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ABSTRACT OF THE DISCLOSURE 
An improved free flow packing material particularly 

characterized by its ability to isolate packed items and 
to absorb the energy of potentially destructive shocks and 
impacts?togetherwitha method and means forits manu 
facture The individual units of the packing material are 
structurallyin the form of relatively elongate thick con 
tinuous strips wherein each strip is formed with a grad 
ually twisting spira1 configuration having curling central 
and end portions The individual units are of a Size and 
shapeto provide a desired free-flowing characteristic and 
are formed of a foamed expanded crushable plastic ma 
terial whichinherently possesses a shock absorbing char 
acteristic. 

BACKGROUND OF INVENTION 
Thisinvention relates generally to free flow loose fill 

packaging materials and to methods and means fortheir 
production and more specificallyto a particularimprowed 
form of such packaging materials. 
The presentinvention improves on the packaging ma 

terials and the methods and means for producing pack 
aging materials as disclosed in Graham and Stanley 
Pat?3,481,455 copending application Ser No. 43,527? 
filed June4?1970, by Alexander G. Makowski now U.S. 
Pat No.3,632,705 and copending application Ser No. 
82,697.filed Oct.21?1970 by Arthur Graham?Alexander 
G. Makowski and Gunter G FuSS. 
SUMMARY OF INVENTION AND OBJECTS 

Generally stated the presentinvention is directed to 
an improved free flow interlocking foamed expanded 
plastic packaging material wherein the individual units 
are in the form of gradually twisting elongate Spirals, 
each having a central portion and at least two end por 
tions of a generally curving or Spiral configuration The 
end portions are closely adjacent and disposed at a Sub 
stantial angle with respectto one another So asto provide 
individualpackingunits (and a packing mass composed of 
suchunits) with a multi-directional resistance to collapse 
and/or deformation in the presence of an external force, 
such as shock orimpact The present invention is also 
directed to a method and meansforthe continuous manu 
facture offree flow interlocking packing units of the type 
described.The methodgenerally comprises the Successive 
steps of heatingan expandable plastic materialto a plastic 
or heat softened stage continuously extruding the heat 
softened plastic materialto forman elongate hollow tube, 
continuously slicing through a wall of the elongate tube 
to form a longitudinal cut Substantialy parallel to the 
axis of the tube and then slicing through the wall of the 
tubeat a substantial angle (20 to 70° with respect to the 
axis of the tube) to form relatively short lengths of 
specially shaped and sliced tube The Severed lengths are 
heatexpanded to efecta gradualtwisting ofthetube walls 
on eitherside of the longitudinal cut to achieve a desired 
final configuration (generally resembling a twisted version 
of the numera18, or a ram's horns). 

It is an object of the present invention therefore to 
Drovide a free flow interlocking packing material in a 
particular desired form such form providing enhanced 
energy or shocks absorbing characteristics to individual 
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2 
packingunits and to the materialfrom which the packing 
units are formed. 

Another object of the inventionis to provide a method 
and means for the continuous manufacture of improved 
packing materials of the type described. 

Another object of the invention is to provide a novel 
procedure for extruding slicing and severing foamed 
expanded plastic materialsto continuously formimproved 
packing units of the character described. 
A particular object of the invention is to provide a 

novel procedureforformingfoamedexpandedunits ofthe 
character described wherein the foamed structure is ini 
tially Stretched and Sliced in a longitudinal direction and 
then sliced and Severed by angular cuts in such fashion 
asto facilitate Subsequent formation of a desired packing 
unit Shape. 

Still another object of the invention is to provide a 
method and means for making foamed expanded packing 
units of the character described which is readily adapted 
to machine-type production line techniques. 

Additional objects and advantages of the presentinven 
tion will appear from the following description in which 
preferred embodiments have been set forth in detailin 
conjunction with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1 is a view in perspective of a quantity of packing 

material embodying the present invention. 
FIG 2is an enlarged view of a unit of packing material 

according to the present invention illustrating particular 
features thereof. 
FIG 3 is a Schematic representation of slicing and 

Severing operationsusefulin producing the packingunits 
asillustrated in FIGS.1 and 2. 
FIG 4 is a viewin elvation of a packingunitas pro 

duced in FIG 3?along the line 4?4 of FIG 3. 
FIG 5 is a like view along the line 5?5 of FIG 3. 
FIGS 6 and 7 are similar views?illustrating further 

Stages of the formation of the packing units. 
FIG.8 is a reduced schematic representation of a sys 

tem of apparatus for carrying out the method of the 
present invention. 
FIG?9 8 an enlarged detailview in top plan of slicing 

and Severing means useful in the apparatus of FIG 8. 
FIG 10 is a view in section and elevation along the 

line 10?10 of FIG.9. 
FIG 11is a like view along the line11?11 of FIG.9. 
FIG 12 is a view in top plan somewhat reducedin 

scale additionally illustrating the slicing and severing 
II133?1S? 

