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ABSTRACT OF THE DISCLOSURE

A cup-shaped diaphragm is inserted into a bore formed in a housing. An
inlet opening of the bore is closed by a plug-like wall member. A conduit line
cxtends obliquely with respect to an axis of the bore from an annular space
formed between a cylindrical wall of the bore and a protruding portion of the
plug-like wall member. The annular Space 1s connected to a pressurizing contro]
valve via the conduit line. A chamber, partitioned from the annular Space by the
cup-shaped diaphragm, serves as a damper chamber which has a diameter

substantially equivalent to a diameter of the bore.
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HYDRAULIC ACTUATOR FOR AN ANTI-LOCK BRAKING SYSTEM

BACKGROUND OF TH.

INVENT ION

L™

The present invention relates to a hydraulic

—
—

actuator preferably used for controlling braking fluid of an

anti-lock braking system (hereinafter, abbreviated by ABS)

1nstalled 1in an automotive

In the anti-lock

vehicle.

braking system, the hydraulic

actuator 1s operated to precisely and promptly increase and

#

decrease the hydraulic pressure of each wheel cylinder in

accordance with rotational

yr—

condilitions of each wheel to

prevent the wheel from locking during the braking operation.

SUMMARY OF THI

An object of the

sufficient damper capacity

nolse caused during an ABS

INVENTION

L*]

present 1nventlion 1s to secure a

for an ABS actuator to reduce the

operation.

To accomplish the above and other related objects,

the present 1nvention provides a first ABS actuator

comprising a housing having a first predetermined surface

where a bore 1s formed. A

damper, deflned 1n the bore, has

an axls extending in a depth direction of the bore. A cup-

shaped diaphragm, disposed

F

1n the bore, divides an inside

space of the bore into a first chamber and a second chamber.

The cup-shaped diaphragm has an opening at one axial end and

a bottom at an opposed axial end. When the cup-shaped

diaphragm 1s 1inserted into

the bore, the one axial end

havling the opening 1s inserted first. A plug-like wall

——

member closes an opening of the bore. A damper chamber 1is

constituted by the first chamber and includes an inside

y—

space of the cup-shaped diaphragm. The housing has a second

predetermined surface where a control valve 1s installed.

The second predetermined surface is substantially

1



10

15

20

25

30

CA 02331635 2003-10-28

21854-0

perpendlcular to the first predetermined surface. The

housing has a third predetermined surface where a first port

1s formed. The third predetermined surface is substantially

perpendicular to the first predetermined surface and is

opposed to the second predetermined surface. And, a main

condult line connects the first port to the control valve.

In this first ABS actuator, the plug-like wall

member has a protruding portion for pushing the bottom of

the cup-shaped diaphragm. The protruding portion is spaced

from a cylindrical wall of the bore. An annular space 1s

formed between the protruding portion and the cylindrical

o~

wall of the bore. The annular space constitutes the second

chamber. And, a first conduilt line has 1its inlet opened to

the annular space provided around the protruding portion and

pr—

extends from the annular space as part of the main conduit

line.

With this arrangement, the damper diameter can be

1ncreased to a level equivalent to the diameter of the bore.

This reallzes a large damper capacity. Thus, it becomes

possible to reduce the noise caused during the ABS

operation.

Furthermore, the present invention provides a

second ABS actuator comprising a housing having a first

predetermined surface where a bore is formed. A damper,

defined in the bore, has an axis extending in a depth

P-

direction of the bore. A cup-shaped diaphragm, disposed in

the bore, divides an 1inside space of the bore into a first

champber and a second chamber. The cup-shaped diaphragm has

an opening at one axial end and a bottom at an opposed axial
end. When the cup-shaped diaphragm i1s inserted into the

pore, the one axial end having the opening is inserted

F

first. A plug-like wall member closes an opening of the

pore. A damper chamber is constituted by the first chamber
2
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and 1ncludes an inside space of the cup-shaped diaphragm.

The housing has a second predetermined surface where a
control valve 1s 1installed. The second predetermined

surface 1s substantially perpendicular to the first

predetermined surface. The housing has a third

predetermined surface where a first port 1s formed. The
third predetermined surface 1s substantially perpendicular

to the first predetermined surface and 1s opposed to the

second predetermined surface. A second port 1s formed on

the first predetermined surface where the damper 1s
installed. And, a main condult line 1s formed in the
housing sc¢ as to communicate with the second chamber. The
main conduit line connects the first port to the second port

via the control wvalve.

In this second ABS actuator, the first port 1is

offset from the control valve 1n an axial direction of the

damper. The control value 1s located further from the first

predetermined surface compared with the first port. And,
the main conduit line connects the second chamber to the

control valve via a first conduit line extending obliquely

with respect to the axis of the damper from a cylindrical

ﬁ

wall of the bore.

In this manner, providing the first conduilt line
extending obliquely with respect to the axis of the damper
from the cylindrical wall of the bore makes it possible to
connect the second chamber to the control valve under a

F
p—

condition where the first port 1s offset from the control

valve in the axial direction of the damper and the control

valve is located further from the first predetermined

surface compared with the first port. Accordingly, 1n

addition to the above-described effect of the first ARS

actuator, it becomes possible to downsize the housing in the

axial direction of the damper.
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In the above-described second ABS actuator, 1t 1s

preferable that the plug-like wall member has a protruding

porticn for pushing the bottom of the cup-shaped diaphragm.

