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T-is study wns initianted to ev-luatas soue of tlie dilflerencos
in the :erformance of rackare cushicns under test ¢ nditions
end in vreactice,

The stonderd tests whieh rre used for deteraining cushion
nerformance propertiacs are performed with cuslilons comjressed
betwaen two prerallel rletens. In use, howecver, cushions are
restrained by containers which prevent lateral deforantion
under pressure and trap sir within the cusnions., These
conditions were believed to h~ve a mensurable e{fect on
enorcy ebsorption properties, and this differonce was studied,

The mnterinls used for the tests were fialrllsx Gredes I1I,
III, IV, and 3, a coa1=wercial brond of latex-bonded animel heir,

Static c-mrression tects were made on ecushions betwsen
verallel pletens, end on cushions in an enclosure. The snerry
absorbed by the cushions was deter:ined fror fores-deflectlon
curves and compared. D, ,nanic tests were conducted under
similar ¢onditions and the results es pared as cusihion factor-
stresc curves,

A definite increase in the stiifness of cushtions was
fornd to result frm the lateral restraiat in the stntle tests
and from both latrral restraint and ailr traz:-ed in the cushion
by the dynemic test ploten,

On the brsla of thess rasulis, it is recowaended thet
cuasnion design factor tests, both sirtic end dynonie, be
econducted on a ore realistic bdb~sis., The usge of cusiion
foctor curves for d=sign pur-oscs must be reconsidered,

Su~enstiong ere mnde for modific:tiosns of ~ockeye design to



utilize the full cavabilities »f cushions, and several lines
of investigation which should increase the understanding of

cushion perforaance ars recomnendod,
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INTRCDUCTION

The severnl test metihnds which have evolved for the
daterninetisn of cushion design characteristics all involve
forens rcting uzon a ¢ushisn which is st rest and unrestreined,

In strtic tests for energy fbsor tions, the cushions are
conzrassed betw=en two [latens end a lord=defl:ction carve drawn.
Dyna1ie tests, whether for deteraination of encrgy absorption
or a Cushiion Factor, also involve ;lereing an unrestreined
cusihiion a~rinst a platen while a mevnble slnten in impacted
u-on it,

Thesa tesat nethods introduce 2 certain elenent of error
into the design factor determinations. In packepging sractice,
cushti~ns ara custo-arily enclosed within a container wiich
introducns adlitional fractors into the situotion.

Cush:ion friction against the sides of thz c-ntainer
retards the load motion, This effect will vary with the
n~ture and density of the cuchioning raterinl, sod with the
snoothness of the euclosing surfece.

Confining of the cushion also prevents normel bulring of
the stressed eushion, and increases its effecctive stiffness,

Intraried elr within the cushion 1s a =2 jor factor in
chenring cushion nrorertiss, 3Sote air i1s com ressed under the
plﬂtqn end tra-ped within the cushion during the brief

duratisn of the ashock even in dynanie tests with free cushions,.



Whan the cushion 1s enclosed on five sides, with the novable
pleten mnking the sixth side, the closed systen uses the
‘trnpped air ns an sdditional cushion. The 2ir also adds a
davning effect to the syste -, reducing rehounds,

Trayped eir introduces litile, if any, chenges in the
static test results, since the loading rate 1s slow enouch
to perit escpe cf all of the air,

Materials, such ns sore rl-stic foe:s, having & closed
cell structure, will not show maejor trez-ed elr effects
since the internal eir i{s permaenently enclosed. Rectriction
of laternl expansion mny be sore signiifiec-nt, =8 internal
co pression 48 linited by the internal nressure develo:ed
under stress,

This study is intended to establish some of the
rolntionshins betwean testing conditions and nctual use
conditions for cushioning risteri«ls, and %5 n=ks recomrendatlons

for design deta correciions and Mariher investis tions,

V]



BATKGRCUID

In packeging anplications, cert-in oroperties of cushioning
materiels must b2 Imoewn t5 pernit the desiszn of cushicned
cnckares by other than trisl-snd-arror methods. The most
comtnon drta are load-deflsctinn curves, stress-encrr-y curves,
and cushion factor curves,

Statie londing tests erns s wldely-used :method of coiparing
cushiloning matericls, OCne incthnod is to derive a curve of
lord ys. eo=Tression from a machine-mrde force-dis:l-cement
curve, This lond-compression curve ean be used ss a design
curve, telling whet deflecti:n a cushion will undergo st a
glven load,

The lond=compression eurve c~n also be usad to obtein a
gra h of stress vs, thickness of cushloning to use. The
n~xiaum stress which will be appligd to & cushion ias found
by ~ultiplying the strtic stress by the "g=fecitor", or the
number off tines ti:e forcs of pravity the ;ecikrged object can
withstend. (1) The total enersy abaorbed by the cushions in
the rbove 13 rezresented by the orees under tho curves,

The "g-frctor® which an object can withstond depends on
the most frarile nart of the object or ;roduct., It is dcfined
es the rntio of tlie acccleratinn recceived by an object to
the accelerntion dus to gravity. In p-cknzlng =::lic~tions,
the "g-factor® is a mencure of tlie deceleration received by
e prckrre when it stops sudienly nas it strikes a floor, wall,

or othier solid obstaclse Ths deceluruiion must be e-uel to



the nccelaration t'e packne receives =8 it falls, or tne
walpht multi:lied by the ncecleration due teo gravity. The
*o-T-rctor® 1s nlso kmown ns the fragility index, denoted b 7.

