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ABSTRACT

A STUDY OF THE TRANSMISSlBlLlTY OF SHORT

DURATlON SHOCK PULSES BY IACKASE

CUSHIOHINB HATERIAL$

by Michael A. HoGinnis

This study was undertaken in order to detenmlne if a shock

producing device can be used for evaluating package cushioning

materials. Test cushions received a constant shock pulse at vari-

ous levels of static loading and lateral restraint. Shocks trans-

mitted through the cushions were measured by a crystal accelerometer

mounted on an aluminum plate. The transmitted shocks were recorded

as stored traces on a storage oscilloscope.

Results showed that varying amounts 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 hair. 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

package cushion were greatest upon the movement of air in and

around the material during dynamic loading. Lateral restraint has

less effect upon material rigidity.

It was also concluded that a shock generating device can be used

to study the properties of cushioning materials. It was not deter-

mined whether shock generating devices are more valid tests of

cushion performance than present test methods.
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iNTROOSCTiON

The generally accepted method of testing package cushioning

materials is to drop a platen of known weight and cross section

ares on to the test cushion. The-deceleration of the falling

pieten. as well as the deflection and recovery of the cushion.

are used to predict cushion performance. in these tests. the

cushion is not restrained ietereily.

in actual use. the outer container absorbs pert of the energy

from a free fell end transmts a shock pulse to the cushion. The

cushion absorbs some of this energy and transmits enothsr shock

to the product. it is felt that the shock pulse trmmitted to

the product by the cushion may be significantly different than

the pulse obtained by dropping a given weight on to a stationary

cushion.

During actual use the cushion is usually restrained laterally

by the outer container. it has not been shown. however. how various

amounts of lateral restraint affect cushion perfionnence.

This study was concerned with the shock pulse trensoitted

ironsa cushion to its load when subjected to a shock input sioiliar

to that transmitted from an A-fluta corrugated box to its contents

(333 D's deceleration and .h milliseconds duration). This pulse

was obtained by dropping an instrumented. corrugated box from 2h

inches. Both static loading and lateral restraint of the cushions

were varied.



BACKGfiOUflO

Before florid dor ii there was little interest in package cushion

testing. During the war the Forest Products Laboratory in Madison.

Wisconsin. began studies on package cushions for the evaluation of

eateriais and prediction of performance. These early studies were

based on static tests. Because static test results did not agree

well with dynamic test results and dynamic tasting eore closely sile-

elated the action on a cushion when the peckege is dropped. dynamic

testing of cushions bacene the accepted eethod for evaluating cushion

performance (l). A

All dymic tests of package cushioning curate on the same

principle. A eass of know weight and cross section area is in-

pectad on a cushion of imam thickness and area. The deceleration

of the falling body as well as deflection and recovery of the cushion

can then be measured. Several methods were tried. The dynamic tester

that became east comn utilizes an instrumnted variable weight plat-

fore that is dropped on to the sample cushion. it was found that im-

pact velocity was easier to control with the free felling platform

than with other dynamic tasters(2).

Host dynamic testing of cushions has been performed without lateral

restraint of the cushions. One study has shown that there is a signifi-

cant increase ln cushion stiffness when the cushion is restrainediB).

However. it has not been determined how much different amounts of

lateral restraint affect cushion performance.



As for as could be determined, no one has studled the shock

pulse transmitted by a cushion at various levels of static load.

ing and lateral restraint when subjected to a shock pulse of the

type transmitted from a container to its contents.

Before the effect of shock trensnisslbility by a cushion could

be exeained it was necessary to determine the type of shock pulse

trananitted free a particular container to its contents and find a

method of duplicating this pulse.

: it was decided to use the shock pulse transnitted by an A—i‘iute

R56 to a dowry load when dropped from 215 inches. Twenty-four inches

was selected because it has been shown that the probability of a pack-

age drop exceeding 2h inches is 0.02“”. There is also a trend to

reduce the drop height of present cushion testing methods from 30 to

2“ inches. Appendix l shows the degradation of the shock pulse trans-

mitted to the dunner load as the box is dropped 60 times.

The shock pulse of the‘liOth drop from 2“ inches was selected as

the level at which to study the effects of different static loadian

and various amounts of lateral restraint on cushion efficiency. The

lion: drop was selected became a package will receive 1+0 drops. or

less. in over 97 percent of all trips. Drop heights greater than

2!: inches and more than M craps occur in less than three percent

of all shipments(5).

it was found that the pulse transmitted by an A-fiute container

to its contents could be mproxlinsted on the LAB drop shock tester.

These pulses are shown in Appendix ii.



TEST EQUIPRENT

This saction covers all non-electrical equipment used. Included

are the drop shock testor. rubber pads for the drop shock tester.

aluminum platen and woights. the corrugated restraints. and the

cushions thomuelves.

