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Description

Background

1. Field of the Invention

[0001] The present invention pertains generally to
brake disks (also referred to as rotors) and drums made
of cast iron, carbon steel, stainless steel or a ceramic/
metal composite material with a functionally engineered
friction surface, and to methods of making such brake
disks.

2. Related Art

[0002] During braking, hydraulic energy is used to
press the vehicle’s brake pads against the rotating brake
disk. The friction resulting from the moving contact be-
tween brake pad and brake disk slows the rotation of the
brake disk and decreases the speed of the vehicle. This
frictional contact generates heat and causes the contact
surfaces on the brake pad and brake disk to wear une-
venly. Excessive wear can cause the brake disk to be-
come thin and weak resulting in warpage and brake fade.
In some cases, the thinning of the brake disk becomes
so severe that the brake disk is no longer able to support
the stresses and heat generated during braking. The re-
sult is typically a warped brake disk that can cause un-
desirable brake chattering and an unsafe brake system.
[0003] Afactorthatcan be considered when designing
brake rotors is aesthetics. Modem motorcycles have rath-
er large diameter brake disks that are plainly visible, es-
pecially the front disk(s). Because of this visibility, the
color and surface appearance of a brake disk can add to
or detract from the overall look of the motorcycle. These
considerations can affect a purchaser’s decision when
buying a new motorcycle and also when retrofitting a mo-
torcycle with a new brake system.

[0004] In view of the foregoing, there are a number of
reasons why it is important for a brake disk (also some-
times referred to as a brake rotor) to dissipate heat while
atthe same time to be wear and corrosion resistant. First,
the ability of the brake disk to dissipate heat helps elim-
inate the possibility of brake fade, wear and subsequent
warpage. This, in turn, would potentially lead to a longer
service life for the brake rotor. A longer service life trans-
lates into reduced maintenance and the associated
costs. Additionally, the ability of the brake disk to dissi-
pate heat faster would result in less brake fade which
would add to the safety aspects of the overall braking
system. A final consideration, which is especially impor-
tant for brake disks used on motorcycles (or wherever
the brake disk is exposed to general view), is the appear-
ance of the brake disk.

French publication no. 2807484 discloses a brake disk
having surfaces with raised portions and channels in be-
tween the raised portions.

PCT publication no. WO 2006/092270 discloses a brake
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disk for a vehicle having a friction surface with a number
of sub-segments, at least some of which are physically
separated from one another by expansion joints.

US patentno. 3,171,527 describes friction couplings hav-
ing a plurality of friction blocks for producing a cooling air
flow in the vicinity of the coupling.

US patent publication no. 2003/0136614 describes a disk
brake for road vehicles having air cooling channels lo-
cated between the brake lining segments for providing
cooling air between the road disks and the friction disks.
International publication no. WO 98/50837 describes a
rotor for caliper disk brakes having a plurality of circum-
ferentially spaced apart fins defining its friction surface.
Japanese publication no. 07-224390 describes a sliding
member having a double-layer coating for wear resist-
ance.

Summary

[0005] According to afirst aspect of the invention there
is provided a brake disk as set out in claim 1. The brake
disk is characterised in that each channel has a rough-
ened base surface to create turbulence in air flowing
along the channels.

[0006] According to a second aspect of the invention,
there is provided a method for manufacturing a brake
disk, which method is characterised by roughening a
base surface of the channels as set out in claim 12.
[0007] According to a third aspect of the invention,
there is provided a braking system as set outin claim 15.
[0008] Embodiments described herein provide coated
brake disks that have raised island formations integrated
into one or both of the parallel working surfaces of the
disk with channels extending between the island forma-
tions that improve the dissipation of the heat generated
during the braking process, and methods for making such
brake disks with integral island formations. The outer sur-
faces of the island formations may be generally flat and
act as the friction surfaces which engage the opposing
brake pad on braking. In one embodiment, a brake disk
is disk-shaped having a central hole (or in some cases
multiple holes) to allow the brake disk to be positioned
over a hub and attached to a motor vehicle. The brake
disk is further formed with a pair of annular surfaces that
extend from the central hole to the periphery of the brake
disk, and each annular surface has a plurality of raised
island formations or lands at spaced intervals across the
surface, with channels defined in the spaces between
adjacent island formations. The island formations are
provided for contact with the brake pads during braking
and constitute the wear or working surfaces for the brake
disk. Island formations can be provided in any shape or
size as long as they provide a sufficient friction or working
surface area based on braking performance criteria. The
island formations can also be designed to be ornamental
in appearance to enhance the aesthetic appearance of
exposed portions of the disk surfaces.

[0009] In accordance with some embodiments, the
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brake disk or rotor can be made of cast iron, stainless
steel or a light weight ceramic material or ceramic com-
posite material, or combinations thereof. One or both
working surfaces include a plurality of spaced island for-
mations on contact surfaces. The air flow channels be-
tween adjacent island formations allow for improved air
flow over the working surface in order to improve dissi-
pation of the heat generated during the braking process.
The brake disks with the island formations are coated
with or include a coating material that is wear and corro-
sion resistant. The coating material may have an aes-
thetically pleasing appearance and may be deposited on
portions of the brake disk that are visible when the brake
disk is installed on the vehicle. In one embodiment, the
coating is deposited on the entire brake disk. Alternative-
ly, the coating may be deposited only on the island for-
mations. Coating materials of different colors or produc-
ing surface textures or appearances may be provided on
different regions of the disk surfaces, for example on the
island formations and channels between the island for-
mations, for enhancing the appearance of the disk.
[0010] The specific size, shape, directional alignment,
depth of air flow channels and the surface finish of the
channels can be introduced to the brake disk surface by
utilizing a variety of methods. The island formations may
be imparted to the brake surfaces by various machining
or forming techniques, including bead blasting, grinding,
acid etching, laser etching, roll forming, embossing,
stamping, honing, lapped, polished, blanched, milled,
profiled or any other machined surface treatment or sur-
face geometry modification and any combination(s)
thereof.

