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INDUCTOR FOR INDUCTIVELY HEATING METAL 
WORKPIECES 

The present invention relates to the art of induction 
heating and, more particularly, to inductor structures 
for use in induction heating system. 
The present invention relates to inductore commonly 

known in the induction heating industry as single-shot 
inductors. Such inductors are comprised of a tubular 
conductor having spaced apart, generally parallel leg 
portions having corresponding opposite ends, a bridg 
ing conductor portion interconnecting at least one of 
the corresponding opposite ends of the legs, and termi 
nal ends connectable across a source of alternating cur 
rent for energizing the inductor. A metal workpiece to 
be heated is supported between the leg portions in mag 
netically coupled relationship with respect thereto, and 
the workpiece is rotated relative to the inductor to 
achieve uniform heating about the periphery of the 
workpiece. Such inductors are often used, for example, 
to inductively heat a given axial portion of a circular 
workpiece, such as an axle for a vehicle. Further, the 
spaced apart, parallel leg portions of the inductor are 
generally of a length corresponding to the axial length 
of the workpiece to be heated, whereby a given induc 
tor can be employed only to heat a given axial length 
of a workpiece unless mechanical adjustments are 
made with respect to the feeding mechanism by which 
the given axial length of the workpiece is inserted into 
the inductor. lt will be appreciated that the necessity of 
providing separate inductors for heating different axial 
lengths of similar workpieces, or the necessity of mak 
ing mechanical adjustments in order to use the same 
inductor are undesirably expensive approaches for 
achieving the end result sought. 

Further, separate one~shot inductors of the foregoing 
character have been required heretofore to inductively 
heat workpieces having different shapes or contours 
requiring different heating patterns along the heated 
length thereof. For example, the end of a vehicle axle 
to be heated may have a portion intermediate the ends 
of the area to be heated which is of a larger diameter 
than the axially adjacent portions of the axle, whereby 
the larger diameter portion is more tightly coupled 
magnetically with the leg portions of the inductor than 
are the portions of the axle on axially opposite sides of 
the enlarged diameter portion. Therefore, if such a 
workpiece is heated in an inductor having parallel leg 
portions adapted to uniformly heat a workpiece having 
a constant diameter, the enlarged diameter portion 
may be overheated, or the smaller diameter portions 
underheated. Both of the latter results are undesirable 
and heretofore have necessitated the use of a separate 
inductor designed to achieve uniform heating of the 
smaller and larger diameter portions of the workpiece. 
It will be appreciated too that an inductor designed to 
achieve uniform heating in the latter manner is not op 
erable satisfactorily to achieve uniform heating of a 
constant diameter workpiece or a workpiece having a 
circumferential recess therein as opposed to a larger 
diameter portion. 

In accordance with the present invention, singleshot 
inductor structures are provided which enable a single 
inductor to be used to achieve different heating pat 
terns with regard to structurally similar workpieces and 
to achieve uniform heating of workpieces having differ 
ent surface contours along the length thereof to be 

0 

5 

20 

25 

30 

35 

45 

50 

60 

2 
heated. More particularly, in accordance with a broad 
aspect of the present invention, current concentration 
in selected areas of the conductor leg portions can be 
varied to vary the magnitude of current induced in a 
corresponding portion of the workpiece, whereby dif 
ferent heating patterns are achieved in the correspond 
ing portions of the workpiece. This enables, for exam 
ple, the effective length of the inductor to be reduced 
to reduce the axial length of heating of a workpiece 
with respect to the full length of the inductor, or for se 
lected axial portions along the workpiece to be heated 
to different extents with respect to one another. At the 
same time, variation in current concentration is select 
able, whereby the basic one-shot inductor structure is 
operable to achieve uniform heating of a constant di 
ameter workpiece along a length thereof corresponding 
to the length of the inductor. 

