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A STUDY OF TRANSPARENT PLASTICS FOR USE ON AIRCRAFT

By Benjamin M. Axilrod and Gordon M. Kline
SUMMARY

Various transparent organic plastics, including both
commercially available and experimental materials, have
been examined to determine their suitability for use as
flexible windshields on aircraft. The properties which
have been studied include light transmission, haziness,
distortion, resistance to weathering, scratch and indenta-
tion hardnesses, impact strength, dimensional stability,
resistance to water and various cleaning fluids, burstiang
strength at normal and low temperatures, and flammability.

The two types of transparent plastics which are now
in use on aircraft, namely, cellulose acetate and acry-
late resin, were found to have certain defects which, it
is believed, can be overcome in part Dby suitable modifi-
cation of the composition and processing of the plastic.

Cellulose acetate plastic was found to have excellent
impact strength, bursting strength, and flexibility, dut
the products sold at present vary considerably in their
resistance to weathering and are sudbject to marked shrinlk-
age in one year's time. This shrinkage causes warping and
sets up strains in the plastic sheets, which cause them to
craze and crack. This is believed to be the cause of the
spontaneous cracking of cellulose acetate windshields af-
ter they have been in service for six months or longer.
Thig is particularly true of windshields which are exposed
to low temperatures, as by ascent to high altitudes, there-
by introducing additional strains in the windshield be-
cause of thermal contraction. OQur tests have shown a great
deal of variation in the weathering resistance of cellu- -
lose acetate sheets received from different manufacturers,
and also in the case of different lots of the material
prepared by a given firm. Further tests on modified sam-
ples are in progress to determine whether more uniformly
durable products than have been on the market to date can
be made available to the aircraft industry.

The acrylate resin was found to be remarkably trans—
parent, more stable to light and weathering and more re-
sistant to scratching than cellulose acetate, but its im-
pact strength and flexibility are much poorer than is the
case for cellulose acetate. Surface crazing of the acry-
late resins was noted after one year's exposure on the
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roof and also in the case of some samples kept in storage.
Further samples have been submitted by the manufacturers
of this type of plastic for our examination to determine
whether modifications which they have made in the material
have eliminated thig tendency to crasze.

Other transparent plastics, such as cellulose nitrate,
ethylcellulose, vinyl chloridevacetate resin and vinyl
acetal resing, failed in resistance to weathering after
approximately three months. Glyceryl-phthalate, styrene
and phenol-formaldehyde resin plastics discolored markedly
on exposure to sunlight or ultraviolet light from a carbon
arc lamp, and were also lacking in the flexibility which
is desirable for aireraft windshield products., A sample
of cellulose acetobutyrate was practically unchanged after
12 months' exposure, but this material is not available
commercially in sheet form. With the exception of the
cellulose nitrate, cellulose acetate, and acrylate resin
plastics, the materials tested were of an experimental
nature and were not recommended for use on aircraft. Many
of the undesirable properties observed for these experi=-
mental materials will undoubtedly be eliminated in the p
course of the development of these plastics and it is not
improbable that some of them will later become available (
in a2 form suitable for windshield use. -

I, INTRODUCTION

Although it is true that no organic plastic has yet
been developed that possesses both the qualities and the
low price of glass, nevertheless, plastic materials are
now serving as windows on many airplanes. Two properties
of fundemental importance in the use of transparent mate-~
rials on aircraft, namely, weight and flexibility, have
brought about this invasion of a field generally limited
to glass. The organic plastics are approximately one-half
as heavy as glass, a distinct advantage for aeronautical
purposes. Flexibility is desirable in order to permit the
use of curved transparent enclosures which offer minimum
wind resistance.

The plastic sheets which are in use in this country
for aircraft windows (fig. 1) are made from cellulose ace-
tate, known commercially under such trade names as "Fibes- w
tos", "Lumarith", and "Plastacele", or from polymerized
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esters of acrylic and methacrylic acids, designated in

the trade as "Lucite" and "Plexiglas". Cellulose nitrate
transparent sheet is also employed to a limited extent;
this. type of product is variously designated as "Cellu-
loid", "Fiberloid", "Pyralin', and the like by its manu
facturers. A transparent synthetic resin made from glyc-
erol and phthalic anhydride has been used in England as a
window material on agircraft, but the particular product
involved does not possess the flexibility characteristic
of the cellulose derivatives. These organic plastics do
not possess the surface hardness typical of glass, and the
abrasive action of sand, dust, dirty rags, and flying in~
sects soon impairs the transparency of the original prod-
uct. For this reason a laminated product, made by sand-
wiching a plastic material between two layers of glass and
commonly called "safety glass," is used in locations where
clear and undistorted vision is continuously demanded, as
through the windshield directly inm front of the pilot.
These parts must be degigned for flat pieces, however,
since the commercial production of laminated glass in
curved shapes is very costly and difficult to achieve, al-
though it has been accomplished experimentally.

Although the cellulose acetate sheets have been found -
to be more satisfactory with respect to weathering than
the nitrate product, they are very susceptidble to scratch-
ing and have also been observed to develop a surface crack-
ing after a few months in service. These factors, of
course, lead to an impairment of vision through such mate~
rial, Recognizing that there is a real need for an im-
proved flexible material for use in curved windows on air-
craft, the National Advisory Committee for Aeronautics
established a project at the National Bureau of Standards
to study the available transparent plastics with regard to
their suitability for such purpose.

The following types of transparent plastics were
found to be available commercially or experimentally for
examination in connection with our investigation: cellu-
lose nitrate, cellulose acetate, cellulose acetobutyrate,
ethylcellulose, acrylate (which term is wuscd to include
the polymerizod estors of both acrylic and methacrylic
acids), vinyl chloride-acetate, vinyl acetal, glyceryl-
phthalate, styrene, and phenol-formaldehyde. Laminated
glass for use on aircraft is made at the present time
with four differcnt plastic matorisls as binders, namely,
cellulose nitratc, cellulose acetntc, acrylate resin,
and vinyl acetal resin. Samples of these various prod-



ucts were obtained for our investigation through the cour~
tesy of the respective manufacturers.

The properties of transparent plastics which are of
primary importance in their use on gircraft and which are
reported on herein are as follows: light transmission,
freedom from haze, surface imperfections and constituents
which reduce or distort vision, resistance to weathering,
resistonce to surface abrasion, impact strength, dimen-
slonal stabiliiy, resistance to the action of water and
cleaning fluids, bursting strength at normal and low tem-
peratures, znd flammability. Other properties of inter-
est, such as tengile strength, thermal coefficient of ex-
pansion, mechanical strength at low temperatures, and re-
sistance to high velocity impacts, and the problem of mod-
ifying the formulation and processing of the transparent
plastics to obtain improved aging qualities are being in-
vestigated in the further work which is under way on this
projecte.

IT. CLARITY

The clarity of plastics is generally considered to be
dependent upon two factors, light transmission and scat-
tering of light by particles or by surface imperfections.
Distortion caused by wavy surfaces and nonhomogeneous ma-
terial i1s also an important factor in visibility through
windshield materials and will be considered in a later
section. The military services generally specify that the
plastic sheet shall transmit at least 68 percent of white
light when tested within 30 days of the date of manufacture
and shall be free from wrinkles, bubbles, scratches, pits,
or depressionsg. The light transmission is usually measured
with a visual or photoelectric photometer, in the latter
case with a photoelectric cell which is sensitive mainly to
the visible portion of the spectrum. The transparent plas-
tics now in use generally transmit more than 85 percenti of
the incident light. The haziness has been measured by seve-
eral methods, including visual inspection with or without a
background of light from Cooper~Hewitt lamps, comparison of
the plastic sheet with samples of varying degrees of hazi-
ness, attempts to count the "star dust" visible in a small
area under the microscope, and determination of a small
portion of the light scattered when the sample is placed
at a suitable angle with relation to the light source and
photometer. Although the latter method has the desirable
feature of utilizing one instrument for measuring both



light transmission and haziness, it presents some diffi~

culty because of the possibility of introducing consider-
able error in measuring only a small portion of the scat-
tered light.

A photometer of simple construction, called the "haze-
ometer”, which can be used effectively to measure the hazi-
ness of a plastic as well as the light transmission, was
developed in the course of this investigation.

l. Description of Hazeometer
- A photogravh of the photometer is shown in figure 2:

A 6-volt automobile~type buldb is mounted in front of a
reflector, A ecylindrical shield, blackened insgide and with
a circular aperture b in the center of the base, causes
an approximately parallel beam of light to be radiated to=-
ward the photoelectric cell. A blackened disk with a cir—
cular aperture a, is mounted in front of the photoelec-
tric cell, In the instrument as built for experimental
purposes the two openings a and b, are sach 1 inch in
diameter and are spaced 18 inches apart. The photoelec—
tric cell is of the Weston photronic type. The spectral
response of thig cell deviates considerably from the lumi-
nosity curve of the eye, and hence the light transmission
obtained is not the same as would be measured with a visg-
ual photometer but is a close approximation to such value
for gsamples with little or no dye. A filter can be ob-
tained from the manufacturer which will approximately cor=
rect the response of the cell to that of the eye. The me-
ter has an internal resistance of 50 ohms and a range of
100 microamperes. Spring clamps are fastened to the frame
at each aperture to hold the plastic in place. A 6wvolt
storage battery is used to operate the lamp. All the parts
are housed within a wooden box finished in a dull black
which reduces reflections to a minimum. The 1id of the
box is closed during measurements to keep rays of light
from outside sources from reaching the photoelectric cell,
This instrument is only applicable for measuring the haze
in sheets which have approximately parallel surfaces and
are free from imperfections which act as lenses or prisms.

2. Test Procedure and Definitions
To obtain a measure of the light transmission of the

plastic, the light is adjusted in intensity so that a cur-
rent of 100 microamperes is obtained from the photoelectric



cell. A flat sample is then placed in front of the cell
at aperture a. Of the light incident on the sample, a
fraction is transmitted undeviated, and a fraction is scat-
tered by the surfaces and the intorior of the sample. The
photoelectric cell receives the undeviated fraction of the
light and that part of the scattered light which is not
deflected at angles greater than about 90°, The light
transmission of the plastic is defined as the fraction of
the original light received by the photoelectric cell
which continues to reach the sensitive element when the
plasgtic is placed over the aperture a at the photoelec~
tric cell,

To obtain g measure of the haziness of the plastic,
the sample is placed at aperture b, 18 inches distant
from aperture a. The photoelectric cell still receives
the undeviated fraction of the light but collects only
that small portion of the scattered light which is con-
fined to the small solid angles subtended by aperture a
at points in opening Db. The difference between the pho-
toelectric current with the sample at a and at b is a
measure of the light scattered, assuming that a linear re-
lation exists between the photoelectric current and the
total light incident upon the sensitive element of the
cell. The current is practically proportional to the to-
tal incident light for no external resistance; the devia-
tion is only slight for the 50wohm resistance in the mi-
croammeter used. Hasziness is defined as the percentage
of the total light transmitted at position a which is
scattered when the sample is placed at position D,

3« Results of Measurements of Clarity

The initial white-light transmission and hagziness of
the materials submitted by manufacturers cooperating with
us were measured with the hazeometer; the results are pre-
sented in table I. Each value in the table represents the
aversge for three specimens, each 1-1/4 by 2-1/2 inches.
Measurements of light transmigssion and haziness were also
made on several varieties of plain and laminated glass
(tadble II) to afford a comparison with the results obtained
for plastics.

&) Light transmission.-~ It will be noted that the
white-light transmission of all of the plastics tested
exceeds the 68-percent requirement formerly specified by
the military services. The highest values were obtained
with samples of acrylate resins,. the percentage transmis—
"sion varying between 93.6 and 94.2 for these materials.
The samples of cellulose acetate which gave white-'
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sion varying between 93.6 and 94.2 for these materials,
The samples of ccllulose acetate which gave white light
transmissions excecding 90 percent did not contain blue
dye, whereas those which gave values varying between 77
and 83 percent were very obviously colored bluees The of-
fect of the addition of blue coloring on the transmissiv-
ity is shown in table II for the glass products and in
table III for a special series of cellulose-acetate trans-
parent plastics. Because of this pronounced lowering of
percentage light transmigssion, the practice of adding bluo
dyc to cellulosc-acetate transparent shect has been dis
continued by some manufgcturers. For undyed materials ap-
proaching the transparency of polished glass, most of the
loss is due to reflection at the two surfaces and can bo
approximately calculated from the refractive index.

b) Esziness.- The haze values for two of the acrylate
samples, namely, 1.8 and 1.9 percent, compare favorably
with measurements made on laminated safety glass and were
the lowest of any of the plastics studied. The values
for the cellulose-acetate products show considerable vari-
ation., Apparently a minimum of about 4 percent haze for
sheets up to 100 mils thick is the best that can be done
and for thicker sheets this would be somewhat higher. The
fog or cloudiness present in sheets with haze values of
this order is quite easily detected by the &ye and is a
much more serious defect than the lowering of white-light
transmission by blue dye. The cause is probably inherent
in the fibrous nature of the raw material, cellulose,
rather than in the chance inclusion of foreign matter.

The values recorded in table I for the materials other than
cellulose nitrate, cellulose acetate, and acrylate resin,
were obtained on experimental samples only, such products
not being available in sheet form for aircraft-windshield
use at the present time.

