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(54) Drive slip control arrangement

(57) In a drive slip control arrangement for a road vehicle, with a pump back anti-lock system, the anti-lock return pump 28
of the brake circuit Il of the driven rear vehicle wheels 7, 8 is used as the auxiliary pressure source for the drive slip control.
When the drive slip control is activated, the main brake pipe Il of the driven vehicle wheels is shut off from the master
cylinder 9 by a drive slip control valve 69. initially the return pump 28 is activated and is shut off from the master cylinder 9
when the drive slip of one of the driven vehicle wheels exceeds a threshold value between the drive slip required value and
threshold slip value and the driven wheel brake pressure control valves 41, 42 are closed. The high pressure thus building
up in the main brake pipe, limited by a pressure relief valve, is then available at the threshold slip valve for an introductory
brake pressure build-up phase of the drive slip control on the vehicle wheel requiring it. An additional outlet valve 89, by
which the return line can be connected to the brake fluid reservoir, can be provided for controlling the pressure reduction
phases of slip control.
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Drive slip control device

The invention concerns a drive slip control.
device for a road vehicle having a twin-circuit hydraulic
brake installation with front axle/rear axle brake cir-
cuit subdivision and having the further generic features
A to E quoted in the preamble to Claim 1.

-For reasons associated with simplifying a drive
slip control device combined with an anti-lock system
known from bE 31 37 287 €2, a device of this type was the
subject of internal company theoretical and experimental
investigations whose objective was to achieve the
greatest possible simplification of the anti-lock and
drive slip control systems. An interesting possibility
considered for simplifying the known drive slip control
device (in which - again for the purpose of simplifying
the overall construction of a drive slip control device
combined with an anti-lock system - the return pump of
the anti-lock system was already useq as the reservoir
charging pump for the pressure reservoir provided as the
auxiliary pressure source within the drive slip control
device) was to avoid the use of this éressure reservoir
and, in its place, to use the return pump associated with
the brake circuit of the driven vehicle wheels "directly"
as the auxiliary pressure source for the drive slip con-

trol device.
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The test drive slip control device designed in accordance
with this concept was laid out for a vehicle with rear
axle drive, the anti-lLock systenm of the vehicle corres-
poﬁding to the series production type, i.e. the design of
the return pumps provided for the two brake circuits
involved piston pumps which were "not self-priming”. In
order, in drive slip control operation,'to ensure the
functioning of the return pump associated with the rear
axle brake circuit as a pressure source, the vehicle was
equipped with a booster pump by means of which, in drive-
slip control operation, brake fluid was pumped out of the
brake fluid reservoir of the brake installation into the
pump chamber of the re{urn pump associated with the rear
axle brake circuit. The control behaviour achieved in
this test—type'arive slip control operation, however, was
unsatisfactory in that }he control was very sluggish,
i.e. the build-up of brake pressure occurred relatively
slowly after the booster pump and the: return pump had
been sh}tched on. 1In order to achieve a response behav-
iour which was at [east approximately'comparable with
conventional drive slip control, it therefore appeared
unavoidabie to provide a2 return pump with a larger pump-
ﬁng égpacity - at least %or the brake circuit of the
driven vehicle wheels. There are, however, design limits

to such an increase in size so that, for this reason
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alone, it did not always appear possible to achieve a
sufficiently rapid response behaviour of the control
system, particularly since the return pump of the con-
ventional anti-lock system did not appear to be a suit-
able auxiliary pressure source for drive slip control.

Oon this'basis,-therefore, the object of the
invention is to produce a drive slip control device of
the type mentioned at the beginning, which responds suf-
ficiently rapidly even if a return pump of conventional
type is used as the auxiliary pressure source.

The invention achieves this objecf by means of
the features quoted in the characterizing part of Claim
1.

Accordingly, this return pump - including a
booster pump possibly provided in association with the
return pump - is activated as soon as a driven vehicle
wheel - although it is~not yet experiencing an excessive
drive slip corresponding to the response threshold value
of the drive slip control which demands "countering” by
the control system - has reached a value of drive slip of
this vehche wheel which is higher - py a specified
amount - than the required value specified for the con-
trol system so that it can be anticipated that this
vehicle wheel uill exper%ence a still higher drive slip

in the immediate future and will therefore be subjected
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to a3 control cycle. With the activation of the return
pump, or slightly retarded relstive to it, the brake
pressure control valves of the driven vehicle wheels are
also driven into their closed position and, similarly,
the drive slip control valve is driven into its position
shhtting off the main brake pipe from the brake device.
By this means, a higher pressure is already generated in
the section of the main brake pipe of the brake circ;it
of the driven vehicle wheels branching towards the wheel
brakes and this pressure can then be connected to the
wheel brake "immediately", when control on the vehicle
wheel considered has to become effective, by switching
the brake pressure control valve of this wheel into its
brake pressure build-up position. The section of the
main brake pipe branching off to the wheel brakes, and a
noise suppressor which is usually connected to it (this
noise suppressor being normally provided onLy to buffer
the pressure shocks from the return pump), is then used,
so to speak, as'é high pressure reservoir. Although the
storage capacity of the Latter is markedty less than the
storage capacity of the pressure reservoir provided as
thg auxiliary pressure source in a drive slip control
device of known type, it still permits the brake pressure
build-up phase in the wheel brake of the particular

vehicle wheel subjected to the control system, this
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build-up phase initiating the drive slip control cycle.
Although the pressure level is only moderate, there is
practically no delay and to this extent the bqild-up
provides a desirably rapid response behaviour to the
drive slip control procedure during the further course of
which the return pump can "take over" the build-up of
the pressure to the necessary brake pressure Level.

