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ENCLOSURE FOR HEATING THREE inflatable bladders to exert pressure on the three dimensional 
DIMENSIONAL STRUCTURE structure . The method also includes the step of utilizing one 

or more inflatable bladders to exert a pressure on the heating 
FIELD blankets so as to maintain the heating blankets against the 

5 three dimensional structure ; activating the heating blankets ; 
The present disclosure relates generally to susceptors for heating the three dimensional structure to a predetermined 

use with heating blankets . More particularly , the present temperature and utilizing the heating blankets to provide a 
disclosure relates to an enclosure utilizing heating blankets uniform temperature of the three dimensional structure . The 
to heat a three dimensional structure . method may also include the steps of insulating the enclo 

10 sure by way of an insulation layer so as to efficiently BACKGROUND maintain the heat generated within the enclosure . The 
method may also include the step of positioning one or more A composite part may be bonded or cured in an oven or spacers between one or more bladders and the three dimen an autoclave where heat is applied to the part while sup sional structure . The method may also include the step of ported on a cure tool that maintains the shape of the part 15 
utilizing one or more inflatable bladders to exert a prede during the curing process . Techniques have been developed 

for curing composite parts without the need for an oven or termined pressure on the heating blankets so as to maintain 
autoclave , however these techniques have been limited to the heating blankets against the three dimensional structure ; 
curing relatively small , simple parts and / or require relatively and heating the three dimensional structure to the predeter 
complicated and / or expensive tooling . Out - of - autoclave 20 mined temperature and at a desired pressure created by the 
processing of more complex , three - dimensional composite one or more inflatable bladders . In one arrangement , the 
parts is made more challenging by the need for constant , method includes the step of utilizing the heating blankets to 
evenly distributed heat over the entire area of the part being provide a uniform temperature of the three dimensional 
bonded or cured . Recently , curing of relatively small com - structure , wherein the uniform temperature propagates into 
posite parts has been achieved using induction heating 25 and through the structure so as to properly cure the three 
equipment employing susceptors that produce a maximum , dimensional structure . 
constant temperature when inductively heated . For example , The features , functions , and advantages can be achieved 
heating blankets using inductively heated susceptors have independently in various embodiments of the present dis 
been used to cure relatively small areas of a composite closure or may be combined in yet other embodiments in 
rework patch applied to a structure such as an aircraft skin . 30 which further details can be which further details can be seen with reference to the Other attempts at using inductive heating to cure composite following description and drawings . 
parts have been limited to smaller , simple geometry parts 
and / or involve relatively complicated tooling which may be BRIEF DESCRIPTION OF THE DRAWINGS too expensive for some applications , such as curing short 
run or prototype production parts . The novel features believed characteristic of the illustra Accordingly , there is a need for a method and device that tive embodiments are set forth in the appended claims . The utilizes susceptor heating blanket technology to heat a three illustrative embodiments , however , as well as a preferred dimensional structure so as to create a uniform temperature 
around a volume contained within the enclosure without mode of use , further structures and descriptions thereof , will 
using an autoclave . There is also a need for an insulated 40 best be understood by reference to the following detailed 
enclosure that utilizes susceptor based heating blankets for description of an illustrative embodiment of the present 
heating a complex , three dimensional structure . For disclosure when read in conjunction with the accompanying 
example , heating blankets can be applied to a surface of a drawings , wherein : 
part to assist in the bonding and curing process . FIG . 1 is one illustration of an enclosure for heating a 

45 three dimensional structure , the enclosure utilizing at least 
SUMMARY one heating blanket according to one aspect of the present 

disclosure ; 
According to an exemplary arrangement , an enclosure for FIG . 2 is a perspective illustration of a heating blanket in 

heating a three dimensional structure is disclosed . The an embodiment as may be used for heating a three dimen 
enclosure comprising a body defining a cavity sized to 50 sional structure , the heating blanket comprising a flattened 
receive a three dimensional structure . A plurality of heating helical wire conductor positioned perpendicular to an array 
blankets are configured to heat the three dimensional struc - of susceptor wires that are positioned within the flattened 
ture to a substantially uniform temperature . In one arrange - helical wire conductor ; 
ment , at least one of the plurality of heating blankets FIG . 3 is a schematic illustration of the heating blanket 
comprises a conductor for receiving current and generating 55 illustrated in FIG . 2 ( with the housing and matrix removed ) 
a magnetic field in response thereto , a first susceptor wire illustrating the helical wire conductor connected to a power 
comprising an alloy having a first Curie temperature point , supply , a controller , and a sensor , and with an linear array of 
and a second susceptor wire . The second susceptor wire susceptor wires contained within the helical wire conductor ; 
comprising a second Curie temperature point that is different FIG . 4 is a cross - sectional illustration of the heating 
than the first Curie temperature point of the first susceptor 60 blanket taken along line 2 - 2 of FIG . 2 and illustrating the 
wire . In another arrangement , the plurality heating blankets linear array of susceptor wires provided within the helical 
are in contact with the three dimensional structure . wire conductor for induction heating thereof in response to 

According to another arrangement , a method of heating a magnetic fields generated by an alternating current applied 
three dimensional structure is disclosed . The method to the helical wire conductor ; 
includes the steps of defining an internal cavity of a body of 65 FIG . 5 is an illustration of a plot of heat output measured 
an enclosure ; mounting a three dimensional structure within over temperature for an embodiment of an exemplary array 
the cavity of the enclosure ; and configuring one or more of susceptor wires ; 
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FIG . 6 is an illustration of an alternative susceptor and bottom skin portion 62 and a top skin portion 64 of the wing 

conductor arrangement that may be used in a heating blan - structure 50 . Advantageously , the illustrated enclosure 
ket , such as one or more heating blankets illustrated in FIGS . arrangement may utilize one or more heat blankets as herein 
1 - 3 ; disclosed . One advantage of such a heating enclosure 5 is 

