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(57) ABSTRACT

A modular non-linear spring system capable of simulating
traditional brake pedal feel when incorporated into a hydrau-
lic and/or electro-hydraulic vehicle braking system. The
system can 1nclude a first spacer having a top surface and a
bottom surface and an optional second spacer having a top
surface and a bottom surface. In one arrangement, a first
mechanical spring i1s 1n abutting engagement with the top
surface of said first spacer, a second mechanical spring 1s 1n
abutting engagement with the bottom surface of said first
spacer and the top surface of said second spacer, and an
optional third mechanical spring 1s in abutting engagement

Int. CI. with the bottom surface of said second spacer. The springs
G05G 5/03 (2006.01) are arranged to be progressively compressed using a brake
B60T 11/16 (2006.01) pedal of the braking system.
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MODULAR NON-LINEAR SPRING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 15/665,872, filed Aug. 1, 2016, which in turn

claims priority to and the benefit of the filing date of U.S.
Provisional Patent Application Ser. No. 62/369,889, filed
Aug. 2, 2016, all of which are incorporated by reference in
their entirety.

[0002] The present disclosure relates to spring systems,
particularly to spring systems having a non-linear force
versus stroke profile, and more particularly to a non-linear
spring system that can be used 1n a hydraulic and/or electro-

hydraulic vehicle braking system, and which 1s capable of
simulating traditional brake pedal feel.

BACKGROUND OF THE INVENTION

[0003] Motorized vehicles are generally slowed and/or
stopped with hydraulic brake systems. A basic brake system
generally includes a brake pedal, a master cylinder, brake
fluid conduits arranged in two similar but separate brake
circuits, and wheel brakes 1n each circuit. The driver of the
vehicle operates the brake pedal which 1s connected to the
master cylinder. When the brake pedal 1s depressed, the
master cylinder generates hydraulic forces in both brake
circuits by pressurizing brake fluid. The pressurized fluid
travels through the fluid conduit 1n both circuits to actuate
brake cylinders at the wheels to slow or stop the vehicle.
Generally, when the brake pedal 1s first compressed, there 1s
little resistance to the initial movement of the brake pedal
during depression. As the brake pedal 1s further depressed by
a user, the force required for further pedal depression
increases. Generally, the force required to initially depress
the brake pedal to the force required for full depression of
the brake pedal 1s a non-linear force curve.

[0004] Recently, advanced vehicle braking systems, such
as, lor example, electro-hydraulic braking systems, have
been designed. In such systems, the master cylinder i1s
typically a separate component from the vehicle’s brakes. In
such systems, an electronic control unit 1s provided to
respond to brake demand si1gnals and to control the operation
of pumps which apply pressurized brake fluid to the wheel
brakes of each brake circuit. As such, when the brake pedal
1s actuated, i1t does not typically directly actuate the wheel
brakes, but rather acts to generate a brake demand signal
which 1s used as an input signal to an electronically-
controlled vehicle braking system. One disadvantage of such
systems 1s that the brake pedal does not feel or behave like
a brake pedal in a hydraulic braking system (e.g., 1 a
non-linear, progressively increasing pedal force).

[0005] Non-limiting examples of existing prior art pedal
teel simulator devices for vehicle braking systems are
described 1n U.S. Pat. Nos. 6,347,518 and 6,746,088, US
Publication Nos. 2003/0205932, US 2014/0138888, US
2014/01359473, and WO 2014/14544°7A1, all of which are
incorporated herein by reference. These prior art simulator
devices are generally complicated systems and cannot be
casily customized for a particular use.

[0006] A need has been identified for a spring system that
can be used 1n a hydraulic and/or electro-hydraulic vehicle
braking system which can simulate the feel of a traditional
brake pedal as experienced 1 a conventional hydraulic
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vehicle braking system, and which can easily be customized
for different types of brake systems or for other types of uses
that benefit from a non-linear force verse stroke profile for
a spring system.

SUMMARY OF THE INVENTION

[0007] The present disclosure 1s directed to a novel modu-
lar non-linear spring system suitable for use in electro-
hydraulic vehicle braking systems. Although the novel
modular non-linear spring system will be described with
particular reference for use 1n vehicle brake systems, i1t will
be appreciated that the novel modular non-linear spring
system can be used in many other applications wherein 1t 1s
advantageous to use a spring system having a non-linear
force versus stroke curve. The present disclosure particu-
larly relates to a modular non-linear spring system compris-
ing a mechanical spring system which simulates the tradi-
tional brake pedal feel as typically experienced in hydraulic
braking systems. The concept being described utilizes the
mechanical spring system to provide a brake pedal feel with
non-linear, progressively increasing stroke length versus
pedal force characteristics.

[0008] TTypical hydraulic and/or electro-hydraulic braking
systems include a master cylinder having an internal cavity
and a piston at least partially housed 1n said internal cavity.
The piston 1s typically eitther directly or indirectly connected
to a brake pedal. Depression and release of the brake pedal
causes the piston to reciprocate 1n the internal cavity of the
master cylinder, thereby pressurizing brake fluid to cause the
brake pad to engage the brake discs of the vehicle.

[0009] In one non-limiting aspect of the present disclo-
sure, there 1s provided a modular non-linear spring system
which can be used as a component of a hydraulic and/or
clectro-hydraulic vehicle braking system. The modular non-
linear spring system can be configured to fit into the imternal
cavity of the master cylinder of existing and future hydraulic
and/or electro-hydraulic brake systems; however, this 1s not
required. In one non-limiting configuration, the modular
non-linear spring system of the present disclosure 1s posi-
tionable 1n the internal cavity of the master cylinder between
the base of the master cylinder and the piston; however, this
1s not required. As can be appreciated, other arrangements
can be used.

