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2,397,641
PACKAGING METHODS

Eli Simon, Los Angeles, and Frank W. Thomas, North
Hollywood, Calif., assignors to Lockheed Aircraft Cor-
poration, Burbank, Calif.

Original application Deecember 11, 1951, Serial No.
261,054, now Patent No. 2,780,350, dated February
5, 1957. Divided and this application April 27, 1956,
Serial No. 582,616

16 Claims, (Cl. 53—3)

This invention relates to the art of packing or packag-
ing articles, objects and materials of various kinds for
transportation, preservation, storage, etc. and it is a gen-
eral object of the invention to provide simple, practical
and effective methods for packaging or packing articles
and materials that are fragile, delicate, and -easily
damaged.

This application is a division of our copending appli-
cation Serial Number 261,054, filed December 11, 1951,
now U.S. Patent No. 2,780,350, directed to packaging
means or packages.

There are many classes of objects and materials that
require special packing and protection for the purpose of
shipping, storing, or for merely preserving the same.
These include fragile and perishable articles such as elec-
trical, electronic, and X-ray equipment having thin, easi-
ly broken glass envelopes, shock sensitive materials such
as those containing fulminates, or the like, delicate optical
instruments and components, medical and surgical equip-
ment, materials and specimens, valuable and fragile
antiques and archaeological objects, etc., vibration and
shock sensitive mechanisms, and the like. The conven-
tional procedures for packaging or packing such articles
and materials comprise the construction of special boxes
or crates, the use of soft yielding packing materials such as
excelsior, shredded paper, etc. and are not only expensive
and time consuming but also involve steps or acts such
as nailing up the boxes that actually endanger the object
or material being packed.

It is an object of the present invention to provide
packing procedures that do mot subject the article or
material being packed to vibration shock or other po-
tentially damaging treatment and do not even require in-
verting, tipping, or other changes in the attitude of the
article or material.

Another object of the invention is to provide a pack-
ing or packaging procedure that provides uniform and
entirely adequate thermal, shock, impact, vibration,
inertia and fluid impervious insulation for the article
or material. In practicing the invention the object or
material is completely encased in a cellular or foama-
ceous sheath of selected thickness that is effective as a
protection against shock, impact, vibration, inertia effects,
etc. as well as being a good thermal insulating blanket
and a fluid-tight or impervious shell to protect the
object or material against deterioration by temperature
changes or moisture.

Amother object of the invention is to provide a pack-
aging or packing procedure of the character mentioned
wherein the enclosing sheath of cellular or foamaceous
material is flexible, vielding and resilient to the desired
or required degree to cradle or support the object in
such a manner that it is well protecied against heavy
or severe impact as well as against low amplitude vibra-
tion, and the like.

Another object of the invention is to provide a packing
or method of this character that is adapted to protect the
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packed object or material for parachute drops or: -land-
ings, for aeronautical and missile investigations and tests,
as well as for vessel to shore ocean landings where the
package floats ashore. In the latter case, the cellular or
foamaceous sheath is of low density and is buoyant to
serve as a water impervious float or vessel to safely carry
the object ashore.

Another object of the invention is to provide a packing
or packaging method of the character referred to that
provides an inner enclosing sheath of yielding, flexible,
and resilient cellular material cradling and supporting the
packaged article and an outer encasing sheath of more
rigid cellular or foamaceous material for increasing the
overall strength of the package and for resisting heavy
blows or impacts as well as localized blows to which the
package may be subjected during transportation.. - The
inner and outer sheaths of dissimilar physical character-
istics may be directly bonded together or the inner and
outer sheaths may directly adhere to a box or container
in which the inner sheath is cast so that the two sheaths or
layers, in effect, form a uniform supporting and pro-
tecting enclosure for the object or material and yet pro-
vide compliance layers of different natures.

A still further object of the invention is to provide
a method of this character for producing a package that
may be readily intentionally opened without endanger-
ing or damaging the enclosed article or object. The
invention provides for the production of several forms of
packages or enclosures wherein means are incorporated
in the cellular plastic sheath or layers to facilitate inten-
tional breaking away of the same to gain access to the
packed article or material. In one form a spiral of
fabric, paper, wiremesh, or the like, is embedded in the
cellular plastic sheath to facilitate cutting, breaking, or
tearing away of the cellular material, in other cases cords,
wires, or other flexible elements are cast in the cellular
layer or layers and lead to the object or contained ma-
terial to direct the workman thereto ‘as he opens the
package, and in still other arrangements there are sheets
of material capable of ready delamination, which sheets
are cast in the cellular plastic layers to facilitate de-
liberate parting and detachment of the cellular layer or
layers. These several instrumentalities may be employed
to position and support the object or article at the time
the cellular layer or layers are cast or poured around the
same.

Other objectives and features of the invention will be-
come apparent from the following detailed description
of several typical forms of packages or packings of the
invention and the methods of providing the same,
throughout which description reference will be made to
the accompanying drawings wherein:

Figure 1 is a vertical sectional view of one form
of package or packing arrangement of the invention;

Figure 2 is a view taken as indicated by line 2-—2 on
Figure 1;

Figure 3 is a vertical sectional view illustrating the
manner of casting or forming the inner sheath around
the object or material being packaged;

Figure 4 is a vertical detailed sectional view showing
the manner of pouring or forming the outer sheath
around the inner container and sheath;

Figure 5 is a view similar to Figure 2 illustrating
another form of the invention incorporating means for
facilitating the removal of the protective shell or sheath
of cellular material; B L

Figure 6 is a view taken as indicated by line 6-—6 of
Figure 5; I

Figure 7 is an enlarged fragmentary sectional view
illustrating a variation or modification of the structure
illustrated in Figures 5 and 6;



