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(57) ABSTRACT 

A rotor has an array of grooves formed on the brake pad 
contact surface. The array is preferably formed as a repeat 
ing pattern of regularly spaced grooves. The repeating 
pattern of grooves creates a plurality of radially and circum 
ferentially offset rings of grooves. The rings can radially 
overlap. The rotor is preferably ventilated having tWo brake 
pad contact surfaces separated by a plurality of vanes. The 
grooves are preferably arranged on the brake pad contact 
surfaces betWeen the vanes. The grooves can have various 
con?gurations and shapes. The array of grooves increases 
friction betWeen a brake rotor and brake pads, and decreases 
the thermal gradient and thermal distortion on the brake pad 
contact surfaces. 
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BRAKE ROTOR HAVING AN ARRAY OF 
GROOVES FORMED THEREON 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The invention relates to rotors, especially to brake 
rotors used in high performance vehicles. The invention also 
relates to ventilated brake rotor assemblies including a pair 
of spaced brake pad contact surfaces separated by a plurality 
of vanes. 

[0003] 2. Description of Related Art 

[0004] Conventional brake assemblies include a brake 
rotor With a brake pad contact surface for contact With brake 
pads associated With a vehicle Wheel to effect braking. The 
brake pad contact surface can be an annular ring that 
engages With the brake pad, Which is typically a high friction 
material, to stop rotation of the brake rotor, Which is 
connected to a hub of a Wheel assembly. 

[0005] High performance vehicles require superior brak 
ing poWer to effect braking at high vehicular speeds and to 
quickly stop rotation of the vehicle Wheel hub assembly. 
Conventional rotors typically have a smooth brake pad 
contact surface, Which does not provide sufficient friction 
required for high performance vehicles and heavy duty 
vehicles. Some prior art rotors have been designed to 
increase friction by modifying the surface of the rotor to 
provide some teXture. 

[0006] HoWever, another problem associated With brake 
rotors, particularly in high performance applications, is the 
high heat generated across the brake pad contact surface 
during braking. Heat generation, particularly With increased 
friction, results in an uneven thermal gradient, thermal 
distortion of the brake pad contact surface and heat stress 
that deteriorates the rotor disc. Such heat effects can result 
in increased replacement and maintenance costs for high 
performance brake rotor assemblies. None of the prior art 
assemblies provide a high friction surface that can handle 
the stresses imposed by heat generated during braking in 
high performance vehicles. 

[0007] One knoWn Way to handle the heat generated 
during braking is to use a ventilated brake rotor. This type of 
brake rotor includes a pair of brake pad contact surfaces 
spaced from each other, generally by a plurality of spaced 
vanes or ribs. The vanes or ribs alloW air to circulate under 
the brake pad contact surface for cooling. 

[0008] HoWever, ventilation alone does not remedy prob 
lems associated With non-uniform heat distribution across 
the brake pad contact surface that can create thermal dis 
tortion and frictional instability. Ventilated brake rotors have 
uneven temperature gradients over their brake pad contact 
surfaces. This is due to the heat sink capability of the vanes 
underneath the brake pad contact surfaces. Heat generated 
on the brake pad contact surfaces on the areas that overlap 
a vane is directly transferred to the corresponding vane. Heat 
generated during braking on the brake pad contact surfaces 
on the areas betWeen vanes is not directly transferred to a 
vane. Accordingly, the temperature of the brake pad contact 
surfaces in the areas betWeen vanes is higher than in the 
areas that overlap a vane. This non-uniform temperature 
gradient contributes to thermal distortion on the rotor brake 
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pad contact surfaces. The thermal distortion results in non 
uniform contact betWeen brake pads and the brake pad 
contact surfaces Which further increases the thermal gradi 
ent, causes premature rotor and pad Wear, and increases 
thermal judder and vibration. Thermal distortion further 
results in thermal checking in the rotor and decreased rotor 
life. 

[0009] Further, conventional ventilated rotors do not pro 
vide suf?cient friction for high performance applications. 

