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STANDARD TEST SPECIMENS AND MOLDED PHENOLIC PARIS

By P, S. Turner and R, H, Thomason
SUMMARY

This report describes an investigation of the tensile,
flexural, and impact properties of 10 selected types of
phenolic molding materials, The materilals were studied to
see in what ways and to what extent thelr properties satisfy
some assumptions on which the theory of strength of materials
is based: namely, (a) isotropy, (D) linear stress—strain re—

lationship for small strains, and (e) homogeneity. The effect h

of changing the dimensions of tensile and flexural specimens
and the span—depth ratio in flexural tests were gtudied.,

The strengths of molded boxes and flexural specimens cut from
the boxes were compared with results of tests on standard
test specimene molded from the respective materials.

The nonuniformity of a material, which 1s indicated by
the coefficient of variation, affects the results of tests
made with specimens of different siges and tests with differ—
ent methods of loading. The strength values were found to

depend on the relationship between size and shapes of the molded

specimen &and size and shape of the fillers. The most sig—
nificant variations observed within a diversified group

of materials were found to depend on the orientation of
fibrous fillers. OFf secondary importance was the dependence
of the variability of test results on the pleces of filler
incorporated into the molding powder as well as on the

gslze of the piece.

Static breaking strength tests on boxes molded from six

representative phenolic matarials correlated well with falling—

ball impact tests on specimens cut.from molded flat sheets.
Good correlation was obtained with Izod impact tests on
standard test specimens prepared from the molding nmaterials.
The static breaking strengths of the boxes do not correlate
with the results of tensile or flexural tests pn standard
specimens.
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INTRODUCTION

No thorough investigation of the relationshivs betwveen
the strengths of molded plastic articles and strength data
on their materials has been reported. Most of the availadble
data on the strength properties of molded phenolic mlastics
have been obtained with standard test svecimens and standard
methods of test. Specific data of this tvpe, obtained in
accordance with test methods established by the American —
Society for Testing Materials, are published in manufscturers!
data books, for example, references 1 and 2. These sources
acknowledge that a "molding material, which on standard test
pieces appears superior, may show up in actual production as
being even inferior to another material which on standard test
pleces reveals a lower order of desirable properties" (ref-
erence 1l). These discrepancies are further attributed to such
factors as peculiarities in mold design, size and shave of the
molded article, and variations in molding conditions, dut not
to inherent differences in the materials or to selective
characterigtics of the sftandard test specimens.

This investigatlon of the strengths of molded parts and
standard test sepecimens, conducted at the National Bureau of
Standards, was sponsored by and conducted with the financial
assistance of the National Advisory Committee for Aercnautics.

The molding materials for this investigation were suonlied
by the Bakelite Corvoration and the Monsanto Chemical Company,
Flat plates molded in 1/8- and 1/Y-inch thicknesses were fur-
nished by the Bakelite Cormoration and boxes were molded of
the same materials by the General Electric Company, Plastics
Division. The cooperation of these firms has made possible
this exploration of the nebulous region between standard tests
and structural performance and is gratefully acknowledged.

MATERIALS AND PREPARATIOQON OF TZST SPECIMENS

The materials used in this investigation are listed in
table I. Flgt sheets were molded from the Bakelite phenolic
molding materials by the Bakelite Corvoration. Rectangular
boxes were molded from the same comwositions by the General
Electric Company. Moldings prepared at the Natilonal Bureaun
of Standards included: dumdbbell tensile spescimens in accord-
ance with type I of Method No. 101l of Federml Specification
L-P-406a; rectangular bars, 1 inch wide and 5 inches long;
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bars 1/2 by 5 inches for impact specimens; cylinders, 2 inches
in diameter and approximately 1 inch in length; and disks, 4
inches in diameter and of various thicknesses. The molding
conditione are given in table II,

The specimens molded at the Bureau of Standards were
prepared with fully positive hand molde heated by conduction
from steam—heated platens. The molding was done with a 50—
ton—~capacity semi—~autometic press, Preforms were prepared in
the same molds that were used for the particular specimen.
Some of the materials 4did not produce good preforms at room
temperature with the pressure avallable or permissible for
the particular mold. Preforms of these materials were made
at somewhat elevated temperatures (see table Il) with a hand~
operated hydraulic press of 18-ton capacity. The platens
were electrically heated and thermostatically controlled,

All machined test mpecimens were prepared at the
National Bureau of Standards. The tensile specimens were
milled with a mmchine having a cam—operated milling fixture
for duplicating the desired contour.

TEST PROCEDURES AND EQUIFPMENT

Tensile Tests

Tensile tests were made in accordance with Method No.
1011 of Federal Specification L-P-406a, except that the rate
of separation of the grips was maintained at 0.05 inch per
minute and the profile of the specimen specified for thick—
neeses of 1/4 inch or less was used for all tensile tests.
Strains were measured with a Southwark—Peters plastics
extensometer, Model ¥No. PS—6, and an autographic stress—
strain recorder,’ The tensile tests were made on the O— to
2400-pound range of a 60,000~pound—capacity universal
hydraulic testing machine. o

Flexural Tests

Flexural tests were conducted at rate of loading speci-
fied in Method No. 1031 of Federal Specification L-P--406a

1These strain gages and the recording eguipment are
described in Bulletin No. 162 igsued by the Baliwin Loco—
motive Works, BaldWin Southwark Division, Philadelphia, Pa.
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for obtaining load—deflection data. OCaleculatlons of flexural
gstrength, maximum fiber stress, snd modulus of elaaticlity were
made as described in Method Xo, 1031,

In the testp reported in tadles III and IV approximate
span—depth ratios were obtained with support end pressure
pieces having loading edges rounded to 1/8—inch radii,

This jig, together with a notched spacing and centering plate,
provided adjustment a2t a limited number of positions. Sub—
sequent tests were made with gself—centering continuously
variable jigs of the type shown in figure 1 with attachments
for obtaining load~deflection data. The deflections were
measured with Southwark—Peters plasties extensometers, Models
PS=—6 and PS~7, and an autographic stress—atraln recorder.

The pressure-and support pleces of the jig which was used for
spansg of 2 inches or less, shown 1in figure 1, were rounded to
radii of 1/32 ingh; those of a larger jig of the same type
which was used for -spane greater than 2 inches had radii of
1/8 inch, ' B

Specimens used in the study of the effect of span—-depth
ratio were  first broken at the largest span, The remaining
pieces were-used for tests at shorter spans., Care was taken
to insure that points highly stressed in the firet test did
not coincide with points of maximum gstress in subssequent
tests, OComparisons with specimens which had not been used
previously- indicated that the portions of the specimens
which were-used again had not been damaged in the first tests,
This method ‘of sampling was used to avold effects of thick—
ness and -cure.which might affeet the results.

The flexural tests were made on the O— to 2400-pound
range of o 60,000-pound cepacity universal hydraulic testing
mechine and on the O— to 240— and O- to 1200—pound ranges of
& 2400-pound-—capacity machine,

- e— -

Iz0d Impact Tests

The standerd Izod impact test was conducted in sccordance
with Method No. 1071 of Federal Specification L—P—406a on speci-
mens having machined notches, The molded 1/2— by 1/2- by 5-
inch bare were cut in half to make two impact specimens. One—
half of eagch bar was notched in the direction of the molding
ram .motion and the other half of each bar was notched in the
direction perpendicular to the ram motion., The tests were
made with a pendnlum—type impact—testing machine of 4 foot—
pound cepacity, using the 2~ and 4~foot—pound ranges.

-
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A correction for the snergy absorbed in tossing the
broken pieces of the svecimens was obtained ms follows:
The broken pieces of the specimens were fitted together and
subjected tn A second impnct. This tossing energy was cor-
rected for friction and vindage. It vag Aassumed that the
energies imvarted to the severed end of the specimen were
provortional to the unexvended energies after the Izod ~nd
tossing btests. A portion of the tossing energy Drovortion=al
to the unexpended energy in the Izod test was subtrecitad
from the Izod impact value.

FPalling-Ball Impact Tests

Falling-bRll progressive-repented 4immnact tests, similar
to Method No. 1074 of TFadersal Specification L-P-U06a, were
conducted on 32— by ué—inch rectangular sections cut from

the molded flat sheets. Preliminary tests were made on
Y _inch-diameter disks of various thicknesses supvortad an =n
cast-iron-pipe cap.

The aquipment used for testing the r=ctangular sections
is shovn in figure 2. The specimens vwere mounted in a hard-
wood frame which restad on a flat steel plate. The frame
provided a 1/8-inch-wide supporting area at the edges. A
1/2-pound steel ball was used for tests on 1/&-inch-thick
sheet material and the molded disks; 1/2- and 2-pound balls
were used for testing 1/U-inch-thick sheet material,

The height of fall was increased in steps of 1 inch
starting with the l-inch height, until comnlete failure
ocecurred. The energy to crack the specimens Aalso was noted,

Impact - Flexural Test

Flexural specimens 1/2 inch wide, vhich were machined
from the 1/8-inch-thick molded flat sheets, vere struck at
the center of a 3-inch span with a ball weighing 0.15 vound.
The ecuivoment was essentially the same as that shovn in figure
2 except that a flexural-test jig (see fig. 1) with suvvort
pieces rounded to 1/8-inch r=dii was substituted for the
wooden frame. The height of fall was adjusted by successive
high-lov approximatlions so as to obtain the height of fall
which would crack but not break apart the srecimens nf a
specific material vith a single blow. A majority of the
gsnecimeng receivad impacts close to the energv recuired to
crack the specimen, All specimens which were not comnletely
broken by the imprect were subjected to A flaxural test at a
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gpan~depth ratio of 8:1 with the load apvplied a2t the point
of impact. The flexural strengths were plotted against the
impact energies applied to the individuasl specimens. ’

Tests on Molded Boxes

Breaking—-strength tests were conducted on moided boxes
using a plunger having a hemispherical end of 5/8—inch radius,
as shown ln figure 3. The rate of travel of the plunger rel-
ative %o the base of the boxes was 0.05 inch per minute.

The loads were applied in three ways: (1) at the molded hole;
(2) at a point on the bottom symmetrically located on the o
diagonal with respect to the center and ths molded hole; and
(3) at the latter point through A rubber cushion. The load

was not applied at the center of the bottom because of a deeply
indented mold number located st that critical point. The
rubber cushion wag a No. 7 rubber stopper placed with the
larger diameter face bearing on the surface of the box. (See
fig. 3.) No attempt was made to analyze the stresses set up

in the boxes by the loads applied.

Conditioning.~ All the specimens were conditionad for at
least 48 hours at 25° C (77° F) and 50 vpercent relative humid-
ity and were tested in the conditionsd atmosgphere.