FIG . 7 is an illustration of an alternative heating blanket 5 that natural heat convection may be utilized to achieve 
layout of the alternative susceptor and conductor arrange proper cure , rather than requiring a controlled heated envi 
ment illustrated in FIG . 6 ; ronment , such as by way of a typical autoclave . As such , the 

FIG . 8 is a schematic illustration of an alternative heating enclosure 5 does not require any type of additional external 
blanket connected to a power supply , a controller and a fan or external air circulation equipment to carry out such a 
sensor and illustrating the susceptor and conductor arrange - 10 curing process . 
ment illustrated in FIG . 6 housed within a housing of the As illustrated , the three dimensional structure 50 is illus 
heating blanket ; trated as being mounted inside the cavity 12 of the enclosure 

FIG . 9 is a cross - sectional illustration of the heating 5 . To facilitate this mounting , the enclosure 5 comprises a 
blanket taken along line 8 - 8 of FIG . 8 and illustrating the plurality of inflatable bladders . In this illustrated arrange 
conductor provided with a plurality of susceptor wires 15 ment , the enclosure 5 is provided with four different inflat 
spirally surrounding the conductor for induction heating able bladders 20 , 22 , 24 , and 26 . As illustrated , two of these 
thereof in response to a magnetic field generated by an inflatable bladders 20 , 22 are configured to exert pressure on 
alternating current applied to the conductor ; a top portion 56 of the three dimensional structure and two 

FIG . 10 is an enlarged sectional illustration of the con - of these inflatable bladders 24 , 26 exert a pressure on a 
ductor and susceptor arrangement of FIG . 9 surrounded by 20 bottom portion 58 of the three dimensional structure 50 . In 
thermally conductive matrix and illustrating a magnetic field addition , various spacer elements may be provided between 
encircling the susceptor wires and generating an eddy cur - the various bladders and the three dimensional structure . For 
rent in the susceptor wires oriented in a direction opposite example , a first spacer 30 is positioned between a first 
the direction of the magnetic field ; and bladder 20 and a first portion of the first heating blanket 46 

FIG . 11 illustrates steps of a method for heating a three 25 and a second spacer 32 is positioned between a second 
dimensional structure using the enclosure illustrated in FIG . bladder 22 and a second portion of the first heating blanket 

46 . Similarly , a third spacer 34 is positioned between a third 
bladder 24 and a first portion of the second heating blanket 

DETAILED DESCRIPTION 40 and a fourth spacer 36 is positioned between a fourth 
30 bladder 26 and a second portion of the second heating 

Disclosed embodiments will now be described more fully blanket 40 . 
hereinafter with reference to the accompanying drawings , in The various inflatable bladders 20 , 22 , 24 , 26 are config 
which some , but not all of the disclosed embodiments are ured to exert a pressure on the heating blankets 40 , 46 so as 
shown . Indeed , several different embodiments may be pro - to maintain the heating blankets against an outside surface of 
vided and should not be construed as limited to the embodi - 35 the three dimensional structure , preferably at a predeter 
ments set forth herein . Rather , these embodiments are pro - mined pressure . More specifically , when bonding certain 
vided so that this disclosure will be thorough and complete structures together , specifications require that a certain 
and will fully convey the scope of the disclosure to those amount of force is applied to the adhesive at a certain 
skilled in the art . temperature to adequately complete the curing process . In 

FIG . 1 is one illustration of an insulated enclosure 5 for 40 this case , the various inflatable bladders 20 , 22 , 24 , 26 are 
heating a three dimensional structure 50 , the enclosure extended from the body 10 of the enclosure 5 so as to make 
utilizing a heating blanket according to one aspect of the contact with the blankets 40 , 46 . The inflatable bladders 20 , 
present disclosure . In this illustrated enclosure arrangement , 22 , 24 , 26 press the blankets 40 , 46 via the spacers 30 , 32 , 
the enclosure 5 utilizes a plurality of heating blankets , such 34 , and 36 against the three dimensional structure 50 at the 
as the heating blankets discussed and illustrated herein . 45 predetermined pressure . Spacers 30 , 32 , 34 , and 36 posi 
Specifically , the enclosure may be used to uniformly heat tioned between the inflatable bladders 20 , 22 , 24 , and 26 and 
and cure a three dimensional structure , such as a wing the heating blankets 40 , 46 help to ensure proper pressure is 
structure 50 . applied to the three dimensional structure 50 during the 

The insulated enclosure 5 comprises a body 10 that bonding process . 
defines an internal cavity 12 . The body 10 is preferably 50 As will be described herein , the heating blankets 46 , 40 
insulated by way of an insulation layer 13 so as to efficiently may be activated by way of a controller , sensor , and power 
maintain the heat generated within the enclosure 5 and supply so as to heat the three dimensional structure to the 
therefore reduce electrical consumption during the heating predetermined temperature and at the desired pressure cre 
or curing process of the three dimensional structure 50 . The a ted by the inflatable bladders 20 , 22 , 24 , and 26 . Preferably , 
heat 44 generated within the insulated enclosure 5 is gen - 55 the insulated enclosure 5 may be used to heat a three 
erated by at least one , and preferably two susceptor based dimensional structure 50 for bonding , curing , repair , seal 
heating blankets , as described in greater detail herein . For ants , liquid shims , etc . As the susceptor based heating 
example , in the illustrated insulated enclosure 5 illustrated in blankets 40 , 46 provide a uniform temperature of the three 
FIG . 1 , two susceptor based heating blankets 40 , 46 are dimensional structure , the uniform temperature propagates 
utilized . 60 into and through the structure . 
As illustrated , this wing structure 50 comprises two FIG . 2 is a perspective illustration of a heating blanket 

