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METHOD FOR OPERATING A HYDRAULC 
VEHICLE BRAKING SYSTEM THAT HAS AN 

ANTI-LOCK CONTROL UNIT 

This application is a 35 U.S.C. S371 National Stage Appli 
cation of PCT/EP2009/067029, filed Dec. 14, 2009, which 
claims the benefit of priority to Application Serial No. DE 10 
2009 000 781.4, filed Feb. 11, 2009 in Germany, the disclo 
sures of which are incorporated herein by reference in their 
entirety. 

BACKGROUND 

The disclosure relates to a method for operating a hydraulic 
vehicle brake system which has a master brake cylinder with 
a controllable brake booster. 

Laid-open patent application DE 103 27553 A1 discloses 
such a hydraulic vehicle brake system which, with the excep 
tion of the brake booster, is of conventional design. The 
vehicle brake system has a dual-circuit master brake cylinder 
to which four wheel brakes are connected divided into two 
brake circuits. A dual-circuit vehicle brake system is not 
compulsory for the disclosure, just as a plurality of wheel 
brakes is not compulsory. In addition, the known vehicle 
brake system has a wheel slip control device for which terms 
Such as (brake) anti-lock control device, traction control 
device, vehicle movement dynamics control device and/or 
stability control device as well as the abbreviations such as 
ABS, TCD, VMDC, ESP are customary. The hydraulic part of 
the wheel slip control device comprises a brake pressure 
increasing valve and a brake pressure-decreasing valve for 
each wheel brake, as well as, for each brake circuit, a hydrau 
lic pump, a separating valve with which the master brake 
cylinder can be disconnected hydraulically from the brake 
circuit, and an intake valve by means of which the master 
brake cylinder can be connected to a suction side of the 
hydraulic pump for the purpose of quickly increasing the 
brake pressure. Such wheel slip control devices and their 
method of functioning are known per se and will not be 
explained in more detail at this point. 

Instead of a partial-vacuum brake booster, the known 
vehicle brake system has an electro-mechanical brake booster 
with a hollow-shaft electric motor whose rotor has a nut of a 
spindle drive, which nut converts the rotational driving move 
ment of the electric motor into a translatory movement for 
activating the master brake cylinder. Other designs of an 
electro-mechanical brake booster are possible for the disclo 
sure, for example the brake booster can have a toothed rack 
gearing system, preferably with a worm for driving the 
toothed rack, for converting the rotational driving movement 
of an electric motor into a translatory movement for activating 
the master brake cylinder. An electro-mechanical brake 
booster with a linear motor, an electromagnet or a piezo 
element can also be used for the method according to the 
disclosure. The enumeration is not exhaustive. 
The vehicle brake system is an auxiliary force brake sys 

tem, i.e. an activation force for activating the master brake 
cylinder is applied partially as a muscle force by a vehicle 
driver and also as an extraneous force by the electro-mechani 
cal brake booster. Operation as an extraneous force brake 
system is also conceivable, in which extraneous force brake 
system the activation force is generated exclusively as an 
extraneous force by the brake booster and a muscle force 
which is applied by a vehicle driver activating the brake, or 
else an activation travel which is carried out by the vehicle 
driver, serves as a setpoint variable for performing open-loop 
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2 
or closed-loop control of the force of the brake booster which 
is referred to as an extraneous force. 