SUMMARY OF THE INVENTION 

[0010] One aspect of the embodiments of the invention is 
to provide a rotor With a brake pad contact surface that offers 
superior braking poWer and performance. The surface can 
increase friction and stopping poWer While maintaining 
frictional stability throughout the braking application. 

[0011] Another aspect of the embodiments of the inven 
tion is to provide a rotor With a brake pad contact surface that 
reduces the non-uniform temperature distribution (thermal 
gradient) across the brake pad contact surface during auto 
mobile braking. Accordingly, thermal distortion and the 
numerous problems associated With thermal distortion is 
minimiZed. 

[0012] An additional aspect of the embodiments of the 
invention is to provide a rotor With a brake pad contact 
surface that performs With reduced vibration and thermal 
judder during braking, especially due to the decreased 
thermal distortion. Accordingly, a decrease in thermal dis 
tortion contributes to smooth braking. 

[0013] A further aspect of the embodiments of the inven 
tion is to provide a rotor With a brake pad contact surface in 
Which the thermal gradient across the surface is reduced, 
resulting in decreased thermal checking and an increase in 
rotor life. 

[0014] Also, the embodiments of the invention provide a 
rotor in Which uniform contact is promoted betWeen the 
rotor and brake pads. Non-uniform contact typically results 
from thermal distortion. Uniform contact can result in a 
decrease of taper and radial Wear on the pads and an increase 
in pad life. Uniform contact also can decrease uneven Wear. 
Uniform contact also minimiZes undesirable frictional vari 
ability betWeen the pads and the brake pad contact surface. 

[0015] The embodiments of the invention further provide 
a cleaning characteristic to the brake pads. This cleaning 
characteristic further decreases the occurrence of a transfer 
layer on the brake pad contact surface. The cleaning char 
acteristic also cleans pad Wear debris from the brake pad 
contact surfaces. A transfer layer, and pad Wear debris 
contribute to undesirable frictional variability betWeen the 
pads and the brake pad contact surface. The transfer layer 
includes brake pad and rotor particles that have been depos 
ited on the brake pad contact surface. 

[0016] The various design possibilities and optimal design 
for each particular braking application can be established 
using ?nite element analysis based on computer simulations. 
Goals of the ultimate design can include increasing friction 
betWeen brake pads and the brake pad contact surface, and 
decreasing the thermal gradient and thus decreasing thermal 
distortion on the rotor. 
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[0017] Other aspects, advantages and objects of the inven 
tion Will become apparent With the description herein, 
especially When taken in conjunction With the detailed 
description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a front vieW of a brake rotor With the 
grooves formed thereon; 

[0019] FIG. 2 is a cross section of the rotor assembly of 
FIG. 1, taken along line A-A, shoWing grooves formed on 
each rotor disc; 

[0020] FIG. 3 is a front vieW of a brake rotor With grooves 
formed thereon according to another embodiment of the 
invention; 
[0021] FIG. 4 is a cross section of the rotor assembly of 
FIG. 3, taken along line B-B, shoWing grooves formed on 
each rotor disc; 

[0022] FIG. 5 is a partial front vieW of a brake rotor With 
grooves formed thereon according to another embodiment of 
the invention; and 

[0023] FIG. 6 is a partial front vieW of a brake rotor With 
grooves formed thereon according to another embodiment of 
the invention. 

[0024] FIG. 7 is a partial front vieW of a brake rotor With 
grooves formed thereon according to another embodiment of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] It is contemplated that the brake rotor described 
herein can be used for high performance braking in Which 
braking must occur at high speeds, in race or high perfor 
mance vehicles for example, or for heavy duty commercial 
applications in Which vehicles have a large gross vehicle 
Weight. HoWever, these applications are merely exemplary, 
and it is not intended that the invention be limited to such 
applications or vehicles. 

[0026] As seen in FIG. 1, the brake rotor assembly 10 
includes a brake pad contact surface 14, shoWn in the shape 
of a ring. Aplurality of apertures 16 are provided in a ?ange 
18 extending from brake pad contact surface 14. As knoWn, 
?ange 18 can be a continuous ring (as shoWn in FIG. 3) or, 
as shoWn in FIG. 1, a plurality of tabs extending radially 
inWardly. Apertures 16 are adapted to receive fasteners for 
connection to a hub assembly, not shoWn. 

