core surfaces, fluid pressure or
its equivalent was necessary to assure intimate contact between the glass
cloth and the core.

The panels were cured at a temperature of 220° F. and a pressure of 13 pounds
per square inch for 1-1/2 hours and were then removed from the press while

hot.

Plywood-cellulose acetate.—--These panels were made by brushing a room-

temperature-setting resorcinol glue (35 grams per square foot) on the plywood
faces Only, and pressing the panels in a vacuum bag at room temperature for

a minimum period of 4 hours.

Aluminum-cellulose acetate.--The normal technique for producing these panels
was the same as that used on the aluminum-balsa durability panels.

Glass  cloth-cellulose acetate.--This combination was  fabricated by the same
technique as that wused on the glass cloth-balsa combination.

Plywood-cellular __rubber.--This combination was made by the same process that
was wused on the plywood-cellulose acetate combination.

Aluminum-cellular _rubber.--The same process was used on this combination as
on aluminum-cellulose acetate.

Glass _ cloth-cellular _ rubber.-—Cellular rubber inhibits the cure of the contact-
pressure laminating resin when the two are in intimate contact during the
curing cycle. Therefore, the normal  wet-laminating process, as used on balsa
and cellulose acetate cores, could not be used. If, however, a suspension
(about 15 percent concentration) of the catalyst (benzoyl peroxide) in water
was sprayed or brushed on the cellular rubber and allowed to dry, the normal
laminating process could be used with fair results.

Preparation of Test Specimens

Two types of specimens were prepared for this part of the study: a square

panel nominally 1/2 by 6 by 6 inches in dimensions used to determine weight
and dimensional changes, and a tension specimen similar to that described

in Section A of this report.

Four Of the square panels were prepared for each exposure, two with unpro-
tected edges, and two with well-painted edges. The edge coating consisted
of one coat of lead primer (1,000 parts white lead paste, 97 parts raw oil,
and 9.4 parts drier), which was allowed to dry for 24 hours at room temper-
ature, followed by two separate coats of aluminized varnish (1-1/2 pounds
of aluminum paste, fine aircraft-use grade, to 1 gallon of phenolic resin

varnish conforming to specificat ion AN-TT-V-116) with an 8-hour drying
interval between coat a.

Eight tension specimens were prepared far each exposure condition, except
the weathering exposure.
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Treatment of Specimens

All  specimens were first conditioned to approximate weight equilibrium at
75° F. and 65 percent relative humidity and then divided into groups and
exposed to water immersion, high humidity, high temperature, and alternate
high-low temperature combined with alternate high-low humidity under the
conditions described in Section A for tests on core materials. An additional
group of 1/2- by 6- by 6-inch specimens was prepared and exposed to the
weather for 1 vyear as described later.

The specimens were inspected for glue joint integrity, stability, complete-
ness of end coating, and general appearance. They were then brought to
approximate equilibrium with 75° F. and 65 percent relative humidity and
carefully weighed and measured prior to exposure. The specimens were placed
on racks after they had been fastened at three points with a brass spring
beneath each point and a screw hook above as shown in figure 11. This ar-
rangement allowed for free movement and easy removal of the panels.

On April 6, 1945, the exposure was started by facing the panels south at
an angle of 45° to the horizon, The specimens were inspected, weighed, and
measured at the end of three 4-month intervals.

Discussion

Water _immersion _tests.-—The effects of water immersion on the weight, dimen-
sions, and tensile strength of the nine sandwich constructions are summarized
in table 10. Most panels with painted edges gained less weight than those
with unpainted edges. The average gain in weight for each construction was
largely controlled by the face and core material but was also apparently
affected by the effectiveness of the seal provided by the edge coating.

The unsealed balsa-glass cloth panels gained the most weight in immersion

to approximate equilibrium (92.42 percent) and the edge-sealed rubber-
aluminum panels, the least (2.44 percent).

The respective weight gains of panels with various cores fell in the same
order as that for the core alone as shown in Section A, the order was rubber
least, acetate intermediate, and balsa highest. The order of weight gain,
according to face material, was not consistent and apparently depended
largely on the absorbing properties of the core. Glass cloth faces appeared
to be a poorer moisture barrier than 1/16-inch birch plywood as shown by
weight gains of the panels having balsa cores. The plywood faces, however,
absorbed more water than the glass cloth faces as shown by results On

rubber cores.

Transverse dimensional changes as reported in table 10 reflect only the

dimensional stability of the face material, as the measurements were made
on the faces, For all three face materials the changes were small but net

changes in the plywood were consistently greater than the changes for either
glass cloth or aluminum faces,
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The changes in thickness were greater than the changes in transverse dimen-
sions and were effected by the face materials, The increase in thickness
of panels with plywood faces amounted to 1 to 2 percent when thoroughly
water soaked. Panels with aluminum or glass-cloth faces changed very little
in thickness when soaked and dried. Some of them, notably the rubber-
aluminum combination, actually shrank slightly (about 0.6 percent) when
soaked.

Upon reconditioning most of the combinations returned very nearly to their

original dimensions, except those with acetate cores. All of these shrank
slightly in thickness; the retained shrinkage varied from 0.46 to 1.89 per-
cent of the original thickness,

The tension values obtained before and after immersion to weight equilibrium
and after reconditioning were somewhat erratic but revealed in general a
reduced tensile strength when thoroughly soaked. The acetate-aluminum
specimens were markedly weakened. The combinations of rubber-aluminum and
rubber-plywood had higher tensile strengths when soaked than the matched
specimens  before  soaking.

Some reconditioned specimens tested higher in tensile strength and some
lower than the corresponding control specimens. Those combinations testing
higher after exposure and reconditioning than the controls were the balsa-
aluminum, rubber-plywood, rubber-glass cloth, acetate-plywood and  acetate
aluminum.

High-humidity tests.--The data from the high-humidity tests are summarized
in table 11. The effect of high humidity on the weight, dimensional sta-
bility, and tensile strength of sandwich panels displayed the same general
trend as that obtained from water immersion tests. The magnitude of the
weight and dimensional changes produced by the high-humidity exposure,
however, was considerably less than that produced by water immersion. The
decrease in tensile strength in high humidity vas generally less than the
decrease upon immersion in water, except for the acetate-aluminum and acetate-
glass cloth specimens, which were reduced in tensile strength, about 75 per-
cent by the exposure to high relative humidity. The tensile strength of the
reconditioned tensile specimens was less than the controls in all cases,
the reduction varying from about 5 percent for acetate-plywood to 40 percent
for  rubber-aluminum  specimens.

High temperature tests.—-Table 12 summarizes the effects of exposure for
240 hours to 200° F. on the weight, dimensions, and tensile strength of
these sandwich constructions. All combinations lost weight during the ex-
posure; the relation between face materials was consistent for all three
cores. Plywood showed the greatest loss; aluminum, intermediate; and glass
cloth, least. The greatest weight loss was recorded for the acetate-plywood
specimens with upainted edges (8.96 percent) and the least for rubber-glass
cloth specimens with unpainted edges (1.44 percent).