SUMMARY 

The method according to the disclosure having the features 
of claim 1 provides that during an anti-lock control operation 
a force of the brake booster, referred to here as an extraneous 
force, is reduced. The method according to the disclosure can 
be applied during a (brake) anti-lock control operation of all 
the wheel brakes of the vehicle brake system. In anti-lock 
control operation, the wheel brake pressure in the wheel 
brakes of the controlled vehicle wheels is usually decreased 
by opening the brake pressure-decreasing valve. The decreas 
ing of the wheel brake pressure can also be carried out by 
modulating the wheel brake pressures using the brake pres 
Sure-increasing valves and brake pressure-decreasing valves. 
At any rate, when the wheel brake pressure in all the wheel 
brakes is decreased, it is not necessary to maintain in the 
master brake cylinder the relatively high service brake pres 
sure which was present before the start of the anti-lock control 
operation, or to use the master brake cylinder to increase a 
brake pressure which would be present without the anti-lock 
control operation. The reduction in the extraneous force of the 
brake booster is carried out, in particular, by reducing the 
boosting of the brake booster. The method according to the 
disclosure reduces the power consumption of an electro-me 
chanical brake booster and therefore the thermal loading 
thereof, as well as reducing the power loading of an electrical 
on-board power system of a vehicle which is equipped with 
the vehicle brake system. With the reduction of the extraneous 
force of the brake booster and therefore of the master brake 
cylinder pressure, the delivery capacity of a hydraulic pump, 
usually referred to as a feedback pump, of the wheel slip 
control device is reduced because it delivers against the 
reduced master brake cylinder pressure. The reduction in the 
master brake cylinder pressure and therefore in the pressure 
level of the vehicle brake system overall also reduces the 
loading on the other hydraulic components, for example on 
the solenoid valves of the wheel slip control device, which has 
a positive effect on the service life thereof. The generation of 
noise by the wheel slip control device during an anti-lock 
control operation is reduced by the decreasing of the pressure 
level. The extraneous force can be reduced continuously or 
periodically. 

Advantageous refinements and developments of the disclo 
sure are set forth below. 

Basically, the method according to the disclosure can be 
applied for all hydraulic vehicle brake systems which have a 
wheel slip control device or at least one (brake) anti-lock 
control device and whose master brake cylinder has a con 
trollable brake booster. Controllable means that the extrane 
ous force of the brake booster is not controlled exclusively by 
the muscle force activation by a vehicle driver but rather that 
the extraneous force can additionally be subjected to open 
loop or closed-loop control, for example, with a control unit. 
In the case of a partial vacuum brake booster, it is possible to 
control the extraneous force with, for example, a Solenoid 
valve with which the partial vacuum chamber of the brake 
booster can be ventilated. The solenoid valve is used to 
increase, with open-loop or closed-loop control, a counter 
pressure in the partial vacuum chamber of a partial vacuum 
brake booster, Such counter-pressure being opposed to the 
pressure in the working chamber which is usually ventilated 
by a servovalve which is controlled by the muscle force 
activation of the brake booster. The disclosure preferably 
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provides an electro-mechanical brake booster whose extrane 
ous force is Subjected to electrical open-loop or closed-loop 
control. 

BRIEF DESCRIPTION OF THE DRAWING 

The disclosure will be explained in more detail below with 
reference to the drawing. The single figure shows a hydraulic 
circuit diagram of a hydraulic vehicle brake system for car 
rying out the method according to the disclosure. 

DETAILED DESCRIPTION 

The hydraulic vehicle brake system 1 illustrated in the 
drawing has a wheel slip control device 12 (anti-lock control 
system ABS: traction control system TCS; vehicle movement 
dynamics control systemVMDCS, ESP). It is embodied as a 
dual-circuit brake system with two brake circuits I, II which 
are connected to a master brake cylinder 2. Each brake circuit 
I, II is connected to the master brake cylinder 2 via a separat 
ing valve 3. The separating valves 3 are 2/2 way solenoid 
valves which are open in their non-energized home position. 
A non-return valve 5, through which there can be a flow from 
the master brake cylinder 2 to wheel brakes 4, is connected 
hydraulically in parallel with each of the separating valves 3. 
The wheel brakes 4 are connected via brake pressure-increas 
ing valves 6 to the separating valve 3 of each brake circuit I, 
II. The brake pressure-increasing valves 6 are 2/2 way sole 
noid valves which are open in their non-energized home 
position. Non-return valves 7, through which there can be a 
flow from the wheel brakes 4 in the direction of the master 
brake cylinder 2, are connected in parallel with said 2/2 way 
solenoid valves. 
A brake pressure-decreasing valve 8 is connected to each 