FIG 13 is a view in end elevation of the apparatus of 
FIG?12. 

DESCRIPTION OF PREFERRED EMBODIMENT 
FIG 1 illustrates the improved packing material of 

the presentinvention whereinthe individualunits ofpack 
ing materialare designated by the reference numeral 10. 
As more particularly illustratedin FIGS. 2 and 7?each 
packing unit 10 is formed as a relatively elongate thick 
continuous strip having a central portion 12 and end por 
tions 14 and 16. As respects the central portion 12?the 
end portions 14 and 16 follow opposite gradually twist 
ing Spiral pathsso thatedge portions thereof represented 
at 18 and 20 reSpectively are disposed at a substantial 
angle to each other(e.g of the order of 90°)?As will be 
more fully explained hereinafter the described construc 
tion provides each packing unit with a curling resistance 
to collapse about the non-parallel axes 22 and 24 of the 
end portions and the axis 26 of the central portion The 
end portions 14?16 and the central portion 12 also have 
an enhanced resistance to Crushingorpermanent deforma 
tion in directions generally parallel of the axes 22?24, 
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and 26 As respects each individual packing unit10 the 
described characteristics provide a Substantially three di 
mensional resistance to collapse and deformation in the 
presence of vibration impacts andother destructive forces 
normally encountered in shipment and handling of pack 
ageditems, 
As best seen in FIGS 1 and 2 the described construc 

tion of the packing units 10 also provides a plurality of 
generally wedge-shaped projections 30 and openings32. 
As will hereinafter be explained these wedge-shaped pro 
jections and openings promote a relatively high degree of 
interlocking between adjacent packing units in a packing 
mass to thereby not only provide a relatively firm cush 
ioning Support but also an unusual degree of resistance 
to migration of a packeditem through the packing mass. 
On the other hand the wedge-shaped projections and 
openings are not Such asto preventorinterfere with a de 
Sired“flowability" of the packing mass. This latter char 
acteristic permits the units of the packing mass to be 
poured into recesses and openings of oddly shapeditems, 
and within the confines of a shipping carton toisolate the 
packeditem from the sides of the carton In commercial 
practice pouring or filling operations of the type de 
scribed can be performed rapidlyandeficientlywithauto 
matic machinery or by means ofunskilled hand labor. 

In accordance with the presentinvention the individual 
packingunits 10 are formed of a foamed exanded plastic 
of Suficient internal strength to be essentially shape-re 
taining during normal handling but capable of crushing 
orpermanent deformation in response topotentially dam 
aging shocks or continued vibration In preferred em 
bodiments the foamis characterized by anessentiallycel 
lular structure (unicellular orinterconnecting) having a 
volume of cells or void spaces ranging from about 25% 
to as much as 85% ofthe total volume ofthe units.When 
an appropriate resin is selected to make the expanded 
plastic foam the described highly porous foam structure 
possesses both a desiredinitial stiffness and resilience and 
an essential characteristic of crushability provided by the 
void Spaces within the expanded foam?whichimparts a 
1atent crushability or shock absorbing characteristic to 
interiorportions of the plastic materialitself This char 
acteristic of internal crushability Supplements the Special 
characteristics imparted to the packing units 10 by their 
unique Structure or Shape Thus as noted the individual 
packing units 10 possess an unusual three dimensional re 
sistance to collapse or to deformation through crushing, 
exceptin the presence of potentially damaging forces or 
shocks. 
Expanded plastic foams particularly suited foruse in 

the present invention include both thermoplastic and 
thermosetting resinous materials. Because they are more 
easily processed into the desired shapes thermoplastic 
resinsaregenerallyto be preferred andinclude specifically 
the alkenyl aromatic polymers as disclosed in U.S. Pat. 
3.066,382 and the aliphatic olefin polymers as disclosed 
in U.S. Pat.3.251.728.These thermoplastic materials (in 
eithermodified or unmodified form) are customarily em 
ployed in conjunction with suitable foaming and nucleat 
ing agents. Thermosetting resins adapted for use in the 
Present invention include foamed polyester resins such as 
the polyurethane foams (i.e. derived from isocyanate 
reSins) and Specifically the more rigid polyurethane foams 
made from relatively highly branched resins Blowing or 
foaming agents can be advantageously used with the 
thermosetting resins as more specifically disclosedin the 
copending Makowski application?Ser No.43,527. 