An examination of the weights after reconditioning indicated. permanent loss
in weight for certain combinations, notably the aluminum-faced panels. A
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room-temperature-setting resorcinol glue (which was liquid at the time of
pressing) was wused in the fabrication of these panels. The original con-
ditioning period may have been insufficient to evaporate completely the
entrapped liquid. (partly alcohol and partly water). This liquid, therefore,
may nave been vaporized and lost during the exposure to 200° F., and the
loss would then appear as a permanent reduction in  weight.

Changes in length and width were again small but consistent in magnitude
and direction. Thickness  measurements, however, revealed considerable
change following the 200° F. exposure and also after reconditioning. Panels
with balsa cores shrank slightly in thickness during the exposure but re-
turned approximately to their original dimensions after reconditioning.
When exposed to high temperature most panels with rubber cores increased in
thickness and the increase was retained after reconditioning, with the
rubber-aluminum combination swelling the most (about 6 percent), The panels
with acetate cores, all shrank in thickness when exposed, those with plywood
and aluminum faces shrinking the most (about 2-1/2 percent). About half of
this shrinkage was retained after reconditioning. The  acetate-glass cloth
panels were the most stable, shrinking less than 1 percent during exposure
and returning upon reconditioning approximately to their original dimensions.

Tensile  strengths again revealed considerable variation, with both increases
and decreases resulting from the exposure to high temperature. In general,
the rubber specimens were weakened considerably by the exposure, the acetate
specimens were weakend slightly, and the balsa specimens revealed tensile
strength values both Ilower and higher than the controls, possibly depending
more on the type of balsa rather than on the effect of the exposure.

High- and low-temperature tests.—-Table 13 summarizes the effect on sandwich
specimens of exposure to alternate high and low temperatures for 1, 5, and
10 cycles of exposure, following the same procedures as in Section A.

In  general, the specimens progressively lost weight when weighed after ex-
posure to 1, 5, and 10 cycles. Weight losses, however, were confined to

a narrow range, with a maximum recorded loss of 2.90 percent for the rubber-
aluminum specimens with painted edges. The  acetate-glass cloth  specimens
changed the least in weight after 10 cycles of exposure.

Dimensional changes were confined to a range of less than + 3 percent except
those for the thickness of the rubber-aluminum and rubber-glass cloth panels,
which increased 1 to 9 percent after Exposure to 10 cycles. The specimens
with acetate cores rather consistently shrank, while those with balsa cores
remained practically constant in  thickness.

The tensile strength values revealed no consistent trend toward a decrease
or increase in strength as a result of this cyclic exposure except for the
balsa-plywood specimens in which a consistent decrease to a final Value Of
about 55 percent of the control value was evidenced. It is doubtful, how-
ever, whether this decrease was significant because the tensile strength
of the balsa (density range 6 to 9 pounds per cubic foot) varied greatly.
All  aluminum-faced specimens developed tensile strengths after 10 cycles
that were greater than the controls, but in most cases the values obtained
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after 1 and 5 cycles were slightly lower than the controls. It seemed
probable that this apparent increase resulted from an insufficient number
of specimens rather than from possible beneficial effects of exposure. It
seemed unlikely, however, that the exposure had a weakening effect. All
other combinations, involving plywood or glass cloth faces, produced ten-
sile strength values after 1, 5 and 10 cycles lower than the control values

Weathering  Tests

The changes in weight and dimension were converted to percentages and are
presented in table 14. In general the panels sustained a weight and dimen-
sional loss at 4 months (August), a slight gain at 8 months (December) and

a loss at 12 months (April); these changes were apparently related to the
seasonal moisture changes. On a percentage basis, the specimens with m-
Painted edges lost or gained more in weight and dimensions than the specimens
with painted edges.

The final inspection of these panels for glue joint integrity, completeness
of end coating, and general appearance is summarized in table 15. The balsa
core combinations withstood the weather very well, tile rubber core combina-
tions were slightly deteriorated, and the acetate core combinations had a
considerable  amount of  deterioration.

The balsa core, plywood-faced panels with and without end coating were in
good condition after a year's exposure, as shown in figure 12A. Both the
untreated plywood faces and the wunpainted balsa cores checked. The balsa
core, aluminum-faced panels were in good condition; the aluminum discolored
slightly, and the unpainted balsa cores checked as shown in figure 12B.
The panels with glass—cloth faces and balsa cores shown in figure 12C were
in good condition, but again the balsa core checked when unpainted, and
the glass—cloth faces faded from a rich brown color to a whitish gray.

The cellular hard rubber core construction made with the three face materi-
als as shown in figure 13 was in good condition after a year's exposure and
the face materials were in the same condition as those on balsa cores. The
panels with unpainted edges showed signs of weathering and a slight amount
of  plastic deformation, especially at the points of contact with the rack.
There was also a slight amount of peeling on the edges of the core material.
Due to its cellular nature, the rubber core did not take the edge coating
well, and it might have been advisable to add an extra coat of primer to
this material.

The  constructions  with  cellular  cellulose  acetate cores were in poor con-
dition after a year's exposure to weather, especially the panels with un-
painted edges, The three face materials were in much the same condition as
those used on the other two core materials. The acetate cores had a consider-
able amount of shrinkage, plastic deformation, checking, and honeycombing as
may be noted in figure 14. The glue joints in the core were separated and
the glue joints between the core and face were broken at several corners.
The panels with painted edges were in fair condition with tho exception of
those with glass cloth faces where some plastic deformation was noted. The
cellular nature of this core material made it difficult to obtain a complete
edge coating,
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Appendix

CELLULAR HARD RUBBER - A synthetic rubber core material, black in
color, 8 pounds per cubic foot density (including skin).

CELLULAR CELLULOSE ACETATE - An extruded, unoriented, multicellular
form of cellulose acetate containing a small percentage of glass
fibper as a filler, 7-8 pounds per cubic foot density (including

skin) e

HEAT TREATED GLASS CLOTH - A plain weave cloth, 0.003 inches thick,
2.09 ounces per square yard, having a straw color.

A high-temperature-setting, high-viscosity, contact-pressure,
laminating resin  of the polyester type.

A high-temperature-setting, = melamine resin  adhesive.

A high-temperature-setting, = thermoplastic  resin  with  thermosetting
resin and pigment.
A room-temperature-setting resorcinol resin adhesive.
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24 bow's at -20% F., 24 houra at 175* ., and 28 hours st ~20%

- 75% R.R

, 8pectmen sire 15 tnohes asquare by 1/2 inch thick.
inum loeding blooks were bonded to balsa,and plywood loading blecks were bonded to oellular hard rubber and

thicknesa plane o the criginal material (lengthwlse-radisl or tangentisl plans for balsa).

eats

Aum

Load wae spplied parallel to 1/2-1noh dlmension.

1&“- obralned fror compresslon specimana prior te tast.

2 M 72ee

2& howre st 175" F.

Avorzge of 1-3

1o,

eomglated of the follicowing conssculive treziaonte!

