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1

Our invention relates to heat treatment and
has particular relation to the heat treatment of
irregular metallic objects for the purpose of pro-
ducing a hard surface or skin on the objects.

Irregular metallic objects, such as gears which
are included in the tfransmission of an automotive
vehicle, crank shafts and similar items are sub-
jected to repeated mechanical impacts. It is de-
sirable that such objects be provided with a layer
of hard metal in the region where the impacts
are to be applied. Such hardened surfaces are
produced by heat treatment.

One method of heat treatment in accordance
with the prior art, of which we are aware, is
called carburizing. Inthe carburizing processthe
metallic object to be treated is immersed in a
carburizing medium and its entire surface is sub-
jected to the action of chemical agents. A thin
hardened layer is produced over the whole sur-
face of the object. The chemical agents to which
the object is subjected are costly; they are con~
sumed at a high time rate during the treatment
and require repeated replacement. The carbur-
izing process is time consuming. This process is
therefore not suitable for the production of hard-
ened objects at the high rate and the low cost
demanded by modern mass production of auto-
motive vehicles.

In accordance with other teachings of the prior
art, of which we are aware, the objects are hard-
ened, not only on the surface, but throughout in
the region where the impact is applied. For ex-
ample, gears are so heat treated that the teeth
are hardenad throughout, the hardening extend-
ing a shoert distance below the roots of the teeth.
The hardening is produced by heating a gear in
the region to. be hardened. (the teeth ahd the:
roots) to a temperature of approximately 1600°
F. and thereafter quenching the heated portion
of the gears.

The difficulties associated with, and disad-
vantages of, this process will be understood from
a consideration of the process as applied to a
gear. Because of a high temperature differential
which exists during the heating operation be-
tween the heated region and the unheated body
of the gear, high tensile stresses are produced be-
tween the two sections of the gear. When the
gear is quenched, the stresses are further modi-
fied. The expansion of the teeth which arises
by reason of the chemical changes which con-
stitute the hardening process further modifies the
stresses. We have found that the stresses pro-
duced during this heat treating process cause de-
fects to develop in gears so.treated. The gears
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are frequently cracked in the region of the teeth
and the roots, and the teeth do not have the
wearing properties which are essential for such
components.

It is accordingly an object of our invention to
develop a method of heat treatment which over-
comes the above difficulties and shall be inexpen-
sive and highly efficient. )

Another-ohject of our invention is to develop a
method of heat treatment which shall be pecul-
iarly suitable for the supply of components, such
as gears, racks, crank shafts and similar items to
satisfy the quality, quantity and cost demands
of modern mass production of automotive ve-
hicles. )

A further object of our invention is to provide
a method of heat treatment for irregular metallic
objects, said method involving the contour or zone
hardening of said objects with the use of induc-
tion current of different electrical frequencies.

A still’ further object of our invention is to
provide an electrical heat treating process for
producing hardening equivalent.to that produced
by chemical processes, such as the carburizing
process. :

Tt is still another object to provide an improved
method for heat treating articles with the utiliza-
tion of an electrical induced current, said treat-

-ing operation leaving a minimum of unfavorable

residual stresses in the article after hardening,

Ancther object is to provide an improved
method for hardening articles with irregular con-
tours such as gears or racks, said method includ~

_ing pre-heating the gears with a relatively low

frequency induction current, and thereupon con-
tour hardening the article by the application of a
substantially higher frequency. electrical induced
current, said combination being designed to eli-

. minate.tensile stress- in the critical areas of the

article.

A.specific object of our invention is to-provide
conveyor apparatus into the input of which un-
treated metallic. objects shall be- supplied con--
tinuously and out.of the output. of which heat
treated objects:shall be derived.

Anocther: specific object. of our invention is. o
provide a production line heat treating process-
for irregular metallic objects by use of which
such objeets: fully treated shall be produced at
a - high time rate.

An ancillary object of our invention is.to pro-
vide an-irregular metallic object, such as-a-gear,
having a substantially unimpaired hardened sur-

- face: region. produced at a relative.low: cost per
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item and having high resistance to repeated
impacts.

More concisely stated, it is an object of our
invention to provide a low-cost, high-speed
method of heat-treatment, apparatus for prac-
ticing the method and articles produced by the
practice of the method.