III, INDEX OF REFRACTION

The index of refraction is of interest in considering
the light-transmission characteristics of plastics. This
property was measured by means of an Abbe refractometer on
the same samples used in the light transmission and haze
tests. Two contact liquids, bromnaphthalene and mercuric
iodide, were employed in order to guard against incorrect
values resulting from reaction between the sample and the
contact ligquid. The dats obtained are presented in table
I. The refractive indices for the materinls studied range
from la4:7 to 10580



IV, DISTORTION TESTS OW PLASTICS

Distortion tests were made on 12- by 1l2-inch sheets of
the various materialg in accordsnce with the procedure sug~
gested by the American Standards Association for laminated
safety glasse A line is projected with a lantern so as to
fall midway between two perallel lincs marked on a screen,
these lines boing one inch apart. The tcst specimen is
25 feet from the scrcen and the lantern is adjusted so
that the centor 10~ by 10-inch squarc fills the beam. The
sample in a suitable frame is moved across the beam and
the movement of the projected line observed; the safety
glass specification requires that the projected line shall
not deviate more than 1/2 inch as the sheet is moved across
the beam. Several materials were tested but none failed
to meet the specification. Then measurements were made on
each sample of the deviation of the projected line as the
square was moved an inch at a. time across the beam. This.
megsurement was made at the top, center, and bottom of the
screen for the sample normal to the incident light; this
was repeated just at the center of the screen for angles
of 759, 600, 45°, and 30°, The data did not prove suita-
ble for giving an estimate of the visidbility because a
specimen with many relatively small ripples simply causes
the projected line to move back and forth rapidly as well
as causing it to get out of focus; a sample which is
slightly wedge-shaped or one with a large wave in its sur-
face, might cause the line to deviate as much or more,
yet 1t would be far superior as regards distortion.

The above considerations led to the following method
for evaluating the distortion of the transparent plastic
sheets.s A projection lantern is focused on a screen 40
feet distant; the specimen is placed in front of and paral-
lel to the screen. The sample is moved toward the light
and its shadow observed. When light and dark patches Dbe-
gin to appear in the shadow, the distance of the specimen
from the sereen is noted and is taken as a measure of the
relative distorting characteristics of the sheet. The
better the material, the greater is the distance at which
the shadow becomes nonuniform. Observations were made by
three individuals on 12~ by 1l2-inch samples of the plas-
tices The results are shown in table IV. The acrylate
resin sheets are found to be considerably better than oth-
er plastic materials in this test.



V. RESISTANCE TO WEATHERING

Samples of transparent plastics 7 by 7 inches were
prepared for weather-exposure tests by fastening them in
brass frames curved cylindrically to a radius of 5 inches.
Most of the materials were flexible enough to bend to the
curvature of the frame without specisl heat treatment and
could be drilled in the flexed position without cracks form-
ing at the holes. Two samples of the acrylate resin sheets,
J2 and X1, were softened in water warmed to about 600 ¢, for
15 minutes and then bent and drilled. Another acrylate
sample, K3, was softened by heating for 10 minutes at 70°
C. in 2n oven. One manufacturer of these resinous sheets
has recently recommended bending them by warming at 90° to
1259 (., depending on the thickness, using as the heating
medium either hot water or preferably hot air, pressing
the shecet around a wood or metal form covered with rubber
or glove cloth, and allowing it to cool in the bent posi-
tion. Initial whitc-light transmission and haze debtermi-
npotions were made on the spocimens in the frames before
placing them on the roof. In addition the light transmis-
sion was moasured with red, greon, and blue filters in ore
der to follow any color changes in the various materials
during exposure. The frames werc fastoned to exposure
racks on the roof of the Industrial Building of the Na-
tional Bureau of Standards, the racks facing south and be-
ing inclined ot an anglec of 459 to the horizontal. Tho
samplcs were placed on the roof during March 1936, and the
changes in clarity after 1, 2, 3, 6, 9, and 12 months wore
determined quantitatively. The samples were cleaned with
lens paper sooked in tap water and for some of the matori-~
algs in kerosecnce.

The data for light transmission and hazc measurcments
made on the transparent plastics arc given in tadbles V,
VI, and VII., The condition of the samples after 12 months
exposurc on the roof is shown in figurcs 3 to 6. Examina-
tion of the photographs indicates clearly that the samples
of acrylate resinsg, numbersg 15, 16, 17, and 18, arec in the
best condition after the year'!s exposure. This same con=-
clusion is reached from a consideration of the light-
transmission data in tables V and VI and the haze data in
table VII. The surfaces of three of these samples, how~
ever, had begun to craze and crack. These cracks are not
readily visible when viewed by directly transmitted light,
but become very pronounced when illuminated so that the
light scattered by them can be obscrved. Figure 7 shows
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panels 16, 17, and 18 taken at a suitable angle to show
this cracking., It should be kept in mind that these
frames are curved and that the cracks which show up at

the center portion of panels 16 and 18 are present through-
out the whole sheet. Sample 17 (X1) did not show any ev-
idences of cracking; however, it contained a plasticizer
which resulted in a slight yellowing of the sheet upon
exposure, Thig discoloration is particularly indicated by
the results of the light transmission measurements using

a blue filter, shown in table VI. Some samples of acry-—
late resin which had been kept in storage for approximate~
ly 18 months have developed similar crazing, as shown in
figure 8. One of the manufacturers of this type of plas-
tic has informed us that they have modified their product
so as to avoid this failure. Tests on these new samples
are in progress.

The cellulose acetate transparent sheets tested are
shown in figures 3 and 4, panels 1 to 9, after 12 months!
exposure. The products of different manufacturers and of
different samples from the same manufacturer varied con-
sideradbly in their behavior upon weathering. Panels 1 to
3 had crazed badly, discolored, and become practically
epaques Panels 4 and 5 were in the best condition of any
of the cellulose acetate samples after 1 year on the roof.
Even these had become considerably more hazy and in one
case had cracked at the top of the frame because of shrink
age. These two samples tend to become coated with a
frosty layer when left untouched for several weeks. This
surface coating was readily removed with lens paper soaked
in kerosene, and would be constantly eliminated by normal
cleaning in service. Panel 6 was a sample submitted as a
supposedly improved product, but it is quite apparently
inferior to panels 4 and 5, made by the same firm. Panels
7 ond 8 were beginning to show large surface cracks after
one year and their surfaces had becomec roughened or "peb-
bled," thereby resulting in distortion of vision through
thems Panel 9 had become practically opaquc aftcr once
year; the cracking which caused this had taken place faire
ly regularly over the period of exposure as indicated by
the haze values in table VII.

It is well known that cellulose nitrate is decomposed
by ultraviolet light., Samples 10 and 11 show how com-
pletely opaque this plastic becomes after one year's ex-
posure to sunlight. Table VII indicates that the major
portion of the breakdown occurred between the 3~ and 6-
months period, namely, during June, July, and August.
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The condition of these samples after 3 months! exposure
ig shown in figure 9. The crazing which occurs is con-
fined to the outer surface of the material, the back re-
maining smooth and transparent.

The ethylcellulose sheets tested were among the first
samples of this plastic which became available in this
country. As indicated in table VII, figure 9 (panel 12
after 3 months) and figure 5 (panel 14 after 12 months),
these materials were not resistant to exposure on the
roof. A marked increase in the haziness of two of the sam-
ples took place within 3 months; the third sample deteri-
orated rapidly during the following three months. It is
our understanding that manufacturers of these materials
have improved the stability of ethylcellulose sheets dur-
ing the interval which has elapsed since these mateorials
were received. New samples are being tested to determine
whether a grade which would be suitable for airplane use
has beon developed. ~

None of the vinyl resin sheets tested, all of which
were experimental samplecs, had satisfactory resistance to
weathering, The polyvinyl chloride~acctate sheects (panols
19 and 20 in fig. 6) discolored rapidly, becoming dark
purple. This purple discoloration was entirely a surface
layer effect and extended only one-~fifth of the way through
the sample, the remainder being apparently unaffected.

The vinyl acetal sampleg (psnel 22 in fig. 6 after 12
months and panel 24 in fig, 4 after 9 months) did not dis-
color but became opaque and showed evidences of surface
eracking.

-The sheet of cellulose acetobutyrate (panel 23 in fig.
6€) was cast from a solution in various organic solvents.
The bubbles which are seen were present in the sheet as it
was received. As indicated in tabdbles V, VI, and VII, no
marked changes in the light transmission and haze charac—
teristics took place during the exposure period. The
streak which is present on one side of the picture of panw-
el 23 is an optical effect only, no cracks having appeared
in the exposed sample.

The sample of glyceryl-phthalate resin which was re-
ceived was too brittle to be bent to the 5-inch radius of
curvature of the test frames. Accordingly, a flat pilece
wag exposed on the roof and is shown in figure 6 (number
26) after nine months. No cracking or crazing is evident
but the material has discolored considerabdbly.
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The possible effect of the bolting of the materials
in a stressed state in the test frames on crazing was
studied by exposing flat sheets of cellulose acetate and
cellulose nitrate simulteneously with the same materials
Tastened in the curved panels. Figure 10, which was
taken after 9 months' exposure on the roof, indicates
that the crazing took place equally rapidly under the two
conditions.. The crack down the middle of panel 30 was

the result of strain caused by shrinkage due to loss of
volatile materisl, v

The effect of one year'!s exposure out of doors on
the light transmission and haziness of lamingted and or-
dinary glass is shown in table VIII., ©No marked breakdown
of these products took place during this period. The lam-
inated glass made with an acrylate plastic gives somewhat
erratic results in the measurement of haze because the
plastic tended to squeeze out at the edges, thereby leav~
ing the product slightly wedge-shaped. However, there
was no apparent change at the end of one year on the roof
in the clarity or appearance of thig type of laminated
glass,

Vi. ACCELERATED AGING

Accelerated aging tests were conducted on samples 6
inches by l~1/2 inches, in a Weather—-O-Meter having a
carbon arc light. A portion of the sample was covered
with aluminum to obtain a ready comparison of exposed and
unexposed material, The samples were rotated about the
carbon arc at a distance of 2 feet, making one revolution
every 20 minutes.. Tap water was sprayed on the plastics
at one location in the Weather-0O-Meter; the durgtion of
its application to each sample was about 15 seconds. The
samples were removed and tested after 500 and 1,000 hours.
The results of these tests are shown in table IX. TFigure
11 shows the condition of the samples after 1,000 hours!?
exposure, The unexposed portion is at the top of the sam-
ples in the photograph.

The cellulose acetate materials in general were im-
proved in regard to light transmission, because of bleach-
ing of the blue dye added to the original plastic. The
‘samples were held only by light spring clamps and many of
the acetate samples warped during the test. The nitrate
samples were less affected by 1,000 hours in the Weather-
O0~Meter than by three months' (March, April, and May) ex~
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posure out of doors. One sample of ethylcellulose was in
a very friagble state after 1,000 hours! exposure to the
carbon arc light, The acrylate resing were practically
unchanged after this treatment. The effect of the carbon
arc light on the polyvinyl chloride-~acetate samples was
very pronounced, converting them from the transparent con-
dition to purplish~colored opague masses. This chane was
confined to a thin layer at the surface of the sample, in-
dicating practically complete absorption of the harmful
light radiation. The styrene and vinyl acetal samples
were rapidly attacked by the carbon arc light. The cellu~
lose acetobutyrate was practically unaffected. Salt de-
posited during the alternate wetting and drying cycles
prevented accurate determination of hagze changes.

A second group of samples was subjected to the light
from the carbon arc lamp without using a water spray so
that haze measurements could be made. The samples were
subjected to a somewhat higher temperature in this test,
approximately 55° €. compared to 40° C. when the water
spray was employed. ZExamination of the light transmission
data after 500 hours'! exposure in tables IX and X indi-
cates that the cellulose nitrate and vinyl chloride-ace-~
tate resin gsamples are deteriorated more rapidly in the
drier and warmer condition. Sample J1, an acrylate resin,
was quite markedly affected by the higher temperature, be-
coming translucent rather than transparent because of sur-
face roughening. Comparison of the haze values in tables
VII and X show that the results of the accelerated test do
not indicate the same relative order of sgtability as is
found upon exposure out of doors. Thus, the two cellulose
nitrate samples became clouded at about the same rate on
the roof whereas El breaks down more rapidly in the accel-
erated test. Similar discrepancies are noted for the
ethylcellulose and vinyl acetal resins.. The amount of dis-
coloration of the samples by the carbon arc light can be
judged from the data in table XI for light transmission
using various color filters. There was a considerable
drop in the light transmitted using the green and blue
filters in the case of the cellulose nitrate samples and
the glyceryl-phthalate resin 0l1. A slight drop is also
noted for acrylate resin Kl., On the other hand, the light
transmission using the green filter showed a marked in-
crease after the 500 hours! exposure to ultraviolet light
for those somples which contained blue dye¢, notably in the
case of cellulose acetate T1,
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VII. SCRATCH RESISTANCE

The comparative ease with which transparent organic
plastics are scratched is a major obstacle to-their sub-
stitution for glass in many applications where their
toughness and nonsplintering characteristics would be ad-
vantageous. However, the plastics vary considerably among
themgelves in scratch resistance, and it is desirable to
have a method of measuring this property. The effect of
tumbling with sand of a standard grade was tried but, af-
ter a short period, a polishing action produced by fine
fragments tended to undo the action of the coarse grains
of sand. It was also very difficult to remove the fine
dust from the samples preparatory to determining the
amount of abrasion by measuring the light transmission
of the abraded materials.

