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braking, and desirably maintain the heat transfer properties of the rotor while decreasing the brittleness and improving the hot
strength of the rotor.




woO 2015/196037 A1 I JH]0H J LR A0 00 A AR R R

CA 02952860 2016-12-16

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

(43) International Publication Date

23 December 2015 (23.12.2015) WIPO | PCT

(10) International Publication Number

WO 2015/196037 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

International Patent Classification:

F16D 65/12 (2006.01) F16D 65/00 (2006.01)

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

International Application Number: BZ. CA. CH. CL. CN. CO. CR. CU, CZ. DE, DK, DM,
PULAUISZ015/036620 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Fi]ing Date: HN, HR, HU, ID, IL, IN, IR, IS, J P, KE, KG, KN, KP, KR,
19 June 2015 (19.06.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Priority Data: . o

62/014.871 20 June 2014 (20.06.2014) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
Applicant: HENDRICKSON USA, L.L.C. [US/US]; 500 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL. ST, SZ,

Park Boulevard, Suite 1010, Itasca, Illinois 60143 (US).
Inventor: WHITE, Jay D.; 5873 Old Bridge Avenue NW,

Massillon, Ohio 44646 (US).

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,

Agents: DURESKA, David P. et al.; Dureska, Kennedy & SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Moore, L.L.C., 4580 Stephen Circle NW, Suite 301, Can- GW, KM, ML, MR, NE, SN, TD, TG).

ton, Ohio 44718 (US).

[Continued on next page/

(34) Title: REDUCED-DIAMETER BRAKE ROTOR FOR HEAVY-DUTY VEHICLES

100
112 /
102

108
130 0/ O
f
O] 10
R\ o
118 o
) /
) . \& A
0
~4
14 124

FIG. 2

106

104

(57) Abstract: The invention 1s directed to a reduced-diameter brake
rotor for heavy-duty vehicles. The rotor has a reduced diameter to en-
able it to be used in conjunction with reduced-diameter wheel end con-
figurations. The rotor includes a radially-extending disc that in turn n-
cludes an mmboard surface and an outboard surface, and a solid, con-
stant cross-section between the mboard and outboard surfaces. The ro-
tor also includes a radially-extending mounting flange for mounting
the rotor to a wheel hub of the vehicle. An axially-extending sleeve is
integrally formed with and extends between the disc and the mounting
flange. The solid disc and other features of the rotor desirably reduce
the peak temperature of the rotor by increasing its mass, reduce coning
of the rotor during braking, and desirably maintain the heat transter
properties of the rotor while decreasing the brittleness and improving
the hot strength of the rotor.
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REDUCED-DIAMETER BRAKE ROTOR FOR HEAVY-DUTY VEHICLES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/014,871, which was filed on June 20, 2014.

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The invention relates to the art of disc brakes for heavy-duty vehicles. More particularly,
the invention relates to rotors of disc brakes for heavy-duty vehicles. Still more particularly, the
invention is directed to a rotor of a disc brake, referred to herein as a brake rotor, which includes
a reduced diameter for use in conjunction with reduced-diameter wheel end configurations, and
which includes features that reduce the peak temperature of the rotor, reduce coning of the rotor
during braking, and desirably maintain the heat transfer properties of the rotor while decreasing

the brittleness and improving the hot strength of the rotor.

BACKGROUND ART

Disc brake systems for vehicles are well known in the brake art. Such systems operate by
forcing a pair of opposing brake pads against a rotor, thereby creating friction between the pads
and the rotor to enable slowing and/or stopping of the vehicle. More particularly, a disc brake
system includes a plurality of disc brake assemblies, in which each assembly is operatively

mounted on or adjacent a wheel end of the vehicle.
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Each disc brake assembly includes a carrier, which supports a caliper that is described in
greater detall below, and is attached to a torque plate, typically by mechanical fasteners, such as
bolts. The torque plate in turn 1s rigidly connected to an axle of an axle/suspension system of the
vehicle, such as by welding. The torque plate resists the torque that is generated during braking,
and maintains proper alignment of the carrier and caliper to ensure optimum operation of the
components of the brake assembly.

As mentioned above, the carrier supports a caliper, and the caliper is formed with a bore
for recelving one or more pistons and an actuator. The actuator typically is a brake air chamber,
which is in fluid communication with a compressed air source and activates movement of the
piston(s). The caliper also includes a reaction arm that 1s disposed opposite the piston(s). Each
one of a pair of opposing brake pads includes friction material that is mounted on a backing
plate, and is seated in the carrier, with one of the pads being adjacent the piston(s) and the other
pad being adjacent the reaction arm. Upon actuation by the actuator, the piston(s) and the
reaction arm cooperate to control movement of the brake pads.

The rotor includes a disc portion, which 1s disposed between the brake pads in a manner
that allows the friction material of each pad to face a respective surface of the disc portion. The
rotor also includes a mounting portion that is adapted for mounting to a respective wheel end
assembly of the vehicle by mechanical fasteners, such as bolts. A sleeve typically is integrally
formed with and extends between the disc portion and the mounting portion of the rotor. This
construction enables the rotor to be rigidly connected to the wheel end assembly, and thus to a
respective vehicle wheel.

In the prior art, many heavy-duty vehicles have employed a wheel that includes a

diameter of 22.5 inches (571.5 millimeters). When an air disc brake system 1s employed in
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conjunction with such 22.5-inch wheels, the brake rotor diameter typically is about 16.9 inches
(430 mm). In order to lower the floor height of a heavy-duty vehicle to increase the vertical
space available for cargo, certain heavy-duty vehicle designs have moved from a 22.5 inch
diameter wheel to a wheel with a reduced diameter. For example, such reduced-diameter wheel
designs have employed a 17.5 inch (444.5 mm) diameter wheel, rather than a 22.5 inch diameter
wheel.

In the prior art, 1t was common to employ a drum brake system with a 17.5 inch diameter
wheel. Due to the improved performance characteristics of an air disc brake system when
compared to a drum brake system, it is desirable to enable the use of an air disc brake system
with a reduced-diameter 17.5 inch wheel, rather than a drum brake system. However, the use of
an air disc brake system with a 17.5 inch wheel poses certain challenges.