Another method of ar:lying force-dls;lacesent curves to
darign rroblans is to prevare stress-encrgy curves, or a
selr of stressestrain sand strsin-eneriy carves, The encrpy
ahsorbed by a cushlon ean t.en b> found if the stress which
it recoives is knovna

It 13 8lsn nececssry in scme insctonces to imow the
deflection that will resalt under a sintic lo2d, such as
sineing in a worehouse. The elementery stress-disslaceent
curve will reverl how nmuch load ¢nn be e»:1lied to a pecksn:e
without erus-ing 1t enoush to damage the contonts,

Doter:instion of dAynanle encrery absorption properties
is nccoavlished by several methods, all using einilar
a oratus and enlcul-tions. One e neratus usecs a drop
horzer with a stylus ettnchad, piving charts of both the
dro-ing distrnce of the harer and its renotretion into
the cushions (1)

A nore efliciont wethnd of fiading the energy uses
accslerootors snd electronie ar aratus to measurs the
shock 1mnarted by a known force to a cushione Tals :metliod
mey yleld either encrgy absorption curves or cushion
factor curves, both of which arc directly a pliceble to cushion
desirme

The cushion fﬁcﬂbr is a dime.isiunless -~uantity wuich

is us=d 88 a ¢ utntionnl dovies to sin;lify cushion designs.

A



The cushion factor varies with the force-ener:zy retio, and
is plotted against stress, The cushion factor is e-ual to

0 =(F/B)t =WO/h x t =Gt/h, where F is the forcs, E is the
enor;y, W 18 the loed weight, G 1s the "g-fuctor", h is the
dro; height, and t 18 the cushion thickness, The cushion
f:ctor 1s thus e<sily determined if the factor G cen be
moensured, The stiress is detersinoed siaultoneously with the
cushion factor, and is =27u=l to WG/A, where W is ths wesight
of the inn ceting rlaten, A 18 the are~ of the ylnten, and G
is the decolerntion. A stress-cushion factor curve noraally
hrs a :xinizsua roint, at which stress tlie cushioning meterial
s nost efficlent, The thickness of cushioning required for
a glven ayolicetion is deterined by rearranging the esbove
cushion factor ejustion to t = Ch/G. Use of thess cushion

d2sign rrorerties is dsnonstreted in eppendices II »nd 111,



SLaU CF JTuDY

In order to inveztigate zome of the diffexfptial eflects
between cushion tests end perforaence under use eosnditions,
teste were condiicted on sever-l ¢ .shlions by both strtic and
dynanie ~ethnds. Container ensnditions were siul:ted by a
wooden enclosurs for the cush:ions undor tost,

The statie tert: produced forcoe-dcflection curves, which
wero used to draw up stress-strain and stirain-energy curves,
The total awergy absorbed in the tests wns co:lnred,

Dvna=ic tests were run to deterzine the frogility index
G of the cushion faor a known stresse.e The cusliion factor was
ceomutzd from G end ¢oninrative cushion frector-stres: curves
drawn,

The mrterials uscd for these tnsts were four grados of
rutbarized halr, known ecomucereially ~s llairflex Types II, III,
IV, and 3. This materinl consists of curlad a:ilnal hairs
coated =ond tonded into m~lded shapes by latex rubber. The

density of the 'irterial incr ascs with Incrensing ty,e numbers,

-

The senslos used [or these {ecsts wore roctangular blacks, 12
inches enusre and ~ noulnrl two inches thick, except for the
Ko. 3, which was in 19-inch s~uaros,

It wes n .t rossible Lo condition tie t2st speciqens
rrior to use, but it is felt that the nuture of the material

~inizized any verintions dus to chanzoes in wolsture contente



STATIC TIJTS

Foree=defl-z.lon eurves wore obtained by compressing the
cushions between the pletens of a BLeldwin-s:ory 50,00 pound,
FG7-3R=4, lniverseol Terting iinchine, using a 0-1030 pound
ronre, This nachine 1s equinzed with a deflectouster and
lond reecorder to produce dirsct force-deflection curves,

Cushions us~sd in the initisl t2s8t sories were prestressed
by consressing them to less than 505 of their nominal thickness
for ten cyreles, and then resting thea for ebout 1/2 hour bofore
testinge The loading rntc was one inch per minute for both
vrestrossing and for tacting.

