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APPARATUS CONTAINING MULTIPLE SEQUENTIALLY USED INFRARED
HEATING ZONES FOR TUBULAR ARTICLES

C¡'sss-Reference to Related Anrlication

This patent claims the benefit of and prÌority to Canadian pate¡rt application 2,658,494, tìled
March 13" 2009, under the title "Apparatus for Heafing Heat Shrink Sleeves".

The content ofthe above patent application is hereby expressly incorporated by refèrence into
the detailed description hereofì

Field of the .Invention

The invention relates to appa,rafus lor l'reating an elongate fubular arlicle, for example"

heating a heat sh¡inkable sleeve applied arou¡rd a welded pipe joint during pipeline construction,

or fbr pre-heating a rvelded pipe joint before treating or coating.

Bnckground of the invention

Usually, pipe for-pipeline construction is coated r,vith a mainline polymer coating Ieaving
the ends of the pipe bare to allor,v the exposed ends to be welcled togetller at a pipe joint. There
are several different ways used in the afi to ccat pipe joints. One such way is the use of a heat

shrinkable slçer.e applied around the welded pipe joìnt. The sleeve is tittecltothe pipejoint, fhen

heat shrunk down onto the joint. Alternatively, a film or tape wrapping can be used. This oarl be,

fbr example, a polypropylene fÌlm, which is wrapped around the pipe joint. The fìlm or tape

wrapping requires use of heat ancl tension to f"use the wrapping to itself as it is appliecl to the pipe
joint. Typically, the film sr tape wrapping is also applied over the ends of the pi¡reline coating
to fbrm a complete coating of the exposed pipe. Such film or tape lvrapping typicalJy requires
pre-heating of the exposed pipe to facilitate or enable fusion of the wrapping to the pipe. A
fur-ther alternative way of coaTing the welded pipe joint is an injection nroulrling rnethocl,

whereby the exposecl pipe joint is encased i,vith a rnould, and a polyrner, such as polypropylene
or polyurethane. is pressllr€ injected into the rnould. The polymer is allowed to cool, and ihe
mould is removed, leaving a pipe joint that is coated with polyrner. As can be appreciated, such

a method also benefits from the pre-heating of the exposed pipe, so that the injected polynter is
not cooled too quickly upon contact with the pipe and a good adhesion to the substrate is

afï'ected. These injection moulcling and tìlm or tape wrapping methods have an advantage over

the use of heaf shrinkable sleeves in situations where the mainline coating is extrernely thick, ancl

the joint cavity needs to be filled.

In the case of heat shrinkable sleeves applied around a r.velded pipe joint during pipeline
construction, typically, such sleeves are heated and shrunk dorvn onto the joint or other article
using a hand held flame torch (see, for example, US patent 4,472.,468, entitlÊd "Heat Shrinkable

Covering and Method for Applying Same", issued Septernber 18, I984, which is incorporated
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herein by reference). In sorne cases, this manual operation produces an irnperfect installation
because of air trapped underneath the shrunk down sleeve. This can arise l,vhen the ends of the
sleeve are shrunk down befbre the middle portion olthe sleeve. Artful application of the toreh is
critical. If the torch is tilted outwardly the end zones of the sleeve rnay shrink first leading to air
ëntrapment. Windy conditions may spread the flame and shrink the end zones of rhe sleeve
premâturely. Fr-rrther, unless the torch is moved carefully, the torch flame rnay burn the sleeve
and cause it to split. Where a large a¡ea needs to be heated, it becomes ditircult or impossible to
tnainfain the heat while the sleeve is being shrunk; this leads to wrinkling of the sleeve,

imperfect installation due to trapped air, tearing, or scorching of the heat shrink nraterial.
Sometimes, it also results in improper or incomplete adherence of the heat shrink material
around the welded pipe joint.

Befbre the fìeld joints coatings are applied over the joint, the joint has to prepared in
prescribed mânner required for the coating type. Typically, for heat shrink sleeves, tapes and
wrap systems, and injection molding" the sfeel is usually grit blasted, and in rar€ cases, pùwer
wire brushed to obtain white rnetal or near white metal finish. The rnainline coating is usually
preparecl in order to clean it, and often irnpart roughness by abrading rrr light grit blasting. The
joint usually requires preheating to renrove nroisture, bui ntôre importantly to achieve certain
tetnpemture consistent r.vith coating type to r:btain adhesion or t'usion of the joint Çoafing fo the
steel and to the mainline coafing. For example, for polypropylene type shrink sleeves, ivhere the
adhesive may have rnelting point of around I 55oC, the preheat of the steel is ofte¡r 1 80"C^ The
preheating is oflen done by using induction heating, ,.vhich heats the steel only, and indirectly'the
tnainline polymeric coating. Since the exposecl steel is directly heated, it san be taken to the
clesired temperature readily, however, the mainline coåting 

-qets 
heated via the heat conducted by

the heated steel unclenteath. Theretbre tllere is time lag f'or the coatirrg surface to heat up, and
there is olten 40 - l00oC temperature difference on the steel and coating surface ternperature,
depending on the coating thickness. For example, on a 610 mm diameter pipe with a wall
thickness of 25mm, when the joints steel tenlperature reaches l8ûoC, a polypropylene coating ol
a 5mm thickness rnay only reach 100"C - 120"C. Therefore r,vhen subsequently applying a heat

shrink sleeve over a joint with such substrate heat profile, the sleeve requires more heat to be
applied near the ends overlapping over the mainline coating in order for the sleeve to adhere to
the exposed steel and the mainline coating to form a sound protective seal.

