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I
IN THE UNITED STATES DISTRICT COURT FOR THEF || &
NORTHERN DISTRICT OF ALABAMA
NORTHEASTERN DIVISION 02AUG-T7 PH 3: |4

U.S. DISTRICT COURT
N.D.CF ALABAHAW

WEBB WHEEL PRODUCTS, INC.
A Delaware corporation,

Plaintift,
Case No.

V.
JURY TRIAL DEMANDED
GUNITE CORPORATION

A Delaware corporation, L e R RO L% I g

Defendant.

N N N S S N N N e e N N’ N’

COMPLAINT

Plaintiff, Webb Wheel Products, Inc. (“Webb Wheel”), for its complaint against

Defendant, Gunite Corporation (‘“Gunite”), alleges as follows:
Nature of Action

1. This is an action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. § 101 et. seq. Webb Wheel seeks injunctive relief, as well as damages,
for activities by Gunite in connection with Gunite’s manufacture, use, sales and offers for sale of
unitarily formed hubs and anti-lock braking system (“ABS”) exciter rings which infringe United
States Patent No. 5,739,684 (“the ‘684 patent”), as amended in Reexamination Certificate No.
5,739,684 C1, entitled “UNITARILY FORMED HUB AND ABS EXCITER RING.”

Jurisdiction and Venue

2. The Court has jurisdiction of this action under 28 U.S.C. §§ 1331 and 1338(a).
Venue is proper under 28 U.S.C. §§ 1391(b) and (c) and 1400(b) in that a substantial part of the

events giving rise to the claims for infringement occurred in this district, in particular, the
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inventor and assignee are located in this district, and the infringing product has been offered for
sale by the defendant in this district.
The Parties

3. Webb Wheel is a corporation organized under the laws of the State of Delaware,
and has its principal place of business at 2310 Industrial Drive, S.W., Cullman, Alabama 35055.
Webb Wheel is engaged in the business of developing, selling and manufacturing wheel hubs for
trucks and other automotive vehicles, as well as other automotive equipment used in the trucking
industry in the United States and abroad.

4, Upon information and belief, Gunite is corporation organized under the laws of
the State of Delaware, and having its principal place of business at 302 Peoples Avenue,
Rockford, Illinois 61104. Upon information and belief, Gunite does business in this district.

Background Facts Common to All Counts

5. Webb Wheel is engaged in, among other things, the development, manufacture
and sale of wheel hubs for use in the trucking industry.

6. On April 19, 1996, Webb Wheel employee, Robert Burns (‘“Burns”), filed U.S.
Patent Application Serial No. 08/699,491 entitled “UNITARILY FORMED HUB AND ABS
EXCITER RING” (“the ‘491 application”). Burns assigned all right, title and interest in and to
the ‘491 application to Webb Wheel.

7. On April 14, 1998, the ‘684 patent was duly and legally issued by the United
States Patent and Trademark Office to its owner by assignment, Webb Wheel. Webb Wheel is
the owner of all right, title, and interest in and to the ‘684 patent, including the right to sue for
infringement thereof and recover damages resulting therefrom. A copy of the ‘684 patent is

attached hereto at EXHIBIT A and is made a part of this Complaint.
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8. The “684 patent relates to a novel one-piece hub and ABS exciter ring.

9. ABS exciter rings comprise a series of teeth or serrations about the circumference
of a hub that can be detected by a sensor (such as a magnet) for detecting and calculating the
rotational characteristics of a wheel. Thus, by detecting the presence and rotations of the teeth as
they pass a detector, a vehicle equipped with ABS can detect when the application of the brakes
to the wheel have caused the wheel to “lock,” or stop rotating. Such wheel “lock™ is undesirable
because a loss of traction may occur. A computer coupled to the detector can determine when
wheel lock has occurred and manipulate the braking system to eliminate it.

10.  Prior to the invention claimed and disclosed in the ‘684 patent, separate ABS
exciter rings were provided which were installed over a hub.

