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TITLE

POSITION SENSING ASSEMBLY FOR USE WITH
A VEHICLE HYDRAULIC MASTER CYLINDER OF A
VEHICLE BRAKING SYSTEM AND MASTER CYLINDER ASSEMBLY
INCLUDING SUCH A POSITION SENSING ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] Thisinvention relates in general to vehicle braking systems and
in particular to aposition sensing assembly adapted for use with ahydraulic
master cylinder of such avehicle braking system and a master cylinder assembly
including such aposition sensing assembly.

[0002] A position sensing assembly iswell known inthe artin
connection with ahydraulic master cylinder of avehicle braking system for the
purpose of detecting the actuation of the vehicle braking system or for other
related vehicle brake system detection and/or operating purposes. Examples of
know position sensing assemblies are shown in U.S. Patent No. 7,018,002 to
Masson et a, U.S. Patent No. 6,951,104 to Stobrawe et a, and U.S. Patent No.
6,619,039 to Zehnder, I1 et al.

SUMMARY OF THE INVENTION

[0003] Thisinvention relates to aposition sensing assembly
particularly adapted for use with ahydraulic master cylinder of avehicle braking
system and amaster cylinder assembly including such aposition sensing
assembly.

[0004]  According to an embodiment, there i s provided aposition
sensing assembly adapted for use with amaster cylinder to measure travel of a
piston of the master cylinder via amagnet operatively coupled to the piston
thereof for movement therewith between azero brake apply position and afull

brake apply position. In this embodiment, the position sensing assembly
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includes ahousing adapted to be attached to a master cylinder housing and aflux
concentrator operatively disposed with the position sensing assembly housing.
The flux concentrator includes afirst end, an intermediate body, and a second
end. At least one of the first end and the second end defines alongitudinal plane
and at least a portion of the intermediate body isoriented at an angle relative to
the longitudinal plane whereby the position sensing assembly is adapted to
measure the travel of the piston of the master cylinder via the magnet.

[0005]  According to afeature of the position sensing assembly, the
flux concentrator can be formed as part of the housing of the position sensing
assembly during an overmolding process.

[0006]  According to another feature of the position sensing assembly,
the housing of the position sensing assembly can further include at least one Hall
effect |C operatively disposed therein.

[0007]  According to yet another feature of the position sensing
assembly, the flux concentrator and the at least one Hall effect IC can be secured
within the housing during the overmolding process.

[0008]  According to still afurther feature of the position sensing
assembly, the housing of the position sensing assembly can further include a
terminal lead frame operatively disposed therein, and the flux concentrator, the
at least one Hall effect IC and the terminal lead frame cover can be formed as
part of the housing of the position sensing assembly during an overmolding
process.

[0009]  According to another feature of the position sensing assembly,
at least one of the first end and the second end of the flux concentrator can
define alongitudinal plane, and the intermediate body of the flux concentrator
can be oriented at an angle relative to the longitudina plane.

[0010]  According to still afurther feature of the position sensing

assembly, the first end can define afirst longitudinal plane and the second end
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can define a second longitudinal plane which is generally parallel to the first
longitudinal plane but offset relative thereto, and the intermediate body of the
flux concentrator can be oriented at an angle relative to the first longitudinal
plane.

[0011]  According to yet afurther feature of the position sensing
assembly, the intermediate body of the flux concentrator can be wholly oriented
at an angle relative to the longitudinal plane extending from the first end to the
second end thereof.

[0012]  According to an embodiment, there isprovided a master
cylinder assembly having ahousing and a piston operatively disposed therein
and adapted to move between a zero brake apply position and afull brake apply
position. The piston has amagnet operatively coupled thereto for movement
therewith and the magnet defines alongitudinal plane. Thereisalso provided a
position sensing assembly having ahousing adapted for attaching the position
sensing assembly to the housing of the master cylinder. The housing of the
position sensing assembly includes aflux concentrator operatively disposed
therein. The flux concentrator includes afirst end, an intermediate body, and a
second end. At least aportion of the intermediate body is oriented at an angle
with respect to the longitudinal plane defined by the magnet whereby the
position sensing assembly is adapted to measure the travel of the piston of the
master cylinder via the magnet.

