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We, THE GoopyEAR TIRE & RUBBER COM-
PANY, a corporation organized under the laws
of the State of Ohio, United States of America,
with offices at 1144 East Market Street, Akron,
Ohio, 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:—

This invention relates to apparatus for reduc-
ing skidding of hydraulically-braked vehicle
wheels, and, more particularly, is concerned
with automatic mechanism functioning to
provide for the normal operator operation of the
brakes even though the skid reducing apparatus
fails to function.

The invention is especially useful in con-
nection with anti-skid mechanism for master
cylinder operated brakes. Such mechanism is
provided for relieving brake pressure when the
beginning of a wheel skid is sensed, the brake
pressure being relieved by storing fluid from
the system in a storage chamber. Relieving the
brake pressure stops the skid which was begin-
ning, and the brakes are re-applied by returning
to the system the fluid from the storage cham-
ber. If, for any reason, the fluid could not be
returned from the storage chamber, the operator
operated brake pedal would drop to the floor
and brake pressure would be lost unless the
pressure would be “pumped-up” by pumping
the brake pedal and master cylinder.

It is the general object of the invention to
improve the apparatus of the prior art mechan-
isms so that if for any reason the fluid cannot be
returned from the storage chamber to thebrake
system, the brake system will continue to
function in response to actuation by the operator
without loss of brake pedal pressure and without
the necessity to “pump” the brake pedal to
draw extra fluid from the master cylinder.

Other objects of the invention are to provide
normal operator controlled braking upon
undesirable reduction or failure of anti-skid
control pressure, to provide a unitary anti-skid
control and lockout control apparatus and an

[Price 3s. 0d.]
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improved valve therefor, and generally to
provide safety of operation, reduction of weight
of apparatus, simplicity of structure, and long
and maintenance free life.

These and other objects will appear from the
following drawings and the accompanying
description.

In the drawings:

Fig. 1 is a longitudinal sectional view of the
automatic lockout and brake pressure control
valve of this invention together with a diagram-
matic showing of the operator controlled master
cylinder, the auxiliary hydraulic pressure fluid
supply, the wheel and brake, the securing means,
and the necessary wiring and pipe connections;

Fig. 2 is a Jongitudinal sectional view of the
automatic lockout and brake pressure control
valve with the normal pressure of the auxiliary
hydraulic pressure system applied thereto, and
the spool valve moved to the extreme left
position by energizing of the solenoid control-
ling brake application;

Fig. 3 is a similar view showing the mechan-
ism in the locked out position resulting from
sub-normal pressure or failure of the auxiliary
hydraulic pressure system, the spool valve being
at the extreme right position.

Referring to the drawings, and first to Fig, 1
thereof, the numeral 1 designates a rotatable
member, such as a wheel, freely mounted on an
axle 2, for example secured to a sliding portion 3
of a support 4. The wheel carries a rotatable
brake element, typically a disc 5, mounted to
be engaged by non-rotary brake shoes 6, 6,
operated by fluid pressare cylinders 7, 7, the
arrangement being such that when fluid pressure
is applied to cylinders 7, 7, braking pressure is
applied to the brake disc 5 to decelerate the
wheel 1.

Fluid pressure to cylinders 7 is provided by
a master cylinder 8 operated by a pedal 9
controlled by the operator, and passes fluid to a
pipe 10 normally through the automatic
lockout and pressure control valve 11, and by
way of pipe 12 to cylinders 7, 7.

To prevent such severe application of the
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brake as would lock or unduly skid the wheel,
with the wheel in contact with the ground
and the wheel carrying vehicle in motion, prior
art anti-skid mechanisms provide an accelera-
tion or deceleration responsive mechanism, for
example, a wheel driven generator 13, at the
wheel. The generator 13 actuates a control
mechanism 14, usually including a relay, to
supply an energizing voltage through wires 15,
16, to asolenoid 17 adapted to control a two-way
valve in the line between pipes 10 and 12 in such
manner as to shut off the pressure lin¢ between
master and brake cylinders when brake
deceleration is too rapid, ie. when a skid is
developing. Prior art mechanism also provide
a storage cylinder to receive and store fluid from
the pipe 12 and brake cylinders 7, 7, when the
brake pressure is shut off, to thereby allow
movement of the brake shoes 6, 6, away from
the disc 5. The wheel 1 then comes back up
‘to speed and the fluid stored is returned to the
pipe 12 and brake cylinders 7, 7,tore-establish
braking force, and pipe 10 is re-opened to
pipe 12. To discharge the fluid from the storage
chamber, a high pressure reservoir 18 is pro-
vided which may be kept under pressure by a
pump 19 supplying liquid from a return sump
20. Or high pressure may be supplied from the
high pressure hydraulic system, the engine oil
pressure system, or a compressed air system
_associated with the vehicle.