Statistical Anslysis

The coefficient of vartiation which is used as a measure
of the variability of the materials is based on the most
likely estimate of the standard deviation of the parent popu-~
lation (reference 3, p. 1U5), It ig calculated according to
the formula:

/Tra -
voe L0880 [Tla = 1) o 100
Average
where
v coefficlent of variation in mnercent
dy deviation of the individual result "i" from the average

n number of test results
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The standard error of the average was calculated accord—
ing t0o the formula:

e ———— . ———t. et e . .

S.B, = J% (a;38 / n(n — 1)'-

The standard error for the difference hetween two aver—
ages was calculated according to the formula:

- = 2 8 2
S'E'AB—JS‘B.A +scElB

The difference between two averages is considered to be
significant if it equals or excesde 3 times 5.E,,3n.

" RESULTS OF TESTS AND DISCUSSION

Anisotropy of Molded Phenolic Plasties

Standard test specimens and standard methods of test do
not, as a general rule, take cognizance of the possibility
that molded phenolic plastics may be nonistropic in the threé—
dimensional sense. It has been reported (reference 4, D. 84)
that molded thermosetting plastics are generally isotropic.

Visual examination of molded articles of various siszes
and shepes indicates that in thin sections long fibers of
the filler are oriented in planes parallel to the molded
surfaces. In thick sections the fibers tend to be orilented
in planes perpendiculer to the diresetion of flow in the mold—
ing.  Peculiar orientations are found around inserts and at
ebrupt changee in section thickness, Tibers in gradual
changes of section are oriented around the contour of the
part. Sketches illustrating the orientation of fibers are
shown in figure 4.

Differences in the directional properties of the various
Phenolic molding materials in the form of molded cylinders,
2 inches 1in diameter and approximately ) inch in length, were
investigated, Sections cut from these cylinders were of uni~
form appearance when sanded except that the orientation of
long fibers was visible. Fibers in the interior of the
cylinders were oriented at random in planes perpendicular
to the axis of the eylinders, the direction of the ram motion,
Fibers near the surface were oriented parallel to the molded
surface,
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Flexural specimens of apvreximately uniform size wvere
cut from the cylinders parallel and perpendicular, res-
pectively, to the axis. Specimens cut from the circular
faces were discarded. Rectangular specimens were machined
and sanded to uniform thickness within +#0.001 inch. '

The results of the flexural strength tests are pre-
sented in table III., All the specimens cut with their
long axis parallel to the direction of the ram motion failed
with typically brittle breaks. The specimesng of the long
fiber materials cut with their long axis perpendicular %o
the ram motion broke with Ygreen stick breaks.!

The ratio of the flexural strength of specimens cut
parallel and perpendicular, respectively, to the axis of the
cylinder is used as an index of isotropy. The wvariation of
this index with bulk factor of the powder (see footnote of
table I) is shown gravhiecally in figure 5. The bulk factor
is roughly a measure of the size and the shape of the filler
particles.

Tengile and Flexural Properties of Phenalic Plastics

Variation of flexural strength with span-depth ratie,
The strength of a structure made of A brittle material usually
is determined in service by resistance to bending, Alone or
in combination with axial loading (reference 5, p. 25), It
is generally recognized that the flexural strength (modulus
nf rupture) varies with the material, the form of the section,
the method and rate of loading, the svan-depth ratio, and, in
the case of fibrous materials such as wood, upon the size of
the plece. The effect of gpan~depth ratio on the strength »f
brittle materials - for example, cast iron and plaster -~ is
slight except for ratios less than 10 (reference 6, pp. 103
and 106).

Few data on the variatien of flexural strength with span-~
depth ratio have been reported for plastics although different
specifications require diffsrent ratims for testing. Federal
Specification L-P-U06a requires a minimum span-depth ratio of
16:1. The flexural strength data published in the manu-
facturers' data books have been determined at a span—denth
ratlo of 8:1 in accordance vith A.S.T,.M. methods.
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The variation of flexursl strength with span—depth ratilo
obtained on molded specimens of 10 phenolic molding materials
is given in tadle IV, The depth of the beam in these tests
was the molded thickness of the sheet. Ourves for BM-45,
BM—~120, and R-8565, which showed astatisticelly significant
variations with span—depth ratio, and for BM-250, which
showed practically no change, are shown in figure 6. The
asbestos—Ffilled material, BM~250, and the mica—filled material,
Resinox 7013, show the least variation with span—-depth ratio,

The materials containing large pieces of filler, such
as those conteining tire cord or macerasted fabric, fre—
quently broke at points some distance from the center of the
beam. These fallures ocourred at the junctures of large
Pieces of filler. The results obtained with those materials
were %00 variable to show a significant variation with span—
depth ratio with the number of specimens used,

Although no two materiasls show the same quantitative
variation with span—~depth ratio, the flexural strengths of
the molded and laminated plastics are usually greater for
smaller ratios,

The large deflections obtained in the flexural tests of
some plastics at large Bpan—depth ratiocs introduce consider—
able error into the calculation of the bending moment. The
reactions at the support pieces are no longer parellel to the
epplied load., The component of the moment produced by the
sldewlse thrust of the support pieces is not considered in
the method of calculeting prescribed by the Federal and
A.5.T.M, gpecifications. Also when large deflections occeur,
the specimen may slip and increase the actual span length,
The magnitude of these errors would be less in tests at a
span—~depth ratio of 8:1 than ot a ratio of l16:1,

Effesct of varying the dimensions of specimens on

Llexural strength.— The resulte of flexural tests on specimens

cut from flat sheets and on molded bars are listed in tadble

V. Specimens were prepared from the flat sheets in three
widths for both 1/8~ and 1/4—inch thicknesses. The flexural
strength appears to be independent of the width of the speci-
men. The 1/4~inch-wide specimens of BM~200 and BH-3510 were
hard to machine and had burrsd edges, The dburred edges are
believed to ‘be the cause of the reduced strength of these
specimens.
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The most noticeable effect is the lower strength ob-
tained with the thicker specimens of the long-fiber materials,
BM-250, BM-200, and BM-3510. It should be noted that this
effect would invalidate gtudies of the effect of span-depth
ratioc in wkhich different ratiocs are obtained with specimens
of different molded thicknesses. The effect does not appear
in the case of the woodflour-filled material, BM-45, and
graduanlly becomes more pronounced for increasingly fidbrous
materials. This selectivity of the thickness effect in-
dicates that it is caused by the fibrous filliers rather
than by curing effects.

Additional studies of the effect of thickness and cur-
ing time on flexural strength were made with BV~120, a mold~
ing material which showved only A slight difference between
thicknesses of 1/8 and 1/4 inch., Specimens were taken from
Y_ineh disks molded in thicknesses between 1/16 inch and 3/8
inch., Disgks wers molded for the minimum length of time re-
quired to produce sound moldings and for tvice that length
of time. The results of the flexural strength tests are
given in table VI and shown granhically in flgure 7. These
data show that minimum and doudble cures make only a slight
difference for this material. The effect of thickness be-
comes more pronounced for 1/16- and 3/32-inch thicknesses,
which are more nearly comparable to the lengths of the
fibtrous filler in this material.

Comparative tensile tests with different types of speci-
mens.- The data for tensile strength which are published in
manufacturers' data books have bheen obtained using the "dog-
bone" specimen described in Method No., 1012 of Federal Speci-
fication L-P-U06a and in A.S.T.M. Method of Test D 651-L2T,
The uge of the "dumbbell" gpecimen described in Method MNo.
1011 of Federal Specification L-P-406a and A,.S5.T.M. Method
of Test D 638-U42T has been considered for reolacing the dog-
bene specimen by A.S.T.M. Committaze D-20 on Plastics. The
twe specimens are shown in figure 4. Reports on cemparative
test data have been inconsistent. '

Comparative tensile test results obtained with molded
dumbdbell specimens, dumbbell specimens machined from 1/8&- and
1/4~inch-thick molded sheets, Aand results obtained in other
laboratories with both specimens are listed in table VII,

Data from the manufacturers'! bulletins are included for com- "~

parison. In general, the dogbone specimens indicate higher
strengths with lower coefficients of wvariation. The test
data revorted by the Bakelite Corvoratior for dumbbell sveci-
mens are more erratic than those obtained at the ¥ational
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Bureau of Standards. Almost without excertion larger sveci-
mens of both shapss shovw lower cnefficients of variation.
The significance of the results obtained witk the doghone
specimers has been auestioned generally bhecause of the gshane
of the test piece.

The mout variable results with dumbbell specimens mwolded
at the National Bureau of Standards were obtmined with Resinox
6905, a material containing chopved tire cord. The mniecces of
tire cord have lengths varying betveen 1/2 ard 3 inches. In
the molded dumbbell svecimen the lengths of cord have a pre-
ferred orientation along the length of the specimer. Phe o
gtrength of A svescimen vould be higk if a number of the longer
lengths extended through the reduced section =2nd low if, Aas
a matter of chance, none bridged the Aistance. The failure
of specimens of this material differed fronm the failures
of the other materials in that the specimens were not com-
pletely severed. The variety of strsss-strain diagrams
obtained with Resinox 6905 is shovn in figure &. Ths dog-
bone specimen would pernit most of the cords to be anckorsad
in the ends of the specimens. The dogbone specimen would,
therefore, be expected to give higher results.

None of the other materials contrin pieces »of filler
long enough to bridge the reduced section of the dumbdbell -
specimen, but many of the meterials contain fibers sufficient-
1y long to bridge the reduczd section of the doghone sveci-
men, These materials show much lower strengths with the
dumbbell svecimen. The woodflour-filled material, the
fivers of which are ftoo short to bridge the reduced section
of either svpecimen, shows a greater strength with the ¢umb-
bell specimen than is revported for the doghone swecinsan.

It is obvious from this dicussior that an s2rroneous inm-
pression of the tensile strength of a molded pPart may be
obtained from tests of standard specimens.

The results obtained vith the machined Jdumbbell gneci-
mens are in good agreement wvith the results obtsained with
the molded dumbbell smecimens excent for the agbestos-filled
material BM~250. Since different batches of moldirng materi-
als were used for prevaring the Adifferent svecimens, perfect
agreement cannot be expectad. The glightlvy higher results
obtained by the Bell Telsvhone Laboratory for BM-3510 mayr
have been caused by the higher rate of loading.

Stress—strain relationships.~ Typical tensile stress-
straln diagrams for molded dumbhell specimens are shovn in
figure 9. These curves were obtained wvith stronger-than—
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average specimens., The average ultimate strength for e=ach
material is 1l1ndicated on the curves. A stress-strain diagram
for cast iron (reference 7, p. 356) is given for comparison,
The tensile stress—-strain diagrams obtained with eight molded
specimens of Resinox 6905 are shown in figure 8.