The difi-erences in maferials in tlte exposed steel, anclthe mainline coating result in
different heat requirements during the preheafing. In some cases, for example, excess heat aÍ the
pipe joint may overheat the rnainline coating and damage it. During preheating, more intense
heat is generally required on the exposed steel, and less intense heat being required the coated
pipe" due to the properties of the material used in the mainline coating. For example, where a
pipe has a thick rnainline coating, made of polymeric rnaterial, fhe exposed steel will have
difï'erent specifìc heat, heat resistance, retentiùn and conductivity characteristics than the
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rnainline coafitrg. Thus, the exposed steel rnay require a more intense heat (which would darnage

the rnainline coating). but rnay require it for a shoüer amount of time, with the rnainline coating
requiring a lower heat, for a longer period of time, in order for the heat to absorb into the coating

thickness. In addition, where heat'is applied using a hand held flame torch, the operator of the

torch must bear i¡r mind the difïèrences in thicknesses of the different zones to be coated, and

radially adjr-rst the torch position accordingly. For example, the thickness of the mainline coating

rnay be substantial, and the operator may need to move the torch a substantial distance in order to

keep the same distance between the torch and the area to he heated.

The sizes atrcl configurations of torches and heating implernents vary greatly in the freld,

as do the siees and ccnfìguratiolls of the pipes to be treated. Sometimes, large por.verf'ul torches

are *sed. These tend to flare out greafly ancl do not allow fbcusecl heatin*rr üf the shrink sleeve,

thereby causing air entrapment due tù prerìraturely shrunk sleeve ends. Sometimes fbur torches

are used to shrink a sleeve to get f.ast production rates, with two operators orì one sicle olthe pipe

and two on the other. This practice makes it very difhcult to selectively heaf fhe middle porlion

of the sleeve before the ends, and makes it near irnpossible to apply even, çonsistent heat

thrr:ughout the area to be heaterl, to accurately control the amount of heat applied to clifïereni

äreas to be slrrunk, or to accrlrately control the order in r,vhich the varior¡s areâs are to be heated.

Often, in order to obtain proper adhesion of the sleeve, it is required to rnaintain a rninimum
preheat temperature of the substrate, usually steel pipe and the mainline coatings on ihe pipe

sections adjacent to the j oint. Even r,vhen fewer area is to be heated, or r,vhere less torches are

employed. certain areas, fûr example, the mainline coât¡ng adjacent the opposite end olthe pipe,

tends lo have cooled beiow the rnininrurn preheal tempefatur€. so that the sleeve dr"res nr.rt boncl

thereto. Therefore during the shrinking operation, extra prolonged heat has to be applied to

sleeve arsâ overlapping onto the nlainline coâting in order raise the adhesive¡nairiline coating

inteÉace to sufficient temperature to achieve a scund boncl. With the flame torches, this is
difficult as prolonged heating ca¡r scorch and damage the sleeve, and sometimes lead to splitting.
The need for the extra prolonged heating is exacerbated by the fact that during the preheating of
the joint, the rnainline coâIing surÉhce rnaybe 4t"C - 100'C cooler than the adjacent steel, as

clescribecl earlier. Therefore, focused prolonged heating is irnperative to achieve a good boncl on
the overlap coating.

Similar considerations should be taken into account when pre-heating a pipe joint prior to
film or tape wrapping, or injection moulding.

The present invention provides app¿rårtus that at least in preferred ernbodiments may

avoid the above-noted problems.

Summarry of the Invention
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According to one aspect ofthe invention is provided an apparatus for heating an elongate
tubular article. comprisittg a frame member adapted to be disposed around said article, said

frame meïnber having a heater device adapted to heat the elongate tubular article and dispcsed

on or proximal to an inner surface of said frame menrber, and a controller for operating the
5 heater device.

According to another aspect of the invention is provided an apparatus for heating a heat

shrinkable sleeve applied around an elongate tubular article, comprising a frame member adapled

to be disposed around said article, said f'rar¡e menrber having a heater device adapted to heat the

heat shrinkable sleeve and disposed on or proximal to an inner surface of said fi'arne mernber,

10 and a controller fbr operating the heater device"

According to a tìlrther einbodiment" the heater device f'orms a surface which envelops
said elonga{e tubular article r,vhen the apparatus is disposecl around said arlicle.

According to yet a further embodiment. the heater device fonns a surtàce r,vhich envelops

said heat shrinkable sleeve..vhen the apparatus is disposed around said sleeve.

15 According to a fiuther embodiment, the heater clevice com¡rdses a thin starnped sheet,

tbil strip.

According to a fufther emboditnent. the thin starnped sheet or foil strip is configurecl in a

sinusoiclal or linear configurations to forrn a heatir-rg ¡rlane providing relatively even heat.

According to a iifiher embodirnent, the heater clevice comprises infrared elements in the

2û ficrrl of" for exaniple, quartz tutres or ceramic tiles.

According to a fu¡ther ernbodiment, the heater device conrprises difÏisecl gas combusting
devices, ¡rowerecl f'or exa.nrple by propane or natural gas, such as cata.lytic panel heaters

According to a fur-ther emboditnetrt, the heatel device cornprises at least tr.vo indepenclent

heating zones adapted to heat respectively ât leâst two distìnct longitudinally spaced zones ofthe
25 elongate tubular article, and said controller allows fìrr the operating of the heating zones

simultaneously or sequentially.

