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57 ABSTRACT 

A heat recoverable article having intersticed walls, the 
interstices being filled with a compressible fluid so 
that the wall thickness of the article can be varied 
without appreciably varying the length of the article, 
together with the process of making such articles. 

18 Claims, 15 Drawing Figures 
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HEAT RECOVERABLE ARTICLE AND PROCESS 
This is a division, of application Ser. No. 812,789, 

filed Apr. 2, 1969. 
BACKGROUND OF THE INVENTION 

Many commercial articles are now available that are 
constructed of material having the property of elastic 
or plastic memory. Examples of such articles and the 
materials of which they are made may be found in U.S. 
Pat. Nos. 2,027,962, 3,086,242 and 3,243,21 1, the dis 
closures of which are incorporated herein by reference. 
Such articles are generally manufactured in the form of 
extended hollow cylindrical tubes and sleevings and in 
the form of molded parts. They are used in the fields of 
electrical insulation, wire and cable terminations, feed 
through assemblies, pipe linings, identification sleeves, 
and many other applications. The principal feature of 
these articles, and the basis of their commercial desir 
ability, is their capability of being fabricated in one size 
and shape and then purposely distorted under con 
trolled conditions and "frozen' in the distorted shape. 
Subsequent heating permits the distorted article to at 
tempt to return to its initial fabricated size and shape. 
As disclosed in the aforementioned U.S. Pat. No. 

3,080,242, one method of producing heat recoverable 
products comprises fabricating a suitable material into 
the final desired shape and size and then crosslinking 
the material in this configuration. The crosslinking can 
be accomplished by the use of high energy radiation or 
by chemical crosslinking techniques. Once the material 
has been crosslinked, whether by high energy radiation 
or chemical means, or a combination of the two, the 
material is locked into the desired final configuration. 
When the material is maintained at a sufficiently high 
temperature to allow distortion, the product can be 
changed in dimension by the application of forces and 
then quenched or cooled to permit the crystals to re 
form to retain the product in its distorted form while at 
room temperature. The reheating of the article to a 
temperature sufficient to melt the crystals will allow the 
crosslinks to quickly return the product to its initial size 
and shape. 
The use of presently available heat recoverable arti 

cles has not been possible in many applications because 
the material from which they are made is non 
compressible and therefore a change in one dimension 
cannot be accomplished without a corresponding 
change in another dimension. For example, if a simple 
hollow cylindrical tube is increased in diameter and its 
length controlled to remain constant, then the wall 
thickness of the tubing must obey the laws of the con 
servation of matter for non-compressible materials and 
becomes thinner. This prohibits the use of heat recov 
erable items for those applications where control of all 
three dimensions, i.e., diameter, length and wall thick 
ness, is necessary. For example, it is often necessary to 
insulate a wire termination or a series of wires as joined 
into a connector. The insulated wires leading to the 
connector must be stripped and soldered or mechani 
cally joined to the pins in the connector and then the 
bared portions of the wires and pins must be insulated. 
A convenient method of doing this would be by the use 
of a molded plastic or rubber body which would have 
holes large enough to accommodate the wires including 
the insulation and yet whose outside diameter would be 
small enough to permit the body to fit inside of the con 
nector outer shell. This can be accomplished with non 
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2 
compressible materials in a heat recoverable article 
only by extending the length. In other words, the inside 
holes can be expanded and the outside diameter re 
duced only when the length of the body is substantially 
increased. This, however, does not permit a reliable re 
covery because of the probability of the shrinkage in 
length accompanying the increase in outside diameter 
and the decrease of the hole sizes causing interference 
and stopping the desired complete recovery. If a prod 
uct could remain substantially the same in length while 
increasing in outside diameter and at the same time 
shrinking at each hole, a reliable termination insulation 
could be accomplished. 

