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"WHEEL SLIDE PROTECTION SYSTEM"

This invention relates to an hydraulic wheel slide
protection system for a vehicle, the system being of the
general kind in which pressure fluid is supplied to a wheel
brake under the control of a modulator valve, and sensing
means is arranged to sense an incipient wheel slide
condition of the braked wheel during running of the vehicle,
the valve being operative, in résponse to a signal from
the sensing means, to modify the braking force applied to

the wheel in order to correct the slide condition,

Some conventional wheel slide protection systems
employ a wheel driven pump operating in conjunction with
the modulator valve and, for practical reasons, it is
advantageous to install the valve close to, or even as a
unit with, the pump, This places the pump in a location
close to the wheel where only limited space is available
and which is also unsatisfactory in that it provides a

dirty operating environment,

In other conventional wheel slide protecftion systems,
the pump is driven from the vehicle engine or transmission,
or by a separate motor, and this arrangement indicates the
placing of the pump in the engine compartment, where
equipment is housed in cramped conditions, or elsewhere on
the vehicle frame remote from the wheels. In order to
minimise and simplify the runs of hydraulic conduit, it is
desirable to place the modulator valve near to the pump,

thereby adding to the problem of available space.

-According to one aspect of the present invention, the
modulator valve of the wheel slide protection system is
supplied with fluid by means of a pump incorporated in an
axle assembly adapted to carry the wheel to be braked,
the pump being located adjacent to the wheel and adapted

to be driven therefrom as a function of the speed of that
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wheel only.

In one convenient arrangement of the system, a fluid
reservoir is additionally incorporated in the axle assembly,

as is, preferably, the modulator wvalve,

According to another aspect of the present invention,
- the modulator valve of the wheel slide protection system
is incorporated in an axle assembly adapted to carry the
wheel to be braked, the modulator valve being located
adjacent to the wheel to be braked and operating to control
the braking of that wheel only.

Preferably the working fluid is supplied to the
modulator valve by means of a pump which may conveniently
also be incorporated in the axle assembly., It may further
be convenient to incorporate a fluid reservoir of the

system in the axle assembly,

The invention will now be described, by way of
example, with reference to the accompanying drawings in
which:-

Figure 1 is a diagrammatic representation of a
braking system incorporating one form of the wheel slide
protection system of the invention;

Figure 2 is an elevation, partly in cross-section,
of part of a wheel and brake assembly and the associated
parts of one practical form of the wheel slide protection
system of the invention, and

Figures 3 and 4 are respectively views similar to
Figure 2 of two embodiments of the braking system of the

invention incorporated in a motor cycle axle assembly,

The braking system shown in Figure 1 of the dréwings
includes a conventional master cylinder 1 having a

reservoir 2 and arranged to be actuated via a vacuum-
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éssisted device -3 by means of a driver-operated pedal 4,
the master cylinder being arranged to supply a brake 5
under the control of an electrical solenoid valve 6,
operation of which is governed by an electrical control
unit 7. The control unit receives an input from a wheel
speed detector, indicated generally at 8, which includes
a wheel speed sensor 9, normally an inductive device, and
a co-operative toothed rotor 10 rotatable with the wheel
to be braked and conveniently secured to a brake disc, in
the case of a disc brake, The control unit also receives
an input from a pressure sensor 11 for the purpose to be

described,

A low pressure reservoir 12 is supplied directly via
a line 2A from the master cylinder reservoir 2 and is also
connected to the valve 6, A pump 13 is conveniently
arranged to be driven by a wheel to be braked by the brake
5, the driving connection being represented at 14, The
pump inlet is connected to the reservoir 12 and the pump

outlet is connected to the valve 6,

Figure 2 illustrates a vehicle wheel stub-axle
assembly which incorporates, in practical form, various
components of the braking system shown schematically in
Figure 1, The stub~axle assembly designated generally at
15, carries a vehicle wheel assembly 16 rotatably mounted
thereon by way of taper roller bearings 17 housed within
a hub 18 of the wheel, A brake disc 19 is secured to a
flange 20 of the hub by means of bolts 21 and co-operates
with a conventional disc brake caliper 22 to brake the