[0010] In another and/or alternative non-limiting aspect of
the present disclosure, the modular non-linear spring system
of the present disclosure 1s configured to compressibly
interact with the brake pedal of a brake system; however,
this 1s not required. In one non-limiting arrangement, the
modular non-linear spring system 1s integrated 1n an electro-
hydraulic vehicle braking system wherein one or more
portions of the modular non-linear spring system are caused
to compress as the brake pedal engages the modular non-
linear spring system.

[0011] In another and/or alternative non-limiting aspect of
the present disclosure, the modular non-linear spring system
of the present disclosure includes two or more springs. The
springs can include the same or diflerent types of springs
(e.g., lmmear mechamical springs, non-linear mechanical
springs, mechanical Belleville springs, gas springs, etc.).
The two or more springs are not limited by type, size, shape,
cross-sectional area, and/or material. In one non-limiting
configuration, the modular non-linear spring system
includes two or more mechanical springs (e.g., helical
spring, Belleville spring, clover dome washer, etc.). The two
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or more mechanical springs can comprise a generally helical
shape and include a uniform pitch; however, this 1s not
required. As can be appreciated, when two or more mechani-
cal springs are used, the pitch of the two or more mechanical
springs can be non-uniform or varying pitch; however, this
1s not required. When two or more mechanical springs are
used, the type, size, and shape of the two or more mechanical
springs are non-limiting. The two or more mechanical
springs can be formed from a variety of matenials (e.g.,
metal, plastic, polymer material, rubber, composite material,
ctc.). The compressibility of the two or more mechanical
springs can be the same or diflerent. The mechanical spring
free length, wire type, wire thickness, cross-sectional shape
and/or area of the wire, cross-sectional shape and/or area of
the spring, number of windings, wire material, and/or spring,
force of each mechanical spring can be the same or different.
The free length of the two or more mechanical springs can
be greater than, equal to, or less than the longitudinal length
of the modular non-linear spring system. Another one non-
limiting configuration, the modular non-linear spring system
includes three springs. The three springs can be structurally
and/or functionally the same or different from one another.
In one such configuration, the three-spring system includes
three mechanical helical springs. In another such configu-
ration, the three-spring system includes two mechanical
helical springs and one Belleville spring. In another such
configuration, the three-spring system includes one
mechanical helical spring and two Belleville springs.

[0012] In another and/or alternative non-limiting aspect of
the present disclosure, the modular non-linear spring system
includes a first, second, and third mechanical spring
arranged 1n a series configuration, wherein one or more
springs are separated by a spacer; however, this 1s not
required. The spacers (when used) are not limited 1n size,
shape, or material. Non-limiting examples of maternials used
to form the spacers include metal, plastic, polymer material,
rubber, composite material, etc. In embodiments where one
or more spacers are used, the shape of the two or more
spacers can be the same or diflerent. Generally, the shape of
the one or more spacers can be configured to match and/or
correspond with the internal cavity of the master cylinder;
however, this 1s not required. As such, the one or more
spacers can be configured to be movable within the internal
cavity of a master cylinder; however, this 1s not required. In
embodiments where one or more spacers are used, at least a
portion of a first spacer can be configured to interact with the
piston or structures connected to the piston as the piston
moves within the mternal cavity of the master cylinder, and
at least a portion of a second spacer can be configured to
interact with one or more portions of the internal cavity of
the master cylinder; however, this 1s not required. In one
non-limiting configuration wherein two spacers and three
mechanical springs are used, the first spacer can be provided
between a first and second mechanical spring, and the
second spacer can be provided between the second and third
mechanical springs; however, this i1s not required. As can be
appreciated, when two or more mechanical springs are
located on the same side of a spacer, one or more of the
mechanical springs can optionally be 1n a nested relationship
and have the same or different direction of windings; how-
ever, this 1s not required.

[0013] In one non-limiting aspect of the present disclo-
sure, the modular non-linear spring system of the present
disclosure can include, but 1s not limited to, a 1) first spacer
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providing a top and bottom surface, 2) second spacer pro-
viding a top and bottom surface, 3) first mechanical spring
positionable at or near the top surface of said first spacer, 4)
second mechanical spring positionable at least partially
between the bottom surface of said first spacer and the top
surface of said second spacer, and/or 5) third mechanical
spring positionable at or near the bottom surface of said
second spacer.

[0014] A non-limiting overview of a modular non-linear
spring system of the present disclosure that includes three
springs 1s as follows:

[0015] 1) The first spring can be connected to the top
surface of the first spacer; however, this 1s not required. The
configuration of the connection arrangement 1s non-limiting
(e.g., threaded end, connection hole, grooves, ribs, slots,
notches, hook, etc.). Similarly, the first spring can be con-
nected to the spacer by any number of means (e.g., adhesive,
screw, rivet, nail, pin, solder, weld bead, melted bond, etc.).
The first spring 1s configured to extend outwardly from the
top surface of the first spacer and can be configured to be
compressible. As such, the first spring can compress and
decompress against the top surface of the first spacer. The
first spring can be positioned along the central longitudinal
axis of the first spacer; however, this 1s not required. The first
spring can be a multi-rate spring (1.e., non-linear spring);
however, this 1s not required.

[0016] 2) The length, shape, configuration and material of
the first spacer are non-limiting. The first spacer generally
has a tubular shape and the cross-sectional shape of the first
spacer 1s generally circular; however, this 1s not required.
The cross-sectional area of the portion of the first spring that
compresses and decompresses relative to the top surface of
the first spacer 1s generally less than the cross-sectional area
of the first spacer; however, the cross-sectional area can be
the same as the cross-sectional area of the first spacer. The
top end of the first spring (1.e., the longitudinal end opposite
the first spacer) optionally includes a connection arrange-
ment that 1s used to connect the first spring to a piston or a
structure connected to a piston; however, this 1s not required.
The connection arrangement (when used) between the first
spring and the first spacer 1s non-limiting.