[0011] In one embodiment, a surface finish or texture
is produced on the entire area of the annular surface or
on the island formations alone, prior to application of any
coating layers. The desired surface texture may be pro-
duced by blasting the brake disk surface with a continu-
ous stream of particles (commonly referred to as bead
blasting) which are typically harder than the brake disk
surface. These particles can be round in shape or very
irregular in shape. The various particle shapes impart a
different surface finish or surface geography to the brake
disk. For example, with round particles (of various sizes)
and appropriate particle energy (air pressure or hydro
pressure) a surface texture that microscopically resem-
bles low soft rolling hills can be achieved. With irregular
(crystalline) shaped particles, a very coarse surface ge-
ometry (very rugged/jagged peaks and valleys) can be
imparted to the brake disk surface. Other methods such
as a sanded or a ground surface finish can be used to
give a different appearance when coated with the wear
and corrosion resistant coating. When the sanded or
ground surface finish is done in a cross- hatched config-
uration and then coated with the wear and corrosion re-
sistant coating, the coated brake disk can be made to
look as though it has a woven appearance such as is
found in components made from carbon fiber. In general,
there are a multitude of surface finish techniques that
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can be utilized to impart a specific surface texture or ge-
ometry into the brake disk.

[0012] In one embodiment, a coating is deposited on
all or part of the opposite annular surfaces of the brake
disk. The coating may be applied only to the island for-
mations which contact the brake pads, or may extend
over the entire surface including the island formations
and the channels between the island formations. In one
embodiment, the coating includes a first layer of a mate-
rial having either an amorphous structure (i.e. a non-crys-
talline structure), a crystalline structure, or a mixture of
amorphous and crystalline structure materials. In a par-
ticular embodiment, the material of the first layer is a met-
al such as titanium, chromium, zirconium, aluminum, haf-
nium or an alloy thereof. The first layer is applied directly
on the brake di sk. The coating further includes a second
layer that overlays and contacts the first layer. In one
embodiment, the second layer includes one or more met-
al nitrides, metal borides, mental carbides and metal ox-
ides. The second layer may include one or more nitrides,
borides, carbides or oxides of the metal used in the first
layer. For example, for a coating having titanium as the
first layer, the second layer can be titanium nitride (TiN).
Note; the abbreviations (e.g. TiN) are used herein as a
shorthand rather than an exact chemical label, and do
not suggest that the stoichiometry of the indicated com-
pound must be exactly as stated in the abbreviation.
[0013] In one embodiment, after machining a brake
disk with a selected arrangement of spaced island for-
mations, and applying any desired surface finish, coating
layers are applied using a physical vapor deposition
source such as a cathodic arc source with a controlled
gas atmosphere. Other operable techniques such as un-
balanced magnetron sputtering or thermal evaporation
may also be used. During coating deposition, the brake
disks are positioned on a fixture and the fixture is rotated
in a planetary movement about a central axis. In greater
detail, the fixture includes three or more parallel poles
that are mounted on a plate and arranged wherein each
pole is spaced at an equal distance from the other poles.
A plurality of brake disks can be stacked on each pole,
with spacers to separate adjacent disks within each
stack. The poles are spaced from each other to allow the
brake disks on one pole to overlap the brake disks on an
adjacent pole. The spacers prevent brake disks on one
pole from contacting the brake disks on an adjacent pole.

Brief Description of the Drawings

[0014] The details of the present invention, both as to
its structure and operation, may be gleaned in part by
study of the accompanying drawings, in which like refer-
ence numerals refer to like parts, and in which:

[0015] Figure 1 is a perspective view of a motorcycle
having a disk brake system;

[0016] Figure 2 is a perspective view of a coated disk
brake;
[0017] Figure 3A is an enlarged cross-sectional view
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of a portion of the coated disk brake shown in FIG. 2 as
seen along line 3-3 in FIG. 2 showing the coating layers;
[0018] Figure 3B is an enlarged cross-sectional view
of the circled area of the coated surface in Figure 3A,
illustrating one embodiment of a surface texture applied
to the surface of the disk substrate prior to application of
the coating layers;

[0019] Figure 4 is a front elevation view of a fixture for
supporting the disk brakes during the coating process;
[0020] Figure 5 is a top plan view of a fixture for sup-
porting the disk brakes during the coating process;
[0021] Figure 6 is a schematic plan view and control
diagram of a deposition apparatus for use in the coating
process;

[0022] Figure 7 is a schematic perspective view of a
detail of the deposition apparatus of FIG. 5;

[0023] Figure 8 is a schematic cross-sectional view of
the cathodic arc source, taken along lines 8-8 of FIG. 7;
and

[0024] Figure 9 is a perspective view of a brake rotor
surface with four different surface modifications or "island
formations".

Detailed Description

[0025] Certain embodiments as disclosed herein pro-
vide for brake disks with spaced raised surface portions
orisland formations having an aesthetically pleasing ap-
pearance and also providing air flow channels for cooling
purposes between the adjacentisland formations, as well
as methods for making the brake disks.

[0026] After reading this description it will become ap-
parent to one skilled in the art how to implement the in-
vention in various alternative embodiments and alterna-
tive applications. However, although various embodi-
ments of the present invention are described herein, it is
understood that these embodiments are presented by
way of example only, and not limitation. As such, this
detailed description of various alternative embodiments
should not be construed to limit the scope or breadth of
the presentinvention as set forth in the appended claims.
[0027] ReferringtoFIG. 1, motorcycle 10 is shown that
includes a disk brake system. As shown, the disk brake
system includes a brake disk or rotor 12 that is attached
to the front wheel 14 of the motorcycle 10 for rotation
therewith. Typically two brake disks are attached to the
front wheel of a motorcycle, and one or two brake disks
are attached to the rear wheel. The brake system further
includes a caliper 16 having a pair of brake pads that can
be selectively applied against the brake disk 12 using
hydraulic pressure to slow the rotation of the brake disk
12andwheel 14. Inatypical setup, the hydraulic pressure
is provided by the motorcycle operator using a hand lever
mounted on the handlebars of the motorcycle 10.
[0028] A better appreciation of a brake disk 12 can be
obtained with reference to FIG. 2. As shown, the brake
disk 12 is disk-shaped having a central hole 18 to allow
the brake disk 12 to be positioned over the hub of the
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wheel 14 (shown in FIG. 1). The brake disk 12 is further
formed with annular working surfaces 20a,b (see also
FIG. 4) that extend from the central hole 18 to the pe-
riphery 22 of the brake disk 12. As shown, surface 20a
is parallel with and opposed to surface 20b on the brake
disk 12. At least a portion of each of the surfaces 20a,b
is designed for contact with the brake pads during brak-
ing, as described in more detail below. In one embodi-
ment, a surface finish is applied to the annular surfaces
prior to coating all or part of each surface with a wear
and corrosion resistant coating, as described in more de-
tail below.

