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This invention relates to electrical heating ap 
paratus, and more particularly to an induction 
heating applicator coil useful in induction heat 
ing apparatuS. 

he use of high frequency electrical energy for 
case hardening ferrous metals is now fairly Well 
known. In general, the Work to be hardened is 
Scanned by an inductor coupling coil Which is 
connected to a source of radio frequency energy, 
the coil heating the Work fairly instantaneously 
by induction. The form of couping coil most 
generally employed is a substantially single turn, 
helical Winding with its ends overlapped in 
slightly Spaced relation longitudinally Of the coil 
in order to embrace the entire circumference of 
the work. While Such a coil usually provides Sat 
isfactory results where the entire Surface of the 
Work is to be hardened, it is not satisfactory in all 
cases for the reason that it does not, heat the Work 
instantaneously along a circular portion thereof, 
but, along a helical portion. Thus, when the Work 
is scanned at certain rates, SOme parts thereof 
become heated twice due to the Overlapped ends 
of the coil. 

Aside from the foregoing, there are S.One cases 
in which it is desirable to harden. Only a portion of 
the work, as, for example, the base or Some other 
Small circumferential area of a cylindrical men 
ber. In such cases, the helical coupling coil is 
not at all satisfactory for the reason that it forms 
a helically shaped, hardened layer, in Stead of a 
circularly shaped layer. 
The primary object of my present invention is 

to provide an inproved inductor coupling coil 
Which Will be free from the aforementioned dis 
advantages. 
More particularly, it is an object of my present 

invention to provide an improved inductor cou 
pling coil which will produce, for practical pur 
poses, uniform heating along a circle which lies 
in a given plane through the work. 
Another object of my present invention is to 

provide an in proved inductor coupling coil as 
aforesaid which Will produce practically uniform. 
heating of the work opposite the point where the 
current enters and leaves the coil, as Well as at 
other points on the work embraced by the coil. 

Still another object of my present invention is 
to provide an improved inductor COUpling coil aS 
aforesaid which is simple in construction, can 
easily be fabricated, is economical in cost, and is 
highly efficient in use. 

In accordance With my present invention, I pro 
Wide an inductor coil which is formed of a Single 
turn, annular conductor having Substantially 
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uniform overall thickness throughout its entire 
circumference, as distinct from the helical form 
of coupling coil which, at its overlapped ends, 
has a thickness in excess of tWice the thick 
ness of the conductor of which it is made. My 
improved coupling coil is formed with a circum 
ferential slot extending clear through from the 
Outer to the inner perimeter thereof and With 
which communicate two longitudinally extending 
slots each extending from an opposite end of the 
coil. In this Way, there are formed on my in 
proved coupling coil two OVerlapping terminal 
portions separated from each other by the gap 
provided by the aforementioned circumferential 
slot. 

Preferably, although not necessarily, the annu 
lar conductor of which my in proved coupling coil 
is made has a Substantially triangular cross Sec 
tion, its minimum thickness being either on the 
outside perimeter or on the inside perimeter of the 
coil depending upon. Whether the coil is to Sur 
round the WOrk or Whether it is itself to be Sur 
rounded by the Work. The coupling coil is 
mounted upon a Suitable Support Which may 
comprise a tubular coil formed similarly to the 
prior art helical coils, and the aforementioned 
longitudinal slots are so formed in my improved 
coupling coil that they Will converge toward each 
other from the outside perimeter to the inner 
perimeter of the coil, whereby the current will be 
led into and Out of the coupling coil as nearly tan 
gentially as is feasible. Each of the overlapping 
terminal portions Of my improved coil has an 
Overall thickness which is slightly less than half 
of the overall thickness of the conductor of the 
coil. Thus, the entire coil has a substantially 
uniform thickness throughout its circumference. 
The novel features that I consider characteris 

tic of my invention are Set forth with particular 
ity in the appended claims. The invention itself, 
however, both as to its Organization and method 
of operation, as well as additional objects and ad 
Wantages thereof, Will best be understood from 
the following description of One embodiment 
thereof, when read in connection with the accom 
panying draWing, in Which 

Fig. 1 is a plan view of one form of inductor coil 
according to my present invention, the coil be 
ing shown Schematically connected to a high fre 
quency oscillation generator, 

Fig. 2 is a Sectional view taken on the line 
II-II of Fig. 1, 

Fig. 3 is a view similar to Fig. 2 but with my 
improved coupling coil removed in order to show 
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more clearly the Supporting member therefor, 
and 

Fig. 4 is a developed view of my improved cou 
pling coil. 