11. Such two-piece hubs and ABS exciter rings have drawbacks compared to the
invention claimed in the ‘684 patent. For example, it is necessary to maintain precise fits
between the hub and the exciter ring. This requires precision machining of the hub as well as the
exciter ring which adds considerably to the cost of manufacturing. Even if precise tolerances are
maintained when the exciter ring is press fit onto the hub, the exciter ring can get knocked out of
alignment and the magnetic sensor will not function as intended. If precise tolerances are not
maintained, stresses in the ring could cause the ring to fail and be displaced from its exact
location, disrupting the proper functioning of the ABS system. The forces needed to fit the pieces
can also distort the hub bearing or seal bores and cause a loss of function of the hub. Corrosion
of the exciter ring also may pose a problem for press fit exciter rings as corrosion may alter the

clearance between the pulse teeth and the sensor needed to maintain the ABS system functioning

properly.
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12.  The invention of the ‘684 patent comprised a significant improvement over prior
two-piece and less effective one-piece designs by providing a plurality of radially extending
pulse teeth in the inboard face of the hub.

13. Webb Wheel is and has been manufacturing hubs in accordance with the ‘684
patent since early 1997.

14. The hubs have been enormously successful.

15. On or about December 1998, Erie Wheels Corp. (“Erie”) and Gunite began selling
a one-piece hub and ABS exciter ring identical to the one offered by Webb Wheel under the ‘684
patent. Those hubs infringed one or more claims of the ‘684 patent.

16. Upon information and belief, in approximately October 2000, Gunite purchased
Erie. On information and belief, Gunite is the successor in interest to the business of Erie and
therefore Gunite is liable for the patent infringement of Erie. Gunite is also liable for
infringement for its own acts of infringement.

17. Gunite continues to sell hubs identical to the ones sold by Webb Wheel under the
‘684 patent and which infringe one or more claims of the ‘684 patent.

18. On or before December 22, 1998, Webb Wheel notified Erie that its sales of its
unitarily formed hub and ABS exciter rings infringed the ‘684 patent.

19. In response, Erie brought U.S. Patent No. 5,240,333 (“the ‘333 patent”) to the
attention of Webb Wheel, asserting that the ‘684 patent was invalid in view of the ‘333 patent.

20. On June 15, 1999, Webb Wheel filed a Request for Reexamination of the ‘684
patent based upon the discovery of the ‘333 patent. On August 12, 1999, the U.S. Patent and
Trademark Office (“the PTO”) granted Webb Wheel’s request and instituted reexamination

proceedings.
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21. On June 18, 2002, Reexamination Certificate 5,739,684 C1 duly and legally
issued to Webb Wheel based upon the patentability of certain amended claims. A copy of the

Reexamination Certificate is attached hereto as EXHIBIT B and made a part of this complaint.

COUNT I - PATENT INFRINGEMENT

22. Webb Wheel realleges and incorporates by reference each of the allegations of
Paragraph 1 through 21 as if fully set forth herein.

23, Gunite’s manufacture, use, sale and offer for sale of the hubs infringe at least
claims 1, 3, 4, and 6 of the ‘684 patent.

24.  Gunite will continue to infringe the ‘684 patent and irreparably harm Webb

Wheel unless and until enjoined by this Court.

COUNT 11 — WILLFUL INFRINGEMENT

25.  Webb Wheel realleges and incorporates by reference each of the allegations of
Paragraph 1 through 21 and 23-24 as if fully set forth herein.

26.  Gunite has knowledge of the ‘684 patent.

27.  Gunite has known that its hubs infringed one or more claims of the ‘684 patent,
but has persisted in its infringing activity.

28.  Gunite’s infringement has been willful and deliberate and will continue unless

and until enjoined by this Court.

