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57 ABSTRACT 

A method and apparatus for inductively heating an 
elongated slotted tube preparatory to subsequent 
forming of said slotted tube comprising providing an 
inductor having a pair of parallel spaced apart heating 
conductor legs having a length at least as long as the 
length of the slot. The slotted tube is positioned be 
tween the conductor legs so that the side walls of the 
slot are positioned immediately adjacent and parallel 
to one of the legs. The inductor is then conventionally 
energized as the tube is rotated about its longitudinal 
axis to effect the desired heating. 

1 Claim, 3 Drawing Figures 
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3,800,115 
METHOD FORNDUCTIVELY HEATING AN 

ELONGATED, SLOTTED WORKPIECE 

This is a division of application Ser. No. 177,963 filed 
Sept. 7, 1971, now abandoned. 
This application pertains to the art of induction heat 

ing and more particularly to a method and apparatus 
for inductively heating an elongated slotted workpiece. 

The invention is particularly applicable to inductively 
heating elongated slotted tubes which are to be subse 
quently formed at the slotted area and will be described 
with particular reference thereto; however, it will be 
appreciated that the invention has broader applications 
and may be employed in any instance where elongated 
workpieces. having at least one aperture area therein 
are desired to be uniformly heated over at least the ap 
erture area therein. 

In induction heating it is known to pass elongated 
tubes through a multi-turn induction heating coil to ef 
fect the desired heating. This type of apparatus and 
method are satisfactory for tubes and shafts which have 
a continuous peripheral surface; however, they are un 
satisfactory when the workpieces being heated include 
a slotted or other recess area therein. The difficulty en 
countered is that in using a multi-turn coil to effect in 
duction heating, the induced current flow is generally 
around the workpiece in a direction normal to the 
workpiece longitudinal axis. However, the induced cur 
rent is unable to flow in this desired path along the slot 
ted area as there is no workpiece area there through 
which it may travel. Therefore, the current seeks other 
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paths through which to flow, such as for example, along 
the sides and around the ends of the slot. This interrup 
tion and alteration of the induced current flow has the 
effect of establishing "cold spots' along the workpiece 
at the slotted area. These spots are particularly undesir 
able when the workpiece is to be formed subsequent to 
heating. 
The present invention contemplates a new method 

and apparatus which overcomes the above referred 
problems and provides a new method and apparatus for 
inductively heating elongated slotted tubes which is 
economical to employ, provides uniform heating over 
at least the slotted area and is readily adaptable for use 
with other elongated workpieces having slotted or 
other apertures therein. 

In accordance with the present invention there is pro 
vided a method of heating an elongated workpiece hav 
ing first and second terminal end portions and an inter 
mediate portion including an aperture therethrough. 
The method comprises the steps of positioning the 
workpiece between a pair of parallel spaced apart elec 
trically interconnected heating conductors such that at 
least said intermediate portion is in an inductive cou 
pling relationship therewith; selectively energizing the 
heating conductors by passing an electrical current 
therethrough; and, rotating said workpiece abouts its 
longitudinal axis at least during said energizing to effect 
heating of the entire of at least said intermediate por 
tion. 

In accordance with another aspect of the present in 
vention, there is provided an induction heating appara 
tus for heating an elongated workpiece having terminal 
end portions and an intermediate portion including an 
aperture therethrough. The apparatus comprises an in 
ductor having two elongated spaced apart parallel heat 

35 

40 

45 

50 

55 

60 

65 

2 
ing conductors defining an elongated heating zone 
therebetween, the heating conductors having a length 
at least as long as the intermediate portion. The appara 
tus further includes means for electrically intercon 
necting the heating conductors and means for selec 
tively supplying an electrical current flow through the 
heating conductors. Means are provided for locating 
the workpiece in a heating zone with at least the inter 
mediate portion in an inductive coupling relationship 
with the heating conductors. 