Regardless of the particular plastic materialemployed, 
itis essentialin carryingoutthe presentinventionthatthe 
packing units in their foamed expanded state possess 
the desired cellular Structure and the desired proportion 
of void Spaces with respectto the total volume.Thus the 
formulation of the plastic materials should be very care 
fully controlled to provide foamed expanded plastics of 
desired essentialcharacteristics?for example:desired cell 
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4 
sizes (ie ranging from 0.001 to 0.1 inch)? a desired 
proportion of void Spaces to the total volume (i.e. rang 
ing from at least 25 percent to nor more than 85 per 
cent)?a desired foam density (i.e ranging from about 
0.3 to about4.5 pounds per cubic foot) and other es 
sential characteristics as hereinafter Specified. 

In one procedure adapted to the present invention, 
elongated plastictubes are extruded through an extrusion 
device which efects an initial chemical expansion of an 
expandable thermoplastic extrusion mass. Such an extru 
sion device is schematically illustrated at 50 in FIG 8, 
wherein the extruder head is represented at 52 In gen 
eral the extrusion apparatus including the extruder head 
52isemployedinconjunction with conventionalauxiliary 
equipmentincluding a hopper 54 and feed chamber 56 
whichareadapted to cooperate with an extruder Screw or 
other pressure device (not shown) which forces a liquid 
or heat-softened plastic mixture through an annular paSS 
age or extrusion outletas a substantially hollowelongated 
plastic tube One particularly Satisfactory method and ap 
paratus for producing elongated hollow plastic tubes in 
thisfashionis specifically disclosedin the aforementioned 
copendingapplication?Ser No.43,527filed June4?1970, 
in the name of Alexander G. Makowski As therein dis 
closed elongate hollow tubes offoamed expanded plastic 
are continuously extruded from the extrusion apparatus, 
as represented by the elongate tube 58 in FIG.8. In the 
ambient atmosphere the heat-Softened plastic material 
quickly cools to a setstage thereby facilitating frictional 
engagement of the tube 58 to pullitaway from the ex 
trusion apparatus (arrow 60). In a preferred operation 
of the apparatus the tube 58 is pulled away from the eX 
trusion apparatus at a rate appreciably faster than the 
heat-softened plastic materialis extruded from he extru 
sion apparatus The effectisto longitudinally stretch the 
heat-Softened material to hereby longitudinally orientgas 
pockets and void spaces (cells) formed within the walls 
of the tube Such longitudinal orientation of the cells pro 
vides an expansion capability to severed sections of the 
tube 58 so that upon subsequent heating of the thermo 
plastic material the expansion is Substantially greater in 
a radial direction thanalong the axes ofthe severed units. 
As particularlyillustratedin FIG 8, the elongate tube 

58 is frictionally engaged by endless belts or other fric 
tion devices 62 forming part of a pulling mechanism 64. 
The Variable drive 65 for the belts causes the extruded 
tube 58 to be continuously pulled from the extrusion ap 
paratus at a rate ranging from 5 to 58 times the normal 
extrusion rate to cause the described cell elongation.The 
pulling action of the belts also causes the tube 58 to be 
continuously pulledinto the zone of operation of slicing 
and Severing means generally represented at 66 and 68. 
FIG 3 illustrates the sequential operations of the slic 

ing and Severing means 66 and 68, to first make a con 
tinuous slicing cut 74 along the axis of the tube 58 and 
thereafter to make a series of severing cuts 76 atan ap 
preciable angle to the axis of the tube.These cooperative 
functions produce shortsevered lengths of sliced tube as 
represented at 78 (FIGS 3-5). In one form of suitable 
apparatus the longitudinal slicing means 66 is mounted 
immediately adjacentand betweenthe pulling mechanism 
64and the Severing means68.Alternatively however the 
longitudinal Slicing cut may be made by slicing means 
65positioned in the path of the freshly extruded tube as 
illustrated by the dotted line position of FIG.8.In either 
event Suitable means such as the ring clamp80and knife 
Support 82 are provided to properly position the slicing 
knife 84 As bestSeenin FIGS.9and10, the longitudinal 
slicing cut74 may be parallelbutslightly ofsetfrom the 
longitudinal axis of the extruded tube 58.The efect of 
this Slight_ofsetistoinitiate a transverse wedging along 
the line of cut represented at86in FIGS.4 and 5 tend 
ing toslide adjacent portions of the tube in opposite di 
rections As hereinafter explained this wedgingassetsin 
obtaininga desired spiralconfiguration ofthetubeonsub 
Sequent eXpansion. 
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FIGS 12 and 13illustrate a particularembodiment of 
the severing means 68 by which more than one extrusion 
line can be simultaneously processed Thus as schemati 
cally representedin FIG 12?freshly extruded tubes 58a 
and 58bare simultaneously fed to cooperatingtube guides 
90,92mounted oneitherside ofarotorforthe angularly 
disposed severing knife 94 As will be apparent from 
FIG 12, the knife 94 makes successive angular Severing 
cuts 76 inthe tubes 58a and 58b ateach rotation of the 
rotor 96 Preferably the included angle between the knife 
94 and the axis of the tube 58 should be at least 20° but 
not greater than about 70° (optimum about 45°) As 
moted above the severing knife 94 cooperates with the 
slicing knife 84 to sever short sliced angularly cut sec 
tions of extruded tube 78, which have the desired pre 
expansion characteristics. 