wheel brake 4, said brake-pressure decreasing valves 8 being 
jointly connected to a suction side of a hydraulic pump 9. The 
brake pressure-decreasing valves 8 are embodied as 2/2 way 
Solenoid valves which are closed in their non-energized home 
position. A pressure side of the hydraulic pump 9 is connected 
between the brake pressure-increasing valves 6 and the sepa 
rating valves 3, i.e. the pressure side of the hydraulic pump 9 
is connected to the wheel brakes 4 via the brake pressure 
increasing valves 6, and to the master brake cylinder 2 via the 
separating valve 3. The brake pressure-increasing valves 6 
and the brake pressure-decreasing valves 8 are proportional 
valves because of the better open-loop control and closed 
loop control capabilities. The hydraulic pumps 9 are often 
referred to as feedback pumps. 

Each of the two brake circuits I, II has a hydraulic pump 9. 
which hydraulic pumps 9 can be jointly driven with an elec 
tric motor 10. The suction sides of the hydraulic pumps 9 are 
connected to the brake pressure-decreasing valves 8. Hydrau 
lic accumulators 11 for accommodating and buffering brake 
fluid are present on the suction side of the hydraulic pumps 9, 
said brake fluid flowing out from the wheel brakes 4 as a result 
of opening of the brake pressure-decreasing valves 8 during a 
wheel slip control operation. 

The brake pressure-increasing valves 6 and the brake pres 
sure-decreasing valves 8 form wheel brake pressure modula 
tion valve arrangements with which, when the hydraulic 
pump 9 is driven, wheel-specific brake pressure control for 
controlling wheel slip is possible in a manner known perse 
and in a way which is not to be explained here. During a wheel 
slip control operation, the separating valves 3 are closed in 
any case, i.e. the vehicle brake system 1 is hydraulically 
separated from the master brake cylinder 2, whenever the 
master brake cylinder 2 is not activated, in order to be able to 
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4 
increase a hydraulic pressure for activating the wheel brakes 
4 with the hydraulic pumps 9. In the case of a (brake) anti-lock 
control operation during which the master brake cylinder 2 is 
normally activated and a hydraulic pressure is present in the 
vehicle brake system 1, the separating valves 3 normally 
remain open. 
The suction side of the hydraulic pump 9 can be connected 

to the master brake cylinder 2 by means of an intake valve 19 
in each brake circuit I, II. The intake valves 19 are 2/2 way 
Solenoid valves which are closed in their non-energized home 
position. When they are opened, the hydraulic pump 9 sucks 
in brake fluid directly from the master brake cylinder 2, as a 
result of which a faster increase in brake pressure is possible 
with the hydraulic pump 9 when the master brake cylinder 2 
is not activated or the vehicle brake system 1 is not pressur 
ized. 
The master brake cylinder 2 has an electro-mechanical 

brake booster 13 which uses an electric motor 14 to generate 
a force which is referred to here as an extraneous force and 
which activates the master brake cylinder 2 together with a 
muscle force which is applied via the brake pedal 15. The 
symbolically illustrated electric motor 14 is integrated into 
the brake booster 13. The electric motor 14 can be a rotary 
motor whose rotational movement is stepped down by means 
of a transmission and converted into a translatory movement 
for activating the master brake cylinder 2. An embodiment of 
the brake booster 13 with an electric linear motor or an elec 
tromagnet is also possible. The numeration is not exhaustive. 

In order to perform open-loop or closed-loop control of the 
vehicle brake system 1, including the brake booster 13, an 
electronic control unit 16 is present. A pedal force which is 
applied to the brake pedal 15 can be measured with a force 
sensor 17, and a position of the brake pedal 15 can be mea 
sured with a travel sensor 18. 