SUMMARY OF THE INVENTION 

It has been discovered that the desired control of all 
dimensions of a heat recoverable article can be accom 
plished, e.g., by fabricating the article of material into 
which has been incorporated a compressible fluid such 
as air, nitrogen, carbon dioxide, etc. Several methods 
of controlled introduction of such compressible fluids 
into heat recoverable materials have been discovered. 
One such method includes the use of a foamed thermo 
plastic material followed by crosslinking and then dis 
tortion. Subsequent reheating will allow the foam to at 
tempt to recover to its initial dimensions. Another 
method which has been found to be successful is the 
use of solid heat recoverable materials into which have 
been drilled or molded holes or air spaces which will 
act as compressible portions of the formerly solid mate 
rial. By thus providing the heat recoverable material 
with a plurality of voids, members can be made which 
can be distorted so as to have a changed wall thickness 
and changed transverse dimensions without substan 
tially changing the longitudinal dimension of the mem 
ber. 
For purposes of clarity and convenience, the term 

“intersticed' will be used herein to denote, and is in 
tended to include, both materials that are foamlike in 
nature and materials which are solid but have a plural 
ity of holes drilled, molded or otherwise fashioned 
therein. Similarly, the term "interstice' is used herein 
to denote and include both the voids formed by foam 
ing a material and those formed by drilling, molding 
and the like. Also, the term "longitudinal dimension' 
will be used herein to denote the dimension of a heat 
recoverable article which is to be maintained constant 
during distortion and recovery while the term "lateral 
dimension' will be used to denote the dimension of dis 
tortion and recovery. 
As used herein, "heat recoverable' articles are those 

which are dimensionally heat unstable and are capable 
of assuming a predetermined configuration and heat 
stable condition upon the application of heat alone. 

Preferably, the heat recoverable members to be de 
scribed comprise a polymeric material having the prop 
erty of elastic memory such as those disclosed in U.S. 
Pat. No. 3,086,242. Among such suitable polymers are 
polyolefins such as polyethylene, polypropylene and 
olefin copolymers of olefins with other unsaturated 
monomers, polyamides, polyurethanes, polyvinylchlo 
ride, polyvinylidenefluoride, ionomers, and elastomeric 
materials such as those disclosed in copending applica 
tion Ser. No. 65,953, filed Oct. 31, 1960, the disclosure 
of which is incorporated by reference herein. The prop 
erty of elastic memory may also be imparted to materi 
als having the properties of crosslinked polymers such 
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as polytetrafluoroethylene and polyolefins or vinyl 
polymers which have a molecular weight which is suffi 
ciently high to give the polymer appreciable strength at 
temperatures above the crystalline melting point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are perspective views showing a 
first embodiment of the present invention in its initial 
and distorted states respectively; 
FIGS. 1C and 1D are sectional views of the embodi 

ment of FIGS. 1A and 1B in a typical installation before 
and after recovery; 
FIG. 2 is a perspective view showing a second em 

bodiment of the present invention; 
FIG. 3 is a side elevation, partly in section, showing 5 

a modification of the first embodiment of the present 
invention; 
FIG. 4 is a cross-sectional view taken along lines 4-4 

of FIG. 3; 
FIG. 5 is a cross-sectional view of another modifica 

tion of the first embodiment of the present invention; 
FIG. 6 is yet another modification of the first embodi 

ment of the present invention; 
FIG. 7 is an exploded view showing a still further 

modification of the first embodiment of the present in 
vention; 
: FIG. 8 is a side elevation, partly in section, of the 
modification shown in FIG. 7 with the elements thereof 
in their assembled relationship; 
; FIG. 9 is a sectional view of another modification of 
the embodiment of FIG. 1; 
FIG. 10 is a sectional view of the modification of 

FIG. 9 as installed; 
FIG. 11 is a sectional view of a further modification 35 

of the embodiment of FIG. 1; and 
FIG. 12 is a sectional view of the modification of FIG. 

11 after its installation. 

DESCRIPTION OF THE INVENTION 

Turning now to the drawing, FIG. 1A shows a first 
embodiment of the present invention in its initial or as 
fabricated state. In this embodiment a hollow tubular 
member 10 has an outer peripheral surface 1 1 and an 
inner surface 12 formed by a passageway 14. The mem- 45 
ber 10 can be formed by extrusion or it can be molded 
in the shape shown. The member 10 is constructed of 
a foamed material which is capable of having the prop 
erty of plastic or elastic memory imparted thereto. This 
material may be any of the materials disclosed in the 
aforementioned patents which is caused to be foamed 
during its extruding or molding. 