[0013]  According to afeature of the master cylinder assembly, the
magnet can be either directly coupled to the piston or can be indirectly coupled
to the piston.

[0014]  According to another feature of the master cylinder assembly,
the flux concentrator can be formed as part of the housing of the position sensing

assembly during an overmolding process.
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[0015]  According to yet another feature of the master cylinder
assembly, the housing of the position sensing assembly can further include at
least one Hall effect IC operatively disposed therein.

[0016]  According to till yet another feature of the master cylinder
assembly, the flux concentrator and the at least one Hall effect IC can be secured
within the housing during the overmolding process.

[0017]  According to another feature of the master cylinder assembly,
the housing of the position sensing assembly can further include aterminal lead
frame operatively disposed therein and the flux concentrator, the at least one
Hall effect IC and the terminal lead frame cover can be formed as part of the
housing of the position sensing assembly during an overmolding process.

[0018]  According to still afurther feature of the master cylinder
sensing assembly, the first end defines afirst longitudinal plane and the second
end defines a second longitudinal plane which is offset relative to first
longitudinal plane, and the first and second longitudinal planes are generally
parallel to the longitudinal plane defined by the magnet.

[0019]  According to still afurther feature of the master cylinder
assembly, the intermediate body of the flux concentrator can be wholly oriented
at an angle relative to the longitudina plane defined by the magnet.

[0020]  According to another embodiment, there isprovided a master
cylinder assembly having ahousing and a piston operatively disposed therein
and adapted to move between a zero brake apply position and afull brake apply
position. The piston has amagnet operatively coupled thereto for movement
therewith, the magnet defining alongitudinal plane. Thereisaso provided a
position sensing assembly having ahousing adapted for attaching the position
sensing assembly to the housing of the master cylinder. The housing of the
position sensing assembly includes a flux concentrator and at least one Hall

effect 1C operatively disposed therein during an overmolding process. The flux
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concentrator includes afirst end, an intermediate body, and a second end. At
least aportion of the intermediate body is oriented at an angle with respect to the
longitudinal plane defined by the magnet whereby the position sensing assembly
is adapted to measure the travel of the piston of the master cylinder via the
magnet.

[0021]  According to afeature of this embodiment of the master
cylinder assembly, the housing of the position sensing assembly can further
include aterminal lead frame operatively disposed therein during the
overmolding process.

[0022]  According to another feature of this embodiment of the master
cylinder assembly, the magnet can be directly coupled to the piston.

[0023] Also, while the present invention will be illustrated and
described in connection preferably with the particular vehicle system or
apparatus disclosed herein, it will be appreciated that the invention can be used
in connection with other suitable desired vehicle systems or apparatus.

[0024]  Other advantages of this invention will become apparent to
those skilled in the art from the following detailed description of the preferred

embodiments, when read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]  Fig. lisaperspective view of an embodiment of aposition
sensing assembly constructed in accordance with this invention adapted for use
with ahydraulic master cylinder of avehicle braking system.
[0026] Fig. 2isaperspective see-through view of the embodiment of
the position sensing assembly illustrated in Fig. 1.
[0027]  Fig. 3isaperspective view of aportion of the position sensing

assembly illustrated in Figs. 1and 2.
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[0028] Fig. 4isapartia schematic diagram of an embodiment of a
hydraulic master cylinder of avehicle braking system including the embodiment
of the position sensing assembly illustrated in Figs. 1-3.

[0029] Fig. Sisapartial schematic diagram of the embodiment of the
position sensing assembly illustrated in Figs. 1-3 with afirst embodiment of a
hydraulic master cylinder adapted for use therewith in accordance with
invention.

[0030] Fig. 6isapartial schematic diagram of the embodiment of the
position sensing assembly illustrated in Figs. 1-3 with a second embodiment of a
hydraulic master cylinder adapted for use therewith in accordance with this
invention.