The control signals necessary for activating the
retufn pump and for switching over the drive slip con-
trol valve and the brake pressure control valves are
obtained from the electronic control unit of the drive
slip control device by processing the output signals of
the wheel speed sensors associated with the individual
vehicle wheels according to known criteria; the wheel
speed sensors generate electrical output signals charac-
teristic of the dynamic behaviour of the vehicle wheels
in terms of Level and/or frequency. These output signals
also permit an assessment in the sense that the - pre-
paratory, so to gpeak - activation of the return pump, as
provided in Claim 2, can be controlled as a function of
increasing values of the wheel peripheral accelerations
of the driven vehicle wheels.

The type of pump drive control provided by the
features of Claim 3 has the advantage that any influence

of the pump running-up period is, so to speak, elimin-
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ated. The circulatory operation introducing a control
cycle in this way generates a - dynamic - pressure which,
although smaller, is still sufficient to bring the wheel
brakes into contact so that when, - subsequently, the brake
device is shut off from the brake circuit - by driving
the drive slip control valve - the wheel brakes respond
with practically no delay, thus improving the sensitivity
of the control system.

The arréngement of the drive slip control valve
provided by the features of Claim 4 and the inclusion of
this valve and the pressure limiting valve provided for
brake pressure Limitation in the hydraulic unit of the
drive sLiplcontroL device according to the invention pro-
vides a particularly simple structure of the hydraulic
unit in terms of switching and control.

Pressure lLoads on the brake device due to the
control system are excludediby means of an additional
outlet valve with the arrangement and fuﬁction given in
Claim 5 so that; in combination with the drive slip con-
trol device of the invention, a seriés production, simple
design of brake device, e.g. a tandem main cylinder of
conventional type, can be used. ‘

The drive slip control device of the invention is
achievable at substantially less cost than known equip-

ment of this type and has, in addition, the advantage
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that the interference noises caused by the operation of
individual elements of the control device only appear
when the control device js activated in accordance with
its purpose but not during normal driving - such as can
occur during reservoir recharging phases in a conven-

tional control device.
/

Further details and features of the invention
arise from the foilowiné description of a special
illustrative example using the drawing, to whose details
reference is now expressly made.

The drawing shows an electro-hydraulic block cir-
cuit diagram of a twin-circuit hydraulic brake instal-
lLation 1 of a road vehicle substantially represented by
the diagram, the road vehicle being equipped with an
anti-lock system 2 and also with a system for drive slip
control 3.

In the brake installation 1, the front wheel
brakes 4 and é are combined to a front axle brake circuit
I and the rear wheel brakes 7 and 8 are combined to a
rear axle brake circugt II1.

A brake device designated in total by 9 is pro-
vided for the supply of brake pressure to the two brake
circuits I and II; this brake device 9 has two outlet
pressure spaces 11 and 12, one allocated to each of the
two brake circuits I and 11, in which output pressure

spaces, the ~-static - brake pressures PFA and PRA can
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be built up, controlled by the force K, with which the

P
driver operates a brake pedal 13 and proportional to this
force KP; these brake pressures PFA and PRA can be
connected via the respective main brake pipe 14 or 1§ of
the front axle brake circuit I and the rear axle brake .
circuit Il to their wheel brakes 4/6 or 7/8. A pneumatic
or hydraulic brake force amplifier 17 is also provided as
part of the brake device as a "braking aid"; the amplifi- -
cation factor of this brake device can have a value |
between 3 and 6.

The brake device 9 is otherwise so designed that
should the brake force amplifier 17 fail, the brake
pressure generating element, a stepped tandem main cylin-
der 18 in the special ijllustrative example shown, remains
operable by the pedal force KP alone.

The front axLe.brake circuit I is connected to
the primary output pressure space 11, and the rear axle
brake circuit II to the~secondary output pressure space
12, of this tandem main cylinder 18, the primary output
pressure space 11 having a fixed boundary relative to the
casing formed by the larger bore step 19 of the main cyl-
inder casing 21 and boundaries which are axially movable
formed by, on the one hand, the prﬁmary piston 22 guided
so as to be displaceable and pressure tight within this
larger bore step 19 and,'on the other hand, by the sec-

ondary piston 24, designed as a floating piston of the
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tandem main cylinder 18, guided so that it can be dis-
placed and pressure-tight in the - spatially - smaller
bore step 23 of the main cylinder casing 21; the sec-
ondary output pressure space 12 is movably bounded by the
secondary piston 24 and has a boundary fixed relative to
the cas%ng provided by the end wall 26 of the main cylin-
der 21, viewed in the axial direction.