[0017] 3)The second spring can be positioned between the
first spacer and a second spacer or forms the end of the
modular non-linear spring system. The second spring and
the first spring can be the same or different. The second
spring can be connected at its longitudinal ends to the
bottom surface of the first spacer and the top surface of the
second spacer; however, this 1s not required. The configu-
ration of the connection arrangement 1s non-limiting (e.g.,
threaded end, connection hole, grooves, ribs, slots, notches,
hook, etc.). Similarly, the second spring can be connected to
the first and second spacers by any number of means (e.g.,
adhesive, screw, rivet, nail, pin, solder, weld bead, melted
bond, etc.). The second spring 1s configured to extend
outwardly from and between the bottom surface of the first
spacer and the top surface of a second spacer (when used)
and can be configured to be compressible. As such, the
second spring can compress and decompress against the
bottom surface of the first spacer and/or the top surface of
the second spacer (when used). The second spring can be
positioned along the central longitudinal axis of the first
spacer and the second spacer (when used); however, this 1s
not required.
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[0018] 4) The length, shape, configuration and material of
the second spacer are non-limiting. The second spacer
generally has a tubular shape and the cross-sectional shape
of the second spacer 1s generally circular; however, this i1s
not required. In one non-limiting configuration, the second
spacer 1s the same 1n structure and function as the first
spacer; however, this 1s not required.

[0019] 5) The third spring (when used) can be connected
to the bottom surface of the second spacer; however, this 1s
not required. The configuration of the connection arrange-
ment 1s non-limiting (e.g., threaded end, connection hole,
grooves, ribs, slots, notches, hook, etc.). Similarly, the third
spring can be connected to the spacer by any number of
means (e.g., adhesive, screw, rivet, nail, pin, solder, weld
bead, melted bond, etc.). The third spring can extend out-
wardly from the bottom surface of the second spacer and can
be configured to be compressible. As such, the third spring
can compress and decompress against the bottom surface of
the second spacer. The third spring can be positioned along,
the central longitudinal axis of the second spacer; however,
this 1s not required. The third spring can be the same or
different as the first and second springs. The three springs
(when used) can be the same type of spring; however, this
1s not required. In one non-limiting configuration, the first
and second springs are coil springs (which coil springs may
be the same or different) and the third spring 1s a Belleville
spring or clover dome washer; however, this 1s not required.

[0020] In another and/or alternative non-limiting aspect of
the present disclosure, the modular non-linear spring system
can be easily customized for various applications by simply
changing one or more of the springs 1n the modular non-
linear spring system and/or the number of springs in the
modular non-linear spring system; however, this 1s not
required.

[0021] In another and/or alternative non-limiting aspect of
the present disclosure, the modular non-linear spring system
can optionally be adjusted by a user (e.g., driver). In one
non-limiting configuration, the modular non-linear spring
system 1s adjustable such that a driver of a vehicle can adjust
one or more characteristics or components of the modular
non-linear spring system and, thus, the pedal feel; however,
this 1s not required. For example, the modular non-linear
spring system can be customizable by a driver to adjust the
teel of braking for one or more braking performances and/or
to simulate a desired driving and/or braking style, such as,
for example, standard braking, performance braking, luxury
braking, sport braking, etc. In one non-limiting configura-
tion, the modular non-linear spring system can be integrated
with a computer; however, this 1s not required. In such a
configuration, the braking preferences of one or more drivers
can be set and/or recorded when one or more drivers operate
the same vehicle; however, this 1s not required. As can be
appreciated, the operation of such system can be automatic
and/or manually operated. As can be appreciated, a gas
spring can be used to adjust the feel of braking by adjusting
the gas content in the gas spring; however, this 1s not
required.

[0022] In another and/or alternative non-limiting aspect of
the present disclosure, there 1s provided a modular non-
linear spring system suitable for use as a pedal feel simu-
lator. The modular non-linear spring system can be housed
within a master cylinder; however, this 1s not required. The
modular non-linear spring system includes one or more
mechanical springs which are capable of providing a non-
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linear, progressively increasing pedal force. In one non-
limiting configuration, the modular non-linear spring system
includes two or more springs. In one non-limiting configu-
ration, each spring can have a diflerent size and shape and,
therefore, 1s capable of generating different spring forces;
however, this 1s not required.

[0023] In operation, the modular non-linear spring system
ol the present disclosure can be used as part of a hydraulic
and/or electro-hydraulic vehicle braking system. When a
driver depresses the brake pedal, the pedal causes a piston to
move 1 a first direction toward the modular non-linear
spring system, thereby causing pressure on the first spring to
increase. As a result, the first spring begins to compress.
When the pressure exerted by the piston on the first spring
exceeds or nearly exceeds a predetermined capacity of the
spring (e.g., 5-95% of the capacity of the spring and all
values and ranges therebetween) to further compress, the
movement of the piston causes the pressure on the second
spring to increase and, therefore, the second spring begins to
compress. When the pressure exerted by the piston on the
first spring and the second spring exceeds or near exceeds a
predetermined capacity the second spring (e.g., 5-95% of the
capacity of the spring and all values and ranges therebe-
tween) to further compress, the continued movement of the
piston causes the third spring to begin to compress. As such,
as the driver continues to depress the brake pedal so as to
actuate the brakes, the pressure on the three springs
increases sequentially from the first spring to the second
spring to the third spring 1n a step-wise (or progressive)
manner, thereby modularly increasing the stifiness of the
brake pedal as the brake pedal 1s increasingly depressed. As
can be appreciated, when the second spring 1s 1n the process
of being compressed, the first spring can also be further
compressed; however, this 1s not required. Likewise, when
the third spring 1s being compressed, the first and/or second
spring can also be further compressed; however, this i1s not
required. The degree of compression of a spring before
compression of another spring begins can be selected. In one
non-limiting arrangement, the modular non-linear spring
system 1s configured such that the first spring 1s compressed
to 85-99% prior to the second spring compressing more than
5-10%. In another or additional non-limiting arrangement,
the modular non-linear spring system 1s configured such that
the second spring 1s compressed to 85-99% prior to the third
spring compressing more than 5-10%.