In the preferred embodiment of the present inven 
tion, after the member 10 is formed, it is crosslinked, 
and then the diameter of the passageway 14, or the in 
side diameter, is expanded while the outside diameter 
of the member is reduced by conventional techniques 
and the length of the member is maintained constant by 
the use of suitable end pieces. The changing of the ra 
dial dimensions of the member 10 is preferably accom 
plished while the member is heated to an elevated tem 
perature, which, in the case of a crystalline material 
such as those disclosed in U.S. Pat. No. 3,086,242, is 
the crystalline melting point of the material. The mem 
ber is then cooled while still constricted with the result 
that the member will remain in its distorted form, that 
is, with an increased inside diameter and a decreased 
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4 
outside diameter. The member so formed is shown in 
FIG. B. 
The member shown in FIG. 1 B may be used in any 

of a plurality of applications where it is desired to pass 
an object, for example, an insulated electrical conduc 
tor, through an opening or aperture in a wall of any 
kind, while at the same time sealing the opening. An ex 
ample of this is shown in FIGS. 1C and 1D. In FIG. 1C, 
a member such as the member 10 is inserted in a hole 
or aperture 16 in a wall 17. A wire 18 is passed through 
the passageway 14 in the member 10. The member 10 
is now heated to above its recovery temperature with 
the result that the diameter of the passageway 14 be 
gins to reduce to its original diameter while the outside 
diameter of the member begins to expand towards its 
original diameter. As a result of this recovery, the 
member 10 will firmly engage both the wire 18 and the 
wall 17 with the result that the wire 18 will be held in 
place and the hole 16 in the wall 17 will be sealed. The 
recovered position of the member 10 is shown in FIG. 
1D. If desired, a suitable adhesive or sealant may be ap 
plied to the outer surface of the member or the pas 
sageway therein to assist in forming a seal between the 
wire and the member and the member and the wall. 
FIG. 2 shows another embodiment of the present in 

vention. In this embodiment, a member 20 is formed of 
solid material capable of having the property of plastic 
or elastic memory imparted thereto and is tubular in 
shape, having an outer surface 21 and an inner surface 
22 formed by an axial passageway 23. The member 20 
can be extruded or molded as desired. After the mem 
ber is formed, it is crosslinked and a plurality of longi 
tudinal holes or passageways 24 are then drilled or 
molded in the wall 24 to provide this wall with an inter 
sticed structure. The member 20 is then heated to 
above its recovery temperature and the diameter of the 
passageway 23 expanded while the outside diameter of 
the member 20 is reduced in the same manner as was 
done in connection with the embodiment of FIG. 1. 
The member is then allowed to cool while distorted. 
The member shown in FIG. 2 has many uses and in 

many applications can be used interchangeably with 
the member shown in FIG. 1. Of course, if a seal is re 
quired, the holes 24 cannot extend axially along the en 
tire length of the member 20. The length of the holes 
can, however, be staggered in length and the holes may 
be in great enough number so that the wall 25 is still 
sufficiently compressible for the purposes of the pres 
ent invention without providing any continuous pas 
sageway from one end of the member to the other ex 
cept, of course, the central passageway 23. 
An example of the fabrication of a member such as 

that shown in FIG. 2 is as follows. A piece of polyethyl 
ene containing carbon black was molded and chemi 
cally crosslinked to form a member having an inside di 
ameter of 0.413 inches and an outside diameter of 
0.962 inches. The length of the member varied from 
0.479 inches along one side to 0.487 inches along the 
other side. A plurality of holes having diameters of 0.1 
and 0.05 inches were drilled longitudinally in the wall 
25. The member was then heated to 250 C. and forced 
over a tapered mandrel to increase the inside diameter 
to 0.492 inches. The member was then forced into a 
sleeve with a tapering inner hole which ended in a sec 
tion with a diameter of 0.886 inches. The member was 
then allowed to cool, removed from the sleeve and the 
mandrel was then removed. The length of the distorted 
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member was 0.497 inches on one side and 0.488 inches 
on the other. The member was then recovered by heat 
ing it to its heat recovery temperature. After full recov 
ery, the inside diameter was 0.413 inches, the outside 
diameter 0.962 inches. The length varied from 0.476 
inches on one side to 0.489 inches on the other. It can 
thus be seen that the member permits distortion and re 
covery of its inside and outside diameters without any 
appreciable effect on its length. 