2,897,641

3

Figure 8 is a vertical sectional view of the inner com-
ponent or assembly of another form of the invention
being withdrawn from its mold;

Figure 9 is a vertical sectional view of this inner com-

" ponent being a view taken as indicated by line 9—9 on
Figure 8; -

Figure 10 is a horizontal or transverse sectional view
of the complete packaging arrangement of Figures 8 and
9 showing the inner assembly or component encased in
its outer protective sheath;

Figure 11 is a horizontal sectional view iltustrating
another manner of positioning and supporting the pack-
aged object within an intermediate container;

Figure 12 shows the assembly of Figure 11 positioned
within an outer box or mold and illustrating the reactant
mixtures being poured in the intermediate and outer
containers for making the intermediate and outer pro-
tective cellular shells;

Figure 13 is a horizontal sectional view of still another
package of the invention; and -

Figure 14 is a vertical sectional view taken as indicated
by line 14—14 on Figure 13. ]

In Figures 1 and 2 we have shown the material or
object to be packaged wrapped in a covering or wrapping
10 of paper, waxed paper, cloth, or the like. - The wrap-
ping 10 may be the initial original container or covering
for the material or object, or may be applied just prior
to carrying out the packaging procedure of the inven-
tion. It will be herein considered that the wrapping 16
forms a part of the article or object O to be packaged by
the invention. In accordance with the invention it is
preferred, although not necessary, to enclose or wrap the
material or object O in a wrapping, covering or bag 11
of waxed paper, or oiled paper, cellophane, or the like,
to prevent the foamaceous material, to be subsequently
described, from directly contacting and adhering to the
object or. its original wrapping 10. This covering or
bag 11 preferably completely encloses the material or
object O.

It is a feature of the invention that the article or object
O, wrapped as above described or otherwise prepared, is
encased or enclosed in a shell or sheath 12 of foamaceous
or cellular plastic. This protective sheath 12 is prefer-
ably poured, formed, or cast in place around the material
or article being packaged or around its enclosing bag 11,
and the wall thickness of the sheath 12 and the physical
properties of the cellular plastic may be selected to offer
or afford the required degree of protection for the mate-
rial or object. The frangible nature of the object O and
its intended mode of tramsportation, storage, etc. will
thus determine the thickness, flexibility, etc. of the
sheath 12. 'While the shell or sheath 12 may be formed
of various types of selected foams or cellular plastics, we
prefer to employ either an alkyd resin-poly isocyanate
foamed plastic, a member of a class known as cellular
polyurethane or polyurethane foams, or a foamed phe-
nolic resin plastic of the type that can be poured around
or over the object O in the form of a reactive liquid
mixture to thereupon react and foam up atmospheric
pressure and room temperature to constitute a shell or
body of low density, relatively high strength, cellular
material ‘having substantially uniform closed cells
throughout. These foamed plastics are such that their
gas cells are discrete and noncommunicating so that the
material is substantially impervious to water, air and
other fluids and the cellular plastics are light in weight
a.nd provide effective shock, impact and vibration insula-
tion as well as a high degree of thermal insulation. They
are also effective dielectrics and are cpaque or can be
magie opaque by the inclusion of suitable pigments in
their formulations. :

. Where an alkyd resin-polyisocyanate foamed plastic
is to be employed in producing the protective sheath 12,
the;_‘reacta}nt:mixture may be prepared from an alkyd
resin -having an acid number or from 5 to 80, a, water
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content of from 0.1% to 2.5% by weight and wherein the
ratio range of the hydroxyl groups to the carboxyl groups
in the alkyd resin reactants is from 3(OH):1(COOH)
to 4(OH):5(CO0OH). Typical examples of the alkyd
resins that may be employed in the reactant mixture are:

FORMULA A
. Mols
Glycerol . 4
Adipic acid - —— — 2.5
Phthalic anhydride — - 0.5
FORMULA B
Glycerol o 2
1,4 butylene glycol - IS
Adipic acid ... - 2
FORMULA C
Tri-methylol propane _ “le- 4
Adipic acid __._._. ——— 2.5
Phthalic anhydride ____. —_—— e 0.5
FORMULA D
Trimethylol propane ....-. . 4
Adipic acid e 1
Phthalic anhydride ___ —— 15
Dimer acids . ____ O Vo
FORMULA E !
_ Trimethylol PrOPANE — oo 4
Adipic acid o 214
Ricinoleic acid - 1

The dimer acids of Formula D are dimeric polymers

. of unsaturated fatty acids such as dimerized linoleic or
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" linolenic acids and may be prepared by leating the

methyl esters of polyunsaturated acids such as linoleic or
linolenic acids at high temperatures.

The polyisocyanate employed in the reactant mixture
is preferably meta-toluene diisocyanate and in prepar-
ing the mixture from 35 to 150 parts by weight of the
meta-toluene diisocyanate are used with each 100 parts
by weight of the alkyd resin, depending upon the water
content of the resin, the acid number of the resin, and
other factors.

The incorporation of a relatively small amount of one
or more high molecular weight thermo plastic polymeric
resin additives soluble in the meta-toluene diisocyanate
will produce a cellular plastic of superior physical proper-
ties. The resin additive may be ethyl cellulose, poly-
meric chlorinated natural rubber, benzyl cellulose, natural
rubber, polyvinyl chloride, or the like. From 0.03 gram
to 15 grams of the ethyl cellulose or other high molecular
weight thermo plastic resin may be used with each 100
grams of the meta-toluene diisocyanate.