[0029] In one embodiment, the annular surfaces 20a
and 20b of brake disk 12 are provided with a plurality of
raised land portions or island formations with spaced air
flow channels between the island formations. Only the
island portions contact the brake pads during braking in
this arrangement, and comprise the wear surfaces of the
brake disk 12. Figure 9 illustrates some examples of pos-
sible land portions or island formations which may be
provided on the opposite surfaces 20a and 20b of disk
12.In Figure 9, four possible island formations are shown
in the four quadrants of the exposed disc surface 20a;
tear drop shaped formations 150, circle or dot shaped
formations 152, figure eight shaped formations 154, and
letter shaped formations 155, with channels or voids 156
between the island formations allowing air flow extending
between the formations. As seenin three of the quadrants
in Figure 9, the island formations may be arranged in
rows which extend radially from the central opening 18
of the disk out to the peripheral edge, with radial air flow
channels extending outwardly between each adjacent
pair of rows, in addition to channels which extend be-
tween adjacent pairs of island formations in each row.
The island formations have upper surfaces 158 which
are at least substantially flat friction surfaces for contact
with the brake pads during braking, and are designed
with sufficient surface areas for braking purposes. The
four formations illustrated in Figure 9 are examples of
suitable island formations. Alternative island formations
of different shapes and sizes may be engineered for cool-
ing and wear in order to meet specific performance cri-
teria in addition to providing an aesthetically pleasing ap-
pearance.

[0030] In one embodiment, spaced island formations
of the shape shown in any one quadrant of Figure 9 ex-
tend over the entire disk surface. Alternatively, island for-
mations of any desired different shapes and sizes may
be provided in patterns over the disk surface. The island
formations can be of any size or shape including but not
limited to; letters or names, numbers, logos, trademarks,
dashes, other geometric shapes, and the like. The island
formations can be designed to be aesthetically pleasing
in appearance which is particularly desirable when the
disk surfaces are externally visible, as is the case with
many motor cycle brake disks (see Figure 1). The
grooves or channels around the island formations result
in a significant reduction in the overall weight of the brake
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disk which in turn improves the efficiency and perform-
ance of the motor vehicle. Additionally, the channels al-
low for air flow around the island formations for increased
cooling and heat dissipation. The base of each channel
is roughened or modulated to provide bumps or the like,
creating turbulence in air flow along the channel which
may produce enhanced cooling.

[0031] Island formations of the desired shape and di-
mensions may be formed in any suitable manner, for ex-
ample by appropriate machining or other forming proc-
esses. After machining the desired island formations on
one or both surfaces of the disk, the entire brake disk is
coated with a wear and corrosion resistant coating 24
which eliminates or greatly reduces the wear of the island
braking surfaces, as generally illustrated in Figure 3A.
Alternatively, the functional island braking surfaces alone
may be coated with coating 24. The coating improves
the overall look or aesthetics of the brake disk. In one
embodiment, the coating includes a first layer of a metal,
such as a pure titanium metal, and a second layer that
includes a nitride, boride, carbide or oxide of the metal
used in the first layer. The coating may be applied using
a physical vapor deposition source such as a cathodic
arc source with a controlled gas atmosphere. The mate-
rials used for coating 24 may be of different colors and
may be designed to produce different surface appear-
ances, such as a light reflective, shiny appearance, for
example, particularly on regions of the surface which are
visible when the brake disk is installed on a vehicle.
[0032] Inoneembodiment, asurface finish may be pro-
duced on the surfaces of the brake disk substrate, includ-
ing the island formations, by blasting the brake disk sur-
face with a continuous stream of particles (commonly
referred to as bead blasting) which are typically harder
than the brake disk surface. These particles can be round
in shape or very irregular in shape. The various particle
shapes impart a different surface finish or surface geog-
raphy to the brake disk. For example, with round particles
(of various sizes) and appropriate particle energy (air
pressure or hydro pressure) a surface texture that micro-
scopically resembles low soft rolling hills can be
achieved. With irregular (crystalline) shaped particles, a
very coarse surface geometry (very rugged/jagged
peaks and valleys) can be imparted to the brake disk
surface. Other methods such as a sanded or a ground
surface finish can be used to give a different appearance
when coated with the wear and corrosion resistant coat-
ing. When the sanded or ground surface finish is done
in a cross- hatched configuration and then coated with
the wear and corrosion resistant coating, the coated
brake disk can be made to look as though it has a woven
appearance such as is found in components made from
carbon fiber. In general, there are a multitude of surface
finish techniques that can be utilized to impart a specific
surface texture or geometry into the brake disk prior to
application of a coating 24. In one embodiment, selected
surface finishes may be implemented as described in co-
pending United States Patent Application Serial No.
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12/034,590 of Meckel filed on February 20, 2008, the
entire contents of which are incorporated herein by ref-
erence. In alternative embodiments, only the braking sur-
faces of the island formations may be treated to produce
a surface texture, for example, by masking the channels
between the island formations during bead blasting or
other surface treatments.

