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SIMMARY

An investigation of the response of orthotropic, fiberglass-faced,
honeycorb core, sandwich structure compressively loaded at various angles
to the material axes was conducted on typical short column, lightweight,
aircraft type, edgewisc compression test specimens. The mechanical
properties of the fiberglass reinforced plastic laminate face sheet
material were obtained using laminate test methods, The integrity of
the fabricated sandwich panels was assured by sandwich quality control
tests performed on samples of each fabricated panel,

Edgewise compression tests were performed at 0°, 30°, 45°, 60°,
and 90° to the major material axis of the test specimens, Some of the
specimens were instrumented with strain gage rosettes, some with photo-
elastic coating, and somz were uninstrumented. These tests provicded
measurements of ultimate strength, observations of failure modes and, in
selected cases, face sheet elastic properties. The experimental re-
sults were then compared with predictions of failure modes and strengths
derived from relationships available in the litevature. The laminate
compressive strengths and moduli and the sandwich face sheet corpressive
strengths and moduli were also compared.

The resulits of the investigation indicate that the edgewise com-
pression test provides an excellent reans to test off angle, thin gage
fiberglass-reinforced plastic laminates for strength values. The shear

crimping and face wrinkling predictions proved inaccurate,



CHAPTER I
INTRODUCTION

Orthotropic/Orthotropic Sandwich

The early promise of light weight structural sandwich composed
of fiberglass reinforced plastic face sheets on light weight cellular
honeycormb core has never been realized due to a lack of available com-
mercial material and recognized analysis methods. Early proponents of
sandwich structure were, and continue to be, the aircraft companies
vhere the conceptual advantage of an apparent gain in bending stiffness
with little resultant weight penalty has always appeared attractive,
Early in their work, they investigated the performance of layered sand-
wich structures composed of isotropic face sheets (such as aluminum) and
isotropic core (such as balsa wood or foam), Later, improving the core
by changing to a cellular orthotropic honeycomb resulted in a more ef-
ficient structure but complicated any analysis. Again increasing the
efficiency of the structure by utilizing orthotropic face sheet material,
such as fiberglass reinforced plastic (FRP), further complicated the
analysis,

Although a great amount of effort has been expended to analyse
the simplest form of sancwich structure, isotropic face sheets on iso-
tropic core [1, 2, 3, 4]* and a sualler, yet significant effort has been

recorded for analysing the more difficult construction of isotropic face

¥Numbers in brackets indicate reference numbers



sheets on cellular honeycomb (orthotropic)core [3, 5, 6, 7, 8, 9, 10, 11},
little recorded information is available for orthotropic face sheets on

orthotropic core (12, 13, 14, 15, 16, 17].

Adhesive Preprcgs

Recent material advances by FRP manufacturers have renswed
interest in orthotropic/orthotropic sandwich structure by providing
new materials which offer too many advantages in fabrication, structural
integrity and cost effectiveness to be disregarded. The new materials,
called adhesive prepregs, do not require an adhesive to bond the face
sheets to the core, The uncured resin impregnated FRP face sheet
material 1s positioned directly on the core and placed under approxi-
mately 25 psi pressure at about 250°F for nearly two hours in order to
effect a cure, During this cure cycle, the special formulation epoxy
resin, which is the face sheet impregnant, "flcws" and "fillets" direct-
ly around the ends of all the honeycomb cells against the face sheet
material in exactly the same manner as an epoxy adhesive would perfbrm
and, in fact, forms an epoxy bond between the face sheet and core in
a ""one-step" cure as just described, Many advantages of such systems
immediately come to mind.
(1) Adhesive costs are eliminated,
(2) Bonding of the layers of the face sheet material has been accom-
plished using a tougher epoxy adhesive than the normal epoxy laminating
resins.
(3) Weight is reduced through elimination of adhesive.

(4) No adhesive/laminating resin compatibility problems are present,



(5) No cure temperature differentials exist (the sandwich is processed
at only one temperature, 250°F, a low cure temperature at that).

(6) Processing techniques for curved parts are simplified.

(7) FRP epoxy materials are well known for their resistance to environ-
mental and handling damage.

