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ABSTRACT 1

This study wss undertesken to determine the damp-
ing capacity of corrugaeted paperboard and to ascertain
the effect of stress emplitude, static loed end fre-
guency upon that property of the meterisl.

Two methods, utilizing circuler specimens similer
to those used for the stenderd flat-crush tests of
corrugcted boesrd, were developed. The first method,
which produced loed deflection disgrams for complete
cycles st rates up €5 one-querter cycle per second,
made use of a Brldwin FGT-SR-4 universzl testing mach-
ine equipped with a low renge loed cell snd cycling
controls. The ranges of loading used were 5 to 35
pounds, 35 to 65 pounds, 2nd 5 to 65 pounds on & spec-
imen which wes two and one-=helf inches 1n dlemeter.

A specisl cyclic lording fixture wes designed for
use in the second method which involved losding in the
seme renges, but et frequencies of five and seven and
one=-hz1lf cycles per second.

The material investigeted was A-flute corrugeted
bosrd, manufzctured with two 42 pound kreft liners end
a seml-chemical corrugeting medium., All board used was
supplied by the Americen Boxboard Compeny of Grend
Repids, Michigen. Specimens were cut, conditioned at
73 degrees Fahrenheit and 50 percent relative humidity

for one week, selected for thickness, end samples of



ABSTRACT 2
five were drewn st rendom, Each sample of five was
tested a2t a single frequency end within & single lozd-
ing renge.

The total energy end energy dissipation per cycle
were measured for esch loed deflection curve using 2
polar planimeter. The damping cepacity end actual
energy loss per cycle were celculaeated from these dsta.

Test results indicated that the damping cepacity
of the board under investigztion lay in the range of
0,009 to 0,026 as determined 2t the 100th cycle of
loading, The damping capacity_was found to decrease
with increzsed duretion of cyclic loading.

The damping capecity end the actual energy loss
per cycle sppeered to be somewhat dependent on the fre-
quency of vibretion but no definite concluslons were
drzwn because of the lack of continulty of dsta in the

overell frequency renge studied,
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I. INTRODUCTION

The damping cepecity of a materisl is defined as
the ratio of the energy loss or dissipation per loeding
cycle to the total vibrational energy. Damping capacity
is an importent dynemlc property of materiels used for
shock and vibretion isolation in packaging and other
areess, In packaging materials damping serves not only
the function of reducing the amplitude of motion of a
cushioned article at nesr-resonant frequencies, but is
also importent in that it may affect the magnitude of
shock trensmitted to the cushioned article as a result
of instantaneous changes in velocity. For isolating
near-resonant frequencies of vibration it would be de-
siresble to heve a maximum amount of demping, but from
the standpoint of shock isolation too much damping cen
greatly increase the peak acceleration imposed on the
article (12),

Corrugated paperboard in its several forms has
long been used as a package cushioning materiesl and 1t
seems strenge that only occaslonal mention is made of
Aits damping characteristics (13),

This investigation wes concerned with the de-
velopment of methods for measuring and the measurement

of the damping capacity of corrugated paperboard, with



the verlation 1n damping as a function of frequency,
end with the variation in damping a2s 2 function of
stress, Test frequencles studlied were purposely se=-
lected to represent those possible of attainment on
evelleble cyclic testing equipment (one-eighth, one-
sixth, and one-quarter cycle per second) and those
which represent the continuous vibretion spectrum im-
posed on packaged goods in reil-freight movement (five
and seven and one-half cycles per second) (5)., Three
loading renges were used as follows: five to sixty-
five pounds, five to thirty-five pounds, and thirty-
five to sixty-five pounds, THe meximun stress in any
rznge was well below that which would czuse the first
flat crush fsllure, consisting of buckling in the corru-
gating medium adjacent to the single-face liner, to
occur. In general, no messurable permanent deflection
of the boerd was anticipated, and the loads were con-
fined to those which might rezsonably be expected to
occur in use under normal handling,

The material used for the investigztion was A=
flute bosrd manufactured with two 42 pound kraft paper-
board liners and an aspen semi-chemiczl corrugating med-
ium. The board was fabriceted by the Americen Boxboerd
Company in its Grend Rapids, Michigzan plant,