In accordance with one aspect of the present inven 
tion, current concentration in the opposed conductor 
faces of the leg portions of the inductor is reduced by 
positioning an auxiliary electrical conductor or con 
ductors in insulated but magnetically coupled relation 
ship with respect to corresponding portions of the in~ 
ductor legs. Thus, induced current ?ow in the auxiliary 
conductor or conductors reduces induced current flow 
in the underlying portion of the workpiece to minimize 
heating of the latter portion of the workpiece. The aux 
iliary conductor or conductors can be displaced into 
and from magnetically coupled relationship with re 
spect to the leg portions of the inductor to provide for 
selective use of the effect of the auxiliary conductor. In 
accordance with another aspect of the present inven 
tion, the auxiliary conductor or conductors can be per 
manently positioned in magnetically coupled relation 
ship with respect to the leg portions of the inductor and 
the effect of the auxiliary conductor eliminated when 
desired by raising the impedance thereof such as by the 
use of a saturable core and direct current winding ar 
rangement. 

In accordance with yet a further aspect of the present 
invention, current concentration can be varied through 
the use of ?ux concentrating elements associated with 
corresponding portions of the legs of the inductor. 
When the flux concentrating elements are positioned 
on the legs of the inductor, current concentration is in 
creased in the corresponding portions of the opposed 
conductor faces of the legs. The effect of the ?ux con 
centrating elements, or portions thereof, can be elimi 
nated such as by physically displacing the elements 
from the conductor leg portions, or by inducing flux to 
flow through the ?ux concentrating elements in opposi 
tion to the ?ow of flux resulting from current flow 
through the leg portions of the conductor. In this re 
spect, for example, a winding connectable to a direct 
current source can be associated with the desired ?ux 
concentrating elements to induce ?ux flow therein for 
the latter purpose. 

It is an outstanding object of the present invention to 
provide a single-shot inductor wherein current concen 
tration in portions of the inductor along the length 
thereof is variable to achieve different heating effects 
with respect to structurally similar or dissimilar work 
pieces. 
Another object is the provision of an inductor of the 

foregoing character which provides for a given induc 
tor to be operable to effect different heating patterns 
with respect to structurally similar workpieces. 



3,842,234 
3 

A further object is the provision of an inductor of the 
foregoing character which provides for a given induc 
tor to be operable to effect a uniform heating pattern 
with respect to both structurally similar and structur 
ally dissimilar workpieces. 
Yet another object is the provision of an inductor of 

the foregoing character which provides for the effec 
tive length of the inductor to bevselectively varied to 
achieve inductive heating of different lengths of work 
pieces. 
Yet a further object is the provision of a singleshot 

inductor which is more versatile with respect to the 
heating of structurally similar or structurally dissimilar 
workpieces than single-shot inductors heretofore pro 
vided. 
The foregoing objects, and others, will in part be ob 

vious and in part pointed out more fully hereinafter in 
conjunction with the written description of preferred 
embodiments of the invention illustrated in the accom 
panying drawings in which: 
FIG. 1 is a perspective view of an inductor made in 

accordance with the present invention; 
FIG. 2 isa sectional elevation view of the inductor 

taken along line 2—2 in FIG. 1, and showing the auxili 
ary conductor in its inoperative position; 
FIG. 3 is a sectional elevation view of the inductor 

taken along line 3—3 in FIG. 1; 
FIG. 4 is a plan view of another embodiment of an in 

ductor made in accordance with the present invention; 

FIG. 5 is an end elevation view of the inductor illus 
trated in FIG. 4, looking the the direction of line 5—5 
in FIG. 4; 
FIG. 6 is a sectional elevation view of the inductor of 

FIGS. 4 and 5, the section being along line 6-6 in FIG. 
5; 
FIG. 7 is a plan view of a further embodiment of an 

inductor made in accordance with the present inven 
tion; and, 
FIG. 8 is a sectional elevation view of the inductor of 

FIG. 7, the section being along line 8-8 in FIG. 7. 
Referring now in greater detail to the drawings 

wherein the showings are for the purpose of illustrating 
preferred embodiments of the present invention only 
and not for purposes of limiting the invention, a single 
shot inductor 10 is illustrated in FIGS. l-3. Inductor 10 
is comprised of a continuous tubular conductor of cop 
per, or the like, having terminal ends 12 and 14 con 
nectable across a suitable source of alternating current 
16 for energization of the conductor. As is well known, 
the tubular structure of the conductor facilitates the 
circulation of cooling ?uid therethrough and, accord 
ingly, it will be appreciated that terminal ends 12 and 
14 of the conductor are adapted'to be connected to a 
source of cooling ?uid, not illustrated, for this purpose. 