In FIGS. 3 and 4, there is shown a modification of the 
embodiment of the invention shown in FIG. 1. In these 
figures, a member 30, formed in the same manner as 
the member 10 of FIG. 1, is used as a connector back 
seal in place of potting or compression fittings of elastic 
material. The member 30 is provided with a plurality of 
longitudinal passageways in place of the single axial 
passageway shown in the member 10. As originally 
formed, each of the passageways has a diameter less 
than the diameter of the wires 31 with which the mem 
ber is to be used, and the outside diameter of the mem 
ber 30 is greater than the diameter of the connector 
shell 32 into which it will be inserted. In the manner 
discussed in connection with FIG. 1, the member 30 is 
distorted so that each of the longitudinal passageways 
is provided with a diameter greater than the diameter 
of the wires 31 while the external diameter of the mem 
ber is reduced to less than that of the internal diameter 
of the connector shell 32. If desired, the member 30 
can be provided with an annular recess 33 for cooper 
ating with an annular shoulder 34 formed on the shell 
32. 
After the wires 31 have been passed through the lon 

gitudinal passageways in the member 30, it is inserted 
into the shell32 and then heated to above its recovery 
temperature. As a result of being so heated, the diame 
ter of the longitudinal passageways will recover toward 
their original diameters while the external diameter of 
the member 30 will recover towards its original diame 
ter. Consequently, the wires 31 will be firmly grasped 
by the member 30 as will the internal surface of the 
shell 32. The annular recess 33 cooperates with the 
shoulder 34 to form a lock to add greater strength to 
the seal. 
FIG. 5 shows a modification of the member shown in 

FIG. 1 which may be used, for example, as a bulkhead 
feedthrough. In this figure, a member 40 has a central 
passageway 41 through which can be passed a wire 42. 
The initial and recovered diameter of the opening 41 
is, of course, less than the diameter of the wire 42. The 
periphery 43 of the member 40 is provided with a 
groove 44 for cooperating with the turned down end 45 
of flange 46 formed on the wall or bulkhead 47 through 
which the wire 42 is to be passed. As was the case with 
the previous figures, the member 40 is distorted so that 
its outside diameter is less than the opening through 
which it is to be passed. Upon recovery, the member 
expands to tightly engage the flange 46 and is further 
held in position by the end 45 of this flange. 

It should be understood that the member 40, like the 
members 10 and 20, and like the members to be de 
scribed hereafter, is described as having a circular 
cross-section with holes or passageways of circular 
cross-section formed herein. This description is illustra 
tive only. The various members and holes may just as 
well take other forms, for example, they may be square 
or rectangular. These and other forms can be distorted 
both as to their outer lateral dimension, the outside di 
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6 
ameter in the case of the members shown, and in their 
internal lateral dimension, that is, the dimensions of the 
holes or passageways formed therein. It should also be 
understood that while the member 40, like the member 
30, and like the members to be described hereinafter, 
are shown to be formed of foamed material like that 
used in forming the member 10 of FIG. 1, thay can also 
be formed of solid material having holes drilled or 
molded therein as described in connection with the 
member 20 of FIG. 2. 
FIG. 6 shows another embodiment of a bulkhead 

feedthrough. In this figure, a member 50 of foamed ma 
terial similar to that of the member 10 is positioned 
within an outer flanged shell 51. This shell is first 
mounted on the bulkhead or wall 52 by means of 
screws or rivets 53 and the member 50 then expanded 
into the shell. The shell serves to increase the mechani 
cal strength of the assembly, the member 50 accom 
plishing sealing in the same manner as described previ 
ously. 
FIG. 7 shows a still further modification of the mem 

ber shown in FIG. 1. In this figure, a member 60 formed 
of a foamed material having the property of plastic or 
elastic memory is heated and distorted to the desired 
shape and a tubing or liner 61 of heat recoverable ma 
terial which has been distorted to a desired diameter is 
inserted in the central passageway 62 of the member 
60. The tubing 61 may, if desired, be replaced by any 
suitable fusible material, such as a suitable adhesive, as 
disclosed in my U.S. Pat. No. 3,243,21 1 or a material 
such as a suitable grease, as disclosed in my U.S. Pat. 
No. 3,297,819, the disclosure of which is incorporated 
by reference herein. An adhesive may also be provided 
on the outer curved surface of the member 60. 
A ring 63 of heat recoverable material which has 

been distorted to greater than its initial diameter is then 
telescoped over one end of the member 60. The other 
end of the member 60 is tapered downward from its 
original size to a diameter somewhat smaller than the 
hole in which it is to be inserted, for example, the hole 
64 in a plate 65. 
After a wire 66 has been passed through the tubing 