It is understandable then why the airframe companies have demon-
strated a renewed interest in such sandwich structure,

However, the utilization of such FRP faced sandwich structure is
accomplished presently through the use of empirical data generated solely
for the particular configuration under consideration (as in Reference 17).
Typically, such airframe structures are constructed of two cr three ply
face sheets of 181 or 120 style fabrics bonded on cores with densities
of three to eight pounds per cubic foot and cell sizes of 1/8, 3/1¢ or

1/4 inch.

Failure Modes

Since the sandwich structure, by virtue of its design, is resis-
tant to bending, the critical aircraft design conditions often become
the compressive instability characteristics of the various panel con-
structions. Depending on the overall panel configuration and constituent
configurations, sandwich structure, whether composed of isotropic or
orthotropic core with either isotropic or orthotropic face sheets, under
edgewise compressive loading will fail in one or a conbination of the
following modes:
(1) Gerneral instability (overall Euler buckling)

(2) Face sheet cormpression strength



(3) Face sheet wrinkling

(4) Shear crimping

If the core is a cellular type, like orthotropic honeycomb, a fifth
failure mode possibility exists:

(5) Face sheet dimpling (intracellular buckling)

Figure 1 demonstrates these failures,

Analysis Methods

Generally, the existing analysis methods in theoretical or
empirical form exist as separate criteria for the different modes of
failure., This is especially true for sandwich constructed of ortho-
tropic core and orthotropic face sheets.,

The primary theoretical analysis concerning orthotropic/ortho-
tropic sandwich structure appears in the report by Ericksen and March
[12] where they concern themselves with the general instability mode
of failure and the various boundary conditions. Later reports by Kuenzi
[10] and Plantema [3] all refer back to this work, Two other reports
are significant when considering the face wrinkling mode of failure,

The report by Norris, Boller and Voss [9] and the one by Yusuff [6]

each present an empirical approach to the face wrinkling buckling of a
sandwich pancl constructed of cellular honeycomb core, with isotropic
face sheets. Nordby and Crissman [14] used these criteria for ortho-
tropic fiberglass face sheets on honeycomb core; correlated some 0° and
90° load angle tests; found discrepancies; but considered them reasonable
and reported that for these constructions the theories should be used

with care; and noted that such were the only theories availzble.
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According to Norris, Boller and Voss, shear crimping is a consider-
ation only when the face wrinkling stress can exceed a core shear stress
cut-off which is a function of the core shear modulus, Nordby and
Crissman concur and state that for sandwich of thicknesses suitable for
aircraft structures, this failure mode causes no problems,

Nordby and Crissman also declare that for cell sizes of under one-
half inch, intracellular buckling will also cause no problems. They base
their comments on their work [14] and that of Norris [18],

Almost all the empirical and theoretical developments on ortho-
tropic/orthotropic sandwich have been applicable to the type layup first
specified in Reference 12 by Ericksen and March., They specified that
the two orthotropic axes of the core and facings were to be parallel to
the edges of the panel with a third axis perpendicular to the facings.
Such a construction is a common result of efforts to simplify the many
possible combinations of axes directions. The warp direction (a natural
axis) of each FRP lamina of each face sheet is laminated in the ribbon
direction (a natural axis) of the honeycomb core. Such a structure has
a major natural axis, the ribbon/warp direction, and a natural axis at
90° to the major axis. Another core axis, the longitudinal cell direc-

tion, is perpendicular to the face sheets.

Empirical Pitfalls

The standard edgewise compression test specimen as specified in
ASTM Standard Test Method C 364-61 [19] is a short column, loaded in the
ribbon direction of the core and designed so that the face shects fail

in compression. The data obtained from these tests are used by designers



as the compression allowable for face sheet material under any planar

load., When the face sheets are made of isotropic material (or nearly
isotropic), such as aluminum, these data will probably be valid for
load input at eny planar angle to the face sheet because any angle of
load off the ribbon axis of the core will influence the failure mode
only as the elastic properties of the core change in that direction from
the ribbon direction., These properties wen't change sufficiently to in-
fluence the failure mode and a face sheet compression strength failure
will probably occur at much the same load on the isotropic face sheet
material, regardless of direction.