According to a iurther ernbodiment, the two independent heating porlions are slidable
longitudinally with respect tothe tubular article from an adjacent, central position to a spaced

position, as shown lor example in fÌgures I3-15.

3û According to a further eml¡odiment, the heater device comprises at least two a¡eas of
different inner surface diameter when disposed around said article.
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According to a further embodirnent, the at least two arcas comprise a first area and a third
årea at either end of a seco¡ld area, wherein the inner suface diameter of said second area is

smaller than the inner surface diameter of said frrst area and said third area.

According to yet a furlher embodiment, the apparatus has a frrst, a second, and a third
5 independent heating zones each corresponding to the first, second, and third area.

According to a further embodiment, the apparatus further comprises a reflecting layer

andlor an insulating layer.

According to yet a further emboclirnent, the heafer device is mountecl onto saicl reflecting
or insulating layer.

1ü According to yet a further embodiment, the reflecting or insulating layer is ma¡le of a
refractory n-lateúal.

Accorcling to a l'urther ernbodiment, the fi"arne mernber compdses a clarn shell clevice

having a hinge extending longitudinally along one side.

According to a further aspect of the present invention is provided a method lbr heating a

15 heat shrinkable sleeve applied around an elongafe tubular arlicle, corn¡rrising disposing adjacent

to the sleeve a heater clevice as herein describecl, ancl heating said sleeve r.vith said heater device.

According to a t'urther enbodiment, the heater device comprises ât leåst trvo heater

portions, ancl saicl method comprises heating at least two distinct longitudinally spaced zones of
the sleeve simultaneously or sec¡uentially with said rcspective heater porlions.

2a Deseriptisq

The invention provicleS apparatus fbr heatir:g an elongate tubular article, ancl/or 1'or

heating a heat shrinkable sleeve applied around an elongate tubular article. The apparatus

ccmprises a tiame member adapted to be disposed around said article, the frame member

providecl with a heafer device adapted to heat the article and/or the sleeve surrouncling said

25 article. Tlie invention also provides a controller fbr operating the heater device. Optionally. the

heater device can comprise two or more independent heatel por-tions adapted to heat respectively

lwo or more distinct longitudinally spaced zones of the sleeve, and the controller is able tcr

ûperate the heater portions simultaneously or sequentially, and/or at ditlerent heating

intensities/wavelengths/temperåtures. The heater device can comprise two or more regions of
3û diiïerent diamefers, to better conform to an elongate tubular article of varied diarneter.

The heating element can be any knor,vn form of heating element. ln cerlain ernbodiments,

the heating elements comprise irrfiared electrical elements, such as Unitube heaters available

frorn Casso-Solar Corporation, Psm{}no, New York, United States of America. These infrared
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elements rnay be in the form oi for example, quarlz tubes or ceramiç tiles. Altenlatively, fhey
may comprise diffi:sed gas combusting devices, powered for example by propane or natural gas.

Examples olthese include gas catalytic heaters available lrom Casso-Solar and tiom CCI
Thermal Technologies, Edmonton, Alberta, Canada. Furlher examples include burners

5 comprising nretallic or ceramic måtrixes that difTuse the flame and then radiate the heat

ûutwarcls, such as Fibergas-IlrN{ heaters. again frorn Casso-Solar, and heaters r.rsing gas cliffused
through perforated cerarnic matdces, as supplied by hrfragas S.p.a., Caselle Torinese, Italy.

In a particularly advantageûus embodiment, thin filti or Õther\Aiise flexible infrared
electrical elements are used {also called *foil", 

or "flexible ribb'on" heating elements). Exarnples
10 of such elements include the V-series mecJium r,vavelength infiared panel heaters avaílable fronr

Casso-Solal Corporation, Pomona, Nelv York, United States af Arnerica. Other examples can be
founcl throughout the art, for example, as described in EP 04l7375,incorporated herein by
reference. The thin fìlm elentents discussed herein also comprise within their scope strips,
sheets, planar thin f-oil heaters, corrugated ribbon fbil, carbon loaderl tìlm" metal tìlm

15 photopatterneclrvith runs af graphite rnaterial, conductive rnaterial sprayed or doctor bladed on a

support lnedium, expanded metal, or rvire resistive elenlents, such as sinuatecl wire. The V-
series, for example, are stârÌrped thin metal sheets having lor,v mass f'or f-ast heating/cooling and

rninirnal thernial lag, and can be attached to a high tempera{ure insula{ion board having low
thermal conductivity, low thennal rnass and low heat capacity to minimize stored heat. Thin

2ü filnt elements can be mounted on a high temperâture insulating mâtêrial and/or onto refractory
insulating material in a variety olconfiguratiorrs, including linear, sinusoidal, or other
cortl'igurations, as recluited or desired by the heating contìgúration and secluurce- The use ol a

thin frlm or othenvise flexible heating element has numerous advantages. A thin fìlm or
otherwise f-lexible heating element facilitates the manufhcturing of the appâratus in varying shape

zS and size, to tightly conform to the area 1o be heated. The thin hkn or other-wise flexible heafing
element also allor.vs customization of apparatus size and shape in other r.vays, such customization
not being limited by the standard sizing and rigidity of quartz tubes or ceramic tiles" The thin
frlrn can simply be stamped to the size required. In ths case of applying a heat shrinkable sleeve

arcund an elongate lubular article such as a coated pipe, the apparatus can be fapered in the
30 middle, to accounf for the difference in radius of the uncoated pipe, such as the pipe proximal to

the pipe joint, and the radius of the rnainline coating; in such cåses, a thin filrn or otherwise
flexible heating element can be easily shaped to confcrm to the varied shape of the apparatus. In
this matrner, the distance between the pipe joint or heat shrinkable sleeve and the heating element
can be made more consistent, allowing for ¿n irnprcved and rnore even heat distribution along