61 positioned in the enlarged hole 62, the entire assem 
bly is pushed through the hole 64 until the ring 63 en 
gages the wall or bulkhead 65. Another ring 67 of a 
heat recoverable material which has been expanded be 
yond its initial diameter is then slipped over the tapered 
end of the member 60 and brought into engagement 
with the other side of the wall 65. The whole assembly 
is then heated to above the recovery temperature of the 
various materials with the result that the tubing 61 and 
the inner diameter of the passageway 62 will contract 
to firmly grasp the wire 66 while the outer diameter of 
the member 60 will expand. The rings 63 and 67 will 
attempt to contract towards their initial diameters. The 
member 60 will form a seal with the rings 63 and 67 
and expand beyond them, thereby locking the assembly 
in the hole and effecting a seal as shown in FIG. 8. 
FIGS. 9 and 10 show a still further modification of 

the manner in which a member constructed in accor 
dance with the present invention can be used as a bulk 
head feedthrough. In these figures, a member 70 of 
foamed material similar to that of the member 10 is po 
sitioned within a locking ring 71 which is slotted to pro 
vide a plurality of hooked fingers 72 which are bent in 
wardly sufficiently to permit entrance into and through 
a hole 73 formed in a wall or bulkhead 74. The locking 
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ring 71 is preferably riveted or otherwise attached to a 
metal or plastic shell 75. When this assembly is posi 
tioned in the hole 73 so that the ends of the hooked fin 
gers 72 project beyond the wall 74, and the member 70 
is recovered toward its initial size and shape, the 
hooked fingers 72 are caused to be forced outwardly 
and engage the wall 74. This will lock the member into 
the hole. In all other respects, the operation of this 
modification is similar to those previously described. 
FIGS. 11 and 12 show a member 80 constructed in 

accordance with the present invention used in coopera 
tion with a solder insert 81 such as those disclosed in 
my aforementioned U.S. Pat. No. 3,243,21 1. Such a 
structure is used when it is desired to simultaneously 
make a soldered electrical connection while sealing a 
hole through which one of the electrical conductors. 
must pass. For example, it may be desired to make a 
soldered electrical connection between a wire 82 and 
a terminal 83 positioned within a shell 84 of an electri 
cal connector and then to seal the hole 85 through 
which the wire 82 must protrude. This can be accom 
plished by providing the member 80 with the solder in 
sert 81 in the manner taught in my patent. 
As was the case with the previous embodiments of 

this invention, the outside diameter of the member 80 
is less, in the distorted state, than the diameter of the 
hole 85 while the inside diameter, or the diameter of 
the passageway 86, is greater than the diameter of the 
insulated portion of the wire 82. When the assembly is 
heated above the recovery temperature of the member 
80 and above the melting temperature of the solder 81, 
the member 80 will recover to firmly engage the wall 
84, the insulated portion of the wire 82, and the termi 
nal 83. The solder will melt and flow to form a good 
soldered connection between the conductive portion of 
wire 82 and the terminal 83 in the manner taught in my 
patent. When used in connection with a solder insert, 
the member of the present invention must be fabricated 
from a material which exhibits elastomeric properties 
when heated to at least its crystalline melting point. . 
What is claimed is: 
1. A dimensionally heat unstable article comprising 

a member having a wall fabricated from material capa 
ble of having the property of elastic memory imparted 
thereto, said wall having a plurality of interstices 
formed therein whereby said wall can be compressed 
and said property imparted. 

2. The article of claim 1 wherein said wall has a plu 
rality of elongated holes formed therein. 

3. The article of claim 1 wherein said wall is fabri 
cated of a foamed material. - 
4. A process of forming a heat recoverable article 

comprising forming a member of intersticed material 
which exhibits elastomeric properties when heated to 
a temperature at least equal to its crystalline melting 
temperature, heating said material above its crystalline 
melting temperature, compressing said material, and 
cooling said material while holding it in the compressed 
state to impart the property of elastic memory thereto. 