Inductor 10 has an axis A, and the tubular conductor 
includes ?rst and second leg pprtions l8 and 20, re 
spectively, which are parallel and spaced apart on op 
posite sides of axis A. A first bridging conductor por~ 
tion 22 interconnects one of the sets of corresponding 
ends of leg portions 18 and 20, and a second bridging 
conductor portion 24 interconnects the opposite end of 
conductor 20 with terminal end 12 of the conductor. 
While the tubular conductor is‘ illustrated as being bro 
ken so as to have its terminal ends adjacent bridging 
portion 24, it will be appreciated that the conductor 
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can be broken at any suitable point along the length 
thereof, such as at a point intermediate the opposite 
ends of one of the leg portions 18 and 20 to provide the 
terminal ends. 
The tubular conductor of the inductor is generally 

uniform in cross-sectional con?guration throughout 
the length thereof and, in the embodiment illustrated, 
the tubular conductor is rectangular in cross section, 
whereby conductor portions 18 and 20 and accordingly 
bridging portions 22 and 24 have opposed pairs of par 
allel spaced apart sidewalls. As best seen in FIG. 3, 
walls 18a, 18b, 18c and 18d provide opposed pairs of 
walls for conductor portion 18, and walls 20a, 20b, 20c 
and 20d provide opposed pairs of walls for conductor 
portion 20. Conductor portions 18 and 20 are laterally 
spaced apart for a workpiece W to be supported there 
between in coaxial relationship with respect to inductor 
axis A and in magnetically coupled relationship with 
respect to conductor portions 18 and 20. Walls 18d and 
20d face workpiece W and de?ne the conductor faces 
which are most tightly coupled matnetically with the 
workpiece. 

Preferably, conductor portions 18 and 20 are pro 
vided along corresponding portions of the lengths 
thereof with ?ux concentrating arrangements 26 and 
28, respectively. Each ?ux concentrating arrangement 
is comprised of a plurality of U-shaped laminations 30 
of magnetic sheet metal, such as iron. As best seen in 
FIG. 3, laminations 30 include leg portions 32 and 34 
interconnected by a bridging portion 36. Leg portions 
32 and 34 extend inwardly of the corresponding con 
ductor portion toward axis A of the inductor and termi 
nate in generally coplanar relationship with respect to 
the inner surface of the corresponding walls 18d and 
20d of conductor portions 18 and 20. Accordingly, the 
laminations overlie the sidewalls of the corresponding 
conductor portion other than the sidewall defining the 

. conductor face thereof. As is well known, when the in~ 
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ductor is energized current flows through conductor 
portions 18 and 20 in a direction perpendicular to the 
plane of FIG. 3 and magnetic ?elds are established be 
tween each conductor portion and the workpiece, 
which magnetic ?elds have a direction parallel to the 
plane of FIG. 3. Laminations 30 concentrate the mag 
netic ?ux to increase the ?ux density in the workpiece 
and also operate to concentrate the current ?owing 
through conductor portions 18 and 20 in walls 18d and 
20d thereof, respectively. In this respect, the lamina 
tions increase the inductance in the walls of the corre 
sponding conductor portion other than walls 18d and 
20d, thus to increase the current density in the latter 
wall portions. 
With the inductor thus far described, workpiece W is 

adapted to be inductively heated along a length thereof 
disposed within the inductor and corresponding to the 
effective length of the inductor as de?ned by the axial 
length of the flux concentrating arrangements. In ac 
cordance with the present invention, an arrangement is 
provided for reducing the current concentration in 
axial portions of conductor legs 18 and 20 to enable the 
heating of a length of the workpiece less than the entire 
length thereof disposed within the inductor. 