[0027] Preferably, the brake rotor assembly 10 also 
includes a second brake pad contact surface 22 connected to 
and spaced from ?rst brake pad contact surface 12, as seen 
in FIG. 2. Aplurality of vanes 36, shoWn in cross section in 
FIG. 2 and in phantom in FIG. 1, separate the ?rst brake pad 
contact surface 14 from the second brake pad contact surface 
22. Vanes 36 are circumferentially spaced around the rotor 
betWeen the brake pad contact surfaces 14 and 22, respec 
tively. Vanes 36 may be spaced in any desired con?guration 
and any number may be used depending on the particular 
design considerations. Preferably, the vanes are spaced at 
regular intervals, as is shoWn in FIG. 1. Vanes may also be 
straight or arcuate and disposed perpendicular to a tangent to 
the outer circumference of the rotor or at an angle thereto, 
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as shoWn in FIG. 1. The ?rst brake pad contact surface 14, 
and if present the second brake pad contact surface 22, are 
arranged to face brake pads associated With the vehicle 
Wheel assembly. Upon braking, the brake pads engage the 
brake pad contact surface 14 and, if so arranged, brake pad 
contact surface 22 to stop rotation of the rotor and hub 
assembly and associated vehicle Wheel. 

[0028] The brake pad contact surfaces 14, 22 are ring 
shaped and are bounded by an inner circumference 26 and 
an outer circumference 28. The brake pad contact surfaces 
are adapted for frictional contact With brake pads (not 
shoWn) and are typically the only suitable surfaces on the 
rotor on Which contact by brake pads is made. The Width of 
the brake pad contact surface is de?ned by the radial 
distance betWeen the inner circumferential boundary 26 and 
the outer circumferential boundary 28. 

[0029] The rotor 10 includes an array of grooves on each 
brake pad contact surface 14, 22. The grooves described 
herein are also knoWn as trenches or channels, and refer to 
any formation that embodies an indentation in the rotor 
surface. Preferably, the groove segments are regularly dis 
posed around the circumference of the brake pad contact 
surface in repeating patterns, With each pattern including a 
plurality of groove segments. The array of grooves are 
shoWn in FIG. 1 as a repeating pattern 34 of three groove 
segments 34a, 34b, and 34c regularly spaced around the 
circumference of the brake pad contact surface. Each groove 
is a continuous short groove or groove segment 24. Addi 
tionally, each groove segment 24 preferably has a length that 
is less than the Width of the brake pad contact surface ring. 

[0030] In greater detail, the groove pattern 34 shoWn in 
FIG. 1 includes three groove segments 34a, 34b, and 34c, 
Which in this example, are radially and circumferentially 
offset from each other. The groove pattern 34 is repeated 
around the brake pad contact surface. The repeating pattern 
of grooves forms a series of concentric rings of groove 
segments 24. The groove segment 34a is in a ?rst inner 
concentric ring closest to the inner circumference 26 of the 
brake pad contact surface. The groove segment 34b is in a 
second intermediate concentric ring on the brake pad contact 
surface. The groove segment 34c is in a third outer concen 
tric ring closest to the outer circumference 28 of the brake 
pad contact surface. The groove segments of the second ring 
are radially and circumferentially offset from the groove 
segments of the ?rst ring. The groove segments of the third 
ring are radially and circumferentially offset from the groove 
segments of the second ring. Each groove segment shoWn on 
the brake pad contact surface is radially and circumferen 
tially offset With respect to an adjacent groove segment. 