JURY DEMAND

Pursuant to Federal Rules of Civil Procedure 38, Webb Wheel demands a trial by jury on

all issues triable of right by a jury.
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WHEREFORE, Webb Wheel respectfully requests that this Court:

(a)

(b)

(©)

(d)

(e)

®

(2

Enter a judgment that Gunite infringes United States Letters Patent
5,739,684 under 35 U.S.C. §271 (a) (b) and (c);

Permanently enjoin Gunite and its officers, agents, servants, employees,
related companies, privies, and all persons acting in concert or
participation with them, or any of them, from further infringement of the
‘684 patent;

Award Webb Wheel damages adequate to compensate it for the
infringement of the ‘684 patent;

Award Webb Wheel enhanced damages for Gunite’s willful infringement
of the ‘684 patent, in accordance with 35 U.S.C. § 284; and

Enter a judgment that this case is “exceptional” within the meaning of 35
US.C. § 285 and that Webb Wheel be entitled to an award of its
reasonable attorneys’ fees in the prosecution of this action;

Award Webb Wheel interest, including prejudgment interest, on the
damages assessed, together with costs; and

Award Webb Wheel such other and additional relief as this Court may
deem proper and just.

Respectfully submitted,

Jéseph Bird

BRADLEY, ARANT, ROSE & WHITE LLP
2001 Park Place, Suite 1400

Birmingham, Alabama 35203

(205) 521-8000

Michael O. Warnecke

Robert S. Rigg

Daniel H. Shulman

MAYER, BROWN, ROWE & MAW
190 South LaSalle Street

Chicago, Illinois 60603-3441

(312) 782-0600

ATTORNEYS FOR PLAINTIFF
6
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Defendant’s Address for Service by Hand:

Gunite Corp.
302 Peoples Ave.
Rockford, Illinois 61104
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United States Patent
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US 5,739,684 C1
Jun. 18, 2002

(10) Number:
5) Certificate Issued:

(54) UNITARILY FORMED HUB AND ABS
EXCITER RING
(75) Inventor: Robert J. Burns, Vinemont, AL (US)

(73) Assignee: Webb Wheel Products, Inc., Cullman,
AL (US)

Reexamination Request:
No. 90/005,392, Jua. 15, 1999

Reexamination Certificate for:

Patent No.: 5,739,684
Issued: Apr. 14, 1998
Appl. No.: 08/699,491
Filed: Aug. 19, 1996
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I60) ABSTRACT

The invention relates to a wheel or hub for use on vehicles
which incorporate an anti-lock braking system. The hub
includes a ferrous hub having an outboard and inboard
section. A plurality of equidistantly spaced radially extend-
ing grooves are formed in the end face of the inboard section
of the hub forming a plurality of radially extending pulse
teeth, a sensor detects the rotation of the pulse teeth and
provides this information to a logic unit of the ABS system.

CxXhibrt A
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1
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 1,2, 4, 5 and 7 are determined to be patentable as
amended.

Claims 3 and 6, dependent on an amended claim, are
determined to be patentable

1. A hub for a motor vehicle having an anti-lock braking

system, said hub comprising:

a ferrous hub having a substantially cylindrical body, said
cylindrical body including an inboard section and an
outboard section, 2 mounting flange cxtending from
said cylindrical body to mount a rim for a tire, said
inboard section of said cylindrical [bevy] body includ-
ing an annular end face, and wherein said inboard
section is continuously smooth from the mounting
flange to the annular end face;

means for mounting said hub to an axle of the motor
vehicle for rotation about an axis of rotation; and

a plurality of radially extending grooves umitarily formed
in the end face of the inboard section of the hub, said
grooves defining a plurality of radially extending pulse
teeth therebetween coincidental with said annular end
face.

2.[The bub of claim 1] A bub for motor vehicle having an

anti-lock braking system, said hub comprising:

a ferrous hub having a substantially cylindrical body, said
cylindrical body including an inboard section and an
outboard section, a mounting flange extending from
said cylindrical body to mount a rim for a tire, said
inboard section of said cylindrical body including an
annular end face, and wherein said inboard section is
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continuosuly smooth from the mounting flange to the
annular end face;

means for mounting said hub to an axle of the motor
vehicle for rotation about an axis of rotation; and

a plurality of radially extending grooves unitarily formed
in the end face of the inboard section of the hub, said
grooves defining a plurality of radially extending pulse
teeth therebetween coincidental with said annular end
face;

wherein said radially extending grooves are formed by
high speed abrading of the end face of the inboard
section of the hub.