In accordance with our invention we provide a
metallic object which has a thin hardened layer
only in the region where major stresses are ap-
plied to it. Thus, we provide a gear which has
a shallow, hardened contour casing. Gears for
the transmission of standard automotive vehicles
and small tractors, produced in accordance with
our invention, have a hardened contour of aver-
age thickness of the order of .030 inch. If a sec-
tion of such a gear by a plane perpendicular to
its axis is observed, the hardened area will be
seen to be a band which extends along the con-
tour of the teeth narrowing towards the root.
The inner boundary of the band is a curve spaced
approximately .050 inch from the top of the tooth
and .030 inch from the root.

Certain gears of a transmission are moved axi-
ally to engage with other gears. During this
operation the sides of the teeth of one of the
engaging gears impacts against the sides of the
teeth of the other. To reduce the shock engage-
ment (the clash) the engaging sides (the clash-
ing faces) of the teeth have rounded surfaces. It
is desirable that these surfaces be hardened.

In accordance with our invention the clashing
surfaces are hardened to a distance just below
the region of engagement of the teeth. In prac-
tice this hardening customarily extends to a dis-
tance approximately half-way between the pitch
line and the root. For gears included in the
transmissions of standard automotive vehicles
and tractors, the thickness of this layer as meas-
ured from the side surface of the tooth varies
from approximately .050 inch at the point nearest
the tip of the tooth to zero where the hardened
area disappears below the pitch line.

Surface wear of teeth, according to our inven-
tion by reason of impact during gear shifting and
rotation is minimized by the band surface.

In accordance with a further aspect of our
invention, we provide a novel method for pro-
ducing gears of this type. A gear to be heat
treated-in accordance with our invention is first
pre-heated inductively to a substantial depth be-
low the roots of the teeth (in the case of a small
gear throughout). This object is accomplished
by subjecting the gear to the electromagnetic
field produced by a generator of audio frequency
oscillations having a frequency preferably lying
between 960 and 15,000 cycles per second. Each
gear is maintained in the field until the tem-
perature of the heated region attains a magni-
tude of the order of 900° F. 'Thereafter, the gears
are.subjected to a radio frequency electromag-
netic field. The frequency of the osecillations
which produce this field preferably lies between
90,000 and 450.000 cycles per second. The teeth
and roots of the gears are heated by the radio
frequency field, to the desired depth, to the heat
treating temperature (approximately 1600° F.).
Thereafter, the teeth are quenched by projecting
on them a liquid such as water or brine or im-
mersing them in a submerged oil spray. The
generator which produces the radio frequency
field preferably has sufficient power to provide
energy at the rate of approximately 6% kilo~
watls per square inch to the surface area treated.
Since it is desirable that the hardened skin be
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produced only over the surface of the teeth, the
total surface area to be heated is in effect the
surface area of the teeth. This area is approxi-
mately 2xXpitch diameter Xtooth face width.
The teeth of the gears are thus heated to the
hardening temperature, only in the thin outer
layer where the hardened material is to be pro-
duced. The depth of the layer heated may be
increased within narrow limits by decreasing the
power per square inch of surface treated and
increasing the time interval during which the
high frequency power is impressed.

Excessive stresses are avoided during the pre-
quenching heating operation because the differ-
ential in temperature between the regions to be
hardened and the other regions of the gear is rel-
atively small (approximately 900° F.). These
stresses and the higher stresses resulting from
metallurgical changes following the quenching
operation are moreover absorbed by the resilient
cushion provided in the unhardened portion of
the teeth.

The method of heating in accordance with our
invention involves the application of electromag-
In its more
limited aspects our invention involves the steps
of subjecting the articles to be treated first to an
audio frequency field and subsequently to a radio
frequency field. Our invention in its broader
aspects includes within its scope the steps of sub-
jecting the articles to be treated to fields of differ-
ent frequencies of any classification. For ex-
ample, two audio frequencies, 60 cycles per sec-
ongd and 9609 cycles per second, may be applied.
On other occasions one or both of the fields may
ke of radio frequency, of ultra-high frequency or
of microwave frequency. For example, fields
having frequencies of the order of 100,000 cycles
per second may ke impressed for pre-heating pur-
poses and fields of a frequency of the order of 1
to 100 megacycles (or even 10,000 megacycles)
may be impressed for the pre-quenching heating.

