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ABSTRACT

A STUDY OF THE TRANSMISSIBILITY OF SHORT
DURATION SHOCK PULSES BY PACKAGE
CUSHIONING MATERIALS

by Michael A. McGinnls

This study was undertaken In order to determine If & shock
producing device can be used for evaluating package cushlioning
materials, Test cushions received a constant shock pulse at vari-
ous levels of static loading and lateral restralnt. Shocks trans-
mitted through the cushions were measured by a crystal accelerometer
mounted on an aluminum plate., The transaitted shocks were recorded
as stored traces on 8 storags oscllloscope.

Results showed that varylng emounts of lateral restraint and
static loading affected the magnitude and duration of the trans-
mitted shock pulses. Open structure cushioning materials, such as
bonded animal halr, were affected more by lateral restraint than
were closed structure materials, such as expanded bead polystyrene.

it was concluded that the effects of lateral restraint of a
packaye cushion were greatest upon the movement of alr in and
around the material durlng dynanic loading., Lateral restraint has
less offect upon material rigidity.

It was also concluded that & shock generating device can be used
to study the properties of cushloning materials. It was not deter=
mined whether shock generatin; devices ares more valid tests of

cushlon performance than present test methods,
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INTRODUCTION

The generally accepted method of testing package cushlioning
materials Is to drop & platen of known weight and cross section
ares on to the test cushion. The deceleration of the falling
platen, as well as the deflection and recovery of the cushion,
are used to predict cushlion performance. In these tests, the
cushion Is not restrained laterally.

In actual use, the outer container absorbs pert of the eneryy
from a free fall and transmits a shock pulse to the cushlon, The
cushion sosoros some of this energy snd trensmits anothsr shock
to the product, It Is felt that the shock pulse transmitted to
the procuct by the cushion may be significantly different than
the pulse obtained by dronping & glven welight on to a stationary
cushlon,

During actual use the cusiiion |s usually restrained laterally
by the outer container. It has not been shown, however, how various
emounts of latoral restraint affect cushion performance.

This study was concerned with the shock pulse transmitted
from & cushion to its load when subjected to & shock Input similler
to thot transmitted from an A-flute corrugated box to Its contents
(233 G's cecaleration and .b milliseconds duration). This pulse
was obtalined by dropping an Instrumented, corrugated box from 2L
inches. Both statie loading and lateral restraint of the cushlons

were varled,



BACKSRCUID

Before Jorld war |} there was little Interest In packa.e cushlion
testing. During the war the Forest Products Laboratory in Madison,
Wisconsin, bejan studies on packaje cushions for the evaluation of
materiasls and prediction of performance. These early studles were
based on static tests. Becauss static test resuits did not sjree
well with dynamic test results and dynamic testing more closely sim=
ulated the sction on 8 cushlion when the package Is dropped, dynami¢
testing of cushions became the accepted method for evaluating cushion
performance (1). |

All dynamic tests of package cushioning operste on the same
principle. A mass of known welght and cross section srea Is lm=
pacted on & cushlion of known thickness and area. The decelerstion
of the falliny body as well as deflection and recovery of the cushion
can then be measured. Several methods were tried. The dynamic tester
that became most common utllizes an Instrumented variable welght plat=
form that is dropped on to the sanple cushion. It was found that Im
pact veloclity was easier to control with the free falling platform
than with other dynamic testers(2).

Most dynamic testing of cushions has been performed without lateral
restraint of the cushions. One study has shown that there Is a signifi-~
cant Increase In cushion stiffness when the cushlon Is restrained(3).
However, it has not been determined now much different amounts of

lateral restraint sffect cushlion performance.



As far as could be determined, no one has studled the shock
pulse transmitted by & cushion at various levels of static load-

Ing and lateral restraint when subjected to @ shock pulse of the
type transmitted from a contalner to Its contents.

Before the effect of shock transmissiblllity by @ cushion could
be examined |t was necessary to determina the type of shock pulse
transmitted from a particular container to its contents and find a
method of dupllicating this pulse.