vertically extending aluminum spars 52 , 54 that tend to act 154 in an embodiment as may be used with a three dimen 
as heat sinks . The heating blankets 40 , 46 provide a uniform sional structure , such as the structure illustrated in FIG . 1 . 
temperature to bond a three dimensional structure 50 so as The heating blanket 154 comprising a flattened helical wire 
to properly cure the three dimensional structure 50 and avoid 65 conductor 180 and a linear array of susceptor wires 182 . 
overheating the structure . The insulated enclosure 5 is Preferably , the linear array of susceptor wires 182 are 
utilized to adhesively bond these spars 52 , 54 to both a positioned within alternating conductors of the helical wire 
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conductor 180 of the heating blanket . More preferably , the volt , ( 480V or higher as necessary to deliver power to very 
linear array of susceptor wires 182 are arranged perpendicu - large blankets ) outlet . Although the power supply 190 may 
lar to the plurality of conductor portions making up the be connected to a conventional 60 Hz outlet , the frequency 
helical wire conductor 180 . In one preferred arrangement of the alternating current that is provided to the conductor 
the flattened helical wire conductor 180 comprises a Litz 5 180 may preferably range from approximately 1 , 000 Hz to 
wire that is wound in a flattened helical like structure ( e . g . , approximately 400 , 000 Hz . In some cases , the frequency of 
a solenoid ) so as to define a plurality of alternating conduc - the alternating current provided to the conductor 180 may be 
tors . For example , FIG . 3 is a schematic illustration of the as high as 4 MHz . The voltage provided to the conductor 180 
heating blanket 154 illustrated in FIG . 2 ( with the heating may range from approximately 10 volts to 1 , 000 - 2 , 000 volts 
blanket housing 158 and matrix 178 removed ) so as to 10 but is preferably less than approximately 450 volts . Like 
illustrate the helical wire conductor 180 connected to a wise , the alternating current provided to the conductor 180 
power supply 190 , a controller 192 , and a sensor 194 . As by the power supply is preferably between approximately 10 
illustrated , the helical wire conductor 180 comprises a amps and approximately 1000 amps . 
unitary wire that winds back and forth between a first side FIG . 4 illustrates a cross sectional view of the array of 
S of the heating blanket 154 and a second side S , of the 15 susceptor wires 182 that may be used with the heating 
heating blanket in a flattened helical structure , along a length blankets illustrated in FIGS . 1 - 3 taken along line 2 - 2 of FIG . 
Lys of the heating blanket 154 . Importantly , in this illus - 2 . As illustrated , the linear array of susceptor wires 182 
trated arrangement of the heating blanket 154 , the linear comprises a first plurality of susceptor wires 184 , 186 
array of susceptor wires 182 are positioned between the arranged in at least one row 181 . In an alternative linear 
alternating conductors or wires making up the helical wire 20 array arrangement , the linear array of susceptor wires 182 
conductor 180 for inductive heating of the array of susceptor comprises a second plurality of susceptor s arranged in a 
wires 182 in the presence of an alternating current provided second row . 
by the p source 190 . The inductively heated array of In one preferred arrangement , at least one of the first 
susceptor wires 182 thermally conducts heat to a matrix 178 plurality of susceptor wires within the linear array 182 
( FIG . 2 ) . The matrix 178 may thermally conduct heat to a 25 comprises a magnetic material having a first Curie tempera 
structure to which the heating blanket 154 is positioned ture . In addition , at least one of the plurality of susceptor 
against . wires within the linear array 182 comprises a magnetic 

Referring to FIGS . 2 and 3 , the heating blanket 154 may material having a second Curie temperature , the second 
include a housing 158 defining an interior 160 . This interior Curie temperature being different than the first Curie tem 
may be formed of a suitable material which is preferably 30 perature of the first susceptor wire . 
thermally conductive and which may also be flexible and / or As illustrated in FIG . 4 , in one arrangement , the linear 
resilient such that the heating blanket 154 may conform to array of susceptor wires 182 comprises a plurality of first 
curved areas to which it may be applied . In this regard , the susceptor wires 184 and a plurality of second susceptor 
housing 158 is preferably formed of a pliable and / or con wires 186 within the linear array of susceptor wires 182 . 
formable material having a relatively high thermal conduc - 35 Preferably , in one arrangement , the first plurality of suscep 
tivity and relatively low electrical conductivity . The housing tor wires 184 comprise a first Curie temperature alloy 224 
158 may comprise upper and lower face sheets 162 , 164 and the second plurality of susceptor wires 186 comprises a 
formed of silicone , rubber , polyurethane or other suitable second Curie temperature alloy 226 that is different from the 
elastomeric or flexible material that provides dimensional first Curie temperature alloy of the first susceptor wire 224 . 
stability to the housing 158 while maintaining flexibility for 40 As those of ordinary skill will recognize , alternative 
conforming the heating blanket 154 to curved surfaces . susceptor array 182 may also be utilized . As just one 
Although shown as having a generally hollow interior 160 example , the linear susceptor array 188 may comprise a 
bounded by the upper and lower face sheets 162 , 164 , the plurality of third susceptor wires comprising a third Curie 
housing 158 may comprise an arrangement wherein the temperature alloy . In such an arrangement , the third Curie 
conductor 180 and the associated magnetic material are 45 temperature alloy may be different than the first Curie 
integrated or embedded within the housing 158 such that the temperature alloy 224 of the first susceptor wire 184 and also 
conductor 180 is encapsulated within the housing 158 to different than the second Curie temperature alloy 226 of the 
form a unitary structure 150 that is preferably flexible for second susceptor wire 186 . 
conforming to curved surfaces . In addition , in one exemplary linear array arrangement , 