The prior art mechanism also employes a
switch, such as 21, mounted on the support 4
and engageable with a cam on the sliding
portion 3. When the wheel 10 is on the ground
and the strut has partially telescoped to close
the switch 21, electrical connections are
provided whereby solenoid 17 is de-energized
to .allow valve 11 to assume the position of
Fig. 3 to provide for the operation of the brakes
only after the airplane is on the ground. Before
this time the electrical connections are such
that solenoid 17 is held energized by input
voltage 22, and the valve 11 is thus in the
posifion of Fig. 2, making the brakes inoperative
and preventing locking of the wheels with the
“brakes at touchdown of the airplane.

While prior art apparatus has given excellent
results in operation, it is desirable to provide
for master cylinder control only of the brake

in case of failure of the high pressure supply 18 .

and to provide for lockout of the “anti-skid”
mechanism until high pressure is restored.
To accomplish these objects, and also to provide
a unitary automatic lockout and a compact,
lightweight pressure control valve unit for this
purpose, the lockout and valve unit 11 includes
a body 23 (see Figs. 2 and 3) having a longi-
tudinal bore 24 therethrough for slidably
receiving a spool valve 25. The solenoid 17
heretofore mentioned is mounted on the end of
the valve body and is adapted, when energized,
to move the spool valve axially towards the
solenoid against bearing pressure of a spring on
the solenoid (not shown) which holds the spool

valve in the position illustrated in Fig. 3 ‘when
the solencid is not energized. -

The valve body 23 has an inlet port 26

connected to the master cylinder 8 by pipe 10
and to the bore 24. It also has an outlet port 27
in alignment with the port 26 connecting the
bore 24 t0 brake cylinders 7, 7, through pipe
12. An annular groove 28 in spool valve 25
normally connects port 26 to port 27, as in
Fig, 3, when the spool valve 25 is-at its extreme
right position (solenoid 17 not energized), but

" is moved to the left as in Fig. 2 to disconnect

the brake cylinders 7, 7, from master cylinder

-8 when sofenigid 17 is energized.

A storage chamber 29 is also formed in the
valve body and connects to port 27 for storing
brake-operating fluid to relieve braking pressure

when the passage between ports 26 and 27

is closed, and for returning the stored fluid

to the system when ports 26 and 27 are con-

nected. For this purpose, the chamber 29 may
be formed, as in the example shown, as the
smaller bore 30 of a stepped cylinder having a
large bore 31, the large bore being closed by a

-cap plug 32 secured to the valve body by

threads. A stepped piston 33 fits both bores and
has sealing rings 34 and 35 thereabout. The

Jarge bore 31 of the cylinder is connected to the

valve bore 24 by a port 36 and is normally in
communication with the high pressure supply
pipe 37 through a passage 38 opposite to port
36 by virture of a wide annular groove 39 formed
in the spool valve 25. The arrangement is such
that communication is maintained at all positions
of the spool valve, except as hereinafter
explained, so that the piston 33 is subjected
to pressure via port 27 at its small end and to a
superior pressure force from the high pressure
supply line 37 at its large end so as normally to
be positioned at the left end of the storage
chamber 29. Thus, the piston 33 can act to
relieve pressure in brake cylinders, 7, 7, by
movement to the right under reduction or loss
of pressure in bore 31 by exhaust of fluid
therefrom when the spool valve closes port 27,
as hereinafter described.

It will be recognized that the relation of
pressures in pipes 10 and 37 (adapted to act on
opposite sides of piston 33) is so correlated with
the area of the opposite ends of piston 33 so
that the resultant forces cause the piston to be
driven to the left when pipe 37 is connected
to apply its pressure on the right hand end of the
piston. In other words, piston 33 need not have
a larger diameter at its right hand end than at
its left. The important thing is that the total

foree ofi the right hand end, i.e. fiid pressure

times area, is greater than the total force on the
left hand end of the piston, all for reasons
aforesaid.