The drop shock tester was on LAB Corporation Typo 50 i6 “2 iOO

Drop Shock tester. The conical nose piece was removed. The drop

shock tester drop head was dropped fro-ta height of 5 3/“ inches on

to h layers of i/B inch. 72 durometer natural rubber. The drop shock

tester is shown in Figure l.

The aiuminum platen was used to receive shock pulses transmitted

by the cushions. This platen consisted of an 8 X 8 X é inch alumi-

num plate tapped to receive additional weights end test instrumenta-

tion. The platen weighed 3.5 pounds with the test accelerometer and

extra weight rods. Platen weight was increased by the addition of

load weights.

The corrugated restraints were designed to laterally restrain

the cushions. A-flute corrugated board was used for their «onstruc-

tion. The dimonsions of these restraints ware 2 i/B inches deep by

B X 8. 8% X 8%. 8} X 8% or B 3/h X 8 3/“ inches nominally. Length

and width were 1/8 inch less than tho nominal dimensions. The

restraints were relnforcod and taped to the drop hood with fiberglass

reinforced. pressure sensitive tape.
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Specifications for the corrugated restraints were as follows:

i S X 8 X 2 i/B A~fluta corrugated restraint

Where 8 is equal to the nominal length and width

of the restraint.

Small - S 9/i6: 2 5/i6 + 2%

halo die scores on the doub|e~back side.

um.-M+iwm:«+3nm+(ssfl+(5sw+

(s + 3/l6)

Hale die scores on the single-face side.

Two cushions were studied. Giluen Brothers Company 2 inch.

Celluliner Type ho expanded bead polystyrene was selected as a mate-

rial with a closed cellular structure. on inch nominal bonded onl-

nal hair was selected as an open structured material. The dimensions

offliwwwmuuo8X8X2mwa.Dmfluuoffieummw

bead polystyrene and bonded animal hair were l.h8 pounds per cubic

foot and l.50 pounds per cubic foot respectively.

Figure 2 shows the equipment ready for testing.



FIGURE 2

EXPLODED VIEW OF TEST EQUIPHENT
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TEST lHSTRUl‘lEf‘iTAT i ON

Test instrumentation consisted of three parts. These parts

were the accelerometers. the charge mllflers. and the storage

oscilloscope.

A Kistier Nodal 808A accelerometer was used to receive the

shock pulse transmitted frm the cushions to the aluminum platen.

This signal from the accelerometer was fed into a Klstler Model

$65 charge unplifier. The pulse transmitted from the drop shock

tester drop head to the cushions was measured by e liistler Model

808 accelerometer whose signal was fed into a Kistier Model $65

charge willier. Both accelerometers agreed within 5.310 percent

throughout the range of decelerations studied. This marlson

is shown in Appende ill.

The signals from the charge amplifiers were transmitted to a

Tektronlx Type 5610 storage oscilloscope. Data was recorded from

stored traces and converted into 6's deceleration and allliseconds

duration. Selected traces were photographed using a Tcktronlx

Model 642 oscilloscope camera and Polaroid Type 1i] very high

speed (3000 ASA equivalent) black and white film. i



EX E’Efi li‘iENTt'iL P5108E33323

Three cushions of each type were used at each level of restraint.

The expanded bead polystyrene cushions were tested individually

thronghout the loading range because of difficulty in handling the

aluminum platen when heavily weighted. The three bonded animal hair

cushions in each series were tested at each loading before increas-

ing the platen weight.

Each cushion was placed on the drop shock tester drop head with

or without lateral restraint. The instrumented aluminum platen was

then placed on the cushion. The cushion and platen were secured to

the drop shock tester drop head with fiberglass reinforced. pressure

sensitive tape in order to reduce rebound of the cushion and aluminum

platen. ln-put simke were generated at intervals oi’ approximately

one minute.

The shock pulses transmitted to the aluminumiplaten were read

off the storage oscilloscope and the disturbing pulses checked for

consistency. Both charge amplifiers were grounded between drops to

eliminate residual electrical charges.
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DISWSSIOH 0? TEST DATA

Only the primary shock pulses were used for the analysis of

tast data. Tho secondary pulse appeared to be cushion remind

which docs not occur in actual package drops. Figure 9 (see

Appondlx W) morn shock pulses obtained on the drop shock

taster with those obtained from instrunented package drops.

Examination of tho graphs of puls- magnum. (Figurc 3) and

pulse duration (Figaro h) for mauled bud pointyrm shows that

the difformco botwecn thook pulses transmitted when restrained (mi

unrutrainad II‘ *mll. Puiu magnitud. of the restrained cushions

was flightiy loss than tho magnitude of the unrestrained cushions.

Pain duration of the "strained cushion: was slightly longer than

that of tho unrestrained cushions. Pain magnitudn and duration

trnnmitted by the restrain“ cushion varied from tho unrestrained

cushion: by less than in percent.

