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ABSTRACT
A caterpillar heating device useful in making heat recoverable articles
such as sleeves and connectors. The device includes an endless belt of
elastomeric material. The belt includes an inner tubular section and an outer
O tubular section, the inner tubular section having opposite ends of a radially
outer surface thereof joined to opposite ends of a radially inner surface of the
outer tubular section. The belt is rotatable about an endless path extending
around the opposite ends of the inner and outer tubular sections. The device
further includes heating means for heating the belt to an auto-reguiated

10 temperature by exposing the heating means to an alternating magnetic field.
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CATERPILLAR HEATING DEVICE

Field of the Invention

This invention relates to a caterpillar heating device useful in making

heat-recoverable articles such as sleeves, and connectors.

Back of the vV 1 O

Generally, heat-recoverable, Or heat-
shrinkable, articles are composed of cross-linked
polymers. When such materials are exposed to heat at
or in excess of their crystalline transition tempera-
tures they may be expanded and cooled in that expanded
configuration to create a heat-recoverable article. 1In
the alternative, if the article was previously
stretched and cooled, it is rendered dimensionally
heat-unstable and upon exposure to heat at or in excess
of the crystalline transition temperature, the material
recovers to its dimensionally heat-stable configura-
tion, i.e., the unstretched configuration. As 1s
readily appreciated by those of ordinary skill 1in the
art, there are many such materials, polymeric or not,
exhibiting a large range of crystalline transition

temperatures which are selected to suit a particular

PCT/US92/03397
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The prior art relating to the expansion of heat-
recoverable articles deals only with the expansion of
heat-recoverable articles that are not temperature
auto-regulated or self-heating. Whether the article is
2 flat sheet, a tube, or other shape, the article 1s

In the prior art the recoverable material 1is

placed typically in a hot glycerin bath to soften it
prior to stretching it. For small pieces or short

the article into and removing it from the glycerin
bath. Once the recoverable article is up to temper-
ature, the stretching process is performed by placing

the article in a stretching jig or by pushing a mandrel
into the tube, and then cooling the article below the

crystalline temperature while the stretching mechanism
is still in place. The stretching operation can either
be begun with the article still in the glycerin bath or
immediately after it has been removed from the bath.

If the stretching is performed after the article 1s
removed from the bath, the stretching may be uneven
since the article may cool unevenly due to remaining
drops of hot glycerin on Or in the article when it 1s
removed from the bath. Additionally, the article may
also be stretched in a direction other than the
direction or directions opposite to the direction or
directions in which the recovery 1s desired upon
reheating, i.e., the length of a tube into which a
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mandrel is inserted may have its length increased which

will result in an unpredictable reduction in its length

when recovery is initiated.

Additional problems occur due toO non-uniform
heating of the mass of the recoverable material in the
heat-recoverable article. Thus, 1n heat-recoverable
articles in which the heat-recoverable material 1s of
an even thickness or even mass distribution, the
problem has been to obtain uniform or even heating of
the heat-recoverable material to assure uniform
recovery. In other articles wherein the thickness or
mass of the heat-recoverable material differs in
various parts of the heat-recoverable article, the
problem has been to obtain appropriate heat distribu-
tion and sufficient heating in each of the various
areas of different thickness or different mass 1n order
to achieve sufficient recovery of the higher mass areas
without overheating the areas of lower mass.

U.S. Patent No. 3,253,618 ("Cook") discloses
that a heat-shrinkable tube of elastic memory material
reinforced with braided fibers exhibits an undesirable
change in length when the diameter of the tube 1s
reduced by shrinkage. Cook points out that an increase
in length upon shrinkage should be kept to a minimum 1in
the case of splices for electric cables due to the
limited space available for such axial extension. To
minimize such axial extension, Cook provides a tubular
shape with reinforcement on an inner surface, an outer
surface c- as an internal reinforcement. The
reinforcement comprises two knitted layers, one being a
left-hand stitch and the other being a right-hand
stitch to offset the twisting tendency of each layer.
The reinforced tube is heated, expanded and cooled to

provide an elastic memory material. To provide maximum
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radial and minimal axial dimensional change, the angle
between the axis of the knit and axis of the tube
<hould be 15° to 19°. The heating is performed by
passing the reinforced tube through a tank containing a
5 heating liquid such as glycerine at 295°F (146°C), and
the expanding 1s performed Dby applying pressure such as
a 5 psi (34.5 KPa) pressure differential to the
interior of the tube. The knitted reinforcement
prevents the tube from shrinking axially more than 10%
10 during the expansion or during heat shrinkage of the

tube.