These difficulties are avoided by the use of a scle-
rometer to produce a band of scratches on the sample, from
which the relative resistance of the material can be judged
by determining the average width of the scratches. Various
types of sclerometers have been developed for use in mak-
ing scratch tests on metals. These were discussed in de-
tail by O'Neill (reference 1), '

1. Description of Apparatus

_ The instrument wused in this work on plastics was de-
veloped by Bierbaum and is called the "microcharacter"
(fig. 13)s The cutting diamond is in the form of a cor-
ner of a cube, mounted so that the diagonal of the cube
is normal to the test surface and one edge is in line
with the direction of the scratch., The diamond is sus-~
pended from a balanced arm pivoted on sapphire bearings.
One end of the arm is provided with a spirit level and the
other with a 3~gram weight which constitutes the standard
-load for the diamond point, The diamond is mounted at
the small end of a tapered steel spring; the other end of
the spring is fastened to the lower side of the suspen-
sion area. A vertical rack is provided for raising and
lowering the bracket that carries the cutting tool, This
bracket is attached to a microscope mechanical stage pro-
vided with suitable clamps and screw mechanism to permit
the specimen to be moved slowly under the diamond point,
The width of the scratch (fig. 14) is megsured with a mi-
croscopée having a calibrated filar micrometer eyepiece.
The plastics were conditioned at 21° C. and 65 percent
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relative humidity for at least 24 hours, and the test was
conducted under these same conditions. The scratch re-
sistance is reported numerically as the quotient of the
load in kilograms divided by the square of the scratch
width in millimeters.

2., Results of Scratch Width Measurements

The data obtained with the Bierbaum microcharacter on
various plastics are shown in table XII. Each value was .
computed from the averaged result of the measurement of the
widths of five scratches at three locations on each scratch.
The speced of the diamond point relative to the specimen was
approximately 0.2 millemeter per second. To determine
whether or not a material was anistropic, bands of scratches
were ruled both parallel and perpendicular to the length of
the sample. A few cellulose acetates, notably samples A3,
B5, and 02 give some indication of anisotropism. The re-
sults show that most of the materials are isotropic as far
" as scratch resistance is concerned.

The scratch resistance of cellulose acctate varied
with the products of different manufacturers, presumabdbly
because of differences in types and amount of plasticizer
present. The acrylate resins were found to be the most
resistant to scratching of the materials studied.

& value of 14.8 for the scratch hardness of acrylate
resin sample X1 was obtained when a 6~gram load on the
diamond point was used. Comparison of this value measured
with a 6-gram load with the one in table XII obtained with
a 3-gram load, namely, 15.0, shows that the calculated
scratch resistance value is substantially independent of
the load used. This would be expected to be true, since
the diamond tool is of such shape that the scratches made
with different loads are geometrically similar. The width
of the microcuts obtained with the 3- and 6-gram loads for
this acrylate resin were, respectively, 14.2 and 20.3 mi-
crons.,

VIII, INDENTATION HARDNESS

A number of indentation tests previously developed
for use with metals have been applied to the determination
of the so=-called hardness of plastics, including the Bri-
nell, Martens, Rockwell, Vickers, and Shore machines.
Table XIII presents the results of measurements made on



16

unconditioned samples of plastics with some of these inw
struments. There is relatively good agreement between

the degrees of hardness indicated by the Vickers, Rockwell,
and Brinell machines., The Shore Scleroscope is not con-
gidered very satisfactory because the hardnesses indicated
for the plastics were in all cases much higher than those
for a mild steel specimon, whose Brinell hardness was about
ten times that of the plastics. The data in the last two
columns in table XIII show the effect of time of applica-
tion of the load on the hardness values obtained. For the
relatively soft plastics very little increase in indenta-
tion is noted, but in the case of the materials above
Brinell Nos 15 a considerable effect on the area of the
indentation is noted,

The Vickers hardness testing machine (fig. 15) uses
a square pyramid as an indenting tool, the value obtained
therewith being substantiglly independent of the testing
loade The length of the diagonals of the indentation (fig.
16) made with this tool are more readily measured than the
diameter of the indentation made by a spherical tool. The
Vickers hardness testing machine was, therefore, used for
making a more detailed study of indentation hardness of
plastics. The %too0l in this instrument is a sguare pyramid,
naving an angle between opposite faces of 136 A load of
5 kilograms was used. The machine is constructe& so that
the load is applied slowly and progressively to the test
gpecimen, remaing applied for a predetermined time, and
is then automatically removed. A special measuring micro-
scope is then swung into position, locating itself exactly
over the impression. The lengths of the diagonals of the
indentation are measured by means of a micrometer ocular
in the microscope. The Vickers hardness number is the
quotient of the applied load in kilograms divided by the
pyramidal area of the impression in square millimeters.
The plastics werfe conditioned at 21° C., and 65 percent rel-
ative humidity for at least 24 hours prior to testing.

The effect of variagtion in the time of application of
full load on the values obtained for Vickers. hardness
numnbers is shown in table XIV. Just as in the case of
Brinell numbers, it is seen that this is an important fac-
tor in the measurement. A more extensive examination of
the Vickers hardness of the transparent plastics which were
avoilable was made on the same samples used for the scratch
hardness test. A full load time of 10 seconds was selected.
In some cases the values obtained which are shown in table
XV, differed somewhat from those recorded in table XIV.
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This can be attriduted in large part to lack of uniformity
in the sheet. ZEach value given in tables XIV and XV is
the average of four determinations.

The glyceryl-phthalate resin was the most resistant
to indentation of the materials tested; the cellulose
derivatives were indented more readily than the resins
with the exception of the vinyl acetal sheets, one of which
was very soft. BSome evidence was also obtained in measure-
ments of the indentation diagonals that a few of the cellu-
lose acetate sheets were anisotropic, but the variations
in the two directions were not large enough to warrant re-
porting in detail,

It is interesting to compare the Vickers hardness
values in table XV with the scratch~-resistance data in ta-
ble XII. Good correlation is evident for the cellulose
nitrate, ethyl-wcellulose, and acrylate resin. plastics.
However, the scratch-resistance values for the vinyl and
styrene resins are much lower than the indentation values.
In the case of the vellulose acetate samples, the two co=
efficients are not similgr. It is, therefore, believed
to be impractical to substitute the better known and more
rapid indentation hardness measurement for scratch-resist-
ance data obtained with a sclerometer.

IX. IMPACT STRENGTH

l. Charpy Test

The resistance of the transparent plastics to impact
was determined with a Charpy impact machine and also by a
falling-ball method. TFor the Charpy tests, two sets of
notched specimensg 0.5 inch by 2.5 inches were prepared.
The notch, located at the center of the specimen, was O.l
inch deep and was produced with an ordinary 60° triangular
files One set was tested for impact strength at 70° F.,
and the other at about 25° F, The samples were broken in-
dividually and not as a composite specimen. The capacity
of the Charpy machine (fig. 17) was 2.9 foot-pounds, while
its striking velocity was about 8 feet per second. The
results of these tests are shown in table XVI. The cellu-
lose nitrate, cellulose acetate, ethylcellulose, and vinyl
acetal samples have relatively high impact strength at 709,
whereas the vinyl chloride~acetate and acrylate resins
were relatively weak. At 25° F, the cellulose acetate
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samples had from 15 to 50 percent of their strength at 70°
Fe; the cellulose nitrate had about 55 percent of their
original strength; the vinyl resins had approximately 30
percent of their impact strength at 70° ¥. TFor the ACTY
late resins and ethylcellulose, the loss in strength at
the subfreezing temperature was only about 20 percent.

2. Falling-Ball Test

In tests made by the falling-~ball method to determine
the impact resistance of the plastics, it was found to be
impractical to use the 12~ by l2-inch frame employed for
testing laminated safety glass in which the specimen is
not clamped at the edge. In such a frame a cellulose ace=
tate samnle 94 mils thick, failed only on the 24th im-
pact ‘from a g-nound steel ball falling 65 feet., A nitrate
specimen 64 mils thick pulled through the frame on the
first impact. The follow1ng test procedure was, therefore,
adopted. A steel Dball welghlng % pound was dropped from
various heights on » disk 6% inches in diameter held firm-
ly between rubdber gaskets 1n a metal frame (fig. 18) which
had a circular opening of 53 inches diameter. The test
was continued until the sample was penetrated by the ball,
The results are given in table XVI, The cellulose plas-
tics feiled when the ball dropped 50 to 65 feet, some re-
guiring several impacts from the latter height., All of
the acrylate~resin samples failed when the s-pound ball
was dropped 10 feet. The vinyl chloride-acetate resin
samples received failed at 8 feet, whereas a vinyl acetal
resin now being developed particularly for safety glass
construction dbroke on the average only after 114 impacts
with the stecel ball from 65 feet,.

In order to determine the comparative effect of imw
pacts of elastic and inelastic bodies on the plastic, a
tennis ball partially filled with onc pound of shot was
used in a series of tests. Results of tests on a few ace-
tate samples indicate that a given sample will withstand
threc times as many impacts from the l-pound shot-filled
teanis ball as from a %—pouna stecl ball. The study of
the impact strength of these plastics and of laminated
glass is being continued to deot ermine thoe type of wind-
shield which would be requirecd to resist the impact of a
bird during flight.
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. X. SHRINKAGE

The shrinkage which transparent plastics undergo in
service is an important factor in their durability. Ex-
cessive shrinkage causes buckling and in some cases crack-
ing of the plastic 'sheet.

The shrinkage of trasnparent plastics occurring dur-
ing exposure on the roof and also as a result of acceler—
ated aging was studied. Samples agpproximately 11 inches
by 1 inch were conditioned at 21° C. and 65 percent rela-
tive humidity and gage lengths of 10 inches were marked
off. One set of samples was placed on a roof-exposure
rack while a second set was subjected to accelerated aging
in an oven with circulating air at 70° ¢, After various
periods the samples were removed to the conditioning room
and. the change in length measured. The results are pre-
sented in tables XVII and XVIII.

When the shrinkage is actelerated by heating at 70°
C. in a2:n oven, the decrease in length after four days
ranged between 70 and 100 percent of the value obtained
after two weeks at the same temperature. For cellulose-
acctate plastics the shrinkage after two weeks was about 1
percent for 120~-mil stock, and 2 percent for the 60-mil
materialy after two months these values had increased to
approximately 2, and 3 percent, respectively. The lowest
shrinkage of all the cellulose-~acetate samples was under-
gone by sample Bl2, a 60-mil-thick sheet, the change in
length being l.2 percent for two months. The two cellu-
lose~nitrate samples had decreased 0.5 percent in length
after two weeks, and 1 percent in fwo months. The acry-
late~resin plastics which were first submitted, shrunk
almost 2 percent after two weeks at 70° C., and did not
change appreciably thereafter. A later sample of this
type of resin identified as X5, which was given a final
heat treatment by the manufacturer to drive off volatile
solvents, shrunk approximately 0.3 percent in two weeks,
after which no further change in the length was observed,
A sample of unplasticized acrylate resin, J2, decreased |
in length only O.2 percent after two Weeks, but showed Q.7

percent shrinkage after two months. The greatest shrinkage

during the two months! heating at 70° ¢. occurred with a
vinyl chloride~acetate resin; the decrease in length being
8+2 percent. A glyceryl-phthalate resin, 01, gave the
least shrinkage, namely, O.l percent; another sample of
thig resin, made by a different company, decreased O. 7
percent in length.
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The shrinkage tests made by exposing samples on the
roof, gave somewhat different results from the acceler~
ated tests., In general, the outdoor shrinkage of the
synthetic resins was small compared to that of the cellu-
lose'plastics. Reasonably good correlation was observed
between the shrinkagces for the various cellulogse deriva-
tives on the roof and heated at 70° C. The cellulose-
acetate sampleg had decreased in length from 0.7 to 3.1
percent after nine months on the roof, whereas thesge
gsame samples gave 2.0- to 3.4~percent shrinkage when heat-
ed for two months at 70° C. The cellulose-nitrate sam-
ples averaged O.5-percent shrinkage for nine months on
the roof, and l-percent for two months' heating at 70° C,
The ethylcellulose plastics deteriorated rapidly on the
roof, making measurements impossible after approximately
six months., They had shrunk up to 2.0 percent at the end
of three months on the roof compared with an average.
value of about 3 percent for the accelerated test. The
acrylate resing had decreaged in length only about 0.2
percent after nine monthe on the roof; the preshrunk resin
had shrunk approximately 0.05 percent after six months,
which was the latest data available for this particular
sample. The greatest disparity between the natural and
accelerated aging was noted in the case of the vinyl
chloride~acetate resin which, although it shrunk 8.2 per-
cent in two months at 70° Ce, had decreased in length
less than 005 percent after nine months on the roof.

. Presumably it would be possible to reduce the shrink-
age of the cellulose plastics by heat treatment during
the process of manufacture, as was done for the acrylate-
resin sample K5, The impact strength of sample K5 as
measured on the Charpy apparatus was the same as that for
the ordinary acrylate stock. As indicated in tables XII
and XV, the values of scratch and indentation hardnesses
are higher for the preshrunk than for the ordinary acry-
lates Samples of ordinary cellulose acetate and cellulose
nitrate were preshrunk by heating at 100° C. for 4- and
24~hour periods. Impact measurements were made at 21° C.
with the Charpy apparatus on both the original and heated
materials. The decrease in length was also determined;
the specimeng used to measure shrinkage were placed on the
roof to detect further shrinkage., The results are given
in table XIX, The impact strength of the cellulose-ace-
tate sample was decreased only 5 percent by heating for
four hours; the same treatment halved the impact strength
of the nitrate and caused it to discolor. It would seem
therefore that this method of driving off the volatile
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solvent residue, which ig in large part responsible for
the shrinkage of the acetate plastics, would yield a much
improved acetate sheet for windshield purposes.