35 the various areâs to be heated. This irnproved and more consistent proximity rnay thus permit
even çlo$er cçntrol of the heating, avoicling problems of burning or splitting of the sleeve, This
irnproved and tnore consistent proximity is especially advantageous in applications wherein a
pipe joint is preheated, and the mainlins coafing is very thick. Such joints would necessarily
have a cavity ât the exposed steel ârea, and a very thick coating adjacently. The use ofa heater
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the foil elernents can allow custom design to facilitate the proximity of the heater to the exposed
steel, the sloping chamfer of the rnainline coating, as well as the top surface of the mainline
coating. Thus most efÏcient heating could be imparted to all surfaces witli careful temperaturÈ

control without burning or oxidising the polymeric coating.

.4. further aclvantage of a thin filrn element is that" cornpared to the other alternatives
describecl herein, they are more robust and less breakable in field conditions. The film elements
are flexible, ancl tvhen aftached to a solid base of inst¡lafing material such as refractory insulating
rnaterial, they are near unbrcakable, ccmpared to a quartz tube or a ceramic tile. The thin filnl
elements are also tnore resistant to contact to water, which may occllr in fìeld conditions, for
exanrple, on ofïshore pipe lay-barges. In such conditions, heat shrinkable sleeves are often
water coolecl, since soft (still hot) sleeves can get damaged by the stinger rollers which supporl
the pipe as it is released into the ocean. Cold water used to cool the pipe can splash Õnrû the
heating elentent as the heating element is renroved or placed on the pipe. In the case ofquartz
tubes or ceramic tiles, this rapid change in temperature çan cause cracking or other darnage to the
heating element, whereas for the thin fihn elements, there is less risk of such darnage, rvith the
colcl r,vater simply steaming olf the element.

By Lrsing statnped thin rnetal strips, clilïer€nt areas can be heatecl to difierent temperatures
or at dilferenf time periods rvithin the heat shr-inking process" sirnply by having separate heating
elenrents applied to different areas ofthe apparatus, and having each ofthese sÐpamte heating
elements controlled individually by the controller. The diffbrent heating elements ntay be
individually thermostatically controlled by ihe controller, ancl/or may lrave dilTerent heating
characterisiics (for example, rnade of different substrafes or having a different coil thickness) to
enable the variation in heating. trVith this airangement, a{ least ìn preferred embodiments, the
heating of the sleeve can be carefully controlled to shrink down the nriddle zone r:f the sleeve
befbre the end zones, avoiding air entrapment. fuIûreover, ín certain embodiments, once the
middle zone of the sleeve is shrunk, the end zones çan be shrunk simultaneously, providing f-or

fast installation befbre fhe rnainline coatings coçl down belorv a required preheat temperature. In
case of the preheating of a pipe joint, this årrangement also permits heating the areas of bare pipe
to a higher heat level than the areas olcoated pipe, thus prevenring damage to the pipe coâting
rvhile providing the bare pipe r.vith optimal heat. Though this controlled heating can be done with
the other heating elemenTs described, a t'urther advantage of utilising thin film elements is that
the element heafs, and cools, much more rapidly. ln many cases, fhe thin film element will sool
dow¡r with 5-10 seconds of deactivation, and r.vill heat up in a simila¡ time frame. For example,
certain metallic i'oil type elements can have a temperature rise of 700 degrees Celsius, in l0
seconds. Others can cool down in as little as 2 seconds. This meâns that the controller can

control the zone changes much more effectively, rapidly, and precisely. It also mearìs that the
pipe joint can be heated, or the sleeve can be shrunk, much more rapidly. This rapid cooling of
the thin ftlm elernents also adds a safety f'eature when used in the field, such as on an ofi'shore

75

30

35

-7-



10

L5

ZO

wo 20t0/102392 PCTiCA2Ol0/000334

pipe lay-barge, wherc work space is crammed - worker safety is dramatically irnproved, since

the heating elements are rnuch cooler whe¡r the apparatus is handled, for exarnple, when the

appåratus is clarnped to, or renìoved from, a pipe. In addition, the rapid heating and cooling of
the film elements can result in significant time and energy cost savings, up to 2070.

The apparatus can also be used belore and after application ofthe heat shrinkable sleeve.

For example, fhe apparatlrs carì be placed around the welded pipe joint, for preheating the welded
pipe joint before application of the heat shrinkable sleeve. Once the pipe has been preheated to a

desired extent (i.e. at'ter a pre-set temperature or a pre-set time has been reached), the apparatus

{inclucling the healing element) can then easily be removed, and the heat shrinkable sleeve can be

applied. The apparatus may optionally therr be placed around the welded pipe joint again, and

heat re-applied, to shrink the heat shrinkable sleeve. This perrnits a muçh more consistent and

even pre-heating of the pipe jointthan previous methods, rvhere, often, different areas olthe pipe
joint rvere pre-heated at different tinres. with resultant unevenness in cooling bef'ore the sleeve

was appliecl.