II. PREVIOUS WORK

Methods of messuring damping. - The most direct
method of measuring the damping capacity of a material
involves the measurement of the total energy and the
energy loss for a given cycle. This method hes been
described by von Heydekempf (18) who expleined its use
in connection with meesurements of demping in metals =t
a maximum cycling rate of five cycles per minute.
Bishop (2) trested the method methematically for the
hysteretic damping of an znchored spring but did not
verify his treatment experimentally. No original re-
port of actual damping mezsurements conducted by this
method could be found, Apparently the difficulty in
obtaining accurate load and deflection measurements st
the rates of cycling involved had precluded the use of
this procedure,

Damping cepacity is approximztely equal to twice
the logarithmic decrement of decay of a damped free
vibretion when the logarthmic decrement is small, as
shown by Zener (21), Kimball (7) describes the mathe-
metical procedure involved in the determination of the
logarithmic decrement, and Fusfeld (4), Pattison (14)
and Smith (18) have developed rspid and accurate elec-

tronic instruments for determining this quantity.



Another method which has been widely used in-
volves the measurement of the magnification factor Q
which cen be obteined from the bend width of the fre-
quency-amplitude curve between the helf-resonant-ampll-
tude values on either side of point of resonance.
Zener (21), Wegel and Walther (19), Kruger and Rohloff
(9), Horio and Onogi (6), and Seve and Perrin (15) have
made use of this method with verious materiels.

A fourth method proposed and verified experiment-
ally for a single material by Welssman, Pao, and Marin
(20) involves the prediction of damping from static
creep data for the material in question,

Damping measurements on wood and paper.- Kruger

and Rohloff (9) using the method involving the measure-
ment of the quantity Q found damping capaclties for
wood in bending parallel to the grein verying from
0,050 to 0,074 depending on species, Damping cepacities
perpendicular to the grazin for the same group of speciles
varied from 0,140 to 0,23, These investigators also
found that damplng capacity was dependent on the ampli-
tude of vibretion znd independent of the frequency of
vibration when measured in flexure between 10 and 700
cycles per second, Barducci and Pasqualini (1) have
also investigated the damping capacity of wood and
thelr results agree substentislly with those of Kruger
and Rohloff,



Horio and Onogl (6) have conducted damping mess-
urements on wrepping peper using the resonance method
involving the measurement of Q and report a value for
the tangent of the mechanical loss angle of approximat-
ely 0,047, Zener (21) defines the mechanical loss angle
as the angle by which deformation lags behind applied
force in a periodic oscilletion and Meredith (1l1) gives
the probortionality factor between the tengent of this
angle and the damping capacity as 6.28.or 2r result-
ing in a demping cepacity for the wrapping paper mentlion-
ed azbove of 0,30, These investigestors also found that
the demping cepaclty wes essentlially independent of the

frequency of wvibretion,



IITI. EXPERIMENTAL PROCEDURE

Sempling and conditioning.- Specimens were cut

from two sheets of board representing the same corru-
gator run and with identicel liners and corrugating med-
ium, The specimen cutting tool, which produced two and
one-half inch diameter circular sections of board, was
made according to specifications furnished by Hinde and
Deuch, Inc. of Sendusky, Ohio,

The specimens were coded so that the location of
the sample in the board from which 1t was cut could be
later determined if necessary for proper analysis of the
test results. A series of four numbers was used: (1)
the first digit represented the board sampled, (2) the
second digit represented the a length of sixteen inches
in the direction of the flutes, (3) the third number,
one through eleven, represented a length of five inches
in the machine direction, (4) the fourth digit repre-
sented the specimen number within each five by sixteen
inch plece of board, The extensive coding systen wes
thought desirable in order to reduce the board to
sections small enough to handle i1n the actual specimen
cutting operation.

The specimens were conditioned for at least one

week following the cutting at seventy-three degrees



Fehrenheit end fifty per-cent relative humidity. Select-
ed samples from the group were subsequently oven-dried
and found to be at an averege molsture content of eight
and two-tenths per-cent on the besis of the dry welght
of the boerd.