FIG . 3 illustrates a perspective view of certain compo - 50 the linear array 182 may comprise an equal number of the 
nents of the heating blanket 154 showing the flattened first susceptor wires 184 and the second susceptor wires 186 . 
helical structure of the conductor 180 and the array of In one preferred arrangement , the linear array 182 comprises 
susceptor wires 182 residing within this helical structure in an unequal number of the first susceptor wires 184 and the 
greater detail . In one preferred arrangement , and as illus - second susceptor wires 186 . Alternatively , where the linear 
trated in FIG . 3 , the susceptor wires 182 are arranged within 55 array 182 further comprises a plurality of third susceptor 
the helical conductor 180 such that a longitudinal axis of the wires , the number of these third susceptor wires may be 
array of susceptor wires 182 resides substantially perpen - same as , greater than or less than the number of first 
dicular to an electrical current flowing through the helical susceptor wires 184 . Similarly , the number of third susceptor 
conductor 180 . In this manner , the varying magnetic fields wires may be same as , greater than or less than the number 
generated by the helical conductor 180 induce eddy currents 60 of second susceptor wires 186 . In an alternative arrange 
in the array of susceptor wires 182 as will be discussed in ment , more of the first or second susceptor wires 184 , 186 
greater detail herein . may be provided . In addition , a diameter size of the first 

A power supply 190 providing alternating current power susceptor wires 184 , a diameter size of the second susceptor 
may be connected to the heating blanket 154 by means of the wires 186 , and a diameter size of the third susceptor wires 
heating blanket wiring 156 A , B . The power supply 190 may 65 may all be the same or may all be different . However , as 
be configured as a portable or fixed power supply 190 which those of ordinary skill in the relevant art will recognize , 
may be connected to a conventional 60 Hz , 110 volt or 220 alternative sized susceptor wire arrangements may be pro 
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vided . As just one example , the first susceptor wires 184 may one exemplary arrangement , under the operation and control 
comprise may comprise a 10 mil diameter , the second of the controller ( FIG . 3 ) , different susceptor wires within 
susceptor wires 186 may comprise 13 mil diameter , and the the susceptor array may be activated at different times or 
third susceptor wires may comprise 15 mil diameter . Of points within the heating process . 
course , alternative linear arrangements comprising different 5 Returning to FIG . 4 , the linear array 182 comprises a 
wire sizes may also be used . plurality of first susceptor wires 184 having a first Curie 

Increasing the number of different susceptor wire types temperature 24 and a plurality of second susceptor wires 186 
provided within the linear susceptor array 182 can be having a second Curie temperature 226 . The first Curie 
beneficial to obtaining an enhanced temperature regulation temperature being lower than the second Curie temperature . 
over an even wider range of operating temperatures . 10 In this illustrated arrangement , the first susceptor wires 184 

In one preferred arrangement , the first susceptor conduc - may be positioned adjacent two of the plurality of second 
tor 184 comprises a first Curie temperature alloy 224 and the susceptor wires 186 . In addition , the susceptor linear array 
second susceptor conductor 186 comprises a second Curie 182 may be positioned an equal distance from both a first , 
temperature alloy 228 wherein the second Curie temperature lower conductor portion 180A and a second , upper conduc 
of the second susceptor conductor 186 is a lower tempera - 15 tor portion 180B . The susceptor wires are preferably elec 
ture than the first Curie temperature alloy of the first trically insulated from these conductor portions 180A , B . 
susceptor conductor 184 . In one preferred arrangement , the Initially , the application of a first alternating current I , 250 
first Curie temperature alloy comprises Alloy 34 having 34 % by way of a power source ( FIG . 3 ) to the first conductor 
Ni and 66 % Fe having a Curie temperature point about 450° portion 180A produces an alternating magnetic field lines 
F . and comprises a negligible magnetic properties above 20 196A that comprise concentric circles around the cylindri 
400° F . In this same arrangement , the second Curie tem - cally current carrying conductor 180A . In FIG . 4 , these 
perature alloy comprises Alloy having 32 % Ni and 68 % Fe concentric circles 196A may be illustrated as comprising a 
having a Curie temperature of about 392° F . and comprises first magnetic field 196 which is illustrated as directed 
a negligible magnetic properties above 250° F . perpendicularly out of the paper . Similarly , the application 

The magnetic fields generated by the alternating current 25 of a second alternating current I ; 260 ( flowing in an opposite 
flowing through the helical conductor 180 wound in a Litz direction as the first alternation current I ; 250 ) through the 
wire flattened helix ( or solenoid ) and inducing eddy currents second conductor portion 180B produces an alternating 
within the array of susceptor wires 182 will now be magnetic field lines 196B that comprise concentric circles 
described with reference to FIG . 4 . As those of ordinary skill around the cylindrically current carrying conductor 180B . 
in the art recognize , a Litz wire is typically used to carry 30 Because of the orientation of the first and second mag 
alternating current and may consist of many thin wire netic fields 196A , B , these fields 196A , B will essentially 
strands , individually insulated and twisted or woven cancel each another out on the outside of the blanket 154 , 
together . below the first conductor 180A as they reside in opposite 
As can be seen as an example in FIG . 6 , seven susceptor directions . Similarly , above the second or upper conductor 

wires 184 , 186 are illustrated and these wire reside in a row , 35 180B on the outside of the blanket 154 , the first and second 
adjacent one another and between two alternating conduc magnetic fields 196A , B will also essentially cancel one 
tors of a helical conductor 180 , such as the helical conductor another out . In contrast , within the heating blanket matrix 
180 illustrated in FIG . 3 . In one preferred helical conductor 178 and hence within the susceptor linear array 182 , the first 
arrangement , the helical conductor is of unitary construction and second magnetic fields 196A , B will be additive to one 
and comprises a single conductor that is wound from one 40 another since both fields are oriented substantially parallel to 
end of the heating blanket to the other in a continuous , the axis of the susceptor wires linear array 182 . This 
flattened helix shape . As just one example , if the helical substantially parallel combined oscillating magnetic field 
conductor comprises a single conductor such as helical 196A , B will therefore generate eddy currents that travel 
conductor 180 illustrated in FIG . 3 , this single conductor circumferentially within the susceptors 184 , 186 contained 
180 may make ten ( 10 ) turns per inch in the helix . 45 within the susceptor array 182 . Therefore , both the suscep 