[0031] Each groove segment 24 has a ?rst end 30 and a 
second end 32 spaced generally radially outWardly from the 
?rst end. The ?rst concentric ring of groove segments is 
arranged such that the groove segments each have ?rst ends 
disposed adjacent to the inner circumferential boundary 26 
and second ends radially outWardly spaced therefrom. The 
second ring of groove segments is arranged such that the 
groove segments each have ?rst ends disposed radially 
inWardly of the second ends of the groove segments in the 
?rst ring and second ends disposed radially outWardly 
spaced therefrom. A radial overlap is thus formed betWeen 
the ?rst ring and the second ring. This radial overlap is 
exempli?ed on the groove segments 34a and 34b. The ?rst 
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end 37a of the groove segment 34b is in overlapping relation 
to the second end 35b of groove segment 34a, is shoWn in 
FIG. 1. Phantom lines have been added to FIG. 1 to shoW 
the overlapping relationship of the adjacent concentric rings. 

[0032] Although not explicitly necessary, this overlap is 
preferable as the overlap ensures all locations across the 
Width of the brake pads Will contact a groove. As the pads 
pass over the grooves, there is a corresponding increase in 
friction betWeen the pad and the edge of the grooves. 
Additionally, the edge of the groove cleans the pad as the 
pad passes over the groove. If the adjacent grooves Were not 
overlapping, and a radial gap separated the adjacent grooves, 
portions of the brake pads Would remain uncleaned, and 
uneven Wear Would occur on the brake pads and the brake 
pad contact surface. Additionally, a ridge of transfer layer 
Will be deposited on the rotor in the area betWeen the 
grooves if the grooves are not overlapped. 

[0033] Vanes 36 are disposed at regular intervals around 
the circumference of the rotor. As a result, the brake pad 
contact surface includes overlap locations 40, Which directly 
overlap the vanes, and bridge locations 42, Which span the 
spaced interval betWeen adjacent vanes. As is shoWn in FIG. 
1, each groove segment 24 is positioned Within a bridge 
location 42 spanning the spaced interval betWeen tWo adja 
cent vanes 36. 

[0034] Additionally, the patterns Within the groove array 
in each brake pad contact surface can be aligned With the 
patterns Within the groove array in the opposing brake pad 
contact surface, or, preferably, the patterns Will be 
unaligned. Groove segments 24 can be any suitable shape, 
and preferably complement the shape of the vanes. As 
shoWn in FIG. 1, the grooves 24 are elongated arcuate 
grooves. The brake pad contact surface has a central aXis of 
rotation (identi?ed as CA.) and each groove is angled With 
respect to a radial line extending from the central aXis. 
HoWever, straight grooves, such as are shoWn in FIGS. 3, 4, 
and 5 are also possible. 

[0035] FIGS. 3 and 4 shoW another embodiment of the 
invention. The brake rotor assembly 100 includes a brake 
pad contact surface 114, shoWn in the shape of a ring. The 
brake rotor assembly also includes a second brake pad 
contact surface 122 connected to and spaced from ?rst brake 
pad contact surface 114, as seen in FIG. 4. A plurality of 
straight vanes 136, shoWn in phantom in FIG. 3, separate the 
?rst brake pad contact surface 114 from the second brake 
pad contact surface 122. Straight vanes 136 are circumfer 
entially spaced around the rotor betWeen the brake pad 
contact surfaces 114 and 122, respectively. The brake pad 
contact surfaces 114, 122 are ring shaped and are bounded 
by an inner circumference 126 and an outer circumference 
128. The brake pad contact surfaces are adapted for fric 
tional contact With brake pads (not shoWn) and are typically 
the only suitable surfaces on the rotor on Which contact by 
brake pads is made. The Width of the brake pad contact 
surface is de?ned by the radial distance betWeen the inner 
circumferential boundary 126 and the outer circumferential 
boundary 128. 