The frequencies of the pre-heating and pre-
quenching fields depend on the dimensions of the
cbjects to be treated, the area to be pre-heated,
the area to be hardened and the depth of the
hardened material. The larger the object to e
heated the lower the pre-heating frequency. The
pre-quenching frequency selected will depend on
the contcur to be hardened (the pitch of the gear
to be hardened) and on the minimum penetra-
tion desired. A pre-guenching field of a given
frequency will produce a predetermined mini-
muin penetration. The penetration may be in-
creased by decreasing the power in the field and
increasing the time during which the field is ap-
plied. To decrease the penetration below the
minimum the frequency of the field should be in-
creased substantially.

The method of heat treatment in accordance
with our invention should be distinguished from
multiple frequency step heating, such as is de-
scribed, for exampie, in the patent to Seede
1,646,498. Broadly our invention involves mul-
tiple frequency heating as a part of a hardening
precess and such heating in any hardening proc-
ess is within the broad scope of our invention.
However, mere subjecting of an article fo he
treated to two frequencies, one a low frequency
and the other a high frequency, will not produce
a hardened articie in accordance with the more
specific aspects of our invention. The power ap-
plied during the pre-heating operation must be
such as to produce a satisfactory differential be-
tween the pre-quenching and pre-heating tem-
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peratures, The power applied during the pre-
quenching operation must be of the proper mag-
nitude to heat the region which is to be hardened.
If an article-is subjected to fields of different fre-
quencies without consideration of the power im-
pressed, it will be irregularly heated and when
subsequently quenched, the- desired hardened
surface will not result. If the pre-heating tem-
perature is too- low, excessive stresses may de-

velop during the pre-guenching heating. If this.

temperature is too high, proper hardness pattern
cannot be obtained. If the pre-heating step is
omitted, or, if the pre-heating temperature is
too-low, uneven heating is produced during the
pre-quenching heating oreration by the concen-
tration of the current in bands at the root of the
gear between the teeth. Such concentration of
current results in over-heating of the bands and
in underheating of the remaining regions at the
roots. Because of the striated appearance of the
root during pre-quenching heating, the over-
heated strips are called striations. When a
striated gear is quenched the hardening produced
is unsatisfactory.

The novel features that we consider charac-

teristic of our invention are set forth with par-
ticularity in the appended claims. The inven-
- tion itself, however, both as to its organization
and. its method of operation, together with addi-
tional objects and advantages thereof, will best
be understood from the following- description of
specific embodiments when read in connection
with the accompanying drawing, in which:

Figure 1 is a view in section, by a plane per-
pendicular to the axis, of a portion of a gear in
accordance with our invention;

Figure 2 is a view in section through line 2—2
of a gear of the type shown in Fig. 1 which has
a clashing surface;

Figure 3 is a view partly in top elevation and
partly diagrammatic showing conveyor appara-
tus for producing hardened metallic objects in
accordance with our invention at a high time
rate;

Figure 4 is a view in side elevation of a portion
of the apparatus shown in Figure 3 ;

Pigure 5 is a view in section taken along line
5—5 of Figure 3.

The gear shown in Fig. 1 has a shallow hard-
ened region 18 which extends only along the con-
tour of the teeth 11 and roots 12. The hardened
contour is widest at the top. and narrows toward
the root of the gear. If the gear is of the type
having flat side surfaces, the hardened contour
along the side surface has the same form as in
the section produced by a plane perpendicular
to the axis of the gear (as shown in Fig. 1). The
hardening does not extend over the side surfaces
of the teeth beyond the depth to which it extends
throughout the sections.