U.S. Patent No. 3,597,372 discloses several
methods of manufacturing heat-recoverable thermoplastic
materials. According to one method, a considerable

15 amount of built-in stress is imparted during
fabrication, and the material 1is quenched to hold the
molecules in the stressed condition. In the case of
cross-linked polyethylene, the material 1s heated above
the crystalline melting temperature so the material

20 behaves as an elastomer, the material is deformed while
in the elastomeric state and the temperature of the
material is reduced to cause crystallization which
maintains the cross-linked polymer in its deformed
condition. Another method involves heating and

25 applying an external force to deform a heat-recoverable
elastomeric article into a desired heat-recoverable
configuration, quenching the deformed article and then
releasing the external force. The elastomeric article
can be an uncured elastomer in which a normally solid,

30 heat-flowable material such as a thermoplastic or non-
elastic resinous material is incorporated.
Alternatively, the elastomeric article can be a
plasticized thermoplastic material such as a
plasticized polyvinyl chloride. After the elastomeric

35 article is formed, it is vulcanized or cross—-linked.
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The heating is at a temperature at which the ther-
moplastic or resinous material loses the major portion
of its strength. The elastomeric article can be a
heat-shrinkable tubing or a heat-expandable tubing. To
produce the heat-shrinkable tubing, tubing is heated in
a hot glycerine bath and a heated mandrel 1is used to
expand the tubing after which the tubing is cooled 1n

water while over the mandrel. TO produce a T-shaped 3-

finger splice for use in a cable harness, a hollow T-
shaped article is molded, the article is immersed in
glycerine at 150°C, the finger orifice is mechanically
expanded to a desired dimension and the article is

cooled in water.

U.S. Patent No. 4,035,534 ("Nyberg") discloses a
process of preparing a composite tube wherein a heat-
recoverable tube adhesively bonded to an inner or outer
elastomeric tube is heated and expanded on a mandrel,
cooled and the mandrel is withdrawn. Alternatively,
the heat-shrinkable tube is heated and expanded on a
heated mandrel and the inner surface of an elastomeric

tube is bonded to the heat-shrinkable tube either
before or after cooling the heat-shrinkable tube. The
elastomeric tube can be an inner layer which includes
conductive particles such as carbon black or metal

particles.
Summary of the Invention

According to the invention there Is provided a caterpillar heating device
that includes an endless belt of elastomeric material. The belt includes an
inner tubular section and an outer tubular section, the inner tubular section
having opposite ends of a radially outer surface thereof joined to opposite
ends of a radially inner surface of the outer tubular section. The belt is
otatable about an endless path extending around the opposite ends of the

inner and outer tubular sections. The device further includes
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heating means for heating the beilt to an auto-regulated temperature by
exposing the heating means to an alternating magnetic field.
The caterpillar heating device of the invention is useful in a process for
using a heat-recoverable article by taking advantage of the auto-regulating
temperature properties of lossy heating particles which produce heat when

subjected to an alternating magnetic field. Thus, overheating and/or excessive

temperature conditions can be avoided in the process.
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According to the process, an
article of plastic 1s deformed from a heat-stabie
configuration to a heat-unstable configuration which
will return to the heat-stable configuration if the
article is heated to a heat recovery temperature.
Lossy heating particles are provided which produce heat
when subjected to an alternating magnetic field, the
particles having a curie transition temperature at
least equal to the heat recovery temperature. These
particles are preferably ferrites. The article 1s
heated to at least the heat recovery temperature during
the deforming step by exposing the particles to an
alternating magnetic field such that the particles are
heated to their Curie transition temperature. The
article is cooled in the heat-unstable configuration to
a temperature which is lower than the heat recovery
temperature while preventing the article from returning

to the heat-stable configuration.

