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(54) Method and brake system for
traction slip control

{57) For traction slip control, wheel
brakes (13, 14) of driven wheels
(VR, VL) are connected to an
auxiliary-pressure source (5, 6) of the
brake system by means of
electromagnetically actuatable
multidirectional control valves (11,
12). In an initial phase at the
beginning of brake actuation, the

wheel brakes (13, 14) are connected
for a short time to both the source
(5,6) and a low pressure reservoir (7)
of the brake system via biassed non-
return pressure relief valves (29, 30)
and an outlet valve (28) so that, prior
to the actual commencement of
traction slip control, brake lost

travels are taken up, after which the
wheel brakes (13, 14) are applied at
a higher pressure and a defined and
even pressure level is produced in
these wheel brakes thereby.
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SPECIFICATION

Method and brake system for traction slip
control

This invention relates to a method for traction
slip control in automotive vehicles with the aid
of wheel brakes which are actuated by pres-
sure fluid and which, for the development of
braking pressure, are connected to an aux-
iliary-pressure source for specific intervals de-
rived from the rotational behaviour of the
wheels. Brake systems for implementing the
method are likewise comprised by the present
invention.

It is already known to use the brake system
of an automotive vehicle for the control of
traction slip. To this end, one can extend an
anti-lock control system having an auxiliary-
pressure source and sensors for measurement
of the wheel rotational behaviour to such ef-
fect that, even in the event of the brake not
being applied, namely in the presence of too
high driving force or, respectively, for control
of traction slip, braking pressure can be built
up in the driven wheels via additional pressure
fluid conduits (for instance West German laid-
open printed patent application 33 38 826,
34 07 538, 34 07 539). With the aid of
electromagnetically actuated multidirectional
control valves, a connection will be estab-
lished between the pressure source and the
wheel brake of the skidding wheel, either via a
braking pressure generator or directly. The
magnitude of the necessary braking energy is
determined from the wheel rotational behav-
iour by means of calculating circuits in an
electronic control unit and is predefined by the
duration of the intervals of excitation, that
means the open-passage periods, of the valve
which constitutes the connection between the
pressure source and the wheel brake. The
quality of the control is dependent on the pre-
cision of pressure proportioning. The pulses or
pulse trains determining the open-passage per-
iods of the valve, therefore, must be set pre-
cisely, even more so as it is via these valves
that the wheel brakes are connected to the
auxiliary-pressure source and thus to a very
high pressure level. In doing so, difficulties
arise with the known methods and brake sys-
tems. This is because, at the beginning of
brake actuation, first the so-called clearance
and other lost travels must be overcome, that
is the brakes must be applied, prior to a brak-
ing effect being able to occur. However, the
volume or pressure-transmitting medium re-
quired to cover these lost travels varies in
consequence of manufacturing tolerances, ad-
justment of the brakes, uneven wear etc. so
that a filling period or duration of change-over
of the braking-pressure inlet valves which is
invariably preset in time (constant), will not
permit to bring about an even pressure level
in the individual wheel brakes.
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To overcome these lost travels, in actual
practice, a constant filling pulse is employed
which allows to change the braking-pressure
inlet valves over to their opened position for a
specific constant time. An even pressure level
in the wheel brakes cannot be accomplished
thereby; varying pressure is rather built up by
the constant filling pulse, depending on the
lost travel covered.

Proportioning of the pressure during the
subsequent traction slip control operation suf-
fers from this initial inaccuracy.

Therefore, it is an object of the present in-
vention to overcome the difficulties described
and, within traction slip control, to eliminate
the effects the different lost travels, which
must be covered until application of the brake,
have on the proportioning of the braking pres-
sure and thus on the control accuracy. This
aim is to be reached by simple means and
without entailing any appreciable additional ef-
fort.

According to one aspect of the present in-
vention there is provided a method for trac-
tion slip control in automotive vehicles with
the aid of wheel brakes which are actuated by
pressure fluid and which, for the development
of braking pressure, are connected to an aux-
iliary-pressure source for specific intervals de-
rived from the rotational behaviour of the
wheels, characterised in that, in an initial
phase at the beginning of brake actuation, an
amount of pressure will be metered for a
short time into the wheel brakes of (at least)
the driven wheels (VR, VL), which amount is
just sufficient to overcome lost travels, clear-
ances and the like.

According to a particularly expedient em-
bodiment of this invention, in the initial phase,
the pressure in the wheel brakes will be co-
nfined to a predetermined value. To this ef-
fect, a biassed valve which is set to the pres-
sure required to apply the brakes of e.g. 3 to
10 bar can be connected with a pressure-
compensating reservoir.

