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Brake control system for vehicles with hy-
draulic brakes, for preventing wheel blocking and/
or spinning. The system is characterised in that the
brake system is separable, by means of a valve (3),
one for each wheel, into a primary circuit (4) and a
secondary circuit (5). Sensors (6) are provided on
each wheel for sensing the rotational speed there-
of. A control device compares the speeds sensed
by said sensor. In the event of a sensed abnormal
condition (wheel blocking or spinning) of one or
more wheels, the control device activates the re-
spective valve. A pressure control system in the re-
spective secondary circuit controls the pressure
therein, independently of the pressure in the pri-
mary circuit, in order to cancel the abnormal con-
dition of the corresponding wheel.
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BRAKE CONTROL SYSTEM FOR PREVENTING WHEEL BLOCKING
AND/OR SPINNING

The present invention relates.to a brake control
system for vehicles with hydraulic brakes, for prevent-
ing wheel blocking and/or spinning.

Fver since the Maxaret antiblocking brake system
was introduced for aircraft and purpose-built vehicles,
a great deal of effort has been put into finding a
system sufficiently inexpensive to be used in ordinary
cars.

The ABS system by Bosch was the first to be used
by the motor industry. Since then, further systems
have been developed, for example ATE and ALB. The ATE
system is the first to be used as factory-assembled
equipment and has received lively publicity. Reviewers
have been unanimous in nominating the factory-assembled
antibloqking‘brake system the greatest contribution
to traffic safety in the last decades.

From a general point of view, the shortcomings
of presentday antiblocking systems therefore have
no connection with the proper functioning, but are
primarily of a technical and economic character. Pre-
sentday systems are technically highly sophisticated,
but are far too expensive to justify installation
in existing cars. As optional equipment, presentday
systems cost about SEK. 10,000-25,000, depending upon
the type of the system and the make of the car.

I+ therefore is the object of this invention
to provide an antiblocking brake system which elimi-
nates the above-mentioned shortcomings and still gives
the same effect. The system can also be used for con-
trolling wheel spinning.

Briefly, the system comprises a valve unit which
is mounted at the brake yoke of a standard brake system

and which, when there is a risk of wheel blocking
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or splnnlng, separates the brake system into a primary
circuit and a secondary or wheel circuit. A pressure
control system is provided for separately controlling
the brake pressure in the wheel circuit. The valve
unit is activated by means of a sensor which is mounted
at the wheel and directly or indirectly controls the
function of the valve unit. The pressure in the secon-
dary circuit is controlled by the pressure control
system such that, when there is a risk of wheel block-
ing, the pressure in the secondary circuit is reduced,
whereby the wheels are unblocked, and such that, when
there is a risk of wheel spinniﬁg, the pressure in
the secondary circuit is increased, whereby the spinning
wheel is braked and the motive power is transmitted
to the non5p1nn1ng driving wheel. If the valve unit
is controlled by rotation indicators on the driving
wheels, the valve unit is able, at different wheel
speeds, to automatically control the motive power
distribution between the wheels.

The system can be combined, in an automated func-
tion, with power-reducing facilities, such as throttle,
fuel and ignition controls, or combinations thereof.

The advantages of the sYstem are that it comprises
but few cemponents, is readily mounted in all cars
with hydraulic brakes and also is eminently suitable
for subsequent installation. The system does not af-
fect the brake system;of the car in the event of a
breakdown. The low production cost gives a low-priced
market. The system can be used for controlling two
or more wheels, as one desires. With minor modifica-
tions, the system can alsc be used for controlllng
wheel spinning, separately or in combination with
the antiblocking system. Because the system comprises
but few components of small dimenSions, and because
alternative drives and control devices can be used,

