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(54) A HYDRAULIC BRAKE BOOSTER

(71) We, THE BENDIX CORPORATION,
a corporation duly organized and existing
under the laws of the State of Delaware,
United States of America, of Bendix Center,
Executive Offices, Southfield, Michigan
48075, United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to
be particularly described in and by the
following statement:—

The present invention relates to a
hydraulic brake booster of the kind com-
prising a housing having a bore therein
and inlet and outlet ports communicating
with the bore, a piston slidably mounted in
said bore and having a further bore therein
communicating with the inlet port and the
outlet port through respective openings in
the piston, said piston forming a pressure
chamber with the housing bore and co-
operating with means for actuating a brake
application upon movement of said piston
within the housing bore, and a control valve
including a member slidably mounted within
said piston bore and movable therein for
initiating a brake application by restricting
the communication between said inlet and
outlet ports and by opening a communica-
tion between said inlet port and the pressure
chamber to move said piston within said
housing bore, said valve member including
to this end a land cooperating with said
piston bore to restrict the communication
between said inlet and outlet ports.

In this hydraulic brake booster the valve
member is thus adapted to communicate
pressurized fluid to the pressure chamber,
which pressure urges the piston into engage-
ment with the means for actuating a brake
application, said means typically including
a brake master cylinder. The valve member
is itself moved within the piston core by
an operator-controlled actuator, for instance
through the intermediary of a brake pedal.
Consequently, the valve member land oper-
ates as a metering valve controlling high
pressure flow to the pressure chamber. As a
result, a substantial pressure drop occurs

across the land which generates an undesir-
able audible noise.

The present invention has for its main
object to overcome this drawback by pro-
viding a hydraulic brake booster of the kind
defined above with a valve member that is
slidably mounted within the piston bore to
communicate pressurized fluid to the pres-
sure chamber and that is also provided with
a metering land which cooperates with the
piston bore to quietly communicate the
pressurized fluid to the pressure chamber.

This object is achieved, in accordance
with the teaching of the present invention,
thanks to the fact that the valve member
land includes a first diameter portion, a
second diameter portion and a recess be-
tween the first and second diameter portions,
said first diameter portion having a larger
diameter than said second diameter portion,
and said second diameter portion and said
recess cooperating with said piston bore to
restrict the communication between said in-
let and said outlet ports. Upon actuation
under the operator’s control, the valve
member thus moves to position the second
diameter portion within the piston bore be-
tween the inlet opening and the outlet
opening to restrict the flow therebetween.
Moreover, the valve member is movable to
position the second diameter portion and the
recess within the bore between the inlet and
outlet openings. In this position the restricted
flow from the inlet opening to the outlet
opening strikes the back of the second
diameter portion to experience a static
pressure recovery before continuing to the
outlet opening. As the valve member moves
further, the first diameter portion also co-
operates with the piston bore to restrict the
flow between the inlet and outlet openings.

In a preferred embodiment of the present
invention, the first diameter portion is larger
in diameter than the second diameter portion
and smaller in diameter than the piston bore
diameter so that a constant area metering
land is provided. The recess comprises a
frusto conical surface tapering radially out-
wardly from the second diameter portion to
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the taper for the frusto conical surface is
about 30°.

In a modification of the present inven-
tion, the recess includes a cylindrical surface
between the second diameter portion and the
frusto conical surface. Moreover, a second
modification provides a curved surface for
the recess with the curved surface adjoining
the first diameter portion at an angle sub-
stantially equal to or less than 60° and
adjoining the second diameter portion at an
angle substantially equal to or greater than
70° relative to the valve member.

The above characteristic features and
advantages of the present invention will
become readily apparent from the following
description of some preferred embodiments.
given by way of example only and with
reference to the accompanying drawings, in
which:

Figure 1 is a cross-sectional view of a
hydraulic brake booster provided with a
control valve made pursuant to the teaching
of this invention;

Figure 2 is an enlarged view of the
encircled portion of Figure 1;

Figure 3 is similar to the view of Figure
2 and illustrates a modification of the
present invention;

Figure 4 is similar to the view of Figure 2
and illustrates another mecdification of the
present invention; and

Figurc 5 is a cross-sectional view taken
along line 5—5 of Figure 1.

With reference to the drawings, wherein
like numerals refer to similar components, a
hydraulic brake booster is illustrated in
Figure 1 by the numeral 10. The brake
booster 10 includes a cylindrical housing 12
with a longitudinal bore 14 thercthrough.
The housing 12 is adapted for attachment
to an engine compartment firewall and is
provided with an inlet port 16 cemmunicat-
ing with a pressurized fluid source (not
shown), a return port 18 communicating
with a reservoir attached to the pressurized
fluid source and an outlet port 20 com-e
municating with a steering gear assembly
(not shown).