For example, it is desirable for heavy-duty vehicles, including trailers that are classified
as National Highway Traffic Safety Administration (NHTSA) Class 8 trailers, to maintain
certain brake certifications, such as the Federal Motor Vehicle Safety Standards (FMVSS)-121
brake certifications for a 20,000 pound gross axle weight rating (GAWR). Such a rating is
typical for air disc brakes that are employed with larger 22.5 inch diameter wheels, but poses a
challenge for air disc brakes that are employed with reduced 17.5 inch diameter wheels.

More particularly, air disc brakes, including brake rotors, which are employed with a 17.5
inch diameter wheel are limited in their outer diameter, as they must be packaged so that their
outer diameter is well inside of the 17.5 mch wheel diameter. Such awr disc brakes are also
limited in their inner diameter, as they must still clear the outer diameter of the axle, which 1s

maintained at about a 5-inch outside diameter to adequately support the 20,000 pound GAWR.
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[t is also desirable for an air disc brake system on such a heavy-duty vehicle to provide
acceptable performance and life of the brake rotor and the brake pads.

Traditionally, prior art rotors in such a small air disc brake package, which are referred to
herein for the purpose of convenience as reduced-diameter brake rotors, have been ventilated
rotors, which are rotors that include two rotor discs with vanes or pins connecting the discs to
one another. Because of the above-described outer diameter and inner diameter limitations, such
ventilated rotors have had durability issues. More particularly, the frictional forces generated
from braking impart high temperature cycles on the brake rotor. The highest temperature
actually experienced by the rotor, which is known in the art as the peak temperature ot the rotor,
depends on the specific construction and features of each rotor. In the prior art, reduced-
diameter ventilated rotors have experienced high peak temperatures that have caused them to
undesirably wear out rapidly, and to experience thermal cracking of the rotor faces in demanding
applications. Therefore, it is desirable to provide a reduced-diameter brake rotor with a
construction that reduces the peak temperature of the rotor.

[n addition, the mechanical connection between the brake rotor and the wheel hub
enables heat transfer from the rotor to the wheel hub. When the rotor experiences high
temperatures, such heat transfer in turn creates high temperatures in the wheel hub. High
temperatures in the wheel hub can prematurely age the wheel seals and the lubricant in the hub,
thereby undesirably shortening the service interval on the wheel end assembly. As a result, it 1s
acain desirable to provide a reduced-diameter brake rotor with a construction that reduces the
peak temperature of the rotor, which reduces the heat that is transferred to the wheel hub and

desirably extends the life of the hub seals and lubricant.
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Moreover, for optimum functioning of the brake system, it is desirable for the disc
portion of the rotor to be maintained in a vertical orientation, which provides a square, even
contact of the inboard surface of the disc with the friction material of its adjacent brake pad, and
a square, even contact of the outboard surface of the disc with the friction material of its adjacent
brake pad. However, it is known in the art that the heat which is generated from the friction of
the brake pads being forced against the disc portion of the rotor causes the disc portion to expand
radially. In addition, the heat generated from the friction of the brake pads being forced against
the disc portion of the rotor creates a thermal gradient across the rotor sleeve, with the sleeve
being hotter in the inboard area that is adjacent the rotor disc portion than the outboard area that
is away from the rotor disc portion. This thermal gradient causes the rotor sleeve to expand at
the inboard area that is adjacent the rotor disc portion. The radial expansion of the disc portion
of the rotor and the expansion of the rotor sleeve adjacent the rotor disc portion causes the outer
perimeter of the disc portion to move slightly from its desired vertical orientation and in the
direction of the rotor sleeve. The rotor disc portion thereby angles or tilts in the direction of the
rotor sleeve, that is, in the outboard direction. Such tilting of the rotor disc portion due to the
heat generated from braking is referred to in the art as coning.

When the rotor disc experiences coning, the inboard surface of the disc is no longer
square, even contact with the friction material of its adjacent brake pad, and the outboard surface
of the disc is no longer in square, even contact with the friction material of its adjacent brake
pad. Such uneven contact between the inboard surface and its adjacent brake pad, and the
outboard surface and its adjacent brake pad, reduces the efficiency of the brake system. In
addition, such uneven contact may create stress areas at each point of uneven contact between

the brake pads and the inboard and outboard disc surfaces, which may cause the formation of
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cracks in the rotor disc, thereby reducing the life of the rotor. Such uneven contact between the
inboard disc surface and its adjacent brake pad, and the outboard disc surface and its adjacent
brake pad, also undesirably reduces the life of the brake pads. As a result, it 1s desirable to
provide a reduced-diameter brake rotor construction that reduces potential coning, and 1n turn
increases the life of the brake pads and the rotor.

Also, rotors for heavy-duty vehicles have traditionally been formed from cast iron 1n
order to exhibit the strength, hardness and stability required for the braking operation. In the
prior art, such rotors have been formed with a high carbon content to maintain the heat transfer
properties of the rotor disc, which enables the rotor to dissipate heat to reduce the thermal
stresses on the rotor, thereby improving the performance and life of the rotor. For example, 1n
the prior art, the carbon content of a rotor has typically been greater than about four (4) weight
percent (%) carbon. While such a high carbon content has provided good heat transfer
properties, it creates a rotor that 1s undesirably brittle. When a rotor is brittle, it has little ability
to resist high temperature stresses, and as a result, prior art rotors with a high carbon content may
undesirably experience crack initiation and propagation. In addition, such a high carbon content
undesirably reduces the strength of the rotor at elevated temperatures, which is also referred to 1n
the art as a reduction of the rotor’s hot strength. Therefore, it is desirable to provide a reduced-
diameter brake rotor that includes a metallurgical composition which desirably maintains the
heat transfer properties of the rotor, while decreasing the brittleness and improving the hot
strength associated with prior art high-carbon compositions.

As a result, there is a need in the art for a reduced-diameter brake rotor for heavy-duty
vehicles that provides a construction that reduces the peak temperature of the rotor, reduces

coning of the rotor during braking, and includes a metallurgical composition which desirably
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maintains the heat transfer properties of the rotor, while decreasing the brittleness and Improving,
the hot strength of the rotor. The reduced-diameter brake rotor for heavy-duty vehicles of the

present invention satisfies these needs, as will be described in detail below.

BRIEF SUMMARY OF THE INVENTION

An objective of the present invention is to provide a reduced-diameter brake rotor for
heavy-duty vehicles that provides a construction that reduces the peak temperature of the rotor.

Another objective of the present invention is to provide a reduced-diameter brake rotor
for heavy-duty vehicles that reduces coning of the rotor during braking.