The stress-strain curves for all the phenolic molding
materials are similar %o the curve for cast iron And =21soc to
curves for concrete in compression and tension (reference §,
pp. 119 and 120). These curves indicate that the molded
phenoclic plastics behaved like tynical brittle materials in
the tensile tests. ' —

Typical flexural load-deflsction diagrams for six phe-
nolic materials are shown in figure 10, Other reports, for
examnle, reference 9, p. 122, show similar contrasting curves
for woodflour— and fabric-filled materials. The flexural
test emphasizes the differences between the materials. In
the flexural test the failure of a surface fiber in tension
will produce a succession of beams of diminishing depth which
will offer diminishing resistance to the motion of the load-
ing 'device. The materials containing short fibers offer
little resistance to the progress of the failure through the
beam and consequently show brittle failures. The type of
fallure depends on the degree of orientation of the fibers
across the fracturs.

Tensile moduli of elasticity.~ The tensile moduli of
elasticity of The molding materials are given in table VIII,
These modull were obtained with a nonaveraging strain gage
and consequently are affected by any initial warping of the
specimens. The differences between the results obtained
for the short-fiber materials with machined =and molded speci-
mens are masked by the variability of the results. The
differences observed fer BM-250, BM-200, and BM-3%510 ars
large enough to be significant, although they are not con-
sistent.

The tensile modulus of elasticlity of the asbestos~filled
material, BM~250, as determined with molded dumbbell gveci-

mens, varied between 1.64 x 10€ psi for a specimen 0,20

inch thick to 2.22 X 10% psi for a sgvecimen 0.121 irnchk
thick. The moduli of intermediste thicknesses fell in
regular sequence between these limits. The modull of the
specimens machined from the flat sheets show only a slight
change with thickness and are higher than the modulli of the
molded specimens. The other materials did not show this
effect.
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It is thought that this bBehavior can be exnlesined as
follows: The lengths of the asbestos fibers in Bl-250 are
short in comvarison vith the length and widtkh of the reduced
section of the molded dumbbell gspecimen, dut are comp-arabdble
to the thickness. In the centrnl vortion of the specimen,
avay from the edges, the fibers are oriented flatwise in
the same vay as in molded flat sheets. Along the edges the
fibers are oriented parallel to the surface of the moldsd
edge. Ag the thickness of the molded specimen is decreaged,
the orientation of the fibers ammroaches the laminar orienta-
tion of the flat sheets. The modulus of elasticity corre-

spondingly approaches the modulus obtained for the flat sheets,

The magnitude of the change of modulus with thickness for
this material is attridbuted to the large differences tetween
the properties of the asbestos filler and the resin,

The lengths of the fibrous fillers in BM-200 and BW¥-
3510 are short in comvarigon with the length of the Jdumbdb-
bell specimen but long in comparison with the width and
thickness. Because of these relative dimensions the fiters
are oriented along the length of the svecimen and cruse the
modull of the molded specimens to be righer than tkose of
the specimens machinsd from flat sheets. The fibers in
specimens cut from flat sheets are oriented in the mplane
of the sheet, but have a random orientation along the length
of the specimens,

Flexural moduli of elasticity.- Data for modulus of
elasticity in flexure are reported in table IX. These moduli
agree failrly well with the tensile moduli revorted in tabdble
VIII. The moduli dstermined on 1/2- by 1/2- by S-inch
molded bars are affected by the direction of testing with
reference to the direction of anplication of the molding
pressurs, The orientation of the fibers in moldsd dars is
shown in figure L, sSince the fibers along the edgzes can be
oriented both parallel to moldsd edge and vparvendicular to
the dirsction of the ram motion, these surfacs fibers
are most highly oriented. FHigher results are obtained in
edgewise tests when the deoth of the beam is takxen pesr-
pendicular to the direction of ram motion when the most
highly orient>d fibers are located in the tension and com-
pressive faces of the beam, The effect is greater for
materials containing long fibers (large bulk factors), as
shown in figure 11l.
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Impact Properties of Phenolic Plastics

Iz0d impact tests. -~ The pendulum type of immnact test
has been found most useful for comparing the shock resist-
ance of electrical insulating materials of generally similar
comoosition and vhysical characteristics. The test is re-
prorted to be unreliable for indicating the relative shock
resistance of materials which differ markedly in composition
or mechanical properties (reference 10, p. 87).

The Izod impact strength of the six phenolic molding
materials are listed in teble X in comparison with data
teken from the Bakelite Tecknical Data Book. The discrepan-~
cy between the manufacturers'! data and that obtained at the
National Bureau of Standards for the macerated fabric-filled
materials mey depend on the capacities of the machines usged.
The Y4~foot-pound pendulum of ths machine used at the Fational
Bureau of Standards was barely sufficient to sever the sneci-
mens of BM-200 and BM-3710, although the capacity was thr=se
to four times the indicated breaking energy. The sSpecimens
which were not completely severed were left attached to the
clamped portion by a fev threads which acted as a bhinge per-
mitting the specimen to fold over out of the nath of the
pendulum. The other results are in good agreement. The im-
pact strengths were consistertly higher for specimens notched
perpendicular to the ram motion compared with those notched
parellel to the ram motion.

The energy expended in tossing the broken halves of
the specimens amounted to about two-thirds of the Izod im-
pact strength in the case of the woodflour~filled material,
BM-45. The energy required to toss the broken halves of
the svecimens in all cases vas mnroportional $to the =vecifiec
gravity of the material and amounted to 0.1% foot-vound per
inch of notch per unit of specific pravity. Since this
amount of energy does not include any breaking ensrgy, Izod
impact strengths of 0.20 and 0.27, values fraouently reported
for cellulose~filled aAnd mineral-filled materials, r=smec-
tively, indicate little if any imvact resistance. Theass
values apoly only to results obtained vith the 2- to B-Ffoot-
pound machine with standard smecimens. Correcting the Izod
impact strength for the tossing energy by sudtracting a mart
of the tossing en~rgy prooortional %o the residurl ensrgv
of the pendulum after the Izod test, accentuates the differ-
ences between materials and between directions of testirng.
It throws 1little light on the actual differences between the
impact resistance of the materials. o
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The work involved in dr=aking an unnotched impact bar
in flexure is also reported in tadle X. The work to mmxi-
mur load and thse total work to break the specimens wers
determined from the arens of the lord-deflection diagrams
(fig. 10). The areas were obtained with a planimeter.
The work to mAximunm load does not show any consistent re-
lationship to the Izod impact strength. The total work
gseparates the fabric-filled materials from the other Dbecause
of the large amount of werk done after failure. Eazen (ref-
erence 11) reports that static bending tests give mineral-
filled phenolic materials toughness ratings more nearly in
agreement with ordinary exvarience, dut that the test under-
rates the toughness of fabrie-filled materials such as BM-3510,
Hovever, Eazzn included only the work done to the meximum
load in his ratings. He reported a value of 0.691 foot-
pound ver cubic inch for BM-3510 as comparad with a value of
0.85 for work to maximumn load obtaized in this laboretory.
The total work was about 1.5 foot-pounds per cubic inch,
indicating that the enargy %o tear the fabric-filled mate-
rials after fnailurs may account for a large vpart of the
measured impact sitrength,

Falling-ball impact tests.- The results of vrogressive-
repeafed faliing-ball innact tests on Y-inch disks of RM-120
are given in table XI. The mnagnitude of the last impsact in
a series of impacts vhick caused failure is nromortional ta
a power of the thickness betveen one and two. Since a number
of other factors, such as the dimmeter-to-thickness ratio of
the disks, the number of impacts, and the velocitv of the
final impact are variable, the results are considered from =a
purely enmpirical viewpoint, assuming vromortionality %o the
sguare of the thickness. As long as comparisons are made
betveen sheets of the same nominal thickness, the exact re-
lationship need not be known., The relationshin between the
magnitude of the final impact energy on this basis and the
number of impacts is shown in figure 12. This curvs shows
a trend with thickness sinilar to that observed for flexural
strength shown in figure 7.

OCn the basls of these re=sults, similar progressive-
repeated impact tests were made on rectangular sections cut
from molded flat sheets of the six phenolic molding materials.
The results of these tests are given in table XII. The geries
of impacts on the 1/4—-inch-thick sheets with a 2-pound ball
caused failure at about the same inpact energy ver unit of
thickness squared as that of A larger number of higher veloc-
ity imwacts with the l/2—hound ball., The energy required
to crack the tension side of the plates aprears %o be
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independent of the filler and consecuently shows no cor-
relation with the Ized impact strength. The degree of
cracking required to define failure was arbitrarily chosen

as the first vigible crack. In the case of the fibrous
materials the widening of the crack occurred very gradually.
The foregoing conclusions could, therefore, be changed
aporeciably by a different interpretatlon a8 to vhen failure
cccurred, . o

The energy required to disrupt the specimens completely
shows a very definite increase for increasingly fibrous
materials. A comparison with the results of the Izod impact
test is shown in figure 13, Since the ceracking energy is
practically corstant for the different materials, 1% is
apparent that high Izod impact strength indicated high tear-
ing strength.

Impact-flexural test.— This test was devised to evalu-
ate the damage to the svecimens of the long-fiber materials
in the falling-ball test. Since the en~rgy reauired to
crack the svecimens in the falling-ball test wvas practically
indenendent of the filler, the different behavior of the
materials must te attridDuted to their differing ability to

sustain partial failure without total loss of strength.

The effect of single impacts on the flexural strengths
of simple beams is given in tadble XIII. Each impact value
in the table revresents tests on 14 to 21 specimens 1/2
inch wide cut from the 1/8-inch-thick molded flat sheets.
Most of these specimens received impacts close to or within
the range of impacts which caused cracking. The short-fiber
materiale BM-U45, BM-120, and BM-6260 did not indicate a
range of cracklng energies but vere either completely
broken or not apparently damaged by the impact. The flexural
strengths, including zeros for specimens hroken by the impact
alons, were averaged in anprovoriate ranges of impact energies.
The curves for BM-120 and for BM-3510, a long-fiber material,
are shown in figure 14. The impact energies, expressed in
inch-pound psr thickness squared, required to reduce the
average flexural strength to 10,000 and 5,000 pounds per
square inch, respectively, were determined graphically from
curves of the resgidual flexural strength plotted against
the impact energy. Comparison of these impact energies
with the Izod impact strengths of these materials is shown
in figure 15.

Good correlation is observed for the short-fiver mate-
rials (bulk factors less than 4) and long-fiber materials
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(bulk factors greater than U), respectively, but different
vroportionality factors are involved for the two classes
of materisals.

Strength Properties of Molded Boxes

The flexural strengths of smecimens cut from the molded
boxes are compared vith data obtained on smecimens from the
1/8~inch-thick molded flat sheets in table XIV. The loca-
tiong of the specimens cut from the boxes are shown in
figure 16. The smoother outer surface of the boxes was
made the tension side of the beam. The strengths of svpeci-
meng from the boxes are in good agreement with the strengths
of specimeng from the I/S—inch—thick sheets, except for
boxes made from BM-250,

The reduced strength of the ashbrstos-filled material
BM-250 mAay be caused by A number of factors, The boxes of
this material were molded from preforms instead of loose
powder vhich was used for boxes of the other materials.
BM-250 is the only mineral-filled material represented and
has A mold shrinkage less than that contemplated by the
mold designer. The significant difference observed for
specimens cut at right angles %o one another suggsests that
the direction of flow from the single preform results in a
svpecial orientation of filler in this molded box.