And, the protruding portion 1s spaced from the cylindrical

wall of the bore. An annular space 1s formed between the
protruding portion and the cylindrical wall of the bore
constitutes the second chamber. The first conduilt line has
its inlet opened to the annular space provided around the

protruding portion. With this arrangement, 1t becomes

possible to fix the position of the cup-shaped diaphragm by

the protruding portion.

According to a preferred embodiment of the present

invention, the protruding portion of the plug-like wall

member 1s a circular protruding portion formed at an 1nner

—

end of the plug-like wall member. A diameter of the

circular protruding portion 1i1s smaller than that of a mailn

body of the plug-like wall member. The clrcular protruding
portion presses the bottom of the cup-shaped diaphragm when
the plug-like wall member 1s inserted into the bore, so that

J—

an insertion amount of the circular protruding portion

substantially determines an axilial position of the cup-shaped

diaphragm in the bore.

Preferably, the cylindrical protruding portion 1s

spaced from the cylindrical wall of the bore when the plug-

like wall member 1s inserted in the bore so as to close the

opening of the bore, so that the second chamber surrounds

the cylindrical protruding portion of the plug-like wall

member.

According to the preferred embodiment of the

present invention, the main conduit line further comprises a

second conduit line which extends from the control valve 1n

a direction substantially perpendicular to the second
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predetermined surface and 1s connected to the first conduit

line.

The control valve 1s offset from the annular space

provided around the protruding portion of the plug-like wall

member in a direction normal to the first predetermined

surface. The first condult line extends straight and

obliquely from the annular space and 1s connected to the

second conduilt line.

For example, two control valves are 1installed

adjacent to each other on the second predetermined surface.
One of the two control values 1s directly connected to the
first conduit line via the second conduit line. And, the
other of the two control valves 1s connected to the first
conduit line via the second conduit line and a third condult

line connecting the two control valves.

In this manner, when two control valves are

disposed adjacent to each other, 1t 1s desirable that one ot

_—

two control valves 1s directly connected to the first

conduilt line wvia the second conduilt line. The other control

valve can be connected to the first conduilt line wvia the

second and third conduilt lines.

Furthermore, 1t 1s preferable that a through-hole

prin

is opened on the bottom of the cup-shaped diaphragm. The

through-hole serves as an orifice connecting the first

chamber to the second chamber.

In this case, 1t 1s further preferable that a

region where the through-hole 1s opened 1s thinner 1n

—

thickness compared with a remaining portion of the bottom of

the cup-shaped diaphragm. For example, a recessed region

is formed on the bottom so as to surround the through-hole.

The recessed region has a sufficient depth so that a burr
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formed around the through-hole remains in a retracted

position with respect to a surface of the bottom.

Although the burr 1s inherently produced along an

gro—
—

annular periphery of a through-hole during a formation of

the through-hole, the above-described arrangement prevents
the burr from protruding from the surface of the bottom.

prevent the burr from peeling

)

Thus, 1t becomes possible to

pr- —
—

off the cup-shaped diaphragm.

Furthermore, 1t 1s preferable that the cup-shaped

diaphragm has a press-fitting portion partly formed on a

=

cylindrical wall therecf. The press-fitting portion has an

enlarged diameter larger than the dlameter of another

o=

portion of the cup-shaped diaphragm. And, the cup-shaped

diaphragm is firmly fixed 1n the bore by the press-fitting

portion.

Preferably, the press-fitting portion protrudes

g—

radially outward from a surface of the cylindrical wall of

'y

the cup-shaped diaphragm. The press-fitting portion extends
in a circumferential direction of the cylindrical wall of

the cup-shaped dilaphragm.

In this manner, forming the press-fitting portion

on the cylindrical wall of the cup-shaped diaphragm makes 1t

possible to firmly fix the cup-shaped diaphragm i1n the bore.

Moreover, 1t 1s preferable that an opening
periphery of the cup-shaped diaphragm is smaller 1n diameter

compared with another portion of the cup-shaped diaphragm.

Preferably, the opening periphery of the cup-

shaped diaphragm 1s curled radially inward so as to have a

smaller diameter compared with a cylindrical wall of the

cup-shaped diaphragm, so that the cup-shaped diaphragm can
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be easily 1inserted 1nto the cylindrical bore from the

opening periphery of the cup-shaped diaphragm.

Iin

opening periphery o

this manner, squeezing the diameter of the

gr—

the cup-shaped diaphragm makes it

possible to easily insert the cup-shaped diaphragm in the

bore.

Preferably, the cup-shaped diaphragm has a

diameter substantially i1dentical with that of the bore. The

cup-shaped diaphragm has an axis 1l1dentical with that of the

bore.

BRIEE DESCRIPTION OF THE DRAWINGS

The above and other objects, features and

advantages o1

- the present invention will become more

apparent from the following detailed description which is to

pe read 1n conjunction with the accompanying drawings, 1in

which:

Fig. 1 1s a partly cross-sectional view showing an

ABS actuator

1n accordance with a first embodiment of the

present invention;

Fig. 2 1s a plan view showing the ARS actuator

shown 1n Fig. 1;

oa
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Fi1g. 3 1s an enlarged cross-sectional view showing a through-hole and its
vicinity of the ABS actuator shown in Fig. 1; and
Fig. 4 1s a partly cross-sectional view showing an ABS actuator previously

proposed by the inventor of the present application.

DESCRIPTION OF PREFERRED EMBODIMENTS

Fundamental Arrangement

The 1nventor has previously proposed a compact ABS actuator in an
earlier unpublished patent application (i.e., the Japanese patent application No.
11-8145).