wheel assembly 16, when required, in the usual manner,

In the particular embodiment shown, the wheel-carrying
portion 23 of the stub-axle is hollow and houses a body 24
incorporating the pump 13, the reservoir 12 and the

modulator valve which is indicated generally at 25, The
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- pump is driven from the wheel by the driving connection
14 which includes a coupling plate 26 secured to the hub
18 by means of bolts 27 and a drive pin 28 made fast for
rotation with the plate 26, as by riveting for example,
the free end of the pin forming an axially extending tongue
29 adapted for driving engagement with a slot 30 formed in
the drive input shaft 31 of the pump 13, The shaft 31 is
fast with a rotor 32 housed within a space 33 defined
between a wall portion 34 of the body 24 and a spigot 35,
the latter serving for the rotational mounting of the
rotor 32,

The rotor carries a plurality of radial pistons 36
which are spring urged radially outwardly into engagement
with the internal surface of the wall portion 34 which is
eccentric in relation to the rotational axis of the rotor.
The pistons 36 reciprocate during rotation of the rotor and
act, in conjunction with conventional porting to draw fluid
from the reservoir 12 via an inlet passage 37 and expel
the fluid along an outlet passage 38 towards the modulator

valve 6,

The modulator valve 6 of Figure 1 is in the form of
a solenoid valve 25 which includes a pair of valve elements
in the form of spools 39, 40 siiding in respective bores 394,
LOA of the body 24 under the action of respective solenoids
39B, 40OB housed within an end cap 41 of the body and
connected by a cable 42 to the control unit 7 shown in
Figure 1, The spool 39 has a pair of lands A and B spaced
by a recess E and the spool 40 has a pair of lands C and
D spaced by a recess ¥, both spools being urged to the right,
as seen in Figure 2, by respective springs 43. The left~
hand end of the bore 39A communicates with the reservoir
12 via a passage 39C and the bore communicates, also, at an
intermediate location thereof, with the pressure cylinder

(not shown) of the brake caliper 22 via a passage 39D, A

SUREAD
OMPI

———
> wrin/A



WO 81/00834 < - . PCT/GB80/00144

fadial port 44 permits communication between the bore 39A
and the passage 38, when the spool 39 is in the position
shown. The left-hand end of the bore L40A communicates with
the reservoir 12 via a passage 40C and the bore LOA is
connected at an intermediate location thereof to the bore
39A by a passage 40D and at an adjacent location by a
passage U4OE to the line 2B, which is the supply line from
the master cylinder 1., The bore 40A is also connected by-
a passage LOF to the line 24,

The sensor 9 of the wheel speed detector 8 is mounted
in the stub~axle and connected by a cable 45 to the control
unit 7, the toothed formation 10 being rotatable with the
hudb 18,

When the wheel assembly 16 is rotating under normal
conditions, the solenoids 39B and 40B will be de-energised
and the valve spools 39 and 40 will assume the positions
shown in the drawings under the action of the springs 43,
As the wheel rotates and drives the rotor 32, the
reciprocating action of the pistons 36 will draw fluid from
the reservoir 12 and feed it along the passage 38, whence
it will pass through the port UL and along a space 39E
formed by a recess in the peripheral surface of the spool
land A, to be returned to the reservoir 12 through the
passage 39C., The pumped fluid is thus under nofmal
conditions, recycled at low pressure and has no effect upon
the operation of the brake, Actuation of the brake is
effected from the master cylinder 1 as a result of pressure
applied to the pedal 4, fluid from the master cylinder
travelling along the line 2B to the modulator valve 25 and
thence along the passages U4OE, 4OD and 39D and the recesses

™

E and F into the pressure cylinder of the brake caliper.