the systemiis applicable to most cars.
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preferred embodiments of the invention will now
be described with reference to the accompanying draw-—
ings in which
Fig. 1 illustrates schematically part of the
5 brake system of a car, equipped with a brake control
system according to the invention;
Fig. 2 shows the valve unit in the deacti&ated
and the activated state, respectively;
Fig. 3 shows an alternative embodiment of the
10 valve unit, equipped with a pressure control system
and a mechanical sensor;
Fig. 4 shows a further alternative embodiment
of the pressure control system, equipped with an ex-
ternal pressure source;
15 Fig. 5 shows another embodiment of the valve
unit and the pressure control system;
Fig. 6 shows a combined valve unit for wheel
blocking control and wheel spinning control; and
Fig. 7 shows a brake charac;eristic of a brake
20 control system according to the preéent invention.
Fig. 1 illustrates schematically part of the
hydraulic brake system of a car, said system being
generally designated 1. The Figure shows how the brake
control system is mounted in the brake pipe adjacent
25 the brake yoke of a disk brake for a wheel 2. The
prake control system comprises a valve 3 which, when
actuated, separates the brake system into a primary
circuit 4 including the brake pedal, the main cylinder
or cylinders, and the brake fluid tank, and a secondary
30 circuit 5 including the wheel cylinder. The valve
3 is activated by a sensor 6 which senses the rotational
speed of the wheel, and a control device 7 which com-
pares the instantaneous rotational speed of the wheel
with previously sensed values and, in the event of
35 rapid changes, activates the system. In some applica-
tions, the control device may also compare the rota-
tional speed of the wheel with an accelerometer built
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into the car. When an abnormal wheel condition is
sensed, i.e. a condition in which the wheel is blocked
or spinning, the control device 7 actuates the valve
3 such that a pressure control system in the secondary
5 circuit can control the pressureitherein, independently
of the pressure in the primary circuit, thereby to
cancel the abnormal wheel condition.
Fig. 2 illustrates an embodiment of the valve
3 including a pressure control system. The valve com-
10 prises a housing within which a piston 9 is reciproc-
able. The piston 9 is held by a return spring (not
shown) in its normally open position; as shown to
the left in the drawing, such that communication is-
established between the primary circuit 4 and the
15 secondary'circuit 5. An electromagnet 11 activated
by the control device 7 moves the piston 9 torthe
position shown to the right in the drawing, where
communication between the primary circuit 4 and the
secondary circuit: 5 is closed. A connecting pipe 12
- 20 connects the secondary circuit 5 to the‘space accoﬁmo—
dated by the piston in the open valve position. In
the activated condition of the valve, i.e. when there
is a risk of wheel blocking, the secondary circuit
5 thus isrseparated from the remainder of the brake
25 system 1, and part of the brake fluid in the secondary
circuit will flow through the pipe 12 into the space
underneath the piston 9 so that the pressure in the
secondary circuit is reduced. Less braking power is
thus applied to the wheel which is no longer blocked.
30 When wheel blocking ceases, the valve is deéctivated,
And the return spring urges the piston back into the
~open valve position and presses the brake fluid into
the brake system which now is open again.
If the valve is inversely connected into the
35 brake system, i.e. if the primary circuit is connected
to the valve port 5 and the secondary circuit to the

valve port 4, it may also be used for controlling
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wheel spinning. In this case, when the valve is ac-

tuated, the communicatioh between the primary circuit

and the secondary circuit is closed, and the continued

movement of the piston past the closing position will
5 +then press the brake fluid above the piston out into

the secondary circuit in which a braking pressure

is generated which brakes the wheel. In this manner,

the motive power can be transmitted to the nonspinning

wheel.

10 The embodiment illustrated in Figs. 1 and 2 com-—
prises an inductive sensor 6 which comprises an induc=
tive transducer sensing the rotational speed of the
wheel by means of a toothed disk 13 or the like, con-
nected to the wheel. The disk may be mounted between

15 +the wheel flange and the wheel hub by means of the
wheel fastening bolts or in some similar manner.

Fig. 3 illustrates an alternative embodiment
of the sensor which in this case comprises a rotat-
ing roller 14 engaging the brake disk or some other

20 part connected to the wheel. The roller 14 is directly
and mechanically connected to the piston 9 of the valve
3. By selecting a suitable mass for the roller and
by applying a suitable pressure against the brake disk,
a spontaneous change of the wheel speed will impart

25  +o the roller a tractive or compressive force which
is sufficient for directly controlling the valve 3.

In this embodiment, the pressure control system
comprises a separate cylinder 15 in which a piston
16 is movable. A spring 17 normally keeps the piston

30 in thé left-hand position of the drawing. The common
valve housing of the valve 3 and the pressure control
system 8 comprises a connecting pipe 12 which is normal-
ly closed by the valve spool 9. Upon actuation of
the valve 3, the spool 9 opens the pipe 12, while

35 simultaneously closing the communication between the
primary circuit 4 and the secondary circuit 5. The

pressure in the secondary circuit causes brake fluid
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to flow through the pipe 12 into the cylinder 15 and
to urge the piston to the right against the action
of the spring 17. In this case, also a nonreturn valve
19 is provided between the cylinder 15 and the brake
system, whereby the brake fluid can be pressed back
into the system when activation of the valve 3 ceases.