[0033] Coating 24 is shown applied to a brake disk
substrate 26 in Figures 3A and 3B. The brake disk sub-
strate or rotor 26 may be formed of any suitable material
such as cast iron, stainless steel, light weight metal al-
loys, ceramic materials, ceramic composite materials, or
combinations thereof. The coating 24 may be implement-
ed in one embodiment using the fixtures, techniques and
materials as described in co-pending Application Serial
No. 12/034,590 referenced above, and in co-pending
United States Patent Application Serial No. 12/034,599
of Meckel filed on February 20, 2008, the entire contents
of which are incorporated herein by reference. The por-
tion of the substrate 26 illustrated in Figure 3A may be
part of the top surface of an island formation, or part of
the channel between adjacent island formations. As not-
ed above, the entire surface of the disk (island formations
and valleys or channels between island formations) may
be coated. In alternative embodiments, the island forma-
tions only may be coated.

[0034] As further shown in FIG. 3A, the coating 24 in-
cludes afirst layer 28 of a material having an amorphous
structure (i.e. a non-crystalline structure) or a crystalline
structure. In a particular embodiment, the amorphous or
crystalline material is a metal such as titanium, chromi-
um, zirconium, aluminum, hafnium or an alloy thereof.
The coating 24 further includes a second layer 30 that
overlays and contacts the first layer 28. Though the layers
are depicted as distinct, in some embodiments, the layers
intermingle or merge such that no distinct boundary ex-
ists between the layers. The second layer 30 can include
one or more binary metals, for example, one or more
metal nitrides, metal borides, metal carbides and metal
oxides. The second layer can include one or more ni-
trides, borides, carbides or oxides of the metal used in
the first layer. In some embodiments, the coating may
comprise multiple layers of alternating metal and metal
compound materials may be applied in order to impart
specific physical properties to the brake disk or rotor. In
some embodiments of a coating 24, amorphous titanium
constitutes the first layer 28 and a titanium nitride (TiN,
T1,N, etc.) constitutes the second layer 30. Multiple al-
ternating layers 28, 30 can be configured to form a lattice
structure or a super lattice structure. These are thin films
formed by alternately depositing two different compo-
nents to form layered structures. Multilayers become su-
perlatices when the period of the different layers is less
than 100A. With this cooperation of structure, a coating
24 having a service life to exceed approximately 100,000
vehicle miles or more can be obtained. Note: the abbre-
viations (e.g. TiN, Ti,N, etc.) are used herein as a short-
hand rather than an exact chemical label, and do not
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suggest that the stoichiometry of the indicated compound
must be exactly as stated in the abbreviation.

[0035] Figure 3B illustrates the optional addition of a
surface texture 29 to the surface of substrate 26 prior to
application of the coating layers 28 and 30. The surface
texture in Figure 3B is a coarse texture as may be im-
parted by blasting with irregular shaped particles, as de-
scribed above, and comprises a series of peaks and val-
leys with angular apices at each peak and valley. Alter-
native surface textures may be rounded, crosshatched,
or woven in appearance, as described above. When the
textured surface 29 is subsequently coated with one or
more coating layers, the resultant, substantially flat sur-
face can exhibit a three dimensional appearance or wo-
ven texture. In addition, the composition and thickness
of the coating layers can be selected to achieve desired
light reflection and absorption characteristics in order to
produce an attractive ornamental appearance.

[0036] Referring now to FIGS. 4 and 5, a fixture 34 is
shown for holding the brake disk substrates 26 during
coating. Although notvisible in FIGS. 4 and 5, the working
surfaces of substrates 26a to 26e have plural raised pro-
jections or island formations as described above in con-
nection with Figure 9. Although the fixture 34 is shown
holding five brake disk substrates 26a-e, it is to be ap-
preciated that the fixture 34 is merely exemplary and that
fewer or more brake disk substrates 26 could be posi-
tioned on a fixture 34. As shown, the fixture 34 includes
three parallel poles 36, 38, 40 that are mounted on and
extend from a base plate 42. Although the fixture 34 only
shows three parallel poles 36, 38, 40 it is appreciated
that this configuration is only exemplary and that fewer
or more parallel poles could be positioned on the fixture
34. The parallel poles 36, 38, 40 are arranged on the
base plate 42 with each pole 36, 38, 40 spaced at an
equal distance from the other two poles 36, 38, 40. With
this cooperation of structure, a plurality of brake disk sub-
strates 26 can be stacked on each pole 36, 38, 40. For
example, as shown, brake disk substrates 26a and 26d
are stacked on pole 36, brake disk substrate 26c¢ is
stacked pole 38 and brake disk substrates 26b and 26e
are stacked on pole 40.

[0037] Asiillustrated in FIGS. 4 and 5, spacers 44a-e
are used to selectively separate adjacent brake disk sub-
strates 26 on each pole 36, 38, 40. For the implementa-
tion shown, each spacer 44a-e includes a tube 46 and
flange 48 allowing each spacer 44a-e to be slid over a
respective pole 36, 38, 40 and positioned as desired. In
the implementation shown in FIGS. 4 and 5, the spacing
between poles 36, 38 is established to allow the brake
disk substrates 26 on one pole 36, 38, 40 to overlap the
brake disk substrates 26 on an adjacent pole 36, 38, 40.
Also for the implementation shown in FIGS. 4 and 5, the
spacers 44a-e have been sized to prevent brake disk
substrates 26 on one pole 36, 38, 40 from contacting the
brake disk substrates 26 on an adjacent pole 36, 38, 40.
[0038] FIGS. 6 and 7 depict a deposition apparatus 50
for coating the brake disk substrates 26, although other
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operable deposition apparatus may be used. The depo-
sition apparatus 50 includes a chamber 52 having a body
54 and a door 56 that may be opened for access to the
interior of the chamber 52 and which is hermetically
sealed to the body 54 when the chamber 52 is in opera-
tion. The interior of the chamber 52 is controllably evac-
uated by a vacuum pump 58 pumping through a gate
valve 60. The vacuum pump 58 includes a mechanical
pump and a diffusion pump operating together in the usu-
al manner. The interior of the chamber 52 may be con-
trollably backfilled to a partial pressure of a selected gas
from a gas source 62 through a backfill valve 64. The
gas source 62 typically includes several separately op-
erable gas sources. The gas source 62 usually includes
a source 62a of an inert gas such as argon and a source
62b of Nitrogen gas, each providing gas selectively and
independently through a respective selector valve 65a
or 65b. Other types of gas can also be provided as de-
sired, such as gases required to produce borides, oxides
and/or carbides.