4. The bub of claim 1 wherein the radially extending
grooves extend through the entire radial thickness of the
inboard section of the hub.

5. The hub of claim 1 which includes a sensor for
detecting rotation of the hub, said sensor bezng movable by
said hub between an initial position disposed on a non-
rotating portion of an axle of said motor vehicle and a
working position directly adjacent said radially extending
teeth of said bub when said hub is mounted to said suspen-
sion structure.

7. A hub for a motor vehicle having an anti-lock braking
system and a sensor in combination comprising’

a ferrous hub having a substantially cylindrical body of
predetermined radial thickness, said cylindrical body
including a radial mounting flange defining an inboard
section and an outboard section of said cylindrical
body, said inboard section including an annular end
face, and wherein said inboard section 1s continuously
smooth from the mounting flange to the annular end
face;

means for mounting said hub to a suspenston structure of
the motor vehicle for rotation about an axis of rotation;

a plurality of radially extending grooves unitarily formed
in the end face of the inboard section of the hub, said
grooves defining a plurality of radially extending pulse
teeth therebetween; and

a sensor for detecting rotation of the hub, said sensor
movable by said hub between an initial position dis-
posed on a non-rotating portion of an axle of said motor
vehicle, and a working position directly adjacent said
radially extending teeth of said hub when said hub is
mounted to said suspension structure.

* * * * *



Case 5:02-cv-01939-LSC Document 1  Filed 08/07/02 Page 10 of 15

United States Patent 9 p1;  Patent Number: 5,739,684
Burns {451 Date of Patent: Apr. 14, 1998
[54] UNITARILY FORMED HUB AND ABS 4,698,536 10/1987 Oohori .
EXCITER RING 5,011,302 4/1991 Mottetal. .
5,067,597 11/1991 Young.
[75] Inventor: Robert J. Burns, Vinemont, Ala. 5129741 7/1992 Demue .
5,191,284 1993 Moretti et al. .
: . 5,263,900 11/1993 Stimson .
[73] Assignee: Xebb Wheel Products, Inc., Cullman, 5291130 /1994 Kendzi 204174
2. 5332,065 /1994 Steeleetal. .
5,350,041 9/1994 Stecleetal. .
[21] Appl No.: 699,491 5381000 1/1995 Alderetal. .
5,424,635 6/1995 Robi etal .
[22] Filed:  Aug. 19, 1996 o
OTHER PUBLICATIONS
[51] Int CLS e GO1P 3/488; GO1P 3/48; o X 5 .
B6OT 8/08; B6OT 8/60 Freightliner/WABCO ABS article entitled: Introducing An
(2] U.S.Ch omoeee 324/173; 324/207.22; 18%/181 R;  A0ti-Loock Braking System Whose Time Has Come (prior
384/448 Aug, 1995)
[58] Field of Search .....ccerennnee. 324/207.22,207.25,  Primary Examiner—~Walter E. Snow
3247173, 174; 188/181 R; 384/448; 310/168 Attomney, Agent, or Firm—Mayer, Brown & Platt
[56] References Cited [57] ABSTRACT
U.S. PATENT DOCUMENTS The invention relates to a wheel or hub for use on vehicles
. which incorporate an anti-lock braking system. The hub
g::g; ‘l'i-; ;ziggz E:“ﬂ . includes a ferrous hub having an outboard and inboard
040, selmino . section. A plurality of equidistantly spaced radially extend-
3“:;3%26 lfﬁg?,g &.:dam ing grooves are formed in the end face of the inboard section
3'998:298 1271976 Fl ag’k ) of the hub forming a plurality of radially extending pulse
4:061 213 121577 Davy. ’ tecth, a sensor detects the rotation of the pulse teeth and
4,120385 10/1978 Roider provides this information to a logic unit of the ABS system.
4,161,120  7/1979 Cloarec .
4,625,838 12/1986 Hopes . 7 Claims, 2 Drawing Sheets