Fig. 4 illustrates another embodiment of the
pressure control system 8. In this case, the pressure
control system is separate from the valve 3 which
is only schematically shown in the drawing, and is
connected to the secondary circuit 5. A piston 16
in a cylinder 15 is arranged to control the pressure
in the secondary circuit. In this case, however, an
outer compressed air source 18 which'comprises for
examplé a compressor and an accumulator, is adapted
to urge the piston to the left in the draﬁing. A second
valve 20 which also is shown only séhematically, is
adapted to control the communication with the compressed
air source 18. ' o

Fig. 5 illustrates a further embodiment of the
pressﬁre control system. In this embodiment, the sen-
sor is the roller 14 which is directly and mechanically
connected to the valve 3 which in turn is directly
connected to said second valve 20. The valves have
a common spool which, upOn.actuétion'bf said valves,
closes the communication between the primary circuit
4 and the secondary circuit 5, opens the conneéting
pipe 12 and closes the chnection between the cylinder
15 and the outer compressed air source 18. Brake fluid
will now flow through the pipe 12 and urge the piston
12 to the right in'therdrawing. When the valves are
no longer activated, the compressed air urges the
piston 16 to the left, and the piston again presses
the brake fluid into the system via the nonreturn
valve 19..

| Fig. 6 illustrates a further embodiment of the

valve unit which, in this case, is a combination of
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two coupled-together valves according to Fig. 2. The
two valves have a common valve spool 9 which is actuated
by the respective electromagnet 11 to move upwardly
and downwardly, respectively, within the common valve
5 housing. Upward movement in the drawing, which implies
wheel blocking, closes the communication between the
primary and secondary circuits 4 and 5 and, as has been
mentioned before, the brake fluid in the secondary cir-
cuit is urged back into the space beneath the spool 9.
10 similarly, downward movement, which implies wheel
spinning, builds up a pressure in the secondary circuit
5, as has also been explained above, and the spinning
wheel is retarded.
When the valve is not activated, the valve spool
15 9 is arranged, by means of return springs (not shown),
to assume the neutral position shown in the drawing.
To facilitate return of the valve spoql to neutral
position and also to minimise the requisite spring
force, a by-pass 21 may be provided in the valve hous-
20 ing. The by-pass 21 opens at the top of the space
of the valve spool on the primary circuit side direct-
ly below the neutral spool position on the secondary
circuit side. A pressure-controlled nonreturn valve
22 in said by-pass allows brake fluid to flow through
25 the by-pass 21 when the valve is no longer activated
and facilitates the return stroke of the spool 9.
This is especially advantageous if the pressure in
the primary circuit is low, i.e. if the brake pedal
is no longer depressed; without the by-pass 21 the
30 pressure within the secondary circuit 5 could prevent
the return stroke of the spool 9 under the action
of the return springs.
In all of the embodiments described above, the
various units are of course dimensioned such that
35 gufficient brake fluid volumes can be evacuated from
and introduced into the secondary circuit in order

to provide the requisite pressure reduction or pres-
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sure increase and thus control blocking or spinning
of the wheels.

Fig. 7 is an example of a brake characteristic
for a brake control system according to the present

5 invention. 7 | '

It will be appreciated that the inventionris,
not restricted to the embodiments described above
and illustrated in the drawings,_but may be ﬁodified

within the scope of the appended claims.
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CLAIMS

1. A brake control system for vehicles with hy-
draulic brakes, for preventing wheel blocking and/or
spinning, characterise d in that the
brake system (1) is separable, by means of a valve

5 (3), one for each wheel (2), into a primary circuit
(4) including the brake pedal, the main cylinder/
cylinders, and the brake fluid tank, and a secondary
circuit (5) including the wheel cylinder/cylinders;
that sensors (6) are provided for each wheel for sens-

10 ing the rotational speed thereof; that a control device
(7) is provided for comparison between the speeds
sensed by the sensor (6), said control device (7)
being adapted, at a sensed abnormal condition (wheel
blocking or spinning) of one or more wheels, to ac-

15 tivate the respective valve (3); and that a pressure
control system (8) in the respective éecondaryrcircuit
(5) is adapted to control the pressure therein in-
dependently of the pressure in the primary circuit
(4), in order to cancel the abnormal condition of

20 the corresponding wheel.

2. A brake control system as claimed in claim 1,
characterised in that the valve is a
valve which is normally open in the brake system and
which, upon actuation by means of said control device

25 (7), closes the communication between the primary cir-
cuit (4) and the secondary circuit (5) and opens a com-
munication (12) with the pressure control system (8).