©

verage S~ testa, epecimen elze 1 inah aquare bty 1/2 ineh thiok.

oelly.ar gelluloge acetate core matsrim

f.Avam.ga 07 five tents, specimen aizs 2 inohes square by 1/2 inch long, load applied parallml to 1/2 inch M menslon {parallel to grain for balea).
Laborntory mimeqygraph 1555 for plete abesr method,

2Bmoed on Almonelnps and welghte when in squillbrius with 75® F, = 65¢ R.F. prior to oyells agposures.
Zeedulug masooisted with shesr dlgtortlon in plaran parailel to length-

Za11 epeaimens vare inltially conditloped to equllibrium with 75* F. - 65% R.H,

done agcle
&



Table 5,—Z2¢ma propartlesL n? low-dAneltv core materlale for eandwich sonatruntinne after various sxposursas

2

7

% B H H
: 1 Compression (flatwlas) : Jhear :Tewalanfrlutrlq.) Dilmenetional:
: b bt e i e e S - ——-.noduluu  I——— i T 71 .7 B K %
Treatoent of iMatsrlal: ﬁpauir&g :Ultimade: Proportional £ Modulus of i Yleld at 0.7 i tSpecifiq:Ultimaty:Average of :Welght
apacimens H :gravlty—untrena1h limit H elastlolty ! pertent siraln ‘r:gidtt;: gravit¥strengthi: length. H
s i H L D e H ] 1 i width, andi
& % 1 £1/4" gtram: Dimla i1/#" strainiPlals :1/4" straln iDilals : : : ¢ thlckness
[ t t gageianﬁb :between!gage length:liotwmmigage length :betwesni 1 H i ]
H H ] i heads ! 1 haada : beads : % H t
= H t— : : e i e P H . :
s : 1 3 g ! t 3 : . 1 : :

Tamerssd in running tap: Balem, ! 1.045 : 0.502 1t 0.578 1 0.600 1 D.852 1 O.#ﬁ': 0.45% i O 8BA P 0.6845 3 1,000 1 1,150 : 1.01% ¥ 7.535
water for 24 houra : C.X. t .9h6 ¢ 788 1 ,B39 1 78BS : .B25 1 .515: .as51 ! .920 3 1.002 1 .948 ; ,565 L9585 t 1.284

t CLCLAZ ! 1.0%0 &t .536 i 55T 1 .533 : L6386 t L bAS: .507 1 .455 1 .538 1 1.0D0 : .582 : 1.007 1 1,436
: 5 $ - F g 1 -4 1 H H 3 : H

Imzarasd 1n running tap? Balas _: 1.177 ¢ .885 1 Yo A S v LG .ﬂgg 1 .570: RL : .568 1 LT5% @ .991 1 1.07B : 1l.020 1 4271

water for A0 days + CLE.R.£7 973 @ .743 .876 @ .B19: 1,1 i .991: 526 : 1,000 : .%72 1 .922 1t .565 r 1.001 3 1.ha1
: C.C.A2: 1,080 ¢ . BO6 & .chh 1 .505 .T75 1 . 524: 527 s 522 LT19 s 1L.000 @ L4T2 @ 1.010 I W o |
H 1 H H H H H H H H H H H H

Immersed in runoing tap: Balsa . .97% ¢+ .B21 1 .893 11,077 : .530 T L6811 Blo L6866 ¢ L6941 L9911 ¢ .B80 ! 1.003 t 1.01%
water for 80 daya and: ¢, R.R. : 937 1 .73 t 1,057 e o 695 T .925: TT6 I .920 .8%0 ¢ .913 1 .,T92 : .554 : 1.006
reoonditionedd PC.CLAS: 1.0% ¢+ .988 ¢ .937 @ .991 : 1.252 ¢ 1.081: .9h8 1 1.045 1 829 : 1.000 : .909 i .989 &t .99

. : g : : s i A . H 3 - H H

Condlticned to : Balsma 1' 1.319 @ .6T3 .To0 r.910 & L5768 s LB1T: . 645 s .621 TT0 Y 962 1 LTid 1,021 ;1,148
equilibrius with : 0.H.R. v 1.009 : .TBO .922 ;o .788 : _790 i 1.010: .T91 T .940 : .962 ¢ 965 : .635 : 1.001 T 1.046
80* r. - 975 R.R. : 0.C.a.dr 1000 : 695 @ .TAT @ 676 @  .TET : .T05: 645 T L7053 662 : 1,081 : .688 : 1.008 t 1.080

H H 1 : H H H : H H : : : H

Conditioned ta ! Balaa 1177 & .952 .T08 P.943 .885 1 1.026: 155 tl.029 : 985 @ .962 : .58% : 1.006 H .985
squilibrium with i C.E.R %: 991 3 .935 : 1,012 1 1.022 1 1.T60 1079 1.111 :1.080 t 1,225t 1.009 @ .BT71 .998 @ 1.009
80* . - 97X R.H. and: C.C,A.Z¢ 1.030 : 1.018 : 1.076 1 1.075 : 1.115 t 1.027: 902 : 1.045 ¢ .995 & 1.061 : .B&S 996 : .991
reconaitionedld H : £ 2 1 ¥ H 4 ! - H 2 : 3

3 H : £ ; H ] H 4 : S : : :

Reated for 240 houre : Balsa _! 1.097 ! 1.230 : 1.195% t1.235 1 1.3%20 : 1.13%5: 1.239 $ 1.130 @ .882 ¢+ 903 : 675 992 i .902

at 200® F. dry heat C,H.R.i: 9T ¢ 342 270 i .355: . 669 S 3 I H .358 P .320 39 ¢ L8Te 0 .302 .999 : L9967
t 0.C.A.=: 2.020 : ,975 : 924 t 1.04T : 935 i .903: .B85 I.909 L97h 1 1.061 1 .Ba2 .992 H .93%
2 2 : 1 3 i : : H : 4 z H :

Feated for 240 houre : Bales _: .903 : .B20 t .B62 : 1.040 : .932 : U191 Wel o .f92 ;. .959 ¢ .962 t 1.180 1 1.001 T 988
at 200* F. ary hept : C.H.H.£t .973 : .860 : 1.023 1 .968 : 1.243 1 864 926 t .880 : 1.058 : .992 1 .592 1 1.001 H .984
and reconditions $ 0.0.4.=: 1.03% 1 1.012 : 1.342 : 1.056 ¢ l.0l0 i 1.130: 1.013% : 1.1%5 : 1.107 ¢ L.061 ¢ .T%5 : 1.000 ] 501

H : 3 H F : H 3 1 2 - b : H

Expoesd to one oyole ! Balga _: .975 ¢ .936 : 1.000 : 1.138 : .39 : .B832: 930 : 820 : 1.2T9 1 .962 1 1.121 :  .999 : .989

of toaperatureg L c.H.R.gr 1.000 t .90 .933 ¢ 1.03%: : t .883: 1Y 1 .900 3 .989 : 1,026 1 .825 : 1,012 : -991
and humiditiasX : 0,04, 1010 : 1.000 : 1.4%0 : 1.07T7 1t .TRS 1,116 .89 t 1.11% 5 1.102 ¢ 1.051 & .899 i 99T ] <995
: H 5 : T - H H 1 : t H 3 i