F1g. 4 shows the arrangement of the ABS actuator previously proposed by
the inventor.

An ABS actuator 1100 1s disposed between a master cylinder and a wheel
cylinder in a braking apparatus. The ABS actuator 1100 has a housing 101 with
a surface where various control valves 102 and 103 are installed. The control
valves 102 and 103 control braking fluid flowing in a brake pipe arrangement.
The housing 101 has a surface where a motor 104 is installed, which is opposed
to the surface where the various control valves 102 and 103 are installed. The
motor 104 drives a pump 105.

The housing 101 has a surface where a reservoir 106 is installed, which

1s different from the surface where the various control valves 102 and 103 are

‘installed and 1s also different from the surface where the motor 104 is disposed.

The housing 101 has a surface where a damper 107 is installed, which is opposed
to the surface where the reservoir 106 is installed. This arrangement is effective
In downsizing the housing 101 compared with a comparative arrangement in

which the reservoir 106 and the damper 107 are installed on the same surface.

T'he damper 107 1s defined by a cylindrical sleeve 111 and a plug-like wall

Page 7
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member 112. The cylindrical sleeve 111 has an axis extending in the H direction
of F1g. 4. The sleeve 111 1s inserted into a cylindrical bore 110 provided at the
surface where a port 108 of the wheel cylinder is installed. The cylindrical bore
110 has an axis extending in the H direction of Fig. 4. The plug-like wall member
112 1s capable of closing an inlet opening of the bore 110. After the cylindrical
sleeve 111 is inserted into the bore 110, the inlet opening of the bore 110 is
closed by the plug-like wall member 112. An inside space of the sleeve 111
defines a damper chamber 113.

The sleeve 111 has a stepped portion 111a at a predetermined axial
poSition where the diameter of the sleeve 111 is reduced compared with that of
the remaining portion. The diameter of the sleeve 111 at a portion closer to the
bottom of the bore 110 1s larger than the diameter of the sleeve 111 at a portion
closer to an inlet opening of the bore 110. A large-diameter portion 111b of the
sleeve 111 1s brought into contact with a cylindrical wall of the bore 110. A
small-diameter portion 111c 1s spaced from the cylindrical wall of the bore 110.
Thus, a clearance 114 is provided between the small-diameter portion 111c and
the cylindrical wall of the bore 110.

Furthermore, the sleeve 111 has a through-hole 111d opened at the small-
diameter portion 11lc. The clearance 114 communicates with the damper
chamber 113 via the through-hole 111d.

T'he port 109 of the master cylinder is offset from a pressurizing control
valve 102 1n the H direction of Fig. 4. The pressurizing control valve 102 is
located adjacent to the reservoir 106 than the port 109 of the master cylinder.

A conduit line A 18 a fluid passage connecting the master cylinder to the
wheel cylinder. The conduit line A consists of a conduit line A1 and a conduit
line AZ. The conduit line Al, positioned between the port 109 of the master

cylinder and the damper 107, extends straight in an L direction from the port 109

Page &
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of the master cylinder to the damper 107. In other words, the conduit line A1
extends along an axis of the port 109 of the master cylinder perpendicularly to
the surface where the port 109 of the master cylinder is installed. The conduit
line A2, positioned between the damper 107 to the pressurizing control valve
102, extends straight from the damper 107 to the pressurizing control valve 102.
In other words, the conduit line A2 extends along an axis of the pressurizing
control valve 102 perpendicularly to the surface where the pressurizing control
valve 102 is installed. Thus, the conduit line A1 is offset from the conduit line
A2 1n the H direction of Fig. 4. The conduit line A2 is located adjacent to the
reservolr 106 than the conduit line Al.

T'he sleeve 111 1s brought into contact with a bottom surface of the plug-
like wall member 112 at its contact face 111e. The contact face 111e of the plug-
like wall member 112 is configured into a bell mouth or an annular flange. A
distance from the contact face 111e to the stepped portion 111a is equivalent to
an offset amount of the conduit line A1 with respect to the conduit line A2. The
conduit line A1l 1s connected to the conduit line A2 via the clearance 114. The
braking fluid in the clearance 114 flows around the cylindrical sleeve 111 from
the conduit line A1 to the conduit line A2.

On the other hand, the port 108 of the wheel cylinder is located at a
predetermined position from the pressurizing control valve 102. Namely, the
pressurizing control valve 102 is spaced from the port 108 by a predetermined
distance in the H direction. The distance between the port 108 and the
pressurizing control valve 102 is, for example, equivalent to a minimum space
(Iength) for forming the port 108 of the wheel cylinder in the housing 101. This
arrangement makes 1t possible to locate the pressurizing control valve 102
adjacent to the reservoir 106. A distance from the port 108 of the wheel cylinder

to the reservoir 106 can be reduced correspondingly. Accordingly, the housing

Page 9
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101 can be downsized in the H-direction of Fig. 4.

The above-described downsizing of the housing 101 in the L and H
directions leads to the overall downsizing of the ABS actuator 1100.

The loudness of the noise caused during an ABS operation is dependent
on a damper capacity. It 1s thus desirable to enlarge the damper capacity as much
as possible to reduce the ABS noise. Especially, the anti-lock braking system is
frequently operated in a cold weather condition. Thus, the need for reducing the
ABS noise 1s very high and serious in cold areas. '

However, according to the above-described ABS actuator, the clearance
114 between the sleeve 111 and the cylindrical wall of the bore 111 is formed
as an annular fluid passage. This leads to lack of the diameter of the damper
chamber 113. Therefore, the damper capacity is substantially restricted to an
insufficient value.