According to another aspect of the present
invention there is provided a brake system,
for traction slip control, comprising a braking
pressure generator, an auxiliary-pressure
source, a pressure-compensating reservoir and
multidirectional control valves for the metering
of pressure out of the auxiliary-pressure
source into wheel brakes of the driven
wheels, further comprising wheel sensors as
well as an electronic control circuitry for the
generation of braking-pressure control signals,
characterised in that, in an initial phase at the
beginning of brake actuation, an amount of
pressure will be metered for a short time into
the wheel brakes of (at least) the driven
wheels (VR, VL), which amount is just suffici-
ent to overcome lost travels, clearances and
the like, and in that pressure fluid lines are
arranged in the brake system which provide
communication between the wheel brakes of
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the driven wheels (VR, VL) and the pressure-
compensating reservoir and into which at least
one electromagnetically actuatable multidirec-
tional control valve, closed in its de-energised
state, as well as valve assemblies set to the
pressure in the initial phase is inserted.

According to one embodiment, it is favour-
able to use biassed non-return valves as the
valve assemblies. To economise on multidirec-
tional control valves, it is possible to-assign
to each driven wheel one separate non-return
valve which is connected to the pressure-com-
pensating reservoir via one common, normally
closed two-way/two-position directional con-
trol valve.

Hence it follows that according to the in-
stant invention a simple measure which can
be realised by little effort enables a consider-
ably preciser adjustment of the braking pres-
sure and control of the traction slip because
tolerances and wear phenomena influencing
the lost travel are compensated for in the ini-
tial phase. In contrast to previous methods
and brake systems, the zero position, that is
the reference pressure at the commencement
of the controlled braking pressure develop-
ment will be determined. Delayed response of
the control due to a relatively long lost travel,
undesirable pressure differences in the wheel
brakes of the driven wheels etc. will be reli-
ably precluded.

An embodiment of the invention will now
be described with reference to the accom-
panying drawing, which shows a schematically
simplified view of the most important assem-
blies of the inventive brake system and the
hydraulic connection of the components in an
automotive vehicle with front-wheel drive.

The brake system illustrated comprises a
dual-circuit hydraulic brake power booster 1
which herein is composed of a master cylinder
2 and a power brake booster 3. A brake
pedal 4 is likewise illustrated symbolically.

In this embodiment, an auxiliary-pressure
source is composed of an electromotively
driven hydraulic pump 5 and a hydraulic pres-
sure accumulator 6. The suction side of the
pump 5 communicates with a pressure-com-
pensating reservoir 7 which also serves as a
pressure-compensating and supply reservoir of
the braking pressure generator 1.

An anti-lock brake system is concerned
herein which is extended to a traction slip
control system by virtue of an additional hy-
draulic connection via lines 9, 10 into which
inlet valves (E)11, 12 are inserted and which
provide communication between the brakes
13, 14 of the driven front wheels VR, VL and
the auxiliary-pressure source 5, 6, as well as
by virtue of a supplement of the electronic
control circuitry with in a control unit 15.

For brake slip control inlet valves (E) and
outlet valves (A) 16 to 19, 20 to 23 are
inserted into the two hydraulic circuits |, |l
which lead to diagonal wheels VR, HL and VL,
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HR, respectively. In order to prevent locking of
the wheels and to keep the brake slip in the
optimal range, these valves {E,A) 16 to 23
serve to maintain the braking pressure con-
stant, to decrease it and to re-increase it at
the appropriate time individually for each
wheel. For instance, two-way/two-position di-
rectional control valves which are open in their
de-energised state can be used as inlet valves
(E) 16 to 19 which can be switched over to
close by an electromagnetic signal during the
control period. In contrast thereto, the outlet
valves (A) 20 to 23 are closed normally, that
means in the de-energised state, and permit
to be switched over to their opened condition
by electric signals, whereupon pressure fluid
discharges into the pressure-compensating
reservoir 7, 7’ for the purpose of pressure
reduction.

The braking-pressure control signals serving
to switch the inlet and outlet valves (E,A) 16
to 23 over are generated by means of the
electronic control unit 15. Said control unit 15
is supplied with information about the wheel
rotational behaviour via wheel sensors 24 to
27. After logic combining, signals A 28, AV,
EV will be available at the outlets a, to a,
which are delivered via signal lines, not shown
herein, to the inlet valves (EV) (16 to 19) and
outlet valves (AV) (A20 to 23) and A28 to an
additional outlet valve (A) 28.