The appalatus carì also be usecl to preheat the pipejoint for other coating applicationr, for.

example, befbre the application of a flrlm or tape wrapping, ùr an injection moulding of a coating.
As rvoL¡ld be appreciatecl. a fì¡r1her-aclvantage of using the apparatLls in certain ernbocliments is

that the entire pipe joint or sections of the pipe joint can be brought to a clesirecl temperâfure, at

the sarne time, arrd the apparatus can be quickly rcmovecl and ihe application of coating can be

started much more cluickly than in rnore traditional preheating methods.

Brief Descrintion of the Drnwinss

Prefered embodiments are described with reference 1r the accompanying drawings,

wherein like ref'erence numerals indicate like parts.

Figure I shor,vs scheinatically a longitudinal cross-sectiorr through a pipe joint on which
is applied a fìrst embodiment of apparatus in accordance with the invention.

Figuré 2 shows schematically a transverse cross-sectian through the pipe joint of Figure

l, said traverse cross-section taken at plane A as showr on Figure l.

Figure 3 shows schematically a trânsverse cross-sertion through the pipe joint of Figure

t, said transverse cross-section taken at plane B as shown on Figure L

!ígure 4 shows a perspective vier,v illustrating a second embodiment of apparatus in
accordance with the invention, shown in an open position with the inside surface exposed.

Figure 5 shows a close-up of area C lrom Figure 4, illustrating tlie surf.ace of flexible
heatìng elements that are an element olcertain er¡bo<lirnents of the inventio¡r.
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Figure 6 shows a perspective vier.v illustrating a third e¡rbodiment of apparatus in
accordance with the invention, shown in an open position r,vith the inside sulface exposed.

Figures ?, I ancl 9 show schematically ¿ longitudinal cross-section illustrating the

embodi¡nent of Figure 6 in successive sfages of operation.

Figures 10, l1 and I2 sholv schematically a lorrgitudinal cross-section illustrating a

further embodimerrt in accordance with the present invention.

Figr-rres 13, 14 arid I 5 shor.v schematically a longitudinal cross-section illustrating a
fufiher emboclirnent in accordance with the present invention.

Detailed Description of the Preferred Emborliments

Referring firstly to Figr.rre I, this shows schematically a frame apparatus 34 providing a

generally cylinclrical suppttl stnìctllre 35. The apparatus 34 is disposed around a cylindrical heat

shrink sleeve 26 applied on an elongate tubr-rlar article, fbr exaniple a joint 25 comprising a r,veld

24 between the bare ends r:f pipe sections 20, each having a polymeric protective rnainline
coating 22.

The support structure 35 san'ies a heater device comprising in this example heating
element layer 32. The support structure 35 also h¿s an insulating/refìecting layer 3û, rvhich
ref'lects heat emitted t'rorn heating element layer 32 and insulafes the exterior of the support
structr¡re 35. The insulating/reflecting layer 30 nT ay be rnade of any materiaJ known in the ar1 to

have lteat reflection or insulating properlies, for exarnple, an insulating foam or a refraclory
rnated al.

In a prcferred forrn, as seell in Figr.rre l, the support struclure 35 ancl heating element
layer 32 span the entire length of the sleeve 26 and joint 25, extencling beyond the bale ends of
pipe sections 20 onto a portion of mainline coating 22.

A controller 33, which rnay be (as shown) separate fiorrr suppcrt structure 35 or which
rnay be integrated within it, controls the level and/or intensity of heat output frorn heating
element layer 32. The controller 33 may be thermosiatically controlled, may be controlled
through the measurement of resistance in heating element layer 32, may be a timer, or rïay
sirnpl5r be an operator - selected switch.

In the example illustrated in Figure l, there is one riniform heating element'l*yer 32,

which extends around the inner side oË substantially the entire support structure 35.

In the cxample illustrated in Figure l, the suppo¡t structure 35 is tapered in the middle,
and clasely f'ollows the radius of the pipe through its bare pipe sections 20 and mainline coating
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22. In this manne¡ the distance between sleeve 26 and heating element layer 32 carr be made
lnore consistent, allowing for an improved and more even heat distribution along the various
areâs to be heated. This improved and more consistent proximity may thus permit even closer
control ofthe heating ofthejoint for preheating purpose. and also better control ofshrinking
operation of shrink sleeves, thus avoiding problems of burning or splitting of the sleeve.

In a preferred forrn, fhe supporl structurc 35 comprises a çlam shell device as seen in
Figr.rres 2 and 3" having a hinge 36 exte¡rcling longitudinally along one side. ln a closecl position,
ås seen in Figures 2 and 3, halves 37a and 37b abut or oppose adjacent one another at edges
oppositethehinge36,alongaIineofcontactoropposition38. Thehalves37aand37bcanbe
pivoted f'ronr the closed position ¿ls seen in Figr-rre 2 and 3 to an open position ås seell in Figure 4
wherein the edges of halves 37a ancl 37b are spaced apart sufficienily to allor,v the open clarn
shell to be placed overthe assembly of the sleeve 26 and pipe joint 2.5. The halves l7a and 37b
are then closed togethertcl cofiirnence the pre-heating or shrinking operation.