In an alternative helical conductor arrangement , the heli - tors 184 , 186 will generate heat simultaneously with the 
cal conductor may comprise two or more conductors form - application of the magnetic fields 196A , B . 
ing two or more parallel circuits . Utilizing two or more Initially , the concentration of the magnetic fields 196A , B 
conductors does not materially affect the generated magnetic results in relatively large eddy currents generated in the 
field as long as each conductor carriers the same amount of 50 plurality of first susceptor wires 184 having the lower Curie 
current as the single conductor . With such a multiple con - temperature as well as eddy currents generated in the plu 
ductor helical configuration , the controller 192 and sensor rality of second susceptor wires 186 having the higher curie 
194 may be operated to adjust and maintain this type of temperature . As illustrated , eddy currents are generated in 
desired current control . One advantage of such a multiple both the lower and higher Curie temperature materials 184 , 
conductor helical configuration is that it acts to reduce the 55 186 as long as a susceptor has high permeability and is of 
voltage need to provide current from one end of the blanket sufficient diameter so that the skin depth is substantially 
to the other end of the blanket . For example , instead of smaller than the wire radius . In the present disclosure , and 
having one conductor making ten ( 10 ) turns per inch in the in this illustrated arrangement , the second susceptor does not 
helix , the multiple conductor configuration may have , for dominate heating at low temperature by having a smaller 
example , ten ( 10 ) conductors making one ( 1 ) turn per inch . 60 concentration of the second susceptor than the first . The 

Another advantage of such a multiple conductor helical induced eddy currents in both the first and second materials 
configuration is that it acts to reduce the voltage needed to result in resistive heating of the first and second susceptor 
provide current from one end of the blanket to the other end wires 184 and 186 . Although most of the heating is provided 
of the blanket . For example , a separate conductor helical by way of the lower Curie temperature material , the eddy 
configuration may be utilized to activate a first susceptor 65 currents within the higher Curie susceptor 186 will also 
conductor whereas a second separate conductor may be provide a certain amount of resistive heating at lower 
utilized to activate a second susceptor conductor . As such , in temperatures , albeit less than the heat generated by way of 
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lower Curie temperature susceptor 184 . As such , the first diameter alloy 34 ( 34 % Ni and 66 % Fe ) wire . In this 
susceptor wire 184 and the second susceptor wire 186 both susceptor wire arrangement , the susceptor array comprises a 
act to conductively heat the matrix 178 and the structure in 12 mil center - to - center spacing . As those of ordinary skill in 
thermal contact with the heating blanket 154 , such as the the art will recognize , alternative diameter sizes and center 
wing structure 50 illustrated in FIG . 1 . The heating of the 5 to - center spacing configurations may also be utilized . As can 
first susceptor wire 184 and second susceptor wire 186 be seen in FIG . 5 , this susceptor arrangement provided an 
continues during application of the alternating current until extended useful temperature range for such a susceptor 
the magnetic material of the first susceptor wire 184 including a controlled temperature range from about 150° F . 
approaches its Curie temperature , which again in this illus - to about 380° F . It should be noted that typically , in certain 
trated arrangement is lower than the Curie temperature of 10 applications , more heat is needed to compensate for higher 
the second susceptor wire 184 . heat losses at higher temperatures as those temperatures 
Upon approaching the temperature where the magnetic illustrated in FIG . 5 . In order to provide the required increase 

properties of the first susceptor wire 184 becomes negli - in heat , the current and therefore the magnetic fields may be 
gible , the first susceptor wire 184 becomes non - magnetic . At increased as necessary by increasing the power supply 
this non - magnetic point , the magnetic fields 196A , B gener - 15 current . This increase in current will effectively shift the 
ated by the first conductor portion and the second conductor curve in FIG . 5 upward so as to provide a desired amount of 
portion 180A , B continue to generate eddy currents in the heat while still maintaining the same negative slope curve 
higher Curie temperature susceptor because it is still elec - shape whine providing a greater amount of heat to cooler 
trically conductive due to its higher Curie temperature . As areas , such as those located near heat sinks . ( e . g . , such as the 
such , once the lower Curie temperature of the first susceptor 20 two vertically extending aluminum spars 52 , 54 illustrated in 
wire 184 is achieved , temperature regulation by way of both FIG . 1 ) . 
the first susceptor wire 184 and the second susceptor wire FIG . 6 is an illustration of an alternative susceptor and 
186 continue , albeit at a higher Curie temperature . conductor arrangement 300 that may be used in a heating 
As the first susceptor wire 184 no longer generates heat , blanket , such as the heating blankets illustrated in FIG . 1 . In 