Still another objective of the present invention is to provide a reduced-diameter brake
rotor for heavy-duty vehicles that includes a metallurgical composition which desirably
maintains the heat transfer properties of the rotor while decreasing the brittleness and improving
the hot strength of the rotor.

These objectives and others are obtained by the reduced-diameter brake rotor for heavy-
duty vehicles of the present invention. In an exemplary embodiment of the invention, the rotor
includes a radially-extending disc, which in turn includes an inboard surface and an outboard
surface, and a solid, constant cross-section between the inboard and outboard surfaces. A
radially-extending mounting flange enables mounting of the rotor to a wheel hub of the vehicle,
and an axially-extending sleeve is integrally formed with and extends between the disc and the

mounting flange.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The preferred embodiment of the invention, illustrative of the best mode in which
Applicant has contemplated applying the principles of the invention, 1s set forth in the following
description and is shown in the drawings, and is particularly and distinctly pointed out and set
forth in the appended claims.

FIG. 1 1s a fragmentary side elevational view, shown partially in cross section, of a prior
art disc brake rotor for heavy-duty vehicles, attached to a wheel end assembly that 1s mounted on
an axle spindle;

FIG. 2 is an outboard perspective view of an exemplary embodiment of the reduced-
diameter brake rotor for heavy-duty vehicles of the present invention;

FIG. 3 is an outboard elevational view of the reduced-diameter brake rotor shown in FIG.

FIG. 4 is a cross-sectional view of the reduced-diameter brake rotor taken along line F4-
F4 in F1G. 3;
FIG. S is an enlarged fragmentary cross-sectional view of a portion of the reduced-

diameter brake rotor taken from the enclosed area labeled F5 1in FIG. 4;

FIG. 6A is a schematic diagram from a side elevational view of a portion of an exemplary
embodiment of the reduced-diameter brake rotor for heavy-duty vehicles of the present

imvention;

FIG. 6B is a schematic diagram from a side elevational view of another portion of the
exemplary embodiment of the reduced-diameter brake rotor;
FIG. 6C is a schematic diagram from a side elevational view of yet another portion of the

exemplary embodiment of the reduced-diameter brake rotor;
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F1G. 7 1s an inboard elevational view of the reduced-diameter brake rotor shown in FIG.

FIG. 8 1s a fragmentary perspective view of an exemplary torque plate used in
conjunction with the reduced-diameter brake rotor for heavy-duty vehicles of the present
invention, as welded to an axle;

FIG. 9 1s a plot of the retardation ratio at 80 pounds per square inch (psi) of an exemplary
embodiment of the reduced-diameter brake rotor for heavy-duty vehicles of the present
invention, and of an exemplary prior art reduced-diameter brake rotor for heavy-duty vehicles;
and

FIG. 10 1s a plot of the fade and recovery pressure during the last and first stop in a
respective test segment of an exemplary embodiment of the reduced-diameter brake rotor for
heavy-duty vehicles of the present invention, and of an exemplary prior art reduced-diameter
brake rotor for heavy-duty vehicles.

Similar numerals refer to similar parts throughout the drawings.

DETAILED DESCRIPTION OF THE INVENTION

In order to better understand the improved disc brake rotor for heavy-duty vehicles of the
present invention and the environment in which 1t operates, a prior art disc brake rotor for heavy-
duty vehicles 40 is shown in FIG. 1, and now will be described. The environment for rotor 40
includes one or more axles 10, which typically depend from and extend transversely across a
heavy-duty vehicle (not shown). Heavy-duty vehicles include trucks and tractor-trailers or semi-
trailers, and the tractor-trailers or semi-trailers typically are equipped with one or more trailers.

Reference herein shall be made generally to a heavy-duty vehicle for the purpose of
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convenience, with the understanding that such reference includes trucks, tractor-trailers and
semi-trailers, and trailers thereof. Each axle 10 has two ends, with a wheel end assembly 12
mounted on each one of the ends. For the purposes of convenience and clarity, only one end of
axle 10 and its respective wheel end assembly 12 will be described herein.

Axle 10 includes a central tube (not shown), and an axle spindle 14 is integrally

connected, by any suitable means such as welding, to each end of the central tube. Wheel end

assembly 12 includes a bearing assembly having an inboard bearing 16 and an outboard bearing
18 immovably mounted on the outboard end of axle spindle 14. A spindle nut assembly 20
threadably engages the outboard end of axle spindle 14 and secures bearings 16, 18 in place. A
wheel hub 22 1s rotatably mounted on inboard and outboard bearings 16, 18 in a manner well
known to those skilled in the art.

A hub cap 24 is mounted on the outboard end of hub 22 by a plurality of bolts 26, each

one of which passes through a respective one of a plurality of openings 28 formed in the hub cap,

and threadably engages a respective one of a plurality of aligned threaded openings 30 formed in
the hub. In this manner, hub cap 24 closes the outboard end of wheel end assembly 12. A main
continuous seal 32 is rotatably mounted on the inboard end of wheel end assembly 12 and closes
the inboard end of the assembly. In a typical heavy-duty vehicle dual-wheel configuration, a
plurality of threaded bolts 34 and mating nuts 36 are used to mount one tire rim or a pair of tire
rims (not shown), depending on specific design considerations, on wheel end assembly 12. Each
one of a pair of tires (not shown) is mounted on a respective one of the tire rims, as known in the
art.

Rotor 40 includes a radially-extending mounting portion or flange 42, which is formed

with openings 44 to receive mechanical fasteners 46, such as bolts. Hub 22 is formed with

10
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corresponding openings 48, thereby enabling bolts 46 to pass through aligned ones of the hub
openings and rotor tlange openings 44 to removably secure rotor 40 to the hub. This
construction enables rotor 40 to rotate with hub 22, while being removable from the hub for
servicing.

Rotor 40 also includes a radially-extending disc portion 50, the construction of which will
be described in greater detail below. Disc portion 50 is disposed between a pair of opposing
brake pads (not shown) in a manner known in the art. An axially-extending rotor sleeve 52 is
integrally formed with and extends between disc portion 50 and mounting flange 42. Sleeve 52
enables rotor disc portion 50 to be rigidly connected to mounting flange 42 and thus wheel end
assembly 12.