[0039] The pressure within the chamber 52 is moni-
tored by a vacuum gage 66, whose output signal is pro-
vided to a pressure controller 68. The pressure controller
68 controls the settings of the gate valve 60 and the back-
fill valve 64 (and, optionally, the selector valves 65),
achieving a balance of pumping and backfill gas flow that
produces a desired pressure in the chamber 52 and
thence pressure reading in the vacuum gauge 66. Thus,
the gaseous backfilled atmosphere within the chamber
52 is a flowing or dynamic atmosphere.

[0040] In the illustrated embodiment, four linear dep-
osition sources 70 are mounted within the interior of the
chamber 52 in a circumferentially spaced-apart manner.
In alternative embodiments, a greater or lesser number
of linear deposition sources may be used, with two or
more deposition sources being used in each embodi-
ment. In FIG. 6, the four deposition sources are identified
as distinct sources 70a, 70b, 70c, and 70d, as addressed
individually in the subsequent discussion. The four dep-
osition sources 70 are generally rectangular bodies hav-
ing a greatest rectilinear dimension elongated parallel to
a source axis 72. This type of deposition source is distinct
from either a stationary point source or a point source
that moves along the length of the substrate 26 during
deposition procedures.

[0041] A support 74 is positioned in the chamber 52.
The support 74 produces a compound rotational move-
ment of a fixture 34 mounted thereon. In the illustrated
embodiment, the support 74 includes a rotational car-
riage 76 that rotates about an axis 78, driven by a rota-
tional drive motor 80 below the rotational carriage 76.
Mounted on the rotational carriage 76 are six planetary
carriages 82. In alternative embodiments, a greater or
lesser number of planetary carriages may be used, such
as one or more. The planetary carriages 82 are rotation-
ally driven about a rotational axis 84 by a planetary drive
motor 86 below the planetary carriages 82 (see FIG. 7).
The speeds of the rotational drive motor 80 and the plan-
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etary drive motor 86 are controlled by a rotation controller
88. In one embodiment, the rotation controller 88 rotates
the rotational carriage 76 at a rate of about 1 revolution
per minute (rpm).

[0042] Continuing with FIGS. 6 and 7, for deposition
processing of brake disk substrates 26, a fixture 34 as
described above can be mounted on the planetary car-
riage 82, as shown. For commercial operations, a fixture
34 having a plurality of brake disk substrates 26 is mount-
ed on each planetary carriage 82 in the manner de-
scribed, as illustrated for one of the planetary carriages
82inFIG. 7.

[0043] Thetemperature inthe chamber 52 during dep-
osition is controlled using a heater 92 that extends par-
allel to the deposition sources 70 on one side of the in-
terior of the chamber 52. The heater 92 in one embodi-
ment is a radiant heater operating with electrical resist-
ance elements. The temperature of the heating array is
monitored by a temperature sensor 94 such as an infra-
red sensor that views the interior of the chamber 52. The
temperature measured by the sensor 94 is provided to a
temperature control circuit 96 that provides the power
output to the heater 92. Acting in this feedback manner,
the temperature controller 96 allows the temperature of
the heating array to be set. In the preferred processing,
the heating array is heated to a temperature of from about
1000°F. to about 1700°F.

[0044] FIG.8illustrates a cathodicarc source 100 used
in one embodiment of the deposition source 70. The ca-
thodic arc source 100 includes a channel-shaped body
102 and a deposition target 104. The deposition target
104 is in the form of a plate that is hermetically sealed to
the body 102 using an O-ring 106, forming a water-tight
and gas-tight hollow interior 108. The interior 108 is
cooled with cooling water flowing through a water inlet
110 and a water outlet 112. Two spirally shaped (only
sections of the spirals are seen in FIG. 8) permanent
magnets 114 extend parallel to the source axis 72. Po-
sitioned above the deposition target 104 exterior to the
body 102 is a striker electrode 118. A voltage VARC is
applied between the striker electrode 118 and the dep-
osition target 104 by an arc source power supply 120. In
one embodiment, VARC is in the range from about 10 to
about 50 volts.

[0045] The metallic material that forms the deposition
target 104 is deposited onto the brake disk substrate 26
together with, if desired, gas atoms producing gaseous
species from the atmosphere of the chamber 52. For the
embodiment describe herein, the deposition target 104
is made of Titanium (Ti) metal.

[0046] To accomplish the deposition, an arc is struck
between the striker electrode 118 and the deposition tar-
get 104, locally heating the deposition target 104 and
causing Titanium atoms and/or ions to be ejected from
the deposition target 104. (The deposition target 104 is
therefore gradually thinned as the deposition proceeds.)
The striking point of the arc on the deposition target 104
moves in a racetrack course along the length of the dep-
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osition target 104. A negative bias voltage VBIAS is ap-
plied between the deposition target 104 and brake disk
substrate 26 by a bias power supply 122, so that any
positively charged ions are accelerated toward the brake
disk substrate 26.