In the embodiment illustrated in FIGS. 1-3, the re 
duction in current concentration is achieved by means 
of a plate 38 of electrically conductive material, such 
as copper, which is insulated from and magnetically 
coupled with conductor portions 18 and 20. Insulation 
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of plate 38 may be achieved by maintaining an air gap 
between the plate and the ?ux concentrating arrange 
ments, or a layer of electrical insulating material 40 
may be provided on the underside of plate 38 to assure 
against contact of the plate with the flux concentrating 
laminations. Plate 38 has an axial length less than the 
axial length of ?ux concentrating arrangements 26 and 
28 and, in the embodiment illustrated, is disposed adja 
cent bridging conductor portion 22 of the inductor. 
When plate 38 is positioned as illustrated in FIGS. 1 
and 3, the flow of current through conductor portions 
18 and 20 induces current in plate 38. The induction 
of current in plate 38 reduces the current concentra 
tion in ‘the axial portions of walls 18d and 20d underly 
ing the plate and, in effect, pulls the current in conduc 
tor portions 18 and 20 towards walls 18a and 20a and 
away from the conductor faces facing the workpiece. 
Accordingly, induced current in the corresponding 
axial portion of the workpiece and inductive heating 
thereof is minimized. 
With the arrangement illustrated, the axial portion of 

the workpiece between plate 38 and the ends of ?ux 
concentrating arrangements 26 and 28 in the direction 
toward bridging portion 24 is inductively heated upon 
energization of the inductor, and the heating pattern is 
effectively terminated at the axial location of the work 
piece corresponding to the end of plate 38 facing bridg 
ing portion 24. If the workpiece is introduced from the 
end of the inductor de?ned by bridging portion 22 it 
will be appreciated that plate 38 provides for reducing 
the length of the end of the workpiece heated by the in 
ductor with the respect to the length heated in the ab 
sence of plate 38. If the workpiece is introduced from 
the end of the inductor de?ned by bridging portion 24, 
it will be seen that plate 38 provides for heating an axial 
portion of the workpiece spaced axially inward from 
the end of the workpiece. Further, by locating plate 38 
in areas along the length of the inductor between the 
opposite ends thereof it will be appreciated that various 
heating patterns can be obtained with respect to a 
workpiece. 

Preferably, suitable means is provided for mechani 
cally moving plate 38 between the position thereof il 
lustrated in FIGS. 1 and 3 in which it is magnetically 
coupled with conductor portions 18 and 20 and the po 
sition thereof illustrated in FIG. 2 in which the plate is 
positioned out of magnetically coupled relationship 
with respect to the conductor portions. Any suitable 
mechanism can be provided for so displacing plate 38. 
For example, a hydraulic or pneumatic motor 42 hav 
ing a reciprocable shaft 44 interconnected with plate 
38 can be operated in a well known manner to recipro 
cate shaft 44 and thus selectively position plate 38 rela 
tive to the inductor. Further, it will be appreciated that 
additional plates similar to plate 38 and having corre 
sponding operators such as motor 42 can be provided 
for the inductor, each of which plates would be inde 
pendently positionable relative to the inductor to en 
able the heating of various lengths of workpieces or the 
achieving of various heating patterns along a work 
rece. 

p In FIGS. 4-6 of the drawing there is illustrated a 
modification of the inductor and conductor plate ar 
rangement illustrated in FIGS. 1-3. The basic inductor 
structure in the two embodiments is the same and, ac 
cordingly, like numerals are employed in FIGS. 4-6 to 
designate corresponding components of the two em 
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bodiments. In the embodiment of FIGS. 4-6, conductor 
plate 38 is provided with a core of magnetic material 
46 de?ned, for example, by a plurality of iron lamina 
tions 48 parallel to one another and extending trans 
versely of inductor axis A. Preferably, core 46 varies in 
cross section along the axial length of plate 38 so as to 
be laterally wider at the end thereof spaced from bridg 
ing portion 22 of the inductor. 
A winding 50 extends around core 46 such that the 