The article may comprise a tube which is expanded to the
heat-unstable configuration. The tube can be expanded

by means of a mandrel or by pressurized air. To
prevent the tube from expanding beyond a predetermined
1imit by the pressurized air, an expandable braided
mesh can be provided around the tube during the
deforming step. Alternatively, the braided mesh can be
provided within the tube. For instance, the deforming
step can comprise inflating and elastomeric tubing
within the tube, the elastomeric tubing including

braided mesh means can comprise a braided mesh tubing
surrounding the elastomeric tubing or embedded within
the elastomeric tubing. The braided mesh allows the

tube to be expanded without substantial stretching ot

R T———
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the tube in a direction parallel to a central axis of

the tube, particularly when the tube is moved with

respect to the braided mesh tubing.

The heating of the tube can be accomplishea using the caterpillar

heating device of the invention. Instead of lossy heating particles, the

caterpillar can include a ferromagnetic alloy for heating the plastic tube.

3rief Description of the Drawinc

The invention will now be described with

reference to the accompanying drawing, in which:
20 FIG. la shows a cross-section of a caterpillar

arrangement for deforming an article of plastic from a
smaller heat-stable configuration to a larger heat-

unstable configuration;

25 FIG. 1b shows a cross-section of a caterpillar
arrangement for deforming an article of plastic from a

larger configuration to a smaller configuration;

FIG. 2a shows a partial cross-section of a

30 mandrel arrangement for expanding a plastic tube;

FIG. 2b shows a modification of the arrangement

shown in FIG. 2a;
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FIG. 2C shows another'modification of the

arrangement shown in FIG. 2a;
FIG. 3 shows a floating mandrel arrangement for

expanding a plastic tube;

FIGS. 4a-d show an expandable tube arrangement

for carrying out the process,

FIGS. S5a-b show cross-sections of the expandable

tube shown in FIGS. 4a-bj;
10 FIGS. 5c-d show cross-sections of a modification

of the expandable tube shown in FIGS. 4a-b;
FIG. 6 shows an expandable braided mesh

arrangement for carrying out the process; and

15 FIG. 7 shows a modification of the arrangement

shown in FIG. 6.

Detailed Descriptio of the Preferred smbodiments

The description which follows relates to a process for producing a heat-

recoverable article of plastic. The process is applicable to auto-regulated, self-

20
heating recoverable articies or non-self-heating

Ssuch auto-regulated, self-

recoverable articles.
es include lossy particles

heating recoverable articl

dispersed thereiln.

25
U S Patent No. 4,914,267 discloses the advantages of using Curie

temperature limited heating for various heat-recoverable articles.

International Application No. WO 90/03090,

2 :
>0 discloses heat-recoverable devices which

incorporate lossy heating particles therein. The

lossy heating particles, such as ferromagnetic oOr
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ferrimagnetic particles, produce heat when subjected to
an alternating magnetic field, and they have a Curie
temperature at or above the heat-recovery temperature
of the material of the article but preferably below the
decomposition temperature of the material. The heat-
recoverable devices disclosed in WO 90/03090 are self-
heating and auto-regulating due to the lossy particles.
That is, the lossy particles can be heated by an
induction coil which produces an alternating magnetic
field. Accordingly, heat can be applied to such heat-
recoverable articles in an auto~-regulated manner to
efficiently heat the heat-recoverable articles in a
manner such that overheating and under heating areas of
the articles is avoided. The process

utilizes the advantages of the auto-requlating
temperature phenomenon in producing heat-recoverable

articles.