[0024] The modular non-linear spring system of the pres-
ent disclosure provides a modulanized pedal force for every
stroke length. In one non-limiting configuration, the stroke
length versus pedal force relationship provides a non-linear,
progressively increasing relationship.

[0025] In summary, the present invention relates to modu-
lar non-linear spring system suitable for use in a vehicle
braking system, wherein the modular non-linear spring
system 1ncludes a first spacer having a top surface and a
bottom surface, a first spring in abutting engagement with
the first spacer, a second spring in abutting engagement with
the first spacer, and wherein the first and second springs are
sequentially compressible whereby compression of one or
more of the modular non-linear spring system provides a
non-linear, progressively increasing mechanical spring
force. As can be appreciated, sequential compression 1s not
limited to the first spring compressing before the second
spring. Sequential compression also includes the second
spring compressing before the compressing of the first
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spring. If the modular non-linear spring system includes
three springs, sequential compression includes 1) the first
spring {irst compressing, then the second spring compress-
ing, then the third spring compressing, 2) the second spring
first compressing, then the first spring compressing, then the
third spring compressing, 3) the second spring {irst com-
pressing, then the third spring compressing, then the first
spring compressing, 4) the third spring first compressing,
then the first spring compressing and then the second spring
compressing, or 5) the third spring first compressing, then
the second spring compressing and then the first spring
compressing.

[0026] The modular non-linear spring system can also
optionally include a second spacer having a top surface and
a bottom surface.

[0027] The modular non-linear spring system can also
optionally include a third mechanical spring i1n abutting
engagement with the bottom surface of second spacer, and
the first, second and third mechanical springs are sequen-
tially compressible whereby compression of one or more of
the mechanical springs 1n said modular non-linear spring
system provides a non-linear, progressively increasing
mechanical spring force.

[0028] The modular non-linear spring system can also
optionally include at least two springs that have different
properties, sizes, spring rates, types, or combinations
thereof.

[0029] The modular non-linear spring system can also
optionally include a plurality of springs wherein each of the
springs has different properties, sizes, spring rates, types, or
combinations thereof.

[0030] The modular non-linear spring system can also
optionally include a clover dome washer, a coil spring and/or
a Belleville washer.

[0031] The modular non-linear spring system can also
optionally include a first spring in the form of a clover dome
washer, a second spring 1n the form of a coil spring, and a
third spring in the form of a Belleville washer.

[0032] The modular non-linear spring system can also
optionally include at least one of the spacers having a
rectangular cross-sectional shape.

[0033] The modular non-linear spring system can also
optionally include at least one of the spacers having a
circular cross-sectional shape.

[0034] The modular non-linear spring system can also
optionally 1include first and second mechanical springs being
coil springs, and the third optional mechanical spring being
a Belleville washer.

[0035] The modular non-linear spring system can also
optionally have first and second mechanical springs and
optionally a third mechanical spring, and wherein each
spring has an uncompressed axial length and a compressed
axial length, and wherein the uncompressed length of one of
the mechanical springs 1s greater than the uncompressed
lengths of one or both of the other mechanical springs.
[0036] The modular non-linear spring system can also
optionally have one or more of the springs connected to a
spacer.

[0037] The modular non-linear spring system can also
optionally have at least one of the springs be a multi-rate
spring.

[0038] The modular non-linear spring system can also
optionally be used 1n a hydraulic brake system, wherein the
hydraulic brake system includes a master cylinder having a
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cavity and a piston supported in the cavity, and the modular
non-linear spring system 1s at least partially supported in the
cavity and engageable with the piston of the master cylinder.
One or more spacers (when used) can optionally be movable
within the cavity. Two or more or all of the springs can
optionally be coaxially aligned along a common axis of the
cavity.

[0039] The mnvention also pertains to a method for using a
modular non-linear spring system. One such non-limiting
method includes the use of the modular non-linear spring
system to simulate traditional brake pedal feel in a brake
pedal of a braking system. Such a non-limiting method
includes providing the modular non-linear spring system and
compressing two or more springs in progression with the
brake pedal.

[0040] One non-limiting object of the present disclosure 1s
the provision of a modular non-linear spring system suitable
for use 1n a hydraulic and/or electro-hydraulic vehicle brak-
Ing system.

[0041] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linecar spring system which includes a first, second, and
optionally a third spring oriented 1n a series configuration,
wherein the first and second springs are optionally separated
by a first spacer, and the second and optional third springs
are optionally separated by a second spacer.

[0042] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system which can be housed within the internal
cavity of a master cylinder, wherein downward movement of
a piston provided in the internal cavity of said master
cylinder sequentially compresses the springs.

[0043] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system wherein the compression of one or
more springs 1n the modular non-linear spring system pro-
vides a non-linear, progressively increasing spring force.

[0044] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system which simulates the traditional brake
pedal feel as typically experienced 1n a hydraulic braking
system.

[0045] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system of a simple and reliable design.

[0046] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system which can be used on pre-existing and
future makes and models of various motorized vehicles.

[0047] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system which can be adjusted to one or more
different dniving styles (e.g., traditional, luxury, perfor-
mance, sport, etfc.).