XI. RESISTANCE TO WATER, ALCOHOL, AND KEROSENE

Reststance to water and to various organic solvents
with which it is likely to come in contact, is an impor-
tant property of a transparent plastic which is to be used
as an airplane windshield. Data were therefore obtained
as to the amount of water, alcohol, and kerosene absorbed
by the various plastics and also as to the effect of these
chemicals on the condition of the surface and appearance
of the samples. The results of these tests are presented
in tables XX to XXII, It will be noted in table XX that
the absorption of water is particularly pronounced in the
case of the cellulosic plastics, with the exception of
cellulose acetobutyrate, Two of the three ethylcellulose
samples become cloudy when exposed to water for 48 hours,
This behavior would be very objectionable in a material
for windshield use., The resinous materials absord very
little moisture, with the exception of the vinyl-acetal ]
sample M1, which is a vinyl-acetate polymer which has been
hydrolyzed and condensed with formaldehyde. This resin
also becomes cloudy when wet and warps badly. The acry-
late and vinyl resins are not attacked by water.

The data in table XXI indicate that alcohol attacks to
a very considerable extent, all of the transparent plas-
tics studied with the exception of the vinyl chloride-
acetate resin, It has a dissolving action on the cellu~
lose plastics and causes their surfaces to become roughe-
ened. A -similar action of alcohol on the acrylate resin-
ous sheets was noted, It is, therefore, apparent that
alcohol should not be used to clean the surfaces of these
transparent plastics.

The absorption of kerosene was negligible in the case
of all the plastics except ethylcellulose, according to
the results shown in table XXII. The three samples of
ethylcellulose differed markedly in their affinity for
kerosene., However, no impairment of transparency or rough-
ening of the surface on any of these samples was noted.
Kerosene ig, therefore, a very suitable reagent for cleang-
ing the surfaces of plastic windshields. It was found 1o
be very effective in removing a frosty appearing layer
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which accumulated. on the surface of some of the cellulose~
acetate samples, and which was not fully removed by wash~
ing with water.

XII., BURSTING STRENGTH

Tests of bursting strength were made on a few speci-
mens of cellulose acetate, cellulose nitrate, and acrylate
regsin, Seven~inch circular disks of the various materials
were cut out and conditioned at 21° C. and 65 percent rel-
ative humidity. In the testing apparatus the specimen was
reld between steel clamping rings having an opening 5
inches in diameter, Hydrsulic pressure from a hand pump
was applied to one side of the disk and the maximum pres-
sure withstood, observed. The tests were repeated with
the svecimen protected from the steel rings by 1/16-1nch
- thick rubber gaskets.

A11 specimens except the acrylate resins were greatly
deformed by the test, the portion not clamped having a
domelike appearance, The results are presented in table
XXIII. TFigure 19 shows sanmples of . celiulose acetate (G)
and acrylate resin (I) after the bursting strength deter-
nination. Without rubber gaskets most of the samples
failed by shearing at the clamping rings. However, when
protected by the rubber gaskets, only the acrylate resin
and one cellulose-acetate sample failed by shearing. The
other specimens failed in lateral tension, that is, along
radial lines. The gaskets had very little effect on the
numerical value obtained for bursting strength.

A circular membrane under uniform nressure deforms to
the shape of & paraboloid of revolution. The lateral and
radial tensile stress are maximum and equal at the cen-
ter, the expression being: '

S p_o*
T 7 4n 4
for maximum bilateral stress where a = exposed radius,
d = deflection at center, h = thickness of the skin, -and
p = pressure, Computations for a few samples were made

-

with this formula. The deflection at the center was meas-
ured only for the 57-mil thick cellulose acetate; for the
other samplesg, the permanent set was used in place of de-
flection under load. Since the elastic recovery was small
compared to permanent set, this approximation will be sat-
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isfactory for obtaining an estimate of the stresses in-
volved. The shearing stress at the edge was also calcu-
lated:

pa
Sg = oh

The calculated values for maximum tensile and shear stress—
es are presented in table XXIV,

The effect of cooling one surface of the plastiec to
~30° F, on the bursting strength, was also determined.
The cooling was accomplished by application of a mixture
of golid and liquid ethylene dichloride, which freezes at
-31° F,; dry ice was used to maintain solid ethylene di-
chloride in the mixture. OCellulose acetate (fig. 19,H),
125 mils thick, burst at 174 pounds per square inch (avers
age of 2 samples), whereas at room temperature a bdursting
strength of over 400 pounds per square inch was observed.
An acrylate resin, K5, of 70 mils thickness (fig. 19.,7),
cracked before an appreciable load was applied, whereas
previous tests at room temperature had shown a bpursting
strength of 26 pounds per square inch for this material.
Examination of the specimen indicated minute crazing of
the cooled surface, apparently caused by stresses set up
by the thermal contraction. It is concluded that the
spontaneous cracking of cellulose-acetate windshields,
which hag been reported to occur on airplanes which have
ascended to high altitudes, is due to loss in strength of
the particular product because of poor aging characteris—
tics rather than because of inherent weakness of the orig-
inal cellulose~acetate sheet.

A few samples of laminated glass and plate glass were
tested at 25° G. in the same bursting-strength apparatus
used for the plastic sheets. The results of these tests
are presented in table XXV, and the condition of the lami-
nated glass products after test is shown in figure 20. I%
will be noted that the bursting strengths of these materi-
als are considerably less than those observed for the cel-~
lulose~acetate plastic sheets.

XIIl. FLAMMABILITY

Two types of flammability tests for transparent:plas~
tic sheet were made on specimens 6 inches long and 0.5
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inch wide:« In one test the specimen is suspended from a
hook by a hole drilled 1/8 inch from one end, an alcohol
flame is kept in contact with the bottom cdge for 10 sece
onds, and the time requircd for the sample to fall from
the hook or the flame to extinguish, is noted. A Navy
specification roquires that the sample shall not fall from
the hook or becomc completcly enveloped in flames in less
than 40 seconds from the time the flame was first applied.
In the other test the sample is clamped at one end in a
horizontal position longitudinally and at an angle of 45°
to the horizontal laterally, ignited at the free end with
an alcohol flame in contact with it for 10 seconds, and
the time required to burn 3 inches or for the flame to
extinguish, is determined. An Army specification requires
that the time to burn 3 inches shall not be less than

% minutes.

The results of these tests are shown in table XXVI.
It will be noted that for most of the materials, two val=-
ues are given. The first set of data was obtained agter
the samples had becon conditioned 24 %o 48 hours at 21° C.
and 65 porcent relative humidity, whereas the second set
of samples had been in the conditioning room for approxi-
matcely 30 days when tested. The latter samples in gene—
eral tond to extinguish more guickly or burn at a slightly
slower ratc than those conditioned for the shorter timoe
The cellulose acetate, celluloge acctobutyrate, vinyl
chloride~acctate rosin, glyccryl-phthalate resin, and pho-
nol-formeldehyde resin samples passed the above require~
ments for both the horizontal and vertical tests. Some of
the acrylate resin strips were enveloped in flames in less
than the 40 seconds specified for the vertical test, but
this is a very difficult value to estimates. Only one ac~
rylate specimen burned faster than the rate of 2 inches
per minute, allowed for the horizontal tests One vinyl ace-
tal and the ethylcellulose samples, all of which were rel-
atively thin materials, burned in the horizontal test at a
somewhat greater rate than the 2 inches per minute. How-
ever, none of these plastics was found to approach the de-
groe of flammability of cellulose nitrate, which burncd at
a rate of about 17 inches per minute when held in a hori-
zontal position,

Therc is considerable guestion regarding the practical
value of flammability tcsts of this typce The differences
in easc of ignition of melting points greatly influonce
the reosults, Some gampleg tond to melt and separato the
burning portion from the recst of the sample., The mannocr
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in which the sgstrip is mounted for the test also is a con~
trolling factor in the ratec of burning. Data on the rates
of burning in horigzontal and vertical positions of plas-
tics clamped in a metal frame (fig. 21) arc presented in
table XXVII. All of the plastics, including the cellulose
nitrate, burn more slowly under these conditions. The cel=
lulose~acetate samples contain flame~retarding plasticiz-
ers which cause them to extinguish in many of the tests
shown in tables XXVI and XXVII. Sample B5 and apparently
D1 d4id not contain this type of plasticizer.

Tests made with incendiary bullets are of interest in
connection with the establishment of specifications for the
fire resistance of these materials. Tracer bullets of 30-
and 50~caliber were fired through the samples at ranges of
100 and 600 yards. None of the plastics, which included
cellulose nitrate, cellulose acetate, vinyl chloride-
acetate, and acrylate acid resin, wes- ignited. It is,
therefore, apparent that, considered from the viewpoint of
military requirements, the safe limits for the flammabil-
ity of these materials should be based on storage and
handling problems rather than on the danger of ignition
from tracer bullets. The break caused by the impact of the
bullet afforded useful information on the relative tough-
ness of these materials. Some samples were merely pene-
trated, leaving a small hole with no radial cracks, while
others werc completely shattercd by the larger caliber
bullets. These offects of tracer bullets on transparent
plastics are clegrly shown in figures 22 to 30. Figures
31 and 32 show the type of break which is obtained when
laminated glass made with cellulose-acetate and acrylate-
resin plastics, respectively, are penetrated by tracer
bullets,

XIV. CONCLUSION

Pending the results of further tests on samples of
cellulose acetate, acrylate resin, and other plastics,
which have been prepared by the manufacturers using modi-
fied compositions and methods of processing to overcome
the defective behavior noted during the course of this in-
vestigation, it is concluded that.$he-preblem of choosing
between cellulose-acetate and:.acrylate-resin plastics for

aircraft windows at present, appéars to be one of impact-
strength requirement, If a relatively high impact strength
is necessary, the cellulose-acetate sheets are much supe-
rior to the acrylate-resin in this respect. However, if
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high impact strengith is not essential, then the superior
clarity and weathering resistance of the acrylate resin
nakes it the most desirable material., Both the cellulose
acetate and the acrylate resin, of course, have the ad-
vantages of being lighter in weight than glass and of be-
ing readily fitted to curved openings.

National Bureau of Standards, _
Washington, D. C., May 12, 1937,
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LEGENDS

Transparent plastic covering on turret and
cockpit of o bomber,

Hazeometer.
Exposure panecls after one year out of doors.

Exposure pancls after one year out of doors
(sample 24 exposed for 9 months only).

Exposure pancls after one yeoar out of doors
(sample 25 exposed for 9 months only).

Exposurc panels after one year out of doors
(sample 26 exposed for 9 months only).

Acrylate resin samples after one-year exposure,
showing crazing,

Acrylate resin samples after approximately one
year in storage, showing crazing.

Exposure panels after & months out of doors.

Exposure samples of cellulose acetate and
cellulose nitrate after 9 months out of
doors.

Condition of samples after exposure to carbon
arc light for 1,000 hours with intermittent
water spray.

Condition of samples after exposure to carbon
arc light for 500 hours without water spray.

Bierbaum scratch-resistance apparatus.
Above: Diamond tool in scratching position.
Below: Diamond tool swung aside and micro~
scope in position to measure
gserateh width.

14,-~ Scratches on cellulosevacetate plastic (X150).

15 [ 2and

16 o

Vickerg hardness testing machine.

Pyramidal indentations on vinyl resin plastic
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FIGURE 17.- Apparatus for determining Charpy impact
strength,.

FIGURE 18.~ Frame used to hold plastics in the falling-
ball impact test.

FIGURE 19.~ Samples of tramsparent plastics after burst-
ing-gstrength tests.

G. Cellulose acetate burst at about 25° C,

H, Cellulose acetate burst when one sur-
face was cooled with ethylene dichlo-
ride at -31° C.

I. Acrylate resin dburst at about 25° ¢.

Je Acrylate resin burst when one sample wag
cooled with ethiylene dichloride at -~31°

FIGURE 20.- Samples of laminated glass after bursting-
gtrength tests.

K. Glass bonded with cellulose nitrate
plastic,

L., Glass bonded with cellulose acetate
plastic.

M. Glass bonded with vinyl resin plastic.

Ne Glass bonded with acrylate resin plastic.

FIGURE 21.-~ Apparatus for determining rate of burning.

FIGURE 22.~ Effect of tracer bullets on transparent plas—
tics: GCellulose acetate, A2,0.095" thick;
three tracer bullets caliber 30, M1, at
100 yards; one tracer bullet caliber 30,
Ml, at 600 yards. "

FIGURE 23.,~ Effect of tracer bullets on transparent plas-
tics: Cellulose acetate, C2, 0.095" thick;
three tracer bullets Callber 50, Ml, at
100 yards.

FIGURE 24.~ Effect of tracer bullets on transparent plas-
: tics: Cellulose acetate, B3, 0.086" thick;
three tracer bullets caliber 50, M1, at
100 yards.

FIGURE 25.- Effect of tracer bullets on transparent plastics:
Cellulose nitrate, Fl, 0.,062" thick; three
tracer bullets caliber 30, M1, 'at 100 yards;
two tracer bullets calidber 30, M1, at 600
yards.
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Effect of tracer bullets on transparent plas—
tics: Cellulose nitrate, El, 0.066" thick;
three trascer bullets caliber 50, M1, at
100 yards.

Effect of tracer dbullets on transparent plas-—
tics: Acrylate resin, K1, 0.113" thick;
three tracer bullets caliber 30, M1, at
100 yards.

Effect of tracer bullets on transparent plas-
tics: Acrylate resin, K9, 0,067" thick;
three tracer bullets caliber 50, M1, at
100 yards.

Effect of tracer bullets on transparent plas—
tics: Vinyl chloride-acetate resin, L3,
0.100" %thick; two tracer bullets caliber
30, M1, at 100 yards.

Effect of tracer bullets on transparent plas-
tics: Vinyl chloride-acetate resin, L3,
0.100" thick; two tracer dullets caliber
50, M1, at 100 yards.

