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outer contour to maintain the temperature of the prese-
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first region above the critical temperature. Then,
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ond regions having a primarily martensitic microstruc-
ture and the preselected first regions having a less
martensitic microstructure than the second regions.
Further, finish forming the quenched metal material to
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Description
PRIORITY INFORMATION

[0001] This application claims priority to United
States of America Patent Application 19/178,058 filed
at the USPTO on 14 April 2025 entitled Improved heat
treat process and parts resulting therefrom.

TECHNICAL FIELD

[0002] The present disclosure relates to a heat treat
process, and more particularly to a rapid quench heat
treat process with localized cooling and parts resulting
therefrom.

BACKGROUND

[0003] It is known to heat treat metal, such as after
being machined or forged, in a heat treat process dur-
ing the production of a metal part. Typically, the heat
treat process includes an annealing step, wherein the
metal is heated to a temperature above a critical tem-
perature to refine microstructure and reduce internal
stresses. Then, the metal is heated above its critical
temperature to homogenize an austenitic microstruc-
ture and then rapidly quenched in a quenching process
to harden the entirety of the metal to contain primarily
martensitic microstructure. Then, the hardened metal is
tempered to reduce the hardness and increase the duc-
tility of the metal, thereby rendering the metal less brit-
tle. Then, the metal is induction hardened to form a
hardened outer layer on the part, followed by a temper-
ing process to reduce internal stresses of the metal.
The process then typically includes a re-centering pro-
cess to straighten the part after going through the prior
heating and cooling processes. Then, the part may be
finished in a machining operation, such as a turning.
[0004] Although the aforementioned heat treat pro-
cess may produce metal parts as desired, the process
is laborious, time extensive, and costly. Further, the
parts may result in excessive internal stresses and
cracking, such as from the rapid quench process,
thereby resulting in a part having cracks prone to crack
propagation, thereby resulting in the part having a rela-
tively short useful life or a part subject to premature
failure.

SUMMARY

[0005] In accordance with one aspect of the disclo-
sure, a heat treat process for a metal part is provided.
The heat treat process includes providing a metal ma-
terial having a shape including an outer contour. Then,
heating the metal material above a critical temperature
of the metal material. Further, cooling the heated metal
material in at least one preselected first region of the
outer contour to reduce the temperature of the prese-
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lected first region below the critical temperature and
leaving the heated metal material in a remaining sec-
ond region of the outer contour outside the preselected
first region above the critical temperature. Then,
quenching the heated metal material.

[0006] The method may further include finish forming
the quenched metal material to form the metal part.
[0007] The method further includes providing the at
least one preselected first region with a first hardness
and providing the remaining second region having a
second hardness, with the first hardness being less
than the second hardness.

[0008] The method further includes providing the me-
tal material as a ferrous-alloy.

[0009] The method further includes forming austenite
in the ferrous-alloy upon heating the metal material
above the critical temperature.

[0010] The method further includes providing the at
least one preselected first region having a less marten-
sitic microstructure than the second region after the
quenching process.

[0011] The method may further include providing the
second region being primarily martensitic after the
quenching process.

[0012] The method may further include tempering the
quenched ferrous-alloy material.

[0013] The method may further include cooling the
heated metal material in the at least one preselected
first region while heating the metal material.

[0014] The method may further include cooling the
heated metal material in the at least one preselected
first region after heating the metal material above the
critical temperature and before quenching the heated
metal material.

[0015] In accordance with another aspect of this dis-
closure, a heat treat process for a metal part is pro-
vided. The process may include providing a ferrous-
alloy metal having a shape including an outer contour
and heating the metal material in a succession of heat
cycles with a dwell cycle intervening between succes-
sions of the heat cycles and selectively cooling the
heated metal material in the at least one preselected
first region during at least one of the dwell cycles before
quenching the heated metal material. The method may
further include maintaining a temperature of a remain-
ing second region of the outer contour, different than
the at least one preselected first region, above the cri-
tical temperature. The method may further include
quenching the heated ferrous-alloy material.

[0016] The method may further include cooling the
heated metal material in the at least one preselected
first region via a gas medium.

[0017] The method may further include cooling the
heated metal material in the at least one preselected
first region via a liquid medium.