Tests of free cushions ware rinde b coi ressing the
8eciens between two 12-inch~square platens to a thiclkness
of about C.4 inch., The tests wore started with the s)ocing
betuween the platens equal to the two~inch nciainol thickness
of tra cushions, This intradiced a sell 1:.4tial loed to
the grerelaens, but comnensates for the non=uniform actuel
thic'mess of the s.~elqens by glving & uniform initial thick-
ness, Inaswich as thees are relative tests, such crrors will
not affect the urefulness of thess data for cumoerative
PIr 08C 8,

To sinulet- the conditi~ns »resant when a cashicn is
nl-¢crd in a ¢los=d contelner, nn cenclosure was ennsiructed
of 3/h=inch ,1lywood. Thic enclosurs was just over twslve

inches snuare, just cloaring the sides of ths ;luten, ond two



FIGURE 1

OVERALL VIEW OF BALDWIN TESTING MACHINE

USED FOR STATIC COMPRESSION TESTS



inches deep, Cushions were tested by pl cing them in the
fixture, centerine the tlnten, and con ressing the cushions
into the enclosure. The tesis wers started with the ;late:ns
two inches apart, mrintalning the conditicns of the frce
cushion tests,

The forees rocorded at O¢l=inch increments of deflection
wers averared and entered into the enersy computation shoots,
The otrer factors were com uted by the methcd of Appendix I,
and stressestirain, strainesnergy curvces plotted for ench set
of tast eonditi-ns, As a chock of the elfects of prestressing
the tact cushions, tests were alsarun using new eushions with
no urewnrking prior to testing.

The comnarative total eners absorpytions for the statie
tests ars given in Toble I, and illustrated in Gracha 1-7
(prges 27 = 33)., There is a delinite increase in the energy
absorption 2t a given stress, for ecch materlial, when enclosed,
oxcart for the decreass in absorption in the prestressed
T ne IV cushions. The reason for this difference in performance
is unichowne

Tra increase in sbsorbad energy indlcates thet the eiushlon
hins a grreoter stiffness, and transnits ~orc enerrsy to the article v
is intended t. rotect.

Thore 18 e greaater increcse in absorbed ener;y with the
anclosure for cushlons which hrve bzen rresiresssd. This is
a ra=ult of a hirher strain in the .restressed cushinons, which

is veraitted b, the loosening of intern«l bonds in the cushion



FIGURE 2

CLOSEUP OF BALDWIN TESTING MACHINE, SHOWING
ENCLOSURE AND CUSHION IN PLACE.
DEFLECTOMETER IS SHOWN IN RIGHT FOREGROUND

10



during nrestressing,

The en=rgy ebsor-tion &t a given stress is not sluays
increased by the enclosure, slncs the ctress does not vary
directly with the defloction, lors force must be exsrted on
an encloscd eushion to produce & deaired deflection, demonstrating
that the enclosed cushlon is definitely stif{'sr and off'srs
more resistance to the compressing platen,

There is some effect in these tcats due to friction

betwsen the edges of the curchion and the solid enclesure,
This offnct will be least with the lower—density m=terinls,
but the loose n~ture of the material should rinkze this crror
neglicitle in nrojortion to the edditlonal stiffness dues to
restr~int of latzsral motion in the con.reszed cushiions,

The rselntively slow losding roile end ths ele~rance between
the platen and onclosure render any ad:ditional encrgy due to

entrapped nir negligibles

11



TABLZ 1

OQ:IPARISON OF TCTAL ENiRGY ABSORBID

IN STATIO CQMPRESSICN T.STS

CUSHION STRESS AT TOTAL ENERGY CHANGE IN ENERGY
ENCLOSURE | 1.6 DZFLZCTION ABSORB:D ABSORBID BY
ENCLOSID CUSHION
GRADE II PRESTRESSED
Free 1,98 Pesele +36190 in-1bs/in’
Enelosed 2.08 05946 + 9‘-"
GRADZ III PRESTREISED
Froe 320 53580
Enclosed 353 o SU965 + 11%
GRADE IIY ROT PRUSTRELSED
Free 301 « 60250
Enclosed 3,42 « 65700 + &
GRADE IV PRESTRESSED
Free h,81 1.1335
Enclosed 577 1.0775 .57
GRADZ IV NOT PRESTRESSED
Free 537 1,0955
Enclosed 6,05 1,2975 + 18%
OUSHION STRESS AT TOTAL ENERGY ENZRGY
ENCLOSURZ | 1.3* DEPLECTION ABSORB:D CHANGE
GRADE 8 PRESTRISSED
Free 13.28 psi 2,0040 in-1bs/in’
Enclosed 17,57 2,9850 A
GRADE 8 NOT PRESTRESSID
Free 13,90 22,5760
Enclosed 15.50 3,0430 + 187

12
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DYAMIC TZ37TS

Dynaiile shock tests to determine the force in G's absorbed
by A cushion wers run on the drop test a-paratus in the
¥ichigan Gtate University Packaging Leboretory,