Moisture content of the specimens wes maintained
throughout the testing progrem within one-tenth of one
per-cent through the use of a molsture vapor proof bag
and a moisture barrier surrounding the platens for pro-
tecting the specimens en-route to and in the testing
machine, A number of preliminary tests conducted during
a time when the atmosphere surrounding the machlne was
extremely dry indicated that this procedure was highly
effective in maintaining a uniform moisture content in
the materiel under test,

Following the conditioning period all specimens
were checked for overall czliper (thickness) by means of
a dead-weight board micrometer as shown in Figure 1.
Random sasmples of five specimens each were selected from
those measuring 0,217 and 0,218 inches. These two thick-
ness groups were the most highly populated in the thick-
ness distribution and the mean tﬁickness ley in the in-
tervzal between the two values, A total of twenty such
semples were drawn for the subsequent tests,

Testing procedures.- Each specimen was tested in-
dividually in a manner similar to that employed for the



Fig, 1.~ Dead welght bozard micrometer,






standard flat crush test of corrugated board., Specially
designed loading platens were used to restrict lateral
movement of the liners and thus reduce the possibility
of leaning=flute fazilures inherent in the test method.

A drawing of one of the pletens will be found in appen-
dix A, Two different test procedures were developed and
used as reduired to galn the desired informstion.

Test method A.- This method involved the use of a
Baldwin, 50,000 pound cespacity, FGT-SR-4, universal
testing machine equipped with an auxiliary 500 pound
load cell, load cycling controls, and a differential
treznsformer type autographic recorder for load and de-
flection., The load was zpplied through the regular
machline drive end controlled by the cycling system withe
in the desired limits., The one=hundred pound load range
provided by the load cell wes used on gll tests,

Deflection of the specimen wes measured by meens
of a Baldwin model PD-1M deflectometer modified to pro-
vide a 400 to 1 megnification when used with the record-
er set on its high renge, Detzlls of the modification
are shown in eppendix A, Pigure 2 shows the meschine as
used for the tests, while Figure 3 provides & close-up
view of the esrrsngement of epparestus on the machine
platen,

The switching and acceleration limitations of

the loed mechanism and cycling controls as well as the
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response limitations of both the load and deflection
recording systems restricted the test frequencies eveil-
2ble with this test procedure to a maximum of one-
querter cycle per second. In the case of the maximunm
loading range used the greatest frequency obteinable
was one-eilghth cycle per second.

Test method B.- The frequency limitetions of the

first method made it necessery to seek another way of
loading the.specimens and of recording thelr behsvior
et higher frequencies. This second procedure utilized
the Baldwin testing machine as & loading frame, a2s a
load indicetor, 2nd 2s & varieble speed drive for the
loading system. The seme platens were used es was the
500 pound loed cell.

The lower platen was attached to a reciprocating
mechanism rigidly constrained to move in & vertical dil-
rection only. This mechanism provided an adjustable
stroke through the use of a four-jew lathe chuck which
held the crank pin driving the platen support. The
loading system is shown in Figure 4 and is more com-
pletely described in Appendix A.

An oscillographic recording system was used 1in
this series of tests to provide the necessary response
cheracteristics. The output of the load cell was con-
nected to a Tectronix Type 122 Low Level Preamplifier
t hrough a2 phase shifting device to the horizontal axils
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of & DuMont Type 30LA cethode-ray oscillograph. De-
flection was measured by e specielly buillt centilever
beam fitted with resistance strein gages. The output of
this deflection sensing beam was connected to an Ellis
Type BA-2 Bridge-Amplifier and then to the vertical axis
of the osclllogreph. A DuMont Type 302 Oscillogrephic
Record Cameras provided e means of recording the pastterns
eppeering on the fece of the instrument.

The phase shifting device mentlioned in the pre-
ceding peregreph was desizgned to overcome the difficulty
caused by the varlable phase shift inherent in both of
the extermel emplifiers used. In using the phase chift-
er, the signal from the load cell at the desired test
frequency was &applied to the input of both amplifiers
through the use of a speclally designed switching box.
Since the internal amplifiers provided in the oscillo-
greph were of the direct coupled variety, the resulting
pattern on the oscillogreph screen represented the phase
difference due to the external empliflers. This phase
difference wes sdjusted to zero by the shifting circult.
The load signal was again connected to the horizontal
channel only, and the deflection signal wes restored to
the verticel axis. The system was then reedy to use.

The test frequencies used in this procedure
were too high to determine by the simple expedient of

timing a single cycle. For this reason the frequencies
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were adjusted by the use of an electronic counter. The
output of the load cell as amplified by the preamplifier
was connected to the input of a Hewlett-Packard Model
521A Electronic Counter equipped with & crystal controll-
ed time base. The counter was manuaelly gated for periods
of ten seconds while the motor speed control was sdjusted
to give the desired frequency. The speed dial settings
were noted and recorded for use in the subsequent tests.