3. A brake control system as claimed in claim 2,

characterised in that the valve (3) in-
30 cludes a piston or spool (9) which, by means of a

return spring (10) or the like, is held in a normally

open position, and which is adapted to be activated

by means of an electromagnet (11) or the like.
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4. A brake control system as claimed in claim 3,
character i s ed in that the pressure con-
trol system (8) comprises é connecting pipe (12) be-
tween the secondary circuit side (5) of the valve
(3) and the volume accommodating the piston (9) in
the open valve position, such that, when the wheels
are blocked and the valve thus is activated, movement
of the piston to the closed valve position causes
an increase of the volume of the secondary circuit
(5) and thus a reduction of the pressure therein.

5. A brake -control system as claimed in any one

of claims 1-4, characterised in that

‘the sensor (6) includes an inductive transducer which

senses a toothed disk or the like, attached to the

" wheel hub or connedfed to the wheel in some other

manner. ,
6. A brake control syétem as claimed in any one
of claims 1-2, characterised in that

the sensor includes a roller which revolves against

the brake disk or some other part connected to the

 wheel, and which isimechanically connected to the

valve (3) for activation thereof.

7. A brake control system as claimed in claim 6,
é haracterised in that contact of the
roller-with the brake diSk is controlled by the brake
pressure within the primary circuit or by a mégnet
activated by, for example, the brake wheel contact;
and that the roller, if no braking occurs, does not
come into contact with the disk.

8. A brake control system as claimed in any one
of claims l~5}7 characterised in that the
control device (7) includes an electronics unit which,
if there is a risk of wheel blocking or spinning, acti-
vates the respective pressure control system.

9. A brake control system as claimed in claim 8,

characterised in that the control device



WO 88/03489 PCT/SE87/00521

10

15

20

25

30

35

11
during braking deactivates the pressure control system
at a suitable minimum vehicle speed.

10. A brake control system as claimed in any
one of the preceding claims, character is -

e d in that the pressure control system includes

a piston (16) which is movable within a cylinder (15)
and which, by means of a spring (17) or an external
pressure source (18) for, for example, compressed
air, is urged towards its one end position in which
the cylinder space, when the valve is activated, is
connected to the secondary circuit (5), such that the
pressure therein urges the piston (16) towards its
other end position, whereby the volume in the secon-
dary circuit side of the cylinder is increased and
the pressure therein is reduced.

11. A brake control system as claimed in claim 10,
characterised in that the return spring
(17) or the external pressure source (18) on deactiva-
tion of the valve (3) urges the piston back into its
first end position, whereby the brake fluid within
the cylinder space is pressed back to the brake cir-
cuit via a nonreturn valve (19).

12. A brake control system as claimed in claim 10
or 11, characterised in that the pressure
control system also includes a second valve (20) between
the external compressed air source (18) and the piston
(16), said second valve (20) opening and closing the con-
nection in cooperation with the activating valve (3).

13. A brake control system as claimed in claim 12,
characterdised in that the second valve (20)
is mechanically connected to the activating valve (3).

14. A brake control system as claimed in claim 13,
characterised in that the connection of
the pressure control system with the brake system is

in the form of a duct, the throughflow resistance of

which controls the piston speed.
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15. A brake coﬁtrol'system as claimed in claim I,

é haracterised in that the valve (3) in-

cludes a spool (9) which is maintained, by means of
the return spring, in a normal open intermediate posi-

tion, and the connecting pipe (12) between the primary

_circuit side (4) and the secondary circuit side (5)

of the valve and the spool bore; and that the spool
(9) is movable, by means of électromagnets (11), in
either direction and adapted to close the connection
between the primary and the secondary circuit, move-
ment ofrsaid spool in one direction increasing'the
volume of the secondary circuit (5) and thus reducing
the preésure,therein,'and movement in the opposite
direction reducing theivolume'of the secondary circuit
and thus increasing the pressure therein.