The control unit 7 receives an output proportional to

wheel speed from the wheel speed sensing device 8, This
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" output is differentiated in the control unit to produce a
signal representative of wheel deceleration and the signal
resulting from this differentiation is compared in the
control unit with a signal representative of a predetermined
maximum permissible deceleration value beyénd which excess
wheel slip is assumed to occur, VWhen the wheel deceleration
exceeds this maximum value during braking, the control unit
7 feeds a signal to the modulator valve 6 such as to cause
the solenoid 40B to move the spool 40 to the left against
the action of its associated spring 43, bringing the land
D to a_position in which it interrupts communication between
the line 2B and the passage 40D, thereby cutting-off the
supply of fluid from the master cylinder 1, At the same
time, the land C moves leftwards to a position in which it
unblocks passage L4LOF, thereby connecting the caliper
cylinder to the reservoir 12 in order to relieve the
pressure in the braking cylinder 5 and thus allow the wheel

to recover from the skid condition,

When the control unit senses that the wheel has
recovered sufficiently, and with the solenoid 40B still in
its energised state, the solenoid 39B is energised to move
the spool 39 to the left against the action of the associated
spring 43 to bring the land B to a position in which it
lies fo the left-hand side of the passage 40D in order to
provide a barrier independently of the spool 40 against
fluid from the master cylinder reaching the brake pressure
c¢ylinder, At the same time, the land A moves to a position
in which it is located to the left of the port 44, thereby
enabling fluid from the pump 13 to pass through the port
Ll and along the recess E and passage 39D into the brake,
The solenoid 40B could be de~energised at this stage, if
desired,

Since the pump rotates at or proportional to wheel

speed, it re-pressurises the brake at a rate dependent

»



WO 81/00834 PCT/GB80/00144

ﬁpon wheel speed (which in turn is dependent upon the

level of adhesion between the wheel and the road) until

the pressure in the brake pressure cylinder is equal to

the pressure in the master cylinder, which is still actuated
by the pedal 4, This is sensed by the pressure sensor 11
(Figure 1) which is connected to the modulator valve 6 and
the master cylinder 1 so as to compare the respective
pressures thereof and produce a signal when these reach a
predetermined relationship, ﬁsually equality. Typically,
the pressure sensor 11 would be a pressure transducer or a
switch having a movable element subjected at its respective
sides to ‘the two pressures to be sensed and arranged to
produce a signal when the pressures are substantially equal.,
The signal from the pressure switch 11 is fed to the

control unit 7 which then provides an output to de~energise
the solenoid 39B, together with the solenoid 40B if this

has not already been de~energised, The system then assumes
its original condition in which the output from the pump 13
is recirculated and the master cylinder is once more

connected to the brake pressure cylinder,

In the event that excessive wheel slip should recur
while the pump 13 is connected to the brake, the solemnoid
39B must be de-energised and the solenoid 40B, if de-
energised, must be re-energised to reduce the pressure

applied to the brake pressure cylinder.

. Figure 3 illustrates an axle assembly of a motor
cycle incorporating the braking system of the invention,
Components equivalent to those of Figure 2 are identified
by the same reference numerals, for ease of reference., The
axle 15 is fixed by conventional means in non-rotatable
manner to a pair of forks 50, 51. The wheel assembly 16 is
rotatably mounted on the axle by way of bearings 17 and
has a pair of spaced braking discs 19 secured thereto., The

axle assembly 15 houses a pump 13 and has a diametrically
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extending bore 51 containing a piston 36 and a closure
member 52 acting as an abutment for a spring 53 which

urges the piston 36 against an eccentric internal wall
portion 54 of the wheel hub 18, The piston 36 is caused to
reciprocate as the hub 18 rotates and co-operates with ball
valves 55 and 56 to draw fluid from a reservoir 12, the
fluid being either recirculated to the reservoir or
supplied to the brake, according to whether or not a skid
condition of the wheel is sensed., Because of the restricted
room within the axle assembly, the reservoir 12 is made up
of a series of spaces within the axle interconnected by

passages 124,

The modulator valve has a pair of spools 39, 40
arranged respectively at either side of the pump 13 in
opposed relationship and slidably reciprocable within
respective bores 394, U4OA of the axle 15 under the action
of respective solenoids 39B, 40B, The spool 39 has a pair
of lands A, B separated by a recess C and the spool 40 has

a pair of lands E and F separated by a recess G.