- 1t was decided to use the shock pulse transmitted by an A-flute
RSC to & dummy load when dropped from 24 Inches. Twenty=four Inches
was solected because It has been shown that the probadility of a pack-
sge drop exceeding 24 Inches Is 0.024(4). There Is also a trend to
reduce the drop helight of present cushion testing methods from 30 to
24 Inches. Appendix | shows the degradation of the shock pulse trans-
mitted to the dummy load as the box Is dropped $0 times.

The shock pulse of the 4Oth drop from 24 Inches was selected as
the level at which to study the effects of different static loadings
and various amounts of lateral restraint on cushlon efficlency. The
Loth drop was selected because s package will recelve 4O drops, or
less, in over 97 percent of all trips. Orop helghts greater than
24 inches and more then L0 drops occur In less than three percent
of all shipments(s).

It was found that the pulse transmitted by sn A-flute container
to its contents could be approximated on the LAD drop shock tester.
These pulses are shown In Appendix 1.



TEST ECQUIPMENT

This section covers all non-electrical eauipment used. (Included
are the drop shock tester, rubber pads for the drop shock tester,
aluminum platen end weights, the corrugated restraints, and the
cushions themselves.

The drop shock tester was en LAB Corporation Type SO 16 42 100
Drop Shock Tester. The conical nose piece was removed. The drop
shock tester drop head was dropped from a height of 5 3/k Inches on
to 4 layers of 1/8 lnch, 72 durometer natural rubber. The drop shock
tester Is shown in Figure |.

The aluminum platen was used to recelve shock pulses transmitted
by the cushions. This platen consisted of an 8 X 8 X ¢ Inch alumi=
num plate tapped to receive additional welghts and test Instrumenta=-
tion. The platen weighed 3.5 pounds with the test accelerometer end
extras welight rods. Platen welight was increased by the addition of
lead welghts.

The corrugated restraints were designed to laterally restrain
the cushions. A=flute corrugated board was used for thelr < onstruc~
tion. The dimensions of these restraints were 2 1/8 Inches deep by
8 x8, 8: x8% 8 X 8% or 8 3/6 X8 3/% Inches nominally. Length
and width were 1/8 Inch less than the nominal dimensions. The
restraints were reinforced and taped to the drop head with fiberglass

reinforced, pressure sensitive tape.



H3LSIL WIOHS J0u¥Qd 00L~TH-21 GS IdAL KOILVNOJ¥0D &V

1 3unoi4



..
.‘

- e

b
W
M

Nt




Specifications for the corrugated restraints were as follows:
1 $XSX 2 1/8 A-flute corrugated restraint

Where $ Is equal to the nominal length and width
of the restraint,

Small = § 9/163 2 5/16 + 2&
Male die scores on the double~back side.

Large = 4S « 147153 (8 ¢ 3/16) ¢+ (S ¢ %) « (S+ 1) +
(s * 3/16)

Msle die scores on the single-face side.

Two cushions were studied. Gilman Brothers Company 2 Inch,
Celluliner Type 40 expanded bead polystyrens was selected as a mate~
risl with a closed cellular structure. Two Inch nominal bonded eni«
mal hair was selected as an open structured material. The dimensions
of all cushions were 8 X 8 X 2 Inches. Densitlas of the expanded
besd polystyrens and bonded animal halr were 1.48 pounds per cubic
foot and 1,50 pounds per cublc foot respectively.

Figure 2 shows the equipment ready for testing.



FIGURE 2

EXPLODED VIEW OF TEST EQUIPMENT
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TEST INSTRUMENTATION

Test Instrumentation consisted of three parts. These parts
were the accelerometers, the chargs emplifiers, and the storage
oscllloscope.,

A Kistler Model 8U8A accelerometer was used to receive the
shock pulse trensmitted from the cushions to the aluminum platen.
This signal from the sccelerometer was fed into a Kistler Model
568 charge smplifier. The pulse transmitted from the drop shock
tester drop head to the cushions was measured by a Kistler Model
803 eccelerometer whose signal was fed Into a Kistler Mode! 555
charge amplifier. Both sccelerometers agreed within 5.34 percent
throughout the range of decelerations studied. This comparison
is shown in Appendix (11,

The signals from the charye amplifiers were transmitted to a
Tektronix Type 564 storage oscilloscope. 0Data was recorded from
stored traces and converted into G's deceleration and milliseconds
duration. Selected traces were photographed using & Tektronix
Model C-12 oscllloscope camera and Polarold Type 47 very high
speed (3000 ASA equivalent) black and white film.