The following are typical formulations for the prepara-
tion of the reactant alkyd resin-meta-toluene diisocyanate
mixtures to be employed in producing the shell or sheath .
12 of the package:

Example 1
Grams
Alkyd resin of Formula C, having an acid number
of 20 and a water content of from 0.65% to

2.0% by weight . __ 60
Meta-toluene diisocyanate containing from 2 to 6

grams ethyl cellulose of from 50 to 100 cenfi-

poises viscosity and having an ethoxyl content

of from 45% to 49.5% per 100 grams of the

meta-toluene diisocyanate ..o 40

Example 2

Alkyd resin of Formula A, having an acid number

of 20 and a water content of from 0.5% to

1.5% by weight 60
Meta-tolueng diisocyanate . ___________ 40
Zine stearate ..o e 14-3
Aluminuym leafing powder—— . _________ %-3
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Example 3

Alkyd résin of Formula D, having an acid number
of from 15 to 35 and a water content of from

0.75% to 2.0% 60
Meta-toluene diisocyanate - mecmamee—e 30-50
Example 4

Alkyd resin of Formula C, having an acid number
" of 20 and a water content of from 0.65% to
2.0% by weight_ oo 60
Meta-toluene diisocyanate containing from 2 to 6
grams ethyl cellulose of from 50 to 100 centi-
poises viscosity and having an ethoxyl content
of from 45% to 49.5% per 100 grams of the
meta-toluene diisocyanate oo ___ 40
Diallyl phenyl phosphonate . oceem From 5'to 15

Benzoyl peroxide

The viscosity of the ethyl cellulose in the above formu-
lations is determined on the basis of a 5% by weight
solution in a 60:40 toluene-ethanol solvent at 25° C.
The zinc stearate and the metal leafing powders included
in certain of the above formulations serve as foaming
agents and foam stabilizing agents to improve the uni-
formity of the cellular plastic.

The cellular plastics above described are relatively
unyielding and while they are effective in absorbing en-
ergy and, therefore, are capable of protecting the pack-
aged material or object against shock, impact, and vibra-
tion, there are situations or types of packages where it is
desirable to employ a cellular plastic that is more yielding
and resilient to offer better protection. We have found
that alkyd resin-polyisocyanate plastic foams having vary-
ing degrees of flexibility and resiliency may be produced
by incorporating selected polyglycols in the reactant alkyd
resin-isocyanate mixtures. These polyglycols not only
serve as reactive plasticizers to make the alkyd resin-
diisocyanate reaction products flexible, resilient and
“rubbery,” but also act to slow down the reaction and
thus prevent the development of excessive exothermic
heat. The latter action or function of the polyglycol
additives facilitates the pouring or forming of large bodies
or masses of the cellular plastic without the development
of large voids or cracks that might otherwise appear.
These polyglycols have molecular weights of from 100
to 5,000 and may be represented by the formula:
H—(OR),0H, where R=intervening linkages and where
n may vary from 2 to 40. Substituted or unsubstituted
bis alkyl or aryl carbonates and the aryl glycol carbonates
being represented by the formula:

o]

Rl"(CGH;)—%—O—RzOH

where R; may be phenyl or cresyl or naphthyl or
acenaphthyl (substituted or unsubstituted by amine halo-
gen or alcohol), and R, may be alkyl, may also be used.
‘The alkyl glycols may be represented by the formula
(OH) (CH,),(OH) where n is from 2 to 10. The poly
-alkylene glycols and glycol carbonates may be used in
the proportion of from 2 to 30 parts by weight for each
30 parts of the alkyd resin. The glycols are added to the
alkyd resin just prior to mixing the alkyd resin and the
‘meta-toluene diisocyanate. The following are typical
formulations for preparing the poured-in-place flexible
-and resilient cellular plastics:

Example 5
Grams
Alkyd resin of Formula C 30
Meta-toluene diisocyanate containing from 2 to 6
grams ethyl cellulose of from 50 to 100 centipoises
viscosity and having an ethoxyl content of from

45% to 49.5% per 100 grams of the meta-toluene

T JiiSOCYANAtEe e e 15
‘Poly ethylene glycol having a molecular weight
of 1,000 e 14
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6
N Example 6
Alkyd resin of Formula C ..
Meta-toluene diisocyanate containing from 2 to 6
grams ethyl cellulose of from 50 to 100 centipoises
viscosity and having an ethoxyl content of from
45% 'to 49.5% per 100 grams of the meta-
toluene diisocyanate
Dlethylene glycol bis cresyl carbonate —--mmmaeem- 2

30

Example 7

Alkyd resin of Formula C __..
Meta-toluene diisocyanate containing 2 grams ethyl
cellulose of from 50 to 100 centipoises viscosity
and having an ethoxyl content of from 45% to
49.5% per 100 grams of the meta-toluene diiso-
cyanate ... 40
Poly ethylene glycol (400 mol weloht) 25

The quantity of the polyglycol employed in the alkyd
resin-meta-toluene diisocyanate reactant mixture deter-
mines the flexibility and resiliency of the cellular or
foamed plastic. For example, where 20 parts by weight
of the glycol is used for 30 parts by weight of the alkyd
resin, the cellular or foamaceous plastic product is very
soft and flexible, where 15 parts by weight of the glycol
is used for each 30 parts by weight of the alkyd resin the
resultant cellular plastic is flexible and quite resilient,
where 10 parts by weight of the polyglycol is used for
each 30 parts by weight of the alkyd resin the cellular
plastic is yielding and fiexible but has a slow return value
after compression and where 5 parts by weight of the
polyglycol is employed for each 30 parts by weight of
alkyd resin the resultant cellular plastic is semi-rigid,
deformable and very slow to return after being com-
pressed. From this it will be seen that the flexibility,
yieldability and resiliency of the cellular plastic shell
or sheath 12 may be adjusted or provided to best pack-
age and protect the particular material or object O that
is to be shipped or stored.