P00

s
-

Iyl
o "'.f’”
IJ'
-"—" i
n “‘ 1‘
Y S
o

]
|

Exhibr¥+ B



Case 5:02-cv-01939-LSC Document 1  Filed 08/07/02 Page 11 of 15

U.S. Patent Apr. 14, 1998 Sheet 1 of 2 5,739,684

FIG. 1

wimmmn‘:’i
,,,,, Wt e

o A
4 rv—g\\\\\\“\,\\" :
R g

— 27
——

13



Case 5:02-cv-01939-LSC Document 1  Filed 08/07/02 Page 12 of 15

U.S. Patent Apr. 14, 1998 Sheet 2 of 2 5,739,684




Case 5:02-cv-01939-LSC Document 1  Filed 08/07/02 Page 13 of 15

5,739,684

1

UNITARILY FORMED HUB AND ABS
EXCITER RING

FIELD OF THE INVENTION

This invention relates in general to a device used in
conjunction with an anti-lock braking system and, in
particular, to a wheel or hub having unitarily formed pulse
teeth on the inboard face of the wheel or hub for use with an
anti-lock braking system.

BACKGROUND OF THE INVENTION

Anti-lock braking systems, commonly referred to as ABS
brakes are found increasingly in motor vehicles of all types
including trucks. ABS systems function generally by moni-
toring the relative rotational speed of a hub and using that
information to adjust the braking force applied to the brake
to avoid lock-up of the wheel during braking. ABS systems
generally employ sensors mounted on a non-rotating portion
of the axle adjacent a rotating portion of the wheel assembly
to determine the relative wheel rotational speed. The relative
wheel rotational speed is sent to a logic system which
tabulates rotational speed of the wheel to determine whether
impending wheel lockup is occurring. Lock-up of a wheel is
undesirable during braking as it may result in instability, loss
of steering control and increased stopping distances and
time.

The prevention of wheel lock-up during braking is rel-
evant in the trucking ficld, particularly with respect to
articulated vehicles where loss of control conld cause jack-
knifing on slippery roads during braking. ABS systems work
in general by taking the signals from the sensors monitoring
the wheel speed and therefrom determining whether lock-up
is impending. In response to this determination, the ABS
system modulates the braking forces to prevent an impend-
ing lock-up from occurring.

In most conventional ABS systerns, the sensing mecha-
nism used is generally a magnetic pick-up. The sensor is
mounted to a stationary portion of the vehicle’s axle. The
sensor is actuated by a tone wheel or exciter ring which is
generally mounted on a rotating hub assembly. The exciter
ring includes a series of teeth which project from a surface
of the exciter ring. The sensor is mounted adjacent the
exciter ring and each time the teeth of the exciter ring rotate
past the magnetic pick-up an electrical pulse is generated.
The electrical pulse is sent to a logic portion or computer
associated with the ABS system. The computer associated
with the ABS system then evaluates the pulses to determine
the acceleration or deceleration rate of the rotating hub, and
if necessary, sends any correction signals required to regu-
late the braking force to avoid impending wheel lock-up.

ABS systems typically use a cylindrical exciter ring that
is farmed from powdered metal, machined from a tube, or
formed from a strip of steel or other material that includes
a number of teeth projecting from the surface thereof. Pulse
tecth are formed into a surface of the ring to enable the
sensar to detect rotation of the hub. The ring is press fit over
a cylindrical surface of the hub so that it will rotate with the
hub. The magnetic sensor or pickups are mounted on a
non-rotating part of the vehicle such as an axle support or
housing adjacent to the exciter ring to detect the rotating
teeth.