The process can be performed without the need for applying external
heat. In particular, the process utilizes the unique heating characteristics of

lossy heating particles which may be present in the heat-recoverable

article or in a tool used to produce the heat-recover-

able article. The lossy particles can comprise

ferromagnetic particles but preferably comprise
electrically non-conductive ferrimagnetic particles and

more preferably, ferrite particles. The term "lossy
heating particles" as used herein means any particle
having particular properties which result in the
particles being capable of generating sufficient heat
for purposes of this invention when subjected to an

alternating magnetic field having a specified frequen-
cy. Thus, any particle having these properties and

being useful in the present invention is within the

scope of this definition.
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The process produces a heat-recoverable article of plastic by the

following steps:

deforming an article of plastic from a heat-
stable configuration to a heat-unstable configuration
which will return to the heat-stable configuration if
the article is heated to a heat recovery temperature;

providing lossy heating particles which produce

heat when subjected to an alternating magnetic field,
the particles having a curie transition temperature at
least equal to the heat recovery temperature;

heating the article to at least the heat
recovery temperature during the deforming step by
exposing the particles to an alternating magnetic field
such that the particles are heated to their Curie

transition temperature; and
cooling the article in the heat-unstable

configuration to a temperature which is lower than the
heat recovery temperature while preventing the article
from returning to the heat-stable configuration.

In a preferred embodiment, the article comprises
a tube. However, the article can comprise a sheet,
wire or rod having other than a cylindrical shape, or

an irreqular-shaped article. For instance, the
irregular-shaped article could be udder-shaped wherein
a series of small diameter tubes are connected to a

larger diameter tube.

The drawing shows various arrangements for

producing a heat-recoverable tube.

FIG. la shows a caterpillar arrangement for
producing a heat-recoverable tube. In particular,
heat-recoverable tube 1 having a heat-stable configura-
tion la is deformed to heat-unstable configuration 1b.
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Heat-unstable configuration 1b will return to heat-
stable configuration la if tube 1 1s heated to a heat
recovery temperature. Lossy heating particles 2 are
provided which produce heat when subjected to an
alternating magnetic field, particles 2 having a Curie
transition temperature at least equal to the recovery
temperature. Tube 1 is heated to at least the heat
recovery temperature during the deforming step by
exposing particles 2 to an alternating magnetic field
so that particles 2 are heated to their Curie transi-
tion temperature. Particles 2 can be dispersed within
the wall of tube 1 (as shown in the lower portion of
FIG. la), and/or particles 2 can be dispersed within
tool 4 used in the deforming step (as shown 1in the
upper portion of FIG. la). Particles 2 are heated by
means of induction coil 3, and sufficient heat 1is
transmitted to tube 1 by heated particles 2 to raise
the temperature of the tube to at least the heat
recovery temperature and to soften tube 1 so that it
can expand to heat-unstable configuration 1b.

The tool shown in FIG. la comprises caterpillar
means also referred to by numeral 4 which is rotatable
along the outer surface of tube 1. Caterpillar means 4
comprises an endless tubular belt of elastomeric
material, the belt including an inner tubular section
and an outer tubular section. The inner tubular
section has opposite ends of a radially outer surface
thereof joined to opposite ends of a radially inner
surface of the outer tubular section. The belt is
rotatable about an endless path extending around the
opposite ends of the inner and outer tubular sections.

The belt can include gquide means 5 between the
inner and outer sections at a radially expanded end of
the belt, as shown in FIG. la. Stop means 6 can be
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provided at the expanded end of the belt for preventing
movement of guide means 5 1n a direction parallel to
the central axis of tube 1. Accordingly, tube 1 can be

deformed to heat-unstable configuration 1b in a
continuous manner by moving tube 1 in the direction of

arrow A, as shown in FIG. la, or by moving caterpillar
4 in a direction opposite to the direction of arrow A.

Tube 1 can be expanded to heat-unstable
configuration 1b in various ways. For instance, a

suitable shaped mandrel (not shown) could be inserted
in tube 1. Alternatively, the interior of tube 1

or liquid. To prevent expansion of tube 1 beyond a
predetermined diameter when the tube is deformed by
pressurizing the interior of the tube, suitable means
can be provided around caterpillar 4, or an expandable

braided mesh (not shown) can be incorporated in
caterpillar 4. That is, a braided mesh tubing can be

provided in the belt of the caterpillar to limit
expansion of the caterpillar to a maximum diameter.