The bresaking strengths of the boxes molded from the
six phenclic naterials are given in table XV. A comparison
with the flexural strengths of swecimens cut from the molded
boxes is shown in figure 17. The strength of the boxes
does not correlate with any of the tensile or flexural
strengths determined in the course of this investigation.

The failure of the boxes made from the short-fiber
materials was sudden and complete. The boxes made of the
long-fiver materials showved signs of failure at about the
sane load which caused complete failure of the short-fiber
naterials but were adle to withstand consideradly higher
loads in spite of numerous cracks. The manner of failure
was very similar to the failure of the flat she=ts in the
falling-ball test.

A comparison of the strengths of the boxes with the
results of the falling-ball test on the 1[u~inch—thick
sheets is shown in figure 18. Correlation of the strengths
of the boxes with the results of the Izod imnact test on
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stAandard molded snecimens 1s shown in figure 19, with the
isctropic index as determined on molded cylinders in figure
20, and vith the bulk factors of the molding powders in fig-
ure 21. The last tvo comparisons show a significant differ-
ence hetween the mineral and cellulose-filled m=aterials. '
Of the data usgually rsvorted in the manufacturers' dulle-
tins the Izod lmpact strength is the best index of the
strength of %the boxes. The regults ara in agreement with
the current practice of designing on the basig of impact
resistance (reference 12). The strengths of articles of
other shavag vhich would not vpermit the distribution of

the load by vpArtial failure would not be exmascted to show
similar correlation. :

Variabllity of Materials

Coefficients of variation as defined by the formula
on page 6 have been ranortzd for most of the test results.
The coefficients of variation obtained with small samples
ar: themselves quite wvariable, ss would he expmected. The
matearials corntaining larger mieces of filler are much more
variable than the materials containing woodflour or short
cobton flock, particularly in the flexural tests. Thianer
moldinge of the materials containing fibrows fillers have
higher flexural strerngths, as stated by the manufacturers,
but At the exvense of increased variadbility (table V).
Coefficients of varistion of larger tensile specimens of
both dumbbell arnd dogbone types are less than coefficients
of smaller gspecimens although the strengths shov little
change with cross section if the length of the specimen is
kept constant (t=2ble VII).

In the flexural tests high results were usually accom-
panled by off-center fsilures., ILow results vere obtained
when a discontinuity of the filler occurred on the tension
face of the bzan At midspan. It should be noted, therefore,
that both the flexural strengths and the Varlnbilities of the
fabric-filled materials determined with the 1/R%-inch~thick
specinrens vould have been lowver if the strength had bsen
ealeulat=d4d for the stress at the hoint of failure instead
of for failure at midsvpan,

The largest samples were used for tegsts of snmecimens
cut from the molded boxes. Coefficients of variation cal-
culated for these results are congidered to he typical of
the materials, Frequency-flexural strength diagrams for
the six phenolic molding materials are shown in figure 22.
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The difference in the flexural strength of BM-200 when
tested at svan-dentk ratios of 16:1 and &:1, resvectively,
iz 700 msi or about 6 mercent (table IV), The coefficisnt
nf variation considered %o be tyrical of this material in
1/8-inch thickness is 16 vpercent (tabls V and fig. 22). In
order to establish the significance of the difference in
flexural gtrength it would be necessary to make 130 tegts
2t each svan-denth ratio. The use of the five specimens
usually required for routine tests of mlastic materislsg ig
definitely inmdequsta for determining small differences for
such variable materials. For examnle, five smecimeng of the
above-mentioned material would be gsufficient only $0 estab-
lish the sipgnificance of n dAifference of about 30 vercent
or more.

The nonuniforrity of A material, which is indicatsd
bv the coefficient of vari~tion, affects the results of
tests made with snecimenzs of different sives and tests
with different nethods4 of lond3ing. Tucker (reference 13)
presents a treatment of the statisticnl tkeory of the
effects of dirmensions and wethads of lo=ding unon strangth
pronerties, wherain the "weakegt-link" thesory developed
indevendently by Weibull (reference 14), and the "strength-
svanation” theory are discussed in relation to the strength
of concrete besms, The st=tistical Aanalyses as verified
by tests on concrete beams indicatas that the modulus of
runture {flexural strength) is indenendent of the width of
the bsan, but is decresassd by an increase in thicknees or
length. The first tvo of these conclusions are sub-
stantiated by the results reported here of tests on smeci-
mens of different wvidths and thickness cut from the molied
flat shszets. The most variable matarials show the grertest
differences with thickness. The conclusion regarding the
effect of lsasngth was not checked because it wvas not mossidble
to isolate the indenrendent effect of span-depth ratio,

The "weakegt-link-in-series" theory nrovmosed by Weibull
indicates that smaller teansile gpecimens (shorter lengths)
should have highesr strengths., This may vartially exvlain
the higher results obtained with the doghone svecimens
although the effect of orientation of the fillerg and the
effect of the shoane of the specimen may be ths principal
cause of the difference.

Ths strensth-summation or "links-in-marallel' theory
indicates that the tensile strength should ba indenendent
of tke cross ssctinon and that the coefficient of wvariastion
shnuld decresnse with an increase in cross section. This is
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substantially vhat was obgerved for the tensile strengths
of svpecimens machined from the 1/8-inch- and 1/Y-inch-thick
nolded flat sheets.

In the foregoing discussion the statistical theoryv has
been apnlied only qualitatively since the coefficients of
variatior based on small gamples are themeelves quite
variable. The qualitative agreemsent with the statistical
theory indicates that further work along this line would
be useful,

COHCLUSTONS

Conclusions relating particularly to test svpecimens
and methods of test have been presented in the discussion.
Thess findings indicate that the intervretation of the
results of tests must take into consideration the charac-
teristics of the individual filler in relation to the
particular tsst plece.

General conclusions are as foilows:

1. Phenoclic molding materials are generally nonisotropic.
The degree of anisotrony devends on the size and shape of
the fillers and the dimensions and shape of the malded sec-
tion.

2. The nonhomogengity of these materimsls is reflected
in the coefficient of wvariation which increases with the
size of the rieceg of filler =~nd is an iwmvrortant character-
igtic of esch materianl,

3. The flexural strengths of smecimens cut froom molded
boxes were found to be in good agreement with the flexural
strengths of svecimens from molded flat sheets of sprroxi-
mately egual thickness. An agbestos-~-filled material BM-2/0
apnears to be an sxcepitinn to this statement. The reasgon
for the excention has noit been establishsd.

Y, Tensile and flexural stress-strain curves indicate
that vhenolic materials are essentially bdbrittle. Fibrous
materials, however, are capable of relieving localized
stress and distributing the load by psartial failure.

5. The braaking strengths of molded boxes correlates
vell with the results of the falling-ball impact test on
flat she=ts molded of the same m=terials. Good correlation
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is also obtained with the Izod impact strsngth as determined
on standard test spmecimens, Good correlation with the bulk
factnr of the mowler also was observed.

6. The trends observed in this investigation for the
behavior of standard test spPecimens agree gualitatively with
conclusions derived from statistical analysis of the effects
Af dimensions and methods of loading upon the strength prov-
erties of concrete besns. It is concluded that further work
along these lines is desiradle.

Wational Bureau of Standards,
Washington, D. C., July 25, 1als,
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TABLE I,~ DESCRIPTION OF PHENOLIC MOLDING MATERIALS

Manufacturers! Mean-bulk factor?
designation Filler (Manufacturers' data)