Figure 4 shor,vs the support sttuçture 35 in an open position fn* halves 37a and 37b are

sl:own opett. wit]r the inner sr¡rface 39 of the suppoft structlxe 35 exposed. Heating element
Ia5's¡ 32 spans the entire length and breadth olthe inner surface 39, though it may be clívidecl into
segrnÊRts sr¡ch as segments 32a-e as shown frrr half 37a In a prefemed e¡nllodirnent, the heatìng
elemetrt layer 32 is a thin fihn or other-wise flexible heating element, such as a flat foil conductor
circuit, or a statnped fbil element strip as shor'vn in closeup C in Figure 5, which shows a close-
up {not to scale) of the sinusoidal shaped ribbon 48 of a pref'erred embodirnent of tlre heating
elenrent layer 32. The sinusoidal shaped ribbon 48 shor.vn is approxirtrately 3 mm wide and I
rnm thick, and culved or sinusoidal in shape to maximize sulface area. The flexible, thin nature
olthe ribbon 48 allows ior the heating element layer 32 to be three-dirnensionally profìled sr.rch

that it curves around support struçture 35, maximizing the area and evenRess of heating when it
is applied to joint 2-5" Tvpically, the heating element layer 32 provides radiant infra-red energy
at a wavelength of betr.veen I and t6 pm, for exarnple ,2 t/z lo 6 prm. The heating element Iayer
32 typically provides energy as both radianf infi-a-recl racliation and "heat"; r.ve have for.rncl thaf,
for a polyolefin heat shrink sleeve, a wavelength of about 3.45 pm provides excellent results.

Ill one ernbodiment, the heating elernent layer 32 consists of thin circuil nickel chromiurn
alloy wire sanclwiched between a heat resistant polymer such as polyirnide or polyester. Other
embodiments comprise a heating element layer 32 made from chromium aluminum and iron
alloy or nickel chromium and iron alloy. In one embodiment, the heating element layer 32 is a
lhin stamped sheet or fuil having a chemic¿l cornposition in percent by weight as follows. O.O? -
0. 1 û9/o C ; û-0. 1 0% Mn; I 9.5% Cr; about 56% Ni ; 4.25*/a Mo; A-2.ûolo Fe; I 3.5% Co; 1 .3% Al ;

9.1% Cu; t-0.15Y4 Si; 0.003-0.01% B; and 3% Ti,

Figure 6 is an illustration of support structrlre 35 in an open position. The halves 37a and
37b arc shown open, with the interior of the supporl str-r¡cture 35 (i.e. the area rnost proxirnal to

25
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pipe 20 when in use) exposed. Heating elemenf layer 32 spans the entire length and breadth of
the inner sutface 39. Figure 6 illustrates ribbon 48, though it would be understood to a person
shilled in the art that the actual dimensions of ribbon 48 are typically mudÌ more densely packed,

for exatnple, a widih of about 3 mm. In the embodiment shown in Figure 6, heating elemenf
layer 32 is divided into ten cliflerent zùnes, each having a sepâr¿te flexible heat fìlm. Half 37a is
divided into a center zone 42a, sr.¡n'ounded by transition zones 44a and 44d, each of which is, in
tum, flanked by external zoues 46a and 46d, respectively. Likewise, half 37b is dividecl into
center zone 42b, surrounded by transition zones 44b and 44c, each of which is, in furn, flanked
by external zones 46b and 4frc, respectively. Each ofthezones 4?a,42b,44a,44b,44c,44d,
46a,46b,46c, and 46d comprises a separate stamped foil element strips, which can be controlled
separately by controller 33 (not shown in Figure 6). Each of these zones rray have specif,recl
number of these stri¡rs, more dellsely packed strips would emit more infra red waves and rnore
heat output. Thus, the appârâtus features ten separate heating areas, 'r.vhich can be indepenclently
set for dif'ferent heat intensities and temperatures, or different times of heating. For exampìe,
when clampecl around pipe joint 25, a lleating sequence can be selectecl such that zones 42a and
42b heat fìrst, thus heating the heat shrinkable sleeve 26 sun'ounding the exposed pipe 20,
Secorrcl in the sec¡uerìce, zolìes 44a,44b,44c, and 44d are activated, heating the transition areas.
Optionally, teRter zolres 42a and 42b nray be switched ofT at this point in time. Third in t¡e
seqltence, zones 46a-d wculd be activated, again, opfionally switching offtransition zones 44a-d,
and, if still a¡iplicable, center zones 42a and 42b. In this matlnert heat is applied srarring in rlìe
rniddle of the heat shrink sleeve 2ó, then radiating outr,vards" r.vhich minimizes bubble formation
and/or air pocket 28. Similar heat sequence would also follow for preheating of the joint
'',vhereby tlre zones 42a and 42b over the steel are set at higher intensity, and the zones 44a, 44b,
46a and 46b over the polyr-neric coating are set lower intensities, but fbr longer time to avoid
oxiclative damage to the coating.

Figures 7-9 sholv the sequence as described above, in schen:atic form. h operation, the
cÒntroller 33 is fÏrst actuated to operate solely the center zane 42 (comprising center zones 42a
and 42b), at a desired heat output and for a period sr,rf'ficient to caus€ a rnidclle portion 50 of
sleeve 26 to shrink onto the weld 24 and bare pipe ends 20, as seen in Figure 7, which shows
tenter zone 42 in black, denoting activation. The controller 33 is then actuated to operate
transition z*ne 44 {comprising transítion zones 44a,44b,44c, and 44di at a desired heat output
and for a period sufïicient to cause a transition portion 52 ofsleeve 26 to shrink onto the pipe 20
and the mainline coating 22. During this period of heating, depending on the application, center
zone 42 may also be heated; alternatively and as shown in Figure 8, only the transition zone 44 is
heated. Finally, the controller 33 is actuated to operate extemal zane 46 (comprising external
zones 46a, 46b) at a desired heat output and for a period suffrcient to câus€ an o*ter portion -54 of
sleeve 2ó to shrink onto the rnainline coating 22. Ðuring this period of heating, clepending on the
application, heating zone 47 and/or heafing zone 44 may also be heated; as shown in Figure 9,
only the Õuter zûne 46 is heated. Optionally, heating zones 42, 44 and 46 can be heated to
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different femperatures, and/or for different durations of time, depending on fhe prefbrred
ternperature and duration of heat required for the particular material comprising the pipe 20, pipe
joint 25, or ruainline cûating 22. By providing heat starting at the center and moving in an
outward dircction, air pockets (for exarnple, air pocket 28) between the pipe 20 and/or the
mainline coating 22, and the heat shrink sleeve 26. are minimized, since air is expelled
progressively lrom the annr¡lus between lhe sleeve 26 and the pipe ends in the above stages.