First Embodiment

In view of the foregoing, the present invention proposes an improved
arrangement of the hydraulic actuator preferably used for controlling braking
fluid of an anti-lock braking system:.

Hereinatter, a preferred embodiment of the present invention will be
explained with reference to Figs. 1 to 3. This embodiment is based on an ABS
actuator comprising a total of eight control valves which is practically known as
8-solenoid type ABS actuator.

Fig. 1 1s a cross-sectional view showing an ABS actuator 100 in
accordance with a preferred embodiment of the present invention. Furthermore,

Fig. 2 1s a plan view showing the ABS actuator seen from the top. The

arrangement of the ABS actuator 100 is explained with reference to Figs. 1 and

2.

The ABS actuator 100 is disposed between a master cylinder (not shown)

Page 10
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and a wheel cylinder (not shown). The ABS actuator 100 comprises a housing
1 which 1s substantially configured into a hexahedral (or a cubic) body with
various conduit lines formed therein.

The housing 1 has a surface (i.e., second predetermined surface) where
various control valves 2 and 3 are installed. The control valves 2 and 3 are
provided to control braking fluid flowing in a brake piping arrangement. Each
four of the control valves 2 (3) are alined in a W direction, as shown in Fig. 2.
The W direction 1s normal to each of H and L directions. Two lines of the control
valves 2 and 3, each consisting of four control valves, are arrayed in the H
direction as shown 1n Fig. 1. Thus, a total of eight (=4x2) control valves 2 and
3 are installed in the housing 1.

The housing 1 has a surface (i.e., third predetermined surface) opposed to
the above-described surface (i.e., second predetermined surface) where the
various control valves 2 and 3 are installed. A motor 4 is installed on this surface
(1.e., on the third predetermined surface). The motor 4 is provided to drive a
pump 5.

The housing 1 has a surface (i.e., fourth predetermined surface) where a
reservolr 6 1s installed, which is substantially perpendicular to the surface (i.e.,
second predetermined surface) where various control valves 2 and 3 are installed
and also perpendicular to the surface (i.e., third predetermined surface) where the
motor 4 1s installed. The housing 1 has a surface (i.e., first predetermined
surface) where dampers 7 are installed, which is opposed to the surface where
(1.e., fourth predetermined surface) the reservoir 6 is installed.

Furthermore, as shown in Fig. 2, a total of four ports 8 to be connected to
the wheel cylinder are formed on the surface (i.e., first predetermined surface)
where the dampers 7 are installed. These ports 8 communicate with pressurizing

control valves 2 1n the housing 1. Two ports 9 to be connected to the master
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cylinder are formed on the surface (the third predetermined surface) where the
motor 4 1s installed. One of two master cylinder ports 9 1s connected to two
pressurizing control valves 2 positioned at a right side of the housing 1 shown
1n the plan view of Fig. 2. The other of two master cylinder ports 9 1s connected
to two pressurizing control valves 2 positioned at a left side of the housing 1
shown in the plan view of Fig. 2. These two ports 9 are offset from the
pressurizing control valves 2 1n the H direction as apparent from Fig. 1.
Compared with the position of the master cylinder ports 9, the pressurizing
control valves 2 are located far from the surface (i.e., the first predetermined
surface) where the dampers 7 are installed.

Hereinatter, a detailed connecting arrangement of the above-described
components will be explained.

Each master cylinder port 9 communicates via a conduit line A with the
corresponding wheel cylinder ports 8. The pressurizing control valve 2, provided
In the conduit line A, opens or closes the conduit line A. The conduit line A is
connected to a conduit line B at a predetermined portion between the
pressurizing control valve 2 and the wheel cylinder. The conduit line B is
connected to the reservoir 6. The depressurizing control valve 3, provided in the
conduit line B, controls braking fluid supplied to the reservoir 6.

The conduit line A is connected to the reservoir 6 at a portion between the
master cylinder and the pressurizing control valve 2 via a conduit line C. The
braking fluid, discharged into the reservoir 6, is returned to the conduit line A via
the conduit line C. The pump 5 and the dampers 7 are provided in the conduit C
to introduce and discharge braking fluid into and from the reservoir 6.

More specitically, each damper 7 is inserted into a bore 10. The bore 10
has a cylindrical shape with an axis of the bore 10 extending in the H direction.

The cylindrical bore 10 1s, for example, formed by partly drilling or machining

Page 12
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the housing 1 from the surtface (1.e., first predetermined surface) where the wheel
cylinder ports 8 are formed. Each damper 7 is installed in the following manner.

First, a cup-shaped diaphragm 21 is inserted into the cylindrical bore 10
so that the cup-shaped diaphragm 21 is settled in an inner portion (i.e., a bottom
side) of the cylindrical bore 10 with an axis of the cup-shaped diaphragm 21
extending 1n the H direction. Next, a plug-like wall member 12 is inserted into
the cylindrical bore 10 to close the inlet opening of the bore 10. The cup-shaped
diaphragm 21 divides an inside space of the cylindrical bore 10 into two
chambers 13a and 13b. Of two chambers 13a and 13b thus defined, one chamber
13a (1.e., a first chamber) serves as a damper chamber Which Is connected to the
conduit line C. The other chamber 13b (i.e., a second chamber) is connected to
the conduit line A.