The invention contemplates the use of other cellular
plastics that are capable of being cast or foamed in situ,
that is poured about or on the object O in a liquid or
semi-liquid state and then allowed or caused to foam up
and encase the object at atmospheric pressure and room
temperature. The above described alkyd resin-polyiso-
cyanate reactant mixtures are of the class that may be
employed in this manner and it is contemplated that other
foaming plastic mixtures or materjals may be used in a
like manner. For example, unsaturated polyester foam-
aceous resins may be used to form the cellular plastic
sheath 12. Cellular phenolic resins may be employed
as the protective shell or sheath 12. Our copending ap-
plication, Serial No. 231,673, filed June 14, 1951, now
U.S. Patent No. 2,744,875, entitled Celtular Phenollc
Resin Materials describes several formulations or mix-
tures that may be poured around or over the object O
in the form of a liquid to foam up at atmospheric pres-
sure and room temperature to constitute a relatively low
density, impact resistant and shock absorbing cellular
plastic sheath 12.

The following are typical formulatmns for preparing
the cellular phenolic plastic material:

30

Example 8 )
Percent by weight

Phenolic TeSIN oo 95

Aluminum leafing powder——400 mesh_ e 0.1

Catalyst oeccem e 9.9
Example 9

Phenolic resin .o ooeeee 2 ~ 9

Aluminum leafing powder—400 mesh .. _______ -2

Catalyst - e 2 8

The phenolic resin may be prepared from 1 mol phenol
from 1 to 2.5% mols formaldehyde and from 0.003 ‘to
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0.020 mol barium hydroxide 8H,0. The catalyst con-
tains 20% by weight benzene sulfonic acid, 45% by
weight orthophosphoric. acid (an 85% by weight con-
centration inan aqueous solution) and 35% by weight
water. . - .

A common and important characteristic of the various
types or classes of cellular or foamaceous plastics em-
ployed in the packages and procedures of the invention
is the fact that they are prepared as liguid or semi-
liquid, sometimes hereinafter referred to as “liquid,” re-
actant mixtures and are adapted to be poured over or
around the object O or otherwise introduced at the ob-
ject to foam up and rise at atmospheric pressures and
room temperatures to form a relatively light-weight
cellular body or mass enclosing the object O and having
substantially uniform cellular structure throughout, the
individual cells of the material being closed and the ma-
terial being impervious to fluids while having a high
energy absorbing value. The cellular material adheres
to practically all solids with which it comes into contact
during its foaming or reacting and after it has set fmd
hardened it may be machined or cut by appropriate
tools to conform to the desired package shape, size, etc.

In order to facilitate the production of a shell or sheath
12 of the desired or required thickness, the material or
object O may be placed within a' container 13. This
box or container 13 may be of paper, cardboard, wood,
metal, or the like, to constitute a part of the final pack-
age, in which case the cellular material of the sheath 12
is allowed to directly adhere to its inner surfaces. On
the other hand, the container 13 may be in the nature
of a mold, lined with paper, cellophane, fabric, or the
like, or its inner surfaces may be covered with oil, grease,

etc. to prevent the direct adherence of the cellular plas-

tic material 12 to the walls of the mold so that the pack-
age may be withdrawn from the mold upon hardening
of the cellular plastic. In order to support the object
O clear of all the walls of the container 13, we have
shown, in Figure 1, a pre-formed block 14 of cellular
material, such as above described, arranged on the bottom
wall of the container 13 and supporting the object O
therefrom to occupy a substantially central position in
the box. When the reactant mixture is introduced into
-the container 13, it surrounds and adheres to not only
the object O but also the block 14 so that the block 14,
which may be formed of the same cellular material, in
effect constitutes an integral part of the cellular plastic
sheath 12. In this way the material or object O is com-
pletely encased or enclosed in the energy-absorbing cel-

lular sheath. Where the object O is provided with the °

above described covering 11, the cellular material of
course need not directly adhere to or engage the object
O but adheres to the covering 13 which may protect
the object against any harmful effects of contact by the
cellular plastic.

It will be observed that the object O is entirely en-
closed in the enmergy absorbing and shock and impact
resistant cellular plastic sheath 12 to be adequately pro-
tected. The cellular material of the sheath 12 may be
composed of a selected cellular plastic having the desired
degree of resiliency, Aflexibility, etc. It is to be particu-
larly noted that the sheath 12 is formed by merely pour-
ing or introducing a liquid reactant mixture in the box
or mold 13 to foam up around the object O to enclose
or-encase the same. Any excessive cellular plastic that
may extend above the top of the box 13 may be cut
or machined off to the desired level.