EXPERIMENTAL PROCEDURE

Three custilons of each type were used at each level of rsstraint.
The e:panded bead polystyrene cushions were tested Individually
throughout the loading ranye because of dlfflculty In handling the
aluninum platen vhen heavlly veljhted. The three bonded animal bhalr
cushions In each series weres tested at each loading Lefore incrcas-
ing the platen wel jht.

Each cushion vas placed on the drop shock tester drop head with
or without lateral restraint. The Instrumented aluminum platen was
then placed on the cushion., The cushlion and platen were secured to
the drop shock taster drop head with fiberglass reinforced, pressure
sonsitive tape In order to reduca revound of the cushlon and aluminum
platen. In-put shocks were generated st Intervals of approximately
oneé minute.

The shock pulses transnmitted to the alumimumm platen were read
off the stora;e osclliloscope and the disturbing pulses checked for
consistancy. Both charge awplifiors vere groundad betvicen drops to

eliminate residual electrical char;es.
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DISCUSSION OF TEST DATA

Only the primary shock pulses were used for the analysis of
test cata., The secondary pulse appeared to be cushlon rebound
which does not occur In sctual packaje drops. Ficure 9 (see
Aopendix 1Y) compares shock pulses obtained on the drop shock
tester with those obtained from Instrumented packase drops.

Examination of the graphs of pulse masnitude (Flgure 3) and
pulse duration (Figure &) for expanded bead polystyrene shows that
the difference between shock pulses transmitted when restrained and
unrestrained Is small., Pulse majnitude of the restrained cushions
was slightly less than the maynlitude of the unrestrained cushlons,
fulse duration of the restrained cushions was slicghtly longer than
that of the unrestrained cushions. Pulse megnitude end duration
transnitted by the restrained cushlon varied from the unrestralned
cushlons by less than 10 percent,

Figures 5 and 6 show that ticht restraint of the bonded animal
halr had a large effect on the pulse transnitted. Reduced restraint
had little effect on pulse magnitude and less effect on pulse dura=
tion, The tightly restrained cushlon transmitted a pulse thet was
twice as larae In magnitude and haif the duration of the pulse trans-
mitted by the unrestrained cushlon. Pulsa majnitude of less tightly
restrained cushions remeined virtually the sams as the unrastrained

cushions but pulse duration was less,

25
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Varylng static loading affected the shock pulses transmitted
to the Instrumented platen. The effect of Increased statie load-
ing was somenhat greatar on the bonded animal halr. In both cushe
lons.

Crop shiock tester results did not corpare well with 24 Inch
eculvalent free fall drop test results for elther cushlon.

Instrumented A-flute boxes contalning cushions and Instrumenta-
tion were dropped from 24 Inciies. Dota for siock pulses transmitted
from the cushions to the slmulated product Is given In “ppendix IV,

Corparing Instrumented package drop results with Fijure 3--curve C,
Flgure b-~curve D, Figure S~ecurve D, and Fljure G6-=curve D will show
that Instrunented packaje drop test rosults differed from values obe
talned by the drop shock tester. OLserved G's for expanded bead
polystyrene were 17 percent hizher than those obtained by the drop
shock tester. Pulse duration was 47 percent lonyer than that oLtained
by the drop shock tester. Yhe error for bonded anlmal halr was less.
Observed G's were § percent higher and pulse duration wss 7.3 percent
loss than drop shock tester results,