T'he cup-shaped diaphragm 21 is configured into a cylindrical cup shape
with a circular opening at one axial end thereof (i.e., at the bottom side of the
cylindrical bore 10) and a circular bottom 21a at the other axial end thereof. The
cup-shaped diaphragm 21 has an axis identical with that of the cylindrical bore
10. The circular opening of the cup-shaped diaphragm 21 becomes a leading side
when the cup-shaped diaphragm 21 is insertéd into the cylindrical bore 10 in the
ax1al direction. An opening periphery 21b (i.e., an annular opening edge) of the
cup-shaped diaphragm 21 1s slightly squeezed in diameter compared with the
remaining portion (i.e., a cylindrical wall of the cup-shaped diaphragm 21).
Providing the opening periphery 21b, being thus curled radially inward, makes
1t possible to easily insert the cup-shaped diaphragm 21 into the cylindrical bore
10 trom the opening side of the cup-shaped diaphragm 21.

Furthermore, the cup-shaped diaphragm 21 has a press-fitting portion 21c
partly formed on the cylindrical wall thereof. The press-fitting portion 21c

protrudes radially outward from the surface of the cylindrical wall of the Cup-
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shaped diaphragm 21. The press-fitting portion 21c extends in a circumferential
direction of the cylindrical wall of the cup-shaped diaphragm 21 at a height
equivalent to a center of the cup-shaped diaphragm 21 (in the axial direction of
the cup-shaped diaphragm 21).

The press-fitting portion 21c has an enlarged diameter larger than the
diameter of the remaining portion of the cylindrical wall of the cup-shaped
diaphragm 21. When the cup-shaped diaphragm 21 is inserted into the cylindrical
bore 10, the press-fitting portion 21c¢ 1s pressed into the cylindrical bore 10. So,
the cup-shaped diaphragm 21 1s firmly fixed in the cylindrical bore 10 of the
housing 1.

Furthermore, the cup-shaped diaphragm 21 has a through-hole 21d,
serving as an orifice, opened across a plate of the bottom 21a. Two chambers
13aand 13Db, separated by the cup-shap‘ed diaphragm 21, communicate with each
other via the through-hole 21d. In other words, the conduit line C is connected
to the conduit line A via the through-hole 21d.

Fig. 3 1s an enlarged view of the through-hole 21d and its vicinity. A
region where the through-hole 21d is provided is thin in thickness compared with
the remaining portion of the bottom 21a. For example, the thinned or recessed
region surrounding the through-hole 21d can be easily formed by partly pressing
the bottom 21la of the cup-shaped diaphragm 21. Providing the thinned or
recessed region for the through-hole 21d on the bottom 21a is advantageous to
prevent a burr 21e from protruding from the surface of the bottom 21a. The burr
21e 1s inherently produced along an annular periphery of the through-hole 21d
when a drilling or machining operation is applied on the bottom 21a for
formation of the through-hole 21d. If any force is applied on the burr 21e, the
burr 21e may peel oft the cup-shaped diaphragm 21. However, this arrangement

surely prevents the burr 21e from peeling off the cup-shaped diaphragm 21 since
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the burr 21e stays or remains 1n a retracted position with respect to the surface
ot the bottom 21a.

The plug-like wall member 12 has a cylindrical main body (refer to Fig.
2) which corresponds to the cylindrical bore 10. Furthermore, as shown in Fig.
1, acircular protruding portion 12a is formed at an inner end of the plug-like wall
member 12. The circular protruding portion 12a has a diameter smaller than that
of the main body of the plug-like wall member 12. When the plug-like wall
member 12 1s inserted into the cylindrical bore 10, the protruding portion 12a
presses the bottom 21a of the cup-shaped diaphragm 21. In other words, an
insertion amount of the protruding portion 12a determines an axial position of the
cup-shaped diaphragm 21 when inserted in the cylindrical bore 10. When the
plug-like wall member 12 1s inserted in the cylindrical bore 10 so as to close the
opening of the bore 10, the cylindrical protruding portion 12a is spaced from the
cylindrical wall of the bore 10. So, the chamber 13b surrounds the cylindrical
protruding portion 12a of the plug-like wall member 12.

Furthermore, as shown in Figs. 1 and 2, the conduit line A consists of a
conduit line Al connecting the master cylinder port 9 to the chamber 13b in the
cylindrical bore 10, a conduit line A2 connecting the chamber 13b to the
pressurizing control valve 2, and a conduit line A3 connecting the pressurizing
control valve 2 to the wheel cylinder port 8.

The conduit line Al extends straight in the L direction from the master
cylinder port 9 toward the chamber 13b of the cylindrical bore 10. The master
cylinder port 9 1s offset from the pressurizing control valve 2 in the H direction.
The conduit line A2 comprises a straight conduit line S and a straight conduit line
1. The conduit line S extends straight from the cylindrical wall of the bore 10 in
both of the H and W directions. In other words, the conduit line S extends

obliquely with respect to the axis of the cylindrical bore 10. The conduit line T
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extends straight from the pressurizing control valve 2 in the L direction and
communicates with the conduit line S.

In this manner, the present embodiment forms the straight conduit line S
extending in both the H and W directions (i.e., obliquely) from the cylindrical
wall of the cylindrical bore 10 constituting the chamber 13b. This makes it
possible to connect the master cylinder port 9 and the pressurizing control valve
2 which are offset each other.