A check valve 40 is provided in passage 38
and is held against a seat 41 provided in a

counterbore shoulder by a coil spring 42 -

seated on a collar 43 threaded in the counterbore
the collar having a central guide hole to receive
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the stem of the valve and a plurality of vent
holes surrounding it to permit passage of fluid
past the collar. The arrangement is such that,
upon failure of pressure in line 37, the valve 40
closes off return to the line 37 and piston 33 is
maintained in its left hand position. With
piston 33 to the left, no fluid is stored in chamber
29 and there is no loss of brake pedal pressure
in the manually operated brake system.

To provide for exhaust of fluid from the right
hand end of bore 31 of storage chamber 29,
an axial bleeder port 44 is formed in the spool
valve 25 open to its right hand end to which
connects a side port 45 extending to an annular
groove 46 on the spool valve 25 spaced from the
groove 39. A port 47 in the valve body connects
the port 36 to ports 45 and 44 when the solenoid
17 is energized and the spool valve 25 is at the
left hand position, as in Fig. 2. Port 47 is sealed
off by the body of the spool valve 25 when the
solenoid 17 is not energized and the spool valve
is at its right hand position, as in Fig. 3. Thus,
the right hand end of bore 31 may be alternately
connected to the high pressure supply line 37,
or to a sump 20 by axial movement of the spool
valve 25 by de-energizing or energizing
respectively of the solenoid 17. It will be seen
that, when the spool valve 25 is moved to the
left by energizing of solenoid 17, fluid from the
right hand end of piston 33 promptly escapes
throtigh ports 47, 45 and 44 to permit piston 33
to move to the right (under the pressure of
conventional return springs associated with
brake shoes 6, 6) storing fluid in chamber 29,
and relieving brake pressure.

For reasons already discussed, it is advantage-
ous to the safety of the brake operating system
that some means be provided for insuring
adequate operator operation of the brakes
without loss of pedal pressure in case ofun-
desirable reduction or failure of the auxiliary
pressure supply 18. This is accomplished in
the present invention by mechanism for locking
the spool valve 25 in the position of Fig. 3
should the pressure in pipe 37 be lost or mater-
ially reduced.

To provide for lockout of the spool valve 25
against movement by the solenoid 17 to the left
upon failure of pressure in line 37, a cylinder
48 is formed in the valve body 33 with its axis
normal to and in the plane of the axis of the
spool valve bore 24, and a passage 49 of reduced
diameter coaxial thereof extends from the
cylinder 48 to connect with the bore 24. A lock
pin 50 is slidably mounted in the passage and has
a piston head 51 slidably fitted in the cylinder
48. The spool valve 25 is formed with an
annular lock groove 52 in position to receive
the end of the pin 50 when the spool valve is
at extreme right position, as in Fig. 3, where a
radial shoulder 53 of the groove 52 is locked
against movement to the left by the pin.

For holding the pin 50 in locking engagement
biasing means, such as a coil spring 54, is
mounted in cylinder 48 against the upper face

of piston 51 and is held under compression by
a plug 55 threaded in the upper end of the
cylinder 48. A vent hole 56 through plug 55
communicates between the upper end of cylinder
48 and the atmosphere to relieve pressure in the
upper part of cylinder 48. :

For holding the pin 50 in itsupper or dis-
engaged position when fluid at pressure is
supplied to pipe 37, a port 57 is provided in
the valve body which connects the lower end
of cylinder 48 with pipe 37. Thus, when
adequate pressure from pipe 37 is present,

piston 51 is held upward, compressing spring -

54, and pin 50 is withdrawn from groove 52
permitting axial movement of spool valve 25,
but when such pressure is inadequate, spring 54
forces pin 50 against the spool valve and locks
it against axial movement, as shown in Fig. 3.
In such position of the spool valve 25 the
groove 28 connects pipe 10 and pipe 12 so that
operator operation of the brake is insured while
automatic “anti-skid” operation thereof is
locked out. Should the pressure in line 37 be
restored, pin 50 is automatically withdrawn,
valve 40 opens, and automatic brake control
is again provided. S ,

The operation of the apparatus is-as follows:

Wheel 1 must be on the ground with enough
weight thereon to close switch 21 and open
solenoid operated valve in the automatic
lockout and pressure control valve 11 before
any brake pressure can be applied. Now,
assuming that pipe 37 is supplied with adequate
pressure, the pin 50 is held in unlocked, i.e.
raised position, by the pressure in pipe 37.
Upon the operator depressing the piston of the
master cylinder 8, fluid under pressure is forced
through pipe 10, around groove 28 and by way
of port 27 and pipe 12 to cylinders 7, 7, applying
the brakes,

As long as the brake shoes 6, 6, -are not
applied so tightly against the disc 5 as to.cause
the wheel 1 to begin to skid, the braking
operation will continue as described, with the
parts of the valve 11 being as shown in Fig. 3,
but with pin 50 raised out of groove 52.
During this braking operation a gradually
decreasing voltage is generated by wheel driven
generator 13.