Figures 3 and 4 illustrate a packaging method and
package of the invention characterized by an inner pro-
tective sheath 16 and an outer protective sheath or shell
17. In this particular application of the invention the
object A may be in the nature of a bottle, or the like,
containing material that must be protected against wi-
bration and shock, such as a fulminate. - This object A
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is shown housed in a bag 18 of paper, fabric, or like
material, with a mass 19 of soft yielding material with-
in the bag to cradle the object. The mass 19 may be
shredded paper, ground sponge rubber, cotton linters,
excelsior, rags, or the like, and serves as an immediate
protective layer around the object A. The above men-
tioned shell or sheath 16 is of cellular plastic material
and preferably completely encloses the bag 18, as shown
in Figure 4. This sheath 16 may be made or provided
by pouring or introducing a liquid reactant mixture, such
as above described, into a paper or cardboard container
20, or the like, to foam up around the bag 19 which
is suitably positioned in the container. It may be pre-
ferred to employ the alkyd resin-polyglycol-meta-toluene
diisocyanate type of cellular plastic reactant mixture de-
scribed above for making the sheath 16 so that the bag 19
and its bottle or object A are encased in a yielding, flex-
ible, and resilient mass or sheath 16 of cellular plastic.
During the reaction and rising of the cellular material
constituting the sheath 16 around the bag 19, one or
more rods 21 may be used to hold the bag ceniralized
in the box 20 so that it does mot “float” or rise with
the plastic mass. These rods 21 may be manipulated
by the workmen to hold the bag 19 in the desired final
position within the outer box 20. The cellular plastic
sheath 16 may be poured or formed in a single con-
tinuous and uninterrupted operation, in which case the
rod or rods 21 are employed to locate the bag 19, as
just described. However, if desired, a sufficient quantity
of the liquid reactant mixture may ‘be introduced into
the box 26 to rise up and constitute about one-half of
the sheath 16 with the cellular plastic being permitted to
set .or partially harden to hold the bag 18 in place,
whereupon the remainder of the reactant mixture may
be intreduced into the box 20 to rise up around the
upper portion of the bag 19 and complete the sheath
16. If necessary, excessive cellular plastic that rises above
the top of the box 20 may be cut or machined off to the
desired fevel.

F_ollowi'n'g the making of the inner sheath 16, the box
20 is positioned within an outer container or box 22 of
cardboard, paper, wood, metal, or the like. Where the
top of the inner box 18 has flaps 23, these are closed
or folded down, as illustrated in Figure 4. The box 26
may be positioned in the outer box 22 in any appropriate
manner, for example it may be placed on a block 24 of
cellular plastic material arranged on the bottom of the
outer container 22. With the inner box 20 in place,
the reactant liquid or semi-liquid mixture of any of the
classes above described,’ is poured or-introducéd into the
box 22 and reacts to foam up around and over the box
26. When this cellular mass sets, it constitutes a wall
or s‘?lell of cellular plastic material completely encasing
the Inner box 20 and amy excess cellular material that
has risen above the top of the outer box 22 may be cut
off 50 that the flaps 25 of the outer box may be closed.

It ay usually be preferred to form the two cellular
plas.tlc sl.lea_lths 16 and 17 of cellular plastic materials
having dissimilar physical characteristics, For example,
where the inner sheath 16 is of the alkyd resin-poly-

glycol-meta-toluene diisocyanate type cellular pla tic, th
outer sheath 17 may b pe ce plastic, the

type cellular plastic, in addition to being' more rigid and
unyielding than the alkyd resin-polyglycol-diisocyauate
type of foamed plastic, is considerably less expensive.
Figures 5 and 6 illustrate a packaging method of the
invention characterized by use of means for facilitating
the removal of the plastic sheath when opening the pack-
age and for facilitating location of the enclosed object
as the plastic sheath in cut away or removed. In these
figures the object B is within a wrapping, covering, or
bag 26, which, in turn, contains a soft yielding material
such as shredded paper, cotton linters, cloth, or the like,
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for engaging around the object and the bag 26 is in turn
completely encased in a body or sheath 27 of cellular
plastic. This sheath 27 may be formed from any of the
above described types of cellular or foamaceous plastics
and may be provided or cast around the bag or object
in the same manner as the sheaths 12 and 16, described
above. The package may or may not have a wall or
box 28 around the sheath 27 and if desired may be pro-
vided with an outer sheath such as the cellular plastic
sheath 17 of Figures 3 and 4. The means for facilitating
cutting, breaking, or tearing away of the cellular material
of the sheath 27 includes a helical or spiral sheet or layer
390 in the cellular plastic. This layer 30 has one end or
edge at the object or bag 26 and spirals outwardly there-
from to the external surface of the sheath 27. The spiral
layer 36 may be cloth, paper, sheet-metal, cardboard, or
the like, and may or may not be perforated. As shown
in the drawings, the convolutions of the spiral layer 30
are vertical and extend between the top and bottom of
the box 28 so that when the reactant plastic mixture is
introduced to form the sheath 27, it may be poured be-
tween the convolutions and around the outer convolution
to rise or foam up in relatively thin sections which is a
most effective manner of producing cellular or foama-
ceous plastic bodies of this nature. The cellular plastic
adheres to both surfaces of the sheet or layer 30 so that
the sheath 27 is, in effect, a one-piece integral mass en-
casing the object B and embedding the spiral layer 30.
The object B and bag 26 may be positioned in the box
28 for the pouring of the sheath 27 in any selected man-
ner. For example, where practical, the bag 26 may be
positioned by the sheet or layer 39.

In opening the package of Figures 5 and 6 to gain
access to the object B, the box or carton 28, if employed,
is first removed and the outer edge of the layer 30 is
located at the side surface of the sheath 27. The cellular
plastic is then cut, broken, or pried free at the layer 30,
employing appropriate hand tools when required, and
the layer 30 may be pulled outwardly to assist in breaking
or tearing loose the cellular plastic. Where the layer 3¢
is formed of a material such as cardboard, thick paper,
or the like, that is capable of being delaminated, it may
be manually and progressively delaminated as the cellu-
lar plastic of the sheath 27 is cut or broken free to assist
in detaching the cellular material in pieces or sections.
By advancing along the spiral layer 30, as the cellular
plastic is cut or broken loose, the workman is auto-
matically directed to the bag 26 or object B with little or
no difficulty.