Disc portion 50 of prior art rotor 40 includes an inboard disc 54 and an outboard disc 56,
which are spaced apart from one another and are interconnected by a plurality of vanes 58. More
particularly, inboard disc 54 includes an inboard surface 60 and an outboard surface 62, and
outboard disc 56 includes an inboard surface 64 and an outboard surface 66. Inboard surface 60

of inboard disc 54 is adjacent the friction material of a respective one of a pair of brake pads (not

shown), and outboard surface 66 of outboard disc 56 is adjacent to the friction material of the
other one of the pair of brake pads. Qutboard surface 62 of inboard disc 54 and inboard surface
64 of outboard disc 56 face one another or are opposed, and vanes 58 are integrally formed with
and extend between these surfaces. Vanes 58 arc thick ribbon-like structural members that
extend radially from an inner perimeter 68 of inboard disc 54 and an inner perimeter 70 of
outboard disc 56 to an outer perimeter 72 of the inboard disc and an outer perimeter 74 of the

outboard disc, respectively. In this manner, vanes 58 provide a rigid connection between

11
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inboard disc 54 and outboard disc 56, while forming radially-extending air passages 76 between
the vanes.

The integral connection of disc portion 50 and sleeve 52 includes a bend 78. More
particularly, radially-extending outboard disc 56 and axially-extending sleeve 52 meet at ninety-
degree bend 78. This connection of sleeve 52 to outboard disc 56 of disc portion 50 is typical in
the prior art, as it is convenient to connect the sleeve, which is disposed axially outboardly of the
disc portion, to the outboard disc.

Prior art rotor 40 typically is formed of cast iron with a high carbon content to maintain
the heat transfer properties of disc portion 50 in order to dissipate heat that is generated by
friction during the braking operation. For example, prior art rotor 40 includes a carbon content
that is greater than about four (4) weight percent (%) carbon.

Prior art rotor 40, while satisfactory for its intended purpose, includes certain
disadvantages. For example, when prior art rotor 40 is a reduced-diameter brake rotor, that 1s, a
rotor that is employed with a 17.5 inch diameter wheel, disc portion 50 of prior art rotor 40,
including inboard disc 54 and outboard disc 56, experiences durability issues. More particularly,
prior art reduced-diameter ventilated rotors 40 experience high peak temperatures due to the
frictional forces from braking, which have caused them to undesirably wear out rapidly, and to
experience thermal cracking of inboard surface 60 of inboard disc 54 and outboard surface 66 of
outboard disc 56.

Also. the mechanical connection between rotor 40 and wheel hub 22 enables high heat
transfer from the rotor to the wheel hub, which creates high temperatures in the wheel hub. Such
high temperatures can prematurely age main seal 32, the seal of hubcap 24, and the lubricant in

hub 22, thereby undesirably shortening the service interval on the wheel end assembly.

12
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In addition, the radial expansion of rotor disc portion 50 and the expansion of rotor
sleeve 52 adjacent the rotor disc portion due to heat from braking causes coning of the disc
portion in the direction of the sleeve, that is, in an outboard direction. Such coning may
undesirably create uneven contact between inboard disc 54 and its adjacent brake pad, and
outboard disc 56 and its adjacent brake pad, reducing the efficiency of the brake system, and the
life of the brake pads. Such coning may also undesirably increase the stress at each point of
uneven contact between the brake pads and each respective inboard disc 54 and outboard disc 56,
which may in turn increase the tendency of cracks to form and enlarge or propagate in rotor disc
portion 50, thereby reducing the life of rotor 40.

Moreover, prior art rotor 40 includes a carbon content that 1s greater than about four (4)
weight percent (%) carbon, which is a high carbon content that provides good heat transter
properties, but makes the rotor undesirably brittle and may thus undesirably allow the rotor to
experience crack initiation and propagation, and undesirably reduces the hot strength of the rotor.

As a result, there is a need in the art for a reduced-diameter brake rotor for heavy-duty
vehicles that provides a construction that reduces the peak temperature of the rotor, reduces
coning of the rotor during braking, and includes a metallurgical composition which desirably
maintains the heat transfer properties of the rotor, while decreasing the brittleness and 1mproving
the hot strength of the rotor. The reduced diameter brake rotor for heavy-duty vehicles of the
present invention satisfies these needs, as now will be described.

An exemplary embodiment of a reduced-diameter brake rotor tor heavy-duty vehicles of
the present invention is shown in FIGS. 2-7 and is indicated generally at 100. With reference to
FIGS. 2-4, reduced-diameter brake rotor 100 includes an inboard end 102 and an outboard end

104. At outboard end 104, rotor 100 includes a radially-extending mounting portion or flange

13
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106, which 1s formed with openings 108 to receive mechanical fasteners 46 (FIG. 1), such as
bolts. Wheel hub 22 (FIG. 1) 1s formed with corresponding openings 48, thereby enabling bolts
46 to pass through aligned ones of the hub openings and rotor flange openings 108 to removably
secure rotor 100 to the hub. This construction enables rotor 100 to rotate with hub 22, while
being removable from the hub for servicing.

At inboard end 102, rotor 100 includes a radially-extending disc 112, the construction of
which will be described 1n greater detail below. Disc 112 1s disposed between a pair of opposing
brake pads (not shown) in a manner known in the art. An axially-extending rotor sleeve 114 1s
integrally formed with and extends between disc 112 and mounting flange 106. Sleeve 114
enables rotor disc 112 to be rigidly connected to mounting flange 106 and thus wheel end
assembly 12 (FIG. 1). Providing a transition from smaller-diameter sleeve 114 to larger-
diameter mounting flange 106 is an angled bell portion 110, which may be considered to be a
part of the mounting flange.

With particular reference to FIG. 4, disc 112 of rotor 100 includes an inboard surface 116

and an outboard surface 118. Inboard surface 116 is adjacent the friction material of a respecﬁve
one of a pair of brake pads (not shown), and outboard surface 118 is adjacent to the friction
material of the other one of the pair of brake pads. Because rotor 100 is a reduced-diameter
brake rotor, disc 112 preferably includes an outer diameter, indicated by 122, of from about 320
millimeters (mm) to about 330mm.

