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[57] ABSTRACT 
A pressurized ?uid brake system for automotive vehi 
cles of the type where the brake pedal pressure (F) is 
transmitted with assistance of an auxiliary pressure 
force to the wheel brake cylinders through pressure 
lines containing pressure modulator valves. The wheels 
are provided with transducers for measuring instanta 
neous wheel rotation as well as vehicle velocity. Elec 
tronic control circuitry processes and logically com 
bines the measured values to generate control signals 
for the pressure modulator valves. Preferably, the mod 
ulator valves are electromagnetically actuatable valves. 
By virtue of the braking pressure modulator valves, 
brake force distribution is controlled in dependence 
upon the brake slip of the front wheels and, in addition, 
a brake slip preventing locking of the vehicle wheels 
will be performed. ~~ 

4 Claims, 4 Drawing Figures 
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BRAKE SYSTEM FOR AUTOMOTIVE VEHICLES 

This is a continuation of U8. patent application Ser. 
No. 06/593,520 ?led Mar. 26, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a pressurized ?uid 
brake system for vehicles, particularly road vehicles, of 
the type wherein the brake pedal pressure is assisted by 
an auxiliary force and transmitted to the wheel brake 
cylinders via pressure ?uid lines in which braking pres 
sure modulators are inserted to regulate the braking 
pressure. Such brake systems are generally equipped 
with transducers for the direct and/ or indirect measure 
ment of each wheel’s rotational behavior and the vehi 
cle’s velocity. These systems also employ electronic 
circuits which process and logically combine the mea 
sured values in order to generate control signals for the 
braking modulators. 
Numerous brake systems of this type are already 

known for preventing locking of all or particular 
wheels. Typically, they have control electronics which 
monitor constantly measured wheel rotational behavior 
and vehicle velocity, or their timevariations. Upon de 
tecting that locking is imminent, the control electronics 
reduce the braking pressure at the wheel concerned by 
means of the modulators, maintaining this reduced pres 
sure constant and then increasing it again at an appro 
priate time. This adjusts the wheel brake slip to a value 
favorable for slowing down the vehicle while maintain 
ing driving stability and steerability. As for adherence 
of the wheels to the road, the obtainable coef?cient of 
friction as well as the forces occurring at the wheel 
during braking depend on a great many parameters. 
Because the most important of these parameters vary 
widely, such antilocking or brake slip control systems 
are relatively complicated in design. This is a disadvan 
tage because when a vehicle is driven cautiously its 
brake slip control apparatus seldom takes up work, 
except in emergency or panic stops. Because of this, it is 
rarely apparent whether the antilocking protection is 
working. Therefore, the antilocking apparatus has to be 
checked by additional devices at speci?c intervals, e.g. 
at each start-up of the vehicle’s motor, or at certain 
preset times, so possible errors will be recognized in 
time. 
When engineering the performance speci?cations of 

such brake systems, another problem is the adaptation 
of the brake force distribution to the static and dynamic 
loads on the vehicle axles. Conventional brake force 
distributors are limited to an invariably adjusted, pres 
sure-responsive control. Load-responsive or decelera 
tion-responsive brake force regulators are likewise 

. known in several variants. But all of them permit only a 
relatively rough approximation to the axle load distribu 
tion, and at most in one of the two limit conditions, 
“unloaded” or “loaded”. 

Likewise, a computerized brake force distributor 
system is known in which with the vehicle at a standstill 
the static axle load distribution is measured by sensors 
and input to an onboard microcomputer. The mi 
crocomputer uses these measured static axle load values 
and the value of the braking pressure to control the 
brake force distribution in the front and rear axle cir 
cuits pursuant to a formula stored in a memory device 
(European patent application EP-Al 062246). Such a 
brake force distributor has the disadvantage that the 
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2 
microcomputer uses only a calculated value of the brak 
ing friction between the wheels and the road at the front 
and rear axles, not the actual friction values prevailing 
during braking. Yet such actual friction values depend 
on a great number of parameters and can affect the 
brake force distribution. Therefore, to reliably preclude 
dangerous overbraking of the rear axle, the designer 
generally cautiously engineers the brake system so that 
in the majority of cases the contribution of the rear axle 
wheels to the vehicle braking is small. Furthermore, the 
actual wheel-to-road friction values occurring in practi 
cal operations have been found to differ widely from 
the nominal values arrived at by preset calculations. 
The brake characteristic values assumed as constant 