Exposad to five <yoles ! Balsa _ ¢ 1.088 1 1.130 : 1.%10 ! 1.021 : 1,730 : 1.6701  1.18T I 1404 @ 975 ; .942 t .951 .998 . .980
ot tﬂlperuguru and 1 G.B.R.;: 1.000 ¢ .88% 1t L865 : 968 : 1.252 f 0 .855: 1,090 1 .96 1.089 1 1,035 1 .75 : 1.00% : .982
umiditlee ; 0.C.A.71 1.020 : 1.005 @ 1.127 1t 1.058 : 1.451 i 1.211: LG4 £ 1.22T ¢+ 1.051 : 1.051 t .7%94% : .558 z .995

t 1 3 E - H = t H 1 H 1 H ]

Expoesd to ten oycles : Balsa 1 929 : 911 : 1.295 : 1,180 : .940 i .B48: 915 t .BA5 : 878 1 ,932 1 .B28 1 .993 o .987
of temperafures and ! G-3>ﬂ-%= 955 ¢ .808 1t 1.317 ! 1.008 : .924 !.93T: 1.080 t 960 ¢ 1.04T : 1.03% : .9l12 : 1.001 r 9Ty
bumidities2 $C6.C.A2 1.0% :1.0%0 : 1.330 i 1.18) : 1.%18 : 1.09%: .954 :1.092 ¢ 1,088t .969 : .820 i  .993 t 992

3 1 2 E H H 4 M H = ) t : 1

Lﬂaaeﬂ on dimenaions and

ébno cyeles oonslsted of the Tollowlng ooneacutiva treatmente:
24 houras at -20% P., 24 hours at

weights when in

175% ¥

aquillbrium slth ?5‘

. = 65 percent relatlve humldity prior to sxposure.
2811 figures are ratloe of the average test ¥sluee afler sxpopure tc the average control valmes.prior to exposurs.
20eliniar hard rubber - (expanded butadlens—serylanitrile type).
Moollular colliulose acetate - {extrudsd typs).
ZReoendittonsd to aquillbrlus with 75% F

., and 24 hoprs at -20* T.

Kote: Bes tables 1 to & for detalled reaults.

Z M rdsao b

. = 65 peromnt relative humidity. v
24 hours at 175% F,

- 75 peroent relative humldity,



Table 6.--Change 1in welghtl of low~density core materials for gsndwich type constructions
when tested for resiastance to decay

: Exposures
Material : No. 106 ¢ No. 563 i No. 7207% i sterile ° 65%
4 Foris : Porlia : Polyporus : Soil : 2/ ¢ relative
: miCrospera : incraseata : Yereicolor : : agary . pumiaityd/
; Percent ; Percent ; Percent : Percent : Percent : Percent
One month'e exposurs 1 : : b ; :
Balsa - no preservative ; -23.4 ; —15.E -21.3 : 5.4 . +0.68 -0.53
Bslea - 0.1% pentachlorophenol : - 1.21 s - 8. : - 8.8 P = dR e L2 :  -1.0
Balsa - 1.0% pentachlorophenol : + .0 : - k.a : - 1,6 -SRI | R | : -1.3
Balsa - 2.0% pentachlorophenol : - il : - b6 : = 72 : + .19 : - .ﬁ? : I e
Cellular cellulose acetate : 0+ B4 o+ 66 : o+ 34 41,30 ¢ + . : - .6
Cellular hard rubber ¢+ 1.3 i % 1.0 :  + 54 ¥ %2, ¥ ¢+ .5 3 + .15
Two monthe' exposure : 5 H ; 3 :
Balsa - no preservative . -22.6 i -28.7 ¢ -39 i -10.3 : - .18 : - .66
Ralsa - 0.1% pentachlorophenol : - 1.0 t =24.3 : =30.1 ;- 3.1 @ - .go -1.30
Balea - 1.0% pentachlcrophenol : - .8 : - 8,2 i -14,.7 P~ .71 : - -1.
Bilsa - 2.0% pentachlorophenol : - .88 : - 1.4 - - 1.1 s * .25 : - .97 -1.10
Callular celluloae acatate ¢! o+ 856 3 + 1.2 : 0+ 04 : + 2,60 : + .20 - U5
Csllular hard rubber :  + 1.0 i+ .94 + .60 : +49 : + .6 : + .35
Threea months' exposure ? : : % :
Balea - no preservative : -32.5 -34.8 : -43.4 : -19.8 o+ .05 : - .{5
Balsa - 0.1% pentachlcrophenol : -13,8 : -33.9 $ -41.0 ¢ =12.0 : - .77 : -1.10
Balsa - 1.0% pentachlorophenol : - .7 i -16.9 -16.9 ;- 2.8 T - .70 : -1.10
Balsa - 2.0% pentachlorophenol : - .92 : - 1.0 $ - .84 o+ 4y - 43 -1.30
Cellular cellulose acetate P+ .13 . #Ld s = 36 3 o+ 7.7 + .27 : - .20
Celluler hard rubber : + 1.1 i + 1.1 + .52 v +10.7 + .4 : + .55

l/Baaed on.conditioned weighte at 65% relative humidity and 80° F. before and after exposure. Weight of
preservative included where present. Avergge of 5§ specimens except where otherwlse stated. Minus
- 8ign indicates lose in welghbt, plus sign a gain 1ln weight.

g/Avarage of 3 speclmens.

E/Average of 2 specimens.

- rPDE5 |



Table 8.--Flammability tests on core materials

Core : Average rate ! Remarks
material : of burning

i i § i A e A e e e e e e e e

+ Inches per

e

: minute
Balsa : 30 ; Odor and flame characteristics of dry
: ¢ wood,

Cellular 34 ¢ Burned with smoky, sputtering flame,
hard - Shrank but did not melt. Odor of durning
rubber H rubber. Specimen remained intact after

: ¢ burning.

Cellular : 10 : Burned with clean, sputtering flame.
cellulose: ¢ Shrank, melted, charred, and dripped,
acetate :  Very slight odor similar to burnt sugar.

: : Specimen entirely consumed,

Report No. 1573
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Table 9.—Weightand dimensional changes of core materials exposed to various aircraft liquids

f { Average gzl_irj_i_‘g_\ir_e_;‘;gh_‘t_-:‘g-___“_; Average gelin in thlulcnen.;'.; Average caln im widths * A7orage gain in lengths_
Liquid s After 1 After soaklog 7 days and } ma = s = —m— e e e e 1= —
Core : 1goaking: conditioning for 1 After tAfter soasking ] t After : Afier soakipg 7 1 After ! After soaking 7
Gaterinld . 1 fOr e—mmmm—memaeane wmmmmae———r-==;goakingidaye aud conditlon-:isoakingidays and condlitiofe:scalingtdays and conditiop-

' :7 days ¢ 7 days 1 39 days it for i ing far35 days 1 for 1 ing for 39 daye : for 1 ing for 39 daye

1 : t ! 17 daye t 17 days 3 87 daye d

Pmmm e ——— PR o ————— I mm s = - P ————— I me e e m e m s mn r ] ——— e ——— o vcra] camccme m—————— = - ——
T 1 :Percent: FPercent 1 Percent 1Percenti Percent tPercent: Percent TPerpent: Percent

t t s H H : § : ' '