However, in actual practice, in order to get
maximum braking effect out of the system, the
pressure supplied by master cylinder 8 to
cylinders 7, 7, moves shoes 6, 6, against the disc
5 with sufficient force to slow it down faster
than the normal non-skidding deceleration of
the wheel, In other words, the braking actionis
such that the surface of the wheel 1 against
the ground is beginning to slip. This greater
than normal deceleration causes a relatively
sharp drop in the voltage generated by generator
13, thus causing a relay in control mechanism
14 to close, supplying operating voltage from
the input voltage to the solenoid 17.

Operation of solenoid 17 quickly moves spool
valve 25 in to the position shown in Fig. 2 to
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shut off pipe 10 from pipe 12. Port 47 is likewise
connected to ports 45 and 44 and fluid under
“pressure to the right of piston 33 is quickly bled
via pipe 59 to sump 20. This causes piston 33
to move to the right towards the position shown
in Fig. 2, and the pressure on brake shoes 6, 6,
is relieved by the opening up of storage chamber
29. The return springs usually associated with
cylinders 7, 7, assist in movement of the piston
33 to the right.

_ Relieving the brake pressure, as described,
immediately stops the beginning of the skid
on wheel 1 and causes it to quickly resume
normal ground speed. This reestablishes the
initial relation of the control mechanism 14 and
generator 13, and solenoid 17 is de-energized
causing spool valve 25 to return to the position
of Fig. 3, but with pin 50 still held out of the
way by pressure through port 57 to the under
side of the piston 51. The return of spool valve
25 to the position of Fig. 3 cuts off port 47,
and pressure is re-established to the right of
piston 33 via port 36, check valve 40, groove 39
and port 36 to move the piston 33 to the left,
as shown in Fig. 3. This movement returns the
fluid from storage chamber 29 to pipe 12 to
re-establish brake pressure of the shoes 6, 6,
against the disc 5. -

Tt will be recognized that without the return
of the:fluid from storage chamber 29 to the
brake system as decribed, the pedal 9 under the
control of the operator would drop towards or
to the floor with possible loss of brake pressure.
.- The “on-off” application of the brakes, as
described, continues with a rapid cycling action
under the control of the control mechanism 14
and the acceleration (really deceleration)
responsive means 13. Actually in the rapid
action, piston 33 pever moves as far to the
right as shown in Fig. 2, but the net result is as
described together with a much more efficient
application of the brakes, and a shorter stop,
than if they were under the full control of the
opetrator.

Now should it develop, for any reason, that
pressure is lost or materially reduced in pipe 37,
spring 54 moves pin 50 downwardly to lock in
groove 52, as shown in Fig. 3. In this position
of the parts, check valve 40 closes to trap fluid
to the right of piston 33 with the piston sub-
stantially fully to the left and with little or no
fluid in storage chamber 29. The spool valve 25
is locked against movement with pipe 10
connected to pipe 12 and the braking operation
is under full control of the operator through
pedal 9 with the operation of control mechanism
14 being ineffective, and without pedal 9
having dropped towards the floor.

Tt is to be noted that if the faiture of pressure
in pipe 37 occurs before braking starts, pin 50
moves into locking position as described
because, until solenoid 17 is operated, the
groove 52 lies opposite pin 50. If, however,
pressure failure occurs during “on and off”
brake operation, it has been found that there is

-enough time and back and forth movement of

spool valve 25 under action of solenoid 17 to
allow pin 50 to lock in groove 52. ,

While a certain representative embodiment
and details have been shown for the purpose of
illustrating the invention, it will be apparent
to those skilled in this art that variouschanges
and modifications may be made therein without
departing from the scope of the invention, as
defined in the appended claims. :