5. A process of forming a heat recoverable article 
comprising forming a member of a foamed material ca 
pable of being imparted with the property of elastic 
memory, cross-linking said material; heating said mate 
rial to a temperature above its crystalline melting tem 
perature; and compressing said foamed material while 
it is maintained above its crystalline melting tempera 
ture to impart the property of elastic memory thereto. 
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8 
6. A process of forming a heat recoverable article 

comprising forming a member of a material capable of 
being imparted with the property of elastic memory; 
forming a plurality of elongated holes in said member; 
heating said member to above the crystalline melting 
temperature of the material; and compressing said ma 
terial to impart the property of elastic memory thereto. 
7. A process of forming a heat recoverable article 

comprising forming a hollow tubular member of mate 
rial capable of being imparted with the property of elas 
tic memory, foaming said material to form a plurality 
of interstices therein, heating said material to a temper 
ature above its crystalline melting temperature, in 
creasing the internal lateral dimension of said member 
while decreasing the external lateral dimension thereof 
and maintaining the longitudinal dimension thereof. 
substantially constant while the material is maintained 
at least at said temperature, and cooling said material 
while it is maintained in its distorted state. 

8. A process of forming a heat recoverable article 
comprising forming a hollow tubular member of mate 
rial capable of being imparted with the property of elas 
tic memory, drilling a plurality of elongated holes in the 
wall of said member, heating said member to above the 
crystalline melting temperature of said material, in 
creasing the internal lateral dimension of said member 
while decreasing the external lateral dimension thereof 
and maintaining the longitudinal dimension thereof 
substantially constant which the material is maintained 
at least at said temperature, and cooling said material 
while it is maintained in its distorted state. 

9. A heat recoverable article for use in passing an 
elongated member through an opening and sealing said: 
opening comprising a tubular member having a pas 
sageway therethrough for receiving said elongated 
member, said tubular member comprising compressed, 
intersticed material having the property of elastic mem 
ory, said member having a peripheral groove formed 
therein for cooperating with the edge of said opening 
when said article is recovered. is a si - - 

10. A heat recoverable article for use in passing an 
elongated member through an opening in a wall and 
sealing said opening comprising a tubular member hav 
ing a passageway therethrough for receiving said elon 
gated member, said tubular member comprising com 
pressed intersticed material having the property of elas 
tic memory, a rigid shell mounted on the periphery of 
said tubular member, and means for fastening said shell 
to said wall. 

11. A heat recoverable article for use in passing an 
elongated member through an opening in a wall and 
sealing said opening comprising a tubular member hav 
ing a passageway therethrough for receiving said elon 
gated member, said tubular member comprising com 
pressed intersticed material having the property of elas 
tic memory, a ring mounted on the periphery of said tu 
bular member, said ring including flexible members ex 
tending perpendicular to said wall and capable of 
tightly engaging one side of said wall when said tubular 
member is heat recovered. 

12. The article of claim 11 wherein a rigid shell is 
mounted on said ring for engaging the other side of said 
wall. 

13. A heat recoverable article for use in passing an 
elongated member through an opening in a wall and 
sealing said opening comprising a tubular member hav 
ing a passageway therethrough for receiving said elon 
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gated member, said tubular member comprising com 
pressed intersticed material having the property of elas 
tic memory, a first ring for mounting one end of said tu 
bular member, said first ring having a lateral dimension 
greater than said opening and a second ring for mount 
ing about the other end of said tubular member after 
said tubular member is inserted in said opening, said 
second ring having a lateral dimension greater than said 
opening. 

5 

14. The article of claim 13 wherein the other end of 10 
said tubular member is tapered for receiving said sec 
ond ring. 

15. The article of claim 18 wherein said first and sec 
ond rings comprise heat recoverable material. 
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10 
16. The article of claim 20 wherein said passageway 

is lined with a heat unstable material. 
17. The article of claim 18 wherein said tubular 

member is provided with an adhesive coating. 
18. A heat recoverable article comprising a member 

having a passageway therethrough, said member com 
prising intersticed material having the property of elas 
tic memory whereby the lateral dimension of said pas 
sageway and the lateral dimension of said member can 
be altered without substantially changing the longitudi 
nal dimension of said member, and a fusable insert po 
sitioned in said passageway. 
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