[0031] Fig. 7isapartial schematic diagram similar to Fig. 5 showing

an alternate embodiment of the position sensing assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] Referring now to Figs. 1and 2, thereisillustrated an
embodiment of aposition sensing assembly, indicated generally at 10,
constructed in accordance with this invention adapted for use preferably with a
hydraulic master cylinder of avehicle braking system. Asbest shown in one or
more of Figs. 1through 3, the illustrated embodiment of the position sensing
assembly includes ahousing 12, an "angled" flux concentrator 14, apair of
linear Hall effect IC's 16, and aterminal lead frame 18 (or aternatively aprinted
circuit board (PCB) (not shown)), with connector terminals 22.

[0033] Intheillustrated embodiment asbest shown in Fig. 3, the pair
of Hall effect IC's 16 are operatively secured to the flux concentrator 14 by
suitable means. For example, the pair of Hall effect IC's 16 can be operatively
connected or secured to the flux concentrator 14 by an epoxy or by aplastic

overmold, for example, if so desired. The termina lead frame 18 is operatively
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connected or secured to the pair of Hall effect IC's 16 by suitable means. For
example, the terminal lead frame 18 can be operatively connected to the pair of
Hall effect IC's by soldering or by welding, for example, if so desired. The
"assembled" flux concentrator 14, pair of Hall effect IC's 16 and the terminal
lead frame 18 forms or produces aflux concentrator assembly, indicated
generaly at 24 inFig. 3.

[0034] Intheillustrated embodiment, the housing 12 ispreferably
overmolded in situ with the flux concentrator assembly 24 to produce afinished
overmolded position sensing assembly 10. To assist in this, in the illustrated
embodiment the housing 12 isformed from a suitable material which can be
utilized in a suitable molding process, such asplastic which can be utilized in an
injection plastic molding process or other suitable molding process.

[0035]  Asbest shown for example in Fig. 3, in the illustrated
embodiment the flux concentrator 14 preferably includes afirst end or leg 14A,
an intermediate body 14B, and a second opposite end or leg 14C. Inthe
illustrated embodiment the first leg 14A defines afirst "longitudina” plane 24
and the second leg 14C defines a second "longitudina” plane 26 which is
generaly paralel to the first plane 24 but offset relative thereto apredetermined
distance D. Also, in theillustrated embodiment, the intermediate body 14B of
the flux concentrator 14 ispreferably oriented at an angle A relative to the first
plane 24. The angle A can be in the range of from generally about 1degree to
generally about 45 degrees. More preferably, the angle can be in the range of
from generally about 5 degrees to generally about 20 degrees. However, ascan
be understood, the angle A of the flux concentrator 14 will be dependent upon
the particular size and stroke of the associated master cylinder on which the
position sensing assembly 10 isutilized therewith.

[0036] AsshowninFigs. land 2, intheillustrated embodiment, the
housing 12 preferably includes apair of mounting holes or features 12A and 12B
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and a connector 12C. The mounting holes 12A and 12B are adapted to receive
suitable fasteners, such as screws or heat stakes (not shown), for example, for
securing or attaching the position sensing assembly 10 to amaster cylinder 30,
which is shown schematically in Fig. 4. The connector 12C isprovided for
communication of the position sensing assembly 10 to a suitable external device,
such as for example, including but not limited to an electronic braking control
module, avehicle control module, or avehicle network bus. Alternatively, the
construction, design, material(s), and/or configuration of the position sensing
assembly 10, including the housing 12 and/or one or more parts of the flux
concentrator assembly 24, including the flux concentrator 14, can be other than
illustrated and described if so desired.

[0037]  Asshown in Fig. 4, the operation of the position sensing
assembly 10 isasfollows. With the position sensing assembly 10 attached to a
housing of the master cylinder 30 in apredetermined position and/or location
thereon, the angled flux concentrator 14 of the position sensing assembly 10 is
adapted to enable amagnetic field to work through the master cylinder housing
and be read or communicated to the position sensing assembly 10 to identify the
position of apiston of the master cylinder, aswill be discussed below.