Where there is no express mention in what follows
of special arrangements of the main cylinder 18, it 1is
assumed that this is éffected as a known type and with a
known function.

It is also assumed that the vehicle is effected
on conventional design principles, not shown for reasons
of simplicity, and has a rear ;xLe drive, the output
torque of the vehicle éngine being distributed to the two
rear wheels of the vehicle via a rear axle differential.

With respect to the drive slip control, 2, it is
assumed that it operates on the pump-back principle in
both the front axle brake circuit I and the rear axle
brake circuit 1I, in which, in the brake pressure reduc-
tion phases of the anti-lock control, brake fluid drained
from one of the wheel brakes 4 and/or 6 and 7 and/or 8 is
pumped back into the output pressure space 11 or 12 of
the main cylinder 18 associated with the particular brake
circuit I or 11, so that the brake pedal 13 is forced

back towards its basic position by a partial stroke
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correlated with each quantity of brake fluid pumped back
and the driver, by this means, receives an obvious feed-
back on the activation of the drive slip control system 2,
this becoming clearer and clearer-as the magnitude of the
pressure reduction in the brake(s) subjected to the
control becomes greater.

For each of the two brake circuits, a return pump
27 or 28, is effected as a piston pump in the special
illustrative example shgwn, these having a common elec-
trically driven pump drive 29 usually designed as an
eccentric drive - and only shown diagrammatically. 1In a
typical design of the return pumps 27 and 28, the volume
pumped per piston stroke is approximately 0.2 cm3, i.e.
approximately twenty piston strokes are necessary of, for
example, the return puﬁp 27 allocated to the front wheel
brake circuit I, to pump back a brake fluid quantity of 4
cm3 into the primary output pressure space 11 of the
tandem main cylinder 18, which corresponds approximately
to that quantity of brake fluid uhic@ is taken by the
brake cylinders of the front wheel brakes 4 and 6 in
total during an operation of the brake installation 1
with maximum operating force, i.e. up‘to a maximum brake
pressure build-up of approximately 180 - 200 bar. The
corresponding brake fluid volume of the rear axle brake

3

circuit II is approximately half of this, i.e. 2 cm”™.

The consequence of this design of the return pumps 27 and



28 is that the brake pedal 13 is not pushed.back to its
basic position on a single, steadily proceeding stroke but,
so to speak, stepwise, the return push of the brake pedal

13 in each of these steps being by a small partial stroke

h, this partial step being given by the relationship

RFP Pr

where V is the volume pumped by the return pump 27 or

RFP
28 per pistbn stroke and FPr is the effective cross-
sectional area of the primary piston 22 of the tandenm
main cylinder 18.

The two brake pipe branches 32 and 33 - emerging
from a branching position 31 of the main brake pipe 14 of
the front axle brake circuit I and the brake pipe branches
36 and 37 emerging from a branching position 34 of the
main brake pipe 16 of tﬁe rear axle brake circuit II,
through which the brake pressure is fed into the wheel
brakes 4 and 6 o; the front wheel brake circuit I and to
the wheel brakes 7 and 8 of the rear wheel brake circuit
11 during a "normal" braking action, i.e. one not subject
to the anti-lock control, are each led via an inlet valve
38 and 39 or 41 and 42 which, when the anti-lock system 2
or the drive slip system 3 has not responded, take up their

basic positions O shown - their through-flow positions -

in which the wheel brake qylinders of the front wheel
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brakes 4 and 6 and of the rear wheel brakes 7 and 8 ar?
connected to the main brake pipe 14 or 16 of the
respective brake circuit I or II via a flow path 43 of
each of these inlet valves 38 and.39 or 41 and 21, }t
being possibte ejther to build up or to redu?e brake
pressure by appropriate actuation of the brake unit 9 in
the basic positions 0 of these inlet valves 38 and 39 or
41 and 42.

These in{et valves 38/39 and 41/42 are designed,
in the special illustrative example shown, as 2/2-way
solenoid vaLvesruhich (when their switching solenoids 44
are actuated ~ individually or severally, depending on
which of the vehicle wheel(s) is to be affected by the
control - by output signals from an electronic control
unit 46 provided for the functional control of both the
anti-lock system 2 and the drive slip controtl 3) can be
driven, into their excited position I - their shut-off
position - in which the wheel brake(s) 4 and/or 6 and 7
and/or 8 of the.front axle brake circuit I and the rear
axle brake circuit II subject for thé moment to the
control is/are shut off from the particular main brake
pipe 14 or 16.