[0018] The method may further include cooling the
heated metal material in the at least one preselected
first region via an airborne mist medium.
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[0019] The method may further include cooling the
heated metal material in the at least one preselected
first region by spraying a jet stream of cooling medium
onto the at least one preselected first region.

[0020] The method may further include heating the
metal material above the critical temperature via an in-
duction heating process.

[0021] The method may further include heating the
metal material above the critical temperature in a fur-
nace.

[0022] The method may further include cooling the
heated metal material in a plurality of preselected first
regions spaced from one another by the remaining sec-
ond region.

[0023] The method may further include selecting the
at least one preselected first region as a region prone
to cracking during the quenching.

[0024] In accordance with another aspect of the dis-
closure, a metal part is provided that is heat treated via
the aforementioned heat treat process.

[0025] In accordance with another aspect, the metal
part may be a ferrous-alloy, wherein the at least one
preselected first region has a first martensitic micro-
structure and the second region has a second marten-
sitic microstructure, wherein the first martensitic micro-
structure is a less martensitic microstructure than the
second martensitic microstructure.

[0026] In accordance with another aspect, the at
least one preselected first region of the metal part in-
cludes a plurality of preselected first regions spaced
from one another by an intermediate second region.
[0027] In accordance with another aspect, the at
least one preselected first region of the metal part in-
cludes a blind bore.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

FIG. 1 is a process flow diagram of a heat treat
process for a metal material in accordance with an
aspect of the disclosure;

FIG. 2 is side elevation view of a metal part being
heat treated via the heat treat process in accor-
dance with the disclosure; and

FIG. 3 is side elevation view of a finished metal
part heat treated via the heat treat process in ac-
cordance with the disclosure.

DETAILED DESCRIPTION

[0029] Embodiments of the present disclosure are
described herein. It is to be understood, however, that
the disclosed embodiments are merely examples and
other embodiments can take various and alternative
forms. The figures are not necessarily to scale; some
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features could be exaggerated or minimized to show
details of particular components. Therefore, specific
structural and functional details disclosed herein are
not to be interpreted as limiting, but merely as a repre-
sentative bases for teaching one skilled in the art to
variously employ the embodiments. As those of ordin-
ary skill in the art will understand, various features illu-
strated and described with reference to any one of the
figures can be combined with features illustrated in one
or more other figures to produce embodiments that are
not explicitly illustrated or described. The combinations
of features illustrated provide representative embodi-
ments for typical application. Various combinations and
modifications of the features consistent with the teach-
ings of this disclosure, however, could be desired for
particular applications or implementations.

[0030] "A", "an", and "the" as used herein refers to
both singular and plural referents unless the context
clearly dictates otherwise. By way of example, "a pro-
cessor" programmed to perform various functions re-
fers to one processor programmed to perform each
and every function, or more than one processor collec-
tively programmed to perform each of the various func-
tions.

[0031] The term "substantially" or "about" may be
used herein to describe disclosed or claimed embodi-
ments. The term "substantially" or "about" may modify
a value or relative characteristic disclosed or claimed in
the present disclosure. In such instances, "substan-
tially" or "about" may signify that the value or relative
characteristic it modifies is within = 0%, 0.1%, 0.5%,
1%, 2%, 3%, 4%, 5% or 10% of the value or relative
characteristic.

[0032] Although the terms first, second, third, etc.
may be used to describe various elements, compo-
nents, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not
be limited by these terms. These terms may be only
used to distinguish one element, component, region,
layer or section from another region, layer or section.
Terms such as "first," "second," and other numerical
terms when used herein do not imply a sequence or
order unless clearly indicated by the context. Thus, a
first element, component, region, layer or section dis-
cussed below could be termed a second element, com-
ponent, region, layer or section without departing from
the teachings of the example embodiments.

[0033] Spatially relative terms, such as "inner," "out-
er," "beneath," "below," "lower," "above," "upper," and
the like, may be used for ease of description to de-
scribe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the figures.
Spatially relative terms may be intended to encompass
different orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other ele-
ments or features would then be oriented "above" the
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other elements or features. Thus, the example term
"below" can encompass both an orientation of above
and below. The device may be otherwise oriented (ro-
tated 90 degrees or at other orientations) and the spa-
tially relative descriptors used herein interpreted ac-
cordingly.