If the specimen was so designed that the face sheets were able
to withstand the compression loads to the point of incipient buckling,
the core would then act as an elastic foundatieon and would influence the
instability failure mode., Any edgewise compression specimen for iso-
tropic face sheets will therefore fail in face sheet compression strength,
face wrinkling, or shear crimping depending on the properties of the
constituent materials, regardless of load angle input,

Such is not the case for orthotropic and, in particular, fiber-
glass faces, The modulus and strength values change considerably as
the planar load angle to the warp direction changes. This means that
although the face sheet material will fail in compression at a 0° load
angle (the ribbon/warp direction) and probably at a 90° load angle
(since the respective strengths and moduli are numerically close at
these angles), at other angles, the modulus values drop so low that a
low value for face sheet wrinkling strength could become the determining

failure criteria; yet the designers use the 0° and 90° load angle data,



as this is the only information available, even for loads at other

angles.

The objective of this investigation is to contribute to the
understanding of orthotropic, fiberglass faced, honeycomb core, sand-
wich structure through an examination of the response of such structure
at various load angles to the material axes of typical short colum,
light weight, aircraft type, edgewise compression test specimens com-
posed of three ply, 181 (75DE181) style fabric face sheets on three
common size cores (1/8, 3/16 and 1/4 inch cell).

An orderly plan of study directed towards this objective was ac-
complished by following a sequential set of steps as follows:

(i) Establish experimentally the mechanical properties of the non-
isotropic fiberglass faces of the sandwich. This was accomplished
through a sequence of tension, compression and flexure tests at various
load angles with respect to the principal direction of the composite/
laminate, '

(ii) Run a series of tests to establish sandwich quality control criteria
in flatwise tension, flatwise compression and short beam flexure.

These tests also provided infermation necessary to ascertain if the
panels possessed certain minimum properties for face wrinkling type
failure.

(iii) Perform a photoelastic evaluation of selected typical edgewise
compression specimens to assure continuity of bond between face sheet

and core and uniformity of load introduction.



(iv) Perform a number of tests in edgewise compression at 0°, 30°, 45°,
60°, and 90° to the principal Jivection of the sandwich on several sizes
and weights of honeycerb cere in order to determine experimentally the
nature of failure as well as load, These tests provided measurements

of ultimate strength, determination of failure mode, and, in selected
cases, face sheet elastic properties (through strain gaging techniques).
(v) Compare the experimentally deduced results of the laminate and sand-
wich tests with theoretical predictions and semi-empirical relationships

available in the literature,

Tests Performed

The following tests were performed to provide data for comparative
analysis, or quality control purposes:

Laminate Tests

Tension at 0°, 90° and 45°

Compression at 0°, 30°, 45°, 60° and 90°

Flexure at 0°
These tests were performed on 12 ply laminates constructed of the same
material as the face sheets of the sandwich structure. Strength and
modulus were determined., Additional tests or calculations of a quality
control nature were performed:

Resin content

Specific gravity

Void volurme of laminate

Sandwich Quality Control Tests

Flatwise tensicn
Flatwise compression
Flexural shear

These tests were performed on selected samples for each core size,
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Sandwich Photoelastic Edgewise Compression Tests

These tests were performed on samples of each core size for 0°
and 45° orientation. The samples were picked to represent the two
strain response extremes of typical edgewise compression samples,

Sandwich Edgewise Conmpression Tests

Two types of tests were performed:

Instrunented, 3/16 core specinens at 0°, 30°, 45°, 60°, and 90°,

instrumented by strain gages to provide elastic properties of face sheets,
along with failure mode and ultimate strength,

Uninstrumented. 1/8 core, 3/16 core, and 1/4 core specimens at

0°, 30°, 45°, 60°, and 90°, to provide failure mode and ultimate
strength,
A set of uninstrumented tests of all core sizes were performed

initially to determine the cell size specimens to be instrumented.
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CHATER 1T

INSTRUMENTATION AND EQUIPMENT

Instron Description

All mechanical tests were performed on an Instron Universal Test-
ing Instrument, Model TT-D-L. This machine incorporates a highly sensi-
tive, electronic weighing system with load cells that use strain gages
for detecting and recording tensile or compressive load, The moving
crosshead is operated by two vertical, low speed drive screws, A
positional servomechanism maintains accuracy and alignment control over
the crosshead motion. The chart of the recorder is driven synchronously
at chosen speed ratios (with respect to the crosshead), enabling measure-
ments of sample deformation to be made with varying magnifications. The
machine is also equipped with a servo system and strain gage pre-
amplifier which alternatively allows the chart to be driven directly by
a neasuring extensoneter attached to the test sample,

Two load cells were used interchangeably, depending on the ex-
pected ultimate load. One cell, used for low load indication, has a
maximum full scale sensitivity of 0-1,000 pounds; the other cell, used
most often, a maximum full scale sensitivity of 0-20,000 pounds. These
cells are tension-cerpression cells and can record load under either type
(tension or compression) loading, depending on the test set-up and
locatiocn of the cell.