winding axis is perpendicular to the plane of plate 38, 
and the opposite ends 52 and 54 of winding 50 are 
adapted to be connected across a suitable source of di 
rect current 56. By ?owing direct current through 
winding 50, core 46 can be saturated, whereby the im 
pedance of conductor plate 38 is increased to a value 
suf?cient to make it ineffective for decreasing the cur 
rent concentration in the underlying portions of the 
conductor faces 18d and 20d of the conductor portions 
18 and 20. Thus, the effective length of the inductor for 
inductively heating a workpiece is the full axial length 
of the flux concentrating arrangements 26 and 28 on 
conductor portions 18 and 20. By providing for the 
cross section of the core to vary in the axial direction 
thereof, the core can be progressively saturated as the 
direct current through winding 50 is increased, 
whereby the effectiveness of conductor plate 38 in de 
creasing current concentration in the underlying por 
tions of the conductor faces can be progressively de 
creased. 

It will be appreciated that the variation in crosssec~ 
tional area of the core can be other than by the tapered 
con?guration illustrated and, accordingly, can be pro 
vided to achieve a desired heating pattern with respect 
to the underlying portion of a workpiece positioned 
within the inductor. Moreover, it will be appreciated 
that the cross-sectional area of the core can be the 
same throughout the axial length thereof for the satura 
tion or progressive saturation thereof to uniformly af 
fect the current concentration reducing capability of 
plate 38. The core and winding arrangement advanta 
geously enables conductor plate 38 to be maintained in 
a mounted position relative to conductor portions 18 
and 20 and for the effect thereof to be eliminated with 
out physically displacing the conductor plate to a posi 
tion in which it is out of magnetically coupled relation 
ship with conductor portions 18 and 20. Moreover, it 
will be appreciated that more than one conductor plate 
and a corresponding core and winding arrangement 
may be provided along the length of the inductor, and 
that suitable controls, not illustrated, are provided for 
controlling the supply of direct current to the core 
windings. 
A further embodiment of the present invention is il 

lustrated in FIGS. 7 and 8 of the drawing. In this em 
bodiment, an inductor 60 is provided which includes a 
tubular conductor of copper or the like which is rectan 
gular in cross-sectional con?guration and includes ?rst 
and second conductor leg portions 62 and 64, respec 
tively, a ?rst bridging portion 66 at one of the corre 
sponding ends of leg portions 62 and 64, a second 
bridging portion 68 at the opposite end of conductor 
portion 64, and terminal ends 70 and 72 connectable 
across a suitable source of alternating current 74 for 
energization of the inductor. Identical ?ux concentrat 
ing arrangements 76 are provided on conductor por 
tions 62 and 64 intermediate the opposite ends of the 
inductor as de?ned by bridging portions 66 and 68. 
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Thus, the effective length of the inductor for heating a 
workpiece is the axial length of flux concentrating por 
tions 76 and 78 along the corresponding conductor 
portions. - 

Each of the flux concentrating arrangements 76 in 
cludes axially spaced apart portions 78 and 80 and an 
intermediate portion 82. Portions 78 and 80 are each 
de?ned by U-shaped laminations 84 of magnetic metal 
such as iron which are structurally similar to and asso 
ciated with conductor portions 62 and 64 in a manner 
similar to that of laminations 30 described hereinabove 
in conjunction with the embodiment of FIGS. 1-3. ln~ 
termediate portion 82 is comprised of a plurality of 
laminations 86 of magnetic metal, such as iron, 
notched to receive the corresponding conductor por 
tion in a manner whereby the laminations overlie the 
sidewalls of the conductor other than the sidewall de 
?ning the conductor face facing a workpiece W’ be 
tween conductor portions 62 and 64. ' ‘ 

As seen in FIG. 8, laminations 84 of ?ux concentrat 
ing portions 78 and 80 have upper and lower edges 84a 
and 84b, respectively. Laminations 86 of intermediate 
portion 82 are longer in the vertical direction than lam 
inations 84 as viewed in FIG. 8 and accordingly have 
upper and lower portions 88 extending above and 
below the corresponding top and bottom edges of lami 
nations 84. Further, as seen in FIG. 8, laminations 84 
have outer edges 84c, and laminations 86 have portions 
90 extending horizontally beyond the corresponding 
edges 84c of laminations 84. Portions 90 of laminations 
86 are slotted to provide a window 92 extending axially 
though the laminations. A winding 94 is provided about 
the outer leg of portion 90 of laminations 86 on con 
ductor portion 62 and a winding 96 is provided on the 
outer leg of portion 90 of laminations 86 on conductor 
portions 64. The ends of windings 94 and 96 are 
adapted to be connected to a source of direct current 
which may be common or separate with respect to the 
two windings. 