A piston 22 is slidably mounted within
the housing bore 14 and includes axial slots
24, 26 and 28 that are connected respectively
with return port 18, inlet port 16 and outlet
port 20. A bore 30 within the piston 22
slidably receives a valve member 32. An
inlet opening 34, a return opening 36 and
an outlet opening 38 on the piston 22 com-
municate with the bore 30 and with respec-
tive piston slots 26, 24 and 28. Consequently,
pressurized fluid is communicated through
the hydraulic brake booster via inlet port
16. slot 26. inlet opening 34, bore 30, outlet
opening 38, slot 28 and outlet port 20. In
the position shown in Figure 1, chamber 42
communicates via a passage 44 and opening

36 to return port 18 and only leakage flow
via land 68 reaches chamber 42. Thus,
chamber 42 is at essentially return port
pressure.

The piston 22 carries a sealing ring 40
which cooperates with the housing bore 14
to define a pressure chamber 42 at one end
of the housing bore 14. A passage 44
extending through the valve member 32
communicates the bore 30 with the pressure
chamber 42 and also, via a reduced diameter
branch 46, with a compensating chamber
48. The other end of the housing bore 14
slidably receives a partition member 50
which cooperates with the piston 22 and an
end plug 52 to define a pair of master brake
cylinder chambers 54 and 56. The chambers
54 and 56 communicate via respective ports
58 and 59 to hydraulic cylinders associated
with the front and rear wheels of a motor
vehicle as is well known in the art.

Turning to Figure 2, the valve member 32
is provided with a metering land 60 for
controlling the flow of fluid from the inlet
opening 34 to the outlet opening 38. The
metering lagd 60 includes a first diameter
portion 62, a second diameter portion 64
and a recess 66 therebetween. The diameter
D1 of the first portion 62 is greater than
the diameter D2 of the second portion 64,
while the diameter DB of the piston bore 30
is greater than the diameter D1 of the first
portion 62 so that when the first portion
62 is telescoped within the bore 30 to the
left of inlet opening 34 constant area restric-
tion of flow to the outlet opening 38 is
maintained, albeit substantially restricted.

As the source of fluid flow via inlet port
16 is essentially constant, flow restriction
and pressure variations in opening 34 and
in connected chambers occur as soon as
diameter portion 64 approaches edge 82.

The diameter portion 64 is computed such
that when the diameter portion 64 is fully
telescoped into bore 30, the maximum
resulting pressure drop is a value known to
be acceptable from a noise generation stand-
point. When ramp 70 and diameter portion
62 approach edge 82, causing additional
total restriction, the total pressure drop from
opening 34 to bore 30 takes place in two
steps and by proper proportioning, the ratio
of upstream to downstream pressure for
each drop can be kept to a value established
by test for a particular fluid to be accept-
able. The mechanism is believed to suppress
fluid cavitation by controlling the maximum
dynamic pressure reduction experienced in
the pressure-drop restricted area, while also
avoiding other noise mechanisms, such as
edge tones.

While this flow area is being restricted,
edges 61 and 63 close off communication
from chamber 42 via passage 44 and open-
ing 36 to return port 18. Also, the area
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controlled by a second metering land 68
gradually increases, allowing pressure build-
up in chamber 42, since only a small flow
is needed even when piston 22 moves to the
left to operate the master cylinder mechan-
ism, the tapered diameter for the second
metering land 68 avoids noise due to that
flow (whereas a similar taper in place of the
disclosed two-step orifice using D2 and D1
could not provide enough flow area in the
stroke available).

In the preferred embodiment of the inven-
tion, the recess 66 is provided by a frusto
conical surface 70 extending from the second
diameter portion 64 to the first diameter
portion 62. The surface 70 is tapered to
form an angle A with the axis of the valve
member 32 of about 30°,

MODE OF OPERATION

An operator actuator 80 is operatively
connected to a brake pedal (not shown) for
movement into the housing bore when the
operator steps on the brake pedal. During
non-operation and brake inactivity the valve
member 32 is positioned within the housing
bore as illustrated in Figure 2 so that fluid
communicates from the inlet opening 34 to
the outlet opening 38 without any restriction
while very little fluid communicates from
the inlet opening 34 to the passage 44 and
return opening 36 via ihe restricted path
between the second metering land 68 and
the bore 30.

