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DISC BRAKE SYSTEM WITH ABS 

[0001] This application is a Continuation-In-Part of US. 
patent application Ser. No. 09/303,183, entitled “Slidable 
Brake Disc System”, ?led Apr. 30, 1999, and this application 
is a Continuation-In-Part of PCT application, Application 
No. PCT/GB97/03388, ?led Dec. 8, 1997, designating the 
United States and a Continuation-In-Part of PCT applica 
tion, Application No. PCT/GB97/03386 ?led Dec. 8, 1997, 
designating the United States. PCT applications PCT/GB97/ 
03388 and PCT/GB97/03386 are hereby incorporated herein 
by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to an ABS braking system 
for motor vehicles. 

BACKGROUND OF THE INVENTION 

[0003] Typically, production vehicles, such as automo 
biles having a Automatic Braking System (ABS) employ a 
single brake disc ?Xed to the Wheel hub and a sliding brake 
caliper mounted on a suspension member of the vehicle. 
Operation of a brake foot pedal by the operator With eXces 
sive force is sensed by a sensor, and a deceleration of the 
Wheel is sensed by a Wheel position or speed sensor mounted 
adjacent the Wheel. The Wheel speed sensor particularly 
monitors for front Wheel locking up While in the braking 
condition With its loss of steerability and its longer stopping 
distance. The stopping distance of the vehicle may be made 
shorter if the Wheels are operated iteratively at a loW slip 
rather than a longer, fully locked or skid condition. The 
brake caliper is preferably operated at a high brake torque 
“apply” rate to increase brake torque for quick response. 
Additionally, caliper preferably is operated at a “high 
release” rate to decrease brake torque for quick response 
When the condition of lock-up is sensed as about to begin to 
alloW the Wheel to accelerate to a velocity approaching the 
vehicle velocity. 

[0004] In conventional production vehicles having this 
?Xed brake disc and slidable brake caliper, a hydraulic piston 
in a hydraulic cylinder on the caliper is operated to shift an 
inner movable brake pad into braking engagement With one 
side of the brake disc ?Xed to a rotating Wheel hub mounted 
on the vehicle suspension. Areaction force from the hydrau 
lic ?uid moving the piston shifts the slidable caliper to slide 
the caliper and a second brake pad on the distal end of a 
caliper into engagement With the other side of the ?Xed 
brake disc. Typically, the braking system operates With 
hydraulic ?uid at a pressure of about 70 BAR or more to 
provide the clamping pressure to opposite sides of the brake 
disc. 

[0005] From the foregoing, it Will be understood that When 
high excessive force is applied to a brake pedal by a vehicle 
operator causing rapidly deceleration of the Wheel toWards 
the lock-up condition, the ABS sensors and control system 
senses the rotational position of the Wheel relative to the 
vehicle’s speed; and if these conditions are Within preset 
stored parameters, the ABS hydraulic system is activated to 
operate the brakes. The ABS hydraulic system isolates the 
pedal-operated hydraulics, and the braking operation is 
taken over by the ABS system, Which causes the braking 
effort to drop and alloWs the Wheel rotation to accelerate or 
spin up. When the Wheel spin-up approaches the vehicle 
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speed, as sensed by the Wheel sensor, but does not equal the 
vehicle speed, the ABS hydraulics apply increased hydraulic 
pressure to the sliding caliper to decrease or spin doWn the 
braked Wheel’s rotational velocity. When the vehicle Wheel 
spins doWn to approach vehicle lock as sensed by the Wheel 
sensor and Within the preset parameters, the ABS hydraulic 
pressure at the slidable caliper is increased to alloW Wheel 
spin up. This process is iterated to provide modulation of the 
ABS hydraulic pressure and a deceleration of the vehicle’s 
velocity to provide a stopping of the vehicle Within a 
predetermined distance depending on the kind of surface on 
Which the Wheels are engaging. Manifestly, the stopping 
distance on ice or other loW coef?cient of friction surfaces 
is greater than the sloping distance for higher coef?cient of 
friction surfaces. Governmental regulations in many coun 
tries require the ABS braking system to stop the vehicle 
Within a set stopping distance for a given coefficient of 
friction surface. 