Following cornple{ion of the shfinking, the halves 37a and 37b of the clarn shell dcvice
are pivoted to the open position to facilitate moving ihe apparatus relative to the pipe, to aliEr it
with a further pipe joínt, and the above descdbed cycle of operation is repeatecl.

As will be appreciated, the apparatus may have any number of heat zones fbr any desired
application. In addition, the controller 33 rnay be actuated manually or uncler the control of an
automatic prirnary coiltroller, optionally with pre-set temperature ancl tirning for a selection of a
variety of pipes, mainline coatings 22, andlor applications. For exarnple, in some applications,
the apparatus would be used for ¡rreheating a pipe 20, pipe joint 25, ancl mainline coating 22
follorving the welding of the pipe joint 25 and before the application of a film or tape wlapping
or an injection moulcling coating. in such applications, of crurse, sleeve 26lvould be absent. In
such applications, the contrcller maSr þg pre-set for cliffeleil temperatures for the dilfèrent ar-eas

olthe heating eJement. For exarnple, the entire heating elernent rnay be sef lor a sirnultaneous 5

minute heating, but tlte center zote 42 woulcl be set to heat at a rnuch higher intensity and
tempÊrâture than transition zone 44, ',vhich, in turn, would be set to heat at a higher intensity than
exter¡ral zone 46. In this mauner, the pipe 20 and pipe joint 25 can be preheated to a desired
tem¡lerature, while avoiding darnage to mainline coafing 22, which would be heated r.vith a lower
intensity to tlie desired tetnperature. Alternatively, for exarrrple in cases wherc rnainline coating
22 is especially thick (for example, 100 mm thick), it may be desireci ro hear external zone 25 for
¿n extended period of tirne (f'or example, l0 rninutes) at a relatively low intensiry, to allorv the
heat to pelmeate the rnainline coating 22. In casss like this, the controller can be set to heat
external zone 25 tbr l0 m¡nutes, with tlansitiorì zone 44 and center zorrc 42 activating for the last
5 nrinutes ol such time period. In this example, transition zone 44 would be uselul as an
interf.ace eone, heating only tbr 5 rninutes, but heating at an intensity similar to external zone 25,
to avoid dantage at the interfäce between the mainlirre coâdng 22 and the pipe 20. Center zone
42 would heat at a much higher in:ensity, since pipe 20 ean typically rviihstand (and may
require) a higher intensity heat dr.le to much laster heat dissipation properties as compared to
mainline coafing 22. Using this heating methocl, at the end of the I0 minutes, all heated sections
of pipe 20 and rnainline eoâting 22 are at the desired preheat temperature, suitable for frhn or
tape wrapping, injection moulding, or application of a heat shrinkable sleeve.

Figures 1A - n show a further embodiment of the apparåtus of the present invention.
This embodiment differs from the embodiment shown in Figures 7-9 in that (a) the heating
element layer only comprises two heat zûnes; and {b) the support structure 35 and, as a result, the
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heating element layer 32 are not fhree-dimensionally profiled in that the radius of the sr.rpport
sttucture 3-5 and the heating element layer 32 is essentially uniform through the longitude of the
âppârâtus. Heating element layer 32 is divided into different zones, cornprising cent€r zone 42,
surrounded by external zones 4ó. The apparatus thus has two separate heating areas, which can
be independently set for difi'erent heat intensities and temperatures" or ditïerent tinles of heating.
For example, r.vhen clamped around pipe joint 25, a heating sequence can be selected such that
zone 42 heats first, thus heating the heat shrinkable sleeve 26 surounding the exposed pipe 20
Second in the sequence, extemal zane 46 is activated. Thus, heat is applied starting in the
middle of the heat shrink sleeve 26, then radiating outwards. which minimizes bubble f'ormation
and/or air pocket 28. Third in the sequence, zône 42 is deactivated; fìnally, zone 46 i s

deactivated. Steps l-3 cf the sequeiìcÊ are shorvn in schernatic form in figures 10 - 12,

respectively. In operation, as shown in Figure 10, Contrcller 33 is fìrst actuafed to opelate solely
tlre center zone 42 at a desired heat output and ibr a period sulïcient to cause a midclle portion
50 ol sleeve 26 to shrink onto the r.velcl 24 and bare pipe ends 2û, (as seen, afler heating, in fîgure
ll). Infigure l0,theÇenterzone42isillustratedinblack,clenotingactivation. Inthesecond
step of the sequence, depicted in fìgure 1 1, the eontr*ller 33 is then actuated tù operâte extemal
zane 4ó at a desired heaf output and for a period sulficient to cause the outer poüion 54 ofsleeve
26 to shrink onto the mainlirre coâting 22. During this period of heating, heating zone 42 is also
acfive. Activated heating zenes are clepicted in black. The third step of the seqllence is shotvn ilr
figure I 2; controller 33 is actuated to deactivate the center zane 42 so that only the external
zotres 4ó are activated (depicted in black in Figure l2) The extemal zone 46 is heated at a
desired heat output and for a period sufficient to cause the outer por-iion 54 of sleeve 26 to shrink
onto the mainline coating 22. Finally (not shown), the controller 33 deactivates all heating zones

so that the apparatus 34 can be safely renroved fiom the pipe sections 20 by an operator. The
clam shell clevice is pivoted to the open position to facilitate moving the apparat*s rclative io the
pipe, to align it with a fufiher pipe joint, and the above described cycle of operation is repeated.

