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HIGH POWER INDUCTION WORK COIL
FOR SMALL STRIP SUSCEPTORS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to induction heating coils 1n general
and 1n particular to such heating coils of small size which
can produce high heats for use 1n thermoplastic welding
operations using metallic susceptors to generate heat by
eddy current induction.

Induction heating coils used 1n thermoplastic welding of
non-metallic composite parts are often required to be of
small size 1n order to allow their use 1n restricted places such
as those found 1n aircraft structures. While a small size 1s
desirable, 1t 1s often required that the temperature needed to
make an effective thermoplastic weld requires relatively
higch power mputs to the coil. Under these conditions it 1s
necessary to provide outside cooling to the coil to prevent
overheating. In the prior art, cooling has been provided by
winding the coil on square or round copper tube and running
water or other coolant through the tube when the coil 1s
excited. When such tubing 1s used to support a coil it is
nearly impossible to build a small coil of less than one inch
in diameter. To construct such a small coil with a tubular
core allows only a few turns of wire to be placed around the
coil. With so few turns, perhaps as few as three or four, the
inductive reactance of the coil 1s necessarily low making 1t
difficult to match the coil impedance to an RF power supply
necessary to excite the coil at the proper frequency. Also,
due to skin effect, only a portion of the copper of the
windings 1s effective in carrying the required current thus
making the coil losses high and the coil inefficient.

2. Related Art
The following U.S. patents are noted:

U.S. Pat. No. 3,183,460 which discloses a transformer for
high potential applications having cooling fluid ducts in the
insulation used to separate multiple coils.

U.S. Pat. No. 3,492,453 which discloses a tube heater
having concentric passages in the tubes to form a conduit for
cooling fluid.

U.S. Pai. No. 3,845,268 discloses an inductive heating
cotl but without cooling fluid ducts.

U.S. Pat. No. 3,946,349 discloses a Litz wire.

U.S. Pat. No. 3,990,402 discloses a high power inductive
heating coil without cooling.

U.S. Pat. No. 4,029,026 discloses an inductive heating
element for a cooking appliance without cooling.

U.S. Pat. No. 4,120,712 discloses, as does U.S. Pat. No.
3,990,402, a high power inductive heating coil without
cooling.

U.S. Pat. No. 4,290,295 discloses a heating coil for a
cooking appliance like that disclosed n U.S. Pat. No.
4,029,026, Here too there is no cooling.

U.S. Pat. No. 4,904,972 discloses a gas insulated induc-
tion electrical apparatus in which the core is submerged in
a ctrculating cooling fluid through inlet and outlet openings.
No cooling is provided.

U.S. Pat. No. 4,947,464 discloses an induction coil for a
cooking appliance but without cooling.
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2
SUMMARY OF THE INVENTION

A high power induction heating coil 1s disclosed which
uses a circular ferrite E core to support multiple, loosely
wound windings of a multi-strand wire known as Litzen-
draht or Litz cable. Such cable 1s composed of a number of
fine, separately insulated strands of copper wire. Use of such
wire forces the electrical current to utilize all of the copper
available hence minimizing losses in the coil. The coils of
Litz wire are wound on a powdered 1ron or other ferrite core
to shape the magnetic field and increase the inductance of
the coil assembly. This combination of high inductance and
low resistance 1n the winding produces a coil of very high Q.
The center portion of the E core 1s made hollow to enable
coolant to be circulated through the core and returned to the
coolant source by circulating through the loosely formed
winding. Various modifications of the core geometry allow
control of the cooling function to provide an area of con-
centrated heat on the working surface or to evenly distribute
the heat over the enfire working surface.

It 1s therefor an object of this invention to provide a high
power Induction heating coil having a high inductive reac-
tance with means for integral cooling.

It 1s another object of this invention to provide an induc-
tion heating coil having many turns and allowing maximum
use of the copper wire for conduction.

It 1s yet another object of this invention to provide a high
power induction heating coil of small size which can provide
high localized heating while maintaining coil temperature
within appropriate limits.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view through the core and coil.

FIG. 2 1s another sectional view through the coil showing
a modification of the core to alter the cooling effect.

FIG. 3 1s another sectional view through the coil showing
the addition of a dielectric wedge to localize heating.

FIG. 4 1s a plan view of a cross section of the coil.

FIG. 5 1s a portion of multi strand wire used in the
ivention.

FIG. 6 1s an external view of a workpiece utilizing the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, there 1s shown a sectional view
of an induction heating coil according to the invention. The
core member 10 1s a circular form of an E core on which the
coil 1s wound. The core 1s made of a ferrite material or
powdered 1ron. The core 10 defines a central axis A—A, and
has a central portion 12 extending through the center and
forming a circular coil cavity 13. The core 10 includes a first
surface 11 and a second surface 15 spaced from the first
surface 11 through the center of the core there 1s provided a
coolant passage 14. This passage 1s attached to a coolant
fitting 22 which 1s connected to a source of coolant not
shown. Adjacent the coolant inlet fitting 1s a coolant exhaust
fitting 24. This fitting 1s connected to the coil cavity 13 by
means of conduit 23. The coil 16 1s formed 1n a loose fashion
and contains several turns of Litz wire. Each of the Litz
wires 15 comprised of many strands of fine wire with each
strand individually msulated from the others. A schematic
drawing of a section of Litz wire 1s shown 1n FIG. §. As
shown 1n FIG. §, each of the wires 16 which make up the coil
winding, 1s comprised of a plurality of fine copper strands 34
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twisted together to form the wire 16. The ends of the coil 16
are brought through the top of the core and are shown at 18
and 20. A sole plate 26 1s applied to the bottom, of the
assembly and 1s the means for applying the eddy current
ogenerated by the coil to a metallic suscepter contained 1n the
non-metallic composite assembly to be welded.