[0038] AsshowninFig. 4, a azero brake apply position as shown on
the left side of the drawing, the first leg 14A (not shown) of the angled flux
concentrator 14 of the position sensing assembly 10 would be located nearest to
amagnetic field produced by amagnet M (which isoperatively coupled to a
piston P of the master cylinder 30 for movement therewith), and therefore would
see amaximum magnetic field. When the magnet M moves to the left in the
drawing in the direction of arrow 28 to afull brake apply position as shown on
the right side of the drawing, the second leg 14C (partially shown), of the angled
flux concentrator 14 of the position sensing assembly 10 would be located

farthest from the magnetic field produced by the magnet M and would therefore
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see aminimum magnetic field. Preferably, the housing 30A of the master
cylinder 30 isformed from aluminum or other similar materials to enable the
magnetic field produced by the magnet M to work or be transmitted through the
housing 30A of the associated master cylinder 30 and to the position sensing
assembly 10.

[0039] Referring now to Fig. 5, there is schematically shown afirst
embodiment of amaster cylinder assembly, including the position sensing
assembly 10. Asshown therein, in this embodiment apiston Pl isdisposed in
an associated housing H1 of amaster cylinder MCI of the assembly. Inthis
embodiment, the piston Pl includes amagnet M| attached or coupled thereto in
a"direct" manner, such as by embedding the magnet M| in the piston Pl by
suitable means, such asfor example by overmolding. Also shown schematically
in Fig. 5isthe angled flux concentrator 14 of the position sensing assembly and
one of the pair of Hall effect IC's 16. In operation, asthe piston Pl and magnet
M| both travel in the direction of arrow 30 from aleft hand side of the housing
H1 of the master cylinder MCI in Fig. 5 (i.e, the non-illustrated zero brake
apply position), to aright hand side of the housing H1 of the master cylinder
MCI inFig. 5 (i.e., theillustrated full brake apply position), the angled flux
concentrator 14 converts the flux density over cylinder travel T1 into ausable
range RI toidentify the entire working stroke travel of the piston PI of the
master cylinder MCI. Alternatively, the construction of the master cylinder
MCI, including the piston Pl and/or the magnet M| can be other than illustrated
if so desired.

[0040] Referring now to Fig. 6, there is schematically shown a second
embodiment of amaster cylinder assembly, including the position sensing
assembly 10. Asshown therein, in this embodiment apiston P2 isdisposed in
an associated housing H2 of amaster cylinder MC2 of the assembly. In this

embodiment, the piston P2 includes amagnet M 2 operatively attached or
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coupled thereto in a"non-direct” manner by suitable means, such asfor
example, by a separate push rod or externa linkage (not shown). Also shown
schematicaly in Fig. 6isthe angled flux concentrator 14 of the position sensing
assembly and one of the pair of Hall effect IC's 16. In operation, as the piston
P2 and magnet M2 both travel in the direction of arrow 32 from aleft hand side
of the housing H2 of the master cylinder MC2 in Fig. 6 (i.e., the non-illustrated
zero brake apply position), to aright hand side of the housing H2 of the master
cylinder MC2 in Fig. 6 (i.e., the illustrated full brake apply position), the angled
flux concentrator converts 14 the flux density over cylinder travel T2 into a
usable range R2 to identify the entire working stroke travel of the piston P2 of
the master cylinder MC2. Alternatively, the construction of the master cylinder
MC2, including the piston P2 and/or the magnet M 2 can be other than illustrated
if so desired.

[0041]  Referring now to Fig. 7 and using like reference numbers to
indicate corresponding parts, thereisillustrated an alternate embodiment of a
position sensing assembly, indicated generally at 10', which is similar to that
illustrated in connection with the master cylinder assembly of Fig. 5, except for
the construction of the associated flux concentrator thereof. In this embodiment,
aflux concentrator 14' isprovided which has aconfiguration that is entirely
angled throughout abody 14B' thereof extending from afirst end 14A' to a
second end 14C thereof. Alternatively, one of the ends 14A' or 14C of the flux
concentrator 14' could be formed to include an end similar to that of the ends
14A or 14C of the flux concentrator 14 if so desired. Also, ascan be seenin this
embodiment, the intermediate body 14B' isoriented at an angle A' relative to a
longitudinal plane 24' defined by the first end 14A" of the flux concentrator 14'
(and/or aternatively relative to alongitudinal plane 34 defined by an associated
surface and/or portion of the housing HI of the master cylinder MCl and/or

aternatively relative to alongitudinal plane 36 defined by an associated surface

-10 -
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and/or portion of the magnet MI).