The bearing 17 is locked in position by an inner ring
57 screwed onto an externally threaded portion of the axle
15 and by an outer ring 58 screwed into an intermnally
threaded portion of the hub 18, The ring 58 is formed
with a multiplicity of intermal teeth 59 arranged to move
in succession past the wheel speed sensor 9 so as to
co~operate with the sensor in providing a signal represent-
ative of wheel speed which is fed via a cable 60 to the
control unit 7 (Figure 1)., A pipe 2A housed on or within
the fork 50 supplies fluid directly from the master
cylinder reservoir 2 via a passage 61 into the reservoir
12, A passage 2B in or within the fork 51 supplies fluid
from the master cylinder 1 via a passage 62 to the spool
40, Electric current for the solenoids is supplied via a

line 63 and a pipe 39D is arranged on or within the fork 50
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to supply pressure fluid to the bralke,

As thé wheel assembly 16 rotates, the piston 36 is
caused to reciprocate, radially outward movement thereof
drawing liquid from the reservoir 12 through the ball valve
55 into a pump chamber 64 and radially inward movement
thereof expelling fluid from the pump chamber through
the ball valve 56 along a delivery passage 65,

When the wheel is rotating under normal conditions,
the soleﬁoids are inoperative and the spools assume their
positions shown in the drawing. The delivery passage 65 is
then connected via a port 66 to the reservoir 12 so that
the pump recirculates fluid at low pressure without having
any effect on the brake, The brake is actuated from the
master cylinder 1, pressure fluid from which flows along
the passage 62 through the space G of the spool 40O and via
a transfer passage 67 into the space C of the spool 39,
whence it enters a supply passage 68 leading to the pipe
39D supplying the brake cylinder,

As previously, detection of an insipient wheel slide
condition by the sensor 9 causes the control unit 7 to
enerzise the solenoid 40B so as to move the spool 40 to the
left, causing the land E to block«~off the supply passage
62 from the brake master cylinder, and simultaneously
connecting the transfer passage 67 via the space G and a
port 69 to the reservoir 12, which has the effect of
connecting the brake cylinder to the reservoir because the
supply passage 68 is already connected via the spool 39
to the transfer passage 67.

When the control unit senses that the wheel has
recovered sufficiently, and with the solenoid 40B still
energised, the solenoid 39B is energised to move the spool

39 to the right to bring the land A to a position in which
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‘it blocks off the transfer passage 67 in order to provide

a barrier independently of the spool 40 against fluid from
the master cylinder reaching the brake pressure cylinder,
Simultaneously, the land B moves to the right-hand side of
the passage 65 to interrupt communication between that
passage and the reservoir 12 and fo connect the passage via
the space C to the brake supply passage 68, thereby
enabling fluid from the pump 13 to pas$ to the brake
cylinder and actuate the brake, The solenoid 40B could
then be de~energised, if desired, With the system in this
condition, the brake is pressurised by the pump in the marmer
described wifh reference to Figure 2 until the excess wheel
slide condition has been corrected, whereupon the system
returns to its condition as illustrated, under the control
of the control unit and the master cylinder is once more

connected to the brake pressure cylinder for normal braking.

A further alternative embodiment is illustrated in
Figure 4.and again adapted for use with a motor cycle axle
assembly, The reference numerals employed in Figure 2 are
once again used for corresponding parts in Figure 4, for

ease of reference,

The axle assembly 15 is non-rotatably mounted in
motor cycle forks 50 and 51 and includes a solid spindile
15A secured in the fork 50 and extending between the forks,
The axle assembly also includes a hollow housing 15B housed
within an opening 52 formed in an enlarged end portion or
boss 53 of the fork 51, an internal core 15C of the
housing being internally threaded to receive an
externally threaded end portion 15D of the spindle 15A,
Spacer sleeves 54 surround the spindle 15A and support
bearings 17 upon which is rotatably mounted a wheel
assembly 16, to a hub 18 of which is secured a braking disc
19. The screwed interconnection between the spindle 1354

and housing 15B serves to retain the wheel assembly 16
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between the forks. The external periphery of the
housing 15B may be non=circular and the internal surface
of the boss 53 may have a corresponding shape to prevent

rotation of the housing within the boss.