'16. A brake control system -as claimed in claim 15,
characterised in that the valve includes
a by-pass (21) between the primary side and the secon-
dary side of the spool (9), said by-pass on the primary
s$ide opening in the spool bore adjacent the spool
end position and on the secondary side opening in
said bore in the neutral spool position, a pressure-
controlled nonreturn valve (22) in said by-pass per-
mitting brake fluid flow from the secondary side to

the primary side.
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AMENDED CLAIMS
[received by the International Bureau on 01 March 1988 (01.03.88);
original claims 1—16 replaced by amended claims 1-13 (3 pages)]

1. A brake control system for vehicles with hydraulic
brakes, for preventing wheel blocking and/or spinning,
comprising a valve (3), one for each wheel (2), which
when activated separates the brake system (1) into a primary
circuit (4) including the brake pedal, the main cylinder/
cylinders, and the brake fluid tank, and a secondary

circuit (5) including the wheel cylinder/cylinders;
sensors (6) for each wheel for sensing the rotational

speed thereof; a control device (7) for comparison between
the speeds sensed by the sensor (6), said control device (7)
being adapted, at a sensed abnormal condition (wheel
blocking or spinning) of one or more wheels, to activate
the respective valve (3); and a pressure control system
in the respective secondary circuit (5) adapted to control
the pressure thegein,independently of the pressure in
the primary circuit (4), in order to cancel the abnormal
condition of the corresponding wheel, c har act e -
ris e d in that the pressure control system includes
a piston or spool (9,16) which is movable within a cylinder
(15) and which, by means of a spring (17) or an external
pressure source (18) for, for example, compressed air,

is urged towards its one end position in which the cylinder
space, when the valve is activated, is connected to the
secondary circuit (5), such that the pressure therein
urges the piston (16) towards its other end position,
whereby the volume in the secondary circuit side of the
cylinder is increased and the pressure therein is reduced.

2. A brake control system as claimed in claim 1,
characterised in that the return spring
(17) or the external pressure source (18) on deactivation
of the valve (3) urges the piston back into its first
end position, whereby the brake fluid within the cylinder

space is pressed back to the brake circuit via a nonreturn

valve (19).
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3. A brake control system as claimed in claim 1
or 2,7c'h aracte ris erd in that the pressure
control system also includes a second valve (20) between
the external compressed air source (18) and the piston
(16), SAid second valve (20) opening and closing the
connection -in cooperation with the activating valve (3).

4. A brake control system as claimed in claim 3,
characterised in that the second:valve (20)
is méchanically connected to the activating valve (3).

: S.VA,brake control system as claimed in claim 4,

charac teri s e d in that the connection of
the pressure control system with the brake system is
in the form of a duct, the throughflow resistance of
which controls the piston speéd.'

6. A brake control system as cIaimed in claim 1,
characterised in that the valve (3) and
the pressure control system form an integral unit including
a spool (9) Which is maintained, be means of the return
spring, in a normal open intermediate position, and connec-
ting pipes (12)-between the primary circuit side (4)
and the secondary circuit side (5) respectively of the
valve and the spool bore.outWards of'the spool as seen
from the through flow opening of the valve; and that
the spool (9) can be activated to be moveable in either
direction and is adapted to close the connection between
the primary and thersecondary circuit, movement of said
spool in one direction increasing the volume of the secon-
dary circuit (5) and thus reducing the pressure therein,
and movement in the oppoSiﬁe direction reducing the volume
of the secondary circuit and thus increasing the pressure
therein.

7. A brake control system as claimed in claim 6,
char a.crt er ised in that the valve includes
a by-pass (21) betweén the ptimary side and the secondary
side of the spbol (9),rsaid byepass on the primafy side
opening in the spool bore adjacent the spool end pdsition

‘and on the secondary side opening in said bore in the
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neutral spool position, a pressure-controlled nonreturn
valve (22) in said by-pass permitting brake fluid flow
from the secondary side to the primary side.

8. A brake control system as claimed in any one
of claims 1-7, characterised in that the
valve is adapted to the activated by means of electromagnets
(11) or the like. 7

9. A brake control system as claimed in any one
of claims 1-8, characterised in that the
sensor (6) includes an inductive transducer which senses
a toothed disk or the like, attached to the wheel hub
or connected to the wheel in some other manner.

10. A brake control system as claimed in any one
of claim 1-7, characterised in that the
sensor includes a roller which revolves against the brake
disk or some other part connected to the wheel, and which
is mechanically connected to the valve (3) for activation
thereof.

11. A brake control system as claimed in claim 10,
characterised in that contact of the roller
with the brake disk is controlled by the brake pressure
within the primary circuit or by a magnet activated by,
for example, the brake light contact; and that the roller,
if no braking occurs, does not come into contact with
the disk.

12. A brake control system as claimed in any one
of claims 1-9, characterised in that the
control device (7) includes an electronics unit which,
if there is a risk of wheel blocking or spinning, activates
the respective pressure control system.

13. A brake control system as claimed in claim 12,
characterised in that the control device
during braking deactivates the pressure control system

at a suitable minimum vehicle speed.
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