[0036] The rotor 100 includes an array of grooves on each 
brake pad contact surface 114, 122. Each groove is a 
continuous short groove or groove segment 124. The array 
of grooves are shoWn in FIG. 3 as a repeating pattern 134 
of three groove segments 134a, 134b, and 134c regularly 
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spaced around the circumference of the brake pad contact 
surface. Groove segments 134a, 134b, and 134c are radially 
and circumferentially offset from each other. The groove 
pattern 134 is repeated around the brake pad contact surface. 
The repeating pattern of grooves forms a series of concentric 
rings of groove segments 124. The groove segment 134a is 
in a ?rst inner concentric ring closest to the inner circum 
ference 126 of the brake pad contact surface. The groove 
segment 134b is in a second intermediate concentric ring on 
the brake pad contact surface. The groove segment 134c is 
in a third outer concentric ring closest to the outer circum 
ference 128 of the brake pad contact surface. The groove 
segments of the second ring are radially and circumferen 
tially offset from the groove segments of the ?rst ring. The 
groove segments of the third ring are radially and circum 
ferentially offset from the groove segments of the second 
ring. Each groove segment shoWn on the brake pad contact 
surface is radially and circumferentially offset With respect 
to an adjacent groove segment. 

[0037] FIG. 5 shoWs another embodiment of the inven 
tion. The brake rotor assembly 200 includes a brake pad 
contact surface 214, shoWn in the shape of a ring. Aplurality 
of straight vanes 236, shoWn in phantom in FIG. 5, separate 
the ?rst brake pad contact surface 214 from a second brake 
pad contact surface (not shoWn). Straight vanes 236 are 
circumferentially spaced around the rotor betWeen the brake 
pad contact surfaces. The brake pad contact surface 214 is 
ring shaped and is bounded by an inner circumference 226 
and an outer circumference 228. The brake pad contact 
surfaces are adapted for frictional contact With brake pads 
(not shoWn) and are typically the only suitable surfaces on 
the rotor on Which contact by brake pads is made. The Width 
of the brake pad contact surface is de?ned by the radial 
distance betWeen the inner circumferential boundary 226 
and the outer circumferential boundary 228. 

[0038] The rotor 200 includes an array of grooves on the 
brake pad contact surface 214. Each groove is a continuous 
short groove or groove segment 224. The array of grooves 
are shoWn in FIG. 5 as a repeating pattern 234 of tWo groove 
segments 234a and 234b regularly spaced around the cir 
cumference of the brake pad contact surface. Groove seg 
ments 234a and 234b are radially and circumferentially 
offset from each other. The groove pattern 234 is repeated 
around the brake pad contact surface. The repeating pattern 
of grooves forms a series of concentric rings of groove 
segments 224. The groove segment 234a is in a ?rst inner 
concentric ring closest to the inner circumference 226 of the 
brake pad contact surface. The groove segment 234b is in a 
second outer concentric ring on the brake pad contact 
surface closest to the outer circumference 228 of the brake 
pad contact surface. The groove segments of the second ring 
are radially and circumferentially offset from the groove 
segments of the ?rst ring. Each groove segment shoWn on 
the brake pad contact surface is radially and circumferen 
tially offset With respect to an adjacent groove segment. 

[0039] FIG. 6 shoWs another embodiment of the inven 
tion. The brake rotor assembly 300 includes a brake pad 
contact surface 314, shoWn in the shape of a ring. The brake 
rotor assembly also includes a second brake pad contact 
surface (not shoWn). A plurality of vanes 336, shoWn in 
phantom, separate the ?rst brake pad contact surface 314 
from the second brake pad contact. Vanes 336 are circum 
ferentially spaced around the rotor betWeen the brake pad 
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contact surfaces. The brake pad contact surface 314 is ring 
shaped and is bounded by an inner circumference 326 and an 
outer circumference 328. The brake pad contact surface is 
adapted for frictional contact With brake pads (not shoWn) 
and is typically the only suitable surfaces on the rotor on 
Which contact by brake pads is made. The Width of the brake 
pad contact surface is de?ned by the radial distance betWeen 
the inner circumferential boundary 326 and the outer cir 
cumferential boundary 328. 