In accordance with a limited aspect of the present in 
vention, the workpiece is rotated about its longitudinal 
axis by the locating means during heating. 
The principal object of the present invention is the 

provision of a method and apparatus for inductively 
heating elongated workpieces having an aperture ex 
tending therethrough which provides for efficient in 
duction heating. 
Another object of the present invention is the provi 

sion of a method and apparatus for inductively heating 
elongated workpieces having an aperture extending 
therethrough which are readily adaptable to work 
pieces having any cross sectional configuration. 

Still another object of the present invention is the 
provision of a method and apparatus for inductively 
heating the elongated workpieces having an aperture 
extending therethrough which are economical to em 
ploy. 
The invention may take physical form in certain parts 

and arrangements of parts, a preferred embodiment of 
which will be described in detail in this specification 
and illustrated in the accompanying drawings which 
form a part hereof and wherein: 
FIG. 1 is a perspective view of the apparatus employ 

ing the concepts of the subject invention; 
FIG. 2 is a plan view of the apparatus in FIG. 1 and 

showing an elongated slotted workpiece in an operative 
relationship therewith; and 
FIG. 3 is a cross sectional view taken along lines 3-3 

in FIG. 2. 
Referring now to the drawings wherein the showings 

are for the purposes of illustrating the preferred em 
bodiment of the invention only and not for purposes of 
limiting same, the Figures show inductive heating appa 
ratus A and elongated slot workpiece B. 
In the preferred embodiment, the workpiece is an 

elongated piece of thin walled steel tubing 10 having 
end portions 12,14. Wall 16 may be of any desired 
thickness in order that the workpiece may be used for 
a particular desired purpose. Disposed to extend longi 
tudinally along tubing 10 is an elongated slot 18 having 
side wall portions 20,22 and radiused end wall portions 
24,26 although the invention may be used with a work 
piece having any shape aperture therein. In accordance 
with the concepts of the subject invention, it is desired 
to uniformly heat at least the side wall portions and ra 
diused end wall portions to an elevated temperature of 
approximately 2,000 F. in order that tubing 10 may be 
formed into a final desired configuration. 
The induction heating apparatus A employed to per 

form this desired heating is comprised of a base portion 
50 and conductor portion 52. The base portion is com 
prised of a pair of base plates 54,56 constructed from 
an electrically conductive material such as copper and 
are disposed in any convenient manner with an insulat 
ing material 58 therebetween. These base plates further 
include mounting holes 60 therethrough to facilitate 
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rigidly affixing induction heating apparatus A in a de 
sired position. Further included are a pair of upstand 
ing conductor legs 62,64 mounted to plates 54,56 re 
spectively in a known fashion. Legs 62,64 are con 
structed from an electrically conductive material 
which, in the preferred embodiment, comprises a hol 
low rectangular copper tubing. To provide rigidity of 
construction between the upstanding conductor legs 
and the base plates, wedge-shaped supports 65 are pro 
vided to extend between them in a known manner. It 
should be noted that insulating material 58 also extends 
between upstanding conductors legs 62,64 and their 
respective wedge-shaped supports 65. This insulating 
material is merely to prevent short circuiting of the in 
duction heating apparatus as will hereinafter become 
apparent. 
Affixed to legs 62,64 are the conductors which make 

up the actual heating zone and which comprise a gener 
ally normally extending heating conductor leg 70 and 
a second cross-over leg 72. Leg 72 is affixed to up 
standing leg 64 and is generally parallel to and identical 
in shape with cross-over leg 68. Further, legs 66,70 are 
generally parallel to each other and are each at least as 
long as the length of slot 18. Legs 62,66,68,70,72 and 
64 establish a circuit adapted to carry a current flow to 
effect induction heating as will hereinafter become 
more apparent and are, in the preferred embodiment, 
constructed from rectangular copper tubing. 
Disposed in a side-by-side relationship longitudinally 