Bakelite BM-—45 Woodflour 2.45

Bakelite BM-120 Woodflour and cotton flock 2.58

Bakelite BM—6260 | Woodflour and cotton flock 3.8

Bakelite BM—250 Long—fiber asbestos 8.0

Bakelite BM—200 Macerated fabric 9.6

Bakelite BM—3510 1 Macerated fabdbrie 14.5

Resinox 7013 Mice 2.64

Resinox 6565 Long cotton flock 6.5

Resinox 6905 Tire cord 6.5

Resinox 6542 Macerated fabrie ' 10,0

1

Bulk faoctor — The ratio of the volume of the molding
composition to the volume of the
finished molding.
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TABLE II.- MNOLDING CONDITIONS USED IN PREPARATION OF TIST PIEOXS
Hesn Type of ~plMinE Gopaationsd
,| Bater Bulk loﬂtng or Thickness ; ssuze 3 ng Time
Material]l ¥o. | Faotors| wolder Specimen {1n.) or) | (1b/in%) | (win) (min)
Bu-Us5 178 e.k5 | wps Dumbbell 0.16-0.2 00 2,000 | k8 none
. B8 Flexure Bar 0.14=0.2 2,000 g none
¥B8 do. 0.17-0.19 20 g,OOO 3.1/2 none
¥BS 2" Oylinder 1.30 00 ,000 Lz none
NBS do. 0.97 00 6,000 150 none
1824 Bak.Oorp. | Flat Bheets 1/8 and 1/k 20 1,700 1
0.KE. Co. | Boxes 1/8 ;20 éa
¥p8 Inpact Bar 1/e 10 5,600 8 none
BM=120 638 2.58 ¥ES Dumbbell 0.14=0.2 00 2,500 o none
DB |Emnam | ocums | e R | mn
1 er . ’
670 ¥B8 g 1/8 10 3, 1-1/2¢ none
NBS do. 1/8 310 3,000 none
NES do. 1/ 10 3.000 2-1/2% none
¥ES d0. /4 10 1020 E' none
¥ps do. 3/8 10 3,000 . none
B8 do. 3/8 310 3,000 3¢ none
Thiio ga:. Oorp.| Flat Shests 1/8 aa %ﬁ 20 1,709 1;
.K. . xes
B8 Inpact Bar /e | 310 »600 . none
¥B8 k¥ Digx 1/16,3/;2 & 1/8) 310 2000 : none
¥B8 . 1/16,3/32 & 1/! 310 »000 none
R-7013 Unknown | 2.64% | B8 Dumbbell 0.1%-0.26 00 &, 200 208 none
¥pe Flexure Bar 0.16~0.20 00 &,000 208 nons
¥88 2% Cylinder 1.18 75-300 | 2,000 6ob none
BM-6260 Unknown 3.8 ¥BS Dumbbell 0.14=0.25 300 2,000 15 nons
1221 ¥B8 Flexure Bar 0,15-0,18 300 2,000 15 none
Unknown ¥BS 2" Cylindery .1; 00 2,000 1; none
pe-r3 % xp8 do. 1.3 00 56 000 f < nons
2,000 15 none
1221 Bek.Corp. | Flat Sheets 1/8 and /4 20 1,700 15
1221 & 1259 0.E. Co. | Boxes /8 20 d ‘
1221 ¥BO Inpact Ber 1/2 10 5,600 nons
R-65% 6519 . ¥BS Dumbbell 0.18-0. 00 i,000 1 nons -
5 33 ¥BS Floxure Bar 0.1?—0.33 %oo &,000 Xi none
WBS 2* Cylinder .63 00 56,000 none
2,000 1 none
R-6905 | 476 6.8 NEBS Dumbbell 0.12-0.32 00 &, 000 1 none .
KBS Flexure Bar 0.1?0. 5 00 4,000 1 none
NEB 2% QOylinder .09 00 {6,000 s none
2,000 1 none
Bi=250 1680 8.0 NBS Dumbbell 0.12-0.20 ;00 ,000 ‘tg none
NES Flexure Bar 0.12-0.14 00 ,000 § " nons
NE8 2" Oylinder 1.01 [75-300 , 000 60 none
191B NBS Inpact Bar IIE 290 ;,6001 16 none
202D Bak.Corp. | Flat Sheets 1/8 and 1/ 320 » 700 15 5
G.E. Co. | Boxes 1/8 20 d & i 7 3
207H Q.E. Oo. | Boxes 1/8 20 -y 5 none
Bli-200 67A 9.5 KBS Dumbbell 0.13-0.28 ,000 1 none
Black X8 Flexure Bar 0.1?—0.18 + 000 1 nors
NEB 2" COylinder .07 il ,000 none
2,000 1 none
27 Brown Bak.Oorp. | Flat Sheets 1/8 snd /4 20 1,700 1;
23 & 27 Brown G.E. Oo. Boxes 1/8 20 a
72 Black XBS Inpact Bars 1/2 10 5,600 [} none
R-6542 6740 20.0 NES Dumbbell 0.14-0.24 k,000 15 nons
¥ES Flexure Bar 0.14-0.19 00 Ib,000 15 none
XB6 2% Oylinder 1.20 58,000 10 none
2,000 32 none
BM~3510 | 1660r ik, 5 B8 Dumbbell 0.1p=0.22 00 4,000 1; none
¥ES Flexure Bar 0,14=0.16 Q0 ?.ggg b1 none
NB8 2" Oylinder 1.10 00 10, 510 none
2,000 26 none
19!2 Bak.Oorp. | Flat Sheets 1/8 and 1/h 20 1,700 1
193; 2112 G.E. On. | Boxes 1/8 20 4
I 13%18p [ NWB8 Impact Bars 1/ 10 5,600 none

&. Data from Nanufacturers!' bulletins. -

be Preforzs prepared at room temperature were used for sll moldings at the Nationa Bureau of h
8tandards unless otherwise indjcated. gold.tngl were not breathed except as indicated.

©. Preforms prepared at 150°F, 6,000 1b/inZ.

d. Pressure of 1,100 1b/in2 reported by General Eleotric Co. Since the mold is not fully
positive, pressure on plastic is indefinite. Materials preheated in an oven at 176° F for 10
minutes. Nolded wihout preforms. -

e. Powder proheated in oven for 15 minutes at 175°F, amd preformed at 175°F, 3,000 1b/in2. xMold
was olosed in 15 seconds and breathed 10, 20, 30 and 40 seconds after clos ng.

. No preforms ussd. Mold was closed in 15 seconds and bresthed 10 and 20 seconds after olosing.

g. Preformed at approximately 200°F, 18 tons force.

h. Powder placed in cold mold end heated to 300°F in 30 minutes

i. MNold bresthed 3 times at 3 to 5 second intervale, startin 15 seconds after mcld was olosed.

J. Preform 5 by 5-1/i by 5/8 inoh prepared at approximately 4.5 tons/in2.

K. Material preheated at 210°F, for 10 minutes cooled to room temperature and preformed.
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TABLE III.-

ISOTROPY OF MOLDED PHERQLIC CYLINDIRS

Material

Bi~-120

R-7013
6260

R-6565
R-6905
Bd-250
BM-200
R-6542
BU-3510

Factox
2.5

2,58
2.6%

3.8

5«5
6.5
8.0
9.5
10.0
k.5

Length of
Cylindera
in.

1,30
0.97

1.18
1‘12

1.13
1.39

1.63
1.09
1.01
1.07
1.10
1.10

Flexural Sirength

Flexural Strength

¥o.of
Tests

Parplle]l & Motion
8pan-
TR | e | ey
%,ggg Z,%g-saoo 6.5d
’ ’ 7,900 8.0
8,700 7,600-9,800 7.5
3,600 | 3,100-4,k00 6.5
Iie [haTek | fos
k& ,400 3,600-5, 800 6.6
3,700 | 2,600-5,600 | 4.5
3,700 3,100-4,100 6.5
4,500 3,400-5,600 7-7
5,000 3,800~6, 600 6.3
k, %00 %,100~6,200 7.2

b
Q

Voo O O O A OAON O\

Perpendio
l{;zin } gfﬁ?f§2l
3:500 | 7:600-9:300
10,h00 | 9,600-11,200
5,80 | 1,300-7,200
37800 | 3:300-10.200
8,900 | 7,500-10,900
g,200 | 7,000-10,300
10,100 | 7,900-11,100
11,500 | 10,000-13,700
11,800 | &,500-13,400
12,b00 | 9,800-14%,800

r to Ram Motlon

pan-

ittt |
6.4 B 0.88
g.0d| 5§ 0,42
6.7 | 10 0.85
7.1 6 0.61
enl 7| OB
6.4 b 0.50
b5 5 0.45
7.0 5 0.37
7.4 5 0.%0
6.2 5 0.43
1.7 5 0.39

a. Cylinders were 2 inches in digmeter.
b.

Average ratio for

and supports had 1/8-inch radii.
The isotropic index is defined as the ratlo of flexnral strengibs of
specimens cut with their long axes parallel and perpendioulsr,
respectively, to the direotion of the ram motion.
Span adjusted to obtain uniform span-depth ratio;
supports had 1/32 inch radiil.

oup of rearly uniform specimens;

pressure plece

pressure pieoce snd

"CH N&L VOVH
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TABLEIV.~ VARIL

ATION OF FLEXURAL

STRENGTH WITH SPAN-IEKPTH RATIO FOR
¥OLDED PHEROLIC PLASTICS SPECINERS ) 1HCH WIDE

Average ‘w Flarura]l EJW ‘;;:n.!' Flexur w ‘_;l .

Material %m“ ﬁﬂ ':‘cﬁ (ﬂﬁn‘g (1b)1n2)_—(“)r 22’:’22 1{‘.‘.—“5 (‘1';?13) (u?me)“;j‘j)r ’333 Eﬁ? (ml (1v/102)] (4)
N TR TR R R R R~ - Rl Rl RN I
BM-120 a.172 17.1 ¢ |10,300 410 9_.6 11.0 5 10,700 500 0% | 6.2 n 12,100 YL RN
BM-~200 0.16% 14.% 5 |11,500 sp0 | &.2] 12.3 5 12,500 &m0 ]mo0 | 6.2 5 13,300 80 3.8
BX-250 g:ig g:z g ﬁ';gg 2300 |7.9] 122 3 11,%00 6.2 3 Pl.m
BM-3510 0.150 20.1 5 |1,700 E: he.3 | 13.% 5 12,900 680 .8 | 6.7 5 13,600 =50 9.
Me-5250 0.144 12.7 6 9,900 250 | 6.2 ] 10,1 6 10,200 270 | 6.1 | 6.2 6 11,100 s LR
R-65M42 0.17% 17.4 5 |11,700 w0 Ro.3 | 1.6 ) 12,600 5.8 5 13,700 950 5.5
R~6565 0.17% 14.6 6 9,500 350 | 9.0 10.5 6 10,400 4 1.2 | 7.0 6 11,800 2540 .0
3-6905 o172 |1e1 5 {1,200 | sno P2 | m [ 5 lizgeo | ¢ 2.7 | 6.6 5 |13,800 |21,250 [po.0
B-7013 0.12¢ 16.5 5 6,900 350 Q1.3 | 1.0 5 6,900 360 |11.6 | 5.6 L] 7,200 80 | 7.0

a. B5.T. = standard error of the mean.

b. ¥ = goefficient of variation.

o. Specimens 1/2 lach wide.

S00T °*oR ML YOV
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TINE V.~ XFFR0T OF UDMEYSIORS OF GEROINOANS ON FLEIIRAL STREEQTY