A feature of the invention is that disc 112 of rotor 100 is solid. That is, rotor disc 112 has

4 constant cross-section between inboard surface 116 and outboard surtace 118, respectively. By

providing solid disc 112, ventilation channels 76 between prior art rotor discs 54, 56 (FIG. 1) are

eliminated, enabling rotor 100 of the invention to add mass to the working area of the disc 112.
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[n this manner, the mass of rotor 100 of the invention has been increased, while maintaining the
rotor in a small packaging configuration for a 17.5 inch diameter wheel and a 5 inch diameter
axle. Adding such mass reduces peak rotor temperatures, which in turn extends the life of rotor
100 and reduces thermal cracking of rotor disc inboard surface 116 and outboard surface 118,
respectively. In addition, the increased mass of disc 112 desirably decreases heat transter at
bearings 16, 18 and main seal 32 of wheel end assembly 12 (FIG. 1), thereby increasing the
performance and life of these components.

In order to further increase the mass of rotor disc 112, the thickness of the disc may also
be increased. As shown in FIG. 4, the thickness of rotor disc 112 is the distance between inboard
surface 116 and outboard surface 118, which is indicated at 120, For example, when rotor disc
112 includes outer diameter 122 of from about 320mm to about 330mm, thickness 120 is from
about 30mm to about 45mm, and a preferred thickness is about 34mm. Increasing the mass of
rotor 100 by increasing thickness 120 of rotor disc 112 improves the ability of the rotor to handle
the heat due to braking, and desirably decreases heat transfer to increase the performance and life
of bearings 16, 18 and main seal 32.

For purposes of comparison, prior art reduced-diameter ventilated rotor 40, which 1s
employed with a 17.5 inch diameter wheel (not shown), weighs about 41 pounds (lbs). For rotor
100 of the invention with a preferred disc outer diameter 122 of about 325mm and a preterred
disc thickness 120 of about 34mm, the overall mass of the rotor is about 53.491lbs, which 1s an
increase of about 30 percent (%) over prior art rotor 40. By way of example, a preferred weight
distribution of rotor 100 is shown in FIGS. 6A-6C. With reference to FIG. 6A, solid disc 112 of

rotor 100 weighs about 36.16lbs. As indicated by FIG. 6B, axial sleeve 114 weighs about
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4.291bs. As indicated by FIG. 6C, bell 110 and mounting flange 106 weigh about 13.031bs.
which yields a total of about 53.491bs for rotor 100.

The increased mass of reduced-diameter brake rotor 100 of the invention may be
expressed as a ratio R1. Ratio R1 1s the value of the overall weight of rotor 100 divided by the
value of outer diameter 122 of disc 112. For example, when rotor 100 of the invention includes a
preferred disc outer diameter 122 of about 325mm, or about 12.8in, and a preferred disc
thickness 120 of about 34mm, ratioc R1 is 53.491lbs divided by 12.8in, which yields a value of
about 4.2 lbs/in. Ratio R1 may alternatively be expressed as 24.3kg divided by 325mm, which
yields a value of about 0.75 kg/mm.

The increased mass of reduced-diameter brake rotor 100 of the invention may also be
expressed as an additional or alternative ratio R2. More particularly, as is known in the art, when
axle 10 includes a 20,000lb gross axle weight rating (GAWR), each wheel end assembly 12
(FIG. 1) is typically tested at its respective half of the weight rating, which 1s 10,000lbs. Ratio
R2 is the value of the test requirement of 10,000lbs divided by weight of rotor disc 112. As
described above, solid disc 112 of rotor 100 of the invention weighs about 36.16lbs. When the
mass of solid disc 112 of rotor 100 is compared to its test requirement of 10,000Ibs by dividing
the test requirement by the weight, the resulting value for ratio R2 is about 277. If additional
mass is added to rotor disc 112, the value of ratio R2 decreases. Therefore, the preferred value
for ratio R2 for rotor 100 of the invention is a value of about 280 or less.

Another ratio. R3, also illustrates the increased mass of reduced-diameter brake rotor 100
of the invention. Specifically, ratio R3 is the value of the test requirement of 10,000lbs divided
by the overall weight of rotor 100. As described above, the overall weight of rotor 100 is about

53.491bs. When the overall weight or mass of rotor 100 of 53.49lbs is compared to its test
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requirement of 10,000lbs by dividing the test requirement by the weight, the resulting value for
ratio R3 is about 187. Similar to ratio R2 as described above, if additional mass is added to rotor
100, the value of ratio R3 decreases. As a result, the preferred value for ratio R2 for rotor 100 of
the invention 1s a_value of about 190 or less.

Ratios R2 and R3 each indicate the mass of rotor 100 in view of its test requirements,
which in turn demonstrates the desirable ability of the rotor of the invention to protect against
thermal spikes due to the braking operation for a loaded vehicle.

With particular reference to FIGS. 3 and 4, another teature of rotor 100 of the present
invention 1s a large interface of rotor 100 to wheel hub 22 (FIG. 1), which further increases the
mass of the rotor. More particularly, as described above, angled bell portion 110 provides a
transition from smaller-diameter sleeve 114 to larger-diameter mounting flange 106. Mounting
flange 106 is formed with large radially-outwardly extending projections 124, each one of which
is formed with a respective one of bolt openings 108. Projections 124 enable rotor 100 to
maintain a large-diameter bolt circle 126, and preferably a robust 8-bolt circle. To secure rotor
100 to wheel hub 22, each bolt opening 108 aligns with a corresponding bolt opening 48 (F1G. 1)
formed in the wheel hub, and each set of aligned openings receives a respective bolt 46. In this
manner, mounting flange 106 and its projections 124 provide a large and robust interface of rotor
100 to wheel hub 22. Because bell portion 110 provides a transition to mounting flange 106 that
is angled radially outwardly, the mounting flange includes a relatively large outer diameter. In
addition, because projections 124 extend radially outwardly, the outer diameter of mounting
flange 106, and thus the interface of rotor 100 to wheel hub 22, is further increased.

The large interface of rotor 100 to wheel hub 22 may be expressed as a ratio R4. Ratio

R4 is the value of the diameter of bolt circle 126 divided by the value of outer diameter 122 of
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disc 112. When rotor disc 112 includes outer diameter 122 of about 325mm, the diameter of bolt
circle 126 preferably is about 249.5mm diameter. Ratio R4 of the diameter of bolt circle 126 to
rotor disc diameter 122 yields a value of about 0.77. By providing such a large interface to
wheel hub 22, the mass of rotor 100 1s increased, which increases the stability of the connection
of the rotor to the hub. In addition, the increase of mass of rotor 100 at the interface with wheel
hub 22 desirably reduces the heat that is transferred from the rotor to the wheel hub, which n
turn reduces the peak temperature spikes experienced by wheel end main end seal 32 (F1G. 1)
and lubricant, thereby desirably extending the life of the seal, lubricant, and bearings 16, 18.