As shown in Fig. 2, a conduit line U is provided between two adjacent
pressurizing control valves 2 so as to extend in the W direction. The conduit line
U connects two 1inlet ports of the adjacent pressurizing control valves 2
positioned at each of the right and left sides of the ‘housing 1 shown in Fig. 2.
Thus, each ot two pressurizing control valves 2 located outside of the housing
1 can communicate with the chamber 13b via the conduit line U. The conduit line
A3 extends straight from the pressurizing control valve 2 toward the master
cylinder port 8 which 1s connected to the wheel cylinder. In this manner. The
conduit line A consists of three straight conduit lines A1, A2 and A3.

On the other hand, the wheel cylinder port 8 is located at a predetermined
distance from the pressurizing control valve 2. In other words, the wheel cylinder
port 8 1s spaced 1n the H direction from the pressurizing control valve 2. The
distance from the wheel cylinder port & to the pressurizing control valve 2 is, for
example, equivalent to a minimum space for forming the wheel cylinder port 8.
This arrangement makes it possible to locate the pressurizing control valve 2
adjacently to the reservoir 6. A distance from the wheel cylinder port 8 to the
reservolr 6 can be reduced correspondingly.

Asexplained above, the ABS actuator of the above-—descfibed embodiment
s characterized in that the cup-shaped diaphragm 21 divides the inside space of

the cylindrical bore 10 into the chambers 13a and 13b. One chamber 13a serves
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as the damper chamber. The other chamber 13b constitutes part of the conduit
line A. With this arrangement, the ABS actuator of the above-described
embodiment no longer requires the clearance 114 of the annular fluid passage
(refer to Fig. 4) which is provided in the ABS actuator previously proposed by
the mventor of this application. Hence, the diameter of the damper 7 can be
increased to a level equivalent to the diameter of the cylindrical bore 10. This
realizes a large capacity of the damper 7. Having a large damper capacity is
advantageous 1n reducing the noise caused during the ABS operation.

Furthermore, as shown in Fig. 1, the ABS actuator of the above-described
embodiment comprises the reservoir 6 and the damper 7 disposed on the
opposed surfaces of the housing 1. This 1s advantageous in downs'izing the
housing 1 in the L direction shown in Fig. 1, like the ABS actuator shown in Fig.
4. Furthermore, the master cylinder port 8 is offset from the pressurizing control
valve 2 1n the H direction. This offset arrangement prbduces OI Secures a space
for arranging the port 8 of the wheel cylinder. This is advantageous in
downsizing the housing 1 in the H direction shown in Fig. 1, like the ABS
actuator shown in Fig. 4.

According to the ABS actuator shown in Fig. 4, the sleeve 111 has a
cylindrical body. An edge of the sleeve 111 is pressed by the plug-like wall
member 112. So, the sleeve 111 provides the damper chamber 113 partitioned
from the conduit line A. However, the braking fluid may leak through a clearance
between the sleeve 111 and the plug-like wall member 112. This gives adverse
influence to the orifice effect should be brought by the through-hole 111d.

lothe contrary, the above-described embodiment employs the cup-shaped
diaphragm 21 to provide the chamber 13a serving as the damper chamber which
is partitioned from the chamber 13b constituting part of the conduit line A.

Employment of the cup-shaped diaphragm 21 ensures the orifice effect brought

Page 17



10

15

CA 02331635 2001-01-18

by the through-hole 21d.
Other Embodiment

According to the above-described embodiment, the master cylinder port
9 1s offset from the pressurizing control valve 2. The conduit line T extends
obliquely from the cylindrical wall of the bore 10. The housing 1 can be
downsized in the H direction in Fig. 1. However, the present invention does not
always require the above-described arrangement since it is possible to secure a
sutficient damper capacity in a case where the annular fluid passage of the ABS
actuator shown 1in Fig. 4 is not necessary. Even in this case, it is possible to
downsize the housing 1 in the L direction of Fig. 1.

T'he present embodiments as described are therefore intended to be only
illustrative and not restrictive, since the scope of the invention is defined by the
appended claims rather than by the description preceding them. All changes that

fall within the metes and bounds of the claims, or equivalents of such metes and -

bounds, are therefore intended to be embraced by the claims.
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CLAIMS:

1. A hydraulic actuator for an anti-lock braking

system comprlsing:

a housing having a first predetermined surface

O Wwhere a bore 1s formed:;

a damper defined 1n said bore and having an axis

—

extending 1n a depth direction of said bore;

a cup-shaped diaphragm disposed 1in said bore to

ﬁ

divide an 1nside space of the bore into a first chamber and

10 a second chamber, said cup-shaped diaphragm having an
opening at one axial end and a bottom at an opposed axial
end, such that when said cup-shaped diaphragm is inserted

1nto said bore, said one axial end having the opening is

1nserted first;

R—

15 a plug-like wall member closing an opening of said

bore;

a damper chamber constituted by said first chamber

—

and 1ncluding an 1nside space of said cup-shaped diaphragm;

sald housing having a second predetermined surface

20 where at least one control valve is installed, said second

predetermined surface being substantially perpendicular to

sald first predetermined surface;

sald housing having a third predetermined surface

where a first port is formed, said third predetermined

25 surface beling substantially perpendicular to said first

predetermined surface and being opposed to said second

predetermined surface; and

a mailn condult line connecting said first port to

said control wvalve,
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wherein said plug-like wall member has a

protruding portion for pushing sailid bottom of saild cup-

shaped diaphragm, said protruding portion 1s spaced from a

) .

cylindrical wall of said bore, an annular space 1s formed

B

between said protruding portion and said cylindrical wall o:

said bore so as to constitute said second chamber, and

a first conduit line has 1ts inlet opened to said

annular space provided around saild protruding portion and

extends from sald annular space as part of said main condult

iine.