Effect of tracer bullets on laminated glass;
Plate glass bonded with cellulose acetate
plastic, X5, 0.188" thick; two tracer bl
lets caliber 30, M1, at 100 yards.

Effect of %tracer bullets on laminated glass:
Plate and sheet glass bonded with acrylate
resin plastic, ¥5, 0,238" thick; one tracer
bullet calidber 50, M1, at 100 yards.

FIGURES 3 to 12, Identification of materials:
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LEGENDS (Cont.)

FIGURES 3 to 12, Identification of materials (Cont.)

12, ZEthylcellulose Gl
13, " Hl
14, f I1
15, Acrylate resin Jl
16. " o Je
17, " ' K1
18. " K2
19s Vinyl chloride—acetate resin L1
20 i u 1 it LE
2l. Styrens R1
22+ Vinyl acetal resin M1
23, Cellulose acetobutyrate S1
24, Vinyl acetal resin ' N1l
256s Acrylate resin K3
26, Glyceryl-phthalate resin 01
27, Cellulose nitrate El
28. i i Bl
29 Cellulose acetate B6
’Z)O . b ) 1 ' :86
3l. Phenol-formaldehyde resin U1
%52, Cellulose acetate B9
3%, " i B4
34; 1 1 B5
35« Acrylate regin X5

36s Glyceryl-phthalate resin T1



Table II.~ Optical properties of

glass windshleld products

1 H 1
tSample!Thick-' White ¢

Type of glass ' Type of Haze
! plastic ‘'number' ness ' light ' value
‘lamination® t ! trang-!
' ' ' ‘mission'
] ] 1 ) 1
T : T mils 'percent percent
1 1 ] 1
Thin plate ' none ' X1 ' 85 ! 86.21 '0.9
Thin plate safety ' Acetate ' X5 ' 186 ' 82. 1 1.3
10 oz sheet '  none vt X2 ' 53 ‘*'g3.2 ' 1.2
10 oz sheet safety t Acetate ' X6 ' 130 '4g1.3 ' 1.2
1/4" plate ' none ' X4 1285 3g1L0 ' 0.9
) ] 1 1
Micro eafety ' Acrylate' YL ' 107 ! o92.8 ' 1.2
Featherwelght safety ' Acrylate' Y2 ! 130 ' g2.4 ' 1.5
Plate safety ' Aorylate' Y3 ' 2 ' 8.4 ' 1.2
] 1 ] ) 1
Plate safety ¢ Witrate ' zl 234 1 7370 ¢ 1.8
Plate safety 't Vinyl ' z2 ' 261 v 71,68+ 1.k
Sheet safety ' Vinyl ' z3 1k 1 92,0 ' 1.6
1 1 t 1 1
t ] ] ) 1

1p1ue color mdded to glase

-

Table III.- Light transmission and hezinass values of transparent
. cellulose acetate plastics with and without the ad-
dition of blue dye
T T - T
' v Light transmiseion '
1 1 1
Thickness' Dye 'Sample at' Sample 18 in, ! Haziness value
' ' photo- ' from photo- ! (4 - B )
' ‘electric ' electrioc cell ' ‘S5-= 100
) ) ell 1] t
T t ? } t (B) 1
oL is 3 1 PpUIvOOL 7T peroent 1 pement
t ) 1 13
53 ! Blue' 86,3 ! 83.9 ' 2.8
3 ' Blue' 86,2 ' S}.Z ' 2.2
7 - ' None' 90.7 ! a7. N E
68 ! None' 91.2 ! 87.5 ' .1
65 ' None! 91.0 ! 85.8 ' 2.7
67 ! None' 90.7 ! 85.3 ' .0
67 ! None' 90.7 ! &2.2 ' 6.1
85 ' None' 89.7 ! 84.0 ' 6.4
31 ' Blue! 4.2 3.8 ' .0
35 ' Blue' - 86,7 ! 78.4 ' g.b
35 ' Blue' 86.7 ! 27.6 ¢ 10.5
105 ' Blue' 75.0 ! 4.3 ' 14.3
105 : Blue' 75.1 ! 63 .8 ' 15.0
1 ) t
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Table IV.~ Measurements

plastics

<Q
@
o
g E g
2 8 sszzsszs=ap
g o E.
& o
8 8 8
[+ @ @
5 &
g g
o+ £ @
aH <+ ST I T TR IS S Rk
B ®
¥ 3
o
...... R U
] n paQtmto =
l—':‘-‘ L P\NH\J‘I%\NNH\N%E
= = [+
OOy 4= OO O\D ON\D G \iNO O© [
~NF H DOIOH RPN E‘
B
N0 N0~ 0202 03\O\ONO 0RO O [}
=, N wgmm\owoo-'umm g
e s e e jde e e e ae
OO W Hr DN ENOFEOW 8
@ -t
Q
I g'd
W OV VO OV F BTN O *2
v e . " R
~= O N-FH_\DO_O_D—_"—_'O\H\D - _I__
i B HRHHRRRRERE S
s . HEEREREEREEREER (ST
\oﬂ = m#mmmm\§§ )
O~ OWQOOO o
22 § JE38%sRER

£
@
H
L
)
=
.._-E.é.:-
o'
@ K
IR R
g
@ B
no
"
Egpg
BRa e
@ B
P06
ot
Bl

onTes
19%8YH

uoT308IIOX,
30
xopur

of distortion of light by transparent

Material

tSample! Distance where shadow be-

tnrumber! comes spotty
1 1
N ' inches
Acrylate resin G 26
] T
Vinyl chloride~acetate resin: Ll : 10.7
Cellulose nitrate N 6.8
]
Oellulose acetate 'oA2 : 4.7
]
Vinyl acetal resin : N1 : 4.2
Cellulose acetate : c2 ! 3.8
1 " v B? 1 2‘3
v v
. " 2 0.3
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Table V.~ Effect of outside exposure on light transmission Table VII.- Effect of outside exposure on haziness of transparent

plastics
T T T Light transmission '
Material 'Sample! Initlalt 3 [ ) ] T IZ  'Remarks on con- ' !
tpumber! ’months:months'months'months'di'bion at last Material 'Sample! Haze Value
1 T 1 t ] 1

test period

‘number' Initial '3 months'd months'y months' 12 months
1 f Ll 1 1 )

‘VOCVE

resin'
¥

' "percentipercent 'percent'pexcent ' pexoentt
] 1 L t ) 1

t

' ' ' percent' percent' percent' percent' percent
Cellulose acet AL ' 88.2 ' 90.6 ' &3.4 ' 85.5 ' 77.1'Crazed;discolored ¢ ! ! ' ' '
tate' ' t ' ' ! ' Cellulose YAl Y Rt b7 Ik v 24,1t 38,5
" acetate' A2 ' &5.2 ' 8.2 ‘' 81,7 ' 8l.2' T7TL.1' " " acetate ' ! ! ' ' !
" "or A3 01 822 g6.4 ' gh.9r 83 51 2.9' w " i ‘A2 ! .0 ¢ 6.9 ' 14,5 ' 21,4 ' 30,8
# n ¢+ Bl ' 90.8' 91,6 ' 91,2 ' 91,3 ' 91.3'Surface roughened " " voaA3 N 7.6 ' 11.5 ' 20.6 ' 24,3
' ' ' ! ! ' ' ocracked # " vt Bl ! 70! 7.5 : 8.3 ¢ 8.3 ! 9.3
" " 1 B2 ¥ ‘s9.9 ] 90.7 t 90.5 1 90. 1 Q.7 ¥ n o 8 L] 1 B2 1 b, t 5.0 7.2 T . t 7.9
" .+ B3 ' 90,7 90.2 ' 90.5 ! 90.1 ' SS.%'Grazed " " toB3 ! 3.% ' 3.8 ! 5.1 ! ZR ' 10.0
L ot 01 ' 87.1°' 87.6' 88.7 ' 89.2 ' 89,3'Pebbled;crazed " " toer ot 6.4 ! 7.5 ' 11,5 ' 10.% * 11.3
' ' ' ' ' ' ' at edge " " toge ¢ 9.4 ! 9.7 ' iz2.2 ' 11.9 ! 12.2
n [] rog2 ' 8l1.1° 83.1 83,5 84.7 toogh.e oo 1 [ ] LIS+ 7.2 11.8 ! 16_5 v 33,0 56_
] moo+ pL ot 76.,6' 87,9 v.86.7 ' 80.9 ' 57.4'Crazed and ' ' ' ' ' t
t e - ' ' ! t ' cracked Cellulose tos1 ' 54 ' 4,7 ' ke ' ke ' 6.0
1 t . t 1 LI t t Bcet Obuty I&te 1 1 1 t 1] ]
Cellulose vo81 ' 92,0°' 92.2 ' 92,2 ' 92,1 ' 92,2'Unchanged ! ' ! N ! '
acetobutyrate! ' ! L ! ' v Cellulose ' F1 ¢ 2 ! 7.5 ' &4.8 ' 97 ' 98
t t 1) E 1 ] 1 nitrate 1 ] 1 v 1) ]
Oellulose ' E1 ' 91.0 ' 84,8 ' 43,2 37.0' 35.1 Surface crazed; " " L 2 3.2 ¢ 7.8 ' 83.8 ' 96 vo9r
nitrate ' ' ' vt ! t ' opaque N ' ' ! ' '
" " ‘P10 83,7 ' 79.1 ' 39.0 ' 34,2t 32,20 " " Ethylcellulose' GL ' 26.0 ' 78.8 ' - ! - ! -
1 1 t 1 ] 1 t ] togy ot 9.0 t 1—(‘0 1 - 1 - ] -
Ethylcellulse G1 ' 79.7 ' 51.8 ' - ' . ¢ - 'Opaque;cracked " tI1 ' 5.8 ' 7.2 ' 8.3 ' 99 ' -
" v H1 ' 85,3 86,2 - ! - ! - 'Cracked loose ' ! ' ' ! '
! ! ' ' ' ' ' from frame Acrylate resin'’ J1 ! .4 b7 ! E.} ' 2.3 s E.E
! N ' ! ' ' ! at 6 months " woroge o 3.5 ¢ 4.5 ¢ .8 Y S L4
" tT1 ' 90.3 ' 83.8 ' 60,2 ' 24,0 ~ 'Opaque;friable L] LI ¢ S 2.7 ! 2.8 ! 2, ! 3.2 ! 3.7
e 8, ] t t ’ 1 1 " [ K2 ¢ Z.Z 1 3.2 1 3_ 1 A e 3.5
“ Acrylate resin'i JL ' 92.9 ' 92.7 ' 92.9 ' 92.6 ! 92.3'Roughened; " wot K3 ¢ 1.3 ! 1.7 ¢! 2.8 R.O '
& ] T ) 1 t 1 Cl‘azed t 1 t t 1 1
" 8t J2 v 93,21 93,0 93.1"' 92.8 ' 92,6'Crazed Vinyl chloride+ L1 6.3 ¢ 7.2 ' 11,1 v 18,2 ' 25.9
1 W ot K1 ' 93,3 92,7 ' 9L,7 ' 91,7 ' 91.4'Slightly dis- acetate resin’' ' t ! t '
s ' ' !, ' ' ' colored "o now 1 12 ' 10,6 ' 15.0 ' 38, ) 6l
" "1 K2 ' 93,2' 93.7 ' 93.6 ' 93.5 ' 93.1'Roughened; ' ! ' ! ' '
¢ t t ! t ' ' crazed Vinyl scetal ' ML ' 3.2 ' 10.3 ' 74 95 vo96
" " v K3 ¢t 93,5!' 93,5 93,3 92,6 ' 'Slight crazing resin' ' ' ' ' '
1 1 t 1 1 ] [l " (] [T s ] g4 27‘5 1 90 1 914, ]
Vinyl chlorids Ll : 81.6 : 7.4 : 30.0 ' 33.4 ' 36,0'Discolored; ' : : ; . : 10.0 :
T ' L] ] o 1 - : . .
" “gﬁatel L2 1+ 78.9 1 70.2 1 1 3.9 ¢+ 4 h, Digé‘g’fgged; G%{g;;{;ﬁe t oL 1 77 1 i ? ] 1
resin’ ' ' ' ! ! ! opagque resin' [ ' t ' t
1 1 ) 1) t 1 t ' ] 3 t [N} '
Vinyl acetal ' M1 ' 88,0 87.1 ' 78.7 ' 57.1 ' 52,3'Crazed;opaque
resinl 1 1 1 1 1 ]
[ ® " U NL ' g4.30' 69.4 ! 53,6V 43,81 ' ] "
) Tt 1 1 1 ] 1
Glyceryl- 't 0L ' 855! -t 82,8 g2.,4 '81ightly dis-
phthalate ' ! ' N N ' ' colored
] ] 1 t 1 T
) 1 ) 1 1

4¢g 891TqEy



F.A.C.A.

Table VI~ Effect of outdoor exposure of transparent plastics on light transmission using varioue color filters
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berometer red filter (Corning Glass Works)

®¥o.

61 Wratten filter (Eastman Kodak Company)

dNo. 47 Wratten filter (Eastmen Kodsk Company)
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N.A.C.A.