s th b _mm%nupufmm 12330 st of 8330
ons HMNILONS O OnE &
Bateh | Type of |aw Aver : .- Wl I Wo.ol [iver BT Y| & (Mool ] & #!ﬁl,
— | T ([ ohney b || SO [ [, (out & | | S [ S| has] 5
1 » 1.00 0.1 [ 10,300f [
i I ™ ,300f[ =0 | 6.3 e . o pos
1 B,F o.a: 0. [ 10, lnnp 10, m,g;
1 2 o 5.1 b0 | om0 |8 o.2% 0.135 5 80| sno jisa| o o3 5 | 12300 |t
wa | 8 olg 0. 8 n:g o mIE 1 ) : ' y i -5 . 5 ' T
18 : g.g 3‘ g ;.11. 610 1%.1 0.5 0.136 6 1,30 | 0 | 9.6] 0.5 .| o1 & | 11,90 %90 | 1w
188, s o. X 6 | 1 . . . X .
b H o9 g_ ¢ | B3 gg 15'3 0.92 0.139 3 1,300 | 1séo |12 ] o.92 0.139 6 | 1,800 %50 | 13.7
=120 [5 B 1.00 0.172 g 10400t a0 | 8,7
i - ofg ks 2 ﬁ:ooc Baag 10,0013,
!’Eﬂ -1 0. 0, 2 12,000 fnnp 1n, u.%ﬁ!
s 0.25 0.150 3 13,700 |(Eangs 13{3(1(:-’00’i 0.28 0.310 [3 12,900%| i3z | 6.2 :
™o 8 0 0.1 6 |13,500]| M0 |79 0 a. 6 12 w60 | 8.9} o a2 |1 | o, 10.1
e ] 0. 0.1 5 1;:900 ptot 11% 0. a. F 12:;% 100 3.3 B el
M-6260 | Takmows| B 1,00 0.184 6 | w0,m0f| 2230 | 5.6
= B oo ol : )9 Range 3,200-9,300}
) n.x : 0. 0. 2 13:2% ‘%ﬁ.mig?gm)
1 = g. g.&: u,& ; Z.G a.25 0,138 [ wse | nxo | 33| 0.3 0, 6 11,200 8.z
s g'. glgg 91% 2 Z% 0.%0 a1 | 6 10,600 | w130 | 7.6| o.50 0.4 § | 1,300 | s | 1
s 0. o1 10,k00 | o 1.3 | o 0.1 6 |- 3 . . . 3 . 3 8.6
] o. o 9,800 | 1300 7.3 i » 10,400 rof 0.9 0331 bl
- 1680 3 1.00 0.4 4 11,0000 2200 | 1.
| iww| 2 1 ! ? ye £ 10,0005
1680 nr 0. 0. e | 1200 !nnn n,ooo-u.;un)
1,k o, o 2 11, h&n E00=12, 500,
2020 2 8 g.ég g.m o 12‘1,. 0.2% 0.157 . 12,700 | 2290 |19.6 | oS o 12,000 18.1
8 gi gig g 11.12:000 ﬁ 1;3% 0.50 015 € 12,700 | :980 |1s.9| om0 0.136 6 | 12,800 | %0 | 130
8 .51 0.1 6 | 1 w0 |13 | 0o | oo 6 12 v 1 e 0.1 6 | 12,80 11.0
£ X 0.2%7 6 u:& 2300 3 [ 3 1500 | 2o {137 te % ' 2589
-200 (3 mﬂt n 1.00 0,16 [ 12,0000 | 2330 | 6.2
Oaknom| B 2
67a Mlagk B,¥ . _ o% ok 2 L:g Riegs 9,900-12,000)
B,B ath 0. o.ﬁs H 1, 1,600-11, 700)
2T Boowx : g.g g. g 1:.231 % }I.G 0.2% 0.14% 6 10, 90 |mol 0.5 0. 6 10,0008 ¢ 16.0
s g:; g:l § glﬁ 1,100 ?_2:? 0.50 0.1%3 6 mTo | o (11| 0% 0,145 6 | 12000 | sheo | 8.k
3 1.0 oﬂ. 6 | 1o | = 160 | 1.0 0.183 6 n80| 23 Jion] 1.0 9. € | 12,100 | 21,200 | 203
8 1.02 o.agg 6 200 | 3 k,0
. . 2 L3
m-3500 | a8607 z 1.00 0.150 5 | 12,600 :790 [iM.0 ) n'm mu‘ . ﬁ'm
16scr >E ol | o H “:%n (":ﬁou 500-18,500)
: g. g.ﬁ 2 ﬂ'mm 11.111 0.25 0.135 6 |. 1,k00h| :me0 [16.2 | 0.5 0.135 [ 9, .
. gZ gh § 5:% Eng Hh 0.50 6.136 6 | 1080] w50 ks o0 oam | 6 | 1z700 | s900 | a7.%
H 0. 0. § Y T ali 0.99 0.135 & |, 12,50 |1,000 |e0.1]| 0.9 0.1 6 | 1,00 | 1770 | 26.2
. 0.98 0. 1, =580 |13. i
8. B = molded hax; 8 = wachiusd from fist shast; F = flatwise (depth in direction
of molding rasm motion); X = sdfewiso {depth psrpendiouler o molding Tam wotlon}.
b. fTosted with 1/5 inoh Tadii mupport snd prassurs plecas.
¢. Testsd with 1/32 inch radli suppat smd pressurs pleces.
d. BiEndard error.
8. Oosffioient of variation.
f. Interpolawed valoss from teads at spproximabe span-dapth ratlos.
g Onin from mamufacitrsr's Techalosl Data Book,
k. Speolmena hpd turrad sdgos.

JO0T "ok XL YOUX
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PABLE V1.- EFFECT OF THICKNESS AND CURING TIME ON STRENGTH OF K-INCH-
DIAMETER DISK MOLDINGS OF BAKELITE BM-120 PHENOLIC MOLDING

COMPOURD.
Nominal
Thickness Curin B FlexuralRStrengthb —
of Moldin Batch | Time 0.0 Average ange .ES v
(in.) & ¥o. | (min.) | Teste | (Ib/in<) (1b/in2) (1b/in%)| (%)
Minimum Cure
1/16 ke | 2 | 20 | 12,300 | 10,500-13,700 | 180 | 6.6
3/32 T 2 16 11,900 | 10,600-13, 300 +170 Z.s
1/8 4o 2 7 11,200 | 10,000-12,300 +270 .3
1/8 70 1-1/9 10 10,900 | 9,300-12,300 +330 | 9.6
1/4 670 2-1/2] 10 12,200 | 11,200-13,200 170 | 4.4
3/8 670 4 8 11,100 { 9,900-12,500 2300 | 7.7
1004 Overcure
1/16 7ithe i 20 13,200 | 12,000~15,700 220 | 7.5
3/32 Tihc y 16 12,700 | 11,500-1%,100 +170 | 5.5
1/8 4o L 7 12,200 | 11,200-13,300 +270 Z.s
1/8 70 3 10 11,800 11’100-12’383 +150 1
1/4 670 5 10 11,300 | 9,100-12, :Zgo 10.6
3/8 670 8 6 11,000 9,000-11,900 +400 9.6

Molded at 310° F and 3,000 1b/in?
Tested at a span-depth ratio of 8:1.
Standard error

Coefficient of variation.

A
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TABLE VIX.- TENSILE STRENGTH OF MOLDED PHENOLIC MATERIALS DETERMINED WITH DIFFERENT TYPES OF SPECINENS
(Rate of Head Motion for NBS Tests with Dumbbell Specimens was 0.05 in/min.)

g00T °©K K1 YOYR

| Molded Dogbone Specimens
olded Dumbbell Speclmens 1 ﬁseiltaze% rensile S n Mgchine 11 o snst
Av ¥ II gt E ection 8 t VoI ens ¥y )
'rhi:rkr\.g:a ¥Wo.of nvo::sgg g n-zn' v ¥o.of Thickness Aver:%g ’ Bf‘!g W ¥o.of Thi.ck:g:c ;verag E.I%. w
Material (in.) Specimens| (1b/inc) (lblina) (1) | Specimens (in.) (10/1n2) | (16/in2) | (%) |Bpecimens (in.) (1v/182) | (10/1n2)
BM-M5 0.181 5 6,950 2260 | 5.2 6,000° 2 31%32 ;:ggg ﬁg g ]
B0 '3 6 6 / o e " 6 6 B | &
0.1 ,510 200 | 8.2 1/8 s, 270 . 0.1 8,1 1l .2
1/3 13 63;0“ w240 |11.6 6 1/% 8 420" :1;0 u.% 6 0.302 7,910 230 | %.0
e |z | SBGE 9% |.d
/4 20 ?:o;gﬁ 2190 |12.0
R-TOL3 0.212 5 3,240 «ax0 | 9.9 6,500
BM-6260 o.}j& 9 s.zso 1 6. 8, 6 0.1 6,530 w220 | 8.3
8 12 6,6204 | = 15.; 6 1/8 s.?g.céﬂ 220 | 6.6 6 - o.zg 6,910 ak | 51
1/ 12 .08 | = 9.3 6 /4 7,8000 | 270 |5.5
R-6565 0.22% 8 5,250 e 3.9 7,500¢
R-6305 0.193 8 4,260 2160 |10.5 6,500¢
Bi-250 0.149 4,840 21 s.h 6,000° 6 0.1 6,900 250 | 9.0
0.189 ; 3,000° :7£ b1, 6 o.z?z 6,870 2% | 6.9
Bi-200 0.180 8 ,8 +110 N 6, 6 0.1% &, 950 s70 | 3.3
%830 > To0° 6 o.z5<3> 5,730 o0 | 9.0
R-6542 0.180 7 5,800 «lio | 6.2 7,500¢
m-3510 |¥o0.182 ] 5910 | 270 | 81 6,500¢ 6 0.13% 5,m0 | 2230 |10.5
6 0.263 2.710 «as0 | 6.
1 1/8 ,oof | = 6.8

a. S.E. = standard exror of the mean.

Vv = ooefficient of variation.

Data from manufacturer's Bulletins.
Test data received from Bakelite Coxp.
Specimens were molded without the use of preforms; all
other WBS specimens !ere molded from preforms.

Test data from Bell *elephone Laboratories; rate of head
travel 0.10 inch per minute.

» oang
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TABLE VIII.- TENSILE MODULI OF ELASTICITY OF MOLDED PHENOLIC MATERIALS
(Specimens were the dumbbell type especified in Method 1011,
Federal Specifications 1-P-406a

0g

Specimens
Thicknegs Tensile Secant Modulus, 0~250051h/in2 .
Avera Range No.of Ayerage 5 v
Material | Type (in. (in.) Tests |(10°1b/in2) (105§§§§n2) (10610/102)| (%)
BN-45 Molded 0.192 | 0.160-0.243 6 1.15 1.08-1.27 :.82 2.8
Machined | 0.137 | 0.132-0.139 | 4 1.13 1.05-1.22 *. .7
do. 0.264 | 0. Es-o . 267 5 1.07 1.03-1.11 +.02 3.1
BM-120 | Molded o.172 | 0.1h43-0.253 8 1.15 1.08~1.23 +.02 5.0
Machined | 0.155 | 0.146-0.160 6 1.10 1.03-1.16 +.02 5.1
do. 0.305 | 0.303-0.307 5 1.08 1.04-1.11 :.01 2.9
B¥-200 | Molded 0.180 | 0.127-0.282 | 8 1.31 1.23-1.39 +.02 3
Machined | O.14l4 | 0.140-0.147 2 1.1 1.04-1.15 +.02 4.0
do. 0.252 | 0.250-0.25 1.16 1.11-1.22 .02 3.7
BN-250 | Molded 0.156 | 0.121-0.20 6 1.22 1.64-2.22 +.08 10.5
Machimed | 0.134% | 0.131-0.138 | & 2.47 2.22-2.70 :.11 9.2
do. 0.269 | 0.262-0. 222 5 2.29 2.08-2.44 .07 6.7
B¥-3510 | Molded 0.182 | 0.122-0.2 3 1.27 1.19-1.33 £.02 4.5
Machined | 0.136 | 0.131-0.142{ 6 1.03 0.93-1.15 *.03 8.0
do. 0.266 | 0.267-0.280 | 6 1.05 1.00-1.09 £.01 3.2
BM-6260 | Molded 0.169. | 0.127-0.247| & 0.95 0.83-1.05 *.03 2.7
Machined | 0.138 | 0.125-0.1%6 6 0.97 0.90-1.06 £.03 .6
do. 0.268 | 0.257-0.273 6 0.95 0.92-0.98 +.01 2.7
R-6542 | Molded - | 0.155 | 0.143-0.2 5 7 1.17 1.03-1.3 +. 0k 9.2
R-6565 | Molded 0.22 0.15 0.342 8 0.88 0.81-0.9 +.02 5.2
R-6905 | Molded 0.193 | 0.124-0.%320 | 8 1.14 0.93-1.27 +.05 11.5
R-7013% Molded 0.200 0.154-0 257 L 2.6 2.27~2.63 +.07 6.1
a. B8.E. = standard error
b. ¥V = coefficient of variation.