Comparing Instrumented packagae drop results with curve A\ of
Figures 3, b, 5 and 6 will show that Instrumented packa.e drop ro=
sults differed from values obtained by the 24 Inch equivalent free
fall cushlon test. Instrumented packs e drop G's for expanded bead
polystyrena were 22 percent lo.er and pulse duration 13 percent
longer tiian the results of the 24 Inch equivalent free fall cushion

test. Lhile parcent of error was not determined, It arpesrs that the



2 )
[

difference bet.een 24 Inch eguivalant free fall data snd Instrumented
packase dros data is larger than the difference between drop shock

tester daza and Instrumen ed packo,e dron data,



CoNCLUS IS

It can be concluded that the shock pulse transmitted by
expanded bead polystyrene was not greatly effected by lateral
restraint. The pulse transmitted by bonded snimal hair was
greatly affected by close resiraint and to a lesser amount by
reduced restralat, This suggests that the greatest effect of
lateral restraint on a packaie cushlon is the restriction of alr
novenent in and around the cushlon during dynamic shocks.

The drop shock tester s useful for studylng the propertlies
of cushioniny materials. -~hlla Instrumented packaje drop results
differad significantly from both drop shock tester and 2% Inch
eculvalent frea fall results, it cannot be concluded at the present
time vhether the drop shock test Is & more valld test of packaze
cushioning matcerial properties than the 24 inch eculvalent free

fall cushion test.
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APPRDIX |

THE CECRADATION OF THE SHOCK PULSE TRANSMITTED
TO THE CCNTENTS OF AN A~-FLUTE BOX

1. 8X8XEZ Inch /=flute boxes,

2. 8 X8 X8 Inch wood block, constructed of taminated maple
die board, one 3/8 Inch bolt running top to bottom at each
corner,

¥elght with accelerometer: 11 pounds, 10 ounces.,
Statlic loading: 0.131 pounds per square lnch,
3. LA3 Model 5D=100 Drop Tester.
Drop helght: 24 Inches.
1 4a%h Q

1. Kistler Mode! BO3A Crystal iccelerometer.

2. Kistler Model 5565 Charge Amplifler.

3. Tektronix Type 564 Storaje Oscllloscope,

Instrunented package was dropped from 24 Inches, Pulses |
throush 10 and pulses 15 throush 60 at 5 drop Intervals were re~
corded. Selected pu!ses were photographed., The shape of ths pulsae
remained basically the same after 10 drops. Flgure 7 shous the de-
gradation of the shock pulse during the first 10 drops, Data and

averace values are glven In Tadle IX,
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FIGURE 7

SHOCK PULSE TRANSMITTED TO THE CONTENTS OF
AN A-FLUTE BOX, 24 INCH DROP



Calibration:

Vertical - 101.6 G's/division

Horizontal = 2 msec/division

Drops | and 2

Drops 3 and 4

Drops 7 and 8 Drops 10 and 9
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APPELIX I
PULSES GENERATED BY LAB DROP Si0CK TESTER

The maynitude of the shock pulse was determined by dropnring the
drop head of the drop shock tester on to & layers of 1/3 Inch, 72
durometer natural rubber. Tha droo helght was 5 3/4 Inches, Aporoxie
mately 30 seconds elapsed between drops.

Instrumentation: Kistler Model S0SA Acceleronmmter
Kistler Modo! 555 Charge Anplifier
Tektronix Type 564 $torage Oscilloscone

Calivration: 538 G's/division

Pulse Duratlion: &4 milliseconds

Pulse Helght: 1.8

1.7
1.5
1.5 G's=(1.54 divisions) (-03 G's/division)
1.7
1.6 G's=333
1.55
—ta2

Averase 1.64 divisions

Fizure 8 shows soms representative shock pulses from Instrumented

packa:;e drops and from the drop shock tester.
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FIGRE 8

REPRESENTATIVE SHOCK PULSES FROM 24 INCH INSTRUMENTED
PACKGE DROP AND DROP SHOCK TESTER



Left to Right:
Drops 21, 22, 23

24" Instrumented Package
Drop. A-flute Box
Instrumented Wood Block

Calibration:

Vertical - 101.6 G's/
division

Horizontal - 2 msec/
division

LAB Shock Drop Tester
Drop Height: 1"

Cushion: 4 Layers 1/8'" 72 Durometer
Natural Rubber

Calibration:
Vertical - 101.6 G's/division

Horizontal - 2 msec/division

LAB Shock Drop Tester
Drop Height: 5 3/4"

Cushion: L4 Layers 1/8'" 72 Durometer Natural
Rubber

Calibration:
Vertical - 101.6 G's/division

Horizontal - 2 msec/division




APPEIDIX 11

COiP RISON OF KISTLER MOZEL SGSA S/N 1G63H
AD KISTLER 803 X/N 128 ~CCILEROMETERS

Equipment Shock pulse generator, L23 Typa SO 15-42-100
Brop Shock Tester with the Concial nose piece
removed from drop head.