along legs 66,70 are a plurality of thin laminations 74 
as is known in the inductive heating art and which may 
be stamped from thin sheet steel. Each lamination is 
generally U-shaped and includes base 75 and a pair of 
outwardly extending legs 76 which closely embrace the 
top, bottom and outer walls of the associated heating 
conductors 66,70. A cooling fluid inlet 80 disposed in 
base plate 54 to extend therethrough to the hollow cen 
tral area of upstanding leg 62 and a fluid outlet 82 is 
disposed in base plate 56 to extend outwardly from the 
hollow central portion of upstanding leg 64. In this 
manner, and as known in the art, a cooling, fluid such 
as water may be continuously pumped through the con 
ductor legs to carry away some of the heat generated 
during the inductor operation. A high frequency elec 
trical generator generally designated 90 is disposed 
across base plates 54,56 in order to supply a current 
flow through the conductor legs. Thus, insulation mate 
rial 58 assures that no shorting between base plates 
54,56; upstanding legs 62,64; or, wedge-shaped sup 
port 65 will occur during operation. 

In using the above described induction heating appa 
ratus, it is necessary to mount the apparatus via mount 
ing holes 60 disposed in base plates 54,56. It is most de 
sirable that when installed, heating conductors 66,70 
are disposed in a generally horizontal direction. Tube 
locating and supporting means generally designated 92 
in FIG. 2 are utilized to maintain tubing 10 in a gener 
ally horizontal position between and in an inductive 
coupling relationship with inductors 66,70. This tube 
locating and supporting means may comprise any con 
venient means such as, for example, a standard chuck 
arrangement and further, in order to assure that the 
tubing will be rigidly located, a positioning means 92 
could be utilized at each end of the tubing. In addition, 
the locating and positioning means rotate so as to be 
able to continuously rotate the workpiece about its lon 
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gitudinal axis. Any convenient power means may be 
used to effect this desired rotation of the locating 
eaS. 

As shown in FIGS. 2 and 3, tubing 10 is positioned 
so that slot 18 is coextensive with conductors 66,68 and 
rotated by locating means 92 in direction a (FIG. 3). 
When electrical supply generator 90 is energized, there 
is effected a current flow through the conductor legs 
and laminations 74 associated with heating conductor 
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legs 66,70 as is known in the induction heating art. The 
current flow, particularly through heating legs 66,70 
and associated lamination 74, causes an induced cur 
rent to longitudinally flow in side wall portions 22,20 
respectively in the opposite direction. As the current 
flow in the inductor is reversed, the direction of flow of 
the induced current is also reversed to effect induction 
heating of these portions as is known. 
As the induced current flow is longitudinal of the 

slot, there is no current flow interruption or alteration 
during heating thus permitting constant and even heat 
ing of at least the slotted area. The workpiece rotation 
assures even heating of the entire slot area. Once the 
desired temperature, approximately 2,000 F., has 
been reached, electrical supply generator 90 may be 
de-energized and the workpiece removed from locating 
and supporting means 92 for further processing and a 
new tube 10 installed for heating as hereinabove de 
scribed. If it is desired to heat end portions 12, 14 in ad 
dition to side wall portions 20,22 the length of conduc 
tors 66,70 need only be extended as desired or conven 
tional multi-turn coils may be employed. 
The invention has now been described with reference 

to the preferred embodiment. Obviously, modifications 
and alterations will occur to others upon the reading 
and understanding of this specification. It is my inten 
tion to include all such modifications and alterations 
insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
Having thus described my invention, I now claim: 
1. A method of uniformly heating the metal forming 

an axial portion of an elongated workpiece to define to 
subsequent forming of said metal, said axial portion 
forming only a part of said elongated workpiece and in 
cluding an elongated axially extending slot extending 
diametrically through said workpiece todefine two 
spaced apart, elongated ribs, said heating method com 
prising the steps of: 

a. locating said workpiece to extend along a given 
axis; 

b. providing a single turn inductor having two spaced, 
generally parallel conductors each having a length 
generally matching the length of said axial portion 
of said workpiece; 

c. locating said inductor with said conductors parallel 
to said axis, coextensive with said axial portion and 
spaced outwardly from said two ribs a distance to 
cause magnetic coupling between said conductors 
and the metal forming said axial portion of said 
workpiece; 

d. energizing said inductor until at least said ribs are 
heated uniformly and evenly to a subsequent pro 
cessing temperature; 

e. rotating said workpiece about said given axis; and, 
f. forming said heated axial portion of said work 

piece. 
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