Gears included in a transmission which are
moved during the gear shift operation have side
surfaces designed to minimize the shock during
the engaging operation. We shall designate such
surfaces as clashing surfaces.
of this type is shown in section in Fig. 2. The
clashing surface {5 is curved to facilitate the
engagement of 2 gear with other cooperative
gears of the transmission system. In accordance
with our invention, the hardened zone I§ of such
a gear extends along the clashing surface to a

distance approximately one-half way between the.

pitch line i7 and the root 12.
The hardened band along the contour of the
teeth and roots and over the clashing surface. is

A tooth of a gear:
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narrow compared to. the length of the teeth. In
gears of the type included in the standard auto-.
motive vehicles and tractors, the depth of the
hardened band at the top of a tooth is of the
order of .050 inch. This depth at the root- is. of
the order of .030 inch. The band along the clash-
ing contour narrows from approximately .050:
inch to zero.

Figures. 3 to 7 show a conveyor system for pro-
ducing gears in accordance with the method: of
this invention.

The gears or work to be treated are indicated
by the reference character 20. The gears 20 are
carried by a plurality of work holding carriers
21. As best shown in Figs. 6 and 7, each carrier-
21 comprises a bottom plate 22 having a cen~ -
trally located opening 23. Radially disposed- Io-.
cating members 24 are provided to place the axis
of the gears in axial alignment with the opening:
23. A hollow quench ring 25 is positioned on, the. -
carrier 2{. The quench ring is provided with
internal openings 26 through which a quenching-
medium may be distributed. A portion 27 of the. -
carrier 21 is in sliding engagement with a longi~
tudinal support 28. The longitudinal support 28
is provided with a quench fluid conduit 29 at.
each of the quench stations as will presently be
more fully- described. A guide pin 30 extends
downwardly from each carrier 21. The guide pin
39 is adapted to slide between guide rails 31°.

The carriers are connected to a chain 31 as in-

-dicated at 38 of Figure 6. The chain 31 is trained

about sprockets 32, one of which is. positioned. at
each end of the apparatus as shown in Pigure 3. -
The conveyor chain 31 is indexed and advanced:
intermittently by operation of a dog 32" which
engages the same. The dog 32" is actuated by an
indexing air cylinder 33 which reciprocates a -
piston arm 34. As the chain is indexed inter-
mittently, the carriers and the gears supported
thereon are advanced through the various sta~
tions of the conveyor system.

The stations at which the gears 20 are sub- ..
jected to treatment are longitudinally disposed
along the line of the conveyor system. The pre-. -
heat stations are designated from | to 4, inclu- -
sive. Station 5 is the heat and pre-quench sta-
tion. Station § is a quench station, and 1, 8, and
8 refer to the reheat stations.

Stations | to 4 are provided with electrical -
induction coils or blocks 40 which are energized
from a suitable audio frequency generator &1,

Station 5 is provided with an electrical induc-
tion block or coil 42 which is energized from a
radio frequency generator 43. Station § is the
quench station and does not have an induction
block. Sfations T to 8 inclusive are provided:
with inductor blocks 44 which are energized from
the motor generator 4i. The circuits leading: to
the A. F: and R. F. generator are shown diagram-
matically in Figure 3.

Under each of the 9 stations, and in axial align-
ment with the openings 28 in each carrier, are
a plurality of spindles 45. The spindles are
mounted for rotation in suitable bearings 46
which in turn are carried by a supporting frame
41. The supporting frame 41 includes vertical
spaced end members 48. Vertical members 48
slidably engage the end members 48, and have
secured thereto longitudinal supports 59, to which
the bearings 45 are attached. The spindles 45
are rotated by means of a driving chain 51 which
engages sprockets 52 which are connected to the
spindles 45. A suitable motor 53 drives the chain

51 through a driving connection 54.
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As best shown in Figures 4 and 5, air eylinders
55 are provided. The air cylinders 55 serve to
_move the supporting members 59 and the spindles
45 as one unit upwardly and downwardly, the
vertical: members 49 slidably engaging the ver-
tical end members 48. An air conduit 58 is suit-
ably connected to a tank 57 containing a supply
of compressed air.

An ejector cylinder 60 is provided, as indicated
in Figures 3 and 5. The ejector cylinder 60 is
actuated by compressed air from a conduit 61
in communication with the source of compressed
air. The ejector cylinder 60 is positioned adja-
cent t6 an ejection station 62 which includes a
raising cylinder 63, hydraulically synchronized
with the cylinder 60. As the work carrier arrives
at the ejector station the gear is lifted upwardly
from the carrier by means of the raising cylinder.
The ejector cylinder thereupon pushes the gear
into a hopper 64.