Packing units offinal desired shape or configuration 
(see FIGS.1?2 and7) are obtained by a progressive ex 
pansion ofthe sliced and severedunits78?in the presence 
of heat The desired progressive expansion occurs nor 
mally with the resins nucleating and expanding agents 
customarily employedin the practice of the present in 
vention as hereinafter disclosed. 

In carrying out the manufacturing procedures of the 
present invention, itis possible to employ various foam 
able thermoplastic polymers including any of the reS 
inous alkenyl aromatic polymers oraliphatic olefin poly 
mers disclosed in U.S. Pats 3,066,382 or 3,251,728, or 
resins of similar characteristics. As noted these resins are 
customarily employedin conjunction with volatile organic 
foaming or expanding agents which are uniformly dis 
tributed throughout the polymers. To achieve a desired 
foam structure characterised by an essentially cellular 
structure (unicellular orinterconnecting) itis also desir 
able that the polymerincorporate or be intermixed with 
a suitable nucleating agent Although the proportion of 
foaming and nucleating agents will vary somewhat with 
the particularresinous materialemployed the proportions 
should be such thatthe plasticin a foamed expanded State 
will possess a desired cellularstructure having a desired 
proportion of void spaces with respect to total volume. 
Specifically the formulation of the thermoplastic mate 
rials should bevery carefullycontrolled to provide foamed 
expanded plastics having desired essential characteristics 
after the initial extrusion and expansion for example cell 
sizes within the range from about 0.001 to 0.1 inch void 
spaces rangingfrom at least25% to no more than 85% 
of the total extruded volume and an initial foam density 
within the range from about1 to no more than 12 pounds 
per cubic foot When cooled to ambient temperatures, 
the extruded foam should also possess Suficient internal 
strength toretain the characteristics of a rigid foam dur 
ing normal handling but be capable of expansion upon 
being heated to achieve foam densities preferably below 
about1 pound per cubic foot and within the range from 
about 0.3to 1.5 pounds per cubic foot Asis hereinafter 
moted the ability of the plastic foams processed in ac 
cordance with the present invention to achieve the de 
sired foam structures and densities is dependent upon the 
ability of the foam structures to accommodate the longi 
tudinal stretching and orientation of the cells within the 
foams during the initial or eXtrusion stage of formation 
of the foamS. 
Alkenyl aromatic polymers useful as the thermo 

plastic resins herein generally comprise in chemically 
combined form at least about 70 percent by weight of at 
1east one alkenyl aromatic compound having the general 
formula: 

wherein “Ar” represents an aromatic hydrocarbon of the 
benzene series and“R"is hydrogen orthe methyl radical. 
?xamples of such alkenylaromatic polymers are homo 
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6 
polymers of Styrene alphamethyl styrene ortho- meta 
and para-methyl styrene ar-ethylstyrene and ar-chloro 
Styrene; the copolymers oftwo or more of such alkenyl 
aromatic compounds with one another; and copolymers 
of one or more of such alkenylaromatic compoundswith 
minor amounts of other readily polymerizable olefinic 
compounds Such as divinylbenzene methylmethacrylate, 
Oracrylonitrile etc. 
With thermoplasticresins ofthe abovetype(e.g?foam 

able and expandable polystyrene) the usual practice is 
to incorporate a foaming agent as a uniform dispersion 
distributed throughout the resin?Typical foaming agents 
which may be employed forthis purpose are known in 
the art for example as disclosedin U.S. Pats. 2,941.964? 
2.983,692 and 3,344.215 and also in H. R. Lasman, 
"Foaming Agents," Modern Plastics Encyclopedia 381 
(1968-1969)?Suitable foaming agentsinclude low boiling 
aliphatic hydrocarbons such as pentane hexane heptane, 
and butanes; low boiling halohydrocarbons e.g fiuori 
nated hydrocarbons sold underthe trademark“Freon” by 
E. I du Pont de Nemours Wilmington Del. carbon 
tetrachloride chloromethanes -ethanes?-propanes and 
-butanes; low boiling petroleum ethers: inert gases such 
as Carbon dioxide and othergases hereinafter noted: and 
mixture of the above These foaming agents are in 
corporated within the thermoplastic polymer of resinous 
material. 
Foam Structures according to the present invention 