The load cells incorporate bonded strain gages mounted within the


incoiporat.es
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cell housing on a strain sensitive simple tension menber. The internal
menmber is supported by means of diaphragms, elinminating response to
non-axial loading. Positive stops within the housing and shear pins in
the specimen grips protect the intcrnal member from accidental overload-
ing and the resultant (possibly unknown) damage to the gages. The
strain gages in the load cell operate similarly to the strain gages
used for test investigations, An applied load on the cell causes a
proportional change in the resistance of the strain gages mounted on
the calibrated internal tension member, The gages are arranged in a
Wheatstone-bridge circuit and excited by a stabilized oscillator. The
resulting signal is amplified, rectified to d.c.,, and fed to the pen
driving circuit of a high speed potentiometer recorder, Within the am-
plifier circuit are means to compensate for the weights of the jaws,
fixtures and the samples themselves., The sensitivity of the amplifier
may be changed in calibrated steps of full range ratios of 1, 2, 5, 10,
20, 50, 100, and 200, depending upon the particular load cell, The ac-
curacy of the load weighing system is 20.5% of the load or 20,25% of the
recorder scale in use, whichever is greater,

The crosshead operates on a constant strain rate, or "hard"
principle, and loads a specimen through vertical drive screws which
produce a constant straining of the specimen regardless of load response.
The crosshead speed can be varied at any time during test by means of
fast response electro-magnet clutches operated by pushbuttens which
provide seven standard spegeds. This feature was utilized during ex-
treme strain deformation to speed up the duration of the test after

initial strain values were determined,
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The recording system incorporates a potentiometer driven pen
arm, described earlier as the output medium for the load weighing system,
and a means to drive the chart on an orthogonal axis to the load axis,
Two means are used to drive the chart,

The first is a synchronous motor with various change gears used
to drive the chart at a constant speed at ratios of up to 250:1 of the
lowest available speed. DBecause of their synchronous operation, there
is a correspondence between the individual motions of the chart and
crosshead, This close relationship is maintained by virtue of the low
inherent deflection of the load cells and by the almost total elimination
of backlash in the crosshead drive assenbly, However, since the chart
is not coupled directly to the crosshead, the chart drive direction can
also be considered a time axis,

For reduced area test specimens, specimens of extreme low total
deformation, or other special configurational specimens, direct strain
neasurements on the specimen can be accomplished by using the second
means of driving the chart, which is termed the X-Y Chart Drive System,
This system incorporates a high performance servo system consisting of
an amplifier, control circuits, and a chart drive assenbly which drives
the chart in response to an input signal for the extensometer, deflecto-
meter, or strain gage. Although not performed here, the chart can be
driven directly from a bonded strain gage on a specimen.

Change gears allow megnification of chart response up to a total
field of 10 inches of chart travel, Parallel clutches provide the
capability to switch back and forth between the two described methods

of chart drive,
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Strain Measurcnents

Extensometers and strain gages were used to obtain strain mezasure-
ments directly from the test area of the specimen, For the fiberglass
laminates, an extenscmeter was uscd to measure tensile and compressive
deformations, For the selected sandwich edgewise compression specimens,
strain gages were used,

The extensometer used was the Instron G-51-11, one-inch gage
length, 10% maximum strain extensometer, The extensometer signal was
fed into the X-Y chart drive recordsr yielding an available magnification
range of up to 1000/1, The extensometer incorporates a light weight
housing for an internal strain gage circuit., Extending from the housing
are two light weight rigid amms that clip on the test specimen. The
internal strain gages are bonded on a flexure element connecting the
two extending arms. Bending of the element with specimen elongation
strains the gages, changing their resistance to provide the signal driv-
ing the X-Y chart. The extensometer incorporates a positive step and
space bar that provides a means to establish the initial gage length
and prevents the extensometer from damage from over-extension, The
extensometer is positicned on the test specimen using the knife edges
on the ends of the extensometer arms and a straddle clip that applies
a spring-loaded plunger on the opposite side of the specimen with
enough force to support the extensometer and insure proper seating of
the knife edges, The entire asserdbly weighs 42 grams and is light
encugh to negate any inertial effect of the amms or the extensometer
body.