Moreover, projections 124 and bolt openings 108 of rotor 100 of the invention are
separate from wheel studs 34 (FIG. 1). By providing an arrangement in which bolt openings 108
for wheel hub 22 are separate from wheel studs 34, hub attachment bolts 46 are radially distant
from bearings 16, 18, and are between the wheel studs. Locating hub attachment bolts 46
radially distant from bearings 16, 18, and between wheel studs 34 enables easier removal of rotor
100 from hub 22, and desirably reduces heat transfer from rotor 100 to the lubricant in the hub,
the bearings, and main seal 32. More particularly, such a reduction of heat transfer is
accomplished by moving the heat transfer point closer to the wheel mass and away from bearings
16, 18, and desirably extends the life of the lubricant, the bearings, and main seal 32.

Turning to FIGS. 4 and 5, yet another feature of rotor 100 of the present invention 1s an
undercut 128 formed in outboard surface 118 of rotor disc 112. As described above, the heat
which is generated from the friction of the brake pads (not shown) being forced against disc 112
causes the disc to expand radially. In addition, the heat generated from the friction of the brake
pads being forced against disc 112 creates a thermal gradient across sleeve 114, with the area of

the sleeve adjacent the disc being hotter than the area of the sleeve adjacent bell portion 110.
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This thermal gradient causes rotor sleeve 114 to expand adjacent disc 112. The radial expansion
of disc 112 and the expansion of sleeve 114 adjacent the disc causes an outer perimeter 130 of
the disc to move slightly from its desired vertical orientation and in the direction of the sleeve.
The disc 112 thereby angles or tilts in the direction of sleeve 114, which is referred to in the art
as coning.

Undercut 128 limits the amount of mass of reduced-diameter brake rotor 100 in such a
confined, reduced-diameter space, and thereby helps to counter coning. More particularly,
undercut 128 is formed as a channel at point 132, which is where outboard surface 118 of disc
112 meets sleeve 114, and includes a minimum depth 136 of about 8£11m. In addition, inboard
surface 116 of disc 112 preferably is formed with a relief area 134 directly opposite from
undercut 128. Relief area 134 may be employed in conjunction with undercut 128 to further
counter coning, as the relief area provides a centered heat sink off of inboard surface 116 of disc
112. Preferably, relief area 134 is formed at a depth 138 that is smaller or shallower than depth
136 of undercut 128.

Rotor 100, by providing undercut 128 and optional relief area 134, enables the radial
expansion of disc 112 to balance out with the tapered expansion of sleeve 114, thereby reducing
or eliminating coning. Such a reduction or an elimination of coning promotes uniform contact
between inboard surface 116 and its adjacent brake pad (not shown), and outboard surface 118
and its adjacent brake pad (not shown), thereby optimizing the efficiency of the brake system and
increasing the life of the brake pads. Such a reduction or an elimination of coning also desirably
reduces the stress at each point of contact between the brake pads and each respective inboard

surface 116 and outboard surface 118 of disc 112 when compared to prior art rotor 40, which
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may in turn decrease the tendency of cracks to form 1n the disc, thereby increasing the life of

rotor 100.

Still another feature of rotor 100 of the present invention is the composition of the rotor.
More particularly, rotor 100 employs alloying of grey iron to increase hot strength mechanical
properties over prior art non-alloyed grey iron. It is to be understood any alloying of grey iron
may be employed for rotor 100. For example, prior art rotors 40 are formed of cast iron with a
high carbon content, that is, a carbon content that is greater than about four (4) weight percent
(%) carbon. Such a high carbon content maintains the heat transfer properties of such prior art
rotors 40, but creates undesirable brittleness that in turn undesirably enables rapid crack initiation
and propagation in the rotors, and which reduces the hot strength of the rotors.

Rotor 100 of the invention preferably is formed with a composition that includes alloying
of grey iron to maintain the heat transfer properties of disc 112, while reducing brittleness and
improving the hot strength. For example, the composition of rotor 100 may include optimizing
the ratio of carbon, silicon, and vanadium used to form the rotor. By way of further example,
rotor 100 of the invention may include a carbon content of from about 2.80 to about 3.20 weight
percent, rather about than four (4) or more percent. Such an amount of carbon maintains the
hardness of rotor disc 112, while reducing the brittleness imparted by higher amounts of carbon
and improving the hot strength of rotor 100. To maintain the heat transfer properties of disc 112,
rotor 100 of the invention may include a silicon content of from about 1.80 to about 1.95 weight
percent, and a vanadium content of from about 0.05 to about 0.15 weight percent.

By way of additional example, rotor 100 of the invention preferably includes the
following additional additives: manganese, from about 0.62 to about 0.0 weight percent; sulfur,

4 maximum of about 0.12 weight percent; phosphorous, a maximum of about 0.10 weight
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percent; chromium, from about 0.25 to about 0.30 weight percent; copper, from about 0.60 to
about (.75 weight percent; nickel, a maximum of about 0.05 weight percent; molybdenum, trom
about 0.10 to about 0.15 weight percent, titanium, a maximum of about 0.03 weight percent;
aluminum, a maximum of about 0.01 weight percent; tin, a maximum of about 0.08 weight
percent; and carbon equivalents, from about 3.40 to about 3.90 weight percent.

This composition of rotor 100 of the invention, and particularly the composition that
includes alloying of grey iron, and optional aspects of the carbon content, silicon content, and
vanadium content, desirably maintains the heat transfer properties of the rotor, while reducing
the brittleness associated with prior art high-carbon compositions. Such a reduction in brittleness
desirably reduces rapid initiation and propagation of cracks in disc 112, thereby improving the
performance and life of rotor 100. The composition of rotor 100 also and improves the hot
strength of the rotor, which further improves its performance and life. In addition, the cost
associated with the above-described composition of rotor 100 is desirably more economical than
that of prior art rotors. As mentioned above, the described composition of rotor 100 1s by way of
example, as it is to be understood any alloying of grey iron may be employed for the rotor.

