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[57] ABSTRACT 

The invention relates to a method of electric induction 
heating of heat treatable metallic work pieces steel ar 
ticles and to apparatus for performing said heating. 

2 Claims, 5 Drawing Ih'gures 
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METHOD OF INDUCTION HEATING OF HEAT 
TREATABLE METALLIC WORKPIECES AND 

APPARATUS FOR PERFORMING SAME 
The invention resides primarily in a method of induc 

tion electric heating of workpieces for thermal treat 
ment thereof, according to which each said work piece 
being heated is rotated about an axis extending at sub 
stantially right angles to the direction of the magnetic 
flux generated by the inductor effecting the heating. 
The invention also resides in an apparatus capable of 

performing the above, characterized in that the electric 
current turns of the inductor structure lie in planes per 
pendicular the plane of rotation of the article being 
heated, some of these active electric current conduc 
tors of said inductor being disposed on one side from 
the plane of rotation of said article and being con 
nected for electric current to flow therethrough in one 
direction, the other ones of the active electric current 
conductors of the inductor being disposed on the op 
posite side from the plane of rotation of said article and 
being connected for electric current to flow 
therethrough in another direction, opposite to the first 
direction. 
The present invention relates to thermal treatment of 

metallic workpieces and, more particularly, it relates to 
a method of induction heating of steel components 
such as cross spiders for universal joints and to ap 
paratus for performing such heating. 
Uniform heating of a component to a desired optimal 

temperature for thermal treatment of the component is 
an important prerogative for good mechanical proper 
ties of the component after the treatment. When a 
component is treated, for instance, for a thermal 
hardening operation, both overheating and underheat 
ing of individual portions of the component can affect 
the mechanical properties of steel in these portions, 
whereby the quality of the component, as a whole, is af 
fected. 

For workpieces of intricate con?guration electric in 
duction heating is pro?tably employed, as part of their 
thermal treatment. 
There is a known method of uniform electric induc 

tion heating of steel articles for hardening thereof, with 
the articles being rotated inside the inductor structure 
about an axis extending parallel to the magnetic flux. 
However, some workpieces of intricate configura 

tion, such as, for example, cross spiders for universal 
joints, cannot be uniformly heated by this known 
method, the reason being as follows. When an article of 
this kind is rotated about an axis extending parallel to 
the direction of the magnetic flux, the distribution of 
the electric currents induced in the article is substan 
tially constant, and the density of these currents is 
greater in some portions of the article than in other 
portions thereof. In this case levelling of the tempera 
tures throughout the article can take place only on ac 
count of the heat conductivity of the article, and this 
may prove to be insufficient for articles of intricate 
con?guration. 

It is an object of the present invention to provide a 
method of electric induction heating of heat treatable 
metallic workpieces and an apparatus for performing 
such heating, which ensures uniform heating of the en 
tire structure of the component. 
The present invention provides a method of electric 

induction heating of steel components of intricate con 
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2 
figuration and an apparatus for performing such heat 
ing, which results in improved mechanical properties of 
the components after a hardening operation. 
The method of the invention comprises the step of 

rotating each article being heated within an inductor 
structure, about an axis extending substantially at right 
angles to the direction of the magnetic ?ux generated 
by said inductor structure in operation thereof. 

Preferably, the workpieces are rotated about axes 
perpendicular to the direction of the lines of the mag 
netic flux generated by said inductor structure in 
operation thereof. 
The present invention further resides in an apparatus 

for performing heating by the above speci?ed method, 
comprising a rotary table, a plurality of spindles 
mounted for rotation on said rotary table, each said 
spindle being adapted to carry thereon an article and to 
be rotated on its own axis together with said article, and 
a relatively stationary multi-coil inductor of a once 
through type, wherein, in accordance with the present 
invention, the active electric current carrying conduc 
tors of said inductor extend in planes substantially per 
pendicular to the respective axes of said spindles, some 
of said active electric current carrying conductors of 
said inductor, disposed on one side from the plane of 
rotation of said articles, being electrically connected 
for electric current to flow therethrough in one 
direction, the other ones of said active electric current 
carrying conductors of said inductor, disposed on the 
opposite side from said plane of rotation, being ‘con 
nected for electric current to ?ow therethrough in 
another direction, opposite to said first direction. 
The present invention will be better understood from 

the following details of a preferred embodiment thereof 
described with reference to the accompanying 
drawings, wherein: 

FIG. 1 shows an apparatus for thermal treatment of 
steel cross spiders for universal joints; 

FIG. 2 is a cross-sectional schematic view of an in 
ductor structure and a cross spider placed within this 
inductor structure; 

FIGS. 3 to 5 illustrate schematically the distribution 
of the electric currents induced in a cross spider 
rotated about an axis extending at substantially right 
angles to the direction of the flux of a magnetic field H. 

Referring now in particular to the appended 
drawings, an apparatus for performing a method em 
bodying the present invention comprises a framework 1 
(FIG. 1) supporting thereon a rotary table 2 with a plu 
rality of spindles 3 mounted for rotation on the rotary 
table 2 and uniformly circumferentially spaced 
therearound. The apparatus further comprises a sta 
tionary multi-coil inductor 4 of a once-through type, a 
cooling agent sprayer 5 and a mechanism 6 for remov 
ing articles off the spindles 6, operatively connected 
with a drive 7. 