There are several disadvantages associated with this type
of exciter ring. First, it is necessary to maintain precise fits
between the hub and the exciter ring. This requires precision
machining of the hub as well as the exciter ring which adds
considerably to the cost of manufacturing. Even if precise

0

2

tolerances are maintained when the exciter ring is press fit
onto the hub. the exciter ring can get knocked out of
alignment and the magnetic pickup or sensor will not
function as intended. If precise tolerances are not maintained
hoop stresses in the ring could cause the ring to fail and be
displaced from its exact location which can also disrupt the
proper functioning of the ABS system. The high press fit can
also distort the hub bearing or seal bores and cause a loss of
function of the hub. Corrosion of the exciter ring also may
pose a problem for press fit exciter rings as corrosion may
alter the clearance between the pulse teeth and the sensor
needed to maintain the ABS system functioning properly.

Another prior art method of attaching the exciter ring to
the hub is to insert cast the exciter ring as part of the hub
itself. This is generally performed by bonding a steel ring to
the non-ferrous hub by insert casting the steel ring in the
hub. After casting, the bub is machined to provide the
appropriate bearing cup bores, sealing bores and openings
for mounting the wheel. The hub is machined still further to
expose the pulse teeth around the hub. The major disadvan-
tage to this method of integrally forming the hub and exciter
ring is the step of insert casting which is complicated and
significantly raises the cost of producing the hub.

Still another prior art method of producing an exciter ring
and hub assembly is to simply use a cast hub. Subsequently,
the exterior cylindrical surface of the hub is machined to
provide the proper clearance between the hub surface and
the ABS sensor. Axially extending grooves are then
machined into the exterior cylindrical surface of the hub
forming axially extending teeth. This method while it does
avoid some of the disadvantage associated with press fitting
an exciter ring on a hub, still requires several machining
steps including precise machining of the hub’s outside
cylindrical surface to maintain the roundness of the hub
surface to insure the proper clearance between the pulse
teeth and the sensor. Moreover, the positioning of the axially
extending teeth in a load bearing portion of the hub requires
additional material in the hub to maintain structural integrity.

SUMMARY OF THE INVENTION

It is a general object of the present invention to provide a
hub adapted for use with an ABS system.

It is a further object of the present invention to provide a
hub having unitarily formed pulse teeth for use in conjunc-
tion with an ABS system.

Still a further object of the present invention is to provide
a hub with pulse teeth unitarily formed on the end face of the
inboard section of the hub.

Yet another object of the present invention is to provide a
hub with radially extending pulse teeth unitarily formed on
the end face of the inboard section of the hub.

In accordance with a preferred embodiment of the inven-
tion a hub for a motor vehicle having an anti-lock braking
system is provided including a ferrous hub having a sub-
stantially cylindrical body. The body includes an inboard
and outboard section and an annular end face portion on the
inboard section. Means are provided for rotatably mounting
the hub to a suspension structure of the motor vehicle about
an axis of rotation. Radizlly extending pulse teeth, unitarily
formed in the end face of the inboard portion of the hub by
a series of radially extending grooves are provided. Rotation
of the pulse teeth are detected by a sensor used in conjunc-
tion with the anti-lock braking system.

I is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and are intended to provide further explanation of the
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invention claimed. The accompanying drawings which are
ind and constitute part of this specification are
included to illustrate and provide a further understanding of
the device and method of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a side elevational view of a hub having unitarily
formed pulse teeth made in accordance with the principles of
the present invention.

FIG. 2 is side sectional view of the hub of FIG. 1
connected to a motor vehicle axle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Ahub with radialty extending pulse teeth unitarily formed
therewith according to the principles of the present invention
is shown in FIG. 1 and generally designated at 10. The term
bub is used throughout the application and should be under-
stood as referring to either a spoke wheel or hub of motor
vehicles, for example. the hubs or spoke wheels of trucks
and trailers. Referring to FIGS. 1 and 2, the hub 10 includes
a generally cylindrical body 12, which includes an outboard
extension 14 and an inboard extension 16. The cylindrical
body 12 defines a substantially cylindrical interior passage-
way 18 which includes bearing cups 20 which are adapted
to engage roller bearing 22 to rotatably mount the hub to the
vehicle axle 24 or other suspension component of the
vehicle.