[0034] Traditional heat treat processes for metal
parts, such as those used in vehicle components, in-
volve heating the entire metal part above its critical
temperature and then rapidly quenching it to achieve a
hardened, primarily martensitic microstructure. While
this method can produce the desired hardness, it also
introduces significant internal stresses and can lead to
cracking, particularly in regions prone to stress risers
such as sharp corners, grooves, and notches. These
cracks can propagate, resulting in parts with reduced
useful life and increased likelihood of premature failure.
Additionally, the conventional process is labor-inten-
sive, time-consuming, and costly, further complicating
the production of durable metal parts.

[0035] The present disclosure addresses these
shortcomings by providing a heat treat process that in-
troduces selective cooling during the heating phase. In
embodiments, a ferrous-alloy material is provided with
a specific shape and outer contour. This material is
heated above its critical temperature. A first region of
the outer contour is selectively cooled to reduce the
temperature of the first region below the critical tem-
perature while maintaining the temperature of the re-
maining second region above the critical temperature.
Then, the material is quenched and tempered.

[0036] These concepts are illustrated in the Figures
as embodiments. As illustrated in FIG. 1 for example, a
heat treat process 10 for a metal part 12 is provided.
The heat treat process 10 includes a preparatory first
process, referred to as process 1, identified by refer-
ence numeral 14. The first preparatory process can in-
clude providing a metal material 16 (FIGS. 2-3) having
a shape including an outer contour. Then, the metal
material 16 can be heated at heating 18a above a criti-
cal temperature of the metal material 16, wherein the
critical temperature is defined by a temperature at
which a phase of the metal material 16 changes.
Further, the metal material 16 can be cooled at 18b in
at least one preselected first region 20 to reduce or
keep the temperature of the preselected first region 20
below the critical temperature, while leaving the heated
metal material 16 in a remaining second region 22, out-
side the preselected first region 20, above the critical
temperature. In other words, a heating and cooling con-
trol can occur that maintains the metal material 16 with-
in a selected temperature range.

[0037] The temperature-controlled metal material 16
can then be subjected to quenching 24 to reduce the
temperature of the entirety of the metal material 16
below the critical temperature. Then, subsequent pro-
cess(es) including finish forming the metal material 16
in process 3, identified by reference numeral 26, to
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form the finished metal part 12 (FIG. 3).

[0038] The metal material 16 can be provided of any
metal material capable of being hardened via a heat
treat process, such as a ferrous-alloy or aluminum, by
way of example and without limitation. A person pos-
sessing ordinary skill in the art of metals and heat treat
processes will readily understand such heat treatable
metal materials and the associated critical temperature
ranges for each such metal material. Accordingly, it is
believed unnecessary to denote a wide range of possi-
ble critical temperatures for the various types of heat
treatable metal materials herein, such as the numerous
grades of steel, by way of example and without limita-
tion. With steel used as an example, the step of heating
18a the metal material 16 above the critical tempera-
ture, known in the art as an Ac3 temperature, results in
forming austenite in the ferrous-alloy, such that the ma-
terial becomes austenitic, upon heating the metal ma-
terial 16 above the critical temperature.

