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(57) Abstract: A method for making a metal matrix composite vented brake
rotor (100) includes: providing a first side plate (120); providing a second
side plate (130); and welding the first and second side plates (120, 130) to-
gether. The first and second side plates (120, 130) have outer surfaces (122,
132), inner surfaces (228, 138), and metal matrix composite portions extend -
ing from the outer surfaces (122, 132) to a distance from the inner surface
that is less than a thickness measured between the inner surface and outer
surface. The inner surface of the first side plate includes a vent portion (112).
The step of welding includes welding the first vent portion to the second in-
ner surface to form the vented brake rotor (100), the vented brake rotor (100)
having a plurality of vents formed by the first and second inner surfaces
(128, 138) and the first vent portion.
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METHOD OF MAKING A METAL MATRIX COMPOSITE VENTED BRAKE ROTOR

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional
Application Serial No. 62/273,683, filed on December 31, 2015,
titled VENTED METAL MATRIX COMPOSITE BRAKE ROTOR
AND METHOD, the disclosure of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD
The present application relates generally to methods of making
metal matrix composite vehicle components, and more specifically
to methods of making metal matrix composite vented brake

rotors.

BACKGROUND OF THE INVENTION
A metal matrix composite (MMC) is generally made by
incorporating a reinforcing material into a metal matrix. For
example, a MMC may comprise a ceramic preform that is
infiltrated with a metal. A MMC generally has properties and
physical characteristics different from metal that may be
desirable depending on the application. For example, relative to
the metal surrounding an MMC, the MMC may have higher
specific strength, a higher Young’s modulus, higher temperature
resistance, higher transverse stiffness and strength, higher
resistance to moisture absorption, higher electrical and thermal
conductivity, lower density, and higher wear resistance. The
particular physical properties of MMCs are often dependent on
the final application and may be modified by changes in both the

matrix and metal alloy used.

Vehicles often include disc brakes. A disc brake generally

comprises a rotating brake rotor. Calipers having brake pads that
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squeeze the exterior and interior of the brake rotor to cause
friction and reduce the rotation of the brake rotor. During the
vehicle braking process there is often a high energy transfer to
the frictional surface of the brake rotor which can lead to a rise in

temperature.

SUMMARY

Exemplary embodiments of methods of making vehicle

components such as vented brake rotors are disclosed herein.

An exemplary method for making a metal matrix composite
vented brake rotor includes: providing a first side plate; providing
a second side plate; and welding the first and second side plates
together. The first and second side plates have outer surfaces,
inner surfaces, and metal matrix composite portions extending
from the outer surfaces to a distance from the inner surface that
is less than a thickness measured between the inner surface and
outer surface. The inner surface of the first side plate includes a
vent portion. The step of welding includes welding the first vent
portion to the second inner surface to form the vented brake rotor,
the vented brake rotor having a plurality of vents formed by the

first and second inner surfaces and the first vent portion.

Another exemplary embodiment of the present disclosure relates
to a method for making a metal matrix composite vented brake
rotor having metal matrix composite wear surfaces, the method
including: preparing a ceramic compound having reinforcing
fibers and ceramic particles; forming first and second ceramic
preforms from the ceramic compound; forming first and second
metal matrix composite brake components by infiltrating the first
and second ceramic preforms with molten metal; and welding the
first and second side plates together. The first and second metal
matrix composite brake components have outer surfaces, inner

surfaces, and metal matrix composite portions extending from the
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outer surfaces to a distance from the inner surface that is less
than a thickness measured between the inner surface and outer
surface. The inner surface of the first metal matrix composite
brake component includes a vent portion. The step of welding
includes welding the first vent portion to the second inner surface
to form the vented brake rotor, the vented brake rotor having a
plurality of vents formed by the first and second inner surfaces

and the first vent portion.

Still another exemplary embodiment of the present disclosure
relates to a method for making a metal matrix composite vehicle
component having localized metal matrix composite portions, the
method including: providing a first vehicle component having a
first metal matrix composite portion and a first metal portion that
is substantially free from metal matrix composite material;
providing a second vehicle component having a second metal
matrix composite portion and a second metal portion that is
substantially free from metal matrix composite material; and
welding the first and second metal portions together to form the

metal matrix composite vehicle component

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features and advantages of the present invention
will become better understood with regard to the following

description and accompanying drawings in which:
Figure 1 is a perspective view of a vented brake rotor;

Figure 2 is a perspective view of the vented brake rotor of
Figure 1 with a portion of one of the rotor plates removed to

expose the vents;

Figure 3 is a cross-section view of the vented brake rotor of
Figure 1 along the line 3-3 with the first and second side plates in

an un-welded condition;
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Figure 4 is a cross-section view of the vented brake rotor of
Figure 1 along the line 3-3 with the first and second side plates in

a welded condition;

Figure 5 is a cross-section view of a vented brake rotor with the

first and second side plates in an un-welded condition;

Figure 6 is a cross-section view of the vented brake rotor of
Figure 5 with the first and second side plates in a welded

condition;

Figures 7TA-7C are radial views illustrating exemplary vent
portions of vented brake rotors according to embodiments of the

present application;

Figures 8 and 9 are flow charts describing exemplary methods of

making a vented brake rotor; and

Figure 10 is a flow chart describing exemplary methods of making

metal matrix composite vehicle components.