The drop unit conelets of a fo:t=-square platen operating
vertically on two precision=-ground sunrports, The laten is
rulded by super-precision frictionloss sleewe baaring of
the recireculeting bnll tyve. The systen hasz nagligible friction
lossos when a heavy nsloten i8 used, The maxinaun ;ossible
vertical travel is about 50 inches for the roving ara, and
about 46 inches with the rlaten attacheds The platsn used
hed a depth of about three inches to perait entry into the
solid enclosura,

The shock received by the nleten on striking a cushion
generatzs a current in a barium titanate erysisl accelorometer,
Tris current is anclified in a ¢rthode follower anjlifier,
into an oscilloscoiies Thie nolse filtsr is necessapry to reqove
sipnal stgtic due to the moverent of the bearings on the
verticel shafts,

In usa, the volinge calibrator is used to feed a signel
eruivalent to & kn-wn number of G's into the oscilloscope for
calibration pur.oses, (seo A..endix III). This signel can then
te crirered with the ehock inpulse to determine the sheek

strencth,



An audis oscill~tor end 2 ulse foraer were used to
cuterimzose a 500-cycle blsanldng si:nel on the cccolesromecter
sirmal, periitiing a determinntisn of tihie duration of the
shoels An electronic decade counter wns used to 1ersure the
freausncy of the blanking sirnnl so Lot its zccurscy could
be aintainad,

The ascllloscoda tracs wns racordad hotogrra;lhiie:1ly on
a foleroid oscillosra h enieras To get a cleer =signsl, a
vhotoelectrie cell was used to triz- r & single sueep of the
signnl et the tine of impact.

With tthscillosco?a screen scala c-librated for a
Iknown nuaber of G's peor division, the chock signel strength
is eonsily read frar the hotorra;hs,

For the dynn—-iec testa, s s=t of steticrnlly prestrossed
cushions were tested one b. one under the :leten falling from
a mensured helght abovs tha cushions The laten was then reset
to & nevw hei~ht and the c-ries of dros rerec-todes uonre eouinre-
etive tosts were ande with cusl.ions thet had no Iricr working.
The moxi-ua shnaek r-adings r culting frm theee tests were
sveragad end recorded en the dota choots elong with the
phten weight, drop holght, cushion thicizness, and cushion
area

The stress exparizaced by the enshion at =axiauwa sheck
is coruted fras the rolation F = WG/A, where F is the stress

in pounds per -cunre inch, W is the dro head w2isht in pounds,

25



A is the Tlaten «rea in s-usre inches, and G 1s the moxinum
shock recorded on t:e oscilloscove,

The cusion factor is co:uted froa the defining eguation
C=1T7G/l!, where C 1s tle cushion fuclor, which is dliensionless,
T is tlis cushion ¢ ickness, G is the shock, and H tha height
of the drop onto the cushion. This relation is derived from
the fores—energy ratio of the Lzpsct to the thickness, i.e.,
C=P/B x T=WINH x T=G/M x T.

Conrerstive grophs wers made uz lotting stress vs. cushion
factor for ezch test condition. The :inlauz value of the
cushion f cior occurs et the stress whero the cushion is
most efficient. This ern L2 seen b solving the cushion foctor
eountion for T, where T=HC/G., Tue :inimrn thickness of
cush:ion reruired in 2 given situstion is thus :sro;ortionsl to
tha cushion fretors In sractice, the stress e¢rn often be
ndjusted to the loweat cushion f:ctor by chancing the wolght
or surf-ce arsa of ti.e » .ckered article.

The ocurves do not resch a =iniwwa value for the cushion
factor within the siress renje ecovered, when the cushions
ere enclos~de For the grade II snd III cushions, ths free
cushions hed a lowor cushion factors throughout the stress
range studicd. Thils merns thet the use ¢ free-cushinn
cushion f ctors for desi/m ;ur:oces glves lnsufficient yrotection
in this stress renga,

The uss of cushion frcters derived from tests in enclosures

re-uires thick«r cushions ts “rotect the article., The

36



ex.lrnation for this is thet the cushion is rendecred ccnsidere
nbly stiffer when ~ir is tra:ped and the lot-rol deflecection
restricted, and the cushion theralfore tr-ns-iis a l-rger
portion ef tie shock to the packegcd sriicle.

{118 18 in arreezent with the static tects, wiere the
enclosed cus-ions ebsorbsd more euer;y becnuse it could not
be dissipated in lateral {oisson-t‘po deiforaation,

The tests with enclosed cushions also 122-rt noticeatly
less rebound to the laten. This is a {urthor indic-tion thnt
the cusiilian is sbsorbing a gre~ter rortion of tae enerzy on
the initial ia:~ct, Thls danping effect ean bo estiributed to
the fact th t the cushion cannot deflect nornelly beenuse
of the tranped alir.