Referring more particularly to the drawing, 
Wherein similar reference characters indicate 
COrresponding parts throughout, there is shown 
an allilular Coupling Coil Which consists pref 
erably of a machined ring of conductive material 
having a preferably triangular cross section, as 
clearly shown in Fig. 2. The ring f is formed 
Substantially midway between its ends with a cir 
cumferential slot 3 which extends radially 
through the ring from its outer perinters a to 
its inner perimeter b and preferably, although 
not necessarily, lies in a plane perpendicular to 
the axis of the coil . 
The ring is also provided with a longitudinal 

slot 5 which extends from the upper end thereof 
down Wardly to and communicates with the slot 
3, as well as with a second longitudinal slot T 
which is spaced circumferentially from the slot 
5 and extends upwardly from the lower end of 
the ring to and also communicates with the 
slot 3. The ring is thus provided with a pair 
of Overlapped terminal portions 9 and if sepa 
rated in a direction parallel to the axis of the 
coil by the slot 3 which constitutes a gap there 
between. As will be noted most clearly from 
Fig. 2, the terminal portion 9 ends at the slot 5, 
and the terminal portion ends at the slot, i. 
The slots 5 and i converge toward each other 
as they approach the inner perimeter , b of the 
ring (see Fig. 1) and may or inlay not extend 
through the ring in a radiai direction, as may 
be found most suitable. In any case, the over 
all thickness of the coil or ring throughout its 
entire circumference, that is, at its outer perim 
eter d, is substantially uniform, the overall 
thickness of each terminal portion 9 and if being 
Somewhat less than half the Overall thickness 
of the coil itself. 
The ring member or coupling coil is support 

ed on a singie turi, helically formed tubular 
member 3 to which it may be secured in any 
Suitabie manner in concentric relation there 
with. Where, for example, the tubular support 
3 is formed of metal, such as copper, the ring 
membe' , also preferably of copper, may be sol 
dered thereto, as shown by the solder 5 in Figs. 
1 and 2. A Suitable cooling fiuid, such as cold 
water, may be fed through the tubular suppoit 
f3 to cool the coupling coil during operation and 
to prevent the solder from melting. Preferably, 
an insulating strip of mica, or any other suit 
able insulating material having a high dielectric 
strength is inserted in the gap 9 between the 
overlapped ends of the tube 3 as well as in the 
gap provided by the slot 3, which is in substain 
tial alignment, With the gap. 9, to prevent Spark. 
ing between the terminal portions 9 and f of the 
annular coil . The end portions 3ct of the Sup 
porting tube ES may have suitable input termi 
nals 2, preferably also of tubular construction, 
connected thereto. The coil is coupled to a 
high frequency oscillation generator 23 through 
the terminals 2 and a coupling transformer 25 
in Well known nanner. 
The form of my improved coupling coil shown in 

the drawing is particularly adaptable for use With 
a cylindrical rod, shaft, or the like, the surface 
of which is to be hardened along a thin, circular 
area, by placing the coil around it and applying 
radio frequency power thereto. Thus, the cou 
pling coil f illustrated in the drawing is thickest 
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4. 
at its outer perimeter and gradually tapers down 
to a minimum thickness at its inner perimeter 
b. Of course, where the inner surface of a hol 

low, cylindrical member is to be hardened, as in 
the case of a cylinder bore of an internal com 
bustion engine, the ring will be made thinnest 
at its Outer perimeter and thickest at its inner 
perimeter, the coupling coil then being con 
flected to the outer perimeter of the Supporting 
tube 3 instead of being nested within and con 
nected to the inner perimeter thereof, as illus. 
trated in FigS. 1 and 2. In any case, it should be 
apparent to those skilled in the art that, with my 
improved coupling coil, due to its uniform overall 
thickness throughout its entire circumference, 
uniform heating of the work along a circular path 
or area, will result, and that the heating opposite 
the point Where the current enters and leaves the 
coil Will be the same as elsewhere around the 
coil. 
Although I have shown and described but one 

enbodiment of my invention, it will be apparent 
to those skilled in the art that many other var 
iations thereof, as Well as changes in the one de 
Scribed, are possible. For example, instead of 
Inounting the coupling coil on a conductive sup 
port, Such as the tube 3, it may be mounted on 
a non-conductive Support and the input leads 2. 
connected directly to the overlapped terminal 
portions 9 and f i. Also, the longitudinal slots 
and may extend either in a radial direction 

acroSS the coil or in some other. Suitable direc 
tion, it being preferable, however, that they shall 
Converge toward each other as they approach the 
inner perimeter b in Such a lilanner relative to 
the bends 3b of the tube i3 that, the current will 
be led into the coil from one supporting tube 
end 3d and led out of tiae coil through the 
Other supporting tube end 3d as nearly tangen 
tially as possible, So as to avoid sharp or abrupt 
Current path changes. Other variations will, no 
doubt, readily Suggest themselves to those skilled 
in the art. I therefore desire that my invention 
shall not be limited except insofar as is made nec 
eSSary by the prior art and by the spirit of the 
appended claims. 