2 . A hydraulic actuator for an anti-lock braking

system comprising:

a housing having a first predetermined surface

where a bore 1s formed;

a damper defined 1n said bore and having an axis

extending in a depth direction of said bore;

a cup-shaped diaphragm disposed in said bore to
divide an inside space of the bore i1nto a first chamber and
a second chamber, said cup-shaped diaphragm having an

opening at one axial end and a bottom at an opposed axial

end, such that when said cup-shaped diaphragm 1s 1inserted

into said bore, said one axial end having the opening 1s

inserted first;

a plug-like wall member closing an opening of said

bore;

a damper chamber constituted by said first chamber

and including an inside space of said cup-shaped diaphragm;

sald housing having a second predetermined surface

where at least one control valve 1s 1nstalled, said second
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predetermined surface being substantially perpendicular to

sal1d first predetermined surface;

sald housing having a third predetermined surface

where a first port 1s formed, sailid third predetermined

surface being substantially perpendicular to said first

predetermined surface and being opposed to said second

predetermined surface;

a second port formed on said first predetermined

surface where said damper 1s 1nstalled; and

a main condult line formed 1n sald housing so as
to communicate with said second chamber, said main conduit

line connecting said first port to said second port via said

control wvalve;

gr—
—

wherein said first port 1s offset from said

control valve 1n an axial direction of said damper, said

control valve 1s located further from said first

predetermined surface compared with said first port, and

sald main conduit line connects said second
chamber to said control valve via a first conduit line
extending obligquely with respect to the axis of salid damper

from a cylindrical wall of said bore.

3. The hydraulic actuator for an anti-lock braking

system in accordance with claim 2, wherein

sald plug-like wall member has a protruding

portion for pushing sald bottom of said cup-shaped
diaphragm, said protruding portion 1s spaced from said
cyvlindrical wall of said bore, an annular space 1s formed
between said protruding portion and said cylindrical wall of

sald bore so as to constitute said second chamber, and

21



10

15

20

25

30

CA 02331635 2003-10-28

2 1854-8

sald first conduit line has 1ts 1nlet opened to

sald annual space provided around said protrudling portion.

4 . The hydraullc actuator for an anti-lock braking

system 1n accordance with claim 1, wherein said main conduilt

line comprises a second condult line which extends from said

control valve 1n a direction substantially perpendicular to

sald second predetermined surface and 1s connected to said

first conduit line.

D. The hydraulic actuator for an anti-lock braking
system 1n accordance with claim 4, wherein two control
valves are 1nstalled adjacent to each other on said second

gr—

predetermined surface, one of sald two control valves 1s

directly connected to said first conduit line via said

second conduit line, and the other of said two control

valves 1s connected to said first condult line via said
second conduit line and a third conduit line connecting said

two control valves.

o . The hydraulic actuator for an anti-lock braking
system 1n accordance with claim 1, wherein a through-hole 1is

opened on said bottom of said cup-shaped diaphragm, and said

through-hole serves as an orifice connecting said first

chamber to said second chamber.

7. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 6, wherein a reglon where

sald through-hole 1s opened 1s thinner 1in thickness compared

pr— o

wlith a remaining portion of said bottom of said cup-shaped

diaphragm.

3 . The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 1, wherein said cup-shaped

diaphragm has a press—-fitting portion partly formed on a

gr—

cylindrical wall thereof, said press-fitting portion has an

—

enlarged diameter larger than the diameter of another
272
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portion of sald cup-shaped diaphragm, and said cup-shaped
diaphragm 1s firmly fixed 1in said bore by said press-fitting

portion.

9. The hydraulic actuator for an anti-lock braking
system 1n accordance with claim 1, wherein an opening
periphery of said cup-shaped diaphragm 1is smaller in
diameter compared with another portion of said cup-shaped

diaphragm.

10. The hydraullc actuator for an anti-lock braking
system 1n accordance with claim 1, wherein said protruding

portion of said plug-like wall member 1s a circular

protruding portion formed at an inner end of said plug-like

wall member.

11. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 10, wherein a diameter of

ad
—

sald clrcular protruding portion 1s smaller than that of a
malin body of said plug-like wall member.
12. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 10, wherein said circular

ﬁ

protruding portion presses sald bottom of salid cup-shaped

diaphragm when said plug-like wall member 1s inserted 1nto

sald bore, so that an insertion amount of said circular

protruding portion substantially determines an axial

-

position of said cup-shaped diaphragm 1n said bore.

13. The hydraulic actuator for an anti-lock braking

system in accordance with claim 10, wherein said cylindrical

i 1)

protrudlng portion 1s spaced from sald cylindrical wall o:
sald bore when said plug-like wall member is placed in said
bore so as to close the opening of said bore, so that said

second chamber surrounds sailid cylindrical protruding portion

of said plug-like wall member.
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14 . The hydraulic actuator for an anti-lock braking

system in accordance with claim 4, whereiln

sald control valve 1s offset from said annular
space provided around salid protruding portion of the plug-

like wall member 1n a direction normal to said first

predetermined surface, and

sald first condult line extends straight and

obliguely from said annular space and 1s connected to said

second condult line.
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15. The hydraulic actuator for an anti-lock braking system in accordance
with claim 7, wherein a recessed region is formed on said bottom so as to

surround said through-hole.

16. The hydraulic actuator for an anti-lock braking system in accordance
with claim 15, wherein said recessed region has a sufficient depth so that a burr
formed around said through-hole remains in a retracted position with respect to

a surface of said bottom.