[0006] The ABS system senses the initial apply rate and 
release rates and scales or calibrates the resolution of sub 
sequent “apply” and “release” rates to stop the vehicle. For 
eXample, the amplitude of the initial apply and release rates 
is quite high When the Wheel is on a dry concrete surface and 
the frequency of the brake applications and releases is quite 
large in amplitude and at a loW frequency. The ABS system 
then compares the frequency and amplitude of brake apply 
and brake release rates relative to the preset stored param 
eters in a controller and then operates the braking system 
according to this algorithm that is used to decelerate the 
vehicle’s speed to stop the vehicle With the governmental 
stopping distance. This deceleration is usually a constant 
deceleration and is linear With respect to time and vehicle 
velocity or distance traveled. Hereinafter, this Will be called 
a vehicle deceleration curve, Which need not be linear, but 
Which is usually a linear curve. A graphical representation of 
vehicle Wheel speed and of hydraulic pressure shoWs that 
they are modulated along this theoretical vehicle decelera 
tion curve until the vehicle is sloWed doWn to a very loW 
speed, e.g., under 10 mph When the brakes are alloWed to 
lock up to complete the stopping of the vehicle. If the same 
vehicle traveling at the same speed and braked With the same 
brake pedal pressure Was traveling on polished ice, having 
a very loW coef?cient of friction, relative to the coef?cient 
of friction for the concrete surface, the initial braking by the 
ABS system recogniZes this and sets the scale or calibration 
to generate a ?ner resolution With a more frequent applica 
tion and release of the brakes and With a smaller amplitude 
of Wheel acceleration and deceleration. Thus, With a smaller 
coef?cient of friction surface, the average pressure variation 
and Wheel acceleration is less over the stopping distance. 

[0007] Current ABS braking systems suffer from being 
relatively heavy in Weight, in being relatively costly, and 
from operational de?ciencies such as operating at high 
pressures, high residual torque drag, and large hystersis 
losses. The present invention is directed to providing a 
signi?cant Weight reduction, for eXample, With respect to 
one commercial automobile, to reduce the Weight of the 
braking system from about 18 kilograms to 15 kilograms of 
unsprung Weight at the Wheel. A cost saving of thirty (30%) 
percent or more can be achieved relative to the braking 
system currently used on a commercial vehicle. As Will be 
eXplained in detail hereinafter, better operation is achieved 
With a reduction in residual torque drag, Which occurs When 
the brake pads rub against the brake disc When the brake 
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pedal has not been operated. A reduction in residual torque 
drag results in a signi?cant increase in brake pad life, loWer 
operating temperatures, and faster Wheel acceleration as Will 
be described in more detail hereinafter. 

[0008] To facilitate acceptance and adoption of the brak 
ing system of this invention by original equipment manu 
facturers, the preferred braking system of this invention may 
be used With the same installed ABS controller and operat 
ing system on vehicles noW in use. The preferred braking 
system Without the ABS control system is more fully 
described in the aforesaid copending United States patent 
application and to a lesser extent hereinafter in this appli 
cation. This braking system includes tWin slidable brake 
discs and four brake pads for rubbing or clamping engage 
ment With the four sides on the tWin brake discs and a ?xed 
caliper mounted on a suspension stub axle or knuckle. 
Preferably, the hydraulic cylinder for operating the brake 
discs is formed integrally With the suspension knuckle; and 
an outer, distal brake pad is ?xedly mounted on a stationary 
bridge of the caliper. This is unlike the current slidable 
caliper on the typical conventional disc brake that has only 
tWo rubbing surfaces engaging opposite sides of a cast iron 
or cast aluminum, heavy brake rotor. 

[0009] The present invention is, as stated above, directed 
to providing a better ABS system from an operational 
standpoint. Current ABS systems suffer from a number of 
shortcomings. One of these shortcomings is that they oper 
ate at relatively high hydraulic pressures, for example, 70 
BAR on high friction surfaces. With only tWo braking 
surfaces for a Wheel, a large amount of energy must be 
dissipated at each rubbing surface to decelerate the vehicle 
quickly. These high brake pressures result in large amplitude 
variations in hydraulic pressure When the brakes are being 
applied and released. During the long period of time that the 
brake pressure is released to alloW Wheel acceleration 
toWard the vehicle’s velocity, the vehicle is moving for 
Wardly With no braking effort being applied to decelerate the 
vehicle. 

[0010] With a ?ner resolution of the frequency and ampli 
tude about a theoretical, vehicle braking curve, the time for 
an individual cycle of brake application and brake release is 
much quicker so that many more of these cycles are per 
formed in the same period of time than for a higher reso 
lution braking system. Hence, it Would be desirable to have 
an ABS system With increased resolution more closely 
approximating the vehicle’s deceleration curve. Another 
factor involved in the obtaining of better braking and, also 
in obtaining ?ner resolution of braking and releasing cycles 
is that of the hystersis of the system, Which involves Wasted 
energy and time put into the system. For example, in the 
current hydraulic systems there are expandable, ?exible, 
hydraulic hoses or lines that expand during the high pressure 
braking and contract during the loWer pressure release of the 
brakes. Also, several seals are expanded during high pres 
sure braking and then contract during the pressure release. 
One such seal in a hydraulic braking system is the annular 
seal about the piston of the brake caliper’s cylinder. This seal 
is expanded during braking and contracts during brake 
release and exerts a return force to return the piston. 