' In addition, the wheel brake cylinders of the
front wheel brakes 4 and.6é6 and of the rear wheel brakes 7
and 8 afe connected via outlet valves 47/48 and 49/51

respectively to a return pipe 52 of the front axle brake
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circuit I and a return Line 53 of the rear axle brake
circuit 11, respectively, lLow pressure reservoirs 54 and
56 being respectively connected to these circuits, the
storage capacities of these reservoirs being equal to
about half the brake fluid volumes which have to be
drained. from the wheel brakes 4 and 6 of the front wheel
brake circuit I and from the wheel brake 7 and 8 of the
rear axle brake circuit II in order to permit, in these,
a brake pressure reduction to the Lowest possible value
even when the maximum possible values of the brake pres-
sures pg, and PraA respectively have been connected to
the wheel brakes 4/6 and 7/8.

The outlet valves 47/48 and 49/51 are again
designed as 2/2-way solenoid valves which can be driven -
jndividually or severally, depending on which of the
vehicle wheels the drive slip control responds to - by
excitation of their respective control magnets 57 by
means of a control output signal of the electronic
control unit 46; from their basic position 0, their shut-
off position, into their excited position I, their through
flow position, in -which that or those wheel brake(s) 4
and/or & and 7 and/or 8, subjected to'the control system
so as to produce a reduction of brake pressure, is or are
connected via the flow path 58 of the particular outlet
valve to the return pipe 52 of the front axle brake

circuit I and the return pipe 53 of the rear axle brake
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circuit 1I1.

The pump chambers 59 and 61 of the two return
pumps 27 and 28 are connected, via respective inlet non-
return valves 62 and 63 to the return pipes 52 and 53 of
the front axle brake circuit I and the rear axle brake
circuit II, respectively, these input non-return valves
62 and 63 being subjected inrthe opening direction to
relatively high pressure in their respective return pipes
52 or 53, and the.Low pressure reservoirs 54 and 56 con-
nected to them, relative to the respective pump chambers
59 and 61 and are held in their shut-off position by
relatively high pressure in the respective pump chambers
59 and 61 relative to the return pipes 52 and 53. The
closing force of the valve springs of these inlet non-
return valves 62 and 63 is, in a typical design, equi-
valent to a pressure of 2-3 bar. Assuming a piston and
spring type of design, the Low pressure reservoirs 54 and
56 are typicallx designed in such a way that the preload
of their reservoir springs 64 and 65 is equivalent to a
somewhat higher reservoir pressure éf, for example, 4~6
bar and, if the acceptance capacity of the Low pressure
reservoir 54 or 56 is fully exploited; it is approxi-
mately equivalent to a pressure of 10 bar.

In addition, the pump chambers 59 and 61 of the
two return pumps 27 and 28 are connected via respective

outlet non-return valves 67 and 68 to the main brake pipe
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14 of the front axle brake circuit I or the main brake
pipe 16 of the rear axle brake circuit 11, these outlet
non-return valves 67 and 68 being subjected in the open-
ing direction to a8 pressure in thg respective pump cham-
bers 59 and 61 which is higher relative to that in the
connected main brake pipes 14 and 16 and being held in
the shut-off position by a pressure in the respective
main brake pipe 14 or 16 which is higher relative to that
in the connected pump chamber 59 or 61.

The outlet non-return valves 67 and 68 are also
designed in such a way that their closing force is
equivalent to a pressure of 2-3 bar.

The elements provided "within" the anti-lock
system 2 for the anti-lock control on the rear wheel
brakes 7 and 8, i.e. the inlet valves 41 and 42 and the
outlet valves 49 and 51, the piston pump 28 associated
with the rear wheel brake circuit II and the low pressure
reservoir 56, are also used for similar purposes as part
of the drive sL}p control 3, which only acts "on the rear
axle".

The return pump 28 is then used for an additional
function, i.e. as the pressure generating element for the
drive slip control, the outlet pressure of which pressure
generating element being. connected during a response of
the drive slip control to the wheel brake cylinder(s) of

the wheel brake(s) 7 and/or 8, on which a spin tendency
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appears.

The section leading from the secondary outlet
pressure space 12 associated with the rear axle brake
circuit Il to the branching position 34 of the main Erake
pipe 16 of the rear axle brake circuit II is connected,
by means of a drive slip control valve 69 (which is con-
nected "between" the pressure outlet 71 of the secondary
outlet pressure space 12 and a2 connection position 72 of
the main brake pipe 16 at which the outlet side of the
outlet non-return valve 68 of the return pump 28 is con-
nected to the main brake pipe 16) can be shut off rela- .
tive to the outlet pressure space 12 of the tandem main
cylinder 18 of the brake device 9.

This drive slip control valve 69 is designed as a
2/2-way solenoid valve-whose basic position 0 is its
through-flow po;ition {n which the pressure outlet 71 of
the brake device 9 assoéiated with the rear axle brake
circuit I1 is connecfed to the main brake pipe 16 of the
rear axle braké.circuit Il branching to the wheel brakes
7 and 8.