The pump 13 has a rotor 70 surrounding the core 15C
and mounted for rotation in bearings 71, the rotor being
driven from the wheel assembly by axially extending lugs
72 on the wheel hub 18 engaging in corresponding recesses
in the rotor. A plurality of radial pistons 36 are
slidably mounted in bores in the core 15C (only one piston
being shown in the drawing), the pistons being arranged
within an axial recess 73 in the rotor, the intermal surface
74 of which recess is formed eccentrically to the rotor
axis, The pistons 36 are spring-urged into engagement
with the eccentric surface 74 and are thereby caused to
reciprocate in their bores as the rotor rotates, Porting
75 is arranged in conventional manner in relation to the
rotor so that reciprocation of the pistons draws fluid
from the reservoir 12 and expels it along an outlet

passage 38 towards the modulator valve 6,

The modulator valve in this embodiment is
constructionally amd operationally similar to that shown in
the embodiment of Figure 2 and does not require additional
description, The sensor 9 is secured to the fork 51 and
the co-operating toothed formation is again carried by the
hub 18,

It is possible for the pump to be driven other than
by the vehicle wheel, as for example by an electric motor,
In such a case, it would be desirable to control the pump
in a manner dependent upon wheel speed and this may
conveniently be done by way of the wheel speed sensor and

control unit,
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The modulator valve may take various alternative
formé other than those described above., One suitable type
is a fluid-supported de-boost type modulator, of which one
example is illustrated in Figure 3 of our pubiished
Application No. 2004338A, VWith this arrangement, fluid is
circulated continuously by a wheel-driven pump at a
pressure sufficient to support a piston of the modulator,
The pressure is variable by a restriction which is dependent
upon braking pressure, the restriction being by-passed
during slide corrective operation., As described in our
aforesaid Application, operation of the modulator valve is
governed by a control vaive 25 and in a typical practical
arrangement of the system of the present invention, such a
valve or its equivalent would be provided in mechanically

or electrically operated form.

In an alternative arrangement described in our
published Application No, 2029914A, trapped fluid in the
pressure chamber of a fluid supported de-boost type
modulator is relieved during skid control, the chamber

being re-charged by a wheel=driven pump,

It will be seen that the system arranged in accordance
with the invention enables the pump and modulator to be
placed adjacent to each other in a location in which the
pump may conveniéntly be driven by the wheel to be braked,
the axle assembly providing a protected environment for
those components incorporated in it., In the system of the
invention, the pump and modulator wvalve of any one braked
wheel act independently from those of any other wheel and
the modulator valve responds to a skid condition of that

one wheel only,.
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CLAIMS:

1. An hydraulic wheel slide protection system for a
vehicle comprising a modulator valve (25) arranged to
control the supply of working fluid to a wheel brake (22), a
pump (13) adapted to be driven from the wheel and operable
to supply fluid to the modulator valve,and sensing means (9)
arranged to sense an incipient wheel slide condition of

the wheel during running of the vehicle, and to produce

a signal when such a condition is sensed, the modulator
valve being operative in response to said signal to modify
the braking force applied to the wheel in order to correct
the slide ccmdition, characterised in that the pump

is incorporated in an axle assembly (15) adapted to carry
the wheel (16) to be braked, the pump being located adjacent
to the wheel and adapted to be driven therefrom as a function
of the speed by that wheel only.

2, A system according to Claim 1, wherein a fluid
reservoir (12) is additionally incorporated in the axle

assembly and the pump is arranged to draw fluid therefrom.

3. A system according to Claim 1 or Claim 2, wherein the

modulator valve is incorporated in the axle assembly.

L, A system according to any one of the preceding

Claims, wherein the pump is a reciprocatory piston pump.,

5. A system according to any one of the preceding Claims,
wherein the modulator valve includes a pair of independently
operable valve elements (39,40) which, when an incipient

wheel slide condition is sensed, respectively interrupt the
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supply of fluid from the master cylinder to the
associated brake and convert the function of the pump
from a fluid re-circulatory mode to a brake operative

mode.

6. A system according to any one of Claims 2 to 5,
wherein the pump has an inlet (37) communicating with the
fluid reservoir and an outlet (38) communicating with the
modulator valve, said outlet being controlled by the
modulator valve to direct fluid therefrom alternatively

to the reservoir or to the brake,

Te A system according to Claim 1,. wherein a fluid
reservoir (12) and the modulator valve are housed within
the axle assembly, and, together with the pump, are

arranged in longitudinal succession therealong.