If ya workpiece having a uniform diameter is posi 
tioned within inductor 60 and the inductor is energized 
without energizing windings 94 and 96, the workpiece 
will be uniformly heated along the length thereof corre 
sponding to the length of the ?ux concentrating ar 
rangement de?ned by sections 78, 80 and 82. In this re 
spect, as described hereinabove, the ?ux concentrating 
laminations operate to concentrate current ?owing 
through conductor portions 62 and 64 in the wall 
thereof de?ning the conductor face facing the work 
piece. By ?owing direct current through windings 94 
and 96, laminations 86 can be saturated to eliminate 
the current concentrating effect of these laminations, 
whereby current ?owing through conductor portions 
62 and 64 in the portions thereof underlying lamina 
tions 86 will ?ow through all of the walls of the tubular 
conductor, thus decreasing the current concentration 
in the wall de?ning the conductor face. This advanta 
geously enables the inductor to be employed to induc 
tively heat a workpiece such as workpiece W’ having 
an axial portion 98 of enlarged diameter underlying 
laminations 86. The larger diameter of portion 98 pro 
vides for the latter to be more tightly coupled magneti~ 
cally with conductor portions 62 and 64, and saturation 
of laminations 86 reduces the current concentration in 
the conductor faces opposite the enlarged portion and 
thus reduces the current induced in portion 98 of the 
workpiece. This enables uniform heating of workpiece 
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W’ along the axial length thereof disposed within ?ux 
concentrating arrangements 76. 

Saturation of the ?ux concentrating portion 82 de 
scribed hereinabove can also be employed to advan 
tage to enable uniform heating of a workpiece having 
a circumferential recess along the length thereof as op 
posed to an enlarged diameter portion. In this respect, 
?ux concentrating portions 78 and 80 can be elimi» 
nated, and laminations 86 serve to concentrate current 
?owing through conductor portions 62 and 64 and the 
axial portions thereof underlying laminations 86. Ac 
cordingly, if the workpiece recess is in transverse align 
ment with laminations 86 the workpiece will be uni 
formly heated along the length thereof disposed within 
the inductor. With the same arrangement, laminations 
86 can be saturated to eliminate the current concen 
trating effect thereof, whereby the inductor can be em 
ployed to uniformly heat a workpiece of uniform diam 
eter disposed within the inductor, 
While considerable emphasis has been placed herein 

on the speci?c sturctures of the components of the em~ 
bodiments illustrated, it will be appreciated that many 
structural changes can be made in the components 
without departing from the principles of the present in 
vention. In this respect, for example, the tubular con 
ductor of the inductor can have a cross-sectional con 
?guration other than rectangular, and ?ux concentrat 
ing elements other than iron laminations can be em 
ployed to achieve the same purpose. Further, with re 
gard to the embodiments of FIGS. 1-3 and 4-6 it will 
be appreciated that the ?ux concentrating elements 
while preferred are not essential to varying current 
density in the conductor faces of the parallel conductor 
portions of the inductor. 
As many possible embodiments of the present inven 

tion may be made, and as many possible changes may 
be made in the embodiments herein illustrated and de 
scribed, it is to be distinctly understood that the forego 
ing descriptive matter is to be interpreted merely as il 
lustrative of the present invention and not as a limita 
tion. 
What is claimed is: 
1. An inductor for inductively heating a metal work 

piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por~ 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, each of said con 
ductor portions being linear between said opposite 
ends, said conductor having terminal ends connectable 
across a source of alternating current for energizing 
said conductor, said ?rst and second conductor por 
tions being spaced apart for a workpiece to be sup 
ported therebetween in magnetically coupled relation 
ship therewith and having opposed conductor faces 
facing said workpiece, and means selectively operable 
to vary the current concentration in corresponding axi 
ally adjacent areas of said conductor faces of both said 
?rst and second conductor portions when said conduc 
tor is energized, said selectively operable means includ 
ing electrically conductive generally planar plate 
means separate from said tubular conductor and having 
a length in the direction between said opposite ends 
equal to the lengths of one of said corresponding areas, 
said plate means being generally parallel to and overly 
ing and spanning the space between said ?rst and sec 
ond conductor portions, and motor means to displace 
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said plate means into and out of magnetically coupled 
relationship with respect to said ?rst and second con 
ductor portions. 

2. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, said conductor 
having terminal ends connectable across a source of al 
ternating current for energizing said conductor, said 
?rst and second conductor portions being spaced apart 
for a workpiece to be supported therebetween in mag~ 
netically coupled relationship therewith and having op~ 
posed conductor faces facing said workpiece, and 
means selectively operable to vary the current concen 
tration in corresponding axially adjacent areas of said 
conductor faces of both said ?rst and second conductor 
portions when said conductor is energized, said means 
selectively operable to vary the current concentration 
including electrically conductive means magnetically 
coupled with said ?rst and second conductor portions, 
and means to vary the impedance of said conductive 
means. 

3. The inductor according to claim 2, wherein said 
means to vary the impedance of said conductive means 
includes saturable core means and winding means 
therefor connectable across a source of direct current. 

4. The inductor according to claim 2, wherein said 
conductive means is plate means overlying and span 
ning the space between said ?rst and second conductor 
portions, and said core means overlies said plate 
means. 

5. The inductor according to claim 2, wherein the 
cross section of said core means varies in the direction 
along said ?rst and second conductor portions. 

6. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, said conductor 
having terminal ends connectable across a source of al 
ternating current for energizing said conductor, said 
?rst and second conductor portions being spaced apart 
for a workpiece to be supported therebetween in mag 
netically coupled relationship therewith and having op 
posed conductor faces facing said workpiece, and 
means selectively operable to vary the current concen 
tration in corresponding axially adjacent areas of said 
conductor faces of both said ?rst and second conductor 
portions when said conductor is energized, said means 
selectively operable to vary the current concentration 
including flux concentrating means of magnetic mate 
rial on corresponding axial portions of said ?rst and 
second conductor portions, and means to selectively 
eliminate the flux concentrating effect of said ?ux con~ 
centrating means. 

7. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, said conductor 
having terminal ends connectable across a source of al 
ternating current for energizing said conductor, said 
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10 
?rst and second conductor portions being spaced apart 
for a workpiece to be supported therebetween in mag 
netically coupled relationship therewith and having op 
posed conductor faces facing said workpiece, and 
means selectively operable to vary the current concen 
tration in corresponding axially adjacent areas of said 
conductor faces of both said ?rst and second conductor 
portions when said conductor is energized, said means 
selectively operable to vary the current concentration 
including flux concentrating means of magnetic mate 
rial on corresponding axial portions of said ?rst and 
second conductor portions, and means to eliminate the 
flux concentrating effect of said ?ux concentrating 
means, said means to eliminate the ?ux concentrating 
effect includes winding means on said ?ux concentrat 
ing means connectable across a source of direct cur 
rent. 

8. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, each of said con 
ductor portions being linear between said opposite 
ends, said conductor having terminal ends connectable 
across a source of alternating current for energizing 
said conductor, said ?rst and second conductor por 
tions being spaced apart for a workpiece to be sup 
ported therebetween in magnetically coupled relation 
ship therewith and having opposed conductor faces 
facing said workpiece, and means selectively operable 
to vary the current concentration in corresponding axi 
ally adjacent areas of said conductor faces of both said 
?rst and second conductor portions when said conduc 
tor is energized, said tubular conductor having opposed 
pairs of parallel spaced apart sidewalls, flux concentrat 
ing means on said ?rst and second conductor portions 
between the opposite ends thereof, said flux concen 
trating means including U-shaped elements of magnetic 
material overlying the sidewalls of each of said first and 
second conductor portions other than the sidewalls de 
?ning said opposed conductor faces, said means selec 
tively operable to vary the current concentration in 
cluding plate means of electrically conductive material 
movable between ?rst and second positions with re 
spect to said ?ux concentrating means, said plate 
means in said ?rst position being disposed generally 
perpendicular to said opposed conductor faces and in 
magnetically coupled relationship with respect to said 
?rst and second conductor portions, said plate means 
having a length in the direction between the opposite 
ends of said ?rst and second conductor portions less 
than the lengths of said flux concentrating means, said 
plate means in said second position being disposed out 
of magnetically coupled relationship with respect to 
said ?rst and second conductor portions, and means to 
move said plate means between said ?rst and second 
positions. 

9. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, said conductor 
having terminal ends connectable across a source of al 
ternating current for energizing said conductor, said 
?rst and second conductor portions being spaced apart 
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for a workpiece to be supported therebetween in mag 
netically coupled relationship therewith and having op 
posed conductor faces facing said workpiece, and 
means selectively operable to vary the current concen 
tration in corresponding axially adjacent areas of said 
conductor faces of both said ?rst and second conductor 
portions when said conductor is energized, said tubular 
conductor having opposed pairs of parallel spaced 
apart sidewalls, flux concentrating means on said ?rst 
and second conductor portions between the opposite 
ends thereof, said ?ux concentrating means including 
U-shaped elements of magnetic material overlying the 
sidewalls of each of said ?rst and second conductor 
portions other than the sidewalls de?ning said opposed 
conductor faces, said means selectively operable to 
vary the current concentration including plate means 
of electrically conductive material generally perpendic 
ular to said opposed conductor faces and supported in 
magnetically coupled relationship with respect to said 
?rst and second conductor portions, said plate means 
having a length in the direction between the opposite 
ends of said ?rst and second conductor portions less 
than the lengths of said ?ux concentrating means, and 
said selectively operable means further including satu 
rable core means on said plate means and winding 
means on said core means connectable across a source 
of direct current. 

10. The inductor according to claim 9, wherein the 
core means has a cross section which varies in the di 
rection between said opposite ends of said ?rst and sec 
ond conductor portions. 

11. An inductor for inductively heating a metal work 
piece comprising, a tubular conductor including spaced 
apart generally parallel ?rst and second conductor por 
tions having corresponding opposite ends and at least 
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one bridging conductor portion interconnecting corre 
sponding ones of said opposite ends, said conductor 
having terminal ends connectable across a source of al 

- ternating current for energizing said conductor, said 
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?rst and second conductor portions being spaced apart 
for a workpiece to be supported therebetween in mag 
netically coupled relationship therewith and having op~ 
posed conductor faces facing said workpiece, and 
means selectively operable to vary the current concen 
tration in corresponding axially adjacent areas of said 
conductor faces of both said ?rst and second conductor 
portions when said conductor is energized, said tubular 
conductor having opposed pairs of parallel spaced 
apart sidewalls, ?ux concentrating means on said first 
and second conductor portions between the opposite 
ends thereof, said ?ux concentrating means including 
U-shaped elements of magnetic material overlying the 
sidewalls of each of said ?rst and second conductor 
portions other than the sidewalls de?ning said opposed 
conductor faces, said means selectively operable to 
vary the current concentration including a correspond 
ing portion of the U-shaped elements on each of said 
?rst and second conductor portions and winding means 
on said corresponding portions connectable to a source 
of direct current. 

12. The inductor according to claim 11, wherein said 
U-shaped elements are a plurality of thin metal lamina 
tions, the ones of said laminations de?ning said corre 
sponding portions of said U-shaped elements having 
legs extending from the bridging portion of the U and 
de?ning an opening therewith, said coil means includ 
ing a winding about the one of said leg parallel to said 
bridging portion. 