FIG. 4 1s a sectional view of the embodiment of FIG. 1
taken along line A—A. The circular core 1s shown at 10 with
its central portion 12 having the coolant passage 14 there-
through. The inductive coil 1s loosely formed in the cavity 13
and 1s shown at 16.

In operation, the ends of the coil are attached to a source
of power of appropriate frequency to cause the coil to
ogenerate eddy current heating 1n the susceptor. The coolant
input and output fittings are connected to a coolant source
and the coolant 1s caused to flow through the center portion
of the core and 1s returned to the coolant source through the
loosely formed coil to cool the coil and core to prevent
overheating of the coil.

Referring now to FIG. 2, there 1s shown an embodiment
of the device 1n which the center portion of the core has been
modified at 1ts lower end 1n order to reduce the cooling at the
center of the sole plate. In some applications 1t 1s desirable
to have the sole plate heated as evenly as possible. When the
coll 1s excited, the eddy currents are stronger at the edges of
the coil than 1n the center. By shortening the coolant path by
modifying the end of the core center, the center of the sole
plate will be at a temperature closer to that of the edges.

In FIG. 3, there 1s shown a second modification of the core
to alter the heating characteristics of the device. In this
embodiment, a wedge of diclectric material has been
inserted at one side of the coil. With this dielectric wedge 1n
place the eddy current applied to the susceptor will be
concentrated at one edge of the device. In using this embodi-
ment of the device, the tool 1s moved rapidly along the
workpiece to be welded 1n the direction of the arrow 32. As
the high current portion of the device passes over the
susceptor 1mbedded 1n the composite assembly to be
welded, the susceptor 1s heated and the adhesive compo-
nents are melted and cured completing the welded structure.

FIG. 6 illustrates a simple housing which can be placed
over the coil assembly to allow it to be conveniently used 1n
a manufacturing operation. The sole plate 26 1s the portion
of the device to be applied to the composite structure. A
simple housing 36 1s attached and provides a connection
conduit 38 for carrying the electrical power to the coil and
the 1nput and output coolant tubes.

As discussed above, when the device 1S to be used 1n
aircraft assembly, [rt] if is desirable to have as small a device
as possible capable of producing sufficient heat for the
welding process. An example of such a coil would be one
having an effective work area of approximately one square
inch. Such a coil made according to the mvention would
have a coil made up of 25 turns of five number 20 Litz wires
wound on a Ferrotron 559 core. The core material 1s pow-
dered 1ron 1n a plastic polymer and 1s 1dentified by the trade
name Ferrotron. This coil was designed to operate at a
frequency of about 50 KHz and will provide a power level

of up to 1,400 Watts.
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Thus 1t can be seen that the invention described herein can
produce an mntense magnetic field over a small area and the
self enclosed cup-core allows complete cooling of the wind-
ing and core. In addition, the device has a relatively high
impedance making 1t possible to use leads of up to 10 feet
without serious performance degradation.

What 1s claimed 1s:

1. A high power induction coil comprising:

a core of magnetic material having a central axis, first and
second surfaces and a length therebetween, said core
having an annular ring-shaped cavity extending from
said second surface of said core to near the first surface
of [is] said core and having a central leg approximately
1n a center of said annular ring-shaped cavity connected
to the first surface of the core, said central leg being
shorter than the length of said core whereby a sectional
view through said core along the central axis forms an
E-shaped core with a central leg and opposing side
legs;

a sole plate attached to the second surface of the core
forming a closure for the annular ring-shaped cavity 1n
the core with a space between a lower end of the central
leg and the sole plate;

a first fluid conduit extending through said central leg;

a second fluid conduit for providing a communication
between an outside surface of said core with the
annular ring-shaped cavity and with said first conduit
through the space between the lower end of the central
leg and the sole plate;

first and second fluid connectors attached to the first
surface of the core, each of said fluid connectors being
connected to 1ts respective fluid conduit; and

an mduction coil wound loosely around the central leg of
said core, said coi1l having first and second ends extend-
ing through said first surface of said core, wherein said
core allows for complete cooling of the coil and core,
and wherein the high power induction coil produces an
intense magnetic field over a small area.

2. The co1l according to claim 1 wherein the inductive coil
comprises multiple turns of a plurality of wires, each of said
wires being composed of a plurality of individually insulated
conductive strands.

3. The co1l according to claim 2, wherein the lower end of
the center leg of said core 1s truncated.

4. The coil according to claim 1, further comprising: a
wedge shaped member of dielectric material having a thick
and a thin edge attached to the sole plate of said core mside
said annular ring-shaped cavity, the edge shaped member
being placed with its thick end adjacent the outer edge of one
side of sole plate and its thin edge terminates at the inside
cdge of the annular ring-shaped cavity at the opposite side
of the core.

5. The coil according to claim 4 wherein the core 1s
composed of ferrite material.

6. The coill according to claim 4 wherein the core 1s
composed of powered 1ron 1n a plastic binder.

7. The high power mduction coil according to claim 1,
wherein said inductive coil 1s comprised of Litz wire.
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