DETAILED DESCRIPTION

As described herein, when one or more components are described
as being connected, joined, affixed, coupled, attached, or otherwise
interconnected, such interconnection may be direct as between
the components or may be indirect such as through the use of one
or more intermediary components. Also as described herein,

1"«

reference to a "member," “component,” or “portion” shall not be
limited to a single structural member, component, or element but
can include an assembly of components, members, or elements.
Also as described herein, the terms “substantially” and “about”
are defined as at least close to (and includes) a given value or
state (preferably within 10% of, more preferably within 1% of, and

most preferably within 0.1% of).



WO 2017/117601 PCT/US2017/012037

[0020]

[0021]

A MMC is generally made by incorporating a reinforcing material
into a metal matrix, thereby enhancing the structure of the
composite material. The MMC generally comprises two portions: a
primarily inorganic metal portion and a porous structure made
from other inorganic components, such as fused silicon carbide.
For example, a MMC may be formed from a ceramic preform that
is infiltrated with a metal alloy, such as aluminum. Applicant has
developed various MMCs and methods of making MMCs,
including aluminum MMCs. Examples of such MMCs and their
related methods are described in U.S. Patent No. 9,429,202
(herein “the ‘202 patent”) and U.S. Published Patent Application
No. 2016/0108980 (i.e., U.S. Application Serial No. 14/536,311;
herein “the ‘311 application”), both of which are incorporated
herein by reference in their entirety. To the extent the material
incorporated by reference contradicts or is inconsistent with the
present specification, the present specification will supersede any
such material. The citation of any references herein is not an
admission that such references are prior art to the present

invention.

Metal matrix composites embedded with a light weight metal,
such as an aluminum alloy, are useful in many industries, such
as, for example, aerospace, automotive, heavy trucks, rail,
defense, and others. Components made from light weight metal
alloys that include localized MMC portions may be used in any
portion of a vehicle to reduce the weight of the component while
maintaining or improving other characteristics of the material,
such as, for example, wear resistance, durability, strength,
thermal conductivity, or the like. Many different vehicle
components that include localized MMC portions (i.e., the MMC
portion is restricted to a certain area of the component) may be
formed and joined together using the methods described in the
present application. While forming rotating and rotationally

symmetric components having localized MMC portions—in
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particular, brake rotors—are discussed in detail below, other non-
rotating and non-rotationally symmetric vehicle components, such
as portions of a vehicle body, vehicle frame, or vehicle suspension

can also be made using the methods described below.

The reduced weight of aluminum MMCs is particularly beneficial
as a replacement for heavy components in vehicles, such as, for
example, brake rotors that traditionally are made from cast iron.
For example, the rear brake rotor of a 2015 Ford Fusion weighs
approximately 11.5 pounds, whereas an aluminum MMC brake
drum weighs less than 5.3 Ibs. This weight reduction improves
the fuel economy of the car and—by reducing the unsprung
weight—reduces vibration and noise, improves handling, and
increases the longevity of the vehicle. A brake rotor incorporating
MMC materials into its wear surfaces can also have improved

wear resistance, as described in the ‘311 application.

Rotors in disc brakes can be vented and non-vented. Vented brake
rotors may be formed by machining the vents out of a solid piece
of material, but doing so is time consuming and generates
significant quantities of scrap material. Additionally, some vent
geometries are not possible to machine from the exterior of the

rotor.

Rather than machining the vents a vented brake rotor can also be
cast as a single piece with the vents being shaped by portions of
the mold. The cast part is then machined to final dimensions.
Cast parts can also incorporate MMC materials. Some previous
attempts at developing MMC brake rotors were not particularly
successful due to the use of a stir casting technique. This
technique does not produce a mixture having a uniform
distribution of the silicon carbide particles throughout the

aluminum alloy.
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For example, Duralcan (a stir casting technique used to combine
silicon carbide with aluminum) was used to produce a vented
brake rotor for the Chrysler Prowler, but there were significant
distribution issues. Specifically, the silicon carbide was not
uniformly distributed within the aluminum alloy resulting in
some particles of silicon carbide protruding from the surface of the
rotor, in addition to other inconsistencies. Another issue with
Duralcan is that the silicon carbide particles are distributed
throughout the entire brake rotor. Consequently, machining the
cast part requires special tools as silicon carbide is interspersed
throughout the aluminum. Various shortcomings of the Duralcan
process are described in U.S. Patent No. 6,547,850. The stir
casting apparatus designed by Alcan Aluminum Company is
described in U.S. Patent No. 5,531,425.

Rather than mixing MMC materials throughout a vehicle
component, applicant has shown—e.g., in the 202 patent and ‘311
application—that certain vehicle brake components can be formed
with localized MMC portions. These MMC components are
created by providing an MMC preform in the desired location
before casting the part. The molten metal used to cast the part
infiltrates the ceramic preform to form a localized MMC portion of
the final cast part. For example, a MMC portion can be formed on
the wear surfaces of a brake rotor, as shown in Figure 6A of the

‘311 application.