There is more lntitude for ejuliment and proczdural
errors in the dyns:l¢c tests then in the st-tic tests, Celibrntion
of tre electronic circuits is a prriicularly exacting tesk,
Cerre must be teken to sssure that the rlatzn strikes wiolly
inside the e closure. On low=level drors, siriking ths walls
of the snclosure would give an erroncous reedi:ig which might

not be anorent,
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FIGURE 3

DYNAMIC DROP TESTER, SHOWING PHOTOCELL (1), ACCELEROMETER (2),
AND CATHODE FOLLOWZR AMPLIFIER (3). ENCLOSURE AND CUSHION ARE

IN PLACE, DROP HEAD IS RAISED AND READY FOR RELEASE,

38






FIGURE 4

DYNAMIC TESTER INSTRUMENTATION, SHOWING OSCILLATOR (1), PULSE
FORMER (2), CATHODE FOLLOWER POWER SUPPLY (3), ELECTRONIC
SWITCH (NOT IN USE) (4), VACUUM TUBE VOLTMETER (5) VOLTAGE

CALIBRATOR (6), SINGLE SWEEP TRIP (7), NOISE FILTER (8),
OSCILLOSCOPE (9), POLAROID CAMERA ATTACHMENT (10), AND PULSE

COUNTER (11). HOOKUP IS SHOWN IN FIGURE 5.
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«026 sec.

19 G's

. 024 8€Ce.

FIGURE 6
DYNAMIC TESTS
TYPICAL SHOCK WAVE PHOTOGRAPHS
HAIRFLEX GRADE IV
12" DROP

FREE CUSHION
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16 G's

«028 sec.
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+028 sec.

FIGURE 7

DYNAMIC TESTS .
TYPICAL SHOCK WAVE PHOTOGRAPHS
HAIRFLEX GRADE IV
12" DROP

ENCLOSED CUSHION
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TAZLE 16
STREGS=CUZHICH F*CTOR D'TA
HAIRPLZIX GR'DZ IX
FR&8 CUSHIOR, RISTRIL5ZID
Cushion Thickness 2"

Drop Head Weight 7 lbs. 14 oz,

DAGF AVZRAGE STRISS
HEIGHT MAXTH M (1bs/1n2)
3 6 33
6 7 38
9 19 55
12 14 77
15 18 «93
18 21 1.15
21 27 1,43
24 33 1.30
27 40 2.19
30 51 2,79

CUSHION
F:CTOR

4,0
2.3
2,2
2.3
2.4
2.3
2.6
2.8
3.0
3.4



T+5LE 17
OTRS5=CUHICN FACTCR DATK
HAIRFLZK GR-DY IX
=LCL0N3 2D CUSHION, TRISTACSILD
Cushion Tnickness 2"

Drop lead Weight 7 lbs. 14 oz,

DESE AVTRIGE 5TR:LS

RIIGHT AAX T {(138/in2)
3 4 $22
6 7 +33
9 11 «60
12 12 66
15 15 «82
13 13 «53
21 20 1.09
24 23 1.26
27 25 11.37
30 23 1.53
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CUCHION
FACTCR

2.7
2.3
2.4
2.0
2.0
2.0
1.9
1.9
1.9
1.9



TA:LI"18
STRES3=CUSHICH F CTOR DATA
HAIRFLIA GR'DI IIX
FRei CUSLION, ¢RIUTRI0..D
Cushion Thickness 2"

Drop Head Weight 7 1lbs, 14 oz,

DACH AVER 6B 5TRESS CULHICN
HATIGHT HIKTHUS (1bs/1n?) FACICR
3 4 022 2.7
6 7 33 2¢3
9 9 o 49 20
12 11 60 1.8
15 15 o322 2.9
13 17 93 1.9
21 21 1.15 2.0
24 26 T1.42 2,2
27 51 1,70 2.2
30 37 2,02 2.5
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TV LE 19

STRILS=CULIICT FACTCR DATA

DRCLCCED CUIATINY, $R0.TRE5L:D
Cushion Thickness 2"

Drop Hend Weipht 7 1lbs. 14 oz,

DRCE AV.i% G2 STRES cU.HICN
HIIOHT RERERLIZ] (1bs/in2) FACTOA

3 é v33 4,0
6 11 «60 37
9 13 TJ1 2,9
12 19 1.04 3,2
15 20 1.9 2.7

13 23 1.26 2,6

21 25 1.27 2.4
24 27 1.43 2,3
27 40 1.64 2,2

30 32 1.75 2.1



TARLI 2
STRILSO=CHULIICH FACTOR B-TA
H.IRFLZX 334D2 IIX
FR23 CULHICH, RCT £RuSTRILSED
Cushion Thickness 2*

Drov llead Weight 7 lbs. 14 oz,

DRT AVIR'GZ STRESS CUSIICK
HZIGHT HAKD R (1bs/in2) “WOTOR

3 5 27 35
6 7 o538 2.3
9 9 W49 2,0

12 10 55 1.7
15 13 .71 1.7
13 15 e32 1.7
21 13 93 1.7

24 20 1.09 1.7
27 26 1.42 1.9

20 29 1.59 1.9



T4BLE 21
CTREG3=-CJSHICN FICTCR DLTA
HATRFL2S GR'DI ITI
ZHCLCS3ZD CUSIHICN, NOT FRSTRLI5ID
Cushion Thickneses 2"