[0040] The rotor 300 includes an array of grooves on the 
brake pad contact surface 314. Each groove is a continuous 
short groove or groove segment 324. The array of grooves 
are shoWn in FIG. 6 as a repeating pattern 334 of three 
groove segments 334a, 334b, and 334c regularly spaced 
around the circumference of the brake pad contact surface. 
Groove segments 334a, 334b, and 334c are radially and 
circumferentially offset from each other. The groove pattern 
334 is repeated around the brake pad contact surface. The 
repeating pattern of grooves forms a series of concentric 
rings of groove segments 324. The groove segment 334a is 
in a ?rst inner concentric ring closest to the inner circum 
ference 326 of the brake pad contact surface. The groove 
segment 334b is in a second intermediate concentric ring on 
the brake pad contact surface. The groove segment 334c is 
in a third outer concentric ring closest to the outer circum 
ference 328 of the brake pad contact surface. The groove 
segments of the second ring are radially and circumferen 
tially offset from the groove segments of the ?rst ring. The 
groove segments of the third ring are radially and circum 
ferentially offset from the groove segments of the second 
ring. Each groove segment shoWn on the brake pad contact 
surface is radially and circumferentially offset With respect 
to an adjacent groove segment. 

[0041] FIG. 7 shoWs another embodiment of the inven 
tion. The brake rotor assembly 400 includes a brake pad 
contact surface 414, shoWn in the shape of a ring. Aplurality 
of vanes 436, shoWn in phantom in FIG. 5, separate the ?rst 
brake pad contact surface 414 from a second brake pad 
contact surface (not shoWn). Vanes 436 are circumferentially 
spaced around the rotor betWeen the brake pad contact 
surfaces. The brake pad contact surface 414 is ring shaped 
and is bounded by an inner circumference 426 and an outer 
circumference 428. The brake pad contact surfaces are 
adapted for frictional contact With brake pads (not shoWn) 
and are typically the only suitable surfaces on the rotor on 
Which contact by brake pads is made. The Width of the brake 
pad contact surface is de?ned by the radial distance betWeen 
the inner circumferential boundary 426 and the outer cir 
cumferential boundary 428. 

[0042] The rotor 400 includes an array of grooves on the 
brake pad contact surface 414. Each groove is a continuous 
short groove or groove segment 424. The array of grooves 
are shoWn in FIG. 7 as a repeating pattern 434 of tWo groove 
segments 434a and 434b regularly spaced around the cir 
cumference of the brake pad contact surface. Groove seg 
ments 434a and 434b are radially and circumferentially 
offset from each other. The groove pattern 434 is repeated 
around the brake pad contact surface. The repeating pattern 
of grooves forms a series of concentric rings of groove 
segments 424. The groove segment 434a is in a ?rst inner 
concentric ring closest to the inner circumference 426 of the 
brake pad contact surface. The groove segment 434b is in a 
second outer concentric ring on the brake pad contact 
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surface closest to the outer circumference 428 of the brake 
pad contact surface. The groove segments of the second ring 
are radially and circumferentially offset from the groove 
segments of the ?rst ring. Each groove segment shoWn on 
the brake pad contact surface is radially and circumferen 
tially offset With respect to an adjacent groove segment. 

[0043] A preferable overlap of the groove segments in 
adjacent rings, as Was shoWn and described in FIG. 1, can 
also be observed in the embodiments of FIGS. 3, 4, 5, 6, and 
7. 

[0044] As Was previously shoWn in FIG. 1, groove seg 
ments are preferably positioned Within the bridge locations 
42 spanning the spaced interval betWeen tWo adjacent vanes 
36. As is shoWn in FIG. 1, the repeating patterns of grooves 
34 are separated by a bridge location 44 that does not include 
a groove formed therein. 

[0045] Alternatively, a groove segment may be disposed 
Within each interval betWeen adjacent vanes, as is illustrated 
in FIGS. 3,5, 6, and 7. In addition to providing ventilation 
to the rotor, the vanes serve as a heat sink for heat generated 
on the brake pad contact surface. Accordingly in an 
ungrooved rotor, the locations on the brake pad contact 
surface betWeen the vanes Will be at a higher temperature 
than the areas overlapping the grooves. In the present 
invention, the grooves provide an area on the brake pad 
contact surface Where the brake pad does not make frictional 
contact. The absence of frictional contact at the grooves 
results in a loWer temperature on the brake pad contact 
surface Where the grooves are disposed. As the grooves are 
disposed betWeen vanes, the grooves serve to minimiZe the 
temperature gradient that Would otherWise occur betWeen 
the locations on the brake pad contact surface directly 
overlapping the vanes and the locations betWeen the vanes. 
For this reason, it is preferable, although not required to have 
a groove disposed Within the bridge locations spanning the 
spaced interval betWeen adjacent vanes. 