When the operator steps on the brake
pedal, the operator actuator 80 engages the
valve member 32 to move the same to the
left viewing the Figures. Consequently, the
second diameter portion 64 telescopes into
the bore 30 near the corner 82 to provide a
restricted orifice through which some fluid
passes while the pressure upstream of this
orifice increases. Movement of the valve
member to the left also closes the return
opening 36 and moves the second metering
land 68 to the left of corner 84. As the
second metering land is slightly tapered, the
restriction of flow to outlet opening 38 is
accompanied by an opening of the restriction
between the second metering land 68 and
the bore 30 to permit the communication
of increased pressure to the pressure cham-
ber 42. When the metering land 60 is dis-
posed to the left of corner 82 the fluid
passing through the restricted orifice flows
partially parallel to the surface 70 to abut
the back side of the second diameter portion
64. This provides a change in the direction
of flow for the fluid which causes a pressure
recovery before the fluid continues flowing
between the second diameter portion 64 and
the bore 30.

Communication of pressurized fluid to
pressure chamber 42 urges the piston 22 to
the left which, in turn, reduces the volume

of chambers 54 and 56 to compress the
fluid medium therein. This compression of
chambers 54 and 56 increases the pressure
in each chamber and communicates this
increased pressure to the hydraulic cylinders
at the front and rear wheels to effectuate
braking.

In the modification of Figure 3, the meter-
ing land 86 is provided with a cylindrical
surface 88 between the second diameter
portion 64 and the frusto conical surface 70.
This embodiment operates in substantially
the same manner as the embodiment of
Figures 1 and 2.

In the embodiment of Figure 4 the valve
member 32 includes a metering land 90
which includes a continuous curved surface
92 between the first diameter portion 62 and
the second diameter portion 64. The curved
surface 92 is substantially concave and
adjoins the portions 62 and 64 to form
angles A and B. In order to direct flow
along the curved surface, and to abut the
fluid flow against the back side of the second
diameter portion 64, the angle A is prefer-
ably equal to or less than 60° and the angle
B is preferably equal to or greater than
70° relative to the longitudinal axis of the
valve member 32.

Thus, it is apparent that the present inven-
tion provides a hydraulic brake booster
wherein a metering land cooperates with a
piston to quietly control the flow of fluid
through the hydraulic brake booster. In
particular, the metering land includes a first
diameter portion, a second diameter portion
and a recess therebetween to quietly restrict
the flow between the piston and the metering
land.

WHAT WE CLAIM IS:—

1. A hydraulic brake booster comprising
a housing having a bore therein and inlet
and outlet ports communicating with the
bore, a piston slidably mounted in said bore
and having a further bore therein com-
municating with the inlet port and the outlet
port through respective openings in the
piston, said piston forming a pressure
chamber with the housing bore and co-
operating with means for actuating a brake
application upon movement of said piston
within the housing bore, and a control
valve including a member slidably mounted
within said piston bore and movable therein
for initiating a brake application by restrict-
ing the communication between said inlet
and outlet ports and by opening a com-
munication between said inlet port and the
pressure chamber to move said piston within
said housing bore, said valve member in-
cluding to this end a land cooperating with
said piston bore to restrict the communica-
tion between said inlet and outlet ports,
wherein said land includes a first diameter
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portion, a second diameter portion and a
recess between the first and second diameter
portions, said first diameter portion having
a larger diameter than said second diameter
portion, and said second diameter portion
and said recess cooperating with said piston
bore to restrict the communication between
said inlet and said outlet ports.

2. A hydraulic brake booster according
to Claim 1, wherein said recess comprises
a frusto conical surface extending from said
second diameter portion to said first
diameter portion at an angle of about 30°
relative to said valve member.

3. A hydraulic brake booster according
to Claim 1, wherein said recess comprises a
cylindrical groove adjacent said second
diameter portion and a frusto conical surface
extending from said cylindrical groove to
said first diameter portion at an angle of
about 30° relative to said valve member.

4. A hydraulic brake booster according
to claim 1, wherein said recess comprises a

substantially curved surface, said curved
surface adjoining said first diameter portion
at an angle substantially equal to or less
than 60° and adjoining said second diameter
portion at an angle substantially equal to or
greater than 70° relative to said valve
member.

5. A hydraulic brake booster according
to any of claims 1 to 4, wherein said first
diameter portion has a diameter slightly less
than said piston bore and also cooperates
with this latter to restrict the communica-
tion between the inlet port and the outlet
port.

6. A hydraulic brake booster, substan-
tially as described hereinabove and as
illustrated in the accompanying drawings.

For the Applicants:

F. J. CLEVELAND & COMPANY,
Chartered Patent Agents
40—43 Chancery Lane,

London, WC2A 1JQ.
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COMPLETE SPECIFICATION

This drawing is a reproduction of
the Original on a reduced scale
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