the concentration of the magnetic field 196B continues to 25 this illustrated alternative arrangement 300 , the susceptor 
generate large eddy currents in the second susceptor wire 310 comprises a spring shaped susceptor and is wound 
186 . The continued induction of eddy currents within both around a conductor 320 . In one preferred arrangement , the 
the first and second susceptor wire 186 result in resistive susceptor 310 comprises a first and second susceptor wire 
heating of the second susceptor wire 186 . The first and arrangement as describe and illustrated herein . In an alter 
second susceptor wire 186 therefore continue to conduc - 30 native preferred arrangement , the susceptor 310 comprises a 
tively heat the matrix 178 and the structure in thermal first , a second , and a third susceptor wire arrangement as 
contact with the heating blanket 154 . The heating of the described and illustrated in FIG . 4 , however alternative 
susceptor wire 186 continues during application of the susceptor arrangements may also be utilized . 
alternating current I ; 250 and Iii 260 until the magnetic F IG . 7 is an illustration of an alternative layout of the 
material of the susceptor wire 186 approaches its Curie 35 alternative susceptor and conductor arrangement illustrated 
temperature , which again in this illustrated arrangement in FIG . 6 . And FIG . 8 illustrates a top view of an alternative 
comprises a higher Curie temperature than the Curie tem - heating blanket arrangement 354 showing the meandering 
perature of the first susceptor wire 184 . Upon reaching the pattern of the conductor 320 and the array of susceptor wires 
higher Curie temperature of the second susceptor wire 186 , 310 within the housing 358 . In one preferred arrangement , 
the susceptor wire 186 becomes non - magnetic . At this 40 the array of susceptor wires 310 comprise spring formed 
non - magnetic point , the magnetic fields 196A , B are no wires as illustrated in FIG . 6 . Such susceptor wires 310 may 
longer concentrated in the susceptor wire 186 . The induced be wound around the conductor 320 such that a longitudinal 
eddy currents and associated resistive heating of the sus - axis of the of susceptor wires 310 is substantially perpen 
ceptor wire 186 therefore diminishes to a level sufficient to dicular to an electrical current flowing through the conductor 
maintain the temperature of the first and second susceptor 45 320 and generating a magnetic field parallel to the longitu 
wire 186 at the higher Curie temperature . dinal axis of the susceptor wires 310 . In this manner , a 
As an example of the heating of the magnetic material to varying magnetic field generated by the conductor 320 

the Curie temperature , FIG . 5 illustrates a plot of heat output induces eddy currents in the array of susceptor wires 310 as 
230 measured over temperature 232 for an exemplary heat - discussed in greater detail herein . 
ing blanket comprising an array of susceptors as disclosed 50 A power supply 390 providing alternating current electric 
herein . Specifically , the heating blanket may comprise an power may be connected to the heating blanket 354 by 
array of susceptors mounted within a conductor 180 wherein means of the heating blanket wiring 356 . The power supply 
the conductor 180 comprises a Litz wire formed as a 390 may be configured as a portable or fixed power supply 
flattened helix as illustrated in FIG . 3 . To generate the data 390 which may be connected to a conventional 60 Hz , 110 
presented in this graph , the array of susceptors comprise a 55 volt or 220 volt outlet . Although the power supply 390 may 
2 : 1 mixture of a first plurality of first susceptor wires be connected to a conventional 60 Hz outlet , the frequency 
comprising Alloy 32 and a second plurality of second of the alternating current that is provided to the conductor 
susceptor wires Alloy 34 , wherein each of the first and 320 may preferably range from approximately 1000 Hz to 
second wires comprised a 10 mil diameter . Both first and approximately 400 , 000 Hz . In some cases , the frequency of 
second susceptor wires were inductively heated by way of a 60 the alternating current may be as high as 4 MHz . The voltage 
300 KHz magnetic field whose amplitude was increased provided to the conductor 320 may range from approxi 
from 5 Oe to 10 Oe as the temperature rises to compensate mately 10 volts to 1 , 000 - 2 , 000 volts but is preferably less 
for increasing heat losses that occur at higher temperature . than approximately 450 volts . Likewise , the frequency of the 
The first plurality of first susceptor wires comprised a alternating current provided to the conductor 320 by the 
susceptor wire comprising a 10 mil diameter alloy 32 ( 32 % 65 power supply is preferably between approximately 10 amps 
Ni and 68 % Fe ) . The second plurality of second susceptor and approximately 1000 amps . In this regard , the power 
wires comprised a susceptor wire comprising a 10 mil supply 390 may be provided in a constant - current configu 
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ration wherein the voltage across the conductor 320 may the adhesive curing temperature or the curing temperature of 
decrease as the magnetic materials within the heating blan the composite material from which the patch may be formed . 
ket 354 approach the Curie temperature at which the voltage Metals comprising the magnetic material may include iron , 
may cease to increase when the Curie temperature is reached cobalt or nickel . Alloys from which the magnetic material 
as described in greater detail below . 5 may be formed may comprise a combination of the above 

Referring to FIGS . 9 and 10 , shown is an embodiment of described metals including , but not limited to , iron , cobalt 
the magnetic blanket 354 having a spring susceptor 310 and nickel . 
formed of magnetic material having a Curie temperature and Likewise , the presently disclosed conductor ( such as the 
provided around a conductor 320 . The susceptor 310 may be conductor 180 illustrated in FIGS . 2 - 3 and the conductor 320 
formed as a solid or unitary component in a cylindrical 10 illustrated in FIGS . 6 - 9 ) may be formed of any suitable 
arrangement in a spiral or spring configuration around the material having an electrical conductivity . Furthermore , the 
conductor 320 in order to enhance the flexibility of the conductor is preferably formed of flexible material to facili 
heating blanket 354 . As just one example , the susceptor 310 tate the application of the heating blanket to curved surfaces . 
may comprise a first plurality of first susceptor wires having In this regard , the conductor may be formed of Litz wire or 
a first Curie temperature and a second plurality of second 15 other similar wire configurations having a flexible nature 
susceptor wires having a second Curie temperature , as and which are configured for carrying high frequency alter 
illustrated in FIG . 4 . The first Curie temperature being lower nating current with minimal weight . The conductor material 
than the second Curie temperature . preferably possesses a relatively low electrical resistance in 