when engineering and dimensioning the brake force 
distribution and the mathematical formula stored in the 
computer’s memory are in practice subject to consider 
able variation. For example, variation arises from manu 
facturing tolerances, aging of parts, contamination, 
changes of the spring constants, adjustment defects, and 
changes in temperature, etc. For this reason, it has been 
proposed that the actual brake slip at the front and rear 
wheels be determined with the aid of wheel and vehicle 
sensors together with logic circuits. Then the brake slip 
at the rear axle can be made dependent upon the brake 
slip at the front axle so that during braking the coeffici 
ent of friction occurring at the rear wheels will be 
about, or somewhat lower than, that of the front wheels 
(German Pat. No. 3301948). 

Conventional brake force regulators are typically 
designed so that in the majority of cases first the front 
wheels, and only then the rear wheels, will lock when 
overbraked. This is because the locking of the rear 
wheels brings about a high risk of skidding while lock 
ing of the front wheels reduces steerability. The loss in 
steerability due to front wheel locking is considered the 
lesser of two evils in comparison to an imminent danger 
of skidding. It is true that usually the major brake load 
occurs on the front axle on account of the dynamic axle 
load distribution. But if the braking forces at the rear 
axle are too low or the potentially available coefficient 
of friction at the rear wheels is underutilized, the stop 
ping distance will be correspondingly longer under 
certain conditions, e. g. on slippery roads. Moreover, 
when the brake pedal pressure is inceased too heavily 
beyond a minor pedal pressure on a slippery road, none 
of the brake force distributors described is able to pre 
vent both front and the rear wheels from locking, caus 
ing the vehicle to lose both its steerability and driving 
stability. 

Therefore, an object of the present invention is to 
overcome these disadvantages by providing a brake 
system which, with comparatively little effort, opti 
mally distributes the brake force between the front and 
rear wheels under all conditions to be met in practical 
operations. Such a system acheives a uniform exploita 
tion of available friction at both the front and rear axles 
and prevents locking of the wheels. It also reliably 
precludes the imminent danger of skidding and loss of 
steering ability. 

SUMMARY OF THE INVENTION 

This object is achieved by a simple, technically ad 
vanced improvement of a power brake system. The 
braking pressure modulator valves control the brake 
force distribution, i.e. the distribution of the braking 
pressure between the front and the rear wheels, in de 
pendence on the brake slip of the front wheels. The 
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modulator valves also perform a brake slip control to 
prevent locking of all or some wheels. The brake slip 
control starts to operate when a locked condition be 
comes imminent at at least one wheel. 

Brake slip control devices of the prior art do not start 
service until some wheel, or a particular wheel moni 
tored, becomes unstable. They have no in?uence what 
soever on “norrna ” braking actions. The present inven 
tion enables by substantially the same means (1) to con 
trol the brake force distribution onto the front and the 
rear axles during each braking action, and (2) to control 
the brake slip in the event of too heavy brake pedal 
depression. Such dangerous overapplication of the 
brake pedal occurs in panic stops and on very slippery 
roads. In such a situation, an anti-locking system must 
enable all wheels, or the controlled wheels, to remain 
capable of braking and contributing to driving stability 
and steerability. Certain conventional construction ele 
ments already required for conventional brake slip con 
trol only need to be somewhat modi?ed or switched 
differently and logically combined according to the 
embodiments shown. The result is a brake force distri 
bution optimal for each braking action. In each case the 
actual brake slip at the front wheels, not a calculated or 
a once determined slip value, is determined. The inven 
tion thus enables a uniform coefficient of friction to be 
obtained at the wheels of the front and rear axles. Pa 
rameters that can change the preset brake force distribu 
tion, such as axle load distribution, aging, contamina 
tion, temperature changes, etc., directly affect the brake 
slip. Therefore, their effects will likewise be considered 
directly by the control circuit, since it determines actual 
brake slip. There is no need for separate brake force 
distributors as conventionally additionally required 
even when employing brake slip regulators. 
An inventive brake system requiring comparatively 