[0039] Further, the step of quenching the metal mate-
rial 16 results in the at least one preselected first region
20, which is reduced in temperature below the critical
temperature prior to quenching 24, having a less mar-
tensitic microstructure than the second region 22 after
quenching 24. Accordingly, the second region(s) 22 will
have more martensite than the first region(s) 20, with
the second region(s) being primarily composed of mar-
tensite, with the second region(s) having possible re-
tention of some austenite, bainite, and pearlite, for ex-
ample, as will be understood by a skilled person in the
art. As such, the at least one preselected first region(s)
20 has a first percent content by volume of martensitic
microstructure and the second region(s) 22 has a sec-
ond percent content by volume of martensitic micro-
structure, wherein the first percent content by volume
of martensitic microstructure is less than the second
percent content by volume of martensitic microstruc-
ture. Meanwhile, the first region(s) 20, having been
cooled to below the critical temperature prior quenching
24, will contain a microstructure primarily of bainite,
ferrite, pearlite, along with other transformation proper-
ties, as will be understood by a person possessing or-
dinary skill in the art of metallurgy, depending on the
cooling rate employed during quenching 24. With the
first region(s) 20 having a relatively reduced martensitic
microstructure, the first regions(s) are less prone to
crack formation and propagation during the quenching
24 and thereafter. As such, the resulting metal part 12,
as a result of the preselected first region(s) 20 being
selectively cooled via cooling 18b during heating 18a
to maintain the first region(s) 20 below the critical tem-
perature prior to quenching 24, has first region(s) 20
free from quench cracks that could otherwise have oc-
curred absent the cooling 18b during the heating 18a.
Additionally, the preselected first region(s) 20 attain a
first hardness, while the remaining second region(s) 22
attain a second hardness, with the first hardness being
less than the second hardness.
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[0040] In view of the material properties of the first
region(s) 20 and the second region(s) 22, the selecting
of the preselected first region(s) 20 is strategic to opti-
mize the performance of the metal part 12 during use.
In particular, the first region(s) are selected as region(s)
most prone to cracking during the quenching 24. For
example, as shown in FIG. 2, the preselected first re-
gions 20 are selected as regions having stress risers,
wherein a stress riser is known as being produced by at
least one of a sharp corner, groove, notch, and acute
change of section that causes local stress concentra-
tions under load. As one example, the first regions 20
may include the groove near the top of the metal part in
FIG. 2 may be a snap ring groove configured to receive
a snap ring configured to retain another vehicle compo-
nent to the metal part 12. The snap ring groove 20 may
have a relatively sharp inner radius and/or outer radius
that may range between 1.5 mm and 3 mm. As another
example, the first regions 20 may include one or more
apertures such as fluid (e.g., oil) passage holes that
may be defined by end portions of the metal part 12 or
disposed therebetween.

[0041] In the example metal part 12 illustrated, the
preselected first regions 20 are selected at transition
regions from splined regions 28 to reduced diameter
regions 30, wherein these first regions 20 are more
prone to crack formation during quenching 24. How-
ever, as a result of the cooling 18b discussed herein,
crack formation in the first regions 20 is prevented,
while allowing the desired hardening of the second re-
gions 22, thereby resulting in a stronger part compared
to a part not undergoing the cooling 18b prior to
quenching 24. The non-limiting metal part 12 illustrated
includes a plurality of preselected first regions 20
spaced from one another by the remaining second re-
gion 22, however, it is to be understood that any num-
ber and arrangement of first regions 20 and second
regions 22 is contemplated herein, depending on the
type of metal part 12 being made. The non-limiting me-
tal part 12 illustrated is a drive shaft for a motor vehicle,
by way of example and without limitation, wherein the
splined second regions 22 facilitate the transfer of tor-
que throughout a drive train, with the first regions 20
being able to withstand the transfer of torque without
premature failure, due in large part to the aforemen-
tioned heat treat process 10. Experimental testing has
shown that the cooling 18b of the first regions 20 in-
creases fatigue performance and overall strength as
compared to metal parts that do not undergo the cool-
ing 18b. As one non-limiting example, fatigue perfor-
mance increased by up to four-hundred percent. As
another example, load capacity increased by up to
one-hundred-thirty percent.

[0042] The metal part 12 may be processed via any
number of processes in the process 1 step 14, such as
forging, machining, stamping, or otherwise, depending
on the type of metal part 12 being produced. The afore-
mentioned process 1 steps 14 generally result in re-
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tained internal stresses within the metal material 16,
and thus, prior to the heating 18a and cooling 18b, the
metal material 16 may be processed via an annealing
step 32. Annealing is well understood by persons pos-
sessing ordinary skill in the art of heat treatment of
metal parts, wherein the metal part is heated to a tem-
perature below the melting point of the metal material
16 and then cooled slowly to cause the internal stres-
ses to be reduced. Further yet, after annealing 32, and
prior to heating 18a and cooling 18b, the metal material
16 may undergo a second process 2, identified be re-
ference numeral 34. The second process 2 may include
a machining and/or forming process, by way of exam-
ple and without limitation, such as turning and rolling
the splined regions 28. Of course, other features may
be formed in the second process 2 34, as desired.
[0043] The heating step 18a and cooling step 18b
may be performed in several different ways. For exam-
ple, the cooling step 18b of the heated metal material
16 in the preselected first region(s) 20 may be per-
formed while heating the metal material 16 above the
critical temperature. Accordingly, the heating step 18a
and the cooling step 18b may be performed concur-
rently. Further, the cooling step 18b for cooling the
heated metal material 16 in the at least one preselected
first region(s) 20 may be performed after heating the
metal material 16 above the critical temperature in the
heating step 18a, and before quenching 24 the heated
metal material 16.