When forming a component—such as a vehicle component—
including a MMC portion, a ceramic preform is generally made
first. The ceramic compound used to form the ceramic preform
may include a variety of components, such as, for example,
ceramic particles, reinforcing fibers, starch, organic porous
creating materials, low temperature binders, high temperature

binders (e.g., colloidal silica), and/or water.
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An exemplary method of preparing a ceramic compound is
disclosed below. First, the reinforcing fibers may be used in a
detangling process. The dry materials (e.g., ceramic particles,
reinforcing fibers, starch, and organic porous creating materials)
are then added stepwise into a one-pot system and aggravated.
The wet materials (e.g., low and high temperature binders and
water) may then be added slowly into the same one-pot mixture,
agitated, and then mixed under reduced pressure. This
homogeneous one-pot mixture generally lacks voids and has
randomly oriented fibers and a malleable consistency. The
mixture is then loaded into a press and is compressed by male
and female molds. This compression molding technique provides
uniform structure to the preform. Once the preform is molded, it
is removed from the press and is slowly dried in a humid
environment, supported by an absorptive liner. Once water is
removed from preform, the preform and the absorbing liner are
heated to extreme temperatures to remove organic materials and
to fuse inorganic ceramic particles. Upon cooling, the ceramic
preform is machined to proper dimensions, the outer layer of skin

is removed, and the pores of preform are exposed.

Next, the preform is generally infiltrated with a metal that is
determined based on the desired properties of the MMC
component. This is done through placing the heated preform in a
die, pressurizing aluminum into the mold cavity with sufficient
pressure to impregnate the preform and to reach the desired
casting pressure. The infiltration of the preform may be
facilitated through squeeze casting or slow injection die casting.
The cast part may then undergo heat treating and machining to
the desired characteristics and dimensions of the vehicle

component.

Forming a vented brake rotor with MMC portions on both wear

surfaces from two separate components provides various
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advantages. In particular, forming two separate components each
having an MMC portion allows for complex vent geometries to be
formed—e.g., those with complicated curves or many different and
non-linear flow paths. Additionally, alignment of the ceramic
preforms in each of the two components can be maintained more
easily as the ceramic preform is positioned only on one side of the
mold. Thus, a vented brake rotor may be formed by joining two
side plates together to enclose a plurality of vents. One or both
side plates may have vanes or posts machined into the mating
surface so that vents are formed when the two side plates are
joined. In some embodiments, two separate infiltration die
molding systems may be utilized to create each half of the vented
brake rotor, or a die system set with two separated designs could
be utilized. After the two parts are removed from the die and

cooled the two halves can be machined to accurate dimensions.

According to the embodiments of the present application, the side
plates may be welded together. Each side plate is formed with an
MMC portion on the wear surface—e.g., the outer surface of the
brake rotor—and may be machined prior to being joined together.
While the MMC portions can be difficult to machine and weld, the
inner mating surfaces are formed of metal (e.g., aluminum) with
no MMC portions such that the metal without MMC portions can
be machined and joined without the added complexity required by
the MMC portions. These inner surfaces can also be machined to
form various vent geometries that would be difficult to achieve or
even impossible using conventional using single-piece casting
methods because of the difficulties associated with machining
MMC materials as discussed above. Further, welding MMC
materials is problematic because of embrittlement of the MMC
material caused by increased temperatures experienced during
welding or cracking caused during rotational welding (described
below). Thus, machining and welding two halves of an MMC

brake rotor together is not viable with halves that are formed
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with MMC material that is homogeneously distributed
throughout the rotor.

Referring now to Figures 1 and 2, an exemplary vented brake
rotor 100 is shown. The vented brake rotor 100 includes a vented
area 110 formed between a first side plate 120 and a second side
plate 130. The diameter of the brake rotor 100 is about 10 inches
to about 15 inches. In some embodiments, the diameter of the
brake rotor 100 is about 10 inches to about 12 inches or about
11.8 inches. Each side plate 120, 130 includes an outer or wear
surfaces 122, 132. The thickness of the brake rotor 100 between
the outer surfaces 122, 132 is about 0.6 to about 1.6 inches. In
some embodiments, the thickness of the brake rotor 100 is about
1.1 inches. The brake rotor 100 is connected to and rotates with a
wheel of a vehicle through the hub 102. A brake caliper is
actuated to squeeze against the wear surfaces 122, 132 to
generate friction, thereby generating a braking force and stopping

the brake rotor 100 and connected wheel from rotating.

The first side plate 120 is integrally formed with the hub 102. In
some embodiments, the hub 102 is integrally formed with the
second side plate 130 and extends through an opening in the first
side plate. The diameter of the hub 102 is about 4 inches to about
8 inches. In some embodiments, the diameter of the hub 102 is
about 5.5 inches to about 6.5 inches, or about 5.9 inches. In some
embodiments, the hub 102 is a separate component that is
attached to the first or second side plate with fasteners or some
other attachment means. The hub 102 is connected to a vehicle
axle and wheel (not shown) through bolt holes 104, though any
suitable means may be used to attach the hub 102 to the vehicle.