A plurality of valves 10 control the flow of air
to the ejector cylinder 60, the indexing cylinder
33, and the air cylinder 55. 'The valves 18 are
opened and closed by means of the operation of
corresponding cams Tf rotated by means of a
motor 12. A cam operafed switch 73 also con-
trols the closing and opening of the generator
circuits to control the supply and interruption
of the audio and radio frequency power. The
quenching is also controlled from a cam 15 which
operates a switch 76 and valve T1. The valve
171 is connected to conduits 78 which in turn are
provided to supply a quenching medium to the
quench stations 5 and 6. The cam 715 operafes
the R. F. circuit and also the quench supply
valve. The cams are of such contour that the
operation and timing of the valves and switches
is properly synchronized. :

The inductor blocks 40, 42, and 44 are shown
as standard type rings for heat treating various
types of gears. As shown in Figure 2 the inductor
blocks may also be provided with a projecting
portion 88 for suitably forming the hardened
surface band of the clashing type gear shown

in this fisure. Different shapes of inductor blocks.

can be provided depending on the type of gear
that is intended to be hardened.

During the operation the work carriers 21 are
indexed adjacent to a loading table 80. At this
point the operator places a gear 26 upon each of
the carriers. By virtue of the cylinder 33 and
dog 32, the carriers are indexed to the various
heating and quenching stations. The carriers
are brought to rest at the various stations with
the openings 23 and the gears in axial alignment
with the corresponding spindles 45. At this point
all of the carriers and the gears are situated
below the inductor blocks and have to be moved
upwardly into these blocks for the heating opera-
tion. The spindles 45 are thereupon moved up-
wardly as a unit due to the operation of the air
eylinders 55. As the spindles 45 move upwardly
they extend through the openings 23 in the work
holders; and continued upward movement lifts
the gears 28 free of the work holders until the
gears are positioned within the inductor blocks
of -the various stations. After a predetermined
time interval, the treating for all of the gears is
completed, and the spindles are moved down-
wardly by operation of the cylinders 55, and the
gears are thereupon again deposited on the work
holders 2i. The work holders are then again
indexed to the succeeding station where the above
described process is repeated.

As shown in the diagrams in Figures 3 to 5,
the gears are subjected to a number of harden-
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ing and quenching freatments. A gear to be
properly treated is first indexed through the four
pre-heating stations I, 2, 3, and 4. At each of -
these four stations the gear is subjected to an
electromagnetic field of audio frequency, pref-
erably between the limits of 960 to 9600 cycles.
The field at each station is produced by the in-
ductor blocks 48 which are energized from the
audio frequency generators 4. The time inter-
val to which the gear is subjected to the field is
so related to the time it is indexed that after
being heated at the fourth station the gear has
a temperature near the order of 900° F. This
temperature is substantially below the trans-
formation temperature for steel.

After the gear has been indexed to the fourth
station it then passes onto the fifth, where a
heat and quench operation is effected. At this
station the contour hardening of the gear
takes place. The inductor block 42 is ener-
gized from a radio frequency generator 43 pref-
erably having a frequency between 90,000 and
450,000 cycles. Accordingly, the gear at this
station is subjected to a radio frequency electro-
magnetic field. In view of this high frequency,
the gear is heated only over a shallow band ex-
tending along the contour of the teeth and roots.
The depth of the band is determined by the fre-
quency of the field and within limits by the dura-
tion of the interval during which the radio fre-
quency field is applied. The duration of the radio
frequency heating is substantially shorter than
the duration of preheating. The power output
of the radio frequency generator is such that the
radio freguency energy supplied to the gear is
just sufficient to produce the desired pre-quench-
ing temperature along the contour. For a gear
of the type included in the transmission of stand-
ard automotive vehicles, pre-quenching power of
the order of 6.5 kw. per square inch of treated
surface is impressed for a time interval of one
second. As best shown in Figure 5, after the gear
has been subjected to the radio frequency field,
it is then lowered into the.quench coil 25. At
this time interval a quenching fluid (preferably
of water or oil) is projected on the gear 20. The
quenching fluid (preferably water) is supplied
through the conduit 292 and into the quench ring
25 whereupon it is distributed through the open-
ings 26 and projected on the gear. In the prac-
tice of our invention the delay between the in-
terruption of the radio frequency field and the
application of the quenching fluid may vary from
0 to .5 second for gears used in the transmission
of standard automotive vehicles and small
tractors.