Figure 7 illustrates a variation of the structure shown
in Figures 5 and 6. In this type of package the helical
or spiral layer 30’ is constructed of wire netting or wire
cloth to have considerable tensile strength. When the
cellular plastic of the sheath 27 is to be removed to gain
access to the object B, the workman may pull on the wire
layer 30" with considerable force to facilitate the break-
ing or tearing free of the cellular plastic. The wire net-
ting of course is perforate so that the cellular plastic
embeds the individual wires which serve to cut through
the cellular plastic as the wire is drawn or pulled out-
wardly.

Figures 8, 9 and 10 illustrate a packaging procedure
of the invention embodying effective means for position-
ing the object C in the mold or inner box 40 and for
positioning the inner cellular plastic shell or sheath 36
in the outer mold or box 37. We have shown the ob-
ject C packed in a mass 38 of soft material, such as
shredded paper, ground foamed rubber, cloth, cotton
linters, or the like, with the mass 38 contained in a
wrapping or bag 39 of waxed paper, cloth, or the like.
The inner shell or sheath 36 of foamed or cellular plastic
may be formed or cast in the mold 40 to be removed
therefrom when set and hard. The sheath 36 may be
of any selected foamaceous plastic, for example it may
be formed of the alkyd resin-polyglycol-meta-toluene di-
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isocyanate type of foam, above described. The miears
for supporting or positioning the object C and its bag
39 in the mold 40 comprises two members or sheets 41
and 42 of cardboard, or similar material, arranged at
right angles to one another. The sheets 41 and 42 are
rectangular and vertically arranged. The sheet 41 has a
notch 43 in its lower edge for receiving the bag 39 and
the sheet 42 has a notch 44 in its upper edge for receiving
the bag. Prior to pouring the reactant mixture into the
mold 40, its inner wall or surface is provided with a part-
ing material or compound to prevent adherence of the
cellular plastic or the surfaces of the mold are lined with
waxed paper, cellophane, or the like, designated at 45
in the drawings. The bag 39 is then assembled between
the crossed sheets 41 and 42 and the assembly is intro-
duced into the lined mold 40. The sheets 41 and 42 -
serve to hold the object C and its bag substantially cen-
tralized in the mold 40. When the reactant liquid mix-
ture is introduced into the mold 40 it foams up to encase
the sheets 41 and 42 and the bag 39 with the cbject C
therein. Any excess cellular plastic that may rise above
the top of the mold 46 may be cut off or otherwise
removed.

The next step in the packaging procedure is to assem-
ble the inner cellular plastic sheath 36 in recesses or
notches of two crossed sheets 45 and 46 of cardboard,
or the like, and to arrange this assembly in the mold 37,
the sheets 45 and 46 serving to hold the inner plastic
sheath 36 centrally located in the outer mold. The
crossed notched sheets 45 and 46 are similar in shape to
the sheets 41 and 42. The outer mold 37 may be lined.
with waxed paper, cellophane, or the like, 47, or may
be provided with a suitable parting compound or ma-
terial to prevent adherence of the reactant plastic mate-
rial thereto. As shown in Figure 10, the crossed sheets
45 and 46 for supporting the inner plastic shell or sheath
36 in the mold 37 may be arranged diagonally to have
their edges engaged in the corner of the outer mold 37.
With the assembly of the sheets 45 and 46 and the
sheath 36 properly positioned in the mold 37, the reactant
cellular plastic mixture is introduced into the mold to
react therein and foam mp around the inner sheath 36.
This provides the outer protective impact and shock ab-
sorbing shell or sheath 48. The outer shell 48 may be
of any selected cellular plastic, for example it may be
either the alkyd resin-diisocyanate type or the phenolic.
type foamed plastic. The sheets 41 and 42 and 45 and
46 serve not only to position the bag 39 and sheath 36,
as above described, but may also constitute means for
facilitating location of and access to the bag and object
C when the package is being opened.

Figures 11 and 12 illustrate a packaging ‘procedure of
the invention characterized by the use of cords, rope,
wire, or other flexible elements, to position the packaged
object D in the inner cellular plastic sheath 54 and to
position the inner sheath in the outer box or mold 56.
The material or object D to be protected and packaged is
shown contained within an innermost wrapping or box
50 and this box 56 is in turn substantially centrally posi-
tioned in an intermediate box 51. Flexible elements 52,
such as strings, cords, ropes, or wire, are wrapped about
or otherwise secured to the innermost box 5¢ and extend
outwardly therefrom for attachment to the intermediate
box 51. We have shown flexible elements 52 passing
through openings in the walls of the box 51 and provided
with kiots 53, or the like, at the outer sides of the box
51 to support the object D and box 50 in the desired
position within the intermediate box 51. The strings or
flexible elements 52 are under tension to dependably sup-
port the box 58 in the selected position within the hox
51, preparatory to and during pouring and rising of the
inner sheath 54 of cellular plastic. The flexible elements
52 may extend from all six sides of the rectangular box
50 and the string or elements 52 extending from the upper
side of the box 50 may be attached to a stick or rod 55
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temporarily arranged across the open upper end of the
box 51. The six tensioned strings or elements 52 effec-
tively hold the box 56 in place as the material for the
sheath 54 is poured and as the cellular plastic material
foams up. around the box 50. The intermediate box 51
is secured and positioned in the outer mold or container
§6 by similar flexible elements 57. We. have shown the
flexible elements 57 attached ‘to the corners of the inter-
mediate box 51 and extending diagonally outward for
attachment to the corners of the outer box 56. The flex-
ible elements 57 may pass through openizigs in the corners
of the box 56 and have knots 58, or the like, for retaining
them in place. The flexible elements 57 are under ten-
sion to hold the box 51 securely in the desired or central
position ‘within the box 56 preparatory to and during the
pouring and rising of the cellular plastic material of the
outer shell or sheath 61.