The braided mesh can comprise a woven pattern of metal
or plastic filaments. As the inner section of the belt
rotates in the direction of arrow B and the outer
section of the belt rotates in the direction of arrow
C, the elastomeric material of the belt resiliently

presses against the outer periphery of tube 1.

The tube is cooled to heat-unstable con-
figuration 1b by suitable cooling means 7. For
instance, stop means 6 can include a plurality of
fluid passages therein with outlets of the passages

facing the outer periphery of the expanded tube. The
cooling medium preferably comprises air which 1s blown

.onto the exterior of the tube. In the case where the

tube is expanded by pressurizing the interior of the
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tube, stop means 6 performs an additional function of
preventing undesirable further expansion of the tube
during the cooling step. Whether the tube is expanded
by a mandrel or pressure, the tube 1is prevehted from
returning to heat-stable configuration la during the

cooling step.

Caterpillar 4 can also be used to recover
previously expanded tubing (shrink tubing having no
memory such as thermoplastic tubing) and/or melt
adhesive on an inner surface of the tubing. For
instance, caterpillar 4 can be slid on recoverable
tubing in heat-unstable configuration 1b, the tubing
can be heated to its recovery temperature and shrunk to
heat-stable configuration la. Heating can be ac-
complished by exposing heating means supported by
caterpillar 4 to an alternating magnetic field.
Accordingly, self-regulating, self-heating caterpillar
4 can be used to heat and shrink heat-recoverable
tubing on electrical wires which are spliced together
and/or to melt hot melt adhesive on an inner surface of

tubing.

The heating means can comprise lossy heating
particles 2 provided in elastomeric material of cater-
pillar 4 or in a lubricant 4b between inner and outer
tubular sections of caterpillar 4, as shown in FIG. 1b.
The lubricant can be any suitable liquid or solid 1lu-
bricant composition. For instance, U.S. Patent No.
4,868,967 discloses sultable lubricants which can be
used in caterpillar 4. Alternatively, the heating means
can comprise an endless expandable braided mesh tubing

4c of ferromagnetic alloy wire supported by Or between

the inner and outer sections of the elastomeric material

of caterpillar 4, as shown 1n FIG. la.

MIACTITIITE QUEET
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caterpillar 4a can be advanced along tube 1 such

that an inner section thereof travels 1n direction B’/
while the outer section thereof travels 1n direction
C’ by suitable means such as member 6a which pushes

5 against one end of caterpillar 4a, as shown in FIG. 1b.
cuide means 5a between the inner and outer sections of

caterpillar 4a cooperates with member 6a to advance
caterpillar 4a along tube 1 in the direction of arrow

Al.

10 FIGS. 2a-c show alternative arrangements for
expanding tube 1. In FIG. 2a, mandrel 8a includes

lossy heating particles 2 in heating zone I. Particles
2 can be provided throughout the cross-section of zone

I or only in an area adjacent the outer periphery of

15 zone I. Cooling zone II having the same diameter as
zone I is provided to maintain tube 1 in heat-unstable
configuration 1b during cooling. Mandrel 8a includes a
reduced diameter portion beyond cooling zone II. 1In
FIG. 2b, mandrel 8b having induction coil 9 therein 1is