: lso-propyl t 29,li5: 0,22 t 0.15 1 0.1k -0,17 : =0.17 ¢ -0.28 1 -0.0% 1 -0,03
§:}},:1“ huxd etz :  alechol 1 181,06t 2.01 1 2.00 ¢ 0,31 -0.20 P 1462 : 0.08 10,79 1 0.01
Coliulis Sellilius acetare? + U506 2.52 ¢ 1.86 11,201 -0.33 I 0.53 ) -0.18 t 1,03 ¢ -0.54

1 t H t : t 1 : z i
Cellular hard rubb : Bthyleme : 10.951 0.27 ¢ 0,22 1 =0.34 1 0,47 t -0.21 « -0.33 1 0,06 1 -0,02
i 2 :  glycol : 219.00: 125.11 = 14.30 1 0.39 0.23 RS 1.79 t 2,151 1.14
Cellular celldlose mcatats T 54 5.22 3.1 1 0.86 s -0.53 t0.56 ¢ -0.48 1 1,001 -0,18

-} 1 H H i t i H 1 1
Cellul hard bb 1 3580-0ls0 : 37.08: 10.91 ! T.57 t 0,14 4 =-0.17 1 =0,17 1t -0.03 t 0,07 -0.09
T RIS : fleta : 117.26:  15.11 ¢ 62.68 ¢ 0.46 ¢ 0.16 i 0.33 : 0.13 10,30 1 0.06
Cellular cellulose acetata ! (petroleum : 38521 14.52 1 9.72 t 0,131 -0.36 : 0,03 s -0.21 t 0,11 4 0.02

1 base) t H 1 t : ; | 1 1

1 t - : 2 ! ™ 1 g i 1 1 :
Cellul bard rabb b 3556"01&0 H 21 18,42 1 17, 1 =0,20 : "0.?7 ' -0017 1 "0.09 1 -0,0-5 ] -0,02
Bt i 1 fluid 1 148,051 69.29 62.7 ¢ 0,34 0.33 ¢\ 1.851 1.22 (1,18 0.7
Gellular-celiulose acetate! (castors: 't 63,411 26.75 t 4.3 : 0.19 -0.36 1 0.46 1 -0.48 1 0,85 ¢ -0.5

1 oil base) : : 1 i t : ' 1 1

t H : 1 i : : 1 t i

: 100-octane 1 25,08: -0,09 : -0,05 : =0.07 1 0,00 v =0.21 1 -0.17 1 0,021 0,04
Tt aut . gasoline 1 159.08  0.00 1 0.48 <039 -0.29 t =013 -0.15 t 0,06 I -0.06

' ;28,02 0.17 0.40 : 0.26 1 -0.13 i 0.00 1 0.10 § 0,18 1 -0,09
Cellular cellulose acetate : ' i : ; : . : ; : § t .

: Uged 1 2B.f2: 22.93 $ 19.47 ¢ =0,l1 -0,68 i =0.1k4 ¢ -0.23 ¢ =0.03 -0,06
g:ii:la: bard rubber crankcase : 92 ES: gi.2b £2.83 t 0,071 -0.26 t 0.00 1 -0,43 1 0,114 -0,03

: WL .50 t i i =0.0 -0.40 P 0,13 -0, . .

Cellular cellulose acetate : ok t 3 E: Ll : B2 ' 1 : 9 . Q3 . 0.36 : 9. : =01

i Water : 21,755t 0.67 4 0.67 : 0,07 -0.58 i 0,07 : -0.28 ¢t 0.21 1 -0.01
B":Jl_i‘:l“ bard rubber : 1 536,55 0.95 ' 0.78 1 0.0T ¢ 0.00 | 4.00 1 0.61 s 2.ub 0.31

1 : %02 0.8 ' 0. 1 0.60 2 -0, . : -0, 4
Cellular cellulose acstate , ; 5e : ¢ " : ; 3 : 59 : 80 : 1S : =0.61

1nigensions of test epecimens - thickness 1!2-1;;:11, _v-iath-i_inch, length ginc.h-;s.- Balea _lfg;I;h dimension in ‘Tli_l-l direction (thickness).
2Based on weight of specimens, conditioned to equilibrium at 75° P., 50 percent relative humidity before immersion. Bach value is the
average for 3 specimens.

2Based on dimension of specizmens, conditioned to equilibrium at 75° F,, 50 percent relative mmmidity before immersion. Each value is the
average for 3 specimens.

=Cellular cellulose acetate.
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Tabla 10.--Fffanf nf wsinr lunereion an the weiahl, Almecelcoe. and teénsila atrenpth of nlan ssndw. QRS Irpatiane