17. The hydraulic actuator for an anti-lock braking system in accordance
with claim 8, wherein said press-fitting portion protrudes radially outward from

a surface of said cylindrical wall of said cup-shaped diaphragm.

18. The hydraulic actuator for an anti-lock braking system in accordance
with claim 17, wherein said press-fitting portion extends in a circumferential

direction of said cylindrical wall of said cup-shaped diaphragm.

19. The hydraulic actuator for an anti-lock braking system in accordance
with claim 9, wherein said opening periphery of said cup-shaped diaphragm is
curled radially inward so as to have a smaller diameter compared with a
cylindrical wall of said cup-shaped diaphragm, so that the cup-shaped diaphragm
can be easily inserted into the cylindrical bore from said opening periphery of the

cup-shaped diaphragm.

20. The hydraulic actuator for an anti-lock braking system in accordance
with claim 1, wherein said cup-shaped diaphragm has a diameter substantially

identical with that of said bore.
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21. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 1, wherein said cup-shaped

diaphragm has an axis 1dentical with that of said bore.

22. The hydraulic actuator for an anti-lock braking
system 1n accordance with claim 3, wherein said main condult
line comprises a second condult line which extends from said

control valve in a direction substantially perpendicular to

said second predetermined surface and i1s connected to said

first conduit line.

23. The hydraulic actuator for an anti-lock brakilng
system in accordance with claim 22, whereilin two control
valves are 1nstalled adjacent to each other on said second

predetermined surface, one of said two control valves 1S

directly connected to said first conduilt line via said

second condulit line, and the other of said two conduit

valves 1s connected to said first conduit line vilia said

second conduit line and a third conduit line connecting said

two control wvalves.

24 . The hydraulic actuator for an anti-lock braking

system in accordance with claim 2, wherein a through-hole 1is

opened on said bottom of said cup-shaped diaphragm, and said
through-hole serves as an orifice connecting said first

chamber to said second chamber.

23. The hydraulic actuator for an anti-lock braking
system in accordance with claim 24, whereln a reglon where
said through—-hole 1s opened 1is thinner 1n thickness compared

ﬁ

with a remaining portion of said bottom of said cup-shape

diaphragm.

20. The hydraulic actuator for an anti-lock braking

system in accordance with claim 2, wherein said cup-shaped

diaphragm has a press-fitting portion partly formed on a

cylindrical wall thereof, said press—-fitting portion has an
25
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enlarged diameter larger than the diameter of another

portion of said cup-shaped diaphragm, and said cup-shaped

diaphragm 1s firmly fixed 1n sald bore by said press-fitting

portion.

27 . The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 2, wherein an opening

-

periphery of sald cup-shaped diaphragm 1s smaller 1n

diameter compared with another portion of said cup-shaped

diaphragm.

28. The hydraulic actuator for an anti-lock braking
system 1n accordance with claim 3, wherein said protruding

portion of saild plug-like wall member 1s a circular

protruding portion formed at an inner end of said plug-like

wall member.

29. The hydraulic actuator for an anti-lock braking

system 1in accordance with claim 28, wherein a diameter of

o~
sl

sald clrcular protruding portion 1s smaller than that of a

main body of said plug-like wall member.

30. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 28, wherein said circular

p—

protruding portion presses said bottom of said cup-shaped

diaphragm when said plug-like wall member 1s 1nserted 1nto

y—

sald bore, so that an i1nsertion amount of said circular

protruding portion substantially determines an axial

r—
—

position of said cup-shaped diaphragm in said bore.

31. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 28, wherein said cylindrical

protruding portion 1is spaced from said cylindrical wall of
sald bore when said plug-like wall member 1is placed in said
bore so as to close the opening of said bore, so that said
second chamber surrounds sailid cylindrical protruding pocrtion

of said plug-like wall member.
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32. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 22, whereiln

sald control valve 1s offset from said annular

space provided around said protrudling portion of the plug-

like wall member 1n a direction normal to sailid first

predetermined surface, and

said first conduit line extends stralight and

obliquely from sailid annular space and 1s connected to said

second condult line.

33. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 25, wherein a recessed

region 1s formed on sald bottom so as to surround saild

through-hole.

34. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 33, wherein saild recessed

ﬁ
aaand

region has a sufficient depth so that a burr formed around

sald through-hole remains 1n a retracted position with

r—

respect to a surface of said bottom.

35. The hydraulic actuator for an anti-lock braking

system 1n accordance with claim 26, wherein said press-

R

fitting portion protrudes radially outward from a surface of

sald cylindrical wall of said cup-shaped diaphragm.

36. The hydraulilc actuator for an anti-lock braking

system 1n accordance
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with claim 35, wherein said press-fitting portion extends in a circumferential

direction of said cylindrical wall of said cup-shaped diaphragm.

37. The hydraulic actuator for an anti-lock braking system in accordance
with claim 27, wherein said opening periphery of said cup-shaped diaphragm is
curled radially mnward so as to have a smaller diameter compared with a
cylindrical wall of said cup-shaped diaphragm, so that the cup-shaped diaphragm
can be easily inserted into the cylindrical bore from said opening periphery of the

cup-shaped diaphragm.

38. The hydraulic actuator for an anti-lock braking system in accordance
with claim 2, wherein said cup-shaped diaphragm has a diameter substantially

identical with that of said bore.

39. The hydraulic actuator for an anti-lock braking system in accordance
with claim 2, wherein said cup-shaped diaphragm has an axis identical with that

of said bore.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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