The vented area 110 is enclosed by the first and second side plates
120, 130. A vent portion 112 extends between and joins the first

and second side plates 120, 130 to space apart the first and second

10
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side plates 120, 130 to form a plurality of vents 114. The vents
114 have an inlet 116 on the inner diameter of the vented area
110 and an outlet 118 on the outer diameter of the vented area
110. Air is drawn into the inlets 116 as the rotor 100 rotates. The
air flows through the vents 114 and is expelled from the outlets
118. Friction generated by the braking force applied to the rotor
100 by the caliper generates heat and causes the rotor 100 to
increase in temperature, which can weaken the material of the
brake rotor 100. Air flowing through the vents 114 absorbs and
carries away heat generated by braking to produce a cooling
effect, thereby allowing greater braking forces to be applied to the
rotor 100 without damaging the brake rotor 100 from overheating.
The vent portion 112 may be any structure that spaces apart the
inner surfaces to form vents 114 in the vented area 110 between
the first and second side plates 120, 130, such as, for example,
vanes, posts, or the like. The illustrated first vented portion 112
includes straight vanes, though the vanes may be curved or
segmented to alter the flow path of cooling are flowing through

the vented area 110 of the spinning rotor during use.

Referring now to Figure 3, a cross-sectional view of the brake
rotor 100 is shown with the first and second side plates 120, 130
in an un-welded condition—as separate components. The first and
second side plates 120, 130 each have inner surfaces 128, 138 that
are welded together to form the vented brake rotor 100. In the
illustrated embodiment, the first vent portion 112 extends from
the first inner surface 128 to the second inner surface 138. The
distance between the first and second inner surfaces 128, 138 is
about 0.3 inches to about 0.8 inches. In some embodiments, the
distance between the first and second inner surfaces 128, 138 is
about 0.41 inches.

The cross-sectional view reveals MMC portions 124, 134 disposed

at each of the outer surfaces 122, 132 of the first and second side

11
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plates 120, 130. The MMC portions 124, 134 extend toward the
inner surfaces 128, 138 from the outer surfaces 122, 132 to MMC
boundaries 126, 136. The MMC boundaries 126, 136 are spaced
apart from inner surfaces 128, 138 by first and second distances,
respectively, that are less than a thickness measured between the
inner 128, 138 and outer surfaces 122, 132. In some embodiments,
the first and second distances are about 0.03 inches to about 0.10
inches. Thus, the inner surfaces 128, 138 and vent portion 112 are
entirely free from MMC components, thereby enabling the inner
surfaces 128, 138 to be machined or welded without the use of
special tools needed to machine MMC materials. In some
embodiments, the first MMC portion 124 extends to the first
inner surface 128 and the vent portion 112 is entirely free from
MMC components. As shown in Figure 4, the first and second side
plates are welded together at a weld 140 that may be formed by
the methods disclosed herein, such as, for example, rotational

welding or fusion welding.

Rotational welding according to an embodiment of the present
application is generally performed using machine such as a
rotational welding lathe. Rotational welding involves pressing two
metal surfaces of the side plates together and rotating them
relative to each other to scrape away the oxide layer and to
increase the temperature of the material so that a metal bond
(i.e., a weld) forms without reaching the melting point of the
metal. To generate friction between the side plates, one of the
plates may be rotated continuously while the other plate is fixed,
or both plates may be rotated continuously in opposite directions.
In some embodiments, the rotation of the plates is discontinuous;
that is, one or both of the plates is rotated back and forth—first in
one direction and then in the opposite direction—in rapid
succession to generate heat. When the desired temperature is

reached, the metal surfaces are pressed together to cure the weld.

12
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[0038] In some embodiments, the components are rotated continuously
at about 500 to about 1,500 revolutions per minute, or at about
800 to about 1,200 revolutions per minute. When pressing the
components together to cure the weld the pressure applied ranges
from about 100 to about 1,000 pounds per square inch. The weld
temperature reached at the inner surfaces of the rotating parts
ranges from about 1,100 to about 1,250 degrees Fahrenheit. In
some embodiments, one or both of the inner or weld surfaces may
be preheated—e.g., through resistance heating—to a temperature
in a range of, for example, about 400 to about 900 degrees
Fahrenheit. However, the welding temperature, rotations per
minute of the spinning component or components, the pressure
applied to cure the weld, and the preheat temperature may all be
varied based on the materials used and surface area of the weld

areas.

[0039] To weld the side plates 120, 130 together by rotational welding,
the side plates 120, 130 are rotated around an axis of rotation 106
and pressed together as indicated by arrow 108 as shown in
Figure 3. During rotational welding, the side plates 120, 130 are
moved together until the first vent portion 112 of the first inner
surface 128 contacts the second inner surface 138. One or both of
the side plates 120, 130 is then rotated to generate friction
between the side plates 120, 130. When a sufficient temperature
is reached, a plastic zone is created between the first vent portion
112 and the second inner surface 138 and the two side plates 120,
130 are pressed together to form the weld 140. After welding, the

rotor 100 can be machined to its final dimensions.