[0048] Another and/or alternative non-limiting object of
the present disclosure 1s the provision of a modular non-
linear spring system which can be easily customized for a
particular application by merely selecting one or more of the
mechanical springs used in the modular non-linear spring
system.

[0049] These and other objects and advantages will
become apparent from the discussion of the distinction
between the present disclosure and the prior art and when



US 2020/0089269 Al

considering the non-limiting embodiments of the disclosure
as shown 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] Reference may now be made to the drawings,
which 1llustrate various embodiments that the disclosure
may take in physical form and in certain parts and arrange-
ments ol parts wherein:

[0051] FIG. 1 illustrates an exemplary brake system
including a modular non-linear spring system in accordance
with the present disclosure;

[0052] FIG. 2 illustrates a graph showing two load-vs-
travel curves for a brake pedal;

[0053] FIG. 3 1s a schematic cross-sectional drawing of an
exemplary spring system in accordance with the present
disclosure:

[0054] FIG. 4 1s a perspective view of a first exemplary
embodiment of a spring system in accordance with the
present disclosure;

[0055] FIG. 515 across-sectional view taken along the line
5-5 1 FIG. 4;
[0056] FIG. 6 1s a perspective view of another exemplary

embodiment of a spring system in accordance with the
present disclosure; and

[0057] FIG. 71s across-sectional view taken along the line
7-7 1n FIG. 6.

DETAILED DESCRIPTION OF NON-LIMITING
EMBODIMENTS

[0058] Referring now to the drawings, wherein the show-
ings are for the purpose of illustrating non-limiting embodi-
ments of the present disclosure only and not for the purpose
of limiting the same, FIGS. 1-7 illustrate various non-
limiting embodiments of an improved modular non-linear
spring system which 1s capable of simulating traditional

brake pedal feel.

[0059] In FIG. 1, an exemplary brake system 10 generally
includes a master cylinder 12 coupled via hydraulic lines 14
to respective brake assemblies 18a-18d associated with
respective wheels of a vehicle. The hydraulic lines 14 supply
pressurized fluid from the master cylinder 12 to the brake
assemblies 18a-184d during braking. The master cylinder 12
in the 1illustrated exemplary system generates the required
pressure to actuate the brake assemblies 18a-184, either via
a Toot pedal 20 or other pressure developing component 22
(e.g., mechanical or electric pump, actuator, etc.).

[0060] In aconvention hydraulic brake system, all braking
pressure 1s developed by the driver through depression of the
toot pedal. In the electro-hydraulic brake system of FIG. 1,
the pressure development component 22 generates braking,
pressure 1n response to a brake demand signal generated by,
for example, depression of the foot pedal 20. To this end,
various sensors 24 are typically used to sense displacement
of the foot pedal 20 and communicate such information to a
brake control device 26, which 1n turn controls the pressure
developing component 22 resulting 1n the master cylinder 12
generating braking pressure. Typical electro-hydraulic sys-
tems can also 1nclude a fail-safe function wherein the pedal
20 15 used to directly generate braking pressure 1n the master
cylinder 12 1n the event of failure or malfunction of the
pressure development component 22, related sensors, or
brake control unit. It will be appreciated that electro-hy-
draulic brake systems can include various other components
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(e.g., actuators, sensors, etc.) for providing suitable system
functionality. The specific arrangement of the brake system
shown 1n FIG. 1 1s merely for illustrative purposes, and it
should be understood that aspects of the present disclosure

are applicable to virtually any brake system wherein brake
pedal feedback 1s desired.

[0061] In accordance with the present disclosure, a modu-
lar non-linear spring system 30 i1s designed to provide a
non-linear, progressively increasing stroke length versus
pedal force characteristic to the pedal 20. In such a configu-
ration, the modular non-linear spring system 30 of the
present disclosure behaves similarly to a conventional
hydraulic braking system brake pedal 1n that the traditional
brake pedal feel 1s maintained.

[0062] The modular non-linear spring system 30 of the
present disclosure 1s configured to simulate traditional brake
pedal feel. FIG. 2 1s a graphical illustration of stroke length
(1.e., distance to which the pedal 1s depressed) versus pedal
force. The data values labeled “Target Curve” provide a
stroke length versus pedal force curve for a brake pedal 1n
a traditional hydraulic brake system. As can be seen by the
“Target” curve 1n FIG. 2, as the stroke length increases, the
pedal force increases progressively and non-linearly. The
modular non-linear spring system of the present disclosure
(labeled Spring 4), when used as part of a hydraulic brake
system, 1s capable of producing a pedal feel substantially
similar to that of a traditional brake pedal.

[0063] As illustrated in FIG. 2, the first portion of the
curve M1 1llustrates the smallest slope wherein as the pedal
or piston 1s 1mtially moved, the load or resistance to the
movement of the pedal or piston slowly increases. In this
first portion, the Spring 4 line 1s generally linear, thus
representing that essentially only one spring 1s being com-
pressed 1n first curve portion M1. As such, i1 a first spring 1s
configured to first compress and a second and third are
configured to later compress, first curve portion M1 1llus-
trates a linear compression first spring being initially com-
pressed and the second and third spring being compressed
less than 5-10%. The second portion of the curve M2
illustrates an increased slope (e.g., 20-150%) as compared to
the slope 1n first curve portion M1. The slope of line Spring
4 1n the second curve portion M2 1s not fully linear. The
slight curve of slope of line Spring 4 1n the second curve
portion M2 1s due to two or more springs being compressed
and/or one of the spring being a non-linear compression
spring. The maximum slope of line Spring 4 in the third
curved portion M3 has an increased slope of at least 1.5
times (e.g., 2-20 times, etc.) of the slope of the second
curved portion M2. Although the pedal stroke length versus
pedal force curve 1s illustrated in FIG. 2 as comprising
substantially straight line segments between various data
values (e.g., stroke length values), 1t can be appreciated that
the curve(s) can be substantially continuous between data
values.