[0047] Inone embodiment, VBIAS is in the range from
about-30 to about -600 volts. The value selected for VBI-
AS determines the energy of ionic impact against the
surface of the substrates, a phenomenon termed ion
peening. In one case, VBIAS is initially selected to be a
relatively large negative voltage to achieve good adher-
ence of the metallic first layer 28 (see FIG. 3A) to the
brake disk substrate 26. VBIAS is subsequently reduced
(made less negative) when the overlying hard layer is
deposited, to achieve a uniform, fine microstructure in
the overlying layer. The values of VBIAS are desirably
maintained as low as possible, consistent with obtaining
an adherent coating 24. VBIAS is more positive than -600
volts, and in one embodiment is more positive than -400
volts. If VBIAS is too negative, corona effects and back-
sputtering may occur at some regions of the brake disk
substrate 26. Thus, while higher VBIAS voltages may be
used in some instances, generally it is preferred that VBI-
AS be more positive than -600 volts. The cathodic arc
source 100 is preferred, but other types of sources, such
as sputtering sources, may also be used.

[0048] The cooperative selection of the material of the
deposition target 104 and the gases introduced into the
deposition chamber 52 from the gas source 62 allows a
variety of coatings 24 to be deposited onto the brake disk
substrate 26, within the constraints discussed previously.
The total thickness of the coating 24 in one embodiment
is in the range from about 1 to about 10 micrometers. If
the coating thickness is less than about 1 micrometer,
the physical properties of the coating 24 are insufficient
to produce the desired results. If the coating thickness is
more than about 10 micrometers, the coating 24 has a
high internal stress that leads to a tendency for the coat-
ing 24 to crack and spall away from the brake disk sub-
strate 26 during deposition or during service.

[0049] These general principles are applied in prepar-
ing the coatings 24 of interest, as described previously
in relation to FIG. 3A. The coating 24 of FIG. 3A includes
an amorphous metallic first layer 28, such as amorphous
metallic Titanium, that contacts and overlays the surface
of the brake disk substrate 26. The amorphous metallic
first layer 28 is deposited by backfilling the deposition
chamber 52 with a small partial pressure of about 5 mi-
crons of an inert gas, such as flowing argon (flowing at
a rate of about 200-450 standard cubic centimeters per
minute (sccm) in the apparatus used by the inventors),
and then depositing metal, such as Titanium, from the
deposition target 104 with VBIAS about -400 volts. Be-
cause the argon does not chemically react with the metal,
an amorphous metallic first layer 28 is deposited.
[0050] As shown in FIG. 3A, a second layer 30, which
for the embodiment described herein is a metal Nitride,
overlies the amorphous metallic first layer 28. The sec-
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ond layer 30 is deposited by backfilling the deposition
chamber 52 with a small partial pressure of about 5 mi-
crons of flowing Nitrogen (flowing at a rate of about
150-500 standard cubic centimeters per minute in one
embodiment), and then depositing metal, such as Tita-
nium, from the deposition target 104 with VBIAS about
-50 volts. The metal combines with the Nitrogen to pro-
duce the metal Nitride in the second layer 30.

[0051] The island formations or raised land portions
on the brake disks described above facilitate cooling of
the brake disk by increasing and directing air flow around
and between the island formations during braking. By
increasing the ability of the brake disk to dissipate heat,
the risk of brake fade, wear and warpage is reduced, and
may potentially increase the effective service life of the
brake disk. In addition, the voids or channels between
adjacent island formations reduce the overall weight of
the brake disk, reducing the amount of material required.
Finally, the island formations can be designed to produce
a visually attractive appearance in the visible portion of
the brake disk, adding to the overall look of a vehicle such
as a motor cycle where the brake disks are clearly visible.
[0052] Although the embodiments described above
are in the form of brake discs, in other embodiments the
island formations could alternatively be applied to work-
ing surfaces of other brake components for frictional en-
gagement with a braking member, such as the surface
of a brake drum which is engaged by a brake shoe in a
drum brake arrangement.

[0053] The above description of the disclosed embod-
iments is provided to enable any person skilled in the art
to make or use the invention. Various modifications to
these embodiments will be readily apparent to those
skilled in the art, and the generic principles described
herein can be applied to other embodiments without de-
parting from the spirit or scope of the invention. Thus, it
is to be understood that the description and drawings
presented herein represent a presently preferred embod-
iment of the invention and are therefore representative
of the subject matter which is broadly contemplated by
the present invention. It is further understood that the
scope of the present invention fully encompasses other
embodiments that may become obvious to those skilled
in the art and that the scope of the present invention is
accordingly limited by nothing other than the appended
claims.

Claims
1. A brake disk (12) comprising:

a disk body having oppositely directed surfaces;
at least one of the surfaces having a plurality of
spaced, raised island

formations (150, 152, 154, 155) and channels
(156) extending between the island formations,
eachraisedisland formation having an outer fric-
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tion surface (158) for contacting a brake pad dur-
ing braking,

characterised in that each channel has a
roughened base surface to create turbulence in
air flowing along the channels.

2. The brake disk as claimed in claim 1, wherein the

island formations are teardrop shaped, round, letter-
shaped, or figure eight shaped.

3. The brake disk as claimed in claim 1 or claim 2,

wherein the island formations have peripheral edges
which are at least partially rounded in shape.

4. The brake disk as claimed in any of claims 1-3,

wherein both surfaces of the disk body have a plu-
rality of spaced, raised island formations and chan-
nels extending between the island formations.

5. The brake disk as claimed in any of claims 1-4,

wherein the spaced island formations extend over
the entire area of the surface.

6. The brake disk as claimed in any of claims 1-5,

wherein the disk body has a central opening (18) and
the opposite surfaces are annular surfaces (20a,b),
and each annular surface has a series of radially
extending rows of island formations extending from
the central opening to the outer periphery of the an-
nular surface, the channels comprising radially ex-
tending spaces between the adjacent rows of island
formations, and radially spaced gaps between adja-
cent island formations in each row.

7. The brake disk as claimed in any of claims 1-6,

wherein at least the friction surfaces of the island
formations are coated with a coating (24) comprising
at least one layer of a coating material.

8. The brake disk as claimed in claim 7, wherein each

surface is coated with atleast one layer of the coating
material extending over the entire surface area of
the surface.

9. The brake disk as claimed in claim 7 or claim 8,

wherein the coating comprises a first layer (28) of a
first coating material and at least a second layer (30)
ofa second coating material, wherein the first coating
material is a metal deposited by vapor deposition
and the second coating material is a binary metal
compound deposited by vapor deposition to overlay
the first layer.