little manufacturing effort comprises a dual-circuit 
power brake booster connected to an auxiliary energy 
source. The two brake circuits connected to the booster 
are each directly connected to the brake cylinder of a 
front wheel and each indirectly connected to the brake 
cylinder of a respective rear wheel through a respective 
braking pressure modulator. Each modulator can be, 
for example, an electromagnetically actuatable two 
way/two-position directional control valve inserted 
into the inlet pressure ?uid line leading to the rear 
wheel brake cylinder. Such a system can also have one 
or more electromagnetically actuatable pressure outlet 
valves. The outlet valves open the pressure ?uid dis 
charge to a compensating reservoir, decreasing the 
braking pressure at the rear wheels. Switching means 
can be provided for affecting the braking pressure at the 
front wheels by varying the auxiliary energy introduced 
into the power brake booster. In this arrangement, a 
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diagonal split-up of the two brake circuits will be of 55 
advantage in some cases. 
A substantially ideal brake force distribution between 

the front and rear axles can be maintained during a 
braking action with the md of the individual braking 
pressure modulators. In particular, during normal brak 
ing solenoid valves, inserted in the hydraulic pressure 
?uid lines leading to the rear wheel, can be used for 
brake force distribution. To this end, the control signals 
will be generated in a conventional fashion by inputting 
signals measuring the wheel rotational behavior, com 
bining the signals obtained and comparing them with 
the vehicle velocity. The dynamic and static axle load 
distributions as well as variations in the brake character 
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istic values are thus taken into consideration. The road 
conditions and the instantaneous friction or coefficient 
of friction at front and rear wheels respectively are also 
considered. A brake pressure decrease at the rear axle 
brake cylinders is required for the brake slip control. 
This is accomplished by means of one or two solenoid 
valves of simple design. For the decrease of the pressure 
in the front-wheel brake cylinders during the brake slip 
control phases, likewise a two-way/two-position direc= 
tional control valve will suffice. When employing an 
open-center booster, the control system will have to 
temporarily throttle or short-circuit the auxiliary force 
that boosts the pedal force. I 
The open-center booster employed according to a 

particularly straightforward embodiment of the present 
invention does not require a high-quality pressure accu 
mulator. At most, it requires a fluid buffer store with 
relatively small capacity. When the brake pedal is ap 
plied, the driving motor of the pump assembly will be 
started or speeded up and after a relatively brief time 
will make available the auxiliary force required. 

Furthermore, the normally closed valves in the pres 
sure ?uid lines leading to the wheel brake cylinders of 
the rear wheels can be switched open by means of a 
pulse train dependent on the amounts of brake slip and 
braking pressure, or the braking pressure rise, at the 
front wheels. In this arrangement, the pulse duration to 
pulse space ratio (duty cycle), or the pulse train fre 
quency, may be variable in response to the braking 
pressure rise at the front wheels. 

Further advantages and details of the present inven 
tion can be taken from the following description of 
embodiments of this invention with reference to the 
accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a schematic view of a dual circuit hydraulic 

brake system of the inventive type in its normal state in 
which braking pressure can be applied to the front 
wheel brake cylinders but normally closed valves must 
be activated to apply pressure to the rear wheel brake 
cylinders; 
FIG. 2 shows another embodiment of the invention in 

which an open-center pressure booster supplies pressur 
ized ?uid to both brake circuits; 
FIG. 3 is a diagram of how the braking pressure 

variation in each brake circuit depends upon the brake 
pedal force in the brake system of FIG. 2; and 
FIG. 4 is a block diagram of the basic ?uid circuit of 

the open-center booster of the brake system of FIG. 2. 