[0042]  One advantage of the present invention isthat since the flux
concentrator includes at least aportion of the intermediate body thereof which is
oriented at an angle with respect to alongitudinal plane of an associated
component of the position sensing assembly and/or master cylinder, itis
operative to sense the range of movement of the piston of the associated master
cylinder into arange that isusable for the entire stroke of the piston. Also, the
position sensing assembly 10 islocated external to the housing of the associated
master cylinder and is operative to sense the magnetic field through such
housing. Asaresult of this, the "sensitive" electronic components of the
position sensing assembly 10 are kept out of or from contact with the associated
hydraulic fluid typically contained within the housing of the associated master
cylinder.

[0043] The position sensing assembly of the present invention can be
used in connection with any desired braking system or apparatus, in which the
linear position or input travel of apiston of an associated master cylinder, and
therefore the position or input travel of the associated brake peda whichis
operatively connected to the master cylinder for control thereof, is desired to be
accurately known or measured. For example, the position sensing assembly of
the present invention can be used to measure the linear displacement of an
associated component in connection with a slip control boost braking system
(SCB), an active hydraulic boost system (AHB), amodular electronic stability
control regenerative system (ESC-R), or other types or kinds of braking systems
or apparatus if so desired.

[0044]  Generally, SCB offers afully integrated stability and brake
actuation system that replaces traditional boosters, master cylinders and vacuum
pumps with an electro-hydraulic control unit (EHCU), and brake pedal simulator

unit with atwin master cylinder to supply brake pressure. This offers several

-11 -
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advantages: (1) ease of installation with fewer components to fit; (2) improved
packaging in the front dash area versus traditional vacuum boosters; (3) a
decoupled brake pedal that isideal for integration into autonomous or
emergency braking systems; and (4) best-in-class NVH characteristics.
Generally, the AHB system is compatible with any electronic stability control
system (ESC) and only replaces the brake actuation system with the EHCU,
pedal simulator and master cylinder solution. AHB offers the same advantages
asthe SCB system and provides a single dlip control system trim across afull
vehicle platform of conventional and hybrid vehicles. Generally, the modular
ESC-R system isprimarily for hybrid electric vehicles. The modular,
hydraulically closed-loop system isbased on a standard ESC system, but
features a brake pedal simulator.

[0045]  Also, the position sensing assembly of the present invention is
not limited to use with ahydraulic master cylinder but can be used with any
other vehicle component or system wherein the linear displacement of an
associated part of such avehicle component or system isdesired to be measured
or known.

[0046]  In accordance with the provisions of the patent statutes, the
principle and mode of operation of this invention have been described and
illustrated in its preferred embodiments. However, it must be understood that
this invention may be practiced otherwise than as specifically explained and

illustrated without departing from its spirit or scope.

- 12 -



WO 2012/003273 PCT/US2011/042523

What isclaimed is;

1. A position sensing assembly, adapted for use with a master
cylinder to measure travel of apiston of the master cylinder via a magnet
operatively coupled to the piston thereof for movement therewith between azero
brake apply position and afull brake apply position, the position sensing
assembly comprising:

ahousing formed from a suitable material, the housing adapted to be
attached to a master cylinder housing; and

aflux concentrator operatively disposed with the position sensing
assembly housing, wherein the flux concentrator includes afirst end, an
intermediate body, and a second end, wherein at least one of the first end and the
second end defines alongitudinal plane and wherein at least aportion of the
intermediate body is oriented at an angle relative to the longitudina plane
whereby the position sensing assembly is adapted to measure the travel of the

piston of the master cylinder via the magnet.

2. The position sensing assembly of Claim 1 wherein the flux
concentrator isformed as part of the housing of the position sensing assembly

during an overmolding process.

3. The position sensing assembly of Claim 1 wherein the housing of
the position sensing assembly further includes at least one Hall effect IC

operatively disposed therein.
4. The position sensing assembly of Claim 3 wherein the flux

concentrator and the at least one Hall effect IC are secured within the housing

during the overmolding process.

