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1 Claim. (CL 219—13)

The present application as a division of our
co-pending applicailon Serial No. 174,610 filed
November 15, 1937, is directed to mechanism and
method for the heat t{reatment of gear teeth
and numerous other projections on surfaces of
metallic articles,

"The invention herein disclosed is particularly
advantageous in cases where large projections
must be heat treated with a limited amount of
power. ' With our apparatus and method it is

" possible to provide the article with a preliminary
heat treatment to produce a core having the de-
sired physical properties as to strength and duc-
tility and then to provide a surface zone of such-
depth and of such hardness and localized in such
‘parts as will provide high resistance to wear and
abrasion and simultaneously prevent warping or
other distortions which would cause noisy opera-

tion or which would set up local strains of a -

harmful nature in parts of the article.

In general, the object of the invention has been
to provide a ingthod and apparatus for harden-
ing internal or external projections on a mem-
ber of the class mentioned above.

A further object of this invention has been to

the invention to the various objects heretofore

. outlined.
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While in most of the accompanying illustra-
tions the preferred method of heating is by high
frequency induced current set up in the zones
to be hardened, the heating may be accomplished

-in part by the direct flow of current iato the

article by contacts established between the ar-
ticle and parts of the apparatus as hereafter illus-
trated. ’ )
When it is necessary to harden large areas, fre-
quently the power available is not sufficient to
heat all the desired parts of that area simulta-
neously. Therefore this area must be heated in -
sections. Small parts may be hardened progres-
sively by causing the inductor to pass over the
ares from one portion to the other and quench-

- ing back of the inductor as fast as the inductor
. advances past part of the area heated. Alterne-
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provide a gear or other article of the general

character of a gear having hard surface zones
" to resist wear on contacting surfaces. Another
object has been to provide a metal tooth or rib
having a tough and ductile core and root section
adapted to resist heavy bending or other stresses
caused by shock or impact in the section in which
such high stresses occur. An additional object
has been to provide a tooth having a hard sur-
face zone so bonded to the core or underlying
metal as to resist cleavage of this hard zone. A
still further object has been to provide a method
_of procedure in the formation of such hard sur-
face zone on & tooth previously formed and heat.
treated for the desired core characteristics. A
further object has been to provide apparatus
adapted to be used in the practice of the process,
which apparatus is easily constructed and which
does not require a high degree of skill for its
operation. ) )

Numerous other objects will become apparent
from the following description in which details of
forms of apparatus with which to achieve the
results of our invention will be pointed out and
novel and advantageous steps in the procedure
for obtaining the desired results will be described.

It is to be understood that while our descrip-
tion and drawing relate to gears we do not con-
fine ourselves to hardening gears alone but apply
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tively, small teeth or other projections may be
heated and quenched without relative movement
of the inductor and such teeth or projections and
surface zones of two such teeth or projections can
readily be hardened simultaneously.

The manner in which we accomplish our in-
vention is illustrated by the following deserip-
tion and the appended drawing. The novel fea-
tures of the invention are summarized in the
claim. B

In said annexed drawing: _

Fig. 1 illustrates the preferred form of our
apparatus for progressively hardening opposite-
1y placed faces of two adjacent teeth or projec--
tions.

Pig. 2 is a view, partly in section, as indicated
by line 2—2 of Fig. 1. : .

Referring now to Figs. 1-and 2, it will be ob-
served that the inductor element is moved length-
wise ‘of the tooth surface and at substantially
right angles to the radius of gear. ‘With this con-
struction, the width of the tooth becomes im-
material and determines only the distance the in-
ductor block must be moved. '

The inductor block employed is shaped to sub-
stantlally fill the cross-sectional region between
the two adjacent gear teeth. Current is brought
to the block by terminals 38 and 35 which, as
shown, are at the top of the block. The current
thus enters at terminal 34 and passes downwardly
adjacent the tooth 37 across the root hetween
the teeth, upwardly adjacent the tooth 86 and out
through the terminal 385. As the current passes
in close proximity to the adjacent tooth faces
eddy currents of heating density are induced in
the adjacent tooth surface. :
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After the critical or hardening temperature
has been reached the surface hesgted is rapidly
quenched. This is accomplished by the quench
block 38, which is hollow and receives fluld
through a pipe 42. A plurality of quench ori-
fices 38 open from the interior of the block 38 to

permit discharge of the gquenching fluid onto the

tooth surfaces just treated. The entire unit
comprising the inductor block and the quench
block 13 carried on g suitable support 382 guided
in a brackef 38® and progressively moved across
the gear faces at a predetermined rate of speed.
The direction of movement is such that the
quench block follows the inductor block.

The conductor 33 is closed by a jacket 40 se-
cured thereto by screws 41 and supplied with
cooling fluid through the pipe 42’. A shield 39
prevents passage of the quench fluid on to the
surfaces of the teeth not yet sufficiently heated
and thus prevents prematurely cooling them. It
will be obvious that various portions of the tooth
faces may he heated, depending on the dimen-
sions given the inductor block 33, the duration of
the heating interval and the power applied.

It will be observed that numerous modifications
in the relative size and proportion of the parts
shown in the above figures may be made tc pro-
vide a suitable heating and quenching rate for
almost ~ny arbitrary size of gear tcoth without
resorting the excessively large generator capac-
ity. In manufacturing a gear tooth by our proc-
ess and by the usé of the above described appa-
. ratus the gear is usually completely formed and
machined either before or after a preliminary
heat treatment which is usually desired to pro-
vide the maximum strength and ductility. The
surface of the teeth which come in contact with
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adjacent teeth of a driving or driven member are
then hardened to the desired depth and to the
desired depth contour to give the desired hard-
ness at the polnts of maximum wear and abra-
sion without detracting from the toughness and
ductility acquired by the previous heat treat-
ment. It is to be understood that where the
term “tooth” and/or “teeth” have been used in
this specification any part or parts projecting
from an article are meant, and by “face” or
“faces” is understood -any latersl surface of such
projection. - :

Other modes of applying the principle of our
invention may be employed instead of the one ex-
plained, change being made as regards the struc~
ture herein disclosed, provided the means stated
by the following claim or the eguivalent of such
stated means be employed.

We therefore particularly point out and dis-
tinctly claim as our invention:

" An inductor comprising s conductor having
two spaced branches forming sides of a gener-
ally U-shaped loop, each branch having an ex-
ternal surface adapted to lie adjacent to a sur-
face of an article to be heated, enclosure mem-
bers extending across the space between the
branches and engaging the branches to provide
a cooling fluid chamber between said branches,
means for supplying cooling fluid to the chamber,
and means for supplying periodically varying
current to the inductor of sufficient frequency
to induce heating current in the aferesaid article
when the article lies in closely spaced relation
with the aforesaid external surface of a branch
of thé loop.

FRANCIS S. DENNEEN.

WILLIAM C. DUNN.