- - - T T
;’ 1 %anditionsd Lo equilib- @ i :
3 : rice with 75% F. and 65 : Teracend Lo water for #A hours 1 Inz=arasd to wnbac for & dagps ] Immarvsd Lo wator Tor 40 days and oonéltlcl’.\vd
Sanowiol : : peroent relptdve homldity: and toalad lasedlataly ' and tosted lamgdlstely 2 to squtiibriue witk 75 r,
cen #bruction Tase [centmole) i f t H &5 parosnl relative h\z-lﬂ.u.,t
RS --uoml.l.tlﬂn-—'—' "~ fanston T Dlesnsinaal ohanges 3 Tenalon q Dlarastonal shanges ! T Teusion i Dlasnelons| changes ] E Tanalon a2
: ;_ ————— - ] i= ——- ]
Core : raom 1 |sn-m;nh|&nurul: Glue .t-._-t ] iv-rn;.« iTh! JLoese: !mm‘..h.j-bo.".e‘l Glue _:¥nlghl : Avorage Alhiamuu'ﬂtf'nithtut-*.a.: dlos alght ¢ Arer.p Bléxnome:StrongtbiMatarial: 0lus
i f ifallure i fatlured: hi p ativre tfaliurals 1 tradluce :ra.uur-i i i Ifailare :failurmt
1 t : t : H i :
—_—— H 3 - : R L t 1
1 1 1! . l)-r-ont :Pun.-un i L 1 ¥ L Y 5 Perisul '
1 3 ] H i : ] 1 3 3 3 ‘
Bal ¥ .1 Popalnt 4. 3 15 : 85 L 20.90 1 0.20 1 1.42 3 ] 1 wXE.F ¢ 2.95 H :
o H o F.I:\.zﬂ' T H H : 12,631 S50 3 1.58 1@ H $ -y 1.26 13 : :
§ : t : H 3 H 3 H : i : 1 t [
Balan :hlwmimem  iTapslinted: S25.8 3 b2: 95.8 1 T.02 1 L1 .28 1 365.5 1 ; bsT.2 ¢ 28 @ 521,11 0 (1]
i J]‘l'lht-ud : i 1 1 1.k o-02 00 1 1 d i 1 B E A : 3
1 3 > 3 3 E H H () . E 3 r
Palsa are cloth:Ompaliied: A26.6 3 3.6 1964 122.% 1 10 +28 1 2TBA 3 ' 1 132,.5 1 28 1 312.8: © £ 100
(Fainted 1 1 F 12056 0T 1 =10 1@ H : 1 1 .00 1 1 3
' H 1 1 il 5 E 1 1 H % $ 3 & i 1 v
Rubbar IFlywsod Trpalnted: 256.5% 1 100 1 © T 16.05 1 .16 & 1,16 : 233.2 1100 1o | Aa, .22 T 1.5 : 261.6 1 A6 1 278.0 @ 100 .}
¥ 3 2 IP:?:L:H. 1 1 i 1 12.%8 .07 .70 1 3 : : io;z =19 1.6 1 1 .08 ] :
1 i : : ] 3 i i 3 : 3 ! : i 1
Rabber uuu.l.m. mnp,.lnum 16,8 1 100 : O 1 2,08 : 00 : =M 1644 100 o 1 5.74 .g} @ o=.B82 1 179.9 1 ~.18 1 12,2 : 81.% : 18.7
!.:anﬁ : 1 1 i .St =02t =28 4 i H H- I i -4 g 19 1 H
H H i A 1 1 1 B i H H i : H H :
Rubber .n;un u;c-_-.:-vupuuuat 1Az 90 i 1o t 1.68¢c¢ 01 : -.09 31357 : B33 1167 : 5661 .06 1 =18 12130 1 36 1 220.T : #&7.5 1 12.9%
:Paloted 1 : % ERES. > T S - - B 4 200 4 3 ] o501 .07 ‘: ~.J8 i 31 H :
'3 x T T 1 v - 3 H : : 3 3 3 : 5 %
.“hh;punm .uu._;:uo: 25%.9 1 98 : 2 $19.1% ¢ .23 @ 1.6 ¢ ATT.T : 99.3 T t 5A26 ¢ -3 1 1.8 11754 =70 1 281.1 ; 100 1 0
1 iPainted 1 1 1 i 15.76 ¢ .17 ¢ 1.56 | i 1 : 53.82 ¢ 32 Pog.oh [ o3 -8 s 1
1 i H : i 5 i 3 t ' : i | 1 i H 3 ] 3
Acetats:Aloelrme :Depatnied: 2AO.2 b BT.5 ; 82,5 1 3.07 : 10 7 =.18 1 205.3 1 SA.1 1 35,8 : 16,00 1 1% | =36 1 95.3 1 26,3 02 r =1.39 1 259.0 1 §%.2 N ]
* ! - ]P-!:ﬂ.sﬂ : 3 i 1 2.52 N - § 1 i 18,02 : lo [N L H . =03 1 =l.2 L e 3 t 2
13 H 1 1 H I 1 s : : T H ] H
uguum:ua olsu:mupnn\oe, PAR.S 1 96,1 3.6 1 ATB: .15 ; -.28 | 180.8 : 13.8 : 86.2 17.92 1 .18 Tt .00 11033 t 0O =10 f -1.19 1 2@%.1 1 3.1 1 §5.9
i sPalnted o Ll i T 3.8z 05 * .29 1 : i 16.00 ¢ <11 R I : -02 1 -, 3 1 t
. e ¥ H 2 : 3 ] 3 ] ] 1 H : : H H 3 : 1
1 1 H t = (] '} H H H : H H H H H 1 H H 3
' 1 ] t 2 t 1 3 1 H H H H : H H 1 T H :
3 1 3 N 1 A [ 1 2 : 3 1 $ ¥’ 3 ¥ 3 & :

SEnust on Almenslons and waighte when lo eoullibrime with T5* P. and 65 peroeat relative bumldity prior to exposure.

2% attempt was mmds to olageify the type of glus lime failurs; that is, adhesive, coheslve, or fallure betwesn primary and secondary sdhosive.
Wi -:qumvu U?u or fallures, such as fallures betwsen feoe and grip, were mot recordsd. Delasination im glass oloth faces was olnsnified
an ue line fall
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Table 1l.--Effect of biah bumidlty

on the walght, dimensions, and tenalle atranagth

nf nirna aandwlioh ocnnetructiona

! Oondatloned to equilil-
i Tius with T5% P. gnd 65

Conditionsd Lo equllibriim with
8c* P and 97 percent relabive humidity

[ —

Gnndltioned to squilibrium with A0* P, and
¢7 perosnt rolative bumidity followe? by conditicnlng

1
H
1
1 1 peroent relative to equillbrium with T5* F. aml
oonszﬁg::::n i cagn 1 humiaiey (controls) 6S perosot relative hamldity
———— —— -_._._...‘ | 1 :"———' - i —
Core ¢ Tala :oon L un' Tanalon Dizensional changsl ' Tension i Dimensional ohangsd i Tenslon
11 I 1 -—— - -1 ——— — ———————— T —
1 T iBtrengdhtlateriali  CGlue _:Welght : Averags :Thiokness:S8trength:Matsrisl: Glue _iWelght 1 Averags 1Thicknese:3lrength:Matertal: Glue
i H H sfeilure (falluras: iof length: 4 i1fallars [fallurest tof leagth ! : ifatlyce :fal)}ured
£ 1 ! s 1 H :and width: ! i H tapd width : : :
t t : H i= B e e e e o e e o e e | e e | H H e f e e e e e
: 3 + P.s.1, iPeroent :Paroguk :Percany: Percent : Paroent ¢t P.s.1. :Peroent iPercent iPercent: Percent : Percent ! P.e.1., ;Peragnt : Pgroent
H H 1 H H H H t H H H H H H H i H
Balsa :Flywood :Unpulnted: TEY.2 1 15 1 85 t 11, : 0.15 1 1,67 : 6334 : © :+ 100 : 0.72: =0.02 i 0.M7 : 8B9 6 1t 18.5 1 8.5
H :Palpted H (] 1 17.42 @ .22 i 1.59 ¢ 1 H ;o o2.M .07 t i B H H
£ 4 1 H H ¥ ] H 1 H t [ H ' : 1 1
Balsa iilumlium :Uvpgintad: #25.6 : 4.2 : 658 : 3.47T: .16 : -.09 : 3552 : 20 1 B0 1 -39 Lo 2T 1 38T.2 25 1 715
4 tPalpted o H s : 2,99: .01 ¢ .19 1 : | I H 02 1 A5 £ 1
H t 1 1 : H : g z H 1 : H ' i H ]
Balesa :0lamg cloth:Unpaloted: 6266 : 3.6 : 96,4 @ — @ — 1 -—— :210.6 : O : 100 @ -.99 : =03 1 2T 1 MEB ¢ i 100
E :Palpted @ : H I | _— 1 —_— 3 L t H . H -.02 ' 37 1 H )
¥ 1 i H H i H J i H ] H H H H H H
Rubber :Plywcad (Unpxloted: 256.5 3 100 t o i 9.301 .18 1 1.54 : 284.8 : 100 o t .Bo: -.00 MM 12160 © © 1 100
| iPalrted : H T 9.16 1 .20 r 1.86 : H i : 1.29 @ .03 i %, | ! ] 1
H 5 4 H H : : z H H : H : H : H H
Rubber :Alnm{nue :Druwlnted: 166.6 : 100 ] o H .80 t 05 1 =.28 1 15A.8 @ 98.3 : 1.7t 25 1 -.01 ¥ =.18 1 6T.2 1 loo t 0
t tPailrted t 2 : A9 1 «10 1 .00 % £ § P - 1 .05 [; AT E H ¥
Rubber :0lass cloth:lnpsinted: 174.2 : 90 & 10 ¢ 3.11: .05 1 .66 :101.7 i 23.4: 76.61 .80 : .01 1 .75 11522 i 77T i 23
i iPaleied @ H x : 2,21 @ .09 : .55 i ] % H .29 .20 H g6 1 ¢
] 3 T H : H H -] 5 : : H H [} b 1 H
Aocetate:Plywoad :Uope inted: 253.9 : 98 1 2 t10.10 ¢ .22 @ 1.16 @ 226.,9 : 58 : 2+ =351 -0 1 -.39 1 2451 1 lo0 10
2 :Palcted 1 4 £ 111,80 ¢ .21 : 2.03 x i t 105 -—02 : -.08 1 t 1
H £ H 1 H H 5 3 £ £ H - i 1 ' b ]
AcetatetAlumicus :Unpeinteds 240.2 : 37.5 : 62.5 : 2,32 ¢ .06 i =81 : 50.T ¢ 10 & 90 & -3.0R1 =01 {2,899 114T.2 1 o i 100
t iPalpted 1 s T 2,153 09 .85 £ H O : A0 . i -, 56 s H H
r H H H : H H H H ] H H H H H H ¥
Acetateiflase cloth:Dnpslnted: 242.5 : 96,4 1 3.6 1 3.411 06 AT 1 873 5 3 95 3 zo P =05 1 -.1% | 22,9 1 19.3% 1 80.7
] 1Palrted 1t H H : 3.3 : .08 : ,92 1 1 : P61 -0 P 1 t 3
1 e H H H : H 3 H 1 H H i : : i 3
lbaeed on dlmenslons and waights when 1n equilibrium with 75% F. and 65 perosnt relative humidity prior to exposure.