Turning now to FIG. 7, another feature of rotor 100 of the invention is the integration of
an anti-lock braking system (ABS) tone ring 140 into inboard surface 116 of rotor disc 112.
Integration of tone ring 140 into inboard surface 116 of disc 112 and thus rotor 100 enables the
corresponding ABS sensor (not shown) to be disposed in a protected location. Such placement
in a protected location desirably reduces issues that may be experienced by tone ring 140 when
compared to prior art tone rings (not shown), which have been attached separately to rotor 40, or

mounted as separate components, thereby subjecting them to damage during vehicle operation.
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With additional reference to FIG. 8, a torque plate 142 1s rigidly connected to axle 10,
and includes openings 144 to receive fasteners (not shown) that enable the torque plate to attach
to and support a caliper (not shown) of the disc brake assembly that employs rotor 100. In
conjunction with tone ring 140, torque plate 142 used 1n conjunction with rotor 100 preferably is
formed with an opening 146 for receiving and mounting an ABS sensor (not shown). ABS
sensor opening 146 includes an angled orientation 150 for the tone ring sensor of about 15
degrees, targeting a 150mm pitch circle. Such a position of tone ring 140 in inboard surface 116
of rotor disc 112 and angle 150 of ABS sensor opening 146 enables torque plate 142 and an ABS
sensor support (not shown) to be constructed so that the torque plate can be welded to the axle
with a continuous weld 148. In the prior art, the position of the tone ring and the ABS sensor
have dictated the use of interrupted welds to attach a torque plate to axle 10, which have reduced
fatigue strength when compared to continuous weld 148. Therefore, the use of tone ring 140 and
angled ABS sensor opening 146 enable the use of continuous weld 148, which 1n turn improves
the fatigue strength of the connection of torque plate 142 to axle 10 when compared to the prior
art use of an interrupted weld.

Reduced-diameter brake rotor 100 of the invention was compared to a prior art ventilated
reduced-diameter brake rotor similar to brake rotor 40 (FIG. 1) in dynamometer testing. It 1s to
be understood that dynamometer testing according to Federal Motor Vehicle Safety Standards
(FMVSS)-121 brake certification standards requires that a wheel is not over the brake during
testing. By not having a wheel in place for the testing, air is allowed to directly impinge rotor
40, 100 and create artificial cooling that is not present when a wheel surrounds the brake. In
such testing, it desirable for a brake system to not fade too quickly, while being able to recover

from braking quickly.
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Both brake rotors 40, 100 were employed in the same overall air disc brake system setup,
known 1n the art as a PAN17 system (PAN is a registered trademark of Wabco IP Holdings
LLC), with the same friction material, known in the art as Jurid 539-20 (Jurid is a registered
trademark of Honeywell International Inc.), so that the only variable was the rotor. Prior art
rotor 40 was a ventilated rotor with an outer diameter of 325mm and a disc thickness of 34mm.
and rotor of the invention 100 was a solid-disc rotor with an outer diameter of 325mm and a disc
thickness of 34mm.

In a first round of testing according to the FMVSS-121 standards, which require that a
wheel is not over the brake during testing, it was observed that prior art rotor 40 required higher
brake pressures to maintain deceleration of a hot brake compared to solid-disc rotor 100 of the
invention. Though it has been taught in the art that rotor 40 with a ventilated disc provides a
superior cooling design, the testing indicated that the prior art rotor undesirably required higher
brake pressures to maintain deceleration of a hot brake than solid-disc rotor 100.

In a second round of testing, a wheel (not shown) was installed. In this testing, prior art
rotor 40 required even higher pressure to maintain the deceleration level than was required
without the wheel. Also, rotor 100 of the invention did not experience a degradation m
performance when the wheel was installed.

FIGS. 9 and 10 show the performance data and test results. FIG. 9 is a plot of the
retardation ratio at 80 pounds per square inch (psi). Retardation ratio is the percentage (%) ot g-
force produced by the brake at a temperature of 160 degrees Fahrenheit (°F), which is referred to
as a cold temperature. While the FMVSS-121 has a minimum requirement, it 1s desirable to see
some margin over the minimum requirement. As seen in the plot, without a wheel on, rotor 100

of the invention had a higher retardation ratio than prior art rotor 40, and thus desirably
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performed better than the prior art rotor. With a wheel mounted, rotor 100 of the invention again
had a higher retardation ratio than prior art rotor 40, and thus desirably performed better than the
prior art rotor. [t was observed that, with a wheel mounted on prior art ventilated rotor 40, the
retardation ratio was undesirably much lower than the FMVSS-121 minimum requirement.

FIG. 10 is a plot of the fade and recovery pressure during t};xe last and first stop 1n a
respective test segment. The fade and recovery portion of the test is an energy absorption test.
The requirement is to have less than 100 psi in the fade section and 85 psi in the recovery section
of the test, so that less pressure is better. As seen in FIG. 10, with and without a tire/wheel, the
fade pressures in the last stop for rotor 100 of the invention were at par with prior-art ventilated
rotor 40 without a wheel mounted on each respective rotor. The test results indicate that rotor
100 of the invention had much better margins in the recovery section compared to prior art
ventilated rotor 40. Also, the wheel mounting appeared to have no effect on brake performance
for solid-disc rotor 100 of the invention with the Panl7 brake system, while in case of prior art
ventilated rotor disc 40, the fade and recovery pressures were undesirably significantly higher
than the baseline.

In this manner, the structure of reduced-diameter brake rotor 100 of a disc brake for
heavy-duty vehicles of the present invention provides a construction that reduces the peak
temperature of the rotor. More particularly, rotor 100 includes a solid disc 112 that adds mass to

the working area of the disc, and may also include an increased thickness of the disc. Adding

such mass reduces peak rotor temperatures, which in turn extends the life of the rotor and
reduces thermal cracking of rotor disc inboard surface 116 and outboard surface 118,

respectively. In addition, the increased mass of disc 112 desirably decreases heat transfer at
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bearings 16, 18 and main seal 32 of wheel end assembly 12, thereby increasing the performance
and life of these components.

Rotor 100 also provides a large interface to wheel hub 22, which further increases the
mass of the rotor, which increases the stability of the connection of the rotor to the hub. In
addition, the increase of mass of rotor 100 at the interface with wheel hub 22 desirably reduces
the heat transfer from the rotor, which in turn reduces peak temperature spikes experienced by
wheel end main end seal 32 and lubricant, thereby desirably extending the life of the seal,
lubricant, and bearings 16, 18.