should have a thermoplastic cellularcharacter capable of 
being heated and expanded to achieve a desired low foam 
density and in the cooled rigid state should possess a 
desired characteristic of crushability To insure the ob 
taining of foam structures of desired characteristics, 
nucleating agents are preferably employed. In the case 
of the alkenyl aromatic polymers (e.g polystyrene) 
many conventional nucleating agents are known as dis 
closed for example in U.S. Pat?3,344.215 and in 
Naturman L. I?“How to Select Blowing Agents for 
Thermoplastics,"Plastics Technology 43 (October 1969). 
Such nucleating agents include combinations of an acid, 
Suitably organic acids such as malonic citric phthalic, 
and fumaric acid with carbon dioxide-liberating com 
pounds Such as sodium and potassium bicarbonate Com 
binations such as sodium citrate and sodium bicarbonate 
are also Suitable foruse Other suitable nucleation agents 
functioning like“boiling chips"include finely dividedres 
in barium Sulfate lithopane clay talc?diatomaceous 
earth and pigments as disclosedin the Naturman article. 
Still further nucleating agents which may be used are 
combinations of nitrogen liberating compounds with 
finely divided solids as disclosed in Pat?3,344,215.The 
aforementioned nucleating agents are incorporated with 
the extrusion material in a desired proportion?for ex 
ample by gravity feed into the hopper for the extrusion 
apparatus or by tumbling with beads or pellets of solid 
polymer feed The nucleating agents generally perform 
the function of insuring a uniform distribution of cells 
during the initial extrusion processing to produce a 
foamed plastic. 

In general the foaming and nucleating agents are 
present in amounts Sufficient to provide a cellular foam 
which will be rigid on cooling to the set stage but which 
will have a desired characteristic of crushability In 
practice the proportion ofthese agents willvary somewhat 
with the particular resin employed Inthe case of a poly 
styrene resin employing a dispersed pentane or dichloro 
difiuoromethane expanding agent the expanding agent 
Imay range from about 5 to 15% by weight of the extru 
sion mixture The proportion of citric acid and sodium 
bicarbonate as nucleating agents may range from 0.3% to 
about 2% of the extrusion mixture A typical proportion 
is 0.4% citric acid and 0.5% Sodium bicarbonate for a 
total of 0.9% ofthe nucleating agent to the totalextrusion 
mixture Other agents may also be employed to obtain a 
uniform dispersion of these agents For example a smaII 
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amount of a cooking oil may be used as a wetting 
agent to achieve a uniform coating of plastic pellets with 
Sodium bicarbonate. 
When aliphatic olefin polymers areused in making the 

free-flow packing units of the present invention?Such 
polymers are normally solid polymers. Satisfactory poly 
mers may be obtained by polymerizing at leastone alpha 
mono-olefinic aliphatic hydrocarbon containing from 2 to 
8 carbon atoms?Such as ethylene propylene butene-1? 
pentene-1?3 - methyibutene - 1?4-methylpentene-1?4- 
methylhexene-1? or 5-methylhexene-1 alone?with one an 
other or with various other polymerizable compounds. 
Foamed expanded polymers of ethylene or propylene 
alone are highly satisfactory and produce desired foam 
structures which are chemically inert Polymerizable 
organic compounds which can be polymerized with ethyl 
ene or propylene include vinyl acetate C1-C4 alkyl 
acrylates Such as ethyl acrylate styrene lower alkylesterS 
or methacrylic acid Such as methyl methacrylate tetra 
fluoro-ethylene and acrylonitrile. 
The expanding or foaming agents employed with the 

aliphatic olefin polymers may be selected from a wide 
group of normally gaseous or volatile liquids Indicated 
expanding and foaming agents include nitrogen argon, 
neon helium, acetylene ammonia butadiene carbon 
dioxide cyclopropane dimethylamine?2,2-dimethylpro 
pane ethane ethylamine ethylene isobutane isobutylene, 
monomethylamine propane pentane propylene and tri 
methylamine certain of the halogen derivatives of 
methane and ethane Such as chlorodifluoromethane di 
chlorodifluoromethane dichlorofuoromethane trichloro 
fluoromethane difluorotetrachloroethane difiuorochloro 
ethane?1?1-difluoroethane trichlorofluoromethane and 
particularly 1?1-dichlorotetrafluoroethane and 1,2-di 
chlorotetrafluoroethane. 
The dichlorotetrafluoroethanes have been found to be 