10. The brake disk as claimed in any of claims 7-9,
wherein the coating has a thickness in a range of

approximately | to 10 pm.

11. The brake disk as claimed in any of claims 1-10,
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wherein at least the raised island formations have a
surface texture having a predetermined three dimen-
sional pattern.

12. A method for manufacturing a brake disk, compris-
ing: forming a disk-shaped body having oppositely
directed annular surfaces (20a,b); machining each
annular surface to form a plurality of spaced, raised
island formulations (150, 152, 154, 155) of predeter-
mined shape at spaced intervals over the annular
surface with channels (156) extending between the
island formations; and finishing at least the outer sur-
face of eachisland formation to form afriction surface
(158) for engaging an opposing brake pad on brak-
Ing;
the method being characterized by roughening a
base surface of the channels to create turbulence in
air flowing along the channels.

13. The method of claim 12, wherein the finishing step
comprises applying a first material to at least the out-
er surface of each island formation of the brake disk
through vapor deposition; and applying at least a
second material over the first material through vapor
deposition.

14. The method of claim 13, wherein the first material is
a metal deposited by vapor deposition and the sec-
ond material is a binary metal compound deposited
by vapor deposition to overlay the first layer.

15. A braking system, comprising:

a brake disk as in any of claims 1 to 11; and

a brake pad or brake shoe opposing the brake
disk and arranged to engage the friction surface
during braking.

Patentanspriiche
1. Bremsscheibe (12), mit:

einem Scheibenk&rper mit voneinander abge-
wandten Flachen,

wobei mindestens eine der Flachen mehrere
voneinander beabstandete, erhabene Inselfor-
mationen (150, 152, 154, 155) und sich zwi-
schen den Inselformationen erstreckende Ka-
nale (156) aufweist und jede Inselformation eine
aullere Reibflache (158) zum Reiben am
Bremsbelag wahrend des Bremsens aufweist,
dadurch gekennzeichnet, dass jeder Kanal
eine geraute Grundflache zur Erzeugung von
Turbulenzen im Luftstrom entlang der Kanale
aufweist.

2. Bremsscheibe nach Anspruch 1, bei der die Insel-
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10.

11.

formationen tropfenférmig, rund, wie ein Buchstabe
oder wie eine Acht geformt sind.

Bremsscheibe nach Anspruch 1 oder 2, bei der die
Inselformationen Umfangsrander aufweisen, wel-
che mindestens teilweise rund geformt sind.

Bremsscheibe nach einem der Anspriiche 1 - 3, bei
der beide Flachen des Scheibenkdrpers mehrere
voneinander beabstandete, erhabene Inselformatio-
nen und sich zwischen den Inselformationen erstrek-
kende Kanale aufweisen.

Bremsscheibe nach einem der Anspriiche 1 - 4, bei
der sich die voneinander beabstandeten Inselforma-
tionen Gber den gesamte Flachenbereich der Flache
erstrecken.

Bremsscheibe nach einem der Anspriiche 1 - 5, bei
der der Scheibenkdrper ein Mittelloch (18) aufweist
und die voneinander abgewandten Flachen ringfor-
mige Flachen (20a,b) sind und jede ringférmige Fla-
che eine Serie von sich radial erstreckenden Reihen
an sich von dem Mittelloch zum AuRenumfang der
kreisférmigen Flachen erstreckenden Inselformatio-
nen, wobei die Kanale sich radial erstreckende Zwi-
schenraume zwischen den benachbarten Inselfor-
mationsreihen und radial voneinander beabstandete
Licken zwischen benachbarten Inselformationen in
jeder Reihe aufweisen.

Bremsscheibe nach einem der Anspriiche 1 - 6, bei
der mindestens die Reibflachen der Inselformatio-
nen mit einer mindestens eine Schicht eines Be-
schichtungsmaterials aufweisenden Beschichtung
(24) beschichtet sind.

Bremsscheibe nach Anspruch 7, bei der jede Flache
mit mindestens einer Schicht des Beschichtungsma-
terials Uber den gesamten Flachenbereich der Fla-
che beschichtet ist.

Bremsscheibe nach Anspruch 7 oder 8, bei der die
Beschichtung eine erste Schicht (28) eines ersten
Beschichtungsmaterials und mindestens eine zwei-
te Schicht (30) eines zweiten Beschichtungsmateri-
als aufweist, wobei das erste Beschichtungsmaterial
ein aus der Dampfphase abgeschiedenes Metall und
das zweite Beschichtungsmaterial eine aus der
Dampfphase abgeschiedene, binare Metallverbin-
dung ist, die die erste Schicht Uberzieht.

Bremsscheibe nach einem der Anspriiche 7 - 9, bei
der die Beschichtung eine Dicke im Bereich von un-
gefahr 1 bis 10 um aufweist.

Bremsscheibe nach einem der Anspriiche 1 -10, bei
der mindestens die erhabenen Inselformationen ei-
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ne Oberflachentextur mit einem vorbestimmten drei-
dimensionalen Muster aufweisen.

Verfahren zur Herstellung einer Bremsscheibe, um-
fassend: Formen eines scheibenférmigen Korpers,
der voneinander abgewandte, ringférmige Flachen
(20a,b) aufweist, Bearbeiten jeder ringférmigen Fla-
che, so dass mehrere voneinander beabstandete,
erhabene Inselformationen (150, 152, 154, 155) in
vorbestimmter Form voneinander beabstandet tber
die ringférmige Flache mit sich zwischen den Insel-
formationen erstreckenden Kanalen (156) ausgebil-
det werden, und Finishen mindestens der Auenfla-
che einer jeden Inselformation, so dass eine Reib-
flache (158) zum Reiben an einem gegeniiberliegen-
den Bremsbelag beim Bremsen ausgebildet wird,
wobei das Verfahren durch Aufrauen einer Grund-
flache der Kanale zur Erzeugung von Turbulenzen
im Luftstrom entlang der Kanale gekennzeichnet ist.