[0064] As best seen 1n FIG. 3, the exemplary modular
non-linear spring system 30 generally comprises upper and
lower housing components 32 and 34 (which may be por-
tions of the master cylinder itself, e.g., cavity walls). Sup-
ported within the housing components 32 and 34 are a piston
38 and spring seats 40 and 42 (also referred to herein as
‘spacers’). A first spring S1 1s captured between the piston
38 and spring seat 40. A second spring S2 1s captured
between the spring seat 40 and the spring seat 42. A third
spring S3 1s captured between the spring seat 42 and the
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lower housing 34. The springs are aligned along a common
central axis with each other and the spring seats 40 and 42.
As will be appreciated, vertical movement of the piston 38
within the upper housing component 32 results 1n sequential

compression of the springs (e.g., S1 then S2 then S3; S2 then
S1 then S3; S2 then S3 then S1, etc.).

[0065] It should also be appreciated that the modular
non-linear spring system 30 can be adjusted based on a
driver-preferred driving and/or braking style. For example,
the braking style can be selected from standard braking,
performance braking, luxury braking, and/or sport braking.
Generally, traditional hydraulic brake systems adopt a stan-
dard braking performance, as shown by the two curves 1n
FIG. 2. By adjusting various characteristics of 1) the first
mechanical spring S1, 2) the second mechanical spring S2,
and/or 3) the third mechanical spring S3 of the modular
non-linear spring system of the present disclosure, the
braking performance can be adjusted between multiple
driving styles. Although aspects of the present disclosure are
directed to modular non-linear spring system embodiments
for performance, luxury, standard, and sport braking pertor-
mances, 1t can be appreciated that the present device can be
modified and/or adjusted to fit any other desired driving

style.
[0066] As seen in FIG. 2, the pedal stroke length versus
pedal force curves are non-linear and have generally pro-
gressively increasing slopes, a typical characteristic of brake
pedals in conventional hydraulic braking systems. "

T'he pro-
gressively increasing slope 1s due partially to 1) the char-
acteristics of each individual mechanical spring, and/or 2)
the combined eflect of the characteristics of said individual
mechanical springs. In one non-limiting configuration, the
ellect of each spring on pedal force can be amplified when
one or more springs are used; however, this 1s not required.
As can be appreciated, at least the shape, size and material
characteristics of one or more of the springs can be adjusted
to obtain a desired pedal stroke length versus pedal force
curve

[0067] The first and second mechanical springs S1 and S2
can be the same (e.g., coil compression springs) or diflerent
types of springs; however, this 1s not required. The third
spring can be a Belleville spring; however, this i1s not
required. As such, the modular non-linear spring system of
the present disclosure provides a modularnized braking
mechanism wherein each mechanical spring compresses
sequentially, wherein each spring can be responsible for a
separate characteristic of each module. For example, 1n
operation, as the brake pedal 1s actuated, a piston 1s caused
to descend within the master cylinder, thereby increasingly
compressing the first mechanical spring.

[0068] Returning to FIG. 2, the compression of the first
mechanical spring S1 1s illustrated by a first pedal travel,
thereby also defining the first module M1. As the brake pedal
1s further actuated, the piston 1s caused to descend further
within the master cylinder, now increasingly compressing
the second mechanical spring S2 as described above. The
compression of the second mechanical spring S2 1s 1llus-
trated by a second pedal travel distance, thereby also defin-
ing a second module M2. As the brake pedal is still further
actuated, the piston 1s caused to descend still further within
the master cylinder, now increasingly compressing the third
mechanical spring. The compression of the third mechanical
spring S3 1s illustrated by a third pedal travel distance,
thereby defining a third module M3. As can be appreciated,
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other travel distances can be used. FIG. 2 demonstrates that
by changing one or more springs, or one or more charac-
teristics of the one or more springs, different braking per-
formances can be provided. The springs can be configured
such that during the compression on one spring, another
spring has little or no compression. For example, first spring
S1 and second spring S2 can be configured such that when
first spring S1 1s mitially being compressed, second spring
S2 will compress less than 5-10% of 1ts full compression
while first spring S1 1s compressed less than 85-99% of its
full compression. Likewise, second spring S2 and third
spring S3 can be configured such that third spring S3 waill
compress less than 3-10% of 1ts full compression while
second spring S2 1s compressed less than 85-99% of 1ts full
compression. As can be appreciated, the springs can be
configured to compress at different times relative to the
amount ol compression ol another spring.

[0069] Referring now to FIGS. 4 and 5, another exemplary
embodiment of the modular non-linear spring system 1is
illustrated and 1dentified generally by reference numeral 30'.
FIG. 4 illustrates the spring system 30' alone, while FIG. 5
1llustrates the modular non-linear spring system 30' 1n cross-
section mstalled within a cavity of a master cylinder 12'. The
modular non-linear spring system 30' includes a first spring
S1', a second spring S2' and a third spring S3'. First and
second spacers 40' and 42' (also referred to as upper and
lower spring seats, respectively) confine the second spring
S2' therebetween. The first spring S1' 1s confined between
the first spacer 40" and a piston 60' of the master cylinder 12'.
The third spring S3' 1s confined between the second spacer
42" and the master cylinder 12'.