DETAILED DESCRIPTION 

The basic principle of the inventive brake system is 
shown in FIG. 1. This embodiment of the invention 
represents a dual-circuit hydraulic brake system with 
diagonal allotment of the wheels to the brake circuits 1 
and 2. 
A power brake pressure booster 3 is supplied with 

auxiliary energy by a hydraulic pressure accumulator 4. 
A pump 6, driven by an electric motor 5, is for charging 
and topping up the pressure accumulator 4. The pump’s 
pressure side communicates via a check valve 7 with 
accumulator 4 and an inlet to pressure booster 3. The 
suction side of pump 6 leads ‘directly to a supply or 
compensating ?uid reservoir 8 for the hydraulic pres 
sure ?uid. The vehicle driver inputs a pedal force F to 
booster 3 via a brake pedal 9. 
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Two brake ?uid circuits 1 and 2 are connected to 
chambers of a tandem master cylinder 10. Master 
clyinder 10 is acted upon by the driver’s pedal force F 
as assisted by the auxiliary pressure force from the 
pump and accumulator. According to the embodiment 
of FIG. 1, each of the pressure ?uid lines leading to the 
individual wheel brake cylinders 61, 62, 63 and 64 has a 
two-way/two-position directional control valve 11, 12, 
13, and 14 which serves as an inlet valve. Each wheel’s 
wheel brake cylinder 61, 62, 63, and 64 is connected 
back to the supply or pressure compensating reservoir 8 
via another two-way/two-position directional control 
valve 15, 16, 17 and 18. Thus valves 15 through 18 serve 
as pressure outlet valves. 
The rotation of the individual wheels is measured by 

inductive transducers 19 through 22 and signaled to an 
electronic circuit block 28. Each front FW], FW, and 
rear RW], RW, wheel has an associated toothed metal 
disc 24-27, whose passing teeth induce voltage impulses 
in the respective adjacent inductive sensor. Conse 
quently, the output pulse train frequency of the sensed 
pulses of each transducer is proportional to the rota 
tional speed of its respective wheel. 
An electronic circuit block 28 electronically pro 

cesses, combines, and evaluates the measured wheel 
rotation speed values in a conventional fashion to gener 
ate switching or controlling signals for the two-way 
valves 11-18. If desired, for determining the velocity 
measurement of the vehicle itself an additional sensor 
can be connected to an input 29 of circuit block 28. 
However, a computed value approximating the vehicle 
velocity can also be computed from the signals supplied 
by the wheel rotation transducers 19 through 22, since 
these sensor signals contain data related to each wheel’s 
velocity, acceleration, and deceleration. The output 
electric control signal lines which connect to the exciter 
coils a1-a4 and b1-b4 of valves 11-14 and 15-18 are 
merely indicated in FIG. 1 with a view to improving 
the clarity of the illustration. 
The switching positions of control valves 11 through 

18 are illustrated in FIG. 1 in the de-energized state in 
which each valve assumes its speci?ed inactive (nor 
mal) position. Hence, upon application of the brake, at 
?rst only the brake cylinders 61, 63 of the two front 
wheels FW] and FW, directly communicate via nor 
mally.open valves 11 and 13 with respective working 
chambers of the tandem master cylinder 10. Therefore, 
at ?rst braking pressure only develops in the front 
wheels FW], FW,. In contrast to the front cylinders 61, 
63, the share of the braking pressure allotted to the rear 
wheel brake cylinders 64, 62 of rear wheels RW1 and 
RW, depends on the actuation of inlet valves 12 and 14, 
which are closed when de-energized. The braking pres 
sure distribution, i.e., the distribution of braking pres 
sure between the front and rear wheels, can therefore be 
controlled in both brake circuits 1, 2 by timed or pulsed 
actuation and switching over of valves 12 and 14 in a 
manner calculated as necessary by the logic contained 
in the control circuit block 28. 
The inlet valves 11 and 13 leading to the left and right 

front-wheel brake cylinders as well as their correspond 
ing outlet valves 15 and 17 will not start switching over 
until the rotational behavior of one or more wheels 
indicates a locked condition is imminent. Switching 
over (closing) of front inlet valves 11, 13 or switching 
back (closing) of rear inlet valves 12, 14 into their inac 
tive position prevents further pressure increase in the 
wheel brake cylinders of the wheel or wheels in danger 
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6 
of becoming unstable. If needed, the braking pressure 
may even be decreased to a desired level by opening 
outlet valves 15-18 if the corresponding inlet passages 
11-14 are closed at the same time. Furthermore, if de 
sired a dynamic in?ow of hydraulic pressure ?uid into 
brake circuits 1 and 2 can be effected by controlling 
additional outlet valves (not shown) contained in the 
power brake booster 3. This enables suf?cient pressure 
?uid to remain available for a new build-up of braking 
pressure even after repeated pressure decreases via 
outlet valves 15-18. 