[0044] Accordingly, the heating step 18a may be per-
formed first, and then the cooling step 18b may be
performed afterward, but prior to quenching 24.
Further, the heating step 18a for heating the metal ma-
terial 16 above the critical temperature may be per-
formed in a succession of repeated heat cycles with a
dwell cycle, also referred to as pause cycle, intervening
between successions of the heat cycles, with the cool-
ing step 18b of the heated metal material 16 being
performed during at least one, or each of the dwell
cycles, and before quenching 24 the heated metal ma-
terial 16. Further yet, the heating step 18a and cooling
step 18b may be formed in an induction heating pro-
cess, wherein coils 36 (FIG. 2) are energized to heat
the metal part 12, and in one non-limiting embodiment,
the metal part 12 may be rotated about a central long-
itudinal axis A while the coils 36 are being energized,
and possibly deenergized during a cycle including the
aforementioned dwell cycle(s). Otherwise, other heat
treat mechanisms are contemplated, such as a fur-
nace, by way of example and without limitation. As
such, it is contemplated that the metal part(s) 12 may
be heat treated individually or in batches, as desired.
[0045] The cooling step 18b may be performed via
any suitable cooling medium 40. In one non-limiting
embodiment, the cooling medium is a gas medium,
such as air, but it is contemplated that a liquid medium,
e.g. water, or airborne mist medium could be used.
Further, the cooling step 18b may be performed by
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spraying a jet stream of the cooling medium 40 via a jet
nozzle(s), by way of example and without limitation,
onto the at least one preselected first region(s) 20. In
the example embodiment illustrated in FIG. 2, the jet
nozzles 38 are oriented to spray the cooling medium
40 to impact the preselected first regions 20, shown as
two preselected first regions 20 spaced axially from one
another along the length of the metal part 12 by the
intermediately located second region 22, with a third
preselected first region 20 shown extending into an
end of the metal part 12 as a blind bore extending
along the longitudinal central axis A, by way of example
and without limitation.

[0046] After heating/cooling 18a, 18b and then
quenching 24, the metal part 12 may be routed through
a tempering process 40 to alleviate internal stresses
resulting from quenching 24 the metal material 16, par-
ticularly a ferrous-alloy material 16. Tempering is well
understood by persons possessing ordinary skill in the
art of heat treatment of metal parts, wherein the metal
part is heated to a temperature below the critical tem-
perature, and the propensity for cracking is reduced,
and the hardness of the metal material 16 is reduced.
Depending on the desired toughness and hardness,
the temperature and length of time of temperature may
be selected as desired.

[0047] Lastly, the finish forming of the metal material
16 in process 3 26 may be performed to finalize the
shape and appearance of the metal part 12. For exam-
ple, the finish forming process 3 26 may include polish-
ing, honing, machining, plating, painting, or otherwise,
as desired to complete manufacture of the finished me-
tal part 12. A finished metal part 12 heat treated and
processed in accordance with the heat treat process,
the preparatory process(es) to heat treat, and subse-
quent process(es) to heat treat, all disclosed herein, is
illustrated in FIG. 3.