I claim as my invention: 
1. An inductor coupling coil for electrical heat 

iing apparatus comprising a single turn, annular 
COInductor having overlapped terminal portions 
Spaced from each other in a direction parallel to 
the axis of Said turn to provide a gap tiere 
between, Said turn having substantially uniform 
Overall thickness in said direction throughout the 
entire circumference thereof. 

2. An inductor coupling coil according to claim 
1 characterized in that each of said terminal por 
tions has an Overall thickness in Said direction 
Which is less than half of the overall thickness 
Of Said conductor in Said direction. 

3. An inductor coupling coil for electrical heat 
ing apparatus comprising a Single turn, annular 
conductor of substantially unifoim overall thick 
ness throughout its entire circumference in a 
direction parallel to the axis thereof, said con 
ductor having a circumferential slot extending 
radially therethrough and having also a pair of 
circumferentially separated, longitudinal slots 
therein communicating With said circumferen 
tial slot, one of said longitudinal slots extending 
fron One end of Said turn toward said first 
named slot and the other of Said longitudinal 
slots extending from the other end of said turn 
toward said first named slot to thereby provide 
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a pair of opposed, overlapping terminals Spaced 
from each other by said first named slot. 

4. An inductor coupling coil according to claim 
3 characterized in that said longitudinal SlotS eX 
tend from the outer perimeter to the inner pe 
rimeter of said turn. 

5. An inductor coupling coil according to claim 
3 characterized in that said longitudinal SlotS eX 
tend from the outer perimeter of said turn to the 
inner perimeter thereof, and characterized fur 
ther in that said longitudinal slots converge 
toward each other as they approach Said inner 
perimeter. 

6. An inductor coupling coil according to claim 
3 characterized in that said longitudinal Slots ex 
tend from the outer perimeter of said turn to the 
inner perimeter thereof each in Substantially a 
direction radially of said turn. 

7. An inductor coupling coil for electrical heat 
ing apparatus comprising a single turn, annular 
conductor having a cross section of varying thick 
neSS With its minimum thickness at one of its 
perimeters, said turn having a uniform overall 
thickness throughout its entire circumference in 
a direction parallel to the axis thereof, said con 
ductor having a circumferential slot therein ex 
tending radially therethrough Substantially mid 
way between the ends of Said turn and in a plane 
normal to that of the axis of Said turn, and said 
conductor also having a pair of circumferentially 
separated, longitudinal slots therein extending 
through Said conductor from the Outer to the in 
ner perimeter of Said turn and each communi 
cating with said circumferential slot, one of said 
longitudinal slots extending from one end of said 
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turn toward said circumferential slot and the 
other of said longitudinal slots extending from 
the other end of Said turn toward Said circum 
ferential slot to thereby provide a pair of Opposed, 
overlapping terminals spaced from each other by 
Said circumferential slot. 

8. In electrical heating apparatus, the combi 
nation of an inductor coupling Coil comprising a 
single turn, annular conductor having overlapped 
terminal portions Spaced from each other in a 
direction parallel to the axis of Said turn to pro 
Wide a gap therebetween, and a Substantially Sin 
gle turn, helical Supporting member therefor 
having overlapping portions also spaced from 
each other to provide a second gap therebetWeen, 
said coil having a Substantially uniform overal 
thickness in a direction parallel to its axis and 
being Secured to said member in concentric rela 
tion thereto, and said gaps being in substantial 
alignment with each other. 

9. The invention set forth in claim 8 charac 
terized by the addition of a member of insulat 
ing material in Said gaps. 

10. The invention set forth in claim 8 charac 
terized in that said coupling coil is nested within 
said Supporting member. 
1. The invention Set forth in claim 8 charac 

terized in that said Supporting member is of tu 
bular construction and is adapted to have a cool 
ing fluid passed therethrough. 

12. The invention set forth in claim 8 chair 
acterized in that said coupling coil has Substan 
tially uniform overall thickness throughout the 
entire circumference thereof. 

WESEY MI. ROBERDS, 