[0070] In the embodiment of FIGS. 4 and 5, the second
spring S2' 1s a helical coil mechanical spring, while the first
and second springs S1' and S2' are spring washers. For
example, the first spring S1' can be a disc washer (e.g., a
clover dome washer) while the third spring S3' can be, for
example, a Belleville spring washer. The first spring S1' and
at least portions of the spacer 40' are received within a recess

62' of the piston 60"

[0071] The modular non-linear spring system 30' of the
present disclosure can comprise many shapes and sizes;
however, it 1s still capable of being inserted 1nto the interior
cavity of a master cylinder. In one non-limiting embodiment,
the first mechanical spring can be recessed so as to seat
securely within the piston recess (pocket). Similarly, the
second mechanical spring can be seated within the first and
second spring seats (1.e., spacers 40' and 42'). The third
mechanical spring can be seated within the pocket of the
master cylinder 12' below the lower spring seat (i.e., spacer
42"). As can be appreciated, the size of the first, second, and
third mechanical springs S1', S2' and S3' can be selected to
optimize braking performance and brake pedal feel.

[0072] Referring now to FIGS. 6 and 7, another exemplary
embodiment of the modular non-linear spring system 1is
illustrated and 1dentified generally by reference numeral 30".
The modular non-linear spring system 30" 1s similar to the
embodiment of FIGS. 4 and 5 and has similar components
as indicated by the double prime notation, except that the
first spring S1" 1s a linear compression spring, and the
second spring S2" 1s a multi-rate compression spring. S2" 1s
a multi-rate spring 1n that the coil thickness vary along a
length of the spring. As can be appreciated, S2" could be
formed of two or more nested springs having different free
lengths, coil materials, etc. to create a multi-rate spring.
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[0073] In operation, when the modular non-linear spring
system 30'/30" and the piston 60'/60" of the master cylinder
12'/12" are 1n a non-actuated position, the first spring S1'/S1"
1s negligibly compressed between the piston 607/60" and the
first spacer 40'/40". As the brakes are actuated, the piston
60'/60" 1s caused to move downwardly, thereby partially or
tully compressing the first spring S17/51" against said {first
spacer 40'/40". When the piston 60'/60" continues to move
downwardly, the first spacer 40'/40" 1s also caused to move
downwardly, thereby partially or fully compressing the
second spring S2'/S2" between the first spacer 40'/40" and
second spacer 42'/42", and continued compression of the
first spring S1'/S1" between the piston 607/60" and the first
spacer 40'/40". When the piston 60'/60" continues to move
turther downwardly, the second spacer 42'/42" 1s also caused
to move downwardly, thereby exerting a force on the third
spring S3'/S3". As such, the third spring S3'/S3" can become
partially or fully compressed between the second spacer
42'/42" and a surface (inner wall) of the master cylinder
12'/12", the second spring S2'/52" remains partially or fully
compressed between the first spacer 40'/40" and the second
spacer 42'/42", and the first spring S1'/51" remains partially
or fully compressed between the piston 607/60" and the first
spacer 40'/40". The partial and/or full compression of the
first, second, and third springs provides a combination of
non-linear, progressively increasing spring forces to match
that of a conventional brake pedal.

[0074] In the illustrated embodiments, the first, second and
third mechanical springs have an uncompressed axial length
and a compressed axial length. The uncompressed length of
the second mechanical spring 1s greater than the uncom-
pressed lengths of the first and third mechanical springs.
Further, the difference i1n the axial length of the second
spring between 1ts uncompressed state and compressed state
may be greater than the difference in length between the
uncompressed and compressed states of the first and second
springs. As such, module M2 may have the greatest travel as
compared to module M1 and module M3.

[0075] While considerable emphasis has been placed
herein on the structures and configurations of the preferred
embodiments of the disclosure, it will be appreciated that
other embodiments, as well as modifications of the embodi-
ments disclosed herein, can be made without departing from
the principles of the disclosure. These and other modifica-
tions of the preferred embodiments, as well as other embodi-
ments of the disclosure, will be obvious and suggested to
those skilled 1n the art from the disclosure herein, whereby
it 1s to be distinctly understood that the foregoing descriptive
matter 1s to be interpreted merely as illustrative of the
present disclosure and not as a limitation thereof.

1.-29. (canceled)

30. A modular non-linear spring system suitable for use in
a vehicle braking system comprising:

a first spacer having a top surface and a bottom surface;

a {irst spring having a top and bottom end, said bottom end
of said first spring in abutting engagement with said top
surface of said first spacer;

a second spacer, said second spacer having a top surface
and a bottom surface;

a second spring having a top and bottom end, said top end
of said second spring in abutting engagement with the
bottom surface of said first spacer, said bottom end of
said second spring 1n abutting engagement with said
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top surface of said second spacer, said first and second
springs spaced from another by said first spacer; and;

a third spring having a top and bottom end, said top end
of said third spring in abutting engagement with said
bottom surface of said second spacer, said second and
third springs spaced from another by said second
spacer;

wherein said first, second, and third springs are sequen-
tially compressible whereby compression of said first,
second, and third springs 1 said modular non-linear
spring system provides a non-linear, progressively
increasing mechanical spring force, and,

wherein at least two of said first, second, and third springs
have different spring sizes, different spring rates, and/or
are a different spring type, and,

wherein a) said top surface of said second spring 1is
positioned below said bottom surface of said first
spring, and/or b) said top surface of said third spring 1s
positioned below said bottom surface of said second
spring.

31. The modular non-linear spring system as defined 1n
claim 30, wherein said first, second, and third springs have
said different spring sizes, said different spring rate, and/or
said different spring type.

32. The modular non-linear spring system as defined 1n
claim 30, wherein at least two of said first, second, and third
springs are mechanical springs.

33. The modular non-linear spring system as defined 1n
claim 30, wherein said first spring compresses 5-95% of 1ts
tull compression length prior to said second spring com-
pressing more than 1-10% of 1ts full compression length.

34. The modular non-linear spring system as defined 1n
claim 33, wherein said first spring compresses 75-95% of 1ts
tull compression length prior to said second spring com-
pressing more than 1-10% of 1ts full compression length.