Tables 8,9,37

Table VIII,- Effgct of outdoor exposure on light trsnsmission and haziness of glass windshield
products

t a

t 1 )
Type of glass ' Type of 'Sample'Thickness'lLight transmission ' _ Haze value

' plastic 'nmumber’ ' Initial ' After 12' Initia ter 12

‘lamination’ ' ! months ! ! __months

: : : mils ~ percent ' percent ' percent ' percent

1 1 4
Thin plate ¢ None LI « R 8 ! 86.7 ! 86.8 ¢ 1.3 ' 1.2
Thin plgte safety ' Acetate ' X5 ' 18 ! 81.6 ! 82.5 ! 1.5 ! 1.7
10 oz sheet safety ' hcetate ' X6 ' 130 ! 91,2 ! 92.0 ! 1.1 1.3
12 - 1 oz sheet ' None L < S 67 ' 93,1 ! 93,1 ¢ 1.0 ! 1.2
12 - 14 oz sheet safety ' Acetate ! XZ 'o1s2 ' 91.2 ! 91.9 ! 1.4 1.3
1/4% plate ' YNome ' X4 ' 285 t §l.2 ' 9§1.1 o.z vt 0,8
1/4" tempered plat? : Hone : X3 : 248 : 92.5 : 91.7 : 1. : 1.1
liicro safety . ' Acrylate ' Y1 ' 107 ! 92.8 ! 92.0 ' 0.2 ' 1.3
- Featherweight safety ' Acrylate'' Y2 ' 130 ! 92,6 ! 92.2 ! 1. ! 1.%

Plate safety ' Aerylate ' Y v 2hg ! 89.5 ! 89,2 ! 1,1 ! 0.
Plate and micro safety ' Aorylate ' YR ' 228 ' 91.3 * 90,7 ¢+ 1,2 ! 1.0
Plate and sheet safety : Acrylate ; Y5 : 238 : 43.9 : 89.3 : 0.9 : 1.0
Plate safety ' Nitrate ' Z1 ' 234 vo73,3 0 73,02 1,5 ' LM
Plate safety ' yinyl ' z2 + 261y ! 71.3 4 98- 1.2 ! l'Ka
Sheet safety ' Yyl ¢o23 ' 1lk ‘91,8 91,5 ' 1, M O L

1 1 T t 1 L

t t 1 1 )

v After 9 months exposure

Table IX.- Accelerated aging of transparent plastics by carbon arc light with intermlttent wate

spray

Material

T T 1

tSample! White Light Transmission' Remarks on condition after 1000 hours

tnumber! Initial' 500 hxr'l000 hr'!
' T T t 1

Gel%ulose acetate
bl 1

n [
# . "
[ n
n "

Cellulose acetobutyrate

Cel%ulose nitrate
i il

Ethylcellulose
"

"

Acrylate resin
1 "

i "
" n

Vinyl chloride~acetate
reﬁin

Vinyl acetal resin

Styrene

percent ‘percent ‘Percent *
A1 ' 88,2 ' 90.2' 89.2

t
1
' Bl ' 91,3 ' 92.3' 9l.7 'Surface roughened
t B3 ! 91.3 ' 92.2 ' 91.8 ‘'Warped, and slightly clouded
vt 0l v &7.9' 89.0' 9.6 'Warped
to03 ' gl.7' 8hk,6 g8 'Slightly warped
' DL v 76.8' 82.,5' 86.0 'Cracked and bleached
' 1 ' t t
* 81 ' 92,2' 92.2' 92.2 'Slightly warped
1 1 1 A t
vUEL! 2&.2 ' 9%.5 ! g .6 !'Warped, déscolored and slight crazing
tUF .7 ' 8.0' 86.7 ‘Discolore :
1) ] 1 1 1
voGL v 82,3 ' 813! - 'Opaque at 800 hr; friable
' HL ' 85.0' 85.0' 85,0 !Warped, and cloudy
voI1 v 91,3 ' 89.6 %' 78.3 ‘'Warped; surface frosty
1 1 t ' 1
voJl ot 93,3 ' 93.4 ' 93.3 ‘'Surface pitted
vtoJa2 ' 93,4t 93,3t 92,7 'No marked change
X gé X gg.g ' g%.; " gg.g :ﬁo marizg cgange
. . . o mar change
1 1 t 1 1
1 1 1 T t
voLl v g2,4 ' g2.7 ' 17.1 ‘'Discolored purple
toL2 v 79,2t 59.2° 0.7 ‘Discolored purple; opsoue
1 1 1 ' t
T ' 24 _b, 4 a
X ¥l X 89.0 ' 88.3 X lWarpe and cloudy 163 br
' RL ' 747 72.8 ' 59.4 1 Darkened and cracked Pooo warped to measure
' -t t

'Warped, coracked and slightly clouded

Table XXVII.~ Rate of burning of transparent plastics

! " Rate of burning of test strips '
Jut x 3"

Rate of burning of test strips
‘Sa.mple‘ 7 I 1 11 iy 2
" pumbe rt HoTizontall Vertisal ¥ Vertical 'Horizontall vertiocal ' vertical .
Material ' 4 strip ! strip ! strip ! strip ! strip ! strip
vignited at' ignited ! ipgnited 'ignited at' ignited ' ignited
' ' “one end 'at bottom ' at top ' one end 'at bottom : at top
1 1 1 1 1 1
! TinJmin ' in/min ' in/min ' in./win ' in./min . in./min
1] t 1 1 1 ]
Cellulose acetate ' CL ' 0.93 ! a ! a ' a vt 1.8 a
L} " vo03 0.35 t a 1 a ' - v - ' -
‘ t 1 T 1 ) L 1
Cellulos te ' El ! . t . ' 2.22 ! .28 ¢ 9.90 ! 2.12
¢ 1% o%e nitﬁate vFL %.52 ! g.gg ! 2.12 5.00 * 10.30 : 2,08
T 1 1 1 1 1
Ethylcellulose L 2 R 1.24 : 2.81 : 0.75 : 2.10 : 3.00 : 1.25
1t 1 .
2 L = S o 30 0.94% ¢ 0.31 ' - 0.52 ! 0.84 ! 0.31
ACTY% te reﬁin vtJg2 ' o0.28 ! O.gl ' o.go ! 0.51 0.62 ! 0.23
" " ' K1 'Y 0.21 ! 0.30 ! 0.16 ! 0.31 7 0.53 : 0.18
1 1 ¥ 1 1 1
Vinyl acetel resin' ML ' 0,53 ! o.e8 ' 0.2 0.83 ! 1., 0.38
1 t
B8tyrene resin 'R : 0.5% ! 0.58 ' 0.1 ' - ' - : -

aExtinguished vefore burning 3 inches



K.A.0.4. Tables 10,11
Table X.- Accelerated aging of transparent plastics by carbon arc light without water spray
1 T 1 ' 3
Materisl 'Sample! White light ' Haze value 'Remarks on condition at 500 hr
‘number' Transmigsion ! '
! 'Initial' H00 hr'Initial! OO hr!
T Percent ‘bercent percens 1percan17 '
Cellulose acetate ‘Al ' d9,2' 90.8' 3.8 44 18urface slightly roughened
[ n ' Bl ' 91,5 1.8 ' 7.3 ' &4 'No marked change
" " ! g& 91,7 91.2 ' 3.6 t 4,0 'Surface slightly roughened
# L ! 'og9.1 ' 81.6! E ' 5.5 'Surface slightly roughened
" ] ‘' By ' 88.3' 87.0°' 4,4 E.O ' do; discolored - yellow .
L " ' B6 ' 91,3' 91.8' 3.2 .0 ‘Surface slightly roughened
# " ' B8 't 90,6' 90.8' 3.8 ' 4,1 'Surface slightly roughened
" # ' 61 ' B&,5' 90.2' 6.0 ' 6,0 'Surface slightly roughened
" " t03 ' g2,3 ' &L,3' 10.0 ' 10.0 'Surface slightly roughened
" 4 - : 77. : 86.6 v 7.0 ! 9.3 'Blue dye faded; oracked
Cellulose acetobubyrate : 81 : 92.8 : 91.8 : 5.5 : .1 :Warped; no marked change
Cellulose nitrate ''ElL ' 91,77' &1.4' 3.8 ' 6.9 ‘'Discolored brown; cracked
" " ' F1L ' @s,2' 73.2' 36 ' 4,1 ‘'Discolored brown;
t 1 ] t 1 ]
Ethylcellulose toGL SZ.Z ! 83.1 ! 26,6 ' 29.6 'Oracked badly and discolored
" ' HL ' &.6' &4 9,9 10,2 'No marked change
9 ' IL ' 91l 90.6'' B, a 'COracked badly and became friable
1 1 ] ] 1 1
Acrylate resin gL 93,7 ' 93.7 ' 6.1 10,6 'Surface badly pebbled
K " g2 ' 937 ' 93.3 '  6.1°  4.7°'No marked change
" " ) KL dhon 31 3.6 1 3.5 'Slightly yellowed
a " K2 ' oouhv dhzr 1p 1.5 '¥o maxked change
" " ' K5 ' 942 93,8' 1,6 ' 1.4 'No marked change
] T ] 1 1 1
Vinyl chloride-acetate resin' L1 ' 82,6 ' ca. 0O' 5,0 - ' Opaque; discolored purple
" " " L2 ' 80.35'ca.0' 8.7 ~ ' Opaque; discolored purple
1 1 ] t 1 1
Vinyl acetel resin toMiov 88,7 8565' 3.9' 7.8 '‘Discolored yellow
" " L ' N1 ' 8.6' 83.0' 9.5' 10.8 'Surface roughened;discolored
' ! ! ! ! yellow
Glyceryl-phthalate resin t0r ' g/r& ' Bl,0' H.2'v 5.8 ‘Discolo:red brown
" u u vt Tl v b2t 65,0 c ! ¢ 'Discolored yellow
1 1 1 t ] 1
aSpe(zimen broke before these values could be determined

Specimen slightly prismatic, making haze measurement doubtful
SSurfaces of specimen wunpolished

Table XI,- Effect of accelerated aging of transparent plastics by carbon arc light
without water spray on light transmission using various color filters

Material

Gel%ulose a.ce‘i':ate

9 ll

Cellulose acetobutyrate

Gelilll.ulose nitrate
"

Ethxlc ellulose

Acrglate ‘reﬁin

" "
Ll L
" "

Vir':yl chloride-scetate resin
[ n L]

Vinyl acetal resin
[ [ T

Glyceryl-phthalate resin
" " "

' Sample '
' number !

ol
Tl

T Red FilterD ' Green FilterC '
00 hr'Initial'

olor transmission

Blue Filterd
00 hr'Initial' 500 hr

percen 'percen 'percen tpercent ‘percent 'percent

'Tnitial’ 500 hr'initial

91.3 ¢+ 91,6 !
91,7 ' 92,1
92.3 ' 92,2
9.1 '+ &8.%
9.6 v 33,7
92,1 ' 92,1
91,1 * 91.3
22.6 ! g%.z
suﬁg 853
92.5': 91.8
92.0 ' 90.7
3.8 ' #a.8
86,1 ' d6.2
86.7 ' 86.0
92.2 : a
93.3 ' 92.9
93.5 ' 93.2
93.2 ' 93.3
93.9 ' 93.7
93.7 1 93.3
87.5 ' ©a. 0O
gg_% T ca.o
89,3 ' &8,
2 83
88,5 ' #6.6
69.3 ' "70.3

873'

592
8.2

. e .
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89.5 ' &9.4 ' 90,6
v20id Gglo ok
1OESl7 ' B6L2 ' 86.6
: 8 Z vog7. ' 85,6

90.6 ' 89.6 ' 9L,k
' 89,2 ' 89.0' 90.2
v 88,5 ' 87.8°: S2.6
vogl.3 v gi.8 ' &hh
|80 82.6 ! g6
P90.7 ! 9Lk 90.6
¢ L2!' &g.4°' 72.0
" ZG.‘( ‘I 85.8 : _65.6
' g0.3 ' 76.6 ' 80.8
: 82.2 : égg : 82,4

a . a

] T L
Vo927t 92.8 ' 92.8
' 32§ O 32.‘#
' 91.1 vo92.6 ' gLh
vog3.4 0 o34 g3l
P97 93.2) 92.6
' ca0 ' g7.2!' car O
t calt 79,2 ca. 0
] t 1
'og2,3 ' 85,6 ' 804
' 80,3 ' 8i.h X 7%.6
] t

vo74.8 ' 80,6 26.4
vos8.8 ' 62,41 63,0

& Specimen broke before these values could be

b Pyrometer red fil

61 Wratten

ssferEret

No. U7 Wratten filter.