[0011] Another operational shortcoming of the commonly 
used slidable caliper, single disc braking system is the 
amount of de?ection of the distal brake pad’s support at an 
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outer end of the caliper. That is, in the current disc braking 
system, the large, heavy sliding caliper has a ?xed pad on the 
caliper Which is that outer end of a caliper bridge. This 
caliper and its bridge are large and heavy because they carry 
the piston and the outer distal pad and provide the stiffness 
needed to resist bending and de?ection from the large 
clamping forces being applied. Despite its being relatively 
heavy and large, the caliper’s distal end often de?ects about 
0.0006 inch or greater. The operation in the system is 
affected by this de?ection of the caliper’s distal end and the 
time needed to slide the heavy caliper back to its brake 
release position. 

[0012] As stated above, the operational performance of an 
ABS disc brake system is adversely affected by residual drag 
of the brakes When the braking pressure has been released. 
Residual braking torque retards Wheel spin up to the desired 
speed, and thus, sloWs the time of response. It has been 
found that the conventional slidable caliper brake disc herein 
described has signi?cant residual torque or brake drag. One 
cause may be that the brake disc is ?xed to a stub and 
Whatever tolerance it has from a true perpendicular relation 
ship to the rotational axes of the Wheel results in rubbing of 
the disc at high spots, Which is called “run out”. That is, the 
?xed disc or rotor Will not run absolutely true because you 
have manufacturing tolerances in its support including bear 
ings, hubs or axles, and in the disc itself, Which is cast With 
angular portion therein. This rotating ?xed rotor has a 
geometry envelope Within Which its annular braking surface 
travels during a Wheel revolution. When a high spot on the 
rotor hits or rubs against a brake pad, it pushes against the 
high mass, caliper, and residual torque drag is the result. 
This reduces the life of brake pads and Wastes fuel and 
energy. Also, as the Wheel is released by the ABS system to 
accelerate toWard the vehicle velocity, the Wheel must 
overcome this residual torque drag as it accelerates. This 
residual torque drag prolongs the time needed to reach the 
desired Wheel velocity and thus, increases the stopping 
distance for the ABS braking system. That is, the higher 
hydraulic operating pressures and mass of the sliding caliper 
and associated friction losses of this sliding caliper system 
result in more time betWeens spin doWn and spin up. Hence, 
it Would be desirable to provide a more effective ADS 
system Wherein the frequency of spin up and spin doWn is 
faster. 

[0013] To provide an effective ABS braking system, the 
brake system itself must pass rigorous speci?cations for 
Wear, vibration, residual torque as Well as various road tests 
for brake fade, for temperature of operation on mountainous 
descents or curvy roads over long period of time, etc. Some 
of the current brake systems using tWo brake pads and a 
single ?xed brake disc operate at such high temperatures 
they either fail or are having dif?culty in passing the Auto 
Motive Standard (AMS) road test. 

[0014] Additionally, for a brake system to be installed on 
production vehicles, it must operate successfully and be free 
of vibrations, noise or other adverse feel conditions that are 
deemed undesirable by the vehicle operator. Of course, 
longevity of the brake pads and discs With a minimum of 
Wear at localiZed areas that results in disc thickness variation 
(DTV) is most desirable to avoid vibrations and replacement 
of brake discs and/or brake pads. In an off-brake condition, 
the brake pads and brake disc can touch, particularly When 
cornering or traveling over bumpy surfaces and cause 
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residual torque drag. This residual torque drag is additional 
to that above-described due to manufacturing tolerances. 

SUMMARY OF THE INVENTION 

[0015] In accordance With the present invention, there is 
provided a neW and improved ABS braking system for 
vehicles that is lighter in Weight, loWer in cost and has 
improved operating characteristics. To achieve these ends, 
the preferred ABS system is formed With a pair of slidable, 
thin brake discs, Which are mounted in a ?oating manner on 
a Wheel hub and this ?oating alloWs the brake discs to 
position themselves quickly and With reduced, residual 
brake torque. From a Weight standpoint, these brake discs 
are thin, ?at plates made of steel, aluminum or a composite 
material as contrasted to the heavy cast, angular rotors 
currently used. The hydraulic brake cylinder is integrally 
formed inside the stub axle or knuckle to provide a signi? 
cant Weight savings. From an operational standpoint, the 
ABS system Works at substantially reduced hydraulic pres 
sures and has a higher frequency of Wheel deceleration and 
accelerations, and loWer amplitude of pressure and Wheel 
velocities than that of the conventional ABS system. Thus, 
there is provided an ABS braking system operating at a 
loWer pressure, With reduced hystersis, and improved modu 
lation of braking relative to a conventional, production ABS 
system Which Was a slidable caliper and a pair of brake pads 
cooperable With a single, ?xed brake disc. 

