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This invention relates in general to work coils for high
frequency induction heating of a workpiece and more
particularly to an improved work coil of the type having
each turn of the work coil formed from a flat plate.

The term workpiece as commonly used in the induc-
tion heating art and as used here refers to an object which
is heated by eddy currents which flow in the object, the
eddy currents being produced through induction by a
high frequency current. The inductor which carries the
high frequency current is termed the work coil.

The utilizing of flat plates to form conductor turns of
a work coil is well known and has proved successful in the
heat treating of various kinds of objects. This type of
work coil is advantageous because it is simiple to manu-
facture, mechanically strong and dissipates heat rapidly.

In the construction of this type of work coil each turn
is usvally made from a separate flat plate with each plate
provided with an aperture or a group of apertures for
receiving the workpiece to be heated. For high heating
efficiency it is necessary that the work coil and the work-
piece be closely coupled together, that is in closely spaced
relationship to each other, therefore, the size and shape
of the apertures depend on the size and shape of the
workpiece to be heated.

In order to have a continuous path for the high fre-
quency current, the plate is further provided with a slot
or a cut which extends from the peripheral surface of
the plate and intersects the aperture or apertures thereby
forming a single conductor turn having first and second
leg members to allow the current to flow from the source
through the leg member of the conductor on one side
of the slot and return to the source through the leg mem-
ber of the conductor on the other side of the slot. If
the work coil is to have a number of turns the plates are
assembled with corresponding workpiece receiving aper-
tures in axial alignment forming a passage and the plates
connected together electrically, either in series or in
parallel.

When the work coil is energized the current flows
through each plate but has a tendency to concentrate
more at the edges formed by the sides of the slot inter-
secting the wall of the aperture causing portions of the
workpiece nearest these edges to become overheated.
The overheated portion of the workpiece is commonly
referred to as a hot spot. Work coils constructed from
the teaching of the prior art are assembled with these
edges aligned along a common axis which results in the
workpiece having a number of hot spots substantially in
a straight line. This alignment of hot spots adversely
changes the metallurgical characteristics of the workpiece
because of the intense heat concentration along = rela-
tively narrow strip of the workpiece.

‘To overcome this disadvantage, it is proposed accord-
ing to the present invention to offset in adjacent plates
the corresponding edges formed by the intersection of
the slot with each aperture, thereby providing for more
umiform heat distribution in the workpiece. In other
words, when the plates are assembled with corresponding
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workpiece receiving apertures in axial alignment thess
formed edges, instead of lying along a common line are
offset perimetrically with respect to each other. By off-
setting these edges perimetrically in adjacent plates the
areas previously subject to overheating are now more
widely spaced apart, thus allowing the heat to dissipate
more evenly. Further, by cfisetting these edges any ad-
verse change in the metallurgical characteristics of that
portion of the workpiece which is nearest the edge will
not appreciably affect the overall mechanical character-
istics of the workpiece,

It is therefore an object of the present investion to
provide an improved work coil for uniformly heating a
workpiece by high frequency induction.

Another object of the present invention is to provide
an improved work coil in which psints of unequal heat-
ing, caused by edges formed by the intersection of a
slot and the apertures, are offset so that these points of
unequal heating are more widely spaced apart.

Gbjects and advantages other than those mentioned
above will be apparent from the following description
when read in connection with the drawing in which:

Fig. 1 is a plan view showing a work coi embodying
the present invention;

Fig. 2 is a sectional view of the work coil shown in
Fig. 1 taken along the line ¥I—II;

Fig. 3 is an end view of the work coil shown in Fig. 1;

Fig. 4 is a plan view of a T-shaped work coil embody-
ing the present invention;

Fig. 5 is a sectional view of the T-shaped work ceil
shown in Fig, 4 taken along the line V—V;

Fig. 6 is a sectional view of the T-shaped plate shown
in Fig. 5 taken along the line VIV

Fig. 7 is a plan view of an L-shaped work coil embody-
ing the present invention;

Fig. 8 is a sectional view of the l.-shaped work
shown in Fig. 7 taken along the line YViI—Vii;

Fig. 9 is a sectional view of the L-shaped work
shown in Fig. 8 taken along the line IX—IX;

Fig. 10 shows another modification of the work
shown in Fig. 1;

Fig. 11 is a view in elevation of the coil shows in
10.

Figs. 12 and 13 are plan views of the second and third
plates, respectively, of the work coil shown in Fig, 13;
and

Fig. 14 is a secticnal view of the work coil shown in
Fig. 10 taken along the line XIV—XIV.