According to the disclosure, the extraneous force which the 
brake booster 13 applies to the master brake cylinder 2 is 
reduced during an anti-lock control operation (ABS). The 
force boosting by the brake booster 13 is reduced. After the 
anti-lock control operation has ended, the brake booster 13 is 
Subjected again to open-loop or closed-loop control as pro 
vided. The method according to the disclosure is applied 
during a (brake) anti-lock control operation if the vehicle 
wheels tend to lock during activation of the vehicle brake 
system 1, in particular if all the braked vehicle wheels tend to 
lock when the brakes are activated, and the vehicle wheels 
have slip control. 

If the separating valves 3 are closed at the time of an 
anti-lock control operation, the extraneous force of the brake 
booster 13 can be reduced greatly and even as far as Zero. It is 
also possible to reduce the extraneous force of the brake 
booster 13 in the event of an anti-lock control operation to an 
empirical value, that is to say to a predefined or predefinable 
value, which is usually sufficient to activate the brakes in the 
event of an anti-lock control operation. The brake booster 13 
can also be subjected to open-loop or closed-loop control 
during an anti-lock control operation Such that a master brake 
cylinder pressure in the master brake cylinder 2 is at least as 
high as the maximum wheel brake pressure in the wheel 
brakes 4. A relatively high pressure in the master brake cyl 
inder 2 is not necessary. It is also possible, by way of precau 
tion, to set a masterbrake cylinder pressure which is higher by 
a factor or a specific value, by performing open-loop or 
closed-loop control of the brake booster 13. A further possi 
bility is to perform open-loop or closed-loop control of the 
brake booster 13 during an anti-lock control operation in Such 
a way that the master brake cylinder pressure in the master 
brake cylinder 2 is not lower than an anti-lock pressure in the 
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wheel brakes 4. The anti-lock pressure is the pressure which 
is sufficient to lock the braked vehicle wheels. A master brake 
cylinder pressure which is higher by a factor or a specific 
value can also be set by open-loop or closed-loop control 
here. 

If the hydraulic pumps 9 are operated during an anti-lock 
control operation, their delivery Pressure—assuming that the 
separating valves 3 are open increases the master brake 
cylinder pressure and/or the brake fluid volume which is 
delivered into the master brake cylinder 2 by the feedback 
pumps 9 moves the brake pedal 15 back. In all cases, a vehicle 
driver is provided, via the brake pedal 15, with feedback 
which he will normally experience as disruptive and which 
can unsettle him. For this reason, one refinement of the 
method according to the disclosure provides for the brake 
booster 13 to be adjusted by open-loop or closed-loop control 
to its position, i.e. the shifting of the master brake cylinder 
piston or pistons. The open-loop or closed-loop control can 
take place in Such a way that the position of the activated 
brake booster 13 remains unchanged or open-loop or closed 
loop control is possible, for example, in dependence on the 
travel sensor 18 and/or the force sensor 17. A further possi 
bility is torque control of the electric motor 14 of the brake 
booster 13. It is generally possible to refer to closed-loop or 
open-loop control of a characteristic variable of the brake 
booster 13, wherein the selected characteristic variable must 
permitat least partial compensation of the effect of the deliv 
ery pressure of the hydraulic pumps 9 on the master brake 
cylinder 2. The force boosting of the brake booster 13 is 
increased in the explained closed-loop and open-loop control 
operations so that the muscle force which is applied to the 
brake pedal 15 by the vehicle driver does not change as a 
result of the delivery pressure of the hydraulic pumps 9 when 
the latter are operated during an anti-lock control operation. 