Table XII.~ Scratch hardness of iransparent plastics measured with the Table XIII.- Hardness of transparent plastlos as messured by various instru-
Bierbaum Microcharacter ments
1 " 1 L t H
Scratch Hardness
Material 'Sample'Thick TScratcnes ' Scratches  TAVETARS Material 'Sample'Thlcx— Shore 'Vlckerg'Rockwell'Brlnel 'Brlnelé
'number' ness 'ruled parallel‘ruled perpen-! ' ness 'sclero-'number ' number™! numbexr
! ' to length of ' dicular to ! ! ' ' scope ! tnumber® ' (20sec)! (3 min)
: ! ! gample * length of ! : ! ! numper®! 15-T scald !
! ¢ sample ! - ! Y mils ! 'k sq i 'k squi kg/sq mm
T ' mils ! kg/aq mm ' kg/sqg mm  ‘kg/sq am ! ' ' §/5q ' 8/ 3 ' g/8q
t ' t t ! Cellulose acetate' Al ' 62 ' 57 ‘8.7 ! 12.1 ' 13,0 ' 12k
Cellulose acetate oAl v 62 ! 9.9 ' 9.9 ! 9.9 " " ' BL ' 60 ! 8 ''11.0 ' 16,2 ' 13,1 ' 12.6
" " t A2 90 1 11’9 1 11.8 t 11.9 L] " 1 B2 t 90 1 1 1 $.‘4~ 1 16.0 t 13'9 1 12,
L] L ''UA3 ' 1P ! 11,1 ' 9.2 ' 10.2 . i g1 ' 60 ' 5 ! Z.O ! 9.9 ' 1l.5 ' 11,
u " ' Bl ' 60 ! 8.3 ! 8.1 ' 8,2 " " g3 ot 125 'R ' .2 ' 1l.2 ' 10.9 ‘' 11.0
) " ' B3 ' 60 ¢ 8.2 ! 8,1 ! g.2 ! ' ! ' ! ' '
it " vt B} ' 100 ! 9.3. ! 9.2 ' 9.3 Cellulose nitrate' E1L ' 60 '' 63 v12.7 ' 29.7 ' 16.6 ' 15.8
" " ' B ' 100 ! 5.6, ! 6.9 ' 6.3 U " "' F1 ' 62 ' 60 ' 1.7 ' 23,2 ' 15,8 ' 15,0
i " 1 B 1 60 ! 7.3 1 7_9 1 7'6 t ' t ' t ] 1
n " tCl ' 60 ! 7.6 ' 7.1 v7. Ethylcellulose ' G1 ' 60 ' 5 ' 6.3 ' 7.7 ' 10.6 ' 10.6
" " t g2 ¢ 90 ! g.1 1 7.0 1 7_6 i ' ' 1 t [ 1
" " v03 1125 7.7 ' 7.3 ' 7.2 Acrylate resin ' J1 ! go vt 7 viglh ot 39,5 017, vy
" " + Dl v 150 ¢ 5.7 ' 5.0 ' 5. L " voge ¢ 5 - 8 voho v BLB ' 27, '20.9
' ' ' ' ! " " ‘K1 '120 * 75 '15.0 ' 3.5 ' 16.0 ' 14,5
Cellulose acetobutyrate' 81 ' U0 * 4.5 ! 4.5 v U4.,5 ! ! ! ! ! ! !
! ' ! ' ! Vinyl chloride- ! ' ! ! ! t '
Cellulose nitrate 'UEL Y 60t 10.0 ! 9.9 ' 10.0 acetate resin ' L1 ' 50 ' 62 ' 16.2 ' 32,7 ' 16.4 ' 14,0
" [l LI R By - S 10,3 1 3.9 t 10.1 1 ' 1 t ' [ '
' t ' ' ' Vinyl acetal v t i 1 t ' 1
Bthylcellulose t G Y 60 ! 5.6 ' 5.5 ' 5.6 regin ' M1 ' 63 ' 4K t3.0 f £ ' £
'] ) Hl t 30 1 6.3 tr 6.2 1 6.3 1 t t ¥ t 1 1
" : 11 : 40 : 4.0 : 4.5 : .3 Styrene resin ' RL ' 8 ' 65 ' 20.0 ' 65.0 ' 20,0 ' 16.4
T 1 L L} 1 1 1
4crylate resin vodlr ZO ' 15.0 ! 15.0 ' 15.0 Phenol-formalde- ' ! ' t ! ! '
" " roge ! 5 ! 18.4 ! 18,1 v18.3 hyde resin ' Ul ' 125 ' &0 '12.6 ' 15.5 ' 15.8 ' 15.3
n i t X1 t 120 1 12'1 1 14.2 t 12.0 1 1 T v 1 1 1
" " ' K5 ' 120 ! 16.8 ! 16, ' 16,6 Plate glass ‘X1 ' 8 ' o+ - - v - -
1 ] 1 t L] t ) 1 T T t t
Vinyl chloride-~acetate ' ! ' ' ' Mild steel vo—- ‘1000 o5 '1n98 ¢ - ‘159h ' -
resin ' Ll ' KO ! 10.3 ! 10.1 ' 10.2 ' ! ! ' !
" " L voL2 ' 100 ! 9.8 ¢ 9.6 ! 9.7 'S N
[ [] w8 v L3 1100 ! 10,7 ' 15.6 10,7 Rebound, measured on an arbitrary scale of 140, of a hammer with
' ' 1 ' ' spherical diamond striking point falling freely from a height of
Vinyl acetal resin [ : 100 ¢ 7.0 ' 7.0 ' 7.0 approximately 3/4 inch. Model D instrument,
1 1 1 1
Glyceryl-phthalate ' ' s ' | b 5 kg load applied on a diemond pyramid for 7 seconds.
resin ' QL ' 125 ! 1%.0 ! - to1k,0 c
1 ' [ 1 ' 15 kg load applied on ball of 1/18 inch diameter for 30 seconds.
Styrene ' RL ' 80 10.6 ' 10.4 Y105 Rockwell Superficial Hardness Tester.
1 1 1 t T

-8

15 kg load applied on ball of 1/16 inch diameter for 30 seeonds.
(usual Brinell time)

15 kg load apolied on ball of 1/18 inch dtameter for 3 minutes.
Too soft to measure.

50 kg load.

3,000 kg load on ball of 10 mm diameter.
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Table XIV.~- Variation of Vickers hardness with time of loading

Material

'number'applied

! Tinches ' inohes

'Sample'5 kg load'h kg load'h kg load
! applied ‘applied for
' 90 seconds

t for 10 ' for 30

' geconds ' seconds

Cellulose acetate
n it

" n
" i
[ *

Cellﬁlose nitrate
3

Ethylcellulosé
Acrylate resin
L] "

" f

Vinyl chloride-acetate
resin

8tyrene

Phenol-formaldehyde

'kg/sq mm 'kg/sq mm ‘kg/sq mm

Al ' 6.3 ¢
Bl ! Z.a ;
B2 ! B!
¢1L ' 5.6
¢z + §.2 °
1 t
El ' 1l.7
FL ' 10.5
] 1
6L ' 5.2
¥ 1
J1 ' 140
J2 ' 18,9 !
K1 ' 141
1 1
) 1
.ot ik9
1 1
RL '  20.1 !
1 1
ULt 13,0 !
1 1

2.8 t 5,9
g 00Y 6.7
6.3 ' 6.3
2.2 ' 4.8
.6 : 4.2
11,2 ' 10.5
0.4 '+ 9.3
4,9 . 4.8
12,1 ' 11,2
17.2 ' 154
i2.7 ' 11.3
]

14,7 v 13.4
18,7 ' 16.6
]

.3 9.3

Tgble XVI.- Charpy and dropped ball impact tests on transparent plastics

1
Material

'Sample'Thlck—
' ness 'strength {Notched)' Ball 'Average
1

Charpy impact
70°F ' 25° F
1

I

t _Bgll impact strength
0. of
"Height'balls required
' ' for failure

1
T
1
t
Oellulose acetate! Al ! 62
" i 1 A2 1 9
L # t A3 1 13
L] " 1 B2 ' 9
" # 1 B)_{_ 1 9$
" n ot B5 ' 100
L] L 1 B \ 67 .
” "t 1 B? t 95
" % v B9 ' 92
® L 1 cl 1 57
# " t 03 t 125
] t v D1 ' 16R
t 1
Cellulose nitrate' Bl ' 66
w o t F1 ' 63
Ethylcellulose ' Gl ' 59
Acrylate resin ' K1 ' 117
f " [ TR
# " 1 L-}-}-4
n #" 1 %78 s 215
Vinyl chloride~ ! '
acetate resin: L3 : 102
Vinyl acetal ! !
1122
I

resin' N1
1

mils ‘ft I1b/in'ft 1b/3

'of notch'of notc
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Table XV.- Vickers indentation hardness numbers of various transparent
plastics (Samples conditioned at 21° C and 65% relative
humidity; 5 kg load applied for 10 seconds)
1 1 i
Material ‘SBample' Thickness ' Vickers number
'number !
1 1
v v mils T kg/sq mm
1 t L}
Cellulose acetate 'Kl 62 ! 6.9
" " L V- 90 1 7.7
u " ] A} ) 125 1 7 . 1
i " t Bl 1 60 1 '9
4 L] T B2 ! 90 t Z.G
! # 1] B 1 60 ) 6 .g
[] [ t Bg- 1] 60 1 7.0
n [ 1 B 1 60 t 4'3
L] " 1 B T 60 t 6 .2
" " t B9 ! 60 1 6.6
] " t o0y ¢t 60 ' 596
" n 1 02 T 90 1 5' 5
" " ] 03 1 125 1 5- 2
u 1) H Dl 1 150 1 7 .o
1 1) )
Cellulose acetobutyrate 181 ! ko ! 4.8
t t t
Cellulose nitrate v E1 ! 60 1.6
" " N F1 ot 62 ' 10.5
1 1 1
Ethylcellulose A S 60 ! 5.6
" voHL ! 0 ! &,0
" L 0 t y.6
1 1 1
Acrylate resin vogl e 70 ' 15.4%
[] " Toge ot 65 1 19,
" " t K1 ! 120 ! 13.5
" u v K6 ¢ 120 ' 16.7
] t 1
Vinyl chloride~acetate resin A R 50 t 15.3
H 0 n " ] Le 1 100 t 15.0
" [} L} it 1 L3 ! 100 1 15.0
1 t 1
Vinyl acetal resin voML ot 63 'oca. 0.5
1 U U toN1L ! 100 ! 11.0
1 1 1
Glyceryl-phthalate resin : 01 : 125 ! 27.1
L}
S8tyrene resin ' Rl Y 8o ' 19.8
1 1 1
Phenol-formaldehyde resin vtoul 125 N 13.0 -
L} 1 1
&
=
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o
-
»
P
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P
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Table XVIII,- Outdoor shrinkage tests of transparent plastics

Decrease in length

'Sample!

Material

Decrease in length
days'2 weeks'l month'2 months

Thick-!

months'9 months

taumber! 1 month'2 months'3 months!
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Table XVII.- Accelerated shrinkage tests at 70° C of transparent plastic
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Vinyl acetal resin
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Phenol-formaldehyde resin

Tables 17,18
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N.A.C.A.

Tables 13,230,21

Table XIX.~ Effect of heating cellulosic plastics at 100° C on impact strength and shr nkace

1

T

1

T

'Sample! Thickness!' Charpy impact strength on ¢ Shrinkage
Material ! numbert ' notched specimen
: ! V"Original ' After ¥ | After 2§ ' After & ' After oF
' ' ' ' hours at hours at ' hours at ' hours at
! ! ! ' 1002 C ' 1pop° ¢t 100° ¢ M 100° C
! 1 mils *'ft Ib/in, "It Ibdn. "% 1lb/in, of’ percent ! percent
' ' ' of noteh ' of notch ' notch : :
1 E T L} 1
Cellulose acetate' €5 ' g2 ! 1.9 ! 1.8 v 1.4 2.0 ¢ 3.3
t 1 1 1 Al T 1
Cellulose nitrate' W1 ' 93 ! 3.6 ! 1.8 1.8 1.6 ! 2.0
1 1 1 1 1 1
1 1 1 t T ] 1
Teble XX.~ Water absorption by transparent plastics at 70° F
t ] 1 ¥
Material 'Sample' Thick~* Gain in weight ! Remariks

2 hr

'number' ness 'After 'After TAffer !
' ! ''2 hr ‘24 hr '7 days'
i 1 i ' 1 L
' ' mils ‘percent'percemt’ percent’
i} ' T b 1 1
Cellulose acetate' AL ' 66 ' 0.63 ' 2,39 ' 3,25
i "ot BL ' b4 ' 059 2,021 2,40
it ¢+ B3 ' 62 '0.521 1,82 2,19
n LA o S 28 ' 0.88 ' 2,10 * 2,08 '
" Ly 1 Vot a3 3
n 13 ] c3 1 12 ' 0‘38 1 1.32 t — t
Cellulose nitrate' EL ' 66 ' 0,19 ' 0.73 ' 1.23 '
a 1 FL Ot b3 ' 0,25 ' 0,88 0 1.33
1 1 t 1 1 1
Cellulose aceto- ! N ! ! ! !
butyrate voosl : 36 ' 0.43 ' 0,85 ' 0.76 !
1 t T 1 T
Ethylcellulose ' GL ' 58 ' u.56 ' 1.91 ' 2,91 'Cloudy at 4& ar
" ' HL ' 29 ' 385 ' 3.71' 9.%2
U YOIl 35 ' 2,80 ' 3.21 ' 3.61 'Slizntly cloudy
1 1 ' 1 1 t st 48 hr
t T t T t T
derylate resin ' J1 ' 79 ' 0.05 ' 0.21 ' 0.51
u i toJ2 70 ' 0,06 0.29° 0.79
u v 'Kl ‘' 116 ' 0.04 ' 0.18 ' 0,43
# " v K2 ! 88 1 0.07 ! 0.27 ! 0.40
1 1 t L]
Vinyl c¢hloride- ! ! ! ' ' !
acetate resin' L1 ' 57 ' 0.02 ' 0.05 ' 0,07 '
B L . -] : 100 ' 0.01 ' 0.03 ' 0,04
1 ' 1 1 1
Vinyl acetal ! ! ! ! ! ! )
Tesin ! M1 ' 6l ' 0.59 ' 2.45 ' 5,70 ' Cloudy after
1 T t ] 1
t t 1 t 1 |