[0048] While exemplary embodiments are described
above, it is not intended that these embodiments de-
scribe all possible forms encompassed by the claims.
The words used in the specification are words of de-
scription rather than limitation, and it is understood that
various changes can be made without departing from
the spirit and scope of the disclosure. As previously
described, the features of various embodiments can be
combined to form further embodiments of the invention
that may not be explicitly described or illustrated. While
various embodiments could have been described as
providing advantages or being preferred over other em-
bodiments or prior art implementations with respect to
one or more desired characteristics, those of ordinary
skill in the art recognize that one or more features or
characteristics can be compromised to achieve desired
overall system attributes, which depend on the specific
application and implementation. These attributes can
include, but are not limited to cost, strength, durability,
life cycle cost, marketability, appearance, packaging,
size, serviceability, weight, manufacturability, ease of
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assembly, etc. As such, to the extent any embodiments
are described as less desirable than other embodi-
ments or prior art implementations with respect to one
or more characteristics, these embodiments are not
outside the scope of the disclosure and can be desir-
able for particular applications.

Claims
1. A heat treat process for a metal part, comprising:

providing a ferrous-alloy material having a
shape including an outer contour;

heating the ferrous-alloy material above a criti-
cal temperature of the ferrous-alloy material;
selectively cooling at least one preselected
first region of the outer contour to reduce the
temperature of the preselected first region be-
low the critical temperature;

maintaining a temperature of a remaining sec-
ond region of the outer contour, different than
the at least one preselected first region, above
the critical temperature; and

quenching the heated ferrous-alloy material.

2. The heat treat process of claim 1, wherein the se-
lectively cooling step includes providing the at least
one preselected first region with a first hardness
and the maintaining step includes providing the re-
maining second region having a second hardness,
wherein the first hardness is less than the second
hardness.

3. The heat treat process of claim 1 or claim 2, where-
in the heating step includes forming austenite in
the ferrous-alloy material upon heating the ferrous-
alloy material above the critical temperature.

4. The heat treat process of any previous claim,
wherein the selectively cooling step and the main-
taining step include providing the at least one pre-
selected first region having a less martensitic mi-
crostructure than the second region after the
quenching process.

5. The heat treat process of any previous claim,
wherein the selectively cooling step and the main-
taining step include providing the second region
being primarily martensitic after the quenching pro-
cess.

6. The heat treat process of any previous claim,
further comprising:
tempering the quenched ferrous-alloy material.

7. The heat treat process of claim 6, further compris-
ing:
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finish forming the quenched ferrous-alloy material
to form the metal part.

The heat treat process of any previous claim,
wherein the maintaining step includes heating the
remaining second region of the outer contour.

The heat treat process of any previous claim,
wherein the selectively cooling step is performed
after the heating step and before the quenching
step.

The heat treat process of any previous claim,
wherein the ferrous-alloy material is heated above
the critical temperature in a succession of heat cy-
cles with a dwell cycle intervening between suc-
cessions of the heat cycles.

The heat treat process of any previous claim,
wherein the selectively cooling step includes spray-
ing a jet stream of cooling medium onto the at least
one preselected first region, optionally wherein the
cooling medium is a gas medium and/or a liquid
medium and/or a vapor medium, optionally wherein
the selectively cooling step includes selectively
cooling a plurality of preselected first regions
spaced from one another by the remaining second
region.

The heat treat process of any previous claim,
wherein the heating step includes induction heating
of the ferrous-alloy material and/or heating the fer-
rous-alloy material above the critical temperature in
a furnace.

The heat treat process of any previous claim,
further including selecting the at least one prese-
lected first region as a region prone to cracking
during the quenching.

A metal part configured for use in a vehicle, the
metal part comprising:

a body formed of a ferrous-alloy material being
heated above a critical temperature of the ferrous-
alloy material and including:

at least one preselected first region being se-
lectively cooled to reduce the temperature of
the preselected first region below the critical
temperature,

at least one preselected second region being
maintained above the critical temperature as
the first selected region is selectively cooled,
wherein the at least one preselected first re-
gion has a first hardness and the at least one
preselected second region has a second hard-
ness, wherein the first hardness is less than
the second hardness.
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15. The metal part of claim 14, wherein the at least one

preselected first region has a first percent content
by volume of martensitic microstructure and the
second region has a second percent content by
volume of martensitic microstructure, wherein the
first percent content by volume of martensitic mi-
crostructure is less than the second percent con-
tent by volume of martensitic microstructure.
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