When the drive slip control system 3 responds,
the control magnet 73 of the drive syétem control valve
is switched into its excited position I - the shut-off
position ~ for the duration of the activation of the
drive slip control by means of an output signal from the

electronic control unit 46, which is also responsible
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for actuating the individual control phases of the drive
slip control and, by this means, the brake device 9 is
disconnected from the rear axle brake circuit II. An
electrically driven booster pump 73 is provided as a
further, additional functional element of the drive slip
control system 3, by means of which booster pump, again
controlled by output signals from the electronic control
unit 46, brake fluid can be pumped from the chamber 74,
associated with the rear axle brake circuit II, of the
brake fluid reservoir 76 of the brake installation 1 into
the pump chamber 61 of the return pump 28 associated with
the rear axle brake circuit 11, the pressure outlet 77 of
the booster pump 73 being connected via an outlet non-
return valve 78 to the inlet side of the inlet non-return
vatve 63 of the rear axle brake circuit 11, to which
return pump 28 are also connected the low pressure
reservoir 56 of the rear axle brake circuit II and its
return pipe 53. _This outlet non-return valve 78 of the
booster pump 73 is subjected in the o?ening direction to
the pump's outiet pressure which is higher relative to
that in the Llow pressure reservoir 56 and the return pipe
53 of the rear axle brake circuit Il ahd is otherwise
closed, the closing force of this outlet non-return valve
78 being again equiv;tent to a preséure of 2-4 bar.
The outlet pressure and the output of the booster pump 73

are both sufficiently generously dimensioned to ensure
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that the Low pressure reservoir 56 of the rear axle brake
circuit II can be completely charged and that the brake
fluid flow from the booster pump 73 and the lLow pressure
reservoir 56 to the return pump 28 cannot "separate"~
uhile the return pump 28 is operating as the brake
pressure source in drive slip control operation.

The outlet pressure level of the booster pump 73
is around 20 bar and is limited to this value by a
pressure Llimiting valve 79, shown as a non-return valve,
which is Located in a bypass flow path 81 Leading back
from the outlet 77 of the booster pump 73 to the brake
fluid reservoir 76.

The return pump 28 of the rear axle brake circuit
I1 is, like the return pump 27 of the front axle brake
circuit I, assumed to be free piston pump, which, in
order that this return pump 28 can pump brake fluid into
the brake circﬁit 11, assumes a minimum inlet pressure,
which is ensured, in the special illustrative example
shown, by the b&oéter pump 73.

Because, assuming a sufficien%ty powerful drive
29, a piston pump can generate an outlet pressure which
can be substantially higher than the maximum pressure of
180-200 bar necessary for subjecting the rear wheel
brakes 7 and 8 to a correct brake pressure, Llimitation of
the outlét pressure of the return pump 28 of the rear

axle brake circuit Il is also necessary. A pressure

‘#
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Limiting valve 82 provided for this purpose is inserted,
in the special illustrative example shown, in a bypass
flow path 83 parallel to the drive slip control valve 69,
which bypass floy path 83 lLeads back from the connection
position 73 of the main brake pipé 16 to the pressure
oﬁtlet 71 of the secondary outlet pressure space 12 of
the tandem main cylinder 18.

Since, in a driving situation in which the drive

< .

slip control 3 responds, the braké installation 1 is not
actuated and the secondary piston 24 of the main cylinder
18 is in its basic position in which the secondary outlet
pressure space 12 communicates with the brake fluid res-
ervoirs 74, 76 either via a central valve of the second-
ary piston 24 or via a follow-up bore, brake fluid.can
drain (via the pressure Limiting bypass path 82, 83 and
via the secondary outlet pressure space 12 into the brake
fiuid reservoir 76 chamber 74, connected to the pres-
sure space 12) if the outlet pressure of the return pump
28 exceeds the maximum permissible Limifing value of, for
example, 200 bar.

The control devices described up to this point,
anti-lock system 2 and drive slip control 3, operate as
fdllous in their respective control operations, the two
types of control being explained by a typical controt
cycle for each, in which the driven rear wheel of the

vehicle represented by the wheel brake 7 on the right is
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considered and reference is first made to the anti-lock
contfot function.

During a braking operation, the drive slip con-
trol valve 69 remains in the basic position 0 shown.- its
through-floﬁ position.

fIf a tendency to lock occurs on the right-hand
rear wheel during the course of the braking operation,
action is first taken against this locking tendency by an
initial brake pressure reduction phase. For this pur-
pose, the inlet valve of the wheel brake 7 is switched
into its shut-off position I and the outlet valve 49 of
this wheel brake 7 is switched into its through-flow
position I. At the same time or - in anticipation -
somewhat earlier, i.e. as soon as the electronic control
unit 46 "recognises" the appearance of a tendency to
lock, the drive 29 of the return pumps 27 and 28 is alsa
switched on. Brake fluid under the brake pressure
achieved up to that po{nt flows away through the now open
outlet valve 49-out of the wheel brake 7 via the return
pipe 53 and, where it is not - partially - pumped back
directly by the return pump 28 of the rear axle brake
circuit II into tﬂe outlet pressure space 12 of the brake
device 9 associated with the brake circuit II, it is
first accepted by the Low pressure reservoir 56 of the
rear axle brake circuit iI and subsequently, in further

pumping strokes of the return pump 28, it is completely
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pumped back into the rear axle outlet pressure space 12
of the brake device 9, 18. The resulting pulsating
“rearwards motion" of the brake pedal 13 against the
actﬁation force KP provides the driver with an obvious
signal of the activation of the.anfi-tock system 2.