All instrumentation is shown in Figure 5 and 1is
further described in detall in Appendix A.

Operationgl Deteils.- The actual operating tech-

nique for both test procedures and a description of the
difficulties and shortcomings of the apparatus used are

given in Appendix B.
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IV, THEORETICAL ANALYSIS OF THE PROBLEM

A theoretical consideration of the question of

demping in corrugated board cen best be approached

Fig. 6. Schemetic cross-section, A-flute

corrugated board.

by an analysis of the behavior of the material when it
le gubjected to e compressive lozd. Figure 6 above is

& line representation of the cross-section of the A-flute
board used 1n this investigation. The dimensions shown
are based on the assumption of 36 flutes per foot, a
Corrugator flute depth of 0.181 inches and a corrugating
meqdjum thickness of 0,009 inches.
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The deflection of such e material under load will
cause either a sidewise collapse of the flutes in a
horizontal direction or a bending of the individual
flutes adjacent to the liners to a sharper radius. The
former cannot occur becesuse each flute tip is fixed to
the board liner by means of an sdhesive. As a result
deflection of the board is primarily a function of the
bending of the corrugating medium immedlietely adjacent
to its point of adhesion to the liners. This bending
can be better analyzed by taking a single quadrant of
the flute from one of the points A on the mid-axis of
t he board to point C where the flute 1s rigidly bonded
t o the liner. A consideration of the moments act\ing
about point A resulting from a load P applied to the
faces of the section of board in Figure 6 will bring
one to a realization that the bending moment in the
corrugating medium at thils point 1s zero. As a result
the loads scting on a quadrant are as shown in Figure 7
below.
\ 2 e
Pig. 7. Free body Z e=17°

\
dlagrem of a 083 —»
flute quedrant, )\ '

)

P
—— SN O
2cosO

< L0985 >
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The corrugzting medium, adhered to the liner st point
€, can be considered as fixed at this point.

Initially, prior to any appreclieble deflection
of the board, the bending moment at point C is given by

the expression

= P P _
(1) M = (0.083) > (0.095)2 55 siné&

As deflection proceeds, the quadrent, fixed at point C
and restrained from eny horizontsl movement at point A
by the geometry of the situation, rotates about point A,
This action results in a chenge in the angle © a2nd the

bending moment 2t point C becomes

= P P -
(2) M= (O.OBB)T - (0.095)m sin(e-a6)

resulting in an incresse in the bending moment at point
C. Rotation of the medium about point A also effects =
reduction in the direct compressive stress exerted on
the portion of the quadrant which becomes more vertical
and an increase in the direct stress on the portion
Wwhi ch approaches the horizontal. Similerly, the rota-
tion affects the shear stresses acting in the web.

From the above analysis it can be seen that small
deflections of corruzated board sections bring into play
rather complex combinations of direct stress, bending
Stresses, and shear. The damping inherent in the

Material, by definition related to the sngle by which



20

the strain in the material diifers from the stress app-
lied, can be expected to be a hizhly complex function.
It would seem, however, that the strains caused by the
bending would be of major lmportance and for this reasson
the damping cepacity should approzch that of paper na-

terlials in flexure.
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V. AI'ALYSIS COF TEST DATA

Areas representing the total enerzy snd energy
loss per cycle were taken by means of a polar plani-
meter from each of the load deflection curves in test
nethod A, The photographs of the load deflectlon curves
obtained in test method B were photogrephicslly enlarg-
ed and the total energy end energy loss data were ob-
tained in a similar way. The damping cepacity was com-
puted directly from the zreas involved in each case
while the actual energy loss was calculated from the
hysteresis loop area using a scale factor determined
from the known loading range and known deflection of
the specimen,

Damping capacltles and the actual energy losses
during the 100th loading cycle zre shown in Tables I
through V for both methods of testirg and for all fre-
Quenclies and loading renges, The actual energy losses
Shown are in inch-pounds per two znd one-half inch dis-
neter specimen,