2x0 attespt was made to Olasslfy the type of glue line fallure; that ls, atheslve, ocheslve, or fallure

100 psrcent - (peroent cors + percent glue line fallure) = misosllanecus types of fallures, such as fallures

delamination of

7 M ?2pe5 |
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between primary and secondary adheslve.

etween face and grip or



Table 12.--Tffrot of hich temparsture {200° F.) on the walcht Aimannions, and tensile atrensth of
nine sg Biean gt T4 ann e

] 1 3 . ]
1 1 Condiiloned to equilib- 1 HAeated contdmucusly for 240 hours t Aeatps ocontinuouely for 240 hours at 7!00* P. dry heat
3 ¢ riua yith 75* F, and 65 1 at 2¢0® F. Ary heat t and ocnditioned to equilibrium with 7%® F. and 65
8yndwich : Edge i percemt relative humidity: H peroent relative humidity
construction :sondition: (sontrole) H 1
H . Tanalon . Dinenalonal n}-mﬂ,&. ] Tonaion - Dixenalopal changel H Tenslon -
H 1 : 3 H —— 2 ———— HE- —
Care 1 Faos 1 : interial: Glue ol i Avarage ' disterinlt: Glus _: tAverags H : diaterial: Gloe
3 H itrenghi! fallure:fellursaS:Walght :of length:Thlokneos:3trengthiallure !fatlurpiii'felght Jof length :Thickaese!Sirsngihivallure tfallursd
1 H : H H H and widtn: i s : : tand width 3 H : H
: s < -1 ! -1 -1 -1 T 1 i ! fe e 1 i e - -
1 1 : Pip.Y. !Peroent :Perasnt (Perosnt: Psreant : Parnenk : P.s.1. :Peroest :Percent !Pgreent: Peroent ! Parcant ! P.a.1. Il'erceni :iPeros
T 1 H i H H H H i £ : : H H £ H 3
Bnlaa  (Plywood ilpaloted: TS5.2 1 15 1 8S P =7.08 : -0.25 : =1.3% ¢ 332,7 : 1A i BS ! 0.4% 1 0.01 T =0.%2 1 A79.4 @ 10,8 1 89.2
g tPelnted 1 H :-5.98: —.18 1 -l.10 : H t s i 1 =7 1 16 H 1
1 H H 1 H ] 1 H H ¥ s . : 1 = : :
Palss 1Aluminmm ‘Unpainted: A25.§ A2 1 958 1 -5.11 : 08 1 -.76 : 9956.7 1 0 i 100 I -1.87 : 04 i -.66 1 791.2 2.5 ! 97.5
H :Painied 1 1 S EEE L ] .07 @ -1.22 1 1 3 : =2.40 1 .06 i =.10 H i
H i 1 1 : 1 L 1 3 i F £ H 1 I : 1
Balaa :0lase oloth!Omnpalnted: &26.6 1 3.6 1 96.4 1 =3, t =13 ;3 -.28 2673 & 1.2 : 98,8 3 30 ¢ -.02 H .09 1 514,2 : 0O : 100
t iPalnted 1 i i 1 - 0% 3 -.18 & ¥ 1 i .00 1 -,01 H . H H
> x H H : H H H 2 * § H 1 t H H |
Rubber :Plywood :1Onpatnted: 256.5 : 100 H o 1 6,92 -.15 2 T t 938 31 92,1 @ 7.9 1 =.93% : .15 1 2.08 1 187.8 1 100 1 0
3 1Patnted 1 1 1 =6,16 1 11 3 2.0k 1 & f 1 =221 .26 1 1.16 3 1 i
Rubber :Aluminme  iUnpalnted: 166.6 1100 : 0 i —A02 i .08 : A4.86 1127.2 : 96,6 ¢ 3.h 1 -3.00: .0% i 5.51 :35T.h i 96.6 1 3.h
{t (Palnted 3 : § 1 =332 L3001 6.1 H 1 H I =258 : .22 H T.72 1 H 4
y ] ] 1 i H ) £ H i i t H 1 1 H H
Rubber 14lass cloth:TUnpaintedl 1T4.2 : 90 1 1o S el -.gl t 2,16t 93,0 ¢ 58.3 1 41.T7 .08 & .02 v 1.69 1 18637 1 9.1 50,9
3 tPainted 1 : 1 1 -2,00 ¢t " 1 -.45 1 g ! =37 WA L L ] 1
1 : 1 ¥ 1 2 4 1 H ¥ E § [ 1 i t £
Aovtate 1Plywood :Unpaimsed: 253.9 1 98 ' 2 1 =8.95 : -.29 : -2.80 : 218.2 : 100 H (1} 1 -1,681 -.02 1 -.86 1 207.5 : 100 H 4]
A iPainted 1 3 PoaT.lh o 225 @ 2,66 H H to-,10 2 .02 : -.TB H ]
& : 1 H ' H T 1 i § 1 x H H H : |
Asetatd 1Al mlnum ‘Popaloted: 240.2 t 37.5 1 62.5 : -3.16 3 08 1 2,54 : 2604 t 67.5 @ 32,5 ro =69 03 : -1.55 1 257T.T : 100 1 0
1 tPainted ¢ i ] Po=3.89 0T ¢ =2.11 @ 5 : i =1.19 3 0% 1 =1.19 H H
1 : H 3 1 i ¥ ] 1 ! [ H t H 1 ; 1
Auetatdi iGlass cloth:Unpalnted: 242,5 1 96,4 3.6 : -2.68 : -.08 ¢ .86 : 142,0 : 1f ; BE I 22 1 =05 H -. 8T :1%2.1 : 41.4 1 58,6
: Palntad @ H : i -3.19 ¢ -.01 : -.92 : H ! =130 .05 .00 s 1

£

iansd on dlmenalons snd weights when in equilibrium with T75* P, and 55 parcent relative bumidity r:l-ur to sxposure.
o attsapt was made to olassify the type of glue line fallure, that las, adheslve, ocohesive, or fallure betwesn primary and seoondary adhesivs.