‘ As soon as the locking tendency ends due to the
pressure reduction phase, the outlet valve 49 is switched
back into its closed basic position O while the inlet
valve 41 still remains in fts shut-off position I. Because
of this, the brake pressure value reached due to the con-
trol operation on the wheel brake 7 previously tending to
lock is initially maintained. If the Llocking tendency
then reappears, the outlet valve 49 is again switched
into its through-flow position I so that the brake press-
ure in the wheel brake 7 is further reduced.

If the locking tendency has died away, the brake
pressure is agagn buiLt'up in steps by switching the
inlet valve 41 périodic;LLy between its shut-off position
I and its through-flow position - the basic position 0 =
while the outlet valve 49 remains closed until, finally,
the outlet pressure existing in the outlet pressure space
12 of the brake device 9 is again connected, to the full
aﬁount, to the wheel brake 7 of the rear wheel previously
tending to lock.

‘The return pumps.Z? and 28 also remain in opera-

tion during the phase where the brake pressure is
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building up again at the conclusion of the anti-lock con-
trol cycle; they are only switched off after a certain
safety period during which there has been no further
tendency to lock.

In the brake circuit not subjected to the control
s;stem,_in the front axle brake circuit I in the explana-
tory example chosen, the activation of its return pump 27
has practically no effect because its pumping strokes
contribute, at most, only to a pulsation of the brake
pedal 13 and therefore to signalling the activation of
the anti-lock system, but not to an increase in pressure
in the front axle Srake circuit I.

Although explained as a control cycle of a
single-wheel control, the anti-lock control of the rear
axte can, of course, agso take place according to the so-
called select-Llow principle in such a way that if a lock-
ing tendency apbears on one of the two rear wheels, the
brake pressure in both ;heet brakes 7 and 8 of the rear
axle is lowered, retained and increased again in the same
manner. This type of control is desirable for optimum
dynamic stability of the vehicle in the case of a braking
procedure subject to the anti-lock control.

In contrast to this, the drive slip control
(drive stfp control function) naturally requires, a
"single wheel control” iﬁ the sense that activation of

the wheel brakes 7 or 8 only takes place on that wheel
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which tends to spin or simultaneous activation of both
wheel brakes 7 and 8 only occurs when both vehicle wheels
tend to spin and, in this case, the output torque of the
drive unit of the vehicle 1 is then also lowered.

In order to explain a typécat control cyclte of
tﬁe drive slip control 3, a starting situation is_now
assumed in which the drive slip of the right-hand rear
wheel increases substantially more than that of the left-
hand reér wheel and,.in consequence, a situation may soon
be expected in which the right-hand rear wheel will
"spin” completely with the result that_practicaLLy no
driving torque can be transmitted to the left-hand rear
wheel.

As soon as a lower Limiting value of the drive
slip of the rear wheel of, for example, 30X is reached or
exceeded in this situation - the drive slip XD being
given by the rélationship
XD = (VH - vv) / Vs ‘

where the v, designates the wheel peripheral speed of

W
the vehicle wheel considered and vy designates the
vehicle speed or a réference speed representing it
approximately and formed from known algorithms - the
béoster pump 73 and the drive 29 of the return pumps 27
and 28 are switched on - in preparation, so to speak; the

drive slip control valve 69 is directed into its acti-

vated position I - its shut-off position - simultaneously
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or somewhat later and, in addition, the inlet valves 41
and 42 of the rear wheel brakes 7 and 8 are also directed
into their shut-off positions 1 with the result that before
brake pressure is connected to the wheel brake 7 of'Fhe
rear wheel to be subjected - in the immediate future - to
the control system, a higher pressure is first built up
in the bart of the brake fnstaLLation 1 which includes
the main brake pipe 16 énd the low pressure reservoir 56
of the rear axle brake circuit II and which then acts to
some extent Like ; pressure reservoir "supercharged" to
high pressure from which, as soon as the control systenm
has to become effective, brake pressure is connected to
the wheel brake 7 by switching back its inlet valve 41
into its basic position O.

. As soon as the tendency to spin on the cofréctty
"selected" vehicle uheéL has decreased because its wheel
brake 7 has been subjected to pressure and because of the
resulting retardation of this vehicle wheel, the inlet
valve is initially driven back once more into its shut-off
position I in ordér to keep the brake pressure connected
to the wheel brake 7 for a Limited period. This switching
of the inlet vaLvé 41 takes place even "before" the spin
tendency of the wheel considered has completely died away,
i.e. even before its drive slip has decreased to beneath
a threshold value below which it can again be assumed

that a8 driving torque can again be transmitted to the
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vehicle to the desired extent via the vehicle wheel sub-
ject to the control system and it can be assumed that
good driving stability can be ensured at the same time.