Comparison of actual energy loss and damping
Capacity with the loading range shows that both are
directly dependent on the amplitude of motion at all

fr equencies,
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TEST DATA - METHOD A - 1/8 CPS - 100TH CYCLE
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TABLE II
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TEST DATA - METHOD A - 1/6 CPS - 100TH CYCLE
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TABLE IIT
TEST DATA - METHOD A - 1/4 CPS - 100TH CYCLE
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TABLE IV

TEST DATA - METHOD B - 5 CPS - 100TH CYCLE
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TABLE V

TEST DATA - METHOD B - 7,5 CPS - 100TH CYCLE
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2274 . 007 .17
«007 17
35=65 2115 .007 .13
24L5 .007 .13
22103 .008 .13
2362 .006 o1k
2341 .007 .13
»007 .13
5-65 3103 «035 .19
L51 .030 W17
363 <034 .19
392 .039 .19
394 .037 .20
«035 <19
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The effect of the static lozd level is shown by
a comparison of the demping capacities and the actual
energy losses in the 5 to 35 pound range with those in
the 35 to 65 pound lozding rasnge. In all except one
case the actual energy loss decreases wlth an lincrease
in static load, 2nd in every cese the damping capacity
d ecreases with an increase in static load.

Both damping capacity end energy loss per cycle
appesr to be somewhat dependent on the frequency of the
dynamic load, although the lack of information on these
quantities in the frequency renge % to 5 cycles per sec-
ond precludes any statement regerding this dependence,

Table VI is a compilation of Tables I through III
for the 100th cycle with the addition of similar data
for the 10th cycle of loading with the seme specimen,
The damping capacity and the energy loss per cycle are
shown to be inversely related to the number of cycles of
1°ad1ng to which they are subljected, Table VII shows zn
ldentical but less pronounced trend for loading at 5 and
7+5 cycles per second.

Figure 8 shows, left to right, load deflection
¢uxrves at 1,800, 3,600, 5,400, and 10,800 cycles of
1°8d1ng for a single specimen with a loading range of
5 to 75 pounds and a deflection of 0,0088 inches at a
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TABIE VIT
EFFECT OP EXTEIDFED !UNMZER OF LOADING CYCILES AT
7.5 CPS AlID 5-65 POUID RAIGE

75 th L,500 th
Specimen . Property Cycle Cycle
Energy Loss
in.1lb/spec.| 0440 «0379
231
315 Damping
Capacity 26 22
Enercy Loss
in.lb/spec.| .0396 .0363
23102
Damping
Capzecity .21 19
Erergy Loss
in. lb/spec. .0408 001‘1’08
2414
Damping
Capaclty «20 21
Ene rgy Loss
in.1b/spec.}| 0408 <0354
2225
Damping
Capacity 022 «20
nergy Loss
in.1lb/spec.| L0374 0354
2344
Damping a
Capacity 19 «19

8These values represent the 1,500th cycle.
Camere difficulties prevented the photogresphing
of the 75th and 750th cycles.
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frequency of 7.5 cycles per second. Little difference
can be discerned in energy loss per cycle between the
first and the last trece, but careful exsmination of the
coordinates will show that the area under the loading
curve is increasing with eaech successive trzce resulting
in a decrease in dampinz capacity.

Direct exsmination of the individual photogrephs
and of the testing machine records revéaled the pres-
ence of creep during the dynemic tests and pointed up
a basic difference between the two test methods. Since
the cycling controls on the testing machine are con-
trolled by the motion of the load indicator, load was
the controlled function. The machine maintained the
1l oad between the prescribed limits regerdless of defor-
mation of the specimen. This resulted in a very slow
continuous motion of the strain recorder, amounting to
as much as 0,0005 inch actual deflection during the
course of a 100 c¢cycle run.

Test method B, on the other hand, made use of &
Logding device in which the deformation of the specimen
wWag fixed by means of an eccentric and 2 constant de-

T ormation was applied to the specimen regardless of the
Load. The resulting photographs for some specimens
Show a slight relaxation of the load during the course

Of a 500 cycle run of as much as two to three pounds.
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VI, CCICLUSIO!US

It can be concluded that demping in corruzated
paperboard is dependent on stress amplitude and 1is
inversely dependent on the level of static stress.

The exact nature of the dependence wes not determinable
on the basis of the experimental deta.

Mo statement regarding the relationship between
damping and the frequency of the disturbing force seems

warranted in view of the discontinuity of the deta in
t erms of the frequency spectrum and in view of the fact
that different methods were used to obtain the data in
the two frequency ranges studied.