In addition, rotor 100 1s formed with undercut 128 and optional relief area 134,which
enable the radial expansion of disc 112 to balance out with the tapered expansion of sleeve 114,
thereby reducing or eliminating coning. Such a reduction or an elimination of coning promotes
untform contact between inboard surface 116 and its adjacent brake pad, and outboard surface
118 and its adjacent brake pad, thereby optimizing the efficiency of the brake system and
increasing the life of the brake pads. Such a reduction or an elimination of coning also desirably
reduces the stress at each point of contact between the brake pads and each respective inboard
surface 116 and outboard surface 118 of disc 112 when compared to prior art rotor 40, which
may in turn decrease the tendency of cracks to form in the disc, thereby increasing the life of
rotor 100.

Moreover, rotor 100 includes a metallurgical composition which desirably maintains the
heat transfer properties ot the rotor, while decreasing the brittleness and improving the hot
strength of the rotor. Rotor 100 also integrates tone ring 140 into inboard surface 116 of disc
112 to enable placement of the ABS sensor in a protected location and reduce 1ssues that may be

experienced by the tone ring. The use of integrated tone ring 140 and angled ABS sensor
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opening 146 enable the use of continuous weld 148, which 1n turn improves the fatigue strength
of the connection of torque plate 142 to axle 10 when compared to the prior art use of an
interrupted weld. Testing of rotor 100 and prior art rotor 40 indicates that the rotor of the
invention provides increased FMVSS-121 compliance margins over the prior art ventilated rotor.

The present invention also includes a method of making and a method of using a
reduced-diameter brake rotor 100 for heavy-duty vehicles of the present invention. The method
includes steps in accordance with the description that is presented above and shown 1n FIGS. 2-
10.

It is to be understood that the structure and arrangement of the above-described reduced-
diameter brake rotor 100 for heavy-duty vehicles of the present invention may be altered or
rearranged without affecting the overall concept or operation of the invention. In addition, the
reduced-diameter brake rotor 100 for heavy-duty vehicles of the present invention may be
employed with other types of axles, wheel end assemblies, axle/suspension systems, and/or brake
systems than those shown and described above, without affecting the overall concept or
operation of the invention. Moreover, while reference herein has been made generally to a
heavy-duty vehicle for the purpose of convenience, it has been with the understanding that such
reference includes trucks, tractor-trailers and semi-trailers, and trailers thereof.

Accordingly, the reduced-diameter brake rotor for heavy-duty vehicles of the present
invention is simplified, provides an effective, safe, inexpensive, and efficient structure which
achieves all the enumerated objectives, provides for eliminating difficulties encountered with

prior art reduced-diameter disc brake rotors, and solves problems and obtains new results in the

art.
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In the foregoing description, certain terms have been used for brevity, clarity and
understanding; but no unnecessary limitations are to be implied therefrom beyond the
requirements of the prior art, because such terms are used for descriptive purposes and are
intended to be broadly construed. Moreover, the present invention has been described with
reference to exemplary embodiments. It shall be understood that this illustration 1s by way of
example and not by way of limitation, as the scope of the imnvention 1s not limited to the exact
details shown or described. Potential moditfications and alterations will occur to others upon a
reading and understanding of this disclosure, and it is understood that the invention includes all
such modifications and alterations and equivalents thereot.

Having now described the features, discoveries and principles of the invention, the
manner in which the reduced-diameter brake rotor for heavy-duty vehicles of the present
invention is constructed, arranged and used, the characteristics of the construction and
arrangement, and the advantageous, new and useful results obtained; the new and useful

structures, devices, elements, arrangements, parts and combinations are set forth in the appended

claims.
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WHAT IS CLAIMED IS:
l. A reduced-diameter brake rotor for heavy-duty vehicles, said rotor comprising:

a radially-extending disc, said disc including an inboard surface and an outboard surface,
and a solid, constant cross-section between said inboard surface and said outboard surface;

a radially-extending mounting flange for mounting said rotor to a wheel hub of said
vehicle; and

an axially-extending sleeve being integrally formed with and extending between said disc

and said mounting flange.

2. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, further
comprising an angled bell portion providing a transition from said sleeve to said mounting
flange.

3. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein

said disc includes an outer diameter of from about 320mm to about 330mm.

4. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wheremn

said disc includes a thickness of from about 30mm to about 45mm.

5. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 4, wherein

said disc includes a thickness of about 34mm.

238



10

13

20

CA 02952860 2016-12-16

WO 2015/196037 PCT/US2015/036620

6. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein an

overall weight of said rotor divided by the value of an outer diameter of said disc yields a value

of about 4.2 1bs/in.

7. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein a

value of a test requirement of 10,000lbs divided by a weight of said disc yields a value of up to

about 280.

8. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein a
value of a test requirement of 10,0001bs divided by an overall weight of said rotor yields a value

of up to about 190.

3. The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein a
diameter of a bolt circle of said mounting flange divided by an outer diameter of said disc yields

a value of about 0.77.

10.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein
said mounting flange includes radially-extending projections, each one of which 1s formed with
an opening, and said projections and openings are separate from wheel studs of a wheel end

assembly of said vehicle.

11.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wheremn

caid outboard surface of said disc is formed with an undercut.
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12.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 11, wherein

said undercut is formed at a location where said outboard surface of said disc meets said sleeve.

13.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 12, wherein

said undercut includes a minimum depth of about 8mm.

14, The reduced-diameter brake rotor for heavy-duty vehicles of Claim 12, wherein

said inboard surface of said disc is formed with a relief area opposite from said undercut.

15.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 14, wherein

said relief area is of a depth that is shallower than a depth of said undercut.

16.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, wherein
said disc includes a carbon content of from about 2.80 weight percent to about 3.20 weight
percent carbon and a silicon content of from about 1.80 weight percent to about 1.95 weight

percent silicon.

17.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 16, wherein

said disc includes a vanadium content of from about 0.05 weight percent to about 0.15 weight

percent vanadium.
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18.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 1, further

comprising a tone ring being integrally formed in said inboard surface of said rotor disc.

19.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 18, further
comprising a torque plate employed in conjunction with said rotor preferably being formed with
an opening for receiving and mounting an ABS sensor, said ABS sensor opening including an

angled orientation for a tone ring sensor of about 15 degrees, targeting a 150mm pitch circle.

20.  The reduced-diameter brake rotor for heavy-duty vehicles of Claim 19, wherein

said torque plate is welded to an axle with a continuous weld.
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