Figures 5 and 6 show that tight restraint of tin bonded animal

hair had a large effect on tho pulse transmittod. Reduced restraint

had ilttio effect on pulse magnitude and less effect on pulse dura-

tion. The tightly "strained cushion tranmittod a pulse that was

twice as large in magnitude and half the duration of tho pulse trans-

mitted by tho unstained cushion. Pulse magnitude of less tightly

restrained cushions remained virtually the saw as the unrestrained

cushions but pull. duration was less.

26



27

Varying static loading affected the shock pulses transmitted

to the instrumented platen. The effect of increased static load-

Ing was somewhat greater on the bonded animal hair. In both cush~

ions.

Eran shock tester results did not compare well with 2% incl

equivalent free fall drop test results for either cushion.

Instrumented A~flute boxes containing cushions and instrumente-

tlon were dropped from 2% inches. fiat: for shock pulses transmitted

from the extortion: to the simulated product is given in (open-din iii.

Comparing instrumented package drop results with Figure 3v-curve C.

Figure hn-curve D. Figure 5-curve 0. and Figure Go-curvo D will show

that instrumented package drug test results differed from values ob-

tained by the drag shock tester. Observed 6': for expanded bead

polystyrene were :7 percent higher than those obtained by the drop

shock taster. Pulse duration was 47 percent longer than that obtained

by the drop shock teeter. The error for bonded animal hair was less.

Observed 6': were 6 percent higher and pulse duration not 7.3 percent

less then drop shock tester results.

Comparing instrwnented pool-cage droo results with curve 9s of

Figures 3. h, 5 and 6 will than that Instrumented package drop ro-

tults differed from‘velues obtained by the 24 inch equivalent free

fall cushion test. Instrumentod packoje drop 6’: for expanded bend

polystyrene were 22 percent lower and pulse duration l3 percent

longer than the results of tho 2% inch equivalent freo fall cushion

test. while percent of error was not determined, it appears that the



1
M

:
1
3

difference batman 2.3+ inch equivaiant free fall data and instrumented

paukago drag data is larger than the difference between drop shock

tester data and lnstrmmnied package drop data.



COHELUSifiHS

it can be concluded that the shock pulse transmitted by

expanded bead polystyrene was not greatly affected by lateral

restraint. The pulse transmitted by bonded animal hair was

greatly affected by close restraint and to a lesser amount by

reduced restraint. This suggests that the greatest effect of

lateral restraint on a package cushion is the restriction of air

covenant in and around the cushion during dynmic shocks.

The drop shock teeter is useful for studying the properties

of cushioning materials. while instrumented package drop results

differed significantly from both drop check tester and 2% inch

equivalent free fall results. it cannot be concluded at the present

time whether the drop shock test is a more valid test of package

cushioning materiel preperties than the 215 inch equivalent free

fall cushion test.
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AN’EZE lX l

TUE DESRADATIOH OF THE SHOCK PULSE TRANSHlTTED

TO THE CONTENTS OF AH AvFLUTE BOX

l. 8 X 8 X 8% inch h-flute boxes.

2. 8 X 8 X 3 inch wood block. constructed of laminated ample

die board. on. 3/8 inch bolt running top to bottom It each

corner.

weight with accelerometer: ll pounds. i0 ounces.

Static loading: O.l3l pounds per square inch.

3. LAB Hanoi SD-lDO Droo foster.

Drop height: 24 inches.

t '. o

l. Kistior Model 808A Crystal iccoioromoter.

2. Kiatlor Nodal 565 Charge Amplifior.

3. Toktronix Type 56% Storage Oscilloscope.

3m

instrumented package was droopod from 2% inches. Pulses i

through l0 and pulaos is through 60 at 5 droo intervals war. ro~

cordod. Soloctod poise: were photographed. The shape of the pulse

romainod basically tho some after l0 drops. Figure 7 shows the do-

grodotion of tho shock pulse during the first l0 drops. Data and

average values are given in Table ix.
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FIGURE 7

SHOCK PULSE TRANSMITTED TO THE CONTENTS OF

AN A-FLUTE BOX, 24 INCH DROP



Calibration:

Vertical - IOI.6 G's/division

Horizontal - 2 mscc/division

 
Dr0ps l and 2

 Drops 3 and h

 
DrOps 7 and 8 DrOps IO and 9
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APPEHDlX ii

PULSES GENERATEO BY LAB DROP SEOOK TESTER

The magnitudo of the shock pulse was determined by dropning tho

drop head of the drop shock tester on to h layers of l/S inch, 72

durometor natural rubber. The droo height was 5 3/5 inches. Approxi-

mately 30 seconds elapsed botwoon drops.

instrmmntation: Kistler natal SOOA Malamute:-

iiistlor ibdoi 5-66 Charge Moll-flu

Tektronix Type 564 Storage OsciIIOSCOpo

Calibration: 558 G's/division

Pulse Emotion: 10 milliseconds

Pulse Height: l.8

l.)

i.6

l.6 G'sc(i.éh divisions) (sea G's/division)

l.7

l.6 6'su333

i.§5

..JLua.