Values of damping capacity were found to range
between 0.13 and 0.20. These results compare favorably
With the value of 0.30 as found by Horio and Onogzi (6)
for wrapping paper, and with those for wood as found by
Kruger and Rohloff (9) when it is considered that the
fibers in paper are oriented in a much more random man-
Ner than those in wood.

The investigatlion shows that for the range of
Trequencies studied the damping capacity tends to de-
Cregase with an increase 1n duration of cyclic loading,

Particularly at the lower frequencies. To the extent
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thet the degredetion may not be reversible with removel
of the load the reuse of corrugated board and contsin-
ers would seem to merit further consideration.

Practical use of the damping capaclty values as
determined in this investigation can be made in the
design of contziner systems. Crede (3) and Mindlin
(12) have treated this area extensively.
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APPEIIDIX A. NOTES Oil EQUIPMENT AND INSTRUMENTATION

Loading platens.- The speclmens were lozded by
means of identiczl upper and lower platens as detailed
in Pigure 9. After instazllation on the testing machine
the platens were checked by means of feeler stock for
parallelism and shimmed as necessary,

Test method A.- The only speclal equlpment feature
necessary in this test method was the modification of
the Beldwin PD-1M deflectometer to provide & magnifica-
tion of deformation of 400 from specimen to recorder,
Without such modification the hysteresis loops were too
small for area measurements of any degree of accuracy.
The change made in the instrument consisted of provid-
ing an additlonal pilvot bearing on the crank actuating
the differential trensformer and an extension bar to
trensfer the bearing point on the movable head to this
new locetlion, Figure 10 shows the instrument with the
modifying extension bar attached while Figure 1l 1s a
view with the bar removed, The modificztion in no way
affects the normal operation of the deflectometer,

Test method B,- This method required the design

and construction of a speclal loading device, a resis-

tance wire strain gege deflectometer, a phase shifting
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Fig. 10, Baldwin Model PD-1M deflectometer
as modified for use in test method A,
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Fig. 11, Deflectometer showing the
modifying parts detached,
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circult and a switching system for mzking guick checks
on phase relationships.

The lozding device was described in the body of
the thesis and is shown in Figures 4 and 12, Adjustment
of the lathe chuck which controlled the eccentricity of
the crank pin was accomplished with the aild of a disl
indicetor greduzted in ten-thousandths of an inch.

The resistance wire strezin gage deflectometer is
shown in Figures 4 and 13. A load deflection curve for
the instrument alone at the megnification used in the
actual mezsurements is shown in Figure 14, The latter
also indicctes the absence of mezsureable hysteresis
loss in both the loed &nd deflection measuring systems,

The purpose of the phase shifting device wes de-
scribed previously. A schematic circult diegram for
the phase shifter is shown in Figure 15 along with the
switching system designed to fecllitate the use of the
device,

Oscillograph traces for both in-phase and out-of
-phase signals sre shown in Figure 16.

A block diagrem of the instrumentetion used in
test method B is shown in Figure 17. DPashed lines in-
diczte the temporary connections mede to the frequency
counter for determining the speed controlled setting
to provide the frequency desired and to the testing
machine indicator for determining load range,
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Fig., 12, Loading device for test me-
thod B showing V=belt drive from the variasble
speed motor on the Beldwin testing machine,
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APPENDIX B. OPERATIOIAL TECHH{IQUES

Test method A.
1, Set up testing machine with the 500 pound load

cell and the specizsl loading platens. Adjust the plet-
ens for perallelism using shim stock under the mounting
pletes, Set the platen motion stops. Turn on power to
the machine, the indicztor and the recorder, Keep the
recorder motor turned off,

2, Set the indicator rsnge to 0-100 pounds, ad-
Just the indicctor to zero, set the recorder to zero
load and fill the pen. Engsge the recorder in the half
scale position making certzin thst the pen does not move
when this 1is done.