[0040] Fusion welding according to an embodiment of the present
application generally involves heating one or both of the two side
plates to be welded and pressing them together to form a weld. In
some embodiments, the side plates are placed in a grounded lathe

such that an electrical circuit is closed when the plates are

13
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pressed together. As electrical current flows through the parts
they are heated through resistance heating. When the desired
temperature is reached, the metal surfaces are pressed together

to cure the weld.

In some embodiments, the weld temperature ranges from about
1,100 to about 1,230 degrees Fahrenheit. The pressure applied to
push the parts together during fusion welding ranges from about
100 to about 300 pounds per square inch. One or both of the weld
surfaces may be preheated—e.g., through resistance heating—to
about 230 degrees Fahrenheit before the plates are brought
together. The current required to heat the parts varies based on
the pressure applied to press the components together and the
contact area between the two parts. The welding temperature and
the pressure applied to form the weld, may all be varied based on

the materials used and surface area of the weld areas.

The welds joining two parts can be formed at the same time
through fusion welding or individually. The electrical current
used to weld the parts together ranges from about 8,000 amperes
to about 30,000 amperes, or about 8,500 amperes to about 12,500
amperes. The current may be applied to all or multiple weld areas
simultaneously or to individual weld areas. The current may be
applied in one cycle that is held for about 1 second to about 6
seconds. The current may also be applied in multiple cycles—for
example, up to about 40 cycles—that are each held for about 1
second to about 6 seconds. In some embodiments, the current is
applied in 6-7 cycles of about 1 second each, or 8-11 cycles of
about 2 second each, or 13—18 cycles of about 3 second each, or
23-30 cycles of about 4-5 seconds each, or about 34-38 cycles of

about 6 seconds each.

In some embodiments, the parts are brought into contact with

each other and then rotationally agitated, i.e., the plates are

14
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rapidly rotated back and forth a few degrees in each direction to
scrape away the oxide layer before a current is applied and a weld
is formed. The parts may be rotated about 3 degrees in each
direction, about 1 degree in each direction, or less than 1 degree
in each direction. The small degree of rotation during the fusion
welding process allows for vent portions of each of the side plates
to be substantially aligned and welded together. For example,
vanes can be formed in each side plate and then welded together
to form the vented brake rotor. The parts may also be heated to a
desired temperature above the melting point to burn away the
oxide layer through a high temperature burn off, such as, for
example, a temperature ranging from about 1,250 to about 4,000

degrees Fahrenheit.

[0044] Referring now to Figure 5, a cross-sectional view of a vented
brake rotor 200 is shown with first and second side plates 220,
230 in an un-welded condition—as separate components. Brake
rotor 200 is similar to brake rotor 100, except that first and
second vent portions 212, 213 extend from each of the first and
second inner surfaces 228, 238, respectively. The first and second

vent portions 212, 213 form vents 214 when welded together.

[0045] Like brake rotor 100, the cross-sectional view of brake rotor 200
reveals MMC portions 224, 234 disposed at each of the outer
surfaces 222, 232 of the first and second side plates 220, 230. The
MMC portions 224, 234 extend toward the inner surfaces 228, 238
from the outer surfaces 222, 232 to MMC boundaries 226, 236.
The MMC boundaries 226, 236 are spaced apart from inner
surfaces 228, 238 by first and second distances, respectively, that
are less than a thickness measured between the inner 228, 238
and outer surfaces 222, 232. In some embodiments, the first and
second distances are about 0.03 inches to about 0.10 inches. Thus,
the inner surfaces 228, 238 and vent portions 212, 213 are

entirely free from MMC components, thereby enabling the inner
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surfaces 228, 238 and vent portions 212, 213 to be machined or
welded without the use of special tools needed to machine MMC
materials. In some embodiments, the first and second MMC
portions 224, 234 extend to the first and second inner surfaces
228, 238 and the vent portions 212, 213 are entirely free from
MMC components. As shown in Figure 6, the first and second side
plates are welded together at a weld 240 that may be formed by
the methods disclosed herein, such as, for example, fusion

welding.

[0046] To weld the side plates 220, 230 together by fusion welding, the
side plates 220, 230 are pressed together as indicated by arrow
208 as shown in Figure 5. During fusion welding, the side plates
220, 230 are moved together until the first vent portion 212 of the
first inner surface 228 contacts the second vent portion 213 of
second inner surface 238. In some embodiments, the first and
second vent portions 212, 213 overlap so that the first vent
portion 212 contacts the second inner surface 238 and the second
vent portion 213 contacts the first inner surface 228. A current is
then applied across the side plates 220, 230 to increase the
temperature of the contacting surfaces. When a sufficient
temperature is reached, a plastic zone is created between the vent
portions 212, 213 and the two side plates 220, 230 are pressed
together to form the weld 240. After welding, the rotor 200 can be
machined to its final dimensions. The side plates 220, 230 may
also be rotated back and forth around axis 206 shown in Figures

5-6 prior to or during fusion welding.