As can be seen in FIG . 10 , the susceptor 310 may extend order to minimize unwanted and / or uncontrollable resistive 
along a length of the conductor 320 within the housing 358 . 20 heating of the conductor . The conductor may be provided as 
The application of alternating current to the conductor 320 a single strand of wire of unitary construction or the con 
produces an alternating magnetic field 396 . The magnetic ductor may be formed of braided material such as braided 
field 396 is absorbed by the magnetic material from which cable . In addition , the conductor may comprise a plurality of 
the susceptor 310 is formed causing the susceptor 310 to be conductors which may be electrically connected in parallel 
inductively heated . 25 in order to minimize the magnitude of the voltage otherwise 
More particularly and referring to FIG . 10 , the flow of required for relative long lengths of the conductor such as 

alternating current through the conductor 320 results in the may be required for large heating blanket configurations . 
generation of the magnetic field 396 surrounding the sus Referring back to FIGS . 9 and 10 , the heat blanket 
ceptor 310 . Eddy currents 398 generated within the suscep housing 358 may be formed of a flexible material to provide 
tor 310 as a result of exposure thereof to the magnetic field 30 thermal conduction of heat generated by the susceptor sleeve 
396 causes inductive heating of the susceptor 310 . The to the structure to which the heating blanket is applied . In 
housing 358 may include a thermally conductive matrix 378 order to minimize environmental heat losses from the heat 
material such as silicone to facilitate thermal conduction of ing blanket 354 , an insulation layer 368 may be included as 
the heat generated by the susceptor 310 to the surface of the illustrated in FIGS . 9 and 10 . The insulation layer 368 may 
heating blanket 354 . The magnetic material from which the 35 comprise insulation 372 formed of silicone or other suitable 
susceptor 310 is formed preferably has a high magnetic material to minimize heat loss by radiation to the environ 
permeability and a Curie temperature that corresponds to the ment . In addition , the insulation layer 368 may improve the 
desired temperature to which a structure is to be heated by safety and thermal efficiency of the heating blanket 354 . As 
the heating blanket 354 . The susceptor 310 and conductor was indicated above , the housing 358 of the heating blanket 
320 are preferably sized and configured such that at tem - 40 354 may be formed of any suitable high temperature mate 
peratures below the Curie temperature of the magnetic rial such as silicone or any other material having a suitable 
material , the magnetic field 396 is concentrated in the thermal conductivity and low electrical conductivity . Such 
susceptor 310 due to the magnetic permeability of the material may include , but is not limited to , silicone , rubber 
material . and polyurethanes or any other thermally conductive mate 
As a result of the close proximity of the susceptor 310 to 45 rial that is preferably flexible . 

the conductor 320 , the concentration of the magnetic field Referring back to FIGS . 1 , 3 and 8 , the heating blankets 
396 results in relatively large eddy currents 398 in the 40 , 46 , 154 , and 354 may include thermal sensors such as 
susceptor 310 . The induced eddy currents 398 result in thermocouples or other suitable temperature sensing devices 
resistive heating of the susceptor 310 . The susceptor 310 for monitoring heat at locations along the area of the heating 
conductively heats the matrix 378 and a structure ( e . g . , 50 blankets in contact with the structure 50 ( FIG . 1 ) . Alterna 
structure 50 in FIG . 1 ) in thermal contact with the heating tively , the heating blankets may include a voltage sensor 
blanket 354 . The heating of the first and second susceptor 194 , 394 or other sensing devices connected to the power 
wires of the susceptor 310 occurs as previously described supply 190 , 390 as illustrated in FIGS . 3 and 8 . 
herein with reference to FIG . 4 . Referring still to FIGS . 3 and 8 , sensors 194 , 394 may be 

The magnetic materials of the first susceptor wire and the 55 configured to indicate the voltage level provided by power 
second susceptor wire may be provided in a variety of supplies 190 , 390 , respectively . For a constant current con 
compositions including , but not limited to , a metal , an alloy , figuration of the herein disclosed heating blankets , the 
or any other suitable material having a suitable Curie voltage may decrease as the magnetic material approaches 
temperature . For example , the first or second susceptor wire the Curie temperature . Power supplies 190 , 390 may also be 
may be formed of an alloy having a composition of 32 wt . 60 configured to facilitate adjustment of the frequency of the 
% Ni - 64 wt . % Fe having a Curie temperature of approxi - alternating current in order to alter the heating rate of the 
mately 390° F . The alloy may also be selected as having a magnetic material . In this regard , power supplies 190 , 390 
composition of 34 wt . % Ni - 66 wt . % Fe having a Curie may be coupled to a respective controller 192 , 392 in order 
temperature of approximately 450° F . However , the suscep - to facilitate adjustment of the alternating current over a 
tor wires may be formed of a variety of other magnetic 65 predetermined range in order to facilitate the application of 
materials such as alloys which have Curie temperatures in a heating blanket to a wide variety of structures having 
the range of the particular application such as the range of different heating requirements . 

D . 
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FIG . 11 broadly illustrates steps of a method 400 for We claim : 

heating a three dimensional structure using a heated enclo - 1 . An enclosure for heating a three dimensional structure , 
sure , such as the heated enclosure 300 illustrated in FIG . 1 the enclosure comprising : 
utilizing one or more heating blankets is described herein . a body defining a cavity therein , the cavity sized to 
For example , step 410 includes the step of utilizing a body 5 receive a three dimensional structure ; 
of an enclosure to define an internal cavity . Optionally , at a plurality of heating blankets configured to heat the three 
step 420 , the method includes the step of insulating the dimensional structure to a substantially uniform tem 
enclosure by way of an insulation layer so as to efficiently perature ; and 
maintain the heat generated within the enclosure so as to at least one expandable bladder positioned such that a reduce electrical consumption during the heating or curing 10 heating blanket of the plurality of heating blankets is process . The step 430 includes the step of mounting the three positioned between the three dimensional structure and dimensional structure within the cavity of the enclosure . At the at least one expandable bladder . step 440 , one or more inflatable bladders are configured to 
exert pressure on the three dimensional structure . Option 2 . The enclosure of claim 1 wherein 
ally , at step 450 , the method includes the step of positioning 15 at least one heating blanket of the plurality of heating 
various spacer between the various bladders and the three blankets comprises : 
dimensional structure . a conductor configured to receive current and generate a 
Next , at step 460 , the method includes the step of utilizing magnetic field in response thereto ; 

one or more inflatable bladders to exert a pressure on the a first susceptor wire comprising an alloy having a first 
heating blankets so as to maintain the heating blankets 20 Curie temperature ; and 
against the three dimensional structure . Preferably , the a second susceptor wire , 
inflatable bladders exert a predetermined pressure on the the second susceptor wire comprising a second Curie 
heating blankets . temperature that is different than the first Curie tem 