In Figure 12 we have shown the liquid or semi-liquid
reactant mixtures 59 and 60 being poured in the open
ends of the boxes 51 and 56 respectively, to react there-
in and rise up to form cellular plastic sheaths or shells 54
and 61 which completely encase the respective boxes 58
and 51. . Sufficient quantities of the reactant mixtures are
preferably introduced into the boxes §1 and 56 to pro-
vide cellular plastic sheaths 54 and 61 which com-
pletely fill their respective boxes to entirely enclose and
protect the boxes 50 and 51. The cellular plastic sheaths
54 and 61 may be of similar or dissimilar physical char-
acteristics, that is the similar or dissimilar reactant mix-
tures such as above described may be used in making the
poured-in-place protective sheaths 54 and 61. Any ex-
cessive cellular plastic that may rise from the tops or
upper ends of the boxes 51 and 56 may be cut off. While
we have shown the reactant mixtures 59 and 60 being
simultaneously poured into the boxes 51 and 56, it is
to be understood that the sheaths 54 and 61 may or may
not be simultaneously poured in this manner. After the
cellular plastic materials have set and hardened, the flex-
ible elements 52 and 57 are completely embedded in the
plastic and no longer support the boxes 50 and 51. In
fact, the flexible elements do not transmit shock or im-
pact loads inwardly to their respective boxes, being sub-
stantially incapable of transmitting end loads or com-
pression loads. However, when the package is opened,
the flexible elements 52 and 57 may assist in locating
the intermediate box 51 and the innermost package or
box 50 and may be useful in tearing or breaking away the
cellular plastic material of the sheaths 54 and 61.

. Figures 13 and 14 illustrate still another package pro-
duced by the method of the invention. This structure
has a container or box 78 which may correspond with
the molds or boxes 13, 20 and 51 of the above described
arrangements, and a shell or sheath 71 of a selected type
of cellular or formaceous plastic poured and foamed
in place in the box. The mass or sheath 71 of cellular
energy absorbing material encases and protects the pack-
aged object E and may have the physical properties best
adapted for the protection of the particular object. This
form of the invention is characterized by a wrapping or
bag 72 for the object E provided with ears, tabs, or wings
73 which may serve to position the object in the mold or
box 70 for the pouring and rising of the cellular plastic
sheath 71 and to assist in removing the plastic shell and
in locating the object when the package is being opened.
The wrapping or bag 72 may or may not contain a filling
of ground foamed rubber, shredded paper, or other
soft material 75 for directly supporting the object E. We
have shown the wrapping or bag 72 constructed of two
sheets of paper, cloth, or other sheet material, wrapped
about the object E and having the tabs or wings 73 as
edge continuations which are secured one to the other in
face to face relation. These extensions or wings 73 ex-
tend outwardly from the bag 72 proper to the opposite
inner walls of the box 70 where they are anchored by
tacks, nails, adhesive tape, or the like. It is preferred
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to have the wings 73 occupy vertical planes so that the
liquid reactant mixture may be readily poured or in-
troduced into the box 70 to rise around the bag 72 at
each side of each wing. If desired, the wings 73 may
have perforations 74 so that the masses or bodies of the
cellular plastic at the opposite sides of the. wings are
integrally joined or connecied. The wings 73 may or
may not extend the full length of the bag 72, depending
upon the dimensions of the bag, the weight of the pack-
aged object E, and like factors. It will be seen that the
wings 73 serve to support and position the bag 72 and
object E for the pouring and rising of the cellular plastic
sheath 71. When the package is to be opened the cellu-
lar plastic of the sheath 71 may be cut, broken, or torn
away at the wings 73 to reach the bag 72 and object E.
The wings 73 may be pulled, manipulated, and delami-
nated to assist in removing the celflular plastic material
of the sheath.

From the foregoing it will be apparent that we bhave
provided simple, rapid and commercially practical pro-
cedures or methods for packaging and protecting objects
of various natures in light-weight packages or arrange-
ments which afford adequate protection for even the most
fragile and shock sensitive objects and materials. The
cellular plastic shells or sheaths of the invention are
formed in situ, that is they are poured in place, the re-
actant mixtures rising or foaming up at atmospheric pres-
sure and Toom temperatures, to constitute light-weight,
adherent masses having the physical properties best suit-
ed to the particular packaging problem. The cellular
plastic materials of the shells or sheaths are highly ef-
fective in absorbing energy and, therefore, protect the
packaged object or material against impact, shock, - vi-
bration, etc. Furthermore, the cellular plastic materials
of the sheaths are impervious to practically all fluids
and, therefore, protect the packaged object or material
against moisture, water, solvents, etc. The low or rela-
tively low density of the cellular plastic protective sheaths
make the packages buoyant so that the packages float in
water and are, therefore, useful in ship to shore deliveries
on the sea itself, airplane to water parachute drops, the
preservation of important documents and materials in the
event of shipwreck, etc.  Although the packaged object
and/or materials are entirely encased in the cellular plas-
tic sheath or sheaths, the invention provides means for
gaining ready access to them, thus greatly facilitating
the opening of the packages.

- Having described only typical procedures of the in-
vention we do not wish to be limited to the specific de-
tails herein set forth, but wish to reserve to ourselves any
variations or modifications that may appear to those
skilled in the art and fall within the scope of the follow-
ing claims.
~ 'We claim:

1. A method of packaging fragile articles to be pack-
aged comprising: positioning the fragile article to be pack-
aged in a container in spaced relation to the walls there-
of, introducing a liquid, foamable, plastic-forming reac-
tion mixture into said container, and foaming said mix-
ture to form a solid, cellular plastic, energy-absorbing
sheath that surrounds said article.