Instead of the diagonal brake circuit split-up of FIG. 
1, a right/left or front axle/rear-axle split-up may also 
be selected according to‘the same principle. It will also 
likewise be possible to realize three or four hydraulic 
brake circuits by establishing one or more dynamic 
brake circuits via a booster valve in a known fashion. 
FIG. 2 shows a particularly simple dual circuit brake 

system of the inventive type. This design, which entails 
low manufacturing effort, both controls the brake force 
distribution and performs brake slip control when a 
locked condition is imminent. 

Again, two diagonal split-up hydraulic brake circuits 
31, 32 have been chosen. In this case, both brake circuits 
are supplied by an open-center booster 33. Open-center 
booster 33 is substantially composed of a throttle-valve 
circuit 34 and a single-type master cylinder 35. The 
driver’s pedal force F acting upon booster 33 is symbol 
ized by an arrow. One diagonal brake circuit 31 is con 
nected to the throttle-valve circuit 34, and the other 
diagonal brake circuit 32 is connected to master cylin 
der 35. A pump 36, which for instance starts upon brake 
pedal depression, acts on both brake circuits 31, 32 to 
deliver auxiliary energy. . 
Pump 36, electromotively driven by a motor M, con 

nects on its suction side to a pressure ?uid reservoir 37 
and on its pressure side to booster 33. A pressure-relief 
valve 38, connected between the pump’s pressure side 
and the pump’s suction side, serves to limit the pressure 
delivered. 
For the controlled build-up of the braking pressure in 

the brake cylinders of the right and the left rear wheels 
RW, and RW], again a two-way/two-position direc 
tional control valve 39, 40 is respectively inserted into 
each hydraulic brake circuit 31 and 32. Rear inlet valves 
39 and 40 can function as pressure modulators. When 
valves 39 and 40 are de-energized,‘the passages through 
them are closed. As will be seen below, this arrange 
ment enables valves 39 and 40 to be energized in such a 
way that the brake force distribution, or the braking 
pressure build-up, in the rear wheels responds to both 
the braking pressure increase at the front wheels and the 
desired brake slip of the front wheels. 
As shown in FIG. 2, to decrease the braking pressure 

when needed, rear-wheel brake cylinders 67 and 68 
have a common outlet valve 41, which is a two-way/t 
wo-position directional control valve. Outlet valve 41 is 
connected to the two hydraulic brake circuits 31, 32 via 
two oppositely directed check valves 43 and 44. The 
other side of each valve‘43, 44 connects up at a point 
between a respective inlet modulator valve 39, 40 and a 
respective rear wheel brake cylinder 67, 68. These 
check valves 43 and 44 prevent coupling between the 
two hydraulic brake circuits. Outlet valve 41 is closed 
in the pressure-build-up phase and in the phase when 
the pressure is maintained constant. As soon as it is 
electrically energized, outlet valve 41 connects both 
hydraulic brake circuits to the supply reservoir 37. 
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Thus, energization of valve 41 enables the pressure at 
the rear wheels to be decreased to the pressure level 
desired for safe braking. 
When a locked condition is imminent at the front 

wheels FW] and FW,, it is counteracted by a pressure 
decrease in the two brake circuits 31 and 32. This is 
done by reducing the auxiliary force which boosts the 
pedal force F. The pressure is decreased by “short-cir 
cuiting” the hydraulic circuit of pump 36 by another 
normally open two-way/two-position directional con 
trol valve 42. When switched over by electric actua 
tion, valve 42 connects the pressure side of pump 36 to 
?uid reservoir 37. 