Strain measurements on the sandwich edgewise compression face



sheets were obtained using strain gazes bonded directly to the face
sheets, The gages werc BLI FAR-25-12-45 5-13, three-arm (45°), epoxy-
backed, foil rosettes. The gagcs were aligned to 0°, 45°, 90° to the
test axis; one on each face sheet on the center line., The gages were
bonded, using Eastmen 910 acrylic adhesive, after cleaning thc surface
with methyl ethyl keytone (MEK). The gages were connected to a BLI
Type 225, 10 channel Switching and Balance Unit which was then connected
to a BLH Model 120C Strain Indicator Unit, Each am was connected to a
separate channel on the switching and balance unit and each channel was
zeroed to a convenient setting using the built-in balancing potenti-
ometers, The channel selector switch then allowed each signal to be
individually monitored by the Strain Indicator Unit.

The Strain Indicator uses a manually operated null-balance system
with a digital readout, The Indicator measures the change in electrical
resistance of the strain gage connected to the chennel being monitored.
Through the null-balaznce system, using the input constants such as
resistance and "gage factor'" of the strain gage, the Indicator trans-
forms the signal change into the displayed digital rcading in micro

inches per inch strain,

Photoelastic (Photostress) Equipment

Although the photostress technique can be applied to many problem
areas when investigating composites, the technique was used in this
study to examine the load introduction response of the sandwich edgewise
compression test speciren,

Selected specimens were coated on the faces with the birefringent
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material and then examined, using polarized light during the axial edge-
wise compressien test. The selected specimens were coated on both sides
(to balance the specirmen) with Photolastic, Inc, PS-2, 0,046~inch thick,
high sensitivity, low elongation photostress sheeting, using the compat-
ible PC-1 cement with PCil-1, 10 phw hardener, Handling of the sheeting
poses some problems because the material is brittle and heat sensitive.
Therefore, machining of the sheeting cannot be accomplished too fast or
chipping will occur, or too slow or distortion will occur. The sheeting
was cut almost to size on a Syncro Jig Saw, Model 1004, Syncro Corpora-
tion, Oxford, Michigan, a small model-making type tabletop jig saw. The
edges were finished, net, by sanding over 280 grit Silicon Carbide sand-
paper, using clean paper each pass, The ends of the sheeting were
beveled back near the tangs of the specimens to later allow adhesive to
cover the ends of the sheeting to prevent end-peeling during test,

The specimen surfaces were prepared for bonding by lightly abrad-
ing the surface with the same sandpeper, applying a Photolastic, Inc,
proprietary '"metal cleaner' using disposable gauze pads, applying a
proprietary '"Neutra-Sol" and finally cleaning with alcohol. The ends of
the specimens were masked and the surface not being bonded was protected,
using mesking tape. The adhesive, which has a pot life of about twenty
minutes, was brushed on as a thick coat to insure wetting. The prepared
sheeting (prepared to size) was then applicd in a manner allowing the
sheeting to spring down frem one end to the other, forcing the adhesive
to flow ahead of the contact of the sheeting and the specimen thereby
rermoving any entrapped air, The adhesive was then spread on the edges

of the sheeting and specimzn and built up at the beveled ends, After the
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adhesive had set (about twenty minutes), the excess adhesive was removed
and the top of the sheeting was cleaned with acetone and then alcohol,
The masking tape was removed from the specimen end arca and care was
taken to make sure a separation existed between the clamp area and the
adhesive to guard against a load path leading to the coating which could
load the coating directly and bias test results. After an hour, the spec-
imens were able to be turned over and the coating was applied to the
other side using the same procedure. Cure time for both adhesive systems
was a minimum of twelve hours,

A Photolastic, Inc., Model 031 basic analyzer reflective ponlari-
scope was used to observe the strain pattern of the selected specimens,
A 35 mm camera was used to record the patterns. The instrument was
zeroed while the specimen was under no load and the analyzer set to
determine the magnitude of principal strain differences, This was ac-
complished by inserting quarter-wave plates into the viewing field which
removed the isoclinic lines (lines of constant principal strain direction)
and allowed comparisons of magnitude of principal strain difference
values at different points on the instrumented surface which amounted to
viewing changes in the strain field due to the influence of the load
introduction, No discrete strain readings were obtained; so no addi-

tional accessories were required.