The gear is then indexed to the sixth station
where again a quenching medium is supplied.
As the gear is moving from the fifth to the sixth
station, the auenching operation continues.
When the gear reaches this station the contour
hardening has already been effected and the suit-
able quench therefor has been provided. At the
sixth station, however, the gear is cooled, not
only at its periphery but throughout its whole..
body. The duration of the quenching immedi-
ately following the treatment at station 5 should
be set to satisfy the requirements of the mate-
rial treated. ]

At the seventh, eighth, and ninth stations
the gear 20 is again subjected to audio frequency
electromagnetic fields derived from the audio fre-
quency generator 4 and the inductor blocks 44.
The fields are applied for the same duration as
the pre-heating fields and operate to reheat the .
gears to approximately 350° F, Iiis believed that
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‘the ‘gears ‘are ‘drawn dufing this operation. A
‘gear, after leaving the ninth station, is moved
‘adjacent to the ejector station 62. ‘At ‘this point
the raising cylinder 63 raises upwardly to re-
move the gear from the carriér 2i. ‘The gjector
cylinder ‘66 ‘thereupon operates to push -the gear
into ‘the hopper 186. ’

During any complefe operation the ‘indexing
‘eylinder 33 is first ‘supplied with air to index
and move the conveyor. The spindles thereupon
‘are raised by means of the cylinders ‘55 to ‘which
‘compressed air is ‘supplied and the gears gare
thereby raised into the treating media. The
audio and radio’frequency circuits are then closed
and energy is supplied to the gears. While the
‘pre-heating and final quenching (“at station §”)
continues the radio frequency energy is inter-
‘posed ‘and the gear 20 at the pre-quenching sta-
tion 5§ is‘quenched. While the gears in the treat-
ing line are subjected to'the treatment the ejector
cylinder ejects the treated ‘gear into ‘the hopper.

‘Our invention-isnot to be limited to the specific
treating line ‘shown in Figs. 3 to 7. In the prac-
tice of certain aspects of our invention We may
dispense with the final quenching operation and
the drawing operations. In other aspects of cur
invention we ‘may ‘dispense ‘with the drawing
operation, retaining the final quenching opera-
tion or with the final quenching operation, re-
taining the drawing operation. The duration of
the treatment at the various stations may also
be varied ‘over a wide range. 1In treating gears
included in transmission of ‘standard automotive
vehicles or tractors, in accordance with our in-
vention the pre-heating fields and the drawing
fields are preferably applied for 4 second periods,
for indexing atintervals of 2 seconds. The radio
frequency field is applied to these gears for .4
of a second to 1 second. The preliminary
quenching operation has ‘a duration of the order
of 3 seconds. "The quenching fluid may be pro-
jected on ‘the gears just before the radio fre-
quency field is interrupted. Alternatively a delay
of as1ong as 5 second may be introduced between
the interruption of -the radio frequency field and
projection of the fliid. Excellent results have
‘been-obtained by introducing a-delay of .2 second
‘between the pre-quench heating and the quench-
ing operation.

In ‘discussing the ‘apparatus shown in Figures
3 to 5, we have restricted ourselves to the treat-
ment of gears. Other metallic objects such as
crank shafts, racks, ratehets and the like may
be treated with this conveyor equipment.