What we claim is:—

- 1, Automatic lockout control apparatus for
a valve mechanism of an anti-skid hydraulic
braking control system having a unitary spool
valve with valve elements operable simultane-
ously for controlling respectively application of
operator applied fluid pressure from a master
cylinder to the brake for a rotatable element,
pressure fluid from an auxiliary supply to
overbalance a movable wail of a storage chamber
connected to the brake, and bleeding of auxiliary
pressure fluid from the auxiliary supply
contacting portion of the storage chamber when
the operator applied fluid pressure is shut off;
which includes a lock pin movable into the
path of movement of the spool valve to lock
it in a position permitting flow of operator
applied fluid pressure to the brake and shutting
off bleeding of fluid from the storage chamber,
and biasing means for moving the lock pin
to lock the spool valve against movement upon
failure of the auxiliary pressure supply.

2. Automatic lockout control apparatus
according to claim 1 in which the valve mech-
anism includes a valve body and a spool valve
slidably mounted therein and resiliently held
in one position, means for moving the spool
valve to a second position, means operable upon
too rapid deceleration of the rotatable element
for operating the spool-valve moving means,
said body and spool valve having ports connect-
ing the master cylinder and the brake in the first
position of the spool valve and disconnecting the
same in the second position of the spool valve,
and said body and spool valve having other
ports for connecting a pressure fluid supply
and the side of a movable wall opposite the

brake in the first position of the spool valve -

and for connecting the side of the movable wall
opposite the brake to reduced pressure in the
second position of the spool valve.

3. Automatic lockout control . apparatus
according to claim 2 which includes piston
means associated with the lock pin, said body
having a passage connected with the fluid
pressure supply and extending to the piston
means for holding the lock pin out of engage-
ment with the spool valve when adequate fluid
pressure exists at the supply.

4. Automatic lockout control apparatus
according to claim 2 or 3 which includes a
one-way valve in the port of the body connected
to the fluid pressure supply to allow introduction
but not escape of fluid from the port,

5. Automatic . lockout control apparatus
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according to any of claims 2 to 5 in which drawings and as described with reference
the spool-valve moving means includes a thereto.
solenoid.

6. Automatic lockout control apparatus MARKS & CLERK.
substantially as illustrated by the accompanying

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1956.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.
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cylinder operated brakes. Such mechanism is
provided for relieving brake pressure when the
beginning of a wheel skid is sensed, the brake
pressure being relieved by storing fluid from
the system in a storage chamber. Relieving the
brake pressure stops the skid which was begin-
ning, and the brakes are re-applied by returning
to the system the fluid from the storage cham-
ber. If, for any reason, the fluid could not be
returned from the storage chamber, the operator
operated brake pedal would drop to the floor
and brake pressure would be lost unless the
pressure would be “pumped-up” by pumping
the brake pedal and master cylinder.

It is the general object of the invention to
improve the apparatus of the prior art mechan-
isms so that if for any reason the fluid cannot be
returned from the storage chamber to thebrake
system, the brake system will continue to
function in response to actuation by the operator
without loss of brake pedal pressure and without
the necessity to “pump” the brake pedal to
draw extra fluid from the master cylinder.

Other objects of the invention are to provide
normal operator controlled braking upon
undesirable reduction or failure of anti-skid
control pressure, to provide a unitary anti-skid
control and lockout control apparatus and an

[Price 3s. 0d.]
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hydraulic pressure system applied thereto, and
the spool valve moved to the extreme left
position by energizing of the solenoid control-
ling brake application; :

Fig. 3 is a similar view showing the mechan-
ism in the locked out position resulting from
sub-normal pressure or failure of the auxiliary
hydraulic pressure system, the spool valve being
at the extreme right position,

Referring to the drawings, and first to Fig. 1
thereof, the numeral 1 designates a rotatable
member, such as a wheel, freely mounted on an
axle 2, for example secured to a sliding portion 3
of a support 4. The wheel carries a rotatable
brake element, typically a disc 5, mounted to
be engaged by non-rotary brake shoes 6, 6,
operated by fluid pressure cylinders 7, 7, the
arrangement being such that when fluid pressure
is applied to cylinders 7, 7, braking pressure is
applieggo the brake disc 5 to decelerate the
whe bors.

Fluid pressure to cylinders 7 is provided by
a master cylinder 8 operated by a pedal 9
controlled by the operator, and passes fluid to a
pipe 10 npormally through the automatic
lockout and pressure control valve 11, and by
way of pipe 12 to cylinders 7, 7.

To prevent such severe application of the
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