Special Test Fixtures

Special test fixtures were designed, fabricated, and installed on
the Instren to perform some of the specialized sandwich and fiberglass

laminate tests,
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A special flexure tool was designed to load fiberglass laminates
and sandwich panels in bending. A '"three-point" or '"four-point' loading
can be accomplished using interchangeable upper and lower base plates
and the required load rods. Each base plate can accommodate the load
rods on a span from two inches to six inches, A single load rod can be
placed in the center. The base plates can be positioned either axial to
the crosshead or 90° to the crosshead axis. The loading rod has been
fixed at one-eighth-inch radius, Loading rod adapters for sandwich
testing include one-half-inch flat, three-fourths-inch flat and the ASTM
recommended onehalf-inch diameter rod.

Figure 2 shows the flexure base plates and the loading rods.

Tension testing was accomplished using the standard 20,000~pound
Inston 10F Wedge Action Grips. The grip faces used were the special flat
25-teeth-per-inch diamond serration type, adjustable to open from zero
to one-fourth inch, These grips are especially desirable for use with
fiberglass reinforced plastics because of certain inherent design
features, The grips are tightened onto a sample without altering the
vertical position of the faces, This precludes any initial buckling of
the specimen while loading in the grips. The grips operate on an ever-
increasing wedging principle which allows the grips to maintain the
force on the specimen even under high loads and specimen “drawing,"
After rupture, the grips exhibit no recoil, thereby maintaining the
specimen and extensometer in the machine test area. The only drawback
was that specimens greater than one inch could not be accommodated.

All compressicn tests and flexure tests were performed using a

Tinius Olscn eight-inch-diameter 67-A-47 spherical seat which had a
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recessed base to seat and center on the compression table,

Laminate compression specimens were tested using specially de-
signed end clamps to insure flat and parailel loading to the specinen
ends and a specially modified Federal Standard 406 type support fixture
which was relieved to allow extensometer attachment. The sandwich edge-
wise compression specimens required no support fixture; however, scaled-
up versions of the end clamps were used, Figure 3 shows the end clamps
and support fixture,

'Flatwise tension tests of the sandwich specimens required the
use of universal joints in the load train to preclude any off angle load-
ing and the notching or tearing type failure, The universal joints were
machined from JS universal joint blanks purchased from the Boston Gear
Company, Figure 4 shows the joints, Figure 5 shows a connector between
the universal joint and the test specimen.

Attached directly to the connector were pinned loading blocks
which had previously been bonded to the sandwich test specimen, The
blocks were bonded using a low temperature curing epoxy adhesive,
Magnobond 29A and B (Magnolia Plastics Company, Chamblee, Georgia),
cured at 180°F for two hours. The surface of the blocks were faced on
a lathe and etched using the FPL acid etch sclution prior to bonding,
The FPL etch solution consists of 22 to 25% sulphuric acid, 3 to 9-1/2%
potassium dichromate merck, and the remainder clean nzo, all measured
by weight. The surfaces were rinsed in distilled water and air-dried

prior to bonding.
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Calibration

e i 1

The Instron load cells are calibrated through the use of a cali-
bration control incorporated in the amplifier controls. The calibration
knob operates a ten-turn potentiometer which can vary the sensitivity of
the amplifier continuously, thus adjusting the load cell scale sensi-
tivity, This control is used after a known dead weight has been sus-
pended within the load train., For the 20,000-pound capacity load cell,
the amplifier incorporates a circuit which produces a signal correspond-
ing to 500 pounds load, This load cell is normally calibrated using
the internal electronic loading, This signal was checked against 100
pounds of actual dead weight and found accurate.