Of ctlurse, the apparatus as illustrated in Figures lû-12 can be used to preheat a pipe
betbre injectirx moulding, fìlm ar tape wrapping, or application of sleeve 26, in which case, the
parameters and heating order may be slightly different (and arralogous to as discussed above for
fìgures 7-9) buf conttnlled in the same manner. In these applications, sleeve 26 would be absent.

Figures 13-15 shorv a t'urther embodirnent of the present invention. Figures 13-15
comprise apparatus including generally cylindrical support structure 35 carrying supporl devices
60 and 62 slidable longitudinally with respect to the stnlcture 35 frorn an acljacent, centml
position seen in figure 13 to a spaced position seen in fìgure l5 in which the devices 60 and 62
are adjacent to the ends ofthe sleeve 26 subject to the action of drives (not shown). Each device
6Û and 62 carries with it a generally circumferentially extending heating pot-tion ó4 and 66,
respectively, operable under the control of the controller 33. The controller 33 may also control
the drives that effect sliding lnûvement of the devices 60 and 62. As described below, portions

35
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ó4 and 66 each initially heat in common a rniddle zone ol sleeve 26 and subsequently heat

progressively respective end zones ofthe sleeve

In use, the heating portiûns 64 and 66 can be in this example operated simultaneously and

ara moved progressively outwardly frorn the position shown in figure 13, wherein the midclle

5 zone 5û of the sleeve 26 is shrunk down and bonded on the weld 24 and on the bare ends of the
pipe sections 20, to the position of figure I4, wherein portirns of the sleeve 26 outwardly from
the tniddle zone 50 arc shrunk down and bonded on fhe bare ends of the sections 20. The

shrinkage of the mielclle and olzones somer,vhat outwardly of the rniddle of the sleeve 26 expels

air fì-om the sleeve 26 in the above stages,

10 In the 1ìnal stage, as seen in figure 15, the lieating portions 64 and 66 heat the end zones

54 ol the sleeve 26 and bond thern to the mainline coating 22.

ln one rnocliircation {not shown) a strÐcture 35 similar fo that shor,vn in Figures l3-15
carries three heating portions. In operation, a central lieating portion renrains stâtiûnary to shrink
down and bond the middle zone of the sleeve, while the tr.vû outer heating portions, which ma¡r

15 be opelated afler operation of the central portion, slidably travel or"rtwards, generally as described

lvith referenceto frgures I3 to I5, above.

Thestructureshow¡rinFigures ll-l5,andthernoclifiedstructuredescribedinthe
precedin*q paragraph, can also be advantageously used to preheat a pipe portion bef'ore

application of a sleeve 26, or for film or tape wrapping or injection mor,rlding. For example, the
20 heating potlions 64 ancl 66 can bc movcd progrcssively outward at increasing spccd, so that

mainlirre coatirrg 22 is subjected to heat lbr a shorter period rf time thari pipe 20. Alterrratively,
heaiing portions 64 and 66 can be moved progressively outward at decreasing sp€ed, with a

simultaneous decrease in heating intensity, such that mainline coating 22 is subjected to heat fbr
a longer period of time, but a less intense heat, than pipe 20. In certain embodiments, the heating

25 portiûns 64 ancl 66 can siart êt the most external position, moving together towards pipe weld 24.

In this manner, the mainline c.oating 22 is subjected to heât frrst, sinco, in some applications, it
rvill retain heat longer than pipe 2û.

Advantages of pret'erred embodiments af the present âpparatus, in addition to thrse
mentiùned âbove, include the f'ollowing:

30 The apparatus oflers high speed automatic operation wherein the heating of successive

zoncs of the sleevc elirninatcs air entrapmcnt.

The support structure such as insulating/refìecting layer 30 shields the interior of the

appffafus so that its operation is not impaired by windy conditions.
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The flexible thin film heating element allor,vs for a shape whereby pipes having thick
rnainline coatings 22 e*n be accommodated through the use of a narrower inner portion which
'hugs' the exposed pipe 20 proximal to the weld 24.

Since the apparatus covers the entire sleeve, once the middle zone of the sleeve is shrunk,

the end zones rnay then be shrunk sirnultaneously, providing last installation of the sleeve before

the rlainline coating 22 coals dor,vn below the desired prehea{ temperatrre.

. Although all of the ÍÌgures show the apparätus for use with sleeve 26, it would be

apprecìated that the apparâ{Lrs could also equally be used for preheating of the pipe joint, either
beforc application of the slceve 26, or for diffìrcni applications, such as prc-hcating of a pipe
joint before tape or tìlm wrapping, or before injection rnoulding of a coating around the pipe
joint. In such applications, sleeve 26 would, of course, be absent,

It is to be understood that the prcsent invention is not limited to the ernbodiments
described above, but encompasses äny and all embodiments within the scope of the following
claims.
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