[0016] This is achieved by employing With the ABS 
electronic controller systems a braking system using four 
rubbing or braking surfaces and tWo slidable discs, a lighter 
and smaller caliper, greater caliper stiffness, reduced hys 
tersis and loWer operating forces. 

[0017] In accordance With the invention, the preferred 
ABS braking system, When used on a conventional vehicle 
having a standard ABS controller, develops from the initial 
application of the braking application a resolution of modu 
lating scale for cycling that is associated With a much loWer 
coef?cient of friction surfaces than is actually present. That 
is, the same ABS controller on a high coef?cient of friction 
road surfaces operates the conventional, ?xed, single brake 
disc system in the manner associated With this high coef? 
cient of friction surface but operates the tWin, slidable brake 
disc system in the manner associated With a much loWer 
coef?cient of friction, road surface. This is a result of using 
the slidable pair of brake discs and four brake pads operating 
at about one half of the usual hydraulic pressure and having 
reduced residual torque drag and hystersis such that the 
initial cycles used to scale or calibrate the modulators is one 
half or less than that used for the conventional sliding caliper 
and ?xed disc kind of system. Stated differently, When using 
a conventional ABS system controller and hydraulic master 
cylinder system connected to the preferred turn, slidable 
base discs and four brake pads, the system Will provide more 
than double the number of braking and release cycles per 
unit time. The braking and release cycles Will have a much 
higher frequency and a substantial less amplitude meaning 
that the vehicle Will be decelerating more closely to the 
desired vehicle deceleration curve set by the ABS controller. 

[0018] In accordance With an important aspect of the 
invention, the slidable brake pads are mounted upWardly at 
about a 12:00 o’clock position With a Wheel speed, pulse 
generator located adjacent thereto so as not to interfere With 

Mar. 14, 2002 

the locking angle and turning circle of the vehicle suspen 
sion. Preferably, the hydraulic cylinder is integrally formed 
at the top of the suspension member. Also, it is preferred to 
provide the seal ring betWeen the piston and the cylindrical 
Wall of the cylinder With a loW friction surface, such as a 
Te?on surface, to reduce hystersis. 

[0019] In the preferred embodiment, the Wheel speed 
pulse generator includes an annular air cooling ring attached 
to the rotatable hub With equally spaced tabs arranged in a 
circle concentric With the Wheel axle. A magnetic sensor is 
mounted on the suspension member adjacent the ?xed 
caliper to sense the spaced tabs and thereby, the rotational 
speed of the Wheel relative to lock-up and/or vehicle speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1A is a diagrammatic vieW of a tWin braking 
ABS system embodying the invention; 

[0021] FIG. 1B is a graph shoWing operational character 
istics of the ABS braking system of FIG. 1A applied to an 
automobile and embodying the invention; 

[0022] FIG. 1C is a graph shoWing operational character 
istics of a conventional ABS braking system on the same 
vehicle used for FIG. 1A; 

[0023] FIG. 1D illustrates a pressure reduction by about 
one-half and an about doubling of frequency of brake 
application and release betWeen the tWin ABS system of this 
invention and the conventional ABS system; 

[0024] FIG. 1E illustrates a reservoir of hydraulic ?uid 
mounted and hydraulic control valve mounted on a vehicle 
Wheel suspension and operable in accordance With the 
invention; 
[0025] FIG. 1F illustrates a solenoid force actuator 
mounted in a holloW bore of a stub axle of the suspension; 
and 

[0026] FIG. 1G illustrates an ABS system for operating 
the preferred tWin disc brake assembly; 

[0027] FIG. 2 is a diagrammatic vieW of an outer spring 
constraining the brake pads and an inner spring constraining 
the brake discs; 

[0028] FIG. 3 is a plan vieW shoWing the spring constrain 
ing the brake pads; 

[0029] FIG. 3A is a cross-sectional vieW shoWing the 
spring applying restraining forces to the tops of the brake 
pad carriers; 
[0030] FIG. 4 is a diagrammatic vieW of three leaf spring 
constraining a brake disc on a hub; 

[0031] FIG. 5 is an exploded vieW of the illustrative 
assembly; 
[0032] FIG. 6 is a side elevational vieW of the illustrative 
assembly; 
[0033] FIG. 7 is similar to FIG. 6 but shoWs the illustra 
tive assembly in vertical cross section; 

[0034] FIG. 8 shoWs temperature decay curves for disc 
brakes due to residual drag torque With the brakes off; 

[0035] FIG. 9 shoWs curves for an AMS fade test of a 
standard ?xed brake; 




