The Instron strain gage extensometers were calibrated using the
Instron G-55-1 high magnification calibration fixture, The fixture con-
sists of a large micrometer head mounted on a stand which enables the
accurate manipulation of the extensoreter over a relatively small
distance,

The chart is normally calibrated over a range of ten inches of
travel and the calibration fixture can be adjusted to 0,001" with a
readable vernier of 0,0001",

The BLH Strain Indicator was calibrated by the local company
representative using the BLH Model 625 Calibrator, The calibrator in-
puts known microvoltages to the strain indicator so the resulting strain
reading can be checked, The calibration insures a tolerance of #50

microinches per inch at £20,000 microinches per inch.
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Specimen Machining

Two special aids were used to machine the test specimens., These
aids were cutting tools designed especially to handle the abrasive
fiberglass reinforced plastics, One tool was a tungsten carbide band
saw blade and the other was a table model, high-speed, precision con-
tour milling machine,

The tungsten carbide band saw blade, manufactured by Remingten
Arms Company, has thousands of tungsten carbide particles permanently
bonded to its entire cutting edge. Such a blade resists dulling and
provides a long term cutting operation on the abrasive fiberglass re-
inforced plastic laminates and fiberglass faced sandwich structure,
Using the blade on a conventional table band saw, no coolants or speci-
men feed controls are required even for one-eighth-inch-thick fiberglass
laminates, A gulleted type saw blade was used, The band speced was
3,000 feet per minute. All blanks for tensile, compressive, and flexural
laminate test coupons were rough cut using the saw blade, All sandwich
specimens were cut to size with the blade,

Tensile, compressive and flexural laminate specimens were machined
on all edges using the Tensilkut high-speed, precision contour milling
machine manufactured by Sieburg Industries, Inc,, Danbury, Cennecticut,

The Tensilkut machine is the high-speed, precision contour mill-
ing machine which achieves machining by a series of light cuts with a
carbide cutting tool, designed espscially for fiberglass reinforced
plastic laminates, rotating at 20,000 rpm, The depth of cut can be ad-
justed from 0,0005 inch to 0,250 inch by a precision micrometer control

which spaces the template holding the roughed specimen from the cutting
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tool. The precision cutting depth, combined with the high rpm of the
cutting tool, achieves a low chip load which reduces the cutting pressures
to a minimum, achieving machined edges free of distortion or heat
deformation,

The roughed test specimen is clamped in a precision master tem-
plate which is manually moved across the Tensilkut table during the
machining of the test specimen. The dimension and configuration of the
test specimens are controlled by these templates with contour accuracies
of #0,0005 inch, as reported by the manufacturer,

For the compressive and flexural laminate specimens, straight
sided templates were used to machine the straight sides, The compressive
specimens were also machined in a special template that squared the ends
flat, parallel to each other and perpendicular to the sides,

The tensile laminate specimens were machined using a tenplate
that contoured the sides of the specimen to a "dogbone'" shape similar to
that of ASTM D638-64T [20].

All non-machined edges of the laminates and all edges of all the
sandwich specimens were hand-sanded to remove any frayed fibers and

provide a finished edge,
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CHAPTER III
EXPERIMENTAL PROCEDURE

The procedurec used in testing and in the preparation for testing
are reported in detail to facilitate thorough data analysis. The pro-
cedures are described in three sections: fiberglass reinforced plastic
material property tests; sandwich quality control tests; and sandwich
stability (edgewise compression) tests, The fiberglass reinforced
plastic material property tests provided a data base needed to define
the face sheet orthotropic properties., The sandwich quality control
tests provided a data base to define the adhesive and core properties,
All of these constituent properties are used to predict the response

of the edgewise compression stability tests,

Fiberglass Reinforced Plastic Material Property Tests

Three types of tests (tension, compression, and flexure) were
performed on fiberglass reinforced plastic laminates fabricated to a
standard laminate testing thickness from the sandwich facing material,
BP919/75DE181. The number BP919 is assigned to the 250°F curing modi-
fied epoxy resin system developed as an adhesive prepreg material by
the American Cyanamid Company, Bloomingdale Plastics Department, The
panels were 12 plies thick, measuring approximately one-eighth of an
inch, Specimens were trimmed from the panels according to the type test
specimen and orientation, using the Remington bandsaw blade for rough

cuts and the Tensilkut machine for all finishing work.
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Laminate Tension