Verfahren nach Anspruch 12, bei dem der Finishing-
schritt ein Auftragen eines ersten Materials auf min-
destens die AuRenflache einer jeden Inselformation
der Bremsscheibe durch Abscheiden aus der
Dampfphase und ein Auftragen mindestens eines
zweiten Materials Uber das erste Material durch Ab-
scheiden aus der Dampfphase umfasst.

Verfahren nach Anspruch 13, bei dem das erste Ma-
terial ein aus der Dampfphase abgeschiedenes Me-
tall und das zweite Material eine aus der Dampfpha-
se abgeschiedene, bindre Metallverbindung zum
Uberziehen der ersten Schicht ist.

Bremssystem, mit:

einer Bremsscheibe nach einem der Anspriche
1 bis 11, und

einem der Bremsscheibe gegenuberliegenden
Bremsbelag oder Bremsschuh, der dazu aus-
gebildet ist, wahrend des Bremsens mit der
Reibflache in Eingriff zu gelangen.

Revendications

1.

Disque de frein (12) comprenant :

un corps de disque présentant des surfaces di-
rigées a I'opposé ;

au moins une des surfaces comportant une plu-
ralit¢ de formations d’llot surélevées et espa-
cées (150, 152, 154, 155) et de canaux (156)
s’étendant entre les formations d’ilot, chaque
formation d'flot surélevée présentant une surfa-
ce de friction externe (158) permettant d’entrer
en contact avec une plaquette de frein pendant
le freinage,
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A

caractérisé en ce que chaque canal présente
une surface de base rugosifiée pour créer une
turbulence dans I'air circulant le long des ca-
naux.

Disque de frein selon la revendication 1, dans lequel
les formations d’flot sont en forme de goutte d’eau,
rondes, en forme de lettre ou en forme de huit.

Disque de frein selon la revendication 1 ou la reven-
dication 2, dans lequel les formations d’flot ont des
bords périphériques qui sont au moins partiellement
de forme arrondie.

Disque de frein selon I'une quelconque des reven-
dications 1 a 3, dans lequel les deux surfaces du
corps de disque comportent une pluralité de forma-
tions d'ilot surélevées et espacées et de canaux
s’étendant entre les formations d’ilot.

Disque de frein selon 'une quelconque des reven-
dications 1 a 4, dans lequel les formations d’ilot es-
pacées s’étendent sur la zone entiere de la surface.

Disque de frein selon 'une quelconque des reven-
dications 1 a 5, dans lequel le corps de disque pré-
sente une ouverture centrale (18) et les surfaces op-
posées sontdes surfaces annulaires (20a, b), etcha-
que surface annulaire comporte une série de ran-
gées s’étendant radialement de formations d’ilot
s’étendant de 'ouverture centrale a la périphérie ex-
terne de la surface annulaire, les canaux compre-
nant des espaces s’étendant radialement entre les
rangées adjacentes de formations d’lot, et des écar-
tements radialement espacés entre des formations
d’flot adjacentes dans chaque rangée.

Disque de frein selon I'une quelconque des reven-
dications 1 a 6, dans lequel au moins les surfaces
de friction des formations d’flot sont revétues d’'un
revétement (24) comprenant au moins une couche
de matériau de revétement.

Disque de frein selon la revendication 7, dans lequel
chaque surface est revétue d’au moins une couche
du matériau de revétement s’étendant sur l'aire en-
tiere de la surface.

Disque de frein selon la revendication 7 ou la reven-
dication 8, dans lequel le revétement comprend une
premiére couche (28) d’'un premier matériau de re-
vétement et au moins une seconde couche (30) d’'un
second matériau de revétement, dans lequel le pre-
mier matériau de revétement est un métal déposé
par dépét en phase vapeur et le second matériau de
revétement est un composé de métal binaire déposé
par dépét en phase vapeur afin de recouvrir la pre-
miere couche.
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Disque de frein selon I'une quelconque des reven-
dications 7 a 9, dans lequel le revétement présente
une épaisseur dans une plage d’environ 1 a 10 um.

Disque de frein selon I'une quelconque des reven-
dications 1 a 10, dans lequel au moins les formations
d'flot surélevées présentent une texture de surface
comportant un motif tridimensionnel prédéterminé.

Procédé de fabrication d'un disque de frein,
comprenant :

la formation d’un corps en forme de disque pré-
sentantdes surfaces annulaires de sens opposé
(20a, b) ; 'usinage de chaque surface annulaire
pour former une pluralité de formations d’flot su-
rélevées et espacées (150, 152, 154, 155) de
forme prédéterminée a des intervalles espacés
sur la surface annulaire avec des canaux (156)
s’étendant entre les formations d’ilot ; et I'appli-
cation d’une finition sur au moins la surface ex-
terne de chaque formation d’flot pour former une
surface de friction (158) afin de mettre en prise
une plaquette de frein opposée lors du freinage ;
le procédé étant caractérisé par le fait de ren-
dre une surface de base des canaux rugueuse
afin de créer une turbulence dans I'air circulant
le long des canaux.

Procédé selon la revendication 12, dans lequel I'éta-
pe de finition comprend I'application d’'un premier
matériau sur au moins la surface externe de chaque
formation d’flot du disque de frein par I'intermédiaire
d’'un dépét en phase vapeur ; et I'application d’au
moins un second matériau sur le premier matériau
par I'intermédiaire d’'un dépdt en phase vapeur.

Procédé selon la revendication 13, dans lequel le
premier matériau est un métal déposé par dépot en
phase vapeur et le second matériau est un composé
de métal binaire déposé par dépét en phase vapeur
pour recouvrir la premiére couche.

Systéme de freinage comprenant :

un disque de frein selon 'une quelconque des
revendications 1 a 11 ; et

une plaquette de frein ou un segment de frein
étant opposé au disque de frein et agencé pour
mettre en prise la surface de friction pendant le
freinage.
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