The hub 10 also includes a mounting flange 26 extending
radially from the cylindrical body 12. The radially extending
mounting flange 26 assists in defining the inboard section 16
and outboard section 14 of the hub 10. Equidistantly spaced
openings 28 arc formed in the mounting flange 26 and are
adapted to receive wheel mounting studs 30 for mounting a
wheel and tire assembly 32 to the outboard section 14 of the
hub 10.

The hub 10 is generally formed as a casting or forging and
is made from a ferrous material preferably ductile iron or
cast steel. Alternatively, other ferrous materials such as steel
forging or austempered ductile iron may be used in forming
the hub. The bearing cups bores, sealing bores and openings
28 are machined and drilled to their proper dimeasions in 2
maanner well-known in the art. The outside surface 34 of the
inboard portion 16 of the hub 10 is not required to be
machined for the invention to work in its intended manner.
However, the outside surface 34 of the inboard section 16
may be machined for cosmetic purposes.

After the interior dimensions have been machined, as
noted above. a plurality of radially extending grooves 36 are
formed in the annular end face 38 of the inboard portion 16
of the hub 10 forming a series of radially extending pulse
teeth 49. The top surface 41 of the radially extending pulse
teeth are preferably coplanar with the end face 38. The
grooves 36 are equidistantly spaced about the end face 38 of
the inboard hub 16. The grooves 36 and the corresponding
pulse teeth 40 are machined, preferably by using super
abrasive machining (“SAM”) or an abrasive cutter.
Alternatively. milling, broaching, laser cutting or other
methods of removing metal may be utilized to form the
grooves 36.

Referring to FIG. 2. the hub 10 of the prescnt invention is
shown mounted on an axle 24. Also shown is a magnetic
pick-up or sensor 44 which is held by a bracket 46 to a
non-rotating member of the axle 24. The bracket may also be
mounted on a portion of the axle support assembly. The
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sensor 44 is positioned adjacent the end face 38 of the
inboard hub 16 and detects the pulse tecth 40 as they pass by
the sensor during rotation of the hub 10. The sensor 44
produces an clectrical pulse each time a tooth 40 passes. The
detection of the teeth 40 and the creation of an electrical
pulse by the sensor 44 is well known in the art. Sensors of
the type generally used in ABS systems generally employ
either variable reluctance or inductive pick up technologies.
The electrical pulses produced by the sensor 44 are sent to
a logic unit (not shown) of an anti-lock braking system. The
logic unit. evaluates the pulses and produces signals to
control the braking pressure on that brake.

The sensor 44 when used in conjunction with the pre-
ferred embodiment of the present invention may be placed
on the axle 24 prior to the mounting of the hub 10 on the
axle. Ideally, the position of the sensor 44 should be directly
adjacent the tecth 40. The positioning of the unitarily formed
pulse teeth 40 on the face 38 of the hub 10 in accordance
with the present invention permits the sensor 44 1o be
mounted on the axle 24 prior to the mounting of the hub. The
hub 10 may then be mounted on the axle 24 and used to push
the sensor 44 into its proper place directly adjacent the pulse
teeth 40. The sensor may then be quickly tightened with no
additional need for measuring tolerances or assuring clear-
ances.

One significant advantage of the present invention is that
the position of the radially extending grooves 36 and pulse
teeth 40 on the end face 38 of the inboard section 16 of the
hub, allows the grooves to be formed by abrasive cutting.
Use of a large diameter abrasive wheel (commonly referred
to as SAM) for use on relatively large diameter hubs is
generally not possible when the pulse teeth are placed on the
outside surface of the inboard portion 16 of the hub due to
the close proximity of the mounting fiange 26. Pulse teeth
positioned on the outside surface of the inboard hub can only
be formed by the use of a milling cutter or by hobbing. These
devices are slower and therefore raise the cost of producing
the hubs. Moreover, the use of the abrasive cutter to form the
pulse teeth 40 on the end face 38 of the inboard portion of
the hub climinates the need for deburring which is a sec-
ondary operation necessary when using other processes such
as milling cutters and bobbing.