particularly efective as foaming agents for making 
foamed bodies from normally solid aliphatic olefin poly 
mers when employed in accordance with the presentin 
vention in amounts to about 0.2to1.0% byweight of the 
aliphatic olefin polymers. Again the precise amount of ex 
panding or foaming agentemployed will depend in large 
measure on the particular aliphatic olefin polymer used 
in the extrusion process In general among the aliphatic 
olefin polymers foamed expanded polyethylene and poly 
propylene resins based on initial resins of molecular 
weight250to400,000are to be preferred. 
As schematicallyillustratedin FIG 8, the tube 58 ex 

truded from the extrusion apparatus 50 is pulled and 
forced through the slicing and severing means 66 and 68 
by the endless belts 62 or the pulling mechanism 64. In 
dividual packing units sliced and severed by the devices 
66 and 68 fall onto a first set of conveyers 140 where 
they are Subjected to continued cooling and aging dur 
ing which gas pressures and temperatures within the cel 
lular Structure of the foamare equalized with that of the 
ambient atmosphere In a typical operation the severed 
units 78 are held for approximately four hours on the 
belt conveyers 140 (orin bins)?followingwhich they are 
paSSed to the conveyer 142 of a first expansion unit 144, 
wherein they are Subjected to the action of atmospheric 
Steam at about 210° F. for a period of the order of 60 
Seconds The product148issuingfrom thisfirstexpansion 
unit (see FIG 6) is then fed continuously to a second 
Set of holding conveyers 150, andagain subjected to aging 
or holding at atmospheric conditions for a period ofap 
proximately four hours (againtopermitthe outside airto 
penetrate the cells and to relieve the partialvacuum cre 
ated by the cooling) Thereafter the cooled equalized 
units at 152are fed to a second stage expansion ünit154 
where they are again subjected to atmospheric steam at 
about210° F foran additional60seconds.Thetwice ex 
Panded productissuingat156isgenerallyrepresented by 
the form of the packing units illustrated in FIG.7. f 
desired the twice expanded products may be subjected to 
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8 
accelerated aging in a heated hopper (not Shown) to 
achieve the desired equalized conditions Such accelerated 
aging avoids undesired expansion during Storage orship 
ments involvinguse of the twice expanded product Fin 
ished product discharged from the conveyor 158 can be 
Suitably packaged for shipment to the CuStomer?in poly 
ethylene bags or other packaging as represented Sche 
matically at160in FIG.8. 

Multiple expansion of the packingunits with particular 
reference to the type of packingunitillustratedin FIG 1, 
is schematically represented in FIGS.3 through 7 Thus, 
FIGS 3?4, and 5 represent sliced severed packing units 
as delivered directly from the severing device 68. The 
packing units 78 shown in FIGS 3,4, and 5 illustrate a 
normal degree of expansion which might be achieved 
without deliberate heat expansion of the units FIG. 6 
illustrates the product as obtained from the first Stage 
expansion unit 144 as discharged to the cooling and aging 
conveyers 150. In like fashion FIG.7 illustrates the prod 
uct obtained from the second Stage expansion unit 154 as 
discharged to the conveyers 158. 
As noted previously expansion of the longitudinally 

sliced angularly severed units 78 unexpectedly longi 
tudinally sliced angularly severed?unit78 unexpectedly 
produces packing units which have optimum characteris 
tics foruse as a free flow packing mass. More specifically, 
the shape of the units 78 is Such that subsequent expan 
sion creates unequal expansion forces within the body 
which cause a warping or twisting of adjacent body por 
tions of the units to achieve an ideal packing unitshape. 
Thus referringinitially to the shape of the units 78, as 
illustrated in FIGS 3 through 5, each units has roughly 
parallel angular faces as obtained by the sequential Slic 
ing cuts 76 and a line of cleavage at the slicing cut 74. 
Upon first stage expansion asillustrated in FIG.6 inter 
nal forces generated within the expanding bodies cause 
the end portions 14 and 16 to gradually rotatein opposite 
directions adjacent the slicing cut74?toestablish aninitial 
configuration which is generally retained throughout the 
Subsequent expansion processing This initial configura 
tion is generally illustrated (from three separate vantage 
points) in FIG 6 FIG.7 represents the packing units 
156 viewed from the same vantage points following a 
Second Stage expansion in the expander unit 154. As 
shown in FIGS 6 and 7the general relationship of the 
body components 12?14 and 16 of the packing units is 
Substantially the same although the units are substantially 
largerin size due to the further expansion Infinal con 
figurations of the units 10 the adjacentfree edges 18 and 
20 of the end portions 14 and 16, respectively are dis 
posed ata Substantial angle to eachother generally ofthe 
order of 60 to 120° (optimum about90°). 