Steel cross spiders 8 for universal joints, which have 
to be heat treated are mounted one each on the succes 

sive spindles 3, whereafter the rotation of the table 2 
brings these spindles 3 with the cross spiders carried 
thereby into the stationary inductor 4. Here the spin 
dles 3 together with the cross spiders 8 are rotated 
about their respective axes I — I (FIGS. 2 to 5). During 
a period when a spindle 3 with a cross spider 8 is car 
ried by the rotation of the table 2 from the entrance of 
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,the inductor 4 to the exit therefrom, the cross spider is 
heated up from room temperature to a hardening tem 
perature which is different for various articles, and, in 
case of-steel cross spiders for universal joints, can be 
from 830° to 850° C. 
When a spindle 3 carrying a cross spider 8 leaves the 

inductor 4, its rotation about its axis is discontinued. 
After having passed the inductor 4, the spindles 3 with 
the cross spiders 8 carried thereby are introduced in 
succession by the rotation of the table 2 into the cool 
ing agent sprayer 5, where the cross spiders are 
hardened, whereafter they are removed off the spindles 
by the mechanism 6. 

Active electric-current conductors 9 (FIGS. I and 2) 
of the inductor 4 are disposed in planes perpendicular 
to the axes I — I of the spindles 3. They surround the 
cross spider 8 mounted on the spindle 3 both from the 
side of the cross spider, facing the rotary table 2 i.e., 
from below) and from the opposite side of the cross 
spider (i.e. from above). ' 
The spindle 3 and the cross spider 8 carried thereby 

are rotated about the axis of the spindle at a predeter 
mined angular speed. Those of the current conductors 
9 of the inductor 4, which are disposed on one side 
from the plane of rotation of the cross spider 8, have 
the electric current ?owing therethrough in one 
direction (indicated with a + symbol in (FIG. 2), 
whereas the rest of the current conductors 9, disposed 
on the opposite side from the plane of rotation of the 
cross spider, are connected for the electric current to 
flow therethrough in a direction opposite to the ?rst 
one (indicated with a —— symbol in FIG. 2). 
The inductor 4 of which the current conductors 9 are 

disposed as it has been described in the preceding para 
graph, creates an alternating magnetic ?ux of which the 
lines H (indicated in FIG. 2) extend at substantially 
right angles to the axis of rotation of the cross spider 8. 

It can be seen from FIGS. 3 to 5 of the accompanying 
drawings that when the cross spider 8 with its four pro 
jections 10, ll, 12 and 13 is rotated about the axis I — l 
extending substantially at right angles to the direction 
H of the lines of the magnetic ?eld, induction of the 
electric current which effects the heating of the projec 
tions 10, 1 1, 12 and 13 of the cross spider 8 takes place 
alternatingly in a magnetic ?eld which, as far as each 
individual projection is concerned, now extends lon 
gitudinally relative to this projection, and then extends 
laterally relative to the same projection. The respective 
directions of the electric currents I induced in the cross 
spider 8 are indicated by curved arrow lines in FIGS. 3 
to 5 of the accompanying drawings. Thus, when the 
cross spider is in a position illustrated in FIG. 3, the 
electric current I effecting the heating of the projection 
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10, is induced in a magnetic field directed longitu-I 
dinally of the axis of the projection; in a position in 
dicated in FIG. 5 the magnetic ?eld is directed laterally 
of the projection 10, and in an intermediate position 
shown in FIG. 4 the magnetic ?eld is directed at an 
acute angle to the axis of the projection. On the contra~ 
ry, the projection 11 shown in FIG. 3 is heated by the 
electric current induced by the transverse magnetic 
?eld and in FIG. 5 by the longitudinal magnetic ?eld. 
This shifting of the direction of the magnetic ?eld rela 
tive to the axis of each projection 10, 11, I2 and I3 
from longitudinal to lateral, and vice _versa, brings 
about a cyclic redistribution of the electric currents in 
duced in.the different portions ofthe article (i.e. of the 
cross spider in the herein described embodiment of the 
present invention), which provides a [more uniform 
heating of the component. - ' 

Thus, when the cross spiders are rotated‘ about'an 
axis extending substantially at right angles to the 
direction H of the magnetic field effecting the heating 
of these cross spiders, the latter are uniformly heated 
for a hardening operation, the temperature differential 
between various portions of the cross spiders not ex 
ceeding 20° C. This results in superior mechanical pro 
perties of the components after the hardening opera 
tion. 
What is claimed is: 
l. A method of electric induction heating of heat 

treatable metallic workpieces, comprising: conveying 
the workpieces in a ?rst plane through an electric in 
ductor to heat the workpieces; mounting each work 
piece for rotation on its own axis substantially perpen 
dicular to said ?rst plane as the workpiece is conveyed 
through the inductor; and arranging electric coils of the 
inductor in such a manner that the direction of lines of 
magnetic ?ux produced by the electric coils in their 
operation is substantially perpendicular to the axis of 
rotation of each workpiece. - 

2. An apparatus for electric induction heating of 
steel components for thermal hardening thereof com 
prising: a rotary table mounted on a support structure 
and a driving means to rotate the table; a plurality of 
spindles mounted perpendicular to a plane of the rotary 
table for rotation about their respective axes, each said. 
spindle being adapted to rotatingly support thereon a 
component to be heat treated; a relatively stationary 
electric inductor mounted on said support structure, 
the inductor comprising conductor coils with each turn 
disposed in a plane substantially parallel to the respec 
tive axes of said spindles, such that said components on 
the spindles are capable of being conveyed through the 
conductor coils of the inductor structure. 
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