Cushlon Drop Head Oropped On: 3 layers of 1/8 Inch, 72 duro~
meter rubber under | leyer of % Inch foamed
polyurethane.

Oscilloscope: Taktronix Type 54 storage osclilloscops.

Acceleroneters and Charge foplifiers:

a. Kistlar Model 02CA accelerometer and a Kistler
Mode} 556 charge anplifler. Output = 10,15 aw/g

b, Kistler Model 828 accelerometer and a Kistler
Model 555 charge amplifier. Output = 13,0 rv/g

Il
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APPEIGIX W

COMP RISON OF 24 INCH INSTRUMENTCD PACKAGE
DROP DATA WITH RESULTS PREDICTED USING
THE DROP SHOCK TESTER

Thres cushions of each type studied were enclosed fn T X &%
X 12 inch A=flute RSC's that had been dejjraded by 35 drops from
24 Inchos using en 11.5 pound instrumented 8 X 8 X 8 lnch wood
test block,

The polystyrene cushlons were loaded with the wood tast block
avd filler material. The combined loading on the polystyrene
cushlions was 11.53 pounds. Statlc stress was 0.131 pounds per
square Inch. The bonded anlinal hale cushions were loaded with
the aluminumn 8 X 8 X & Inch platen and filler matarial. Tie load
on the bonied animal halr was 3.54 pounds, Statlc stress was 0,062
pounds per square inch.

All other equipment and tcst Instrumentation was thae sane as
used In -ppendin I.

Each Instrunented package was dropped ten tlmes froa 24 Inches.
The shiock pulse magnltude and duration were recorded and representative
photoyraphs taken., Table X shows the results of this test.

The same cushions were tiicn tested on the drop shock tester at
a statlic loading close to that used In the instrumcnted packaue drop.

r 8% X 8% Inch corrugated restraint was used. Test eculpment and

ho



41

and instrumentation were the same as used In previous drop shock
testing of cushions. Table X| shows the resuits of thils test.
Figure 9 shows comparative photographs of the pulses generated
by the instrumented package drop and those generated on the drop

shock tester.
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FIGURE 9

SHICK PULSES TRANSHMITTED BY CUSHIONS:
2% INCH JHSTRUMENTED PACKAGE DROP
AD LAB BROP SHOUX TESTER



24 Inch Instrumented Package Drop

Expanded Bead Polystyrene Bonded Animal Hair

Vertical - 50.8 G's/division Vertical - 20.32 G's/division
Horizontal = 5§ msec/division Horizontal - 10 msec/division

LAB Shock Drop Tester

Expanded Bead Polystyrene Bonded Animal Hair

Vertical - 50.8 G's/division Vertical - 20.32 G's/division
Horizontal - 5 msec/division Horizontal - 10 msec/division



RESULTS OF 24 IHCH EQUIVALENT
FREE FALL CUSHION TEST

Gilman Brothers Company:
Polystyrens. Thickness==2 Inches (7).

APPENDIX ¥V

Type L0 Celluliner, Expanded Bead

Aversge Pulse

dtatle boading P51 2verage G5 Duraticn msgg
.078 122.9 9
A72 120.7 12
256 64.9 14
«359 80.5 L
453 82.7 %
547 76.0 16
641 67.1 18
733 62.6 20
.828 62.6 22 ”'
«906 64.8 22 N
Bonded Animal Hale: Thickness==2 Inches (11) ;
0.077 56.0 29.7 , 4
0.010 102.8 25.8 |
0.123 42,2 26.6
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