2. The method of claim 1 wherein the liquid reaction
mixture is a phenolic reaction mixture.

- 3. The method of claim 1 wherein the liquid reaction
mixture is a polyurethane reaction mixture.

4. A method of packaging fragile articles comprising:
supporting the fragile article to be packaged in a container
in spaced relation to the walls thereof, introducing a lig-
uid, foamable, plastic-forming reaction mixture into said
container, and foaming said mixture at room tempera-
tures and atmospheric pressures to form a solid, flexible,
cellular plastic, energy-absorbmg sheath that embeds the
article therein.

5. A method of packaging fragile articles compmsmc
supporting a_ fragile article to be packaged in a container
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in spaced relation to the walls thereof, introducing a lig-
uid, foamable, polyurethane reaction mixture into said
container, and foaming said mixture at room temperatures
and atmospheric pressures to form a solid, flexible, cel-
lular polyurethane, energy-absorbing sheath that embeds
the article therein.

6. A method of packaging fragile articles comprising:
positioning a fragile article that is surrounded by pro-
tective barrier means in a container in spaced relation
thereto, introducing a liquid, foamable, plastic-forming
reaction mixture into said container, and foaming said
mixture to form a solid, cellular plastic, energy-absorbing
sheath that embeds the article therein, said solid, cellu-
lar plastic sheath being capable of being formed at room
temperatures and atmospheric pressures.

7. A method of packaging fragile articles comprising:
positioning a fragile article that is surrounded by protec-
tive barrier means in a container in spaced relation there-
to, introducing a liquid, foamable, polyurethane reaction
mixture into said container, and foaming said mixture
to form a solid, cellular polyurethane, energy-absorbing
sheath that embeds the article therein, said solid, cellu-
lar sheath being capable of being formed at room tem-
peratures and atmospheric pressures.

8. The method of packaging fragile articles, which
comprises: inserting the fragile article to be packaged
into a suspended protective bag that is suspendably se-
cured to the inside of a container in spaced relationship
to the bottom thereof, pouring a liquid, foamable, plastic-
forming reaction mixture which forms a solid, cellular
plastic into said container around said encapsulated ar-
ticle, and foaming said reaction mixture upwardly around
the enclosed article to the top of the container thereby
embedding said article in a solid, cellular plastic, energy-
absorbing sheath without directly contacting said article,
said solid cellular sheath being capable of being formed
at room temperatures and atmospheric pressures.

9. The method of claim 8 wherein the liquid reaction
mixture is a polyurethane reaction mixture.

10. The method of packaging fragile articles, which
comprises: supporting the fragile article to be packaged
that is surrounded by protective barrier means in a con-
tainer by placing said article on a solid, cellular plastic
supporting means, pouring a liquid, foamable, plastic-
forming reaction mixture which forms a solid, cellular
plastic into said container around said supported article,
and foaming said reaction mixture upwardly around the
protected article to the top of the container thereby em-
bedding said article in an integral, solid, cellular plastic,
energy-absorbing sheath without directly contacting said
article, said solid cellular sheath being capable of being
formed at room temperatures and atmospheric pressures.

11. The method of claim 10 wherein the liquid reac-
tion mixture is a polyurethane reaction mixture.

12. A method of packaging fragile articles comprising:
forming a first package by positioning the fragile article
to be packaged in a first container in spaced relationship
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thereto, introducing a first, liquid, foamable, plastic-formi-
mg reaction mixture into said first container, effecting the
foaming of said first mixtuie to form a first, solid, cel-
lular plastic, energy-absorbing sheath that embeds the
ariicle therein thereby forming said first package, posi-
tioning said first package in a second container in spaced
reiation thereto, introducing a second, liquid, foamable,
plastic-forming reaction mixlure into said second con-
tainer, and foaming said second mixture to form a sec-
ond, solid, cellular. plastic, energy-absorbing sheath that
embeds said first package in 'said second container, said
sheaths being capable of being formed at room tempera-
tures and atmospheric pressures,

13. A method of forming a unitary package for fragile
articles comprising: forming a first package by position-
ing the fragile article to be packaged in a first container
in spaced relationship thereto, introducing a first, liquid,
foamable, plastic-forming reaction mixture into said first
container, effecting the foaming of said first mixture to
form a first, solid, yielding, resilient, cellular plastic, en-
ergy-absorbing sheath that embeds the article therein
thereby forming said first package, positioning said first
package in a second container in spaced relation thereto,
introducing a second, liquid, foamable, plastic-forming
reaction mixture into said second container, and foam-
ing said second mixture to form a second, solid, compara-
tively rigid, cellular plastic, energy-absorbing sheath that
embeds said first package in said second container, said
sheaths being capable of being formed at room tempera-
tures and atmospheric pressures.

14. The method of claim 13 wherein said first liquid
reaction mixture is a phenolic reaction mixture and said
second liquid reacton mixture is a polyurethane reaction
mixture,

15. A method of packaging articles comprising: plac-
ing an article in a container in spaced relationship to the
walls thereof, introducing a pourable, foamable, plastic-
forming reaction mixture into said container, and foaming
said mixture at atmospheric pressure to complete a solid,
flexible, cellular plastic, energy-absorbing sheath that em-
beds the article therein and places said article in cush-
ioned relation to said container.

16. A method of packaging articles comprising: plac-
ing an article in a container in spaced relationship to the
walls thereof, introducing a pourable, foamable, polyure-
thane-forming reaction mixture into said container, and
foaming said mixture at atmospheric pressure to complete
a solid, flexible, cellular polyurethane, energy-absorbing
sheath that embeds the article therein and places said:
article in cushioned relation to said container.
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