[0047] Referring now to Figures 7A-7C, radial views are shown of
exemplary first and second vent portions of an exemplary vented
brake rotor 700. The vented brake rotor 700 includes a vented
area 710 formed between a first side plate 720 and a second side
plate 730. Each side plate 720, 730 includes outer surfaces 722,
732 and inner surfaces 728, 738.
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[0048]

[0049]

[0050]

Like brake rotors 100 and 200, the cross-sectional views of brake
rotor 700 reveals MMC portions 724, 734 disposed at each of the
outer surfaces 722, 732 of the first and second side plates 720,
730. The MMC portions 724, 734 extend toward the inner surfaces
728, 738 from the outer surfaces 722, 732 to MMC boundaries
726, 736. The MMC boundaries 726, 736 are spaced apart from
inner surfaces 728, 738 by first and second distances, respectively,
that are less than a thickness measured between the inner 728,
738 and outer surfaces 722, 732. In some embodiments, the first
and second distances are about 0.030 inches to about 0.100
inches. Thus, the inner surfaces 728, 738 and vent portions 712,
713 are entirely free from MMC components, thereby enabling the
inner surfaces 728, 738 and vent portions 712, 713 to be machined

or welded without the use of special tools needed to machine
MMC materials.

As shown in Figure 7A, the first side plate 720 includes a first
vent portion 712 that extends from the first inner surface 728 to
the second inner surface 738. Like brake rotor 100, the second
inner surface 738 does not include a vent portion. The side plates
720, 730 of the embodiment shown in Figure 7A can be welded
together by any of the methods disclosed herein, such as, for

example, rotational or fusion welding.

As shown in Figure 7B, the first and second side plates 720, 730
include first and second vent portions 712, 713, respectively. Like
brake rotor 200, the first vent portion 712 extends from the first
inner surface 728 to meet the second vent portion 713 that
extends from the second inner surface 738. The vent portions 712,
713 of the side plates 720, 730 of the embodiment shown in Figure
7B are aligned during welding and thus cannot be welded by
continuous rotational welding. However, the side plates 720, 730

can be welded together by any of the other methods disclosed
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[0051]

[0052]

[0053]

herein, such as, for example, discontinuous rotational welding or

fusion welding.

As shown in Figure 7C, the first and second side plates 720, 730
include first and second vent portions 712, 713, respectively. The
first and second vent portion 712, 713 overlap: the first vent
portion 712 extends from the first inner surface 728 to the second
inner surface 738, and the second vent portion 713 extends from
the second inner surface 738 to the first inner surface 728. The
overlapping vent portions 712, 713 of the side plates 720, 730 of
the embodiment shown in Figure 7C prevent the side plates 720,
730 from being welded together by continuous rotational welding.
However, the side plates 720, 730 can be welded together by any
of the other methods disclosed herein, such as, for example,

discontinuous rotational welding or fusion welding.

Referring now to Figure 8, a flow chart of an exemplary method
800 of forming a vented brake rotor is shown. The exemplary
method 800 includes: providing a first side plate having a first
outer surface and a first inner surface, the first outer surface
including a MMC portion, and the first inner surface having a
first vent portion, at 802; providing a second side plate having a
second outer surface and a second inner surface, the second outer
surface including a MMC portion, at 804; welding the first vent
portion and the second inner surfaces of the first and second side
plates together, at 806. In some embodiments, the second side
plate includes a second vent portion. Exemplary method 800 can
be implemented to form the exemplary vented brake rotors 100,

200, and 700 described above, or another vented brake rotor.

Welding step 806 may include rotational welding performed by:
placing the first inner surface in contact with the second inner
surface; rotating at least one of the first and second side plates at

about 500 to about 1,500 revolutions per minute; heating at least
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one of the first and second surfaces to a weld temperature of
about 1,100 to about 1,250 degrees Fahrenheit; and pressing the
first and second side plates together at about 100 to about 1,000
pounds per square inch. Alternatively, welding step 806 may
include fusion welding performed by: placing the first inner
surface in contact with the second inner surface; heating at least
one of the first and second surfaces via resistance heating to a
weld temperature of about 1,100 to about 1,250 degrees
Fahrenheit; and pressing the first and second side plates together
at about 100 to about 300 pounds per square inch. Welding step
806 may also include preheating, rotational agitating, and/or high

temperature oxide burn off as described above.

[0054] Referring now to Figure 9, a flow chart of an exemplary method
900 of forming a vented brake rotor is shown. The exemplary
method 900 includes: preparing a ceramic compound including
reinforcing fibers and ceramic particles, at 902; forming a first
ceramic preform from the ceramic compound, at 904; forming a
first metal matrix composite brake component having inner and
outer surfaces—the inner surface having a first vent portion—by
infiltrating the first ceramic preform with molten metal, at 906;
forming a second ceramic preform from the ceramic compound, at
908; forming a second metal matrix composite brake component
having inner and outer surfaces by infiltrating the second ceramic
preform with molten metal, at 910; and welding the first vent
portion and the second inner surface together to form a vented
brake rotor, at 912. In some embodiments, the second side plate
includes a second vent portion. Exemplary method 900 can be
implemented to form the exemplary vented brake rotors 100, 200,

and 700 described above, or another vented brake rotor.