Drop llead Weight 7 lbas., 14 oz,

NRCY AV.R:GE STRIGS CUSHION
HIIGHT MAXTAY (1bs/in2) FACTCR
3 6 o33 440
6 10 25 53
9 14 o77 5.2
12 13 «93 3.0
15 21 1.15 2.8
13 22 1.20 b
21 25 1.537 2.4
24 27 1.48 2.3
27 29 1.59 2.1
30 29 1,09 1,9

2



TABLZ 22
STRLCS=CUICY F CTOR DATA
HAIRFLZX GR4AD3 IV
FR:i3 QU3HICH, FRISTRISSID
Cushion Thickness 2"

Drop ilond Woicht 7 1lbs. 14 oz,

DRGP AV SRAG 3 STRISS
HBIGHT MAXTI (1bs/in?)

> 7 .38

6 3 Fet

9 10 O
12 13 .71

15 16 .33

13 1% 1,04

21 22 1.20
24 24 1.31

27 23 1.53
30 51 1,70

CUGIICH
FACTOR

4,7
2.7
2,2
2.2
2,1

2.1

‘2.0
2.1
2.1



DRCP
HIIGHT

>

6

9
12
15
18
21
24
27
30

T BLZ 23

37TR.C.=CUCHION FiCTOR DATA

HAIRFLIK GR:D3 LV

INCLCZuD CUGHICON, PR.ALTASSSED

Cushion Thickness 2"

AVZRAGE
HAXIHM

9
13
17

24
26
30
>3

38

Drop lead Weisht 7 1bs. 14 oz,

STRISS
(1bs/in2)

49
71
73
1.09
1.31
1.42
1.6b
1.80
1.20

2.03

FiCTOR
6.0
4,3
5.8
3e3
3e2
2.9
2,9
2.8
2.4

2.5



T'BL3Z 24
STRSL=-CUSEICN FACTOR DATA
HAIAFLZX GRLDEZ IV
FRIZ CUSHIONS, hDT rRESTRTUSZED
Oushion Thic'mess 2*

Drop Head Weight 7 lbs. 14 oz,

DRCF AV RAG S ST253 CUSION
HIIGHT MAKTI (1be/in2) FACTCR
3 8 bk 53
6 11 «60 3.6
9 14 77 3.1
12 14 77 2,3
15 18 83 2,1
13 17 1.04 2.1
21 1. 093 1.7
24 1 1.20 1.8
27 jotd 1.1% 1.6
30 &l 1.42 1.7
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STRISI=CUSITILT FPCUCR DATA
HAIRAFLIX G'Dd IV

ZHCLOSED CULKICH, WUT 25 7mRauS:D
Cushion Thickness 2%

Drop Head Weisht 7 lbs. 14 ozs

DROY SVIAG2 STR.SS CiisHION
HIIGHT HAKLi& (1bs/in") FACTCR
3 10 55 6.7
6 15 .82 540
9 22 1.20 4.9
12 20 1.09 3e3
15 26 | 1.42 3.5
13 23 1.53 3.1
21 29 1.52 2.3
24 31 1.70 2.6
27 3 1.64 2.2
>0 32 1.75 2.1
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SUENL CCACLULINYS

Both statie and dynr:ic tests hove est blished thet thore
18 a significont incresse in the eifective stiffness of a
cushisn when 1t is enclos=d, This increucse must bo eonsidered
when desipgning rotective peckares,

The ener~y ebanrb d by e cushion increerscs when the
laternl expunzion of the cushi~sn is restralned. Under stotlc
lording conditions, such as werehouse st-cking, s cushion
would be able Lo su. ort a grarter load thon noresl design
firures wovld indic~te, but would rlso trrnsmit a rrenter
lord to the eushioned ~riticle, possibly c-usiny dn:nr-=,

Use of conventionel cushion=fucior curves for cus::ion
design may give insuffieclent rrotection. This will be por-
ticulrrly true when = cushion 18 tishtly fitted into the
eontainer. This trobably goes unnoticed in many e~ses beoeruse
a "anfety fnctor" is o.lded to tho desijyn ti:ickness., Tals is
a8 trinl-ond=srror techni-ue, and 3s esrtninl; not to be
rec~ mendsd as & gencral proctice.

The flexibility of the wolls of the comtniner md the free-
dom of the cushion within the contriner mey govern the degree

of ‘rotaction in some instrnces,

8



RS L2 DATI LS

Cn the basis of the inforzatisn gnthiered in this study,
several reeo1iendations enn be made for cushion dacirn factor
determination tests,

Iloth statlec nnd dynezic design-factnar touts for prcloging
uze chauld be mrde with enclosed cushiions in order ts obtain
results which more closoly a  roximnts a-tunl conditions,

Pack~ros for cushionad articles shiould be deaigned
1n sely to 1ar-it some expansion of the ecus:ion under stresses,