[0046] Groove segments may be of any desired depth, 
preferably shalloW and not fully extending through the Width 
of the plate forming the rotor, as seen in FIGS. 2 and 4. 
Additionally, the edges of the grooves may be of any desired 
pro?le con?guration, including pro?les forming a right 
angle corner to a gradually sloped chamfered (FIG. 4) or 
rounded curvilinear corner and variations therebetWeen. 
FIG. 2 shoWs a concave groove segment 24 having a 
rounded bottom. The particular shape may be dependent on 
the design and use considerations, including, for eXample, 
intended use, performance requirements, materials, cost and 
maintenance considerations. 

[0047] The rotor can be made of any suitable material, 
especially those materials typically used in high perfor 
mance braking. In these embodiments, the rotor is preferably 
made from cast iron, With or Without an alloy. 

[0048] The rotor can be made in any suitable con?guration 
including hatless rotor con?gurations, as is shoWn in FIG. 1, 
integral hat rotor con?gurations, as is shoWn in FIG. 3, or 
integral hat and hub rotor con?gurations, Which are not 
speci?cally shoWn. 

[0049] Upon application of the brake pads against the 
brake pad contact surface, groove segments increase friction 
betWeen the brake pad contact surface and the brake pads 
and provide increased braking poWer. Also, the grooves 
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provide even temperature distribution across the brake pad 
contact surface, Which leads to less thermal stress, less 
thermal distortion, and a longer disc life. 

[0050] While advantageous embodiments have been cho 
sen to illustrate the invention, those skilled in the art Will 
understand that various changes and modi?cations can be 
made therein Without departing from the scope of the 
invention. 

What is claimed is: 
1. A rotor comprising: 

a ring shaped brake pad contact surface bounded by an 
inner circumference and an outer circumference, the 
brake pad contact surface including an array of grooves 
formed therein; the array of grooves being formed of a 
plurality of groove segments, each groove segment 
having a length less than the radial distance measured 
on the surface betWeen the inner circumference and the 
outer circumference; and 

an attachment portion. 
2. The rotor of claim 1, Wherein the array of grooves in the 

brake pad contact surface includes a ?rst ring of circularly 
arranged groove segments. 

3. The rotor of claim 2, Wherein the array of grooves in the 
brake pad contact surface includes at least a second ring of 
circularly arranged groove segments concentrically arranged 
and radially offset With respect to the ?rst ring. 

4. The rotor of claim 3, Wherein each groove segment in 
the second ring of groove segments is circumferentially 
offset With respect to an adjacent groove segment in the ?rst 
ring of groove segments. 

5. The rotor of claim 3, Wherein each groove segment has 
a ?rst end and an opposed second end, Wherein the ?rst ring 
of groove segments is arranged such that the groove seg 
ments in the ?rst ring each have a ?rst end disposed adjacent 
to the inner edge and a second end radially outWardly spaced 
therefrom, and the second ring of groove segments is 
arranged such that the groove segments in the second ring 
have a ?rst end disposed radially inWardly of the second end 
of the groove segments in the ?rst ring and a second end 
disposed radially outWardly spaced therefrom, thus forming 
a radial overlap betWeen the ?rst ring and the second ring. 

6. The rotor of claim 1, Wherein the array of grooves in the 
brake pad contact surface includes a plurality of groove 
segments arranged in a plurality of rings, With each groove 
segment being radially and circumferentially offset With 
respect to an adjacent groove segment. 

7. The rotor of claim 1, Wherein each groove segment is 
an elongated straight segment. 

8. The rotor of claim 1, Wherein each groove segment is 
an elongated arcuate segment. 

9. The rotor of claim 1, Wherein the brake pad contact 
surface has a central aXis of rotation and each groove is 
angled With respect to a radial line extending from the 
central aXis. 