900T °"OK NI YOVN . .
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TABLE IX.- FLEXURAL WMODULI OF ELASTICITY OF MOLDED PHENOLIC MATERIALS

Modull of
Initial Flexural Elastiolty?
Depth, | Width, | Span- | Modulus of Elasticl Reported by
Type of Direotion Avera Aver depth | No.of Average 2 llanugactur T
Material | 8pecimen of Testingd [1n.§“ (in. Ratio | Tests | (1061b/1n2) | (1 lei.n } | {10%1b/4nc) |
BM-45 Molded Bar Flatwise 0.47; 0.499 g 2 0.9 0.939-0.948 0.89
Kolded Bar Edgewlse 0.49 0.478 8 2 1.00 1.00 -1.01
1/8-inch flat sheet | Flatwise 0.139 D.92 16 6 1.0% 0.98 -1.07
1/8-inch flat cheet | Flatwise 0.1 o.go 16 6 1.01 0.87 ~1.08
1/4-inch flat sheet | Flatwise 0.264 | 0.93 16 6 1.08 1.00 -1.0%
1/4-1nch flat sheet | Flatwise - | 0.265 | 0.50 16 6 1.00 0.96 -1.04
BM-120 | uolded Bar Flatwise 0.476 | o0.h99 8 2 0.93 0.929-0.937 1.0
. Molded Bar Edgewise 0.499 | o0.478 g 2 0.93 0.926~-0.942
BR-200 [ Molded Bar Flatwise 0487 | o.500 | & > 1.10 1.09 -1.11 1.00
Molded Bar Edgewise 0.501 | 0.h85 8 2 1.2 1.20 -1.24
B-250 | Moldad Bar Flatwise 0.478 o.an ] 2 2.11 2.11 -2.11 1.0¢
Molded Bax Fdgewise p.502 | o.h76 8 2 2.3%6 2.35 =2.37
BN-3510 | Molded Bar Flatwise 0.502 o.Eoz g 2 1.10 1.08 ~1.13 1
lOldEd_BaI Edga'tse 0!502 00 91 g 2 1-25 1-22 "1-27
BM-6260 | Molded Bax Flatwise 0.490 °'E§é g 2 0.88 0.857~0.904 1.00
Molded Bar Edgewlse 0.500 | o. 8 2 0.91 0.908-0.910

a. Tlatwise = depth of beam in direotion of ram motion.
Edgewise = depth of beam perpendicular to ram motion.
Data from Bakelite Technloal Data Book.
Data sheet published January 30, 1942,

oo
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TAALE X.- T20D IMPACT BYRENGTH OF NOLDKD MEINLIC MATERIALBE

! 5 Inpeat sun;nhd work 10 .
Capacity | Tz0d Iwpact Str fossing energy? coxrected for ;'Tf":—'” bendi
Souros Location of average §ii Sneecific Average Tozeing Energy |Toasing Energy wor
of of Pendwlom [(ft-1b/tn. | (£t-1b/1n. | Gravisy of| (rt-1n/in. Divided by {r+-1b/1n. Maximom 1:31 Total w
Meteriala| pata %oich (f3-1b) | of moteh) | of notch) Bpeainen of notch) Specifio Gravity of notoh) (ft-1b/1n3) | (ft~1b/in3}
-4 MBS Sidef 2 0. 1,007 1. 0.201 0.1! 0.08 0.55 0.55
g Fseh Fi o.ﬂ +.010 1.31‘ 0.196 o.122 0.16
Bak.Coxp.1 | Si1de Dokoown | 0.26 1.
BE-120 |wmm Bide 2 0. *.006 1. 0. 0.1 0.11 0.68 0.68
ms Faoe 2 0.5 +.010 1.% 0.19 0.181 0.19
Bak.Corp.1 | Bide Onkiown | O. 1.
X-6260 |[wps 8ide 2 C. *.005 1. 0.208 0.1 0.1% 0.53 0.53
. s Face 2 °'§ 2.005 1. 0.199 0.1 0.14
Bak.Corp.l | 8ide Unkoown | 0. 1.
250 |§ss 8i0e 2 0.90 . 202 1.91 0.257 0.1 0.68 0.43 0.65
¥B6 Face 2 1.06 £.03 .91 0.31 o.1§ 0.88
Bak.$orp,1 | 8ide Unknown | 1.0 1.%9 .
ve B ific gravity for P fi-1b - - - 0.144
Bx-200 = Sids by £ 0 1.39 0,207 0.1 ] 0.72 1.57
Bak.Corp.1 | gide Toknown | 408 = 1.57 0-201 0. i
B-3510 (¥me Side i 2. s, 1.38 0. 0.1 0.85 1.53
g Pace LY 2.78 :.gg 1.; o.g 0.181 3
Bak.Corp.1 | B8ide Goknown | 3.8 1.
Avorage tossing energr/spscific gravity for ¥ feu1b pendulom - - — 0.147

8. Naterials are listed in order of incraasing bulk factars.

b. Avorages are for tests on spacimens.

¢. The energy to toss the Eeversd ends was determined by fit¥ing the spacimen back together and
l'apnunf the test.

The toss aMmergy was multiplicd by thae ratio of the reaidusl enorgy after breaking to ths
ospaoity ths pendulum. & product was subtrected from the lmpact energy.

York to ropture mmoptchad impaot bar at spen~depth ratio of &:1.

Reporied values are averages for two tests flatwiss and two edgewise. The work per oubic inch was
Oomputad from the axea of the load-daflection dlsgrans and the volume of materisl betwsen the supports.
- 8.L. = standard errox.

Elde 1s ths murface parallel to direction of raam motion.

Facs is the wurface perpendiculsr to direction of ram motion,

Dsta from Bakelite Techuical Dats Book.

Corraoted energy was mot compated bescause speoimens wars not clesnly seversd.

Widpeint of rangs of raported values.

.

W pn
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TABLE XI.~ PROGRESSIVE-REPEATED FALLING-BALL IMPACT TEST ON
4~-INCH-DIAMETER DISKS OF BM-120.

Test Thickness H°§§§2a°f Ener to Break Speoimenb ‘
No. (in.) (in.) (in.~<1b) | {(in.-1b/in.) (in.-16/in%)
1 0.123 7 3448 28.3 230
2 0.123 7¢ 3.48 28.3 230
3 0.124 7® 3.48 28,0 226
4 0.126 6d 2.98 23.7 188
5 0.170 11 5,47 32.2 189
6 0.251 18 8.95 36.6 142
7 04253 19 9.44 37.4 148
8 0.253 19 844 37.4 148
9 0.253 16 7.96 31.4 124

10 0.253 19 9,44 37.4 148

11 0,379 35 17.4 46.0 121

12 0.379 33 16.4 43,3 114

13 0.380 40 19.9 52.4 138

a. Also indicates number of impacts, since
height of fall was increased from O in
steps of 1 inch,

bs Energy of last impact of series,

Tests

made with 0,497 1b ball and with edges
of the specimens supported on a2 3,5 inch
pipe cap.

ce Cracked by impact of 2,98 in.~1lb in 6 in, fall.

de Cracked by impact of 2,48 in.=1lb in & in, fall,
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S
TARLE XII.- PROGRESSIVE-REPEATED FALLING-BALL IMPACT TEST ON SIX PHENOLIC MOLDING MATERIALS?
Thiokngss gf - Energy to Crack Specimen Energy to Break Specimen
Welght c mﬁns . Aver Ran Avera Han
Material | of ghal]. Avera ge in_gge ) 11:-%: Yo.of { 1n-1’§° ) i 1n—%§ Fo.of
1b. _.L_E_l“- |__{in.) CENessS Thickpess?) | Impacts | (ThicEnesse) cknesst)| Impacts)
I 0.k 0.141 |0.12%4=0.151 194 174226 7-5 ol 215-291 9-10
e o.ug; 0.26 0.262:0.2?1 162 148-177 21-%5 173 163=-184 2326
1.977 | 0.866 |0.256-0.278 167 151-179 57 177 151-200 5-7
BN-120 0.497 (| 0.149 |0.139-0.157 162 15l~-180 7-8 188 177-206 8-9
0.497 0.316 0.304=0.327 1 167-188 31-38 141 172-19 32—39
1.977 0.311 | 0.304-0.319 163 155-177 8 177 155-19 8=
BU-6260 | 0.%97 | 0.138 | 0.133-0.14k 202 191-218 7-8 346 253—-33& 12-14
0.497 | o0.270 | 2.263-0.20 147 139—122 e1-22 182 171-1 26-27
1.977 | 0.264% | 0.249-0.280 143 126-160 5 200 177-223 7
EN-250 0.4 0.1 0.129-0.1 227 209-2 4 az5 25885 25-
° 0.433 o.223 o.ess—o.egg 197 170—2; 2428 Lo 125—451 59—21(;
1.977 | 0.269 | 0.259~0.278 1 147-162 6-6 509 460-538 18-20
BM-200 0.497 | 0.144 | 0.143-0.146 376 335-397 1417 1590 1557-1627 | 65-68
0.497 0.22'1 0.249-0,262 205 200-211 2527
1.977 | 0.263 | 0.254-0.270 200 190-214 7 1180 1070-1280 35-46
B¥-~3510 | 0.49 0.13% | 0.129-0.139 194 180-20 7 1748 1633-1910 | 59-66
% 0. u9; 0.257 | 0.2u9-0.266 189 15&-192 24-26 >
1.977 | 0.277 | 0.276-0.279 198 182208 7=-8 1140 1120-1170 b3-4s5 -
’.
[e]
a. Bpecimens 3-1/2 by 4~1/2 inches were supported at the edges in a wooden frame >
resting on a 3/8-inch-thick stesl plate. A steel ball of the indicated welight =
was dropped on the center of the specimens from heights increased in intervals =
of 1 inch. Three specimens were used for each test. o
-
8.

oo
R
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TABLE XIII.- RESULTS OF IMPACT FLEXURE TEST ON SIX PHEROLIC
MOLDING MATERIALS
Impact energy required to reduce
Mean flexural strength to:
Bulk 0,0 n 5,000 1b/inc
Material |Pactor| Filler (In-1b/thickness?) | (In- clmesse)
BM-45 2,45 | Woodflour 64 70
BM-120 2.58 | Woodflour &
cotton flock 73 76
BU-6260 | 3.8 do. 79 85
BN-260 8.0 Asbestos fibers g0 97
BN-200 9.5 | Macerated fibre 102 145
BM~3510 |14.5 do. 120 138

*ON NI YOVK
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TAELE IIV.- COMPARIBON OF FLEXURAL STRENGTRS OF SPECIMENS FROM . BHELTS A¥D MOLDED BOIES