If the nnture of the :roduct ias not crolibitive, cushioned
ngelznras sh-uld b2 vented to red:ce the =azount of eir trapnped
in tle cuchlon when a stress ic a: lied. If pnckegas eranot
be vented, then the iapnect arem of ths cusiiicnsd article
shinuld be le:zs than thoe eusilon aras, to per:it air transfer
within the »ncko~e, This lest will require a co:r->-ise desizn
between —exinizing the e-ticle sr«a to r duce stress end allow=
int eir-movement annce,

The use of cushion factors as desi;m elanzents should be
rreonziderad. Thoa factors es currently determined are reaiste
fron whet they sbou)d.be and re-deter ination with enclosures
will n~t produce a curve heving 8 mininuz, excent rossibly at

r~lntively hi-h stresses,



LUGTHLTTONS POR FUPTI R LTUDILS

To gain a more tharough und2rstending of the enecrpy
absorption ‘roerties of enclosed eushions, the fnll-wing
g1 ostions ars offered, These 1dear . hova not bteen investigatoed
suffieciently to establish their morit, end sre olfered with-
out any recco~ endations &8 to se~uence or validity.

The eff-cts of friction boiween the cushinn and container
walls right be studied by methnds sinmilar Lo those of this
study, using enclosure anterials of varying snonthriess end
cushions of several surface densities,

Measursmont of horizontal forces due to cus-lon enapression
would h~1r in deteriining the recuired strength of the outer
continer,

The rrarortion of eabsorptlon increese due to lateral
daflaction rizht be studied by uce of an o)en=sided enclosure
that ernits alr to esctre while restraining the cushion.

So1e efforts in this direction were made during the current
rrrject, but the wvented enclosure ecnstructed wos unsuccess-
fil.

Studlies 8'iould b~ aadae to dotermine the relationship
between noraerl cushlon frctors and cusiiion bechavior under actual
conditions, with the intention of finding a new fnactor to
re-lece the cushion factor. 3Such a factor should be deter-incte
under various tsct conditions and a3;licrble to n wide range

of npglicationa.

€0
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A ANDIX

TUIRCY CALCTULATICHS FCR STATIC T30T

The nbsorbad enercy feor steticolly-load=»d cuchions wos
comruted as followss

Colunn 1

Colu=:n 2

Colunn 3

Coluwin &

Column 5

Coliin 6

Colun 7

Colu-n 3

The deflection in ineresents -f 0.1 inch.

Tre mean load at each daflecticn  cint, froi the
r=cordar chart.

Strain 1s enunuted by dividing the deflection by
tha original thicknasas,

Stress 1is the zean lond divided Ly tne cushion
aree,

The strain inerezont A€ ie the stirain change
over each iacrement, tinken froa the strein data
in ¢-lumn 3,

Tiie ncan ctress uer increnent is calcul-ted by
adding the stireszes at the beginning and end of
each increnent and dividing the sun by two.

The enarry incre:ont is represented by the nr=a
undz2r tio incrsnent, and 18 the . roduect of the
strein incro.ent and tlie nean stress in the
increnont.

T s suntation of the ensrgies is the sua of the
enerslzs in ths inerencnts to the roint under
considaeration. The last fi;;ure in this coluan is

the tctal encrgy absorbed in the com»ression test,



ALoanDIn IX
USZ CF 3T.TIC FNURCY “LITRETICH DATA
FOR CJHITIT DISIGN

Stress-ener;y or stiress-sirein and strein-encryy enn
rendily be used to determine tliz enerry which will bs alsorbed
by a ecushion for a givan stress.

hs on exemple, consldor the cn:e of an objzct with a flat
surfacs rres of 129 s-urre inches and a weight cf 5.0 pounds.
It 18 dosirad to ;rotect the cbject ageinct shocks up to 60 G's,
Froa the formula F = !':/A, the stress is found to bts 2,5 :ounds
ver s-unre inche

Using graph 15, for free grade 1V cushions, the strsin
correzp ndinz to a stress of 2.5 ;.8.1s 18 0,63 in/in. The
energy absorbed at this strain ie 0.4 inch-rounds per eubie
inche This is the eneryy ilie cusliion will abeordb in ;roteeting
the paeckeped objset st the maxinum shoek of €0 G's.

For an id=ntical cushion enslocscd in the :acknre, the
strein corres onding to a stress of 2.5 n.s.i, 13 0.64 in/in
(creoh 14), end tin~ sner;y which is eboorived is 0.66 inch-
pounds per cubic inch, Tnis indicates that the enclosad
cushion ab:zorbps 3 wore energy or that it trensiits that much

more enerry to the article it i3 exnected to ;raotacle.