While the nature of the internal forces generatedin the 
packingunits during expansionis not clearlyunderstood, 
Such forces are clearly a product of the particular steps 
involved in producing the units 78 including the extru 
sion of the hollow tubes 58 and the slicingto form the 
longitudinal cut74 and the angularsevering cuts 76.Also 
involvedis the efect of longitudinallystretchingthe heat 
softened plastic material asitis continuously extruded 
and puled to form the tube 58 Ingeneral the efect of 
suchstretchingisto cause the void spacesandgaspockets 
within the walls of the tube (hereinafter referred to as 
"cels") to be longitudinally oriented with the result that 
?he foamed plastic materialtends to expand more rapid 
lyinaradialthaninalongitudinaldirection.Atthepoints 
of intersection of the longitudinal and agular Slicing cuts 
74 75 this diferential expansion apparentlyimparts an 
Opposite rotational twistto the adjacentends14and16of 
he packingunits Thus by way of possible explanation, 
it is believed that the radial expansion potenialat the 
Pointofgreatestangularity ofinteresection,representedat 
162 in FIGS 3 and 5 is greater than at the points of 
least angularity represented at points 164 in FIGS 3 
and 5 The resulting uneven expansion forces coupled 
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with behavior of the centraland end portions ofthe units 
12?14?16 as an elongatethick ribbon apparently causes 
the gradualtwistingorcurling ofthe end portions 14and 
16 in opposite directions In any event regardless of 
cause expansion of the units 78, as generally represented 
in FIG 3, produces a resultant configuration as generally 
representedin FIG.3, produces a resultant configuration 
asgenerally representedin FIGS 1,2 and 7. 

It has been further determined that the packing units 
of the present invention are characterized by a greater 
degree of resistance to permanent deformation or crush 
ingin a direction along the axis of the extruded tube 58? 
thantraverse to suchaxis Thus acylindrical packingunit 
cut from the tube 58 would be more easily crushed by 
exertion of force transverse to the axis of the tube than 
1engthwise along the axis of the tube A particularadvan 
tage of this characteristic is taken in the packing unit 
configurations of the present invention Thus referring 
to the packingunit10illustratedin FIG 2 the gradual 
twisting of the ends 14 and 16 of the unit during the 
expansion causes a rotation from the original extrusion 
axis as represented by the inclination of the axes 22 and 
24 with respect to the axis 26 of the central portion 12 
of the packing unit It follows that the packing units 10 
present no specific direction of weakness to an external 
force sufficient to crush the unit principally because of 
twisted orientation of the two end portions 14 and 16. 
Also such twisted orientation of the end portions pro 
vides the packing units 10 with a rolling resistance to 
collapse generally about the separate axes represented at 
22?24 and 26 It will be appreciated because of the 
gradual twisting during expansion that these axes will 
necessarily be nonparallel The net efectis to impart 
a substantially three dimensional resistance to collapse of 
the packing units10?in the presence of an external force. 

In a mass of the packing units 10, the described char 
acteristics provide a cumulative efect in protecting a 
packeditem from damage or breakage Individually each 
of the units 10 is characterized by a generally three 
dimensional resistance to crushing or deformation sche 
matically represented by the separate axes 22?24 and 26, 
coupled with a rolling resistance to collapse about the 
same axes Collectively a mass of the units 10 produces 
a multiplication of these characteristics in virtually all 
directions Accordingly the packing units 10 come close 
to providing the ideal configuration for a packing unit 
which is designed to be essentially shape-retaining yet 
crushable both as structural shape and as a material. 
The packing units 10 also provide a series of outwardly 
facing wedge-shaped projections and openings represent 
ed at30 and 32?which particularly adapt the individual 
units to interlocking contacts with other like units in a 
packing mass Accordingly a mass of the packing units 
10 not only serves to immovably position a packeditem 
within a shiping carton but also to achieve a maximum 
resistance to migration or movement of the packeditem 
due to multiple impacts or vibration duringshipment or 
handling operations These characteristics coupled with 
an essential flowability of the individual units provide a 
highly utilitarian material for a wide variety of packaging 
operationS. 
From the foregoing it will be evident that the present 

invention makes possible the production of highly efec 
tive eficient packing materials particularly adapted to 
the packing of various fragile items and components such 
as electronic and optical equipment lenses radio tubes, 
glassware art objects etc. as wellaswarious otheritems. 
The improved packing material has proved particularly 
efective inthe packing ofitems of delicate nature which 
can berendereduseless because of changed position align 
ment or adjustment of the parts Such changes may fre 
quently occurin normal shipment due to constant vibra 
tion of theitem against the wall ofthe container without 
any visible breakage occurring In particular the multi 
directional of shockabsorbing characteristics of the pack 
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10 
ingmaterials ofthe presentinvention provide anunusually 
high degree ofenergy absorption through permanent de 
formation in the presence of abnormal or potentially de 
structive forces or impacts which Serve to eficiently 
cushion and protect the packed item. 
To those skilledin the art to which this invention re 