10. The rotor of claim 1, Wherein the brake pad contact 
surface is a ?rst brake pad contact surface and further 
comprising a second brake pad contact surface spaced from 
the ?rst brake pad contact surface by a plurality of circum 
ferentially disposed vanes; and Wherein the second brake 
pad contact surface includes an array of grooves formed 
therein. 
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11. The rotor of claim 10, Wherein each groove segment 
in the ?rst brake pad contact surface is disposed betWeen tWo 
adjacent vanes. 

12. The rotor of claim 10, Wherein a groove is disposed on 
each brake pad contact surface betWeen each pair of adjacent 
vanes. 

13. A ventilated rotor assembly, comprising: 

a ?rst brake pad contact surface formed as a ring With a 

radial Width and an array of grooves formed thereon; 
and 

a second brake pad contact surface formed as a ring With 

a radial Width and an array of grooves formed thereon, 
the second brake pad contact surface being connected 
to and spaced from the ?rst brake pad contact surface 
by a plurality of circumferentially spaced vanes, 

Wherein each array of grooves includes a repeating pattern 
of a plurality of groove segments regularly spaced 
along a circumferential length of each brake pad con 
tact surface, Wherein each groove segment has a length 
less than the radial Width of the respective ring. 

14. The ventilated rotor assembly of claim 13, Wherein the 
grooves are further arranged as a plurality of rings of groove 
segments. 

15. The ventilated rotor assembly of claim 14, Wherein 
each ring of groove segments is radially and circumferen 
tially offset from an adjacent ring. 

16. The ventilated rotor assembly of claim 15, Wherein 
groove segments in adjacent rings radially overlap With each 
other. 

17. The ventilated rotor assembly of claim 13, Wherein 
each groove segment is positioned on each brake pad contact 
surface betWeen tWo adjacent vanes. 

18. The ventilated rotor assembly of claim 17, Wherein a 
groove segment is disposed on each brake pad contact 
surface betWeen each pair of adjacent vanes. 

19. The ventilated rotor assembly of claim 17, further 
including pairs of adjacent vanes Where no groove is dis 
posed on a brake pad contact surface. 

20. The ventilated rotor assembly of claim 14, Wherein 
each groove segment is an elongated straight segment. 

21. The ventilated rotor assembly of claim 14, Wherein 
each groove segment is an elongated arcuate segment. 

22. The ventilated rotor assembly of claim 14, Wherein the 
rotor assembly has a central aXis of rotation and each groove 
segment is disposed at an angle With respect to a radius 
draWn from the central aXis. 

23. A ventilated rotor assembly, comprising: 

a ?rst brake pad contact surface formed as a ring With a 

radial Width and an array of grooves formed thereon; 
and 

a second brake pad contact surface formed as a ring With 
a radial Width and an array of grooves formed thereon, 
the second brake pad contact surface being connected 
to and spaced from the ?rst brake pad contact surface 
by a plurality of circumferentially spaced vanes, 
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wherein each groove is disposed on the brake pad contact 
surfaces between adjacent vanes, and at least one 
groove is disposed on each brake pad contact surface 
betWeen adjacent vanes. 

24. The ventilated rotor assembly of claim 23, Wherein the 
grooves are further arranged on each brake pad contact 
surface as a plurality of rings of groove segments. 

25. The ventilated rotor assembly of claim 24, Wherein 
each ring of groove segments is radially and circurnferen 
tially offset from an adjacent ring. 

26. The ventilated rotor assembly of claim 25, Wherein 
groove segments in adjacent rings radially overlap With each 
other. 
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27. The ventilated rotor assembly of claim 23, Wherein 
each groove segment is an elongated straight segment. 

28. The ventilated rotor assembly of claim 23, Wherein 
each groove segment is an elongated arcuate segment. 

29. The ventilated rotor assembly of claim 23, Wherein the 
rotor assembly has a central aXis of rotation and each groove 

segment is disposed at an angle With respect to a radius 
drawn from the central aXis. 