In practicing our :invention we have sucecess-

fully treated .gears having the following dimen-
sions:

Outside diameter______________ inches__ 2Y to 7
Piteh ________ Tto8
Width inches-- 3 to %

The gears treated were composed of carbon steel
having a earbon content of .48% +to .53% and 3
manganese content of .80% to 1.0%. These gears

were pre-heated by subjecting them to an elec- .

tromagnetic field having a frequency .of 9600
cycles produced by a generator, the power output
of ‘which ‘was varied between 25 kilowatts and
100 kilowatts. The zones of the gears to be hard-

-ened were then subjected to radio frequency fields 7

having frequencies between -90,000 to 450,000
‘eycles:per second produced by a -generator having
‘an output which was varied :between 75 and 170
kilowatts. During the pre-heating operation,
power ‘was -supplied to the gears in four pulses
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of duration 4 seconds at inteérvals of 2 ‘seconds.
(Satisfactory results can also be obtaired by
‘heating the gears ‘continuously during time in-
tervals equivalent to -that ‘corresponding to the
pulsation heating.) The R.F. was supplied from
4 to 1'second. The heat input at the radio fre-~
quency was at the rate of approximately 6%
kilowafts per square inch for the total surface
heated.

‘While we Have shown and described certain
specific embodiments of ‘our ‘inventiocn, ‘many
modifications thereof are ‘possible. Our inven-
‘tion ‘therefore is notto be restricted, except as is
necessitated by the prior-art and by the spirit of
the appended ‘claims.

What is claimed is:

1. Apparatus for mass production Tieat ‘treat-
Ing ‘a hardenable metallic ‘object ‘comprising a
blurality of ‘successive pre-heating ‘stations,
means for producing g:: alternating electromag-
netic fleld of a first frequency at each of said
stations, a ‘pre-quench Theating station adjacent
said pre-heating stations, means for producing
an electromagnetic field of substantially ‘higher
frequency than ‘said first frequency at said pre-
quench heafing station, meahs for sSupplying a
quenching fluid at said pre-quench heating sta-
tion and means for supjecting said object to the
fleld and queniching ‘flisid for substantially equal
time intervals at each said stations and for ‘hov-
ing said object from Station to station during

Substantially equal time intervals.

2. Apparatis Tor heat treéating a hardenable
etallic object comprising a plurality of ‘succes-
sive pre-heating stations, means for producing an

. altérnating electroinagnetic ‘field of audio fre-
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quency at each of said Stations adjacent said
bre-heating stations, a pre-guench heating sta-
‘tion, means for broducing an electromagnetic
field of radio frequency at said pre-quench heat-
ing station, means for supplying a quenching
iluid af said pre-quench heating station and
means for moving said object from station to
station during substantially equal time intervals.

3. Apparatus for heat treating a hardenabie
metallic object comprising a plurality of succes-
sive pre-heating stations, means 'fo_r -producing
an alternating electromagnetic field of a firsg
{requency at each of said stations, 2 pre-quench
heating station following said pre-heating sta-
tlons, means for producing an electromagnetic
fleld of substantially higher frequency than said
Birst frequency at said pre-guench ‘heating sta-
tion, means for supplying a quenching fluid at
said pre-quench heating Station, a plurality of
drawing stations, means for praducing an elec-
tromagnetic field of said first frequency at each
Sald drawing stations and means for subjecting
sald object to he first frequency field broducing
means and to the other .said field producing
‘means and .quenching fluid means for substan-
Hally equal time intervals at each said stations
and for moving said -object from station to sta-
tion during isubstantially equal time intervals,
-said.object passing in sequence through said pre-
heating stations, through said presquench heat-

“ing station :and through said drawing station.

4. The mass production method -of ‘heat treat-
ing metallic articles which are hardenable by
heating and ‘quenching, said articles having an
irregular peripheral surface, which -comptisesithe
Steps of -pre-heating each of -said articles with
a relatively low frequency eurrett in 4 plurality
of ‘discrete impulses-of substantially ‘€qual pre-
determined time durations &t -Substantially equal
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. predetermined time intervals, thereby heating
" each of said articles to a temperature of the order
“of 900° F., one of said impulses being applied
at each of a plurality of preheating stations, and
after a finite interval of time heating each of
" said articles with a higher frequency current for
a time duration sufficient to reach a tempera-
~ture such that a hardened contour zone of rela-
tively shallow depth is obtained upon gquenching
each of said articles, and thereafter quenching
each of said articles. a
) 5. The mass production method of heat treat-
ing metallic articles which "are hardenable by
" heating and quenching, each of said articles
having an irregular peripheral surface which
comprises pre-heating each of said articles with
_ an induced current of between 960 and 15,000
cycles per second in a plurality of impulses at
" 3 plurality of pre-heating stations, one of said
~ impulses at each of said stations over & period
of time sufficient to bring the temperature of
‘ said surface to be hardened to approximately
900° F., and after a predetermined time interval
heating each of said articles with an induced
current of substantially higher frequency over
a period of time to bring the temperature of said
surface to be hardened to a level sufficient to
develop a relatively shallow hardened zone upon
quenching each of said articles in a coolant, and
thereafter quenching each of said articles.

