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[57] ABSTRACT 

An inductor for inductively heatin 
workpiece having a length, central a 
drical portion with a radius r and a s 

land, Ohio 

g an elongated 
xis, a ?rst cylin- . 4 

econd cylindrical 
portion with a radius r’, wherein the cylindrical por 
tions are generally concentric with the axis and r and 
r' are substantially different. This inductor includes 
?rst and second generally parallel conductors extend~ 
ing substantially the complete length of the workpiece, 
cross-over conductors connecting the parallel conduc~ 
tors at their respective ends and the parallel conduc 
tors each have a first section adjacent the ?rst c 
drical portion of the workpiece and a second se 
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adjacent the second cylindrical portion of the work 
piece with the effective widths of these sections bein 
different to effect uniform heating of the workpiece. 
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INDUCTOR FOR HEATING AN ELONGATED 
WORKPIECE HAVING DIFFERENT 

CROSS-SECTIONS 
This is a continuation of application Ser. No. 37,254, 

?led May 14, 1970, now abandoned. 
The present invention relates to the art of induction 

heating and more particularly to an inductor for induc 
tively heating an elongated workpiece having at least 
two different cross-sections along its length. 
The invention is particularly applicable for heating 

the complete length of an axle shaft and it will be de 
scribed with particular reference thereto; however, it 
should be appreciated that the invention has much 
broader applications and may be used for heating vari 
ous other elongated workpieces. 

It has become common practice to harden axle shafts 
by rotating them about a vertical axis and progressing 
an encircling inductor upwardly along the length of the 
axle shaft. This inductor progressively, inductively 
heats the length of the axle shaft. Directly below the en 
circling inductor there is provided an encircling quench 
body which progressively quench hardens the previ 
ously heated portions of the axle shaft. This arrange 
ment has met with considerable success and is widely 
used; however, in recent times substantial development 
work has been devoted to induction heating equipment 
which inductively heat the total length of the axle shaft 
at one time. Thereafter, the total axle shaft is quench 
hardened. To accomplish this, there is provided an in 
ductor having parallel conductors extending substan 
tially the complete length of the axle shaft. Cross-over 
conductors are provided at the respective ends of these 
conductors, and leads are connected to one parallel 
conductor at a portion where it is divided to de?ne an 
electrical path between the leads and through the vari 
ous conductors. The present invention relates to an im 
provement in this type of conductor. 
When progressively moving an encircling inductor 

along the length of an axle shaft, it is not dif?cult to ad 
just the power to the inductor when the diameter of the 
axle shaft changes along its length. When using a single 
inductor having two parallel conductors extending the 
complete length of the axle shaft, this adjustment to 
compensate for changes in the diameter and cross 
section of the axle shaft, is not possible. The same cur 
rent flows through all portions of the heating inductor. 
In» accordance with the present invention, the parallel 
conductors are provided with means for modifying the 
flux field adjacent a certain cylindrical portion or por 
tions of the axle shaft to reduce non-uniformity in the 
heating of the axle shaft.‘ This modi?ed means is prefer 

2 
The primary object of the present invention is the 

provision of an induction heating device for an. elon 
gated workpiece having various cross-sections, which 
device includes an inductor having two parallel con 
ductors with the effective widths of the conductors 
being varied to'change the heating effect of theparallel 

v conductors with respect to the different cylindrical por 

15 

25 

30 

35 

40 

45 

50 

ably a change in the effective width of at least one par- "' 
allel conductor adjacent a cylindrical portion having a 
different diameter. 
In accordance with the present invention, there is 

' provided an inductor of the type having two parallel 
conductors extending along the length of the work 
piece having a first cylindrical portion with a radius r 
and ‘a second cylindrical portion with a radius r’. At 
least one of these parallel conductors has a first section 
adjacent the ?rst cylindrical portion of the workpiece 
and a second section adjacent the second cylindrical 
portion of the workpiece with the width of the ?rst sec 
tion: being 1: and the effective width of the second por 
tion being y, and x and y being substantially different 
to effect more uniform heating along the total length of 
the workpiece. 
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tions of the workpiece. _ ' , 

Another object of the present invention is the provi 
sion of an inductor having two parallel conductors ex 
tending the length of the workpiece wherein at least 
one of the parallel conductors has a means for modify 
ing the flux ?eld in an area adjacent. a portion of the 
workpiece having a different cross-section. 
Another object of the present invention is the provi 

sion of an inductor having two parallel conductors for 
heating the total length of an elongated workpiece, 
which inductor can uniformly heat the workpiece as it 
rotates, even though the workpiece has different cross— 
sections. 
These and other objects and advantages will become 

apparent from the following description taken together 
with the accompanying drawings in which; 
FIG. 1 is a pictorial view illustrating, schematically, 

the preferred embodiment of the presentinvention; 
FIG. 2 is an enlarged cross-sectional view taken gen 

erally along line 2—2 of FIG. 1; 
FIG. 3 is an enlarged cross-sectional view taken gen 

erally along line 3—3 of FIG. 1; 
FIG. 4 is an enlarged cross~sectional view taken gen 

erally along line 4-4 of FIG. 1; and, 
FIGS. 5 and 6 are schematic views illustrating the op 