[0055] Welding step 912 may include rotational welding performed by:
placing the first inner surface in contact with the second inner

surface; rotating at least one of the first and second side plates at
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about 500 to about 1,500 revolutions per minute; heating at least
one of the first and second surfaces to a weld temperature of
about 1,100 to about 1,250 degrees Fahrenheit; and pressing the
first and second side plates together at about 100 to about 1,000
pounds per square inch. Alternatively, welding step 912 may
include fusion welding performed by: placing the first inner
surface in contact with the second inner surface; heating at least
one of the first and second surfaces via resistance heating to a
weld temperature of about 1,100 to about 4,000 degrees
Fahrenheit; and pressing the first and second side plates together
at about 100 to about 300 pounds per square inch. Welding step
912 may also include preheating, rotational agitating, and/or high

temperature oxide burn off as described above.

[0056] The methods described herein may be used to make a variety of
vehicle and non-vehicle related components. This may include
other vehicle components (e.g., non-rotating and non-rotationally
symmetric vehicle components, such as portions of a vehicle body,
vehicle frame, or vehicle suspension). For example, in certain
embodiments, a first vehicle component may include a MMC
portion and a first metal portion that is substantially free from
MMC materials and a second vehicle component may include a
MMC portion and a second metal portion that is substantially free
from MMC materials such that it does not include an amount of
MMC material that would affect the welding and machining of
the metal portion. The first and second metal portions of the
vehicle components can be welded together by any of the methods
disclosed herein, such as, for example, rotational or fusion

welding.

[0057] Referring now to Figure 10, a flow chart of an exemplary method
1000 of forming a metal matrix composite vehicle component is
shown. The exemplary method 1000 includes: providing a first

vehicle component having a first MMC portion and a first metal
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[0058]

[0059]

portion that is substantially free from MMC materials, at 1002;
providing a second vehicle component having a second MMC
portion and a second metal portion that is substantially free from
MMC materials, at 1004; and welding the first and second metal
portions together to form the MMC vehicle component, at 1006.
Exemplary method 1000 can be implemented to form the
exemplary vented brake rotors 100, 200, and 700 described above,
or any other vehicle components including localized MMC

portions.

While various inventive aspects, concepts and features of the
disclosures may be described and illustrated herein as embodied
in combination in the exemplary embodiments, these various
aspects, concepts, and features may be used in many alternative
embodiments, either individually or in various combinations and
sub-combinations thereof. Unless expressly excluded herein all
such combinations and sub-combinations are intended to be
within the scope of the present application. Still further, while
various alternative embodiments as to the various aspects,
concepts, and features of the disclosures—such as alternative
materials, structures, configurations, methods, devices, and
components, alternatives as to form, fit, and function, and so on—
may be described herein, such descriptions are not intended to be
a complete or exhaustive list of available alternative
embodiments, whether presently known or later developed. Those
skilled in the art may readily adopt one or more of the inventive
aspects, concepts, or features into additional embodiments and
uses within the scope of the present application even if such

embodiments are not expressly disclosed herein.

Additionally, even though some features, concepts, or aspects of
the disclosures may be described herein as being a preferred
arrangement or method, such description is not intended to

suggest that such feature is required or necessary unless

21



WO 2017/117601 PCT/US2017/012037

[0060]

expressly so stated. Still further, exemplary or representative
values and ranges may be included to assist in understanding the
present application, however, such values and ranges are not to
be construed in a limiting sense and are intended to be critical

values or ranges only if so expressly stated.

Moreover, while various aspects, features and concepts may be
expressly identified herein as being inventive or forming part of a
disclosure, such identification is not intended to be exclusive, but
rather there may be inventive aspects, concepts, and features that
are fully described herein without being expressly identified as
such or as part of a specific disclosure, the disclosures instead
being set forth in the appended claims. Descriptions of exemplary
methods or processes are not limited to inclusion of all steps as
being required in all cases, nor is the order that the steps are
presented to be construed as required or necessary unless
expressly so stated. The words used in the claims have their full
ordinary meanings and are not limited in any way by the

description of the embodiments in the specification.
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CLAIMS

What is claimed is:

1. A method of making a metal matrix composite vented brake rotor,

the method comprising:

providing a first side plate comprising a first outer surface, a
first inner surface having a first vent portion, and a metal
matrix composite portion extending from the first outer
surface to a first distance from the inner surface that is less
than a thickness measured between the first inner surface and

first outer surface;

providing a second side plate comprising a second outer
surface, a second inner surface, and a metal matrix composite
portion extending from the second outer surface to a second
distance from the second inner surface that is less than a
thickness measured between the second inner surface and

second outer surface;

welding the first vent portion of the first inner surface to the
second inner surface to form the vented brake rotor, the

vented brake rotor comprising a plurality of vents formed by
the first inner surface, the first vent portion, and the second

inner surface.