lates manywariationsinits application andin the Specific 
procedures described therein will be readily apparent. 
For example the successive angle cuts to slice and Sever 
the units can easily be combined with more than one lon 
gitudinal slicing cut to provide modified packing units 
having highly desired characteristics. While the products 
of such processing would difer from the preferred em 
bodiment herein disclosed they would still have useful 
properties for packing operationS.The described and like 
variationsinthe processing are clearly within the Scope of 
the presentinvention It should be understood therefore 
thatthe disclosures herein are intended to be purelyillus 
trative and notin any way limiting. 
I claim: 
1. A free flow interlocking packing material of low 

bulk density comprising a plurality of individual packing 
units formed of a foamed semi-rigid expanded plastic 
material possessing sufficientinternal strength to be Self 
sustaining under normal handling but capable of perma 
nent shock absorbing deformation in response to substan 
tialexternal force each ofsaidunits being relatively elon 
gated and formed with a central portion and at least two 
end portions oftwisted spiral configuration the axes of 
said end portions and central portion being nonparallel 
so as to provide a substantially three dimensional resist 
ance to collapse in the presence of an external force each 
of said end portions being additionally provided with at 
least one free edge disposed at a substantial angle to the 
free edge of an adjacentend portion. 
2.Apacking materialasin claim1wherein said foamed 

expanded plasticis selected from the group of polymers 
consisting of alkenyl aromatic polymers aliphatic olefin 
polymers and polyurethane polymers. 

3.Apacking materialasinclaim1wherein Said foamed 
expanded plastic material has a density of the order of 
0.3 to4.5 pounds percubic foot. 

4. A free flow interlocking packing material of low 
bulk density comprising a plurality of individual packing 
units formed of a foamed semi-rigid expanded plastic 
material possessing sufficient internal strength to retain 
the Semi-rigid foamed expanded characteristic during nor 
mal handling but capable of permanent shock absorbing 
deformation in response to an abnormal external force, 
each of said units being formed as a relatively thickelon 
gate continuous strip having at least two twistingand curl 
ing end portions said end portions resembling a twisted 
Spiralin configuration and having at least one free edge, 
the axes of Said end portions being nonparallel so asto 
provide a substantially three dimensional resistance to 
collapse in the presence of abnormal force the edges of 
Said two end portions being closely adjacent and disposed 
at a substantial angle with respect to each other. 
5.Apacking materialasin claim4 whereinsaid curling 

end portions of the packing unit lie within surfaces gen 
erated by a pair of Spaced apart topographically parallel 
line Segments moving along a generally spiral gradually 
Totating path. 

6. A packing material as in claim 4 wherein each of 
Saidindividual packingunits is characterized by a curling 
resistance to collapse about at least three intersecting 
non-colinear axes. 

7. A packing material as in claim 4 wherein each of 
Said individual packing units is characterized by an en 
hanced resistance to permanent deformation along at 
least three intersecting non-colinear axes. 
8.Apacking material asin claim 7 wherein the foamed 

expanded plastic material of Said packing units possesses 
a greater resistance to deformation in a direction trans 
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verse to the elongate dimension ofsaid units and generally 
parallelto the axes of curl ofthe end portions thereof 

9.Apackingmaterialasin claim4 wherein Said foamed 
expanded plastic materialis characterized by the presence 
of oblong transversely oriented gas cells which provide 
said packing units with an enhanced resistance to perma 
nent deformation in a direction transverse to the elongate 
dimension of Said packing units. 

10. Afree flow interlocking packing material of low 
bulk density comprising a plurality ofindividual packing 
units formed of a foamed semi-rigid plastic material pos 
sessing suficient internal strength to be self-sustaining 
under normal handling but capable of permanent shock 
absorbing deformation in reSponse to an abnormal exter 
nal force each of said units being formed as a relatively 
elongate thick continuous striphavinga gradually twisting 
spiral alongits length Said gradually twisting spiral con 
figuration providing two curlingend portionsto the units, 
each having an edge closely adjacent and at a Substantial 
angle to the edge of the other of Saidend portions Said 
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configuration of the packing units providing a curling 
resistance to collapse abouta plurality of nonparallelaxes 
and a cooperating enhanced resistance to permanent 
deformationgenerallyin the direction ofsaid nonparallel 
aXeS. 
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