Average L61: divisions

Figure 8 shows some roprooontativo shock pulses from instrumented

package droos and from tho drop shock tester.
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FIGURE 8

REPRESENTATIVE Sim PULSES FRBfl 2’0 liiCli lPISTRUiENTED

PACK‘fiE DROP Nib ORB? SHOCK TESTER



Left to Right:

Drops 2i, 22, 23

24“ instrumented Package

Drop. A-flute Box

lnstrumented Hood Block

Calibration:

Vertical - l0l.6 G's/

division

Horizontal - 2 msec/

division 

LAB Shock Drop Tester

DrOp Height: it”

Cushion: h Layers l/8" 72 Durometer

Natural Rubber

Calibration:

Vertical - i0i.6 G's/division

Horizontal - 2 msec/division

 

LAB Shock Drop Tester

Drop Height: 5 3/h“

Cushion: h Layers i/8” 72 Durometer Natural

Rubber

Calibration:

Vertical - l0l.6 G's/division

Horizontal - 2 msec/division

 



APPEI-‘ii’iix iii

CDi~iP.‘-Ri50il OF KISTLER li-DSEL 383-1 SIN lOGE':

A?” KISTLER 80-3 X/N l2?» :‘aCCELEROi-HETERS

Equimaenti Shock pulse generator. L413 Type 50 lei-£52430

Drop Shock Tester with the Concial nose piece

removed from drop heed.

Cushion Drop line-d Dropped 0n: 3 layers of VS inch, 72 euro-

Inoter rubber under i layer of 2'.- lnch formed

polyurethane.

Oscilloscope: Toktronln Type 55.1: storeys oscilloscope.

Accelerometer: and Charge fopiifiors:

e. Klatier Hodoi D—DDA accelerometer end a Kistler

Model $56 charge amplifier. Output I l0.lb luv/g

b. Kistler Model 838 acceleramter and a Kistier

Model 565 charge amplifier. Output .- l0.0 rev/g
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AN’EIlfliX W

CGNPs’efilSON Bi" 2‘; INCH iNSTRUEiENTED PACKfisGE

DROP DATA Uil’l'l REEULTS HEEDICTED USil‘fi

m DROP SHQCK TESTER

V Three cushions of coach typo studied were enclosed i n 8% X 8.9;

2: l2 inch Iii-flute 356': that had been degraded by 35 drops from

219 inches using; on ”.5 pound instmmented 8 X 8 ll 8 inch wood

test block.

The polystyrona cushions were loaded with the wood test block

and filler material. .Tha combined loading on the polystyrene

cushions was ".53 pomda. Static stress at 0.l8l pounds per

square inch. Tho bonded animal hair cushion: were loaded with

the alumlmm a x a x & loch platen and mm mtorlai. Tm load

on tho bonded animal hair was 3.91! pounds. Static. stress was 0.052

pounds per square inch.

All other aouipmont and test instrunmtation was the some as

used in «appendix I.

Each instrumntad package was dropped ten times from 235 inches.

The shock pulse magnituda and duration worn recorded and representative

photographs taken. 1‘5le X shows the results of this test.

The sum cushions we" then tested on the drop shock tester at

a static loading ties. to that used in the instrumented package drop.

no 82% X 8% inch corrugated restraint was used. Test equipment and

to



hi

and instrumontation wars tha saw. as used in pravious drop shock

testing of cushions. Tabla Xi shows the results of this test.

Figura 9 shows comparatlvs photographs of tha pulses generated

by tho instrumentad packags drop and those generated on the drop

shock taster.
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FIG-WE 9

SHOCK PULSIES mussmmo BY CUSlllORS:

2% ”WM illSTFiUMENTED PACKAGE DROP

21m LAB DROP Sl-lOCK TESTER



2h Inch lnstrumcntcd 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 - l0 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 - l0 msec/division



APPEHDIX V

RESULTS OF 25 INCH EQUIVALENT

PRES FALL CUSHION TEST

Gilmn Brother: Company: Type ‘10 Colluliner. Expanded Bead

Polystyrene. Thickness-o2 Inches (7).

Average Pu!u

 

.078 122.9 9

.172 120.7 12

.256 811.9 "-1

.359 80.5 10

.053 82.7 10

.507 76.0 16

.601 67.1 18

.733 62.6 20

.023 62.6 22 3

.906 60.8 22 3‘

Bonded Animal Hair: Thickness--2 Inches (11) .

0.077 56.0 29.7 '4

0.010 102.8 26.8

0.123 102.2 26.6

116
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