STRESS (pet)

Stress-Strain
T T T T Straine-Energy

1,2

1,0

9
o

©
°
o

ENERGY (in-1bs/in3)

0.k

0.2



&

STRESS (psi)

w

I I | | 1.4

Stress~Strain
—= T Strain-Energy

1,0

(=]
D
(o]

e
oN
ENERGY (in-1lbs/in3)

Okt

0.2

7
-~ 1 | | 0

0.2 Oul 0.6 0.8
STRAIN (in/in)

STRESS=-STRAIN AND STRAIN-ENERGY CURVES
GRADE IV ENCLOSED CUSHIONS, NOT PRESTRESSED

GRAFH 14
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Ac:NIX IIX

CULTITN DooInd VIN ClsnIla FACTLR CaVas

Tha us2 of ecushion factors for design of cushions is a
veluable technirue, since cushion factor-sircss curves =ny
be made uz for the varlous mnterisls ond filed for handy
refaroncece To 1llustrate the use of cusiilon f=aciors, consider
the followins hynothetlenl situnticns

An ot i2ct woishing 2.0 ~ounds and having an fan-ct area
of 300 s-usre inches is to be rrot:cted fr-~ si.cclee ovar
20 C's at drop hei-kte un 5 42 inchas. Doterainction of
the thiciness of T30 III cushione, riszlng tha usunl free
cushion desimm curve, 1s& aceamrlish~d ensily., The stress
is WG/A = 9 x 20/225 = 0,80 pesels The cushinn factor
corres;odins to this stress is 1,57 (Grah 9)e The nacessary
cushion thickness T 13 then T =0U/G = 1.87 x 42/20 = 3,74
inches,

Hswaver, for an encloscd eusticn, Grazh ¢ alao pives a
¢ushini factor of 3.13 =5 tha cushlon factor for a stress of
2,70 je8.1. This reculres a thickness of T= Ci/G =3.13 x
bn/~9 = £,26 1nehes,  This indicrtea thet nbont E77% mora
cishioning 13 na-ded than »i-ht be indlicnted By the usual

methad.
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AT 0TIV IV

CALIZTTICH OF DY *IC TICCU-r o JURINS AXR-2°TUS

S UTLNT Sy ICIFISATICNS

Acceleronater outrut == 3,6 nv/G r.n.s,

Accelorometer outrut == 3,6 x 1,414 = 12,16 =v/3 renk-to=penk
Cntiode fsllower smrlifiscation factor =- 0,94

Molse filter amnlific=tion factor —~= 0,70

Invut to oscillosccre == 12,16 x 0.9 x 0.70 = 3,00 mv/G
Ferk-to=renk

Inmut to oscilloacnre: 5.€7 mv/G rem.s.

Pl

CALITRITICN g

C~libretion was acenmnlishod by feedins a simal ejuivalent

to 10 G's (55.6 mv ron.9.) into tie oscllloscodc, The y-axis
senle wns rdjusted to malza the 10 G airnal fit fivo scrle
divisions (1%), so that the ¢-librstion was 1/5" = 2G'z, This
c~libration wr3 used for a majority of the dro> tests, but
some tosts had to be made using sct:les of 1/5" =4 or 5u's

to 7ot the full signal on the scresn.
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MaITIX Y

PROLCEDY To-00 00T oD Io TIY TR DITATICN

The dywamlc tecter uééd in thils study is destined for
the sddition of a circult to deteriins the welocity of the
rlaten n=er the roint of imprct.

Tha aldition conslsis of an elsctronie swiich which

¢

coatrols tis counting t me of the dac-ds counter., The
thotocell box will b> nodified to use two ea2lls., ihen the
~laten falls, 21n -ra will sctuate the two :sl.otocells in
re~ucncs, Tie decnde counter will racszive a sine wave
sirnel, and the number of cycles elapsin- during the time
wirea the rlaten o trins the first and sceonl otocells
will deterzing the elassad tie, This ti e and tha distence
b2tween the two pliotoccll slits e2n bo usel to datoruine the
rlaten velocitye.

The e=witch must alco actuate the sween triy zr of the

oscillosco 9, Aand a contact 18 nrovided for this fpurrose,
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ATTIDIT VY
ADDITIZN'L 37ULACTAY RIADINGS CH
CUZIIONING ANTD SW0CK AboCUTIGH

C. 3. Crado Vihration and Shoek Isol-ti-on, Johin Wiley and
3ens, Yaw Yori, 1¢91,

J. L. Greiz "ingineering @ Cushionad racke:'e", Hodsra
Footra oz, liny 1993,

Re . Joncs, "Demon-iretion of Brsie rrineci:les of Peckare
:shiontag", Joint Industry Conference on Cushioniag in

Facling, lryme 'miversity, Decomber, 1955,

Te llneel, “athammticnl Arprosch ts Cusitloning", ‘odern

Cagleariqe, “hy 195%,

L

Re Ds "Indlin, *Dmaciles of backnce Cushioning, D311
srateq Toeinienl Joum-l, Vonngrach B 1765, Getolor, 1945,

A, o Und-orphill, *'het dMokes Cashioning Hork*, .d-rn
Cnteplola Vendliae, Noveaber, 17935,

70



8ircnlation depte

MAR 2 “1051 0@ - NOV 301969

o f»ﬂw\\" 1

S I006 A
L% 13986

MAR 2£-1568

PR




MICHIGAN STATE UNIV. LIBRARIES

LML

31293106138534