8. A system according to Claim 1, wherein the pump,
modulator valve and a fluid reservoir are housed within

a separate body itself carried within the axle assembly.

9. A system according to Claim 1, wherein the axle
assembly is adapted to be supported between the forks
(50,51) of a motor cycle.

10, A system according to Claim 9, wherein the pump and
modulator valve are housed substantially within a
1imb (18) of the wheel to be braked.

11, A system according to Claim 10, wherein the pump
is of the radial piston type actuated by an eccentric
internal surface (54) of the hub.

12, A system according to Claim 10, wherein the modulator
valve includes a pair of solenoid-operated spools
(39,40) arranged in opposed relationship at either side

of the pump.
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13. A system according to Claim 10, wherein the pump
and modulator valve are housed within a hollow boss (53)
forﬁed at the free end portion of one (51) of the motor

cycle forks,

14, A system according to Claim 13, wherein the pump
and modulator valve are contained in a separate housing

(15B) inserted within and secured to said boss,

15, A system according to Claim 14, wherein the

separate housing (15B) has a non-circular extermal
periphery and the internal surface of the boss is of
corresponding férm, whereby rotation of the housing within

the boss is prewvented.

16, An hydraulic wheel slide protection system for a
vehicle comprising a modulator valve (25) arranged to
control the supply of working fluid to a wheel brake (22),
and sensing means (9) arranged to sense an incipient wheel
slide condition of the wheel during running of the vehicle
and to produce a signal when such a condition is sensed,
the modulator valve being operative, in response to said
signal to modify the braking force applied to the wheel
(16) in order to correct the slide condition,characterised
in that the modulator valve is incorporated in an axle
assembly (15) adapted to carry the wheel to be braked,

and operates to control the braking of that wheel only.,

17. A system according to Claim 16, wherein working
fluid is supplied to the modulator valve by means of a
pump (13),

18, A system according to Claim 17, wherein the pump is

incorporated in the axzle assembly (15).

19, A system according to Claim i1, wherein the pump is
adapted to be driven from the wheel carried by the axle

assembly.
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20, A system according to any one of Claims 17 to 20,
.wherein a fluid reservoir (12) of the system is incorporated
in the axle assembly and the pump is arranged to draw

fluid therefrom.

21, A system according to any one of Claims 16 to 20,
wherein the modulator valve includes a pair of independently
operable valve elements (34,40) which, when an incipient
wheel slide condition is sensed, respectively interrupt

the supply of fluid from the master cylinder to the brake and
convert the function of the pump from a fluid re-circulatory

mode to a brake operative mode,

22. A system according to Claim 21, wherein the pump has an
inlet (37) communicating with the fluid reservoir and an
outlet (38) communicating with the modulator valve, said
outlet being controlled by the modulator valve to direct
fluid therefrom alternatively to the reservoir or to the
brake.,

23. A system according to Claim 10, wherein the modulator
valve, the pump and a fluid reservoir are housed within a

separate body itself incorporated in the axle assembly,

2L, 4 system according to Claim 16, wherein the axle
assembly is adapted to be supported between the forks (50,51)

of a motor cycle.

25. 4 system according to Claim 24, wherein the pump
and modulator valve are housed substantially within a hub
(18) of the wheel to be braked.

26, A system according to Claim 25, wherein the pump is of
the rddial piston type actuated by an eccentric internal

surface (54) of the hub.
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27. A system according to Claim 25, wherein the modulator
valve includes a pair of solenoid-aperated spools (39,&0)

arranged in opposed relationship at either side of the pump.

28, A system according to Claim 25, wherein the pump and
modulator valve are housed within a hollow boss (54)
formed at the free end portion of one (51) of the motor

cycle forks,

29. A system according to Claim 28, wherein the pump and
modulator valve are contained in a separate housing (15B)

inserted within and secured to said boss,.

30. A system according to Claim 29,wherein the separate
housing (15B) has a non~circular externmal periphery and

the internal surface of the boss is of corresponding form,

whereby rotation of the housing within the boss is

prevented.
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