If, despite the brake pressure occurring in the
wheel brake 7 and maintained by shutting it off from the
main brake pipe 16, the spin tendency of the vehicle
wheel subject to the control system again increases, the
intet valve 41 of this wheel brake 7 is again switched
back into its thrpﬁgh-flou position O and the brake
pressure in the wheel brake cylinder of the wheel brake 7
is increased by this means.

1f, after this, the tendency to spin of the
vehicle wheel subject to the control system finally
dies away, which the electronic control unit 46 of the anti-
tock system 2 and the drive slip control 3 "recognises" -
from the fact that the‘drive slip D of the vehicle
wheel considered becomes Lless than a lower Llimiting
value, which is compatible with both good driving stab~-
ility and adequate drive torque transmission capability,
the drive 29 of the return pumps 27 and 28 and the
bdoster pump 73 are initially switched off and the drive
slip control valve 69 switched back to its basic position
0,  its through-flow position, and subéequentty, after a
minimum period tmin has elapsed, the inlet valve 41 of
the wheel brake 7 is switched back into its basic pos-

jtion 0 - the through-flow position - after which the
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"neutral control" operating condition of the brake
installation 1, overall, is again achieved.

The control signals necessary for the correct
control, with respect to anti~lock.and drive slip control
operation, of the inlet vangf 38; 39, 41 and 42, the
outlet valves 47, 48, 49 and 51, the return pump drive
29, the drive slip control valve 69 and the booster pump
73, are obtained from the electronic control unit 46 pro-
vided in commoﬁ for both control systems - anti-lock sys-
tem 2 and drive slip control 3 - from the processing
taking place according to criteria, which are assumed to
be known, of output signals of wheel speed sensors 84/86
and 87/88 uhich are associated individually with the non-
driven and the driven vehicle wheels and which generate
output signal characteristic of the wheel peripheral
speeds of the individual vehicle wheels - in Level and/or
frequency - the'changes‘with time of which output signals
also containing the in%ormation on the acceleration or
retardation behaviour of the individual vehicle wheels.

It is assumed that it is poss%b[e for a special-
ist familiar with the usual control algorithms of an
anti-lock control system and a drive.sLip control -system,
on the basis of his specialist knowledge and without
inventive consideration, to produce an electronic control
unit 46 which, as a func&ion of threshold values of the

brake slib or drive slip and/or of the wheel peripheral

¥
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retardations or accelerations, to provide correct control
of the functional elements of the anti-lock system 2 and
the drive slip control 3 described above so that an
explanation of the electronic control unit 46 which goes
into the details of the eLectroni? circuit technology is
uﬁnecessary.

In a further, special and preferred embodiment of
the drive slip control device 3, a drive slip cénfrol
outlet valve 89 is provided; this is connected "between"
the return pipe 53 of the rear axle brake circuit II and
the chamber 74, associated with this brake circuit II, of
the brake fluid reservoir 76 of the brake installation
1. ,

This drive slip control valve 89 is designed as a
2/2-way solenoid valve whose basic position 0 is its
shut-off position, in which the return pipe 53 of the rear
axle brake circﬁit 11 is shut off from the brake fluid
reservoir 76, and whosé excited position I is a through-
flow position providing communication between this return
pipe and the brake fluid reservoir 76. This outlet valve
89 is used for coqtrélting pressure reduction phases of
the drive slip control, i.e. in a function which could
also be achieved by switching the drive slip control
valve 69 into its basic position 0, in which case the
pressure reduction would have to take place via the

compensating flow path of the main cylinder 18 associated
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with the rear axle brake circuit II. 1In this case,
Houever, therprovision of a special design for the main
cylinder 18 would be unavoidable, this having, in par?
ticular, the effect that a central valve (not shown) of
the secondary piston 24 would requ?re an especially wear-
resistant design, such as a ball valve with metallic .
sealing surfaces. This valve is hgld in its open pos-
ition in the basic position of the piston 24, in which
open position it frees a compensating flow path lLeading
from the secondary outlet pressure space 12 of the main
cylinder 18 to its brake fluid reservoir 76, and - after
a small inftial section of the pressure build-up stroke
of the secondary piston 24 - reéches its-closed position
which has to be reached before the pressure build-up in
the secondary outlet pressure space 12 of the main cylin-
der 18 occurs. Such a design of this type of central
valve QouLd be hecessary so that the latter cannot be
damaged due to the "pressure shocks" in the secondary
outlet pressure space 12 of the main cylinder 18 associ-
ated with pressure reduction phases of the drive slip
control.