At step 470 , the heating blankets may be activated by way perature of the first susceptor wire . 
of a controller , sensor , and power supply as described herein . 25 roller sensor and nower supply as described herein . 25 3 . The enclosure of claim 1 wherein 
At step 480 , the three dimensional structures are heated to a the plurality of heating blankets are in contact with the 
predetermined temperature and at the desired pressure cre three dimensional structure . 
ated by the inflatable bladders . At step 490 , the susceptor 4 . The enclosure of claim 1 wherein comprising : 
based heating blankets provide a uniform temperature of the the at least one expandable bladder is configured to 
three dimensional structure . At step 480 , the uniform tem - 30 maintain a heating blanket of the plurality of heating 
perature propagates into and through the structure so as to blankets in contact with the three dimensional struc 
properly cure the three dimensional structure . ture . 

The presently disclosed enclosure comprising a heating 5 . The enclosure of claim 1 wherein at least one heating 
blanket comprising a susceptor wire array provides a num - blanket of the plurality of heating blankets comprises 
ber of advantages . For example , the enclosure provides for 35 a plurality of conductors configured to receive an alter 
one or more heating blankets that provides uniform , con nating current and generate a magnetic field in response 
trolled heating of large surface areas . In addition , a proper to the alternating current . 
selection of the metal or alloy in the heating blanket sus 6 . The enclosure of claim 5 wherein the plurality of 
ceptor arrays ' first and second susceptor wires facilitates conductors configured to receive the alternating current 
avoiding excessive heating of the work piece irrespective of 40 comprise Litz wires . 
the input power . By predetermining the first and second 7 . The enclosure of claim 1 wherein each heating blanket 
susceptor wire metal alloys , improved control and tempera - of the plurality of heating blankets comprises a plurality of 
ture uniformity in the work piece facilitates consistent susceptors configured to generate heat in response to a 
production of work pieces . The Curie temperature phenom - magnetic field . 
enon of both the first and second susceptor wires ( again , 45 8 . The enclosure of claim 1 , wherein at least one heating 
more than two different types of susceptor wire materials blanket of the plurality of the heating blankets comprises : 
may be utilized ) is used to control both the temperature a first susceptor wire comprising an alloy having a first 
ranges as well as the absolute temperature of the work piece Curie temperature ; and 
within the enclosure . This Curie temperature phenomenon is a second susceptor wire comprising an alloy having a 
also utilized to obtain substantial thermal uniformity in the 50 second Curie temperature , 
work piece , by matching the Curie temperature of the wherein the second Curie temperature is different than the 
susceptor to the desired temperature of the induction heating first Curie temperature of the first susceptor wire . 
operation being performed . 9 . The enclosure of claim 8 wherein 

The description of the different advantageous embodi the second Curie temperature of the second susceptor wire 
ments has been presented for purposes of illustration and 55 is lower than the first Curie temperature of the first 
description , and is not intended to be exhaustive or limited susceptor wire . 
to the embodiments in the form disclosed . Many modifica 10 . The enclosure of claim 8 further comprising : 
tions and variations will be apparent to those of ordinary a third susceptor wire , 
skill in the art . Further , different advantageous embodiments the third susceptor wire comprising an alloy having a third 
may provide different advantages as compared to other 60 Curie temperature . 
advantageous embodiments . The embodiment or embodi 11 . The enclosure of claim 10 wherein 
ments selected are chosen and described in order to best the third Curie temperature of the third susceptor wire is 
explain the principles of the embodiments , the practical different than the first Curie temperature of the first 
application , and to enable others of ordinary skill in the art susceptor wire . 
to understand the disclosure for various embodiments with 65 12 . A method for heating a three dimensional structure 
various modifications as are suited to the particular use comprising the steps of : 
contemplated defining an internal cavity of a body of an enclosure ; 
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mounting a three dimensional structure within the cavity 15 . The method of claim 12 further comprising the step of 
of the enclosure ; utilizing the one or more inflatable bladders to exert a 

configuring one or more inflatable bladders to exert predetermined pressure on the heating blankets so as to 
pressure on the three dimensional structure ; maintain the heating blankets against the three dimen providing one or more heating blankets ; 5 sional structure . utilizing the one or more inflatable bladders to exert a 16 . The method of claim 12 further comprising the step of pressure on the one or more heating blankets so as to 
maintain the one or more heating blankets against at activating the heating blankets by way of a controller , a 
least a portion of the three dimensional structure ; sensor , and power supply . 

activating the heating blankets ; 17 . The method of claim 12 further comprising the step of 
heating the three dimensional structure to a predetermined heating the three dimensional structure to the predeter 

temperature ; and mined temperature and at a desired pressure created by 
utilizing the heating blankets to provide a uniform tem the one or more inflatable bladders . 

perature of the three dimensional structure . 18 . The method of claim 12 further comprising the step of 13 . The method of claim 12 further comprising the step of utilizing the heating blankets to provide a uniform tem insulating the enclosure by way of an insulation layer so perature of the three dimensional structure , as to efficiently maintain the heat generated within the wherein the uniform temperature propagates into and enclosure . 
14 . The method of claim 12 further comprising the step of through the structure so as to cure the three dimensional 

structure . positioning one or more spacers between the one or more 
bladders and the three dimensional structure . * * * * * 