35. The modular non-linear spring system as defined 1n
claim 33, wherein said first and second springs compress
5-95% of each of their full compression lengths prior to said
third spring compressing more than 1-10% of its full com-
pression length.

36. The modular non-linear spring system as defined 1n
claim 33, wherein said first spring compresses 75-95% of 1ts
tull compression length prior to said second spring com-
pressing more than 1-10% of its full compression length,
said first and second springs compress 75-95% of each of
theirr full compression lengths prior to said third spring
compressing more than 1-10% of 1ts full compression

length.

37. The modular non-linear spring system as defined 1n
claim 30, wherein said first spring 1s a clover dome washer

or a Belleville washer, said second spring 1s a coil spring,
and said third spring is a clover dome washer or a Belleville

washer, said first and third springs having a diflerent spring
rate.

38. The modular non-linear spring system as defined 1n
claiam 30, whereimn said first and second springs are coil
springs, and said third spring 1s a clover dome washer or a
Belleville washer, said first and second springs having a
different spring rate.

39. The modular non-linear spring system as defined 1n
claim 30, wherein said first spring 1s a clover dome washer
or a Belleville washer or a coil spring, said second spring 1s
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a clover dome washer or a Belleville washer or coil spring,
and said third spring 1s a clover dome washer or a Belleville
washer or a coil spring.

40. The modular non-linear spring system as defined in
claim 30, wherein each of said first, second and third springs
has an uncompressed axial length and a compressed axial
length, and wherein the uncompressed length of said second
spring 1s greater than the uncompressed length of said first
and third springs.

41. A hydraulic brake system comprising a master cylin-
der having a cavity and a piston supported in the cavity, and
a modular non-linear spring system as defined 1n claim 30
supported 1n the cavity and engageable with the piston of the
master cylinder, and wherein the piston of the master cyl-

inder 1s configured to compress at least one of said springs.
42. The hydraulic brake system as defined in claim 30,

wherein said first, second, and third springs are coaxially
aligned along a common axis of the cavity.

43. A method of simulating traditional brake pedal feel in

a brake pedal of a braking system comprising;

providing a modular non-linear spring system as defined
in claiam 30; and

compressing said springs in progression with the brake
pedal.

44. A modular non-linear spring system suitable for use in

a vehicle braking system comprising:

a first spacer having a top surface and a bottom surface;

a {irst spring having a top and bottom end, said bottom end
of said first spring in abutting engagement with said top
surface of said first spacer;

a second spacer, said second spacer having a top surface
and a bottom surface;

a second spring having a top and bottom end, said top end
of said second spring in abutting engagement with the
bottom surface of said first spacer, said bottom end of
said second spring 1in abutting engagement with said
top surface of said second spacer, said first and second
springs spaced from another by said first spacer; and;

a third spring having a top and bottom end, said top end
of said third spring 1n abutting engagement with said
bottom surface of said second spacer, said second and
third springs spaced from another by said second
spacer;

wherein said first, second, and third springs are sequen-
tially compressible whereby compression of said first,
second, and third springs in said modular non-linear
spring system provides a non-linear, progressively
increasing spring force, and,

wherein at least two of said first, second and third springs
have different spring sizes, different spring rates, and/or
are a different spring type, and,

wherein a) said top surface of said second spring 1s
positioned below said bottom surface of said first
spring, and/or b) said top surface of said third spring 1s
positioned below said bottom surface of said second

spring,
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wherein said first spring compresses 75-95% of 1ts full
compression length prior to said second spring com-
pressing more than 1-10% of 1ts full compression
length, said first and second springs compress 75-95%
of each of their full compression lengths prior to said
third spring compressing more than 1-10% of 1ts tull
compression length, and,

wherein the first spring 1s a clover dome washer or a
Belleville washer or a coil spring, and the third
spring 1s a clover dome washer or a Belleville washer
or a coil spring, and,

wherein each of the first, second, and third springs has
an uncompressed axial length and a compressed
axial length, and wherein the uncompressed length
of said second spring 1s greater than the uncom-
pressed length of said first and/or second springs.

45. The modular non-linear spring system as defined 1n
claim 44, wherein said first, second, and third springs are
mechanical springs, said first, second, and third springs have
different spring size, said different spring rate, and/or said
different spring type.

46. The modular non-linear spring system as defined 1n
claim 45, wherein said first spring 1s a clover dome washer
or a Belleville washer, said second spring 1s a coil spring,
and said third spring 1s a clover dome washer or a Belleville
washer, said first and third springs having a diflerent spring
rate.

4'7. The modular non-linear spring system as defined 1n
claiam 45, wherein said first and second springs are coil
springs, and said third spring 1s a clover dome washer or a
Belleville washer, said first and second springs having a
different spring rate.

48. The modular non-linear spring system as defined 1n
claim 45, wherein said first spring 1s a clover dome washer
or a Belleville washer or a coil spring, said second spring 1s
a clover dome washer or a Belleville washer or coil spring,
and said third spring is a clover dome washer or a Belleville
washer or a coil spring.

49. The hydraulic brake system as defined in claim 44,

wherein said first, second, and third springs are coaxially
aligned along a common axis of the cavity.

50. A hydraulic brake system comprising a master cylin-
der having a cavity and a piston supported in the cavity, and
a modular non-linear spring system as defined in claim 44
supported 1n the cavity and engageable with the piston of the
master cylinder, and wherein the piston of the master cyl-
inder 1s configured to compress at least one of said springs.

51. A method of simulating traditional brake pedal feel 1n
a brake pedal of a braking system comprising:

providing a modular non-linear spring system as defined
in claim 44; and

compressing said springs in progression with the brake
pedal.
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