6. The mass production method of heat treat~
ing metallic objects which are hardenable by
heating and quenching, each of said objects
having an irregular peripheral surface compris-
ing the
with a relatively low frequency induced current
within the limits of 960 to 15,000 cycles per
second in a plurality of successive substantially
equal timed and spaced impulses until the con-
tour of said objects reaches a temperature of
the order of 900° F., one of said impulses being
at each of a plurality of preheating stations, and
after a predetermined interval of time heating
said objects with a higher frequency induced
- eurrent until the contour of said objects reaches

a temperature above the critical hardening tem- -

perature of the metal, and thereafter quenching
said objects.

7. The mass production method of contour
hardening an irregular peripheral surface me-
tallic object having one or more teeth projecting
from the surface thereof, said object being hard-
enable by heating and quenching, which com-
prises heating a surface zone of said object with
a relatively low frequency induced current in a

- plurality of equally spaced and timed discrete
impulses, thereby bringing the root area of each
tooth to a temperature of the order of 900° F,,
one of said impulses heing applied at each of a
plurality of preheating stations, and after a pre-
determined time interval heating said article
with a substantially higher frequency induced
current to bring primarily the tip area of each
tooth to a temperature above the transformation
point of the metal, and thereafter quenching
said object whereby a hardened contour is
effected on each tooth.

8. The method of heat treating an article of
hardenable metal, said article being hardenable
by heating and quenching and having an irregu-
1ar peripheral surface, which comprises pre-heat-
ing the article by applying to it a plurality of
short pulses of relatively low frequency induced
current at spaced intervals, each of said impulses
being applied at a different one of a plurality
of successive stations, moving said article from

steps of pre-heating each of said objects
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. each of said stations to the succeeding station,
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the article being pre-heated to reach a tem-
perature of the order of 900° F. when the pre-
heating operation in the last of said stations
is completed, moving said article to a further
heating station, and after a predetermined time
interval heating said article with ‘a. relatively
high frequency induced current to a tempera-
ture above the transformation point of the metal
such that a hardened contour zone of relatively
shallow depth is obtained upon quenching said
article in a coolant, and thereafter quenching
said article. .

9. The method of heat treating an object of
hardenable metal, said object being hardenable
by heating and quenching and having an irregu-
lar peripheral surface which comprises the steps
of heating the object by applying to it short
pulses of relatively low frequency induced current
at spaced intervals, moving said object through
o series of successive heating stations, one. of
said pulses being applied at each of said stations
until said object reaches a temperature of the
order of 900° F., moving said object to & further
heating station, and heating said object with a
relatively high frequency induced current to a
temperature above the transformation point of
the metal such that a hardened contour zone of
relatively shallow depth is obtained upon gquench-
ing said object with a coolant, and thereafter
quenching said object.

10. The mass production method for heat
treating hardenable metallic objects, each of said
objects being hardenable by heating and quench-
ing and having an irregular peripheral surface,
comprising the steps of pre-heating each of said
objects by applying & plurality of short impulses
of relatively low frequency induced current at
spaced intervals, moving each of said objects
through a plurality of successive heating stations,
one of said impulses being applied at each of
said stations until the contour zone of each of
said objects reaches a temperature of approxi-
mately 900° F., moving each of said objects. fo
a further heating station, and after a predeter-
mined time interval heating each of said objects
with a substantially higher frequency induced
current for a time duration such that the contour
zone of each of said objects reaches a tempera-
ture apove the critical hardening temperature of
the metal, and thereafter quenching each of said
objects.

HOMER F. KINCAID.
JOHN D. GRAHAM.
ROBERT M. BAKER.
EDWARD M. WHARFF.
JOHN A. REDMOND.
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