To implement the inventive method by
which improvement of traction slip control is
attained, the wheel brakes 13, 14 of the two
driven wheels VR, VL are each connected to a
return line 31 leading to the pressure-compen-
sating reservoir 7 via a respective biassed
non-return valve 29 or 30 and via the addi-
tional outlet valve 28,

The bias of the non-return valves 29, 30 is
in each case accomplished by a spring 32, 33
which permits the non-return valves to open
only after an amount of pressure has devel-
oped which is just sufficient to apply the
brakes 13, 14.

At the beginning of a traction slip control
operation, first the additional outlet valve (A)
28 is excited in an initial phase for a very
short period of time which will not result in
any appreciable delay of the brake actuation.
This causes the valve 28 to switch to open
so that the pressure introduced via the inlet
valves (E) 11, 12 from the auxiliary pressure
source 5, 6 will be able to overcome the lost
travels in the brakes 13, 14 and to apply the
brakes, while, however, the braking pressure
is limited to the opening pressure set by the
springs 32, 33 of the biassed non-return
valves 29, 30. Thus, a defined and even pres-
sure level will be obtained in the wheel brakes
13, 14 of the driven wheels VR, VL. After
this initial phase, the outlet valve 28 will re-
assume its initial position in which it is closed,
so that now the predetermination of the
change-over times for the inlet valves (E) 11,
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12 allows to precisely set that braking pres-
sure in the wheel brakes 13, 14 which is
required for optimal traction slip control, which
is ascertained by the control unit 15 and is
transferred into corresponding actuation sig-
nals for the valves (E) 11, 12. The variations,
that means differences in pressure, to be ex-
pected are very slight because a reference po-
int for the pressure development has been
created owing to the described initial phase or
filling phase of the wheel brake cyclinders.

CLAIMS

1. A method for traction slip control in au-
tomotive vehicles with the aid of wheel brakes
which are actuated by. pressure fluid and
which, for the development of braking pres-
sure, are connected to an auxiliary-pressure
source for specific intervals derived from the
rotational behaviour of the wheels, character-
ised in that, in an initial phase at the begin-
ning of brake actuation, an amount of pres-
sure will be metered for a short time into the
wheel brakes (13, 14) of (at least) the driven
wheels (VR, VL), which amount is just suffici-
ent to overcome lost travels, clearances and
the like.

2. A method as claimed in claim 1, charac-
terised in that, in the initial phase, the pres-
sure in the wheel brakes (13, 14) will be lim-
ited to a predetermined value.

3. A method as claimed in claim 1 or
claim 2, characterised in that, in the initial
phase, the wheel brakes (13, 14) are con-
nected to a pressure-compensating reservoir
(7) via biassed valve assemblies (29, 30)
which are set to the pressure necessary for
applying the wheel brakes (13, 14).

4. A method as claimed in any one of the
claims 1 to 3, characterised in that, in the
initial phase, the pressure is limited to 3 to 10
bar.

5. A brake system, for traction slip con-
trol, comprising a braking pressure generator,
an auxiliary-pressure source, a pressure-com-
pensating reservoir and muitidirectional control
valves for the metering of pressure out of the
auxiliary-pressure source into wheel brakes of
the driven wheels, further comprising wheel
sensors as well as an electronic control cir-
cuitry for the generation of braking-pressure
control signals, characterised in that, in an ini-
tial phase at the beginning of brake actuation,
an amount of pressure will be metered for a
short time into the wheel brakes (13, 14) of
(at least) the driven wheels (VR, VL), which
amount is just sufficient to overcome lost tra-
vels, clearances and the like, and in that pres-
sure fluid lines (31) are arranged in the brake
system which provide communication between
the wheel brakes (13, 14) of the driven
wheels (VR, VL) and the pressure-compensat-
ing reservoir (7) and into which at least one
electromagnetically actuatable multidirectional
control valve (28), closed in its de-energised
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state, as well as valve assemblies (29, 30) set
to the pressure in the initial phase is inserted.

6. A brake system as claimed in claim 5,
characterised in that the valve assemblies (29,
30) are designed as biassed non-return valves
which are set to the pressure in the initial
phase.

7. A brake system as claimed in claim 6,
characterised in that one separate non-return
valve (29, 30) is assigned to each driven
wheel (VR, VL), and in that these non-return
valves are connected to the pressure-compen-
sating reservoir (7) via one common, normally
closed two-way/two-position directional con-
trol valve (28).

8. A method for traction slip control in au-
tomotive vehicles substantially as herein de-
scribed with reference to the accompanying
drawing.

9. A brake system for traction slip control
substantially as herein described with refer-
ence to and as illustrated in the accompanying
drawing.
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