Table XXI.~ Avsorption of ethyl alcohol (95%)

by transparent

vlastics st 70° ¥

T

Material 'Sample! Gain in weight ' Remarks
'number! After 'After 'After !
! ! 2hr '24 hr '7 days'
! percent'percent 'percent’
1 1 1 | |l
Cellulose acetate YAl 4,08 15,72' 10.68'Surface ripnled. Slightly cloudy
n " t Bl t 2.410 10172| -641 [} n " n
n n 1 B3 1 2.95! 12.57' '31_“ (] " " "
# " LI A 3.13" 11.314¢ 1.85' " 3 n n
" " 1 03 ! 1.49! G.SSI '911 u it Ll L}
" i 'OD1 v 1.52' 6.8W 14,59 Quite cloudy
t t t Ll 1
Gellulose nitrezte ' El ' 3.21' 36.5' - 'Surface roughened in 2 hr; swollen
! ! ' ' after 1 week
# " 'UFL ' b ogt - ' - ‘Surface roughened in 2 hr; swollen
! ! ! ! ! after 24 hr
Cellulose acetobutyrate : S1 : 6.43" 6.02: 3.79:}!0 effect on appearance
|l
Ethylcellulose vl ! ! ! 'Dissolves
L] 1 Hl 1 1 T 1 "
" ] Il 1 1 t 1 1
' t 1 1] t
Acrylate resin tJlr ' 0,22 8,51' 16.49'Surface pitted
" " todz2 v -0.02' 9.67' 9.65' ¢ roughened
" " 'Kl ' 0.,00' 3,23 20,92 " " after 2 hr; smooth at 1 wk
" y ' R2 : 10.15' 80,90 'Softened in 2 hrjswollen after 1 wk
1 1 1 ]
Vinyl chloride-acetate ! ! ' ! ¢
resin ' Ll ! -0,01' -0,.03' 0.00'Noattack
# " # n 1 L2 ] _o‘oll -0.01! O‘Ou_l 1" 1
t ? 1 1
Vinyl acetal resin oML ' 5,70 18,16'
' t 1

. 11,79'Milk-white and opaque at one veek
1




&

Table XXII.~ Rerosene absorption by traneparent plastice at 70° F

1 T

Material !Sample’ Gain in weight
‘number' After ' After ' After
' t2hr v 24 nxr ' 7 days
1 1 ) t
: ‘percent ‘percent 'percent
T t 1
Cellulose acetate v Al ' -0.12' ~0.22 ' -0.38
" t BL ' 0.01' -0.03°' -0,1%
8 # ' B3 ' -0.06 ' -0.10' -0.22
" " v 0l v -0.1% ' -0.31' ~0.5
n " ' 03 ' -0.08' -0.i7 ' -0.%
n " ' Dl -0.0h' -0.11' -0.23
1 T 1
Cellulose acetcbutyrate : 81 : -0.14 ' -p.22 ' -0.hk
1 ]
Cellulose nitrate ' E1 ' 0,00 ' -0.03' =-0.06
" » ‘' F1 ' -0.01 ' 0.00' -0.0
1 . 1 ] A
Acrylate resin tJ1 ' 0.00°' -=0.01' -0.05
" “ ''d2 ' 0.01' 0.,01' -0.09
" # ' K1 ' -0.02 ' -0.0%' -0.09
" " : K2 : o.01 " 0,01 ! 0.01
t ]
Vinyl chloride-acetate resin! L1 ' 0.00' 0.02 ' -0.02
" " " " : L2 : -0.03 ' -0.0% : -0.06
1
Ethylcellulose ‘Gl ' 0.09' 0.67' 2.00
" ‘HL ' o2 1.82' 5,04
" N : 3.82 ! 15,24 »o20.12
Vinyl acetal resin : mn : 0.00 : -0.03 ; -0,08
¥ 1 ' |l

]
'
]
1
T

Table XXIV.- Calculated maximum tensile and shear stress for bursting
: tests on transparent plastics
1 1 1 t 1 t
Material 'Sample' Maximum ' Maximum ' 4 ! P 'Failure
'number! tensile ' shear ! N !
' \ stresp ' stress ! ' !
' T1b/sq in.'1b/8q in.' inch '1b/sq in.:
] 1 T T |l
Cellulose acetate’ ©1 ' k4ooO ' 3600 ' 1,14 ' 165 ‘'Shear
" v 03 1 3600 ! 00 ' 1.4+ hod :Tension
t 1 1 L} 1
Cellulose nitrate: w1l : 5000 : 5000 ' 1.25 : 375 |Shear
Acrylate resin K0! -~ ' 5% o= 46  'Shear
1
1 t ) T
1 1 1 1
1 ] t t

Table XXIII.- Bursting tests on transparent plastics

Haterial 'Semple' Thick-' Maximum ' Type of failure
'number! ness 'pressure '
: : mils '1b/ sq in'
1 1
A. Without rubber gaskets' ! ' N
t 1 1 !
Cellulose acetate vt B2 ' 93 ' 295 ‘'Shear
u " ' B3 ' 65 ' 200 'Lateral fension
" " ' 01 * &7 ' 165 ‘'Shear at edge
" " P03 1B ! 400 'Lateral tension
)
Oellulose nitrate : w1 : 93 ' 375 ‘'Shear
1 1
Aorylate resin ' K10' 98 ! 46  'Shear
1 1 1 Lt
Vinyl acetal resin 't N1 ' U9 * 100 !'Pinhole developed
! N ' ' between center and
1 ' 1 ' edge
" " " tUN1 ' 49 115 ‘Shear
t 1 t 1)
T Al t 1
B. With rubber gaskets ! ! ' !
' T 1 1
Cellulose acetate ' €L ' 56 ' 190 ‘'Lateral temsion
u " vQg3 ' 125 ! ll-ig 'Lateral tension
" " v B2 ' 93 1t 3 ‘Shear at edge
' ' ' ' (slipped in grips)
1 v ) 1
Oellulose nitrate ' ; 93 ' 380 :Lateral tension
t t
Acerylate resin ' K10 : 97 ! 44 tShear in grips
t 1 1

Table XXV.~ Bursting strength of laminated and plate glass

Type of glass

- Type of plastic

1 1

‘Sample' Thickness' Bursting

T
E lamination :num'ber: : strength
' : : mils : 1b/sq in
Micro safety E Acrylate : Y1 : 106 ; 12
S8heet safety " Vinyl : 23 : 117 : 19
Plate safety :Gelluloae nitrate : 21 : 196 : 33
Sheet safety :Gellulose acetate : X6 : 129 : 32
Thin plate : None : X1 : 83 : 12
1/4% plate X None ' Xi : 225 : 60
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Table XXVI.— Flammability tests on transparent plastics

(Table XXVII with tables VIII, XIX)

VERTI C AL

TES T

HORIZONTALTEST

t
Material 'Sample'Thickness'Seli~extinguishing ma-' Non-extinguishing materials ' Belf-extinguishing ma- 'Non~extinguish- =
. ' ' ' terials ! ' ' terials 'ing materials i
1 1 Ll T t L) 1 v T T T Qo
' ' ' Burning ' Burning ' Time at ' Time at ! Total *  Burning ' Length of ' Time for =
! ' t time of ' time of ‘'which sample' which ' burning ' ‘time of ! sample ' Dburning .
¢ t ' sample 'sample &nd'was envelop-'sample fell time of ' sample ' burned '3 inches of
' 1 ' ! drippings 'ed in flemes' off hook ' sample ! ! ! __sample
! v mils ' sec ' sec ' sec ' sec ! sec ' 8ec ! inch ! sec
Cellulose acetate oAl et 3 ! ! ! 18 ! 0.6 ’
t 1 ] 11 1 t 1 ] 1 11 1] 1]
] " LY I 91,!, 1 12 1 ' ' ' [ 19 . 1 0.4 1
1 1 T 12 t 1 t 1) 1 11 t 1
[ [ ' A3 1 131 v 12 1 t v v ' 2 t 0.”- [
' 1 T 11 1 T ] t ] 1 1 v
" L] ' Bl 1 63 t 16 [} t t ' ' 2]4_ 1 0'5 1
1 1 1 16 t ' 1 ' ] 1} t 0.5 1
L] " t B2 ! 94 ' 2 t ' ' ' T 38 ' - t
1 1 1 2 t 1 1 1 1) 11 * ]
" " L T ' 1 t H ] H 1 t
i B3 1 65 L} %Z 1 u-9 ¢ 1 1 1 i’g t 0.6 L}
" [] 1 B5 ' 100 1 ' 1 45 1 65 1 120 [ t 1 23Z
H ] 1 v 1 )4_1 1 57 1 77 T t 1 19
fn " 1 Bl} t 123 1 LI-O 1 1 t t 1 41 1 1.0 1
! 1) i 33 il t t 1 t 11 1 t .
L L] 1 c1 1 51‘_ 1 18 Tt 1 t 1 ' 23 1 0.7 t
1. t 1 26 t .)_;_1 t 1 1 1 75 ] 1.8 1
Cellulose acetate tocp o i 30 ' ! ! ! 89 ! 1.2 !
' t 1 o8 1 hg v v 1 [} ' 1 217
" " R SR F-C S 1 111 ! ! ! ! 49 ' 1.0 !
1 1 i 0 1 ah4 [} v t 1 1)4,7 ' 2.1 '
" [} t D1 t 150 t t 1 1 79 1 229 1 1 ' 171
! ! ! ! ! 80 ' 82 ! 169 ! ' ! 199
1 1 t 11 1 ] 1 1 1 1 1 ]
Cellt:lose acei:obutyrate 2 4o ' 1 " ' X ! ' 1; X 0.8 X
Cellulose nitrate L 5 A 66 ' ' ! ' 7 ' ' ! ' 8
n " 1 1 ' t 1 5 1 1] 1 1 ] 10
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"Figure 1.

Figs. 1.2

Transparent plastic covering on turret and cockpit of a bomber.

Figure 2. Hazeometer.
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Figure 3.~ Exposure paneis aiter one year out-of-doors.
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Figure 4.~ Exposure panels after one year out-of-doors
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Figure 5.~ Exposure panels after one year ou$~of—doors (sample 35 exposed for nine months only).
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Figure 6.~ Exposure panels after one year out-of-doors (sample 26 exposed for nine months only).
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Eigure 4
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Acrylate resin samples after approximately one year in storage, showing craging.

Figure 8.-
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Figure 9. Exposure panels after thres months sut=-of-d007r9,
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Figure 10.~ Exposure samples of cellulose acetate and cellulose

nitrate after nine months out-of-doors.
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Fig. 11

®
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11, Condition of samples after exposure to carbon arc light for 1,000 hr.
with intermittent water sp
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Figure 12.- Condition of samples after exposure to carbon arc light for 500 hr.
without water spray.
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¥.4.C.4. Figas. 13.14.15.18.

o -

Diamond tool in Figure 16.- Pyramidal.indenta-
scratching position tions on vinyl res-
in plastic (X70)

Pigure 15.- Vickers hardness
testing machine.

Diamond tool swung aside and microscope
in position to measure scratch width

Figure 13.,— Bierbaum scratch-resistance
apparatus.

o
Figure 14.- Scratches on cellulose acetate plastic (X150)




H.A.C. 4, Figs. 17.18.21

Frame used to hold plastics in the
falling-ball impact test.

Figure 17. Apparatus for determining
Charpy impact strength.

Figure 31. Apparatus for determining rate of burning.
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G, Cellulose acetate burst at about 25° C

H, Cellulose acetate burst when one surface was cooled
with ethylene dichloride at —31° ¢

I, Acrylate resin burst at about 235° ¢

J, Acrylate resin burst when one sample was cooled
with ethylene dichloride at ~31° C

Figure 19. Samples of traneparent plastice after bursting
strength tests.

K, Glass bonded with cellulose nitrate plastic
L, Glass bonded with cellulose acetate plastic
M, Glass bonded with vinyl resin plastic

N, Glass bonded with acrylate resin plastioc

Figure 20.

Samples of laminated glass after bursting
strength tests.
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Figure 33. Effect of tracer bullets
on trangparent plastics.
Cellulose acetate. A2, 0.095" thick:
three tracer bullets caliber 30. M1.
at 100 yards: one tracer bullet
caliber 30. Ml. at 600 yards.

Figure 33. Effect of tracer bullets

on transperent olastics,
Cellulose acetate. C2. 0.095% thick:
three tracer bullets caliber 50, M1.
at 100 yards.

Figure 34. Effect of tracer bullets

on transparent plastics.
Celluloese acetate. B3. 0.066" thick:
three tracer bullets caliber 50. Ml.
at 100 yards.

Figs. 33.33.24.25.36.37

Pigure 35. Effect of tracer bullets
on transparent plastics.
Cellulose nitrate. Fl. 0.063% thicks
three tracer bullets caliber 30. Ml.
at 100 yards: two tracer bullets
caliber 20. Ml. at 800 yards.

Figure 26. Effect of tracer bullets

on trausparent plastics.
Cellulose nitrate. El1., 0.088% thick:
three tracer bullets caliber 50. M1,
at 100 yards.

Figure 27. Effect of tracer bullets

on transparent plastics.
Acrylate resin. K1. 0.113* thick:
three tracer bullets caliber 30. M¥1.
at 100 yards.
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N.A.C.A. Figs. 28,39,30

Figure 38.- Effect
of

tracer bullets on
transparent plastics,
Aorylate resin, K9,
0.0687" thick; three
tracer bullets
caliver 50, X1, at
100 yards.

Figure 39.~ Effect
of

tracer bullets on
transparent plastics,
Vinyl chloride-acetate
resin, L3, 0.100"
thick; two tracer
bullets caliber 30,
M1, at 100 yards.

Figure 30.- Effect
of

tracer bullets on
trangparent plastics.
Vinyl chloride-
acetate resin, L3,
0.100" thick; two
tracer bullets
caliber 50, M1,

at 100 yards,




# N.A.C.aA, i Figs. 31,32

Figure 31,- Effect
o

$racer bullets on
laminated glass.

Flate glass bonded

with cellulose

acetats plastic,

X5, 0,188" thick; .
two tracer bullets

caliber 30, Mi,

at 100 yards.

.

Figure 33.~ Effect
of

tracer bullets on
laminated glass.

Plate and sheet

glass bonded with

acrylate resin

plastie, Y5, 0,238"

thicks; one tracer .
bullet caliver 850,

¥1, at 100 yards.