Referring to the drawing the work coil shewn in
1, illustrating the preferred embodiment of t
invention, comprises similar plates 1§, 17 and
are made of electrically conductive material. Eac
is provided with three similar cylindrically shaped
tures 19, 29 and 21 and a slot 22 which ex:
peripheral surface 23 and intersects each aper
the plate to form a conductor turn having
ond leg members 24 and 25, respectively, whi
posed on opposite sides of slot 22 and ar
joined adjacent the end of slot 22. The unjoined e f
each leg member is adapted to be commecied 1o a suitable
source of high frequency current. Slot 22 intersecis each
aperture resulting in a plurality of edges being formed.
As shown, edges 26 to 29 are formed by slot 22 intereect-
Ing aperture 29. Similar edges are formed in a fike man-
ner by slot 22 intersecting apertures 19 and 21.

The work coil is formed by assembling the plates in
parallel spaced relationship with corresponding apertures
in axial alignment, that is, the apertures 19 of the differ-
ent plates have a common axis, thereby forming a pas-
sage for substantially surrounding the workpicce which
is to be heat treated. However, in order to offset edges
26 to 29 in adjacent plates around the perimeter of the
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passage, plate 17 is inverted with respect to the position
of plates 16 and 18, so that leg member 25 of plate 17
is sandwiched between leg members 24 of plates 16
and 18, resulting in these edges 26 to 29 being spaced
or offset around the perimeter of the passage.

Any suitable known means may be used to connect
the plates together. As shown, the plates are connected
electrically in series by means of a conduit 30 which is
brazed to the peripheral surfaces of each plate and which
serves to mechanically brace the plates and to cool them
since conduit 38 may be connected to a source of cocl-
ing liquid.

While the work coil illustrated in Fig. 1 shows three
plates each provided with a set of three cylindrically
shaped apertures of like size, if desired, the work coil
could have any suitable number of plates and the plates
could be provided with any suitable number of apertures
of different sizes and shapes.

The work coil illustrated in Fig. 4 shows another em-
bodiment of the present invention. The work coil of Fig.
4 comprises two T-shaped plates 31 and 32. Each plate
is provided with a plurality of polygonal apertures and
a T-shaped slot 33 which cooperates with the apertures
to form a conductor turn having pairs of first and second
leg portions 34 and 35, respectively, disposed on opposed
sides of slot 33 in a manner similar to that described in
relation to the work coil of Fig. 1. Leg portions 35
are integrally joined intermediate the ends of the plate.

Slot 33 intersects each aperture to form a plurality
of edges 36 to 39. In plate 31 the edges 36 to 39 lie on
one side of the plane of symmetry which contains the
axes of the apertures while in plate 32 these edges lie
on the other side of that reference plane. The plates
are assembled with corresponding apertures in axial align-
ment, thereby forming a passage to substantially surround
the workpiece to be heated. The edges 36 to 39 asso-
ciated with corresponding apertures are therefore offset
around the perimeter of the passage.

Fig. 7 illustrates an L-shaped work coil embodying

another modification of the present invention. The work 4

coil comprises a plurality of electrically conductive plates
51 to 54, alternate plates being similar. Each plate is
provided with apertures 56 and 57 which are cylindrical
and a slot 55 which extends from the peripheral surface
of the plate and intersects each aperture, thereby forming
a conductor turn having first and second leg members
disposed on opposite sides of the slot. As shown, slot
35 intersects each aperture only once, thereby forming
two edges. The slots are disposed in adjacent plates
so as to intersect corresponding apertures substantially
on opposite sides of the passage formed when correspond-
ing apertures are in axial alignment. Slot 55 intersects
aperture 56 to form a pair of edges 58, 59 in plate 51,
and in plate 52 intersects aperture 56 to form another
pair of edges 60, 61 which are offset 180° arounds the
periphery of the passage from edges 58, 59. The plates
are connected together in series in a manner similar to
that shown in Fig. 1, but if desired any suitable means
for connecting the plates together may be used.

Fig. 10 shows another modification of the present in-
vention applied to a work coil arranged to have a number
of parallel paths. The work coil shown in Fig. 10 com-
prises a plurality of parallel plates 61 to 64 which are
similar to the plates of the work coil shown in Figs. 1
and 2. However, in the work coil shown in Fig. 10 the
plates are not in spaced relationship with each other but
are superposed one on another. As in Fig. 1 edges 65
to 68 formed by the intersection of the slot 69 with each
aperture 70 are offset around the perimeter of each pas-
sage formed by corresponding apertures. Since adjacent
plates are reversed with respect to each other the first
leg member 71 of one plate is superposed on the second
leg member 72 of an adjacent plate. Further, since the
width of each leg member varies in-a predetermined man-
ner as determined by the position. of the slot 69, part
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of each leg member overlaps the slot in adiacent plates.
In order that the first and second leg members of each
plate are not shorted together by the overlapping parts,
the latter are made of a smaller thickness than the non-
overlapping parts of the leg members which provides a
spaced relationship between them. The work coil as
formed, then as a plurality of parallel current paths, each
path comprising a single plate. The work coil may be
energized and cooled in any suitable manner.