100 parcent — {(percent oore fallurs + percent glue line failure) = misoellaneocus types of fallures such as fallure betwsen face and grip,
or Aelamination of faoe.
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Table 13, —XTfaot af 1. & and 10 ovolaal of synnascs tn hioh 254 Vrm Lamearstirss and hos i ALLles an Sbe walgry, dveematoss, =a7 Langlla =trepcth of nine sendeloh ovoglrusticog

1 L3 i L L}
£ 1 Oopdliioned to sqellld- ¢ After 1 oyole followed by gnditloning i Al‘ur 5 cyoles followed by aondtlioniu& i hfter 10 apoles followed by aund.ltl:\»!ﬂ,;
: : rlae with 7S* F. and 65 to equilibrium with 75’ ¥. and H to squilibriun with T5* Aand 1 to equilibriue with 75* P. and
Bandwioh D Rdge i perosnl relailve Dumidli 65 parcent relative hgidity I £5 percent relative h\-id.ll.y H 5 peronot rolatlve momadter
senetrustien oomdltlon? {oantrolel : ;
- 1 + = o e e i i i L e i
) 1 t Teralsn Dimenslonal ohengeZ : Tansicn i Dimenslonal changeZ i Tenslon ! Clesneional hangel X Tension
Cor Ll B e - : -— - = ——— ———
i : e 3 TirenzthidateTind; Alve eight | Average |mﬂntulltrnn‘z.h !lurn:l.l Glue | ght | Aversge :Thiockness Btrongthiiatsrcisl: 8lue AvTernge "Ihl.r.‘lhidl.Bﬁrungb‘ﬁ(-rhlr Gluw
N : 3 ' ren.nlraunm.. tof length: fallure Ifsilur.-s zef ltnf.‘.‘h’ & iIfallure :r.nu:-.‘h f lengti: 'nnuﬂ :r.uu-.rd
i : F] : .u:d rm:hl : : H ‘ : H tand wiSth: a
(R VS — ey SSEE, FE —_ t -—i ] -
' : 3 F.oe.d, roant :Parosmt ‘Parcent L lreroent :Percent t Py 1. ! gggn.-g arpsnt *m Enrog‘ anru-nt Furaent To#.3, 1F rn-nt 1Paraent
' s d i g 3 r f H z ¥ ] i £ : t 1
Bales  1Plywood 1Uopalogeds T5%.7 1 15 & 85 ¢ ©.76 1 0.03 : Q.08 1 67501 T8 t t2.2 i DA o002 5 2952 1 3.8 1 0.2 i -0.02 1OA1E. 5 4% 1 &,
0 :r:{nu [ 1 T i 1.52 1 .Ui ] - 1 Fi ! : 3 R L0 1 e -1 ] ] B 0F z ] [ s
1 H H 2 H 1 I i l 1 H 1 ] H i H t i H 13
Bales :u\mnn- 3 ﬂdl 2560 A2 r 95,8 1 -1.39 ¢ W02 1 =28 1 596.3 1 20 T A Po-R.DE -.01 P 563.4: 5 P95 1220 1 05 4 =10 AML2 M b 869
ap:r 0 ] 1= Th 03 3 W18 ] ] 1 -1,591 o2 H ] ] 7 =2.12 9 O & 29 % b
W i [ [ 1 1 i H 1 1 1 I 3 3 C H = i t
Balen m1... a‘Joﬂu 625,86 ¢ 36 954 M 03 J10 1 485,21 3.3 ¢ 96T 1 -.36 -0z I A56.8 1 M1 :95.9 1 -1.181 . : A0 ¢ bzhB gy 27,2 .7
vﬁur i ] Po=0T 1 =02 2 .18 1 ] t t =80 0L ] i H i o-l.6k ‘02 L L . : L
' : t 1 i ' ¥ ] i 2 3 : 2 3 & 3 H ¥
HotTer am;um_ :tl‘n-pu »d: 256.5 1 WD | 0 =261 LT & 3.32 1 1Mo 52,8 @ T.2 & -1.26 1 03 1 0121.2: Sh2 1458 1 -1.60: -.0L 1 1.5 1 210.2 1100 1 o
.hl.n ] i 3 A «23 3 326 ¢ ] 2 1 =70 ; 30 i 1 1 =751 .19 1 2,88 1 | 3
H H i B L} H H i ] i H 1 I i H i H 3
Pubber mlu‘.nu tﬂminr-di 154 6 100 [ ] - | 28 1 11,80 0 116.5 0 B33 @ 16T t =2.M1 3 .03 1 209.4 : 100 t 0 P -2.8 1 08 A.25 ; 2%4.1 1100 ] -}
i iPalntel ' t 1 =.60 3 21 1 3.9 " 1 (I B ] ] i H fo-2,90 3 3o 345 ] 1
[} | ¥ L) 1 : ) 1 L B i H H E) H + 1 . 3 1 H 1
Fabbar 1Slusee clot.hl'u'npql:;id-di iTALz 0 % 3 10 5 751 W04 1 1,69 1 1M.5: 60.8 @1 39.2 @ .57 1 .08 1 A2 2.5 1975 1 06 130t Lo o wEs s 1.5 1 g2s
i 1Baani ] 1 i 1 .30 21 1 Joh 0 t t s ] AL [ i ] [ ] A2 r 9.9 1 i
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Figure 3.--Table saw set-up for cutting end-grain
ZM 73498 F balsa core stock.
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Figure 5.——A Tension test specimens used in tests on cellular hard rubber (black) and cellular
cellulose acetate (white).
B - Tension test specimen used in tests on end-grain balsa and jig for preparing
specimens.

ZMT73494 F
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Figure 8.--Largeinsulated, heated box used in making tests at high
temperature. Plateshear specimen assembledinplace.

ZM 73497 F
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Figure 10.--Small insulated, heated box used in compression tests at
elevated temperature.
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Figure 12.--Effect of 1 year's exposure to the weather on sandwich panels having balsa
cores. Panels on left show weathered faces and unpainted edges, and those on right show
unexposed faces (bottom) and painted edges.

A. Panels with birch plywood faces.
B. Panels with aluminum faces.

7 M 73501 F C. Panels with glass cloth faces.



Figure 13.--Effectof 1 year's exposure to the weather on sandwich panels having cellular
hard rubber cores. Panels on left show weathered faces and unpainted edges, and those
on right show unexposed faces (bottom) and painted edges.

A. Panels with birch plywood faces.
B. Panels with Alclad faces.
zMm 73502 F C. Panels with glass cloth faces.
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Figure 14.--Effect of 1 year's exposure to the weather on sandwich panels with acetate
cores. Panels on left show weathered faces and unpainted edges, and those on right
showing unexposed faces (bottom) and painted edges.

A. Panels with birch plywood faces.
B. Panels with Alclad faces.
ZM 73503 F C. Panels with glass cloth faces.