-13 -
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5. The position sensing assembly of Claim 3 wherein the housing of
the position sensing assembly further includes aterminal lead frame operatively
disposed therein and wherein the flux concentrator, the at least one Hall effect IC
and the terminal lead frame cover are formed as part of the housing of the

position sensing assembly during an overmolding process.

6. The position sensing assembly of Claim 1wherein at least one of
the first end and the second end defines alongitudinal plane, and wherein the
intermediate body of the flux concentrator is oriented at an angle relative to the

longitudinal plane.

7. The position sensing assembly of Claim 1wherein the first end
defines afirst longitudinal plane and the second end defines a second
longitudinal plane which is generally parallel to the first longitudinal plane but
offset relative thereto, and wherein the intermediate body of the flux

concentrator is oriented at an angle relative to the first longitudinal plane.

8. The position sensing assembly of Claim 1wherein the intermediate
body of the flux concentrator iswholly oriented at an angle relative to the

longitudinal plane extending from the first end to the second end thereof.

9. A master cylinder assembly comprising:

amaster cylinder having ahousing and a piston operatively disposed
therein and adapted to move between a zero brake apply position and afull brake
apply position, the piston having a magnet operatively coupled thereto for
movement therewith, the magnet defining alongitudinal plane; and

aposition sensing assembly having ahousing adapted for attaching the

position sensing assembly to the housing of the master cylinder;

- 14 -
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wherein the housing of the position sensing assembly includes a flux
concentrator operatively disposed therein, the flux concentrator including afirst
end, an intermediate body, and a second end, wherein at least aportion of the
intermediate body is oriented at an angle with respect to the longitudinal plane
defined by the magnet whereby the position sensing assembly is adapted to

measure the travel of the piston of the master cylinder via the magnet.

10.  The master cylinder assembly of Claim 9 wherein the magnet is

directly coupled to the piston.

11.  The master cylinder assembly of Claim 9 wherein the magnet is

indirectly coupled to the piston.

12.  The master cylinder assembly of Claim 9 wherein the flux
concentrator isformed as part of the housing of the position sensing assembly

during an overmolding process.

13.  The master cylinder assembly of Claim 9 wherein the housing of
the position sensing assembly further includes at least one Hall effect IC

operatively disposed therein.

14.  The master cylinder assembly of Claim 13 wherein the flux
concentrator and the at least one Hall effect IC are secured within the housing

during the overmolding process.
15.  The master cylinder assembly of Claim 13 wherein the housing of

the position sensing assembly further includes aterminal lead frame operatively
disposed therein and wherein the flux concentrator, the at least one Hall effect IC

-15 -
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and the terminal lead frame cover are formed as part of the housing of the

position sensing assembly during an overmolding process.

16.  The master cylinder sensing assembly of Claim 9 wherein the first
end defines afirst longitudinal plane and the second end defines a second
longitudinal plane which is offset relative to first longitudina plane, and wherein
the first and second longitudinal planes are generally paralel to the longitudinal
plane defined by the magnet.

17.  The master cylinder assembly of Claim 9 wherein the intermediate
body of the flux concentrator iswholly oriented at an angle relative to the

longitudinal plane defined by the magnet.

18. A master cylinder assembly comprising:

amaster cylinder having ahousing and a piston operatively disposed
therein and adapted to move between a zero brake apply position and afull brake
apply position, the piston having a magnet operatively coupled thereto for
movement therewith, the magnet defining alongitudinal plane; and

aposition sensing assembly having ahousing adapted for attaching the
position sensing assembly to the housing of the master cylinder;

wherein the housing of the position sensing assembly includes a flux
concentrator and at least one Hall effect 1C operatively disposed therein during
an overmolding process, the flux concentrator including afirst end, an
intermediate body, and a second end, wherein at least aportion of the
intermediate body is oriented at an angle with respect to the longitudinal plane
defined by the magnet whereby the position sensing assembly is adapted to

measure the travel of the piston of the master cylinder via the magnet.

- 16 -
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19.  The master cylinder assembly of Claim 18 wherein the housing of
the position sensing assembly further includes atermina lead frame operatively

disposed therein during the overmolding process.

20. The master cylinder assembly of Claim 18 wherein the magnet is

directly coupled to the piston.

_17 -
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