20 used to expand tube 1 to heat-unstable configuration
1b. As shown in FIG. 2b, particles 2 can be dispersed

throughout heating zone 1 of mandrel 8b. Alternative-

ly, as shown in FIG. 2C, particles 2 can be incor-

porated in tube 1 instead of in mandrel 8c. In either
25 case, tube 1 is moved relative to mandrel 8. Also, an

provided between mandrel 8 and the interior of tube 1,
or such a braided mesh could be used on the exterior of

tube 1 during expansion by mandrel 8 (as shown in Filg.
30 6). Such a braided mesh limits longitudinal stretching

of tube 1 and provides a means foOr applying a force to

tube 1 opposing the force applied to mandrel 8.
Mandrel 8 can be of any suitable electrically non-

conducting material such as Teflon®.
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FIG. 3 shows floating mandrel 8d for expanding
tube 1 from heat-stable configuration la to heat-
unstable configuration 1b. Cooling zone Il is provided
to hold tube 1 in heat-unstable configuration 1b while
tube 1 is cooled below its recovery temperature.
Mandrel 8d can include lossy heating particles 2 (not
shown) in heating and expanding zone 1I. Alternatively,
mandrel 8d could include a layer of a ferromagnetic
alloy 2a in zone I for heating tube 1, or lossy heating
particles could be dispersed within tube 1. The
ferromagnetic alloy 2a can be used on mandrels 8a-b
instead of particles 2, and one Or more metal layers

such as copper can be provided above oOr below the

alloy layer 2a. Mandrel 8d can be advanced along tube
1 by air pressure applied in the direction of arrow D.
Suitable induction coil means (not shown) for heating
mandrel 8d or tube 1 is movable along the length of
tube 1 as tube 1 is expanded. The position of the coil

prevent undesirable axial stretching of tube 1 during
the expansion, suitable braided mesh tubing can be
provided between mandrel 8d and the inside of tube 1
(as shown in FIG. 7), or the braided mesh tubing can be
provided around the periphery of tube 1 (as shown 1n
FIG. 6).

FIGS. 4a-b show an arrangement for expanding
tube 1 by means of expandable tube 10 provided within
tube 1. In this case, tube 1 and tube 10 are not
moved axially with respect to each other during the
deforming step. Expandable tube 10 can be pressurized,
or a mandrel can be passed through tube 10 to deform
tube 1 from heat-stable configuration la (as shown in
FIG. 4a) to heat-unstable configuration 1b (as shown 1in

FIG. 4b). To prevent tube 1 from being pressurized
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beyond a predetermined diameter, an expandable braided

mesh tubing can optionally be provided between

periphery of tube 1 (as shown in FIG. 6). However,
such expandable braided mesh tubing is not necessary to
expand tube 1. For instance, tube 1 can be expanded
within a suitably shaped die. Also, tube 1 can be
heated by particles 2 dispersed in tube 1 (as shown 1in
the upper portions of FIGS. 4a-b) or in expandable tube
10 (as shown in the lower portions of FIGS. 4a-b).

FIGS. 4c-d show cross-sections of an arrangement
wherein expandable tube 10 surrounds tube 1. 1In this
case, tube 1 is expanded by suitable means such as
fluid pressure or a mandrel. Tube 1 can be heated by
particles 2 dispersed 1n expandable tube 10 (as shown
in the upper portions of FIGS. 4c-d) or particles
dispersed in tube 1 (as shown in the lower portions of

FIGS. 4c=-d).

To prevent expandable tube 10 from stretching
axially in a direction parallel to a central axis of
tube 1, expandable tube 10 can optionally include
axially extending, circumferentially spaced-apart
fibers 11 of nylon, fiberglass, metal or other high-
strength material. When tube 10 shown in FIGS. 4a-b
includes fibers 11, FIG. 5a shows a cross—-section taken
along the line 5a-5a of FIG. 4a, and FIG. 5b shows a
cross-section taken along the line 5b-5b of FIG. 4b.

To limit radial expansion of expandable tube 10,
a suitably shaped die (not shown) can be used toO
surround expandable tube 10 and thereby limit radial
expansion of expandable tube 10. Alternatively, tube 1
could be placed within a suitably shaped die and
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expanded by fluid pressure without using expandable
tube 10. As shown in FIGS. 5c-d, however, expandable
tube 10a can include braided mesh tubing 12 within the
elastomeric material of expandable tube 10a. FIG. 5cC
shows expandable tube 10a prior to expansion, and FIG.
5d shows expandable tube 10a in the fully expanded
condition with braided mesh tubing 12 being radially
stretched to its maximum diameter.