3. Connect the Bsldwin PD-1M deflectometer and
adjust it for the range of motion expected. Switch on
the recorder motor and adjust the drum to 1ts starting
position at the proper platen position. (Keep the re-
corder motor turned off except when it is actually in
use, )

4, Insert a trial specimen (not one of the sam=
ple specimens but of the seme celiper) between the plat-
ens with the single-face liner up and the corrugations'
perpendicular to the front of the machine, Wrap a
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narrow strip of saran film zround the platens,

5. Stert the machine using a slow rate of platen
motlon, Set the machine to "cycle® and adjust the cyce-
ling 1imit controls and the speed control simultaneously
untll the desired frequency of motion is obtained within
the lozding renge wanted, (The speed and limit control
settings were determined once for each range and fre-
quency. This means that the frequency mey very slightly
depending on the stiffness of the specimen particularly
in the 5-35 pound lozding renge.) Record the 1limit
control and speed control settings, stop the machine and
remove the trizl specimen,

6. Insert a sample specimen in the same menner
es the triesl specimen, set the cycle counter to zero,
run the mechine up to the low end of the load range, and
set the machine to "cycle", ( It must be tzken out of
the cycle position in order to stop it at the end of step
five.) If either the speed controller or the limit con-
trols hzve been moved be éure to return them to their
proper settings, Turn on the recorder motor and set the
recorder cylinder to its starting position by hand.
Lower the pen and record the 10th cycle, Reise the pen
and sdvance the drum by hand. Record the 25th, the 50th,
end the 100th cycles in the same manner, stop the mach-
ine, remove the specimen and return it to the conditlon-

ing roon,
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7. Check the final caliper of the specimen and
record it on the specimen Af it differs from the initicsl
thickness,

8. Repect the esbove procedure for eesch specimen
in the sample.

9. Meezsure the totel erea under ezch curve end
the erea within the hysteresis loop using a polar plan-
imeter., Record the areas directly on the testing mach-
ine chearts,

Test method B.

1. Adjust the upper testing machine platen to
accomodaete the speciel loading fixture, the load cell,
and the two platens. Bolt the loading fixture to the
lower platen and reise the platen to approximaztely the
proper level., Renove the timing belt which drives the
trensmission, replace the timing sheave on the motor
shaft with a three inch V pulley, and ettach the V belt,
( To assure the sefety of the fixture, the loading
limit controls should be adjusted at this time so thsat
both of them zre on the compression side. This will
permit the motor to run only in the proper direction
s0 that the chuck will not turn on the shzft and be
unscrewed, )

2, Attach the reslstance wire strein gege de-
flectometer to the pletens and adjust the screw which

contacts the sensitive bean,
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3. Turn on the power to the machine, the indi-
cator, and all instrumentation,

L, Adjust the eccentricity of the crark pin to
the desired velue using e dizl indicator, Insert e
triel specimen 2s 1ln method A and raise the platen by
means of the hand wheel on the transmission drive until
the proper load is indiceted on the testing machine
load indicztor. Check the loading renge and readjust
the eccentricity if necessaery,

5. Disconnect the loed cell from its span conte
rol box and connect the cell cable to the switching
system, Connect the output of the Tectronix amplifier
to the frequency counter and set the motor speed to
give the desired frequency, The speed control settings
for each frequency to be used should be recorded at
this tinme,

6. Stop the maechine, disconnect the frequency
counte:, and connect the Tectronix amplifier to the
phase shifter. Using the switching system, connect
the loed cell output to both axes of the oscillogreph
through the external amplifiers. Start the machine
end adjust the phase shift to zero for the frequency
to be used. Remember that this adjustment must be
made every time the frequency l1s changed.

7. Restore the deflection signsl to the X axis

by meens of the switching system and check the size
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and posltion of the signal on the screen. Adjust the
slgnal trzce, if necessary, and stop the machine. (Turn
the brightness control on the oscilloscope down when
the machine is off,) Remove the trizl specimen.

8. Insert a sample specimen in the platens as
before and connect the load cell output to its spzn
box so that the loeds czn be read on the machine in-
dicator. Adjust the load to the lower losd limit by
mezns of the hand wheel end check the loading range by
rotating the shaft slowly by hand. Cormect the load
cell ceble to the switching system again,

9. Check the setting of the speed control, start
the machine, snd record the 100th snd the 500th cycles
using the Polaroid Lend cemera, ( A stopwatch was used
to determine the 100th 2nd 500th cycle since the fre-
quency counter produced consldereble noise in the os-
cilloscope trzce, )

10. Enlarge the record photogresphs using the Lend
camera prints as paper negatives., Trece the enlerged
curves on vellum psper and meesure the ereas as in test

method A.
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