i1f pressure reduction phases of the drive slip
control, as described above, are controlled by means of
the separate drive slip control outlet valve 89, on the
other hand, a main cylinaer 18 of conventional type can

be used aé part of the brake device 9 of the brake

fes
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installation 1, in which main cylinder 18, the compen-
sating flow path, e.g. as shown, can lead via a so-called
snifter hole 91 or via a central valve designed in con-
ventional manner - as a disk valve whose valve body is

provided with a flexible rubber seal.
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CLAIMS:

1. Drive slip control device on a road vehicle having a
hydraulic twin-circuit brake installation with front
axle/rear axle brake circuit subdivision and the following
features: '

A. 7 brake circuits, of which one is associated with the
non-driven vehicie wheels and the other is associated with
the driven vehicle wheels, are designed as static brake
circuits whose brake pressure supply is achieved by
providing a brake device with two outlet pressure spaces,
one associated with each brake circuit;

B. the vehicdle is equipped with an anti-lock system
operating on the pump-back principle, which system includes
brake pressure control valves associated individually with
each of the driven and non-driven vehicle wheels and two
return pumps associated one each with the two brake
circuits, by means of which return pumps brake fluid is
pumped back, during pressure reduction phases of the anti-
lock control, out of the wheel brake(s) currently subjected
to the control svstem into the brake device output pressure
space associated with the particular brake circuit;

cC. the return pump of the brake circuit of the driven
vehicle wheels is used as the pressure source in the brake
pressure build-up phases of the drive slip control;

D. a drive slip control valve is provided for control
process connection of the return pump to the brake circuit
of the driven vehicle wheels, which drive slip control
valve can be driven (by a drive slip control signal from an
electronic control unit controlling the control phases of
the drive slip control) from a basic position associated
with the normal brake operation and anti-lock control
operation, in which position the output pressure space of
the brake device associated with the brake circuit of the
driven vehicle wheels is connected to the main brake pipe
of the brake circuit, into an excited functional position
I, alternative to the basic position, in which this output

pressure space is shut off from the main brake pipe but the

o
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latter continues to be connected to the pressure output of
the associated return pump;

E, controlled by a brake pressure build-up control
signal from the electronic control unit, pressure can be
connected to the brake circuit of the driven vehicle wheels .
by means of the return pump, a pressure limiting valve
being provided to limit the pressure connected to the brake
circuit of the driven vehicle wheels during drive slip
control operation, by means of which pressure limiting
valve brake fluid can flow out of the brake circuit of the
driven vehicle wheels to the brake fluid reservoir of the
brake installation when the output pressure .of the return
pump exceeds a épecified threshold value, wherein:

F. the electronic control unit generates the output
signal for driving the drive slip control valve into its
excited position I and the output signal procuring the
activation of the return pump of the brake circuit (II) of
the driven vehicle wheels and the output signals by means
of which the brake pressure control valves of the wheel
brakes of the driven vehicle wheels are driven into their
shut-off position as soon as the drive slip of at least one
of the driven vehicle wheels reaches or exceeds a specified
threshold value whose magnitude is between the required
slip value and the response threshold value of the drive

slip control.

2. Drive slip control device. according to claim 1,
wherein the electronic control unit generates an output
signal for controlling the drive slip control valve, the
output signal procuring the activation of the return pump
and the output signals driving the brake pressure control
valves into their shut-off position as soon as the wheel
peripheral acceleration of at least one of the driven
vehicle wheels exceeds a response threshold value and/or is
greater than the . vehicle acceleration by more than a
specified difference which is fixed or wvaries with vehicle

speed.
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3. Drive slip control device according to claim 1 or
claim 2, wherein the output signal of the electronic
control unit procuring the activation of the pump drive of
the return pump of the brake circuit (II) of the driven
vehicle wheels is generated as soon as the drive slip of
least one of the driven vehicle wheels reaches or exceeds a
specified threshold value which 7is between 50% and 70% of
the threshold value at which the drive slip control valve
and the brake pressure control valves of the wheel brakes
of the driven vehicle wheels are moved into their shut-off
position, and/or when the wheel peripheral acceleration of
at least one of the driven vehicle wheels exceeds a
response threshold value and/or is greater than the vehicle
acceleration by a specified difference which is fixed or

varies with the speed of the vehicle.

4, Drive slip control device according to any one of
the preceding claims, wherein the drive slip control valve
is designed as a 2/2-way solenoid valve which is connected
between the brake device pressure output associated with
the brake circuit (II) of the driven vehicle wheels and the
section of the main brake pipe branching to the wheel
brakes of the driven vehicle wheels, and the pressure
limiting valve is connected in parallel with the drive slip

control valve.

5, Drive slip control device according to any one of
the preceding claims, wherein an outlet valve designed as a
solenoid valve is provided as a further drive slip
functional control valve by means of which the return pipe
of the brake circuit (II) of the driven vehicle wheels can
be directly connected to the brake fluid reservoirs of the
brake installation during the pressure reduction phases of

the drive slip control.
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6. Drive slip control device on a road vehicle having a
hydraulic twin-circuit brake installation with front
axle/rear axle brake circuit subdivision substantially as

described herein with reference to, and as illustrated in,

the accompanying drawing.
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