The tensile specimens were trimmed using a modified 50-43 Tensilkut
template, The tensile specimen, shown in Figure 6, has been modified from
ASTM D638-64T [20] in that the fillet radius, marked R on Figure 6, has
been increased to 18 inches and the overall length subsequently lengthened
to 12 inches to allow a tang length of three inches on each end, Such
changes have insured that for all orientations of the fiberglass reinforced
laminate test coupons, failures in the test section will occur rather than
at the radius tangent point or in the tangs. All the tensile specimens
were placed in the Instron wedge action grips which were attached to a
load train incorporating a universal joint to insure alignment., General
testing procedures conformed to ASTM D638-64T [20]. The Instron G-51-11,
one-inch gage length, ten percent maximum strain extensometer was in-
stalled across the width of the specimen to measure elongation., Modulus
values were obtained from the X-Y plot on the Instron recordsr., The 0°
and 90° load angle tensile specimens were tested at a crosshead speed of
0.05 inch/minute. The 45° load angle specimens were tested at 0.1 inch/
minute, Figure 7 shows the laminate tensile test setup, including the
extensometer location, Figure 8 presents a typical load-strain plot
as received from the Instron recorder,

Laminate Compression

Laminate compression tests were performed following the general
requirements of ASTM D695-63T [21]. Specimens were modified to provide
a straight-sided configuration, and an extension in length to accommo-
date the end clamps. Figure 6 shows the compression specimen, The sup-

port jig was tightened finger tight using wing nuts at the four corners,
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Laminate Compression Spzcimen

Figure 6,

Laminate Test Specimens



Figure 7,

Laminate Tension Test
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The end clamps were tightenad, using an Allen wrench, to a snug position
tighter than finger tight. The Instron CG-55-11, one-inch gage length,
ten percent maximum strain exteasometer was installed across the thick-
ness ocutside of the support fixture. The extensomzter was opened and
balanced in the open position and allowed to close the one-inch gage to
record deformation, Using a set of calipers, the open gage length was
measurcd and recorded for each specimen, The normal such gage length was
about 1.05 inch., The measured gage length was used in calculating strain,
The entire assenbly of specimen, end clamps, support jig, and extenso-
meter was placed on the top surface of a spherical seat, The crosshead
was manually lowered to within approximately 0,05 inch of the top of the
upper clamp surface and the spherical seat was visually aligned to in-
sure axial alignment and loading. Tests at all load angles were per=
formed at 0.05 inches per minute, Failures varied, but were generally
the angled wedge compressive failure across the width near the center

of the specimen, Figure 9 i1llustrates the test setup in the Instren,
Figure 10 presents a typical load-strain curve recorded. Figure 11

shows a typical failure.

Laminate Flexure

Laminate flexure tests were performed as a quality control test
(not as a material property test) and as such were standardized to
follow ASTM D790-66 [22] exactly. Procedure A was followed, using a span-
to-deptn ratio of 16 to 1. This allowed a two-inch span for a onz-inch-
wide spzcimen, three inches long. Single point loading, using loading
points of one-eighth-inch radius was accomplished at a crosshead speed

of 0.05 inch/minute. Flexural modulus was obtained from the load



Figure 9.

Laminate Compression Test
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Figure 11,

Laminate Compression Failure
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deflection plot on the Instron recorder. Figure 12 shows the test setup,
Addi tional data were obtained to further define the | am nate.
Specific gravity of the |lamnates and percent resin content by wei ght
were reported fromthe manufacturer of the panels. Using these data,
along with the manufacturer's reported specific gravity of the epoxy
resin systemand the glass fabric, the percent void vol umes were cal -

cul ated using the nethods of Reference 23.

Sandwich Quality Control Tests

Three types of sandw ch tests (flatw se tension, flatw se com
pression, and flexural shear) were performed on certain panels to pro-
vide a base for later quality control tests and to devel op certain
constituent properties of the adhesive system and core.
Fl at wi se Tensi on

Sanpl es fromeach type core (1/8", 3/16" and 1/4" cell size) were
tested in flatwise tension generally follow ng ASTM 297-61 [24], Two-
inch dianeter round speci mens were used rather than the one-inch square
speci mens described in the ASTM et hod. This was acconplished to elim-
nate influence of a corner toward a peeling failure. Loading bl odes of
the sane dianeter were bonded to the specinens using the FPL etch prepar-
ation and an epoxy adhesive. The specinens were neasured prior to bond-
ing for a nean dianeter fromwhich the area was cal culated. The | oad
bl ocks were inserted into the load train imredi ately bel ow a uni versal
joint. The crosshead speed was 0.02 inches per mnute. Figure 13 shows
a test speci men and one bonded to the load bl ocks. Figure 14 shows the

test setup.