2. The method of claim 1, wherein the second inner surface has a

second vent portion.

3. The method of claim 2, wherein the step of welding comprises
welding the first vent portion of the first inner surface to the

second vent portion of the second inner surface.

4. The method of claim 2, wherein the step of welding comprises

welding the first vent portion of the first inner surface to the
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second inner surface and welding the second vent portion of the

second inner surface to the first inner surface.

5. The method of claim 1, wherein the first and second distances

range from about 0.03 inches to about 0.10 inches.

6. The method of claim 1, wherein the step of welding comprises

rotational welding.
7. The method of claim 6, wherein rotational welding comprises:

placing the first inner surface in contact with the second inner

surface;

rotating at least one of the first and second side plates at

about 500 to about 1,500 revolutions per minute;

heating at least one of the first and second surfaces to a weld
temperature of about 1,100 to about 1,250 degrees Fahrenheit;

and

pressing the first and second side plates together at about 100

to about 1,000 pounds per square inch.

8. The method of claim 7, wherein rotational welding further
comprises pre-heating at least one of the first and second surfaces
to about 400 to about 900 degrees Fahrenheit before placing the

first inner surface in contact with the second inner surface.

9. The method of claim 1, wherein the step of welding comprises

fusion welding.
10. The method of claim 9, wherein fusion welding comprises:

placing the first inner surface in contact with the second inner

surface;
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11.

12.

13.

14.

heating at least one of the first and second surfaces via
resistance heating to a weld temperature of about 1,100 to
about 1,250 degrees Fahrenheit;

pressing the first and second side plates together at about 100

to about 300 pounds per square inch;

The method of claim 10, wherein fusion welding further comprises
pre-heating at least one of the first and second side plates to
about 230 degrees Fahrenheit before placing the first inner

surface in contact with the second inner surface.

The method of claim 10, wherein fusion welding further comprises
heating at least one of the first and second side plates to about
1,200 to about 4,000 degrees Fahrenheit before heating at least

one of the first and second surfaces to a weld temperature.

The method of claim 10, wherein fusion welding further comprises
repeatedly rotating at least one of the first and second side plates
about 1 to about 3 degrees in a first direction and then about 1 to

about 3 degrees in a second direction.

A method of making a metal matrix composite vented brake

component, the method comprising:

preparing a ceramic compound comprising reinforcing fibers

and ceramic particles;
forming a first ceramic preform from the ceramic compound,;

forming a first metal matrix composite brake component by
infiltrating the first ceramic preform with molten metal, the
first metal matrix composite brake component comprising a
first outer surface, a first inner surface having a first vent
portion, and a metal matrix composite portion extending from

the first outer surface to a first distance from the inner surface
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15.

16.

17.

18.

that is less than a thickness measured between the first inner

surface and first outer surface;
forming a second ceramic preform from the ceramic compound;

forming a second metal matrix composite brake component by
infiltrating the second ceramic preform with molten metal, the
second metal matrix composite brake component comprising a
second outer surface, a second inner surface, and a metal
matrix composite portion extending from the second outer
surface to a second distance from the second inner surface that
is less than a thickness measured between the second inner

surface and second outer surface;

welding the first vent portion of the first inner surface to the
second inner surface to form the vented brake rotor, the

vented brake rotor comprising a plurality of vents formed by
the first inner surface, the first vent portion, and the second

inner surface.

The method of claim 14, wherein the ceramic compound further
comprises a fugitive porosity generating component, starch, a low
temperature organic binder, a high temperature binder, and

water.

The method of claim 14, wherein the second inner surface has a

second vent portion.

The method of claim 16, wherein the step of welding comprises
welding the first vent portion of the first inner surface to the

second vent portion of the second inner surface.

The method of claim 16, wherein the step of welding comprises
welding the first vent portion of the first inner surface to the
second inner surface and welding the second vent portion of the

second inner surface to the first inner surface.
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19.

20.

21.

22.

The method of claim 14, wherein the step of welding comprises

rotational welding.

The method of claim 14, wherein the step of welding comprises

fusion welding.

A vented metal matrix composite brake rotor made according to
the method of claim 1.

A method of making a metal matrix composite vehicle component,

the method comprising:

providing a first vehicle component having a first metal matrix
composite portion and a first metal portion that is

substantially free from metal matrix composite material,;

providing a second vehicle component having a second metal
matrix composite portion and a second metal portion that is

substantially free from metal matrix composite material; and

welding the first and second metal portions together to form

the metal matrix composite vehicle component.
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Forming a first MMC brake
component having an outer
surface and an inner surface
with a first vent portion by
Infiltrating the first ceramic
compound with molten metal.

l

Forming a second ceramic
preform from the ceramic
compound.

'

Forming a second MMC brake
component having an outer
surface and an inner surface by
Infiltrating the first ceramic
compound with molten metal.

A 4

Welding the first vent portion
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