Another advantage to forming the radially extending
grooves 36 and corresponding pulse teeth 40 on the end face
38 is that it requires less material to be removed from the hub
10 than placing axially extending grooves in the outside
surface, thereby minimizing the removal of supporting
material maintaining the structural integrity of the hub. This
is extremely important as the material over the inner bearing
cup 20 is a load carrying portion of the hub 10. Moreover,
sharp corners are required at the top and bottom of the pulse
teeth 40 to generate a clean signal for the sensor 44. Sharp
corners damage the structural integrity of the load carrying
portion of the hub. By placing the sharp corners on a lower
stressed area on the end face 38 of the hub 10, oriented
perpendicular to the strain in the radial direction. the present
invention improves the life of the hub 10 with minimum
additional material.

While a preferred embodiment of the hub 10 with uni-
tarily formed pulse teeth has been shown in accordance with
the invention, as well as methods of making, it should be
apparent to those skilled in the art that what has been
described is considered at the present to be a preferred
embodiment. In accordance with the patent statutes. changes
may be made in the hub in its operation in accordance with
this invention without actually departing from the true spirit
and scope of this invention. The following claims are
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intended to cover all such changes and modifications which
fall in the true spirit and scope of this invention.

What is claimed is:

1. A hub for a motor vehicle having an anti-lock braking

system, said hub comprising:

a ferrous hub having a substantially cylindrical body, said
cylindrical body including an inboard section and an
outboard section, a mounting flange extending from
said cylindrical body to mount a rim for a tire, said
inboard section of said cylindrical bevy including an
annular end face;

means for mounting said hub to an axle of the motor
vehicle for rotation about an axis of rotation; and

a plurality of radially extending grooves unitarily formed
in the end face of the inboard section of the hub, said
grooves defining a plurality of radially extending pulse
teeth therebetween coincidental with said annular end
face.

. 2. The hub of claim 1 wherein said radially extending 20

grooves arc farmed by high speed abrading of the end face
of the inboard section of the hub.

3. The hub of claim 1 wherein said pulse teeth are
coincidental with said end face of the inboard section of said
hub.

4. The hub of claim 1 wherein the radially extending
grooves extend through the entire radial thickness of inboard
section of the hub.

5. The hub of claim 1 which includes a sensor for
detecting rotation of the hub, said sensor movable by said
hub between an iritial position disposed on a non-rotating

6

portion of an axle of said motor vehicle and a working
position directly adjacent said radially extending teeth of
said hub when said hub is mounted to said suspension
structure.

6. The hub of claim 1 wherein said grooves are equidis-
tantly positioned about said end face and extend radially
between an inner surface of said cylindrical body and an
outer surface of said cylindrical body.

7. A hub for a motor vehicle having an anti-lock braking
system and a sensor in combination coroprising:

a ferrous hub having a substantially cylindrical body of
predetermined radial thickness, said cylindrical body
including a radial mounting fiange defining an inboard
section and an outboard section of said cylindrical
body, said inboard section including an apnular end
face;

means for mounting said hub to a suspension structure of
the motor vehicle for rotation about an axis of rotation;

a plurality of radially extending grooves unitarily formed
in the end face of the inboard section of the hub, said
grooves defining a plurality of radially extending pulse
teeth therebetween; and
sensor for detecting rotation of the hub said sensor
movable by said hub between an initial position dis-
posed on a non-rotating portion of an axle of said motor
vehicle, and a working position directly adjacent said
radially extending teeth of said hub when said hub is
mounted to said suspension structure.

»
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