Although but a few embodiments of the present in-
vention have been illustrated and described it will be
apparent to those skilled in the art that various modifi-
cations may be made therein without departing from the
spirit of the invention or from the scope of the appended
claims.

It is claimed and desired to secure by Letters Patent:

1. A work coil adapted to be energized with a high
frequency current for heat treating a workpiece by in-
duction, said work coil comprising a plurality of electri-
cally conductive plates, each said plate having an aper-
ture and a slot extending from the peripheral surface
of said plate and intersecting said aperture to cause
said plate to form a conductor turn having first and sec-
ond leg members disposed on cpposite sides of said slot,
each intersection of said slot with said aperture form-
ing a pair of edges on the wall surface of said aperture,
said plates being assembled with corresponding apertures
in axial alignment defining a passage for substantially
surrounding said workpiece to be heated and with each
said pair of formed edges in one plate offset around the
perimeter of said passage with respect to another pair of
similarly formed edges in an adjacent plate, and means
for electrically connecting said plates together.

2. A work coil adapted to be energized with a high
frequency current for heat treating a plurality of work-
pieces, said work coil comprising a plurality of elec-
trically conductive plates, each said plate having a plu-
rality of apertures and a slot extending from the periph-
eral surface of said plate and intersecting said apertures
to cause said plate to form a conductor turn having first
and second leg members disposed on opposite sides of
said slot and integrally joined adjacent the end cf said
slot, each intersection of said slot with each said aper-
ture forming a pair of edges on the wall surface cf said
aperture, said plates being assembled in parallel spaced
relationship with corresponding apertures in axial align-
ment defining a passage for substantially surrcunding
said workpiece, adjacent plates being inverted with re-
spect to each other to cause each said pair of formed
edges in one of said adjacent plates to be offset around
the perimeter of said passage with respect to each said
pair of formed edges in the other said adjacent plate,
and means for connecting said plates in series.

3. A work coil adapted to be energized with a high
frequency current for heat treating a plurality of work-
pieces, said work coil comprising a plurality of elec-
trically conductive T-shaped plates, each said plate
having a plurality of apertures and a T-shaped slot ex-
tending from the peripheral surface of said plate and
intersecting said apertures to cause said plate to form
a conductor turn having pairs of first and second leg por-
tions disposed on opposite sides of said siot, said pair
of second leg portions being integrally joined inter-
mediate the ends of said plate, the intersection of said
slot with- each said aperture forming a plurality of edges,
said plates being assembled in parailel spaced relaticn-
ship with corresponding apertures in axial alignment
forming a passage for substantiaily surrounding said
workpiece, said formed edges in said plates being offset
around the perimeter of said passage, and means for
connecting said plates in series.

4. A work coil adapted to be energized with a high
frequency current to simultaneously heat treat a plu-
rality of workpieces by induction, said work coil com-
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prising a plurality of electrically conductive L.-shaped
plates, each said plate having a plurality of apertures
and a slot extending from the peripheral surface of said
plate and intersecting said apertures to cause said plate
to form a conductor turn having first and second leg
portions disposed on opposite sides of said slot and in-
tegrally joined adjacent one of said apertures, the in-
tersection of said slot with each said aperture forming
a plurality of edges, said plates being assembled with cor-
responding apertures in axial alignment forming a pas-
sage for substantially surrounding one of said plurality
of workpieces to be heated, said formed edges associated
with corresponding apertures in adjacent plates being
offset around the perimeter of said passage, and means
for connecting said plates electrically in series.

5. A work coil adapted to be energized with a high
frequency current to simultaneously heat treat a plu-
rality of workpieces by induction, said work coil com-
prising a plurality of electrically conductive plates, each
said plate having a plurality of apertures and a slot
extending from the peripheral surface of said plate and
intersecting said apertures to cause said plate to form a
conductor turn having first and second leg members
disposed on opposite sides of said slot and integrally
joined adjacent the end of said slot, the intersection of
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said slot with each said aperture forming a plurality
of edges, said plates being assembled with correspond-
ing apertures in axial alignment forming passages for
substantially surrounding said plurality of workpieces to
be heated, adjacent plates being reversed with respect
to each other to cause similar portions of said leg mem-
bers of said adjacent plates to overlap, said overlapping
similar portions having a smaller thickness than the non-
overlapping portions to provide for a spaced relation be-
tween said overlapping portions, said formed edges as-
sociated with corresponding apertures in adjacent plates
being offset around the perimeter of said passage.
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