FIGS. 6 and 7 show details of arrangements
wherein expandable braided mesh tubing 12 1is used
during the deforming step. In particular, braided
mesh tubing 12 can be provided around the exterior of
tube 1, as shown in FIG. 6, to limit expansion of tube
1 to a maximum diameter when the interior of the tube
is pressurized or expanded by mandrel 8 during the
deforming step. FIG. 7 shows how braided mesh tubing

having tip 13 can be uéed to expand the tube. In this
case, a force F, is applied to mandrel 8, and clamping
means 14 applies an opposing force F, to braided mesh
tubing 12. This allows tube 1 to be radially expanded
with minimum longitudinal stretching thereof while tube
1 is in a heated weak condition. The size of the mesh
of braided mesh tubing 12 is selected depending upon
the degree of expansion desired. Also, for minimum
longitudinal change in length, the braid angle should
be 90° at the mid-point of the expansion process.
Instead of using mandrel 8, a bladder provided
internally of braided mesh tubing 12 or a bladder which
includes braided mesh tubing 12 as part of its
structure could be filled with gas or liquid to expand
tube 1 to its heat-unstable configuration 1b.

The choice of the material used for lossy

heating particles 2 or the ferromagnetic alloy (when
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used as wire of braided mesh tubing 12 or as a coating
on mandrel 8) depends upon the recovery temperature of
the plastic article to be deformed. For instance, 1f
the article comprises polyolefin having an expansion
temperature of about 125°C, iron-nickel Alloy 34
(having 34% nickel and a Curie temperature of about
165°C) would be suitable for particles 2 or the
ferromagnetic alloy. Alloy 42, (having 42% nickel and
a Curie temperature of about 320°C) would provide a
self-regulating temperature which might damage
polyolefin. Alloy 42 1s useful, however, for heat-
shrinking Teflon® tubing which has a recovery tempera-
ture of about 320°C. Caterpillar 4, mandrel & and
expandable tube 10 should be of a material which is
stable, i.e., not degraded, at the temperatures used 1in
the deforming step. Mandrel 8 should not change shape
at such temperatures whereas caterpillar 4 and
expandable tube 10 should be resilient but resist
stretching in the radial direction at such temper-
atures. As such, the Curie temperature should be at
least equal to an expansion temperature suitable for
expanding the plastic article but lower than a
temperature which would damage the article. A Curie
temperature 40°C higher than the expansion temperature
provides suitable heating of the plastic article.

Wwhile the invention has been described with
reference to the foregoing embodiments, various changes
and modifications may be made thereto which fall within

the scope of the appended claims.
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CLAIMS:

1. A caterpillar heating device, comprising:

an endless tubular belt of elastomeric matenal, the belt
including an inner tubular section and an outer tubular section, the
inner tubular section having opposite ends of a radially outer surface
thereof joined to opposite ends of a radially inner surface of the outer
tubular section, the belt being rotatable about an endless path
extending around the opposite ends of the inner and outer tubular

sections; and

heating means for heating the belt to an auto-regulated
temperature by exposing the heating means to an alternating magnetic

field.

2. The caterpillar heating device of claim 1, wherein the
heating means comprises lossy heating particles, the lossy heating
particles having a Curie transition temperature and being supported by

the belt.

3. The caterpillar heating device of claim 2, wherein the
lossy heating particulars are distributed throughout the elastomeric

material.

4 The caterpillar heating device of claim 2, wherein the
lossy heating particles are distributed throughout a lubricant filling a

space between the inner and outer surfaces of the tubular sections.
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5. The caterpillar heating device of claim 1, wherein the
heating means comprises an endless expandable braided mesh tubing
comprised of wire of a ferromagnetic alloy, the braided mesh tubing

being supported by the belt for movement about the endless path.

6. The caterpillar heating device of claim 1, fturther
comprising an endless expandable braided mesh tubing comprised of

thermoplastic wire supported by the belt for movement about the

endless path.
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