Another strategy is to increase the master brake cylinder 
pressure in the master brake cylinder 2 by increasing the 
extraneous force of the brake booster 13 without increasing 
the muscle force applied to the brake pedal 15. In other words, 
the master brake cylinder pressure which is decreased during 
an anti-lock control operation by reducing the extraneous 
force of the brake booster 13 is increased when the hydraulic 
pumps 9 are operated. However, the extraneous force of the 
brake booster 13 remains lower than would be the case with 
out the anti-lock control operation when the given brake 
activation operation occurs. The delivery pressure of the 
hydraulic pumps 9, which increases the master brake cylinder 
pressure, is at least partially compensated by increasing the 
extraneous force of the brake booster 13, in particular by 
increasing its force boosting. Nevertheless, the master brake 
cylinder pressure remains lower than it would be without the 
anti-lock control operation. For the purpose of explaining and 
comprehending this strategy, the delivery pressure of the 
hydraulic pumps 9 can be considered to be, in terms of control 
technology, an interference variable which changes, in par 
ticular increases, the master brake cylinder pressure. The 
extraneous force of the brake booster 13, that is to say its force 
boosting, is increased in order to at least partially compensate 
the delivery pressure of the hydraulic pumps 9. The master 
brake cylinder pressure is therefore increased by an empirical 
value, for example, and this increased master brake cylinder 
pressure is maintained during the operation of the hydraulic 
pumps 9 during an anti-lock control operation, by performing 
open-loop or closed-loop control of the brake booster 13. As 
a result, the reaction of the hydraulic pumps 9 on the master 
brake cylinder 2, and via the latter on the brake pedal 15, is at 
least partially compensated. 
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6 
The invention claimed is: 
1. A method, comprising: 
operating a hydraulic vehicle brake system which has an 

anti-lock control device and a master brake cylinder with 
a controllable brake booster, at least one wheel brake, 
which is connected to the master brake cylinder via a 
brake pressure-increasing valve, and a brake pressure 
decreasing valve by which a wheel brake pressure of the 
at least one wheel brake is configured to be decreased, 
the anti-lock control device having a hydraulic pump 
whose Suction side is connected to the brake pressure 
decreasing valve and whose pressure side is connected 
between the brake pressure-increasing valve and the 
master brake cylinder; 

during an anti-lock control operation, reducing an extrane 
ous force of the brake booster to a first force, which is 
less than a second force at which the brake booster is 
operated during a non-anti-lock control operation; and 

increasing the extraneous force of the brake booster from 
the first force to a third force, which is less than the 
second force, as a function of a pressure difference 
between the pressure side and the suction side of the 
hydraulic pump, upon operation of the hydraulic pump 
during the anti-lock control operation. 

2. The method as claimed in claim 1, wherein the control 
lable brake booster includes an electro-mechanical brake 
booster. 

3. The method as claimed in claim 1, wherein during the 
anti-lock control operation an extraneous force of the brake 
booster is reduced as a function of wheel brake pressures in 
the wheel brakes of the vehicle brake system in such a way 
that a master brake cylinder pressure is greater than or equal 
to a maximum wheel brake pressure of the at least one wheel 
brake. 

4. The method as claimed in claim 1, wherein during the 
anti-lock control operation the extraneous force of the brake 
boosteris reduced as a function of a locking pressure at which 
vehicle wheels lock, in such a way that the master brake 
cylinder pressure is greater than or equal to the locking pres 
SUC. 

5. The method as claimed in claim 1, further comprising: 
subjecting a characteristic variable of the brake booster to 

open-loop or closed-loop control when the hydraulic 
pump is operated during the anti-lock control operation. 

6. The method as claimed in claim 5, wherein a position of 
the brake booster or a torque of an electric motor of the brake 
booster is Subjected to open-loop or closed-loop control. 

7. A method, comprising: 
operating a hydraulic vehicle brake system which has an 

anti-lock control device and a master brake cylinder with 
a controllable brake booster, at least one wheel brake, 
which is connected to the master brake cylinder via a 
brake pressure-increasing valve, and a brake pressure 
decreasing valve by which a wheel brake pressure of the 
at least one wheel brake is configured to be decreased, 
wherein the anti-lock control device has at least one 
separating valve through which the vehicle brake system 
is connected to the master brake cylinder; 

closing the separating valves during an anti-lock control 
operation; and 

reducing an extraneous force of the brake booster to Zero 
upon closure of all the separating valves are during the 
anti-lock control operation. 

k k k k k 