(Tente Made at Span-depth Ratla of £:1

[ b inoh-Thick Sheetm Specinens ()
[Avexa T Yo.of [TVeTags T : BT S+ Yo.of [ IveTage R T
. . 0. .
Materiala| (in, (in.) Tests | (1b/inc) (2b/1n2) 1b/in2}] (4) E:‘ (in.) Tests [ (1v/1n?) |  (1v/in2) | (1b/122)] (%)
0.14 . . * 4 ) . . . . .
Bu-45 M1 | 0,128-0.257 | 17 11,900 |[11,100-1%,700| 2360 [12.M &ﬂg 85&3}1‘5 55 11.%: E.Z&H.% 28 52
0.11% 0.111-0.127| 28 | 12,700 | 10,300-13,800§ 2170 .
0.127 0.111-0.180| 57° , 10,200-1%,000 | :10 5.2
0.131 0.128-0.13%5| 18 13,%00 | 12,800-15,000] #150 X,
BN-120 0.162 | 0.144-0.175 | 10 14,200 | 12,600-17,800 g0 [10.19] 0.131 0.125-0.1% 18¢ 13, 12,400-15,000] 150 | 4.6
0.133  0.128-0.1 16t [ 12,500 | 10,900-18,000 | £200 gg
0.1 0.11%0.151 | AE xg.zoo 12,200~ .ggg 1130 .
_ 0.130 o.1m7-0.1%0| 57% | 13,100 | 10,900-15, 130 | 6.5
M-6260 | 0.139 [0.12%0.159 | 18 | 11,200 | 9,300-13,%00| =240 | 9.0 | 0.1 0.132-0.149 | 182 | 10,900 | 8,200- 12, 270 |10.4
o.ig 0.131-0.1 18 |1, 9'300'13%33 g s,
0. 0.193-0.127| 1#€ | 11,800 | 9,200-13, z;zo 11.
0.131 0.11%0.149 | 5k® | 11,500 | &, , s160 (10,
B-250 0.136 | 0.120.0.245 | 18 12,600 | 9,300-15,100| 400 [13.6 | 0.139 0.130-0.149 | 149 6,980 | 6,000~ 8,300 160 | 9.
! 300355 0810 olteoake| et | & 6,700-10:% 270 [139
0.117  0.109-0.1 208 £,%10 gooo- 9, : 15.
0.131  0.109-0.1%9 | 58" 1.970 ,000-10,500 ) 170 [16.0
M- 200 0384 | 0, 140-0.186 | 12 12,100 | &,800-16,200| 2600 [17.3 | 0.1 0.130-0.1 188 ! 12,100 s.ggg_q ,200 1 2400 13.2
o.1i§ 0.130-0.183 [ 187 | 11,%00 13' 17,800 230 15
0.1 0.114-0.125 zsgg 13, 700 .23&15.600 .'350 1.;
0.129  0.11%-0.1%3 13,000 | 4,500-1%,600 | 290 .
B-3510 | 0.1 0.12%-0.143 | 12 12,000 | 9,P00-15, 600 [17.5 | 0.132 0.128-0.1 18° | 12,400 | 8,600-14,200| 2320 |1l.&
S LT EE sl ) R BRI R
. 0.124-0.1 1 . . s .
0.13 o.m—o.n’é % 13,200 8,200—1 »B00 | =230 133

Fane

Materials are listed in order of inoreasing bulk factors.

8 . = standard arror of the mean.

¥ = coefficisnt of varistion.

Warping of shects of BN-45 and taper of sheets of B¥-120 may be the camuse of
the higher variation in the flat mheat as compared wih the boxes.

8paoimens from sides of boxes with long axic perpendicular to bottom.
Bpecimens from sides of boxes with long axis parallal to bottom.

Bpecimens from bottoms of boxes lengthwise and crosswise.

Compoalite of all specimens from boxes.
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TABLE XV.- STRENGTH TESTS OM MOLDED BOXES

Loading at Point on Bottom of Box Symmetrically
Located with Reapect to Molded Hole

Cushiont

Loading at Molded Hole® Without Rubber Cushion With Rubber
L"""EBTEEEIig Toad Breaking Load Breaking Load
Batch| No.of | Avera Renge | Wo.of | Avera Range No,.of Ayerage Range
Material| Fo. | Tests| (ib. (ib.) | Tests (1b. (1b.) | Tests {1b. (1b.}
B-45 1824 3 98 88-108| 3 5 7% 16 3 200 141-21%
B-120 | 7ulc 3 121 114132 3 a4 82- B7 3 188 184~190
BM-6260 | 1221 3 113 108~120
1359 3 8l 79- 83 211 192-242
B¥-250 202D 3 hrx 132-160 2 17 144200 2300 226238
2078 3 1294 122-133| 3 114 104122 _
Bd-200 27 213 206-220| 2 214 172-244
23 1 298
BM-3510 | 1985 3 249 232-2821 3 274 252~290
2112 3 203 198-206 3 353 322-374
a. Boxes were loaded at the indicated points with a plunger having a hemispherical

end of 5/8-inch radius. Rate of head travel was 0.05 inch/minute.

Rubber cushion consisted of a No. 7 rubber stopper placed with larger face next

to box.

Boxes had mmerous small cracks in a variety of locations. Boxes were cooled

before ejection.

Boxes were cured at 320 F for 5§ minutes and ejected hot.
appearance of moldings.

Boxes were molded at a later date than the others of this batdi.

This improved the
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NACA TN No. 1005 Fig. 1

Figure l.— Flexure-test jig.
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NACA TN No. 1005
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Figure 3.— Breaking strength tests on molded boxes.
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lded cylinder ,  Mold
Nolded cy zg,cut-off

Section of piecé molded ) Dumbbell tensile specimen
with metal insert

External arrows indicate direotion of molding ram motion.
Clear areas indicate random orientation.

Figure 4.- iypical orientations of fibrous fillers in special molded shapes.
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Figs. 5,8

¥ACA TH Mo. 1006
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Figure 6.~ Anisotropy of 2-inch cylindrical moldings.
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NACA TK Ho. 1008 Figs. 7,8

13 }\\
- ' \
L]
B X \
0 ~
g 13 \\ F ‘/‘P\\>
‘. \!(\ - 4 shx\
% \\ :\\ /’/ \\\\

\ p P 4\‘\
o 7’ ™~
.: \“ " - \1:\1\\ . ‘E
”
g 11 T =-T
] 4-inch disk meldings of BM-120
& X Minimus cure, Batoh No., 744C ——
0 100 percent overcure, Batoh
No. 744C
10 AMininum cure, Batoh No., 870
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I N

1/16 3/33 1/8

1/4 3/e
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Figure 7.- Variation of flexural strength with tbhickness and cure of moldings.
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Figure 8.- Tensile stress-strain diagrams for individuml specimens of Resinox 8805
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Curves for plastica are for stronger than
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Average specimans with average sirength iso

value indiocatsd by "x", Diagram for cast
iron taken from 8eely (reference 8, page

[~1])
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, Flgure 2,~ Typloal tenslls atreas-strain diagrams for molded phenolic tensile specimeenc and cast iron,
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b

B

- B-45
B-180

- B-360
-~ B%-200
- Bi-3510

m‘[ eflection curves are for 1/2 x 1/2 x 5 in, molded bara wi
depth of bLeam parpsndioular to direction of ram motion, t
of loading of .05 in./minute, mnd & span-depth ratio of Bil

I
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200
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Deflection, in,
Figurs 10.- Typlcal load-deflection curves for molded phenclic materials,
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HACA TN No. 1008

Figs. 11,12
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11
flexural modulus of elagticit flatwise
Modulus ratio, percent = flexural modulus of elasticity, edgewise x 100
1 1 1] 1
Flatwige = molding direction
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Figure 11.- Effect of direction of molding pressure on flexural modulus of elasticity cf
molding powders with various bulk facters.
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-

8

- 28 Tests made witb 1/2-1b steel ball
- on 4-inch disks of BM-120 mounted
2 on & cast iron support,

@ N OCAverage breaking energy for in-
| X Two points dicated thickness.

§ x OAverage cracking energy.
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Number of impacts

Tigure 12.- Relation of energy of final impact to break in ball impact test to number of

impeacts.
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NACA TN No, 10085 Figs. 13,14
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Figure 13.- Qomparison of energy of final impact to break plates in falling ball impaot test
and Izod impact strength.
20

'y
x
16
-3 4
H * T
2 &
S Weignt of ball .15 1b \ — x
8 Specimens 1/2" X 1/8% X 5" | — X x
§ L Distancs between supports 3" ot R~ ¥ «
1 X BN-3810 1 X
s O BM=3510 (averages) '
A BEM-120 \
g e | < x
k !
! x
1
i
4 i -
1
1
T
1
)

0 20 40 60 80 100 120 4
Impact energy, in-1b/in.® 10

Figure 14.= Effect of single falling-ball impacts on flexural strength.
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HACA TN Mo. 1005 Figs. 15,17
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Figure 15.- Relation between single blow impact energy required to reduce average flexural
strength t0 a selected value and the Izod impast of phenolic molding materials.

500
Strengths of boxes were determined by loading with a
plunger having a2 hemispherical end of 5/8" radius,
400 Rate of head travel was .05 in./minute.

X Loading at molded hole on bottom.
O Loading at point on bottom symmetrically located

r-) with respect to molded hole. AB
— A Loaded at point "O" through rubber cushion.
- a Strenfth tests made on one let of boxes; flexural
© specimens out from & different lot. Two lots
§ 300 molded from different batches of molding powder. a:
: I
© I
) x
g 4 / f
§ —‘g\\/ & ’
2 200 T
o) / 4
@ de o / l
— - =3 77
I —*-1_.~_\,__~ 73 ‘M
T —-x V/4 %
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Flexural strength, 103 psi
Figure 17.--8t:engths of boxes compared with flexural strengths of specimens from boxes.
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Figure 16.-~ locations

Fig.

of specimens cut from molded boxes.
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Figure 18.- Streagths of boxes conpared with results
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Falling bdall impact breaking energy, 102 in.-1b/(thickness)

1/4-inch-thick flat sheets.

Figs. 18,19
Strengths of boxes were determined by lcading with a
plunger having a hemiepherical end of &5/8-inch radius.
Rate of head travel was .05 inch/minute.
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Figure 19.- Strengths of bozxes compared with Izod impact streagths.
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EACA TN Ho. 1005 Flgs. 20,31
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Strengths of boxes were determined by loading with a
plunger having a hemispherical end of 5/8-inch radius.
200 Rate of head travel was .05 inch/minute. ]
X Loading at molded hole on
bottom.
A O Loading at point on bottom
5 symmetrically located with
- —~ respect to molded hole.
» — | & Loading at point "OY
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Figure 20.- Streangths of boxes correlated with Isotropic index.
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Figure 3l.- Strengths of boxes correlated with bulk factors of powders.
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NACA TN No. 1005 Fig. 22

V = Coefficient of variation
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Figure 23.— Frequency-flexural strength diagrams, specimens
from boxes.
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