1. 
Referring now to the drawings wherein the showings 

are for the purpose'of illustrating a preferred embodi 
ment of the invention only and not for the purpose of 
limiting same, FIGS. 1-4 show an induction heating ap-' 
paratus A for inductively heating workpiece B having 
centers 10, 12 de?ning a central axis m and cylindrical 
portions 14, 16 having radius r, r’, respectively. The ap 
paratus A includes a means (not shown) for rotating 
the workpiece and an inductor 20 having parallel con 
ductors 22, 24 divided into two separate sections de 
?ned by reduced portions or sections 26, 28. The effec 
tive width of the conductors 22, 24 adjacent cylindrical 
portion 14 is x whereas the effective width of the sec 
tions 26, 28 is y. This concept is shown in FIGS. 5 and 
6 and forms the essence of the present invention. 
Cross-over conductors 30, 32 connect the parallel con 
ductors 22, 24 at their respective ends. Appropriate 
leads 34, 36 are connected with conductor 24, which 
is divided to form an electrical path through the induc 
tor 20. These leads are, in turn, connected ‘across the 
output of an appropriate high frequency power supply, 
designated as generator 40. As so far described, the ef- ’ 
fective width of conductors 22, 24 is reduced at the re 
duced cylindrical portion 16. The purpose of this. re 
duction will be described in detail. 
Referring now to FIG. 3, there is schematically illus 

trated, a field 50 which is generated around conductor 
22. In a like manner, FIG. 4 illustrates, schematically, 
a ?eld 52 created around the reduced portion 26 of 
conductor 24. The operation of these two schemati 
cally illustrated ?elds 50, 52 is depicted in FIGS. 5 and 
6. Field 50 is created by the portion of conductor 22 
having an effective width x. This ?eld is coupled with 

eration of the preferred embodiment sas shown in FIG. _ 
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the cylindrical portion 14 of workpiece B over a cir 
cumferentially extending portion z de?ned by the in 
cluded angle a. As the workpiece is rotated during the 
heating operation, the portion z is relatively wide, so 
that a large proportion of the surface 14 is being heated 
at any one instant. If the width of conductor 22 were 
the same adjacent the reduced portion 16, then the 
width of the portion being heated at a given instant 
would be substantially the same as portion z. This 
would cause an increased preheating of the workpiece 
and overheating in the reduced portion 16. Conse 
quently, the core would become overheated and pre 
vent a well de?ned hardened pattern after quench 
hardening. By providing the reduced portion 26 having 
a width y, as shown in FIG. 6, the schematically illus 
trated ?eld 52 de?nes a smaller heating pattern within 
the reduced portion 16. This heating pattern has a 
width z' and is de?ned between the included angle b. 
By providing a smaller width z’ of the heated area in the 

' reduced portion 16, portion 16 is heated substantially 
at the same rate as larger portion 14. This arrangement 
reduces the tendency of the smaller cross-section to be 
overheated during the heating process for the whole 
workpiece. Consequently, a better defined hardness 
pattern is created during subsequent quench harden 
ing. The frequency of the current flowing in inductor ' 
20 determines the depth of induction heating. This 
depth, d, is the same for both portions l4, 16 because 
the reduction in conductor width does not change the 
frequency. The change in effective width of the parallel 
conductor changes the circumferential heated area 
which effects the total heating of the respective por 
tlons. 

It is within the scope of the present invention to also 
provide other devices for modifying the ?ux ?eld cou 
pled with the reduced portion 16 to effect a reduced 
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area of heating; however, in accordance with the pre 
ferred embodiment, the change in the coupling flux 
?eld is created by a reduction in the effective width of 
the parallel conductors. Effective width 11 means, pri 
marily, the width of the conductor pro?le as viewed I 
from the center of the workpiece. As previously men 
tioned, the conductors 22, 24 are relatively long. This, ' 
in accordance with the invention, indicatorthat the 
length of these conductors is at least ten times the larg 
est diameter r of the workpiece being rotated and 
heated. 
Having thus de?ned my invention, I claim: 
1. In an inductor for inductively heating an elongated 

workpiece rotating about a central axis and having a 
length, a ?rst cylindrical portion with a radius r and a 
second cylindrical portion with a radius r’, wherein said 
cylindrical portions are generally concentric with said 
central axis and r is greater than r’, said inductor com 
prising: ?rst and second generally parallel conductors 
extending substantially the complete length of said 
workpiece in an axial direction and over both of said 
cylindrical portions, one of said parallel conductors 
being separated into two portions, cross-over conduc 
tors connecting said parallel conductors at their respec 

' tive ends and lead-in conductor means at said separa 
tion of said one parallel conductor for connecting said 
inductor to a power means, the improvement compris 
ing: at least one of said parallel conductors having a 
?rst section adjacent said ?rst cylindrical portion and 
a second section adjacent said second cylindrical por 
tion, the effective width of said ?rst section being x, the 
width of said second section being y, and x being 
greater than y, and whereby said sections remain adja 
cent said respective portions during heating. 

* * * * * 
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