In the embodiment of FIG. 2 the way of obtaining 
and combining the control and regulating signals is 
basically like that used in the embodiment of FIG. 1. 
Inductive transducers or sensors S1 through S4 supply 
measured values corresponding to the wheel rotational 
behavior to an electronic circuit block 45. Circuit block 
45 prepares, combines and processes these inputs to 
form suitable control signals for the two-way/two-posi 
tion directional control valves 39, 40, 41 and 42. This 
electronics can be conveniently composed of inte 
grated, hard-wired, or programmed control circuits, for 
instance those using microcontrollers. If desired, fur 
ther sensors may be connected at circuit block 45, for 
example a translational deceleration sensor for the de 
termination of the vehicle velocity. 
The mode of operation of the brake system of FIG. 2 

is similar to that of FIG. 1. The special features are then 
employment of an open-center booster 3 and the short 
circuiting of the auxiliary force by a single valve 42. 
How these affect both brake circuits 31 and 32 will be 
explained by way of FIG. 3. 

First consider normal brake actuation, i.e., prior to 
the commencement of brake slip control. The two 
way/two-position directional control valves 41 and 42 
of FIG. 2 remain closed, out of function. Upon brake 
pedal depression, a boosted braking pressure is intro 
duced into the hydraulic brake circuits 31 and 32 by the 
two outlets of the power brake booster 33. This occurs 
with the aid of the auxiliary energy source, i.e. the 
pump assembly 36. The boosted power acts directly on 
the front wheel brake cylinders 65 and 66, but it acts 
indirectly on the two rear wheels via the normally 
closed modulator valves 39 and 40, which are actuated 
(opened) by the control electronics 45. For example, in 
this arrangement, the modulator valves 39 and 40 are 
pulsed. 
When a tendency of a rear wheel to lock is signaled, 

the electronics 45 causes common outlet valve 41 to 
open, preferably pulsewise for a duty period calculated 
for the desired pressure decrease. The electronics 45 
simultaneously maintains valves 39 and 40 de-energized, 
and thus in the closed position. As a result of the com 
mon outlet 41, the braking pressure at both rear wheels 
RW; and RW, decreases at the same time. 
The embodiment of FIG. 1 enables the braking pres 

sure at the rear wheels to be independently decreased 
via valves 16 and 18, but the embodiment of FIG. 2 does 
not. Such independence is dispensable, since if needed a 
new pressure build-up could be brought about immedi 
ately in one of the two brake circuits by activating 
(opening) the corresponding inlet valve 39 or 40 con 
trolling the pressure build-up. However, aiming at par 
ticularly little manufacturing effort, the embodiment of 
FIG. 2 dispenses with a renewed pressure build-up in 
the brake circuit 32 connected to the master cylinder 35. 
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In this circuit, in the most simple embodiment, no pres 
sure medium can be supplied from the auxiliary energy 
source during the control phase. Because a means for 
renewed pressure build-up during the control phase is 
not provided in one of the two brake circuits, the stop 
ping distance will slightly increase, but only in particu 
larly unfavorable cases. 

Suppose circuit block 45 determines from data sensed 
at a front wheel FW1 or FW, that a locked condition is 
imminent. Circuit block 45 then effects a pressure de 
crease in the booster circuit, or in the circuit feeding the 
booster 33 with auxiliary energy, by a pulsating actua 
tion of valve 42, or by switching over of the solenoid 
valve 42 several times. Then when the solenoid valve 42 
is switched back to assume its initial “closed” position, 
a pressure proportional to the pedal force F rebuilds in 
the booster circuits. 
As can be seen from the pressure-force diagrams in 

FIG. 3, when the brake pedal is pressed with a pedal 
Force F, ?rst (i.e. prior to energization of the valve 42) 
the same pressure. P will develop in both hydraulic 
brake circuits. This only happens if pressure P is below 
the operating pressure limit PA of the power brake 
booster. The brake system is dimensioned such that at 
?rst the braking pressure PV1 in the brake valve circuit 
31 approximately corresponds to the braking pressure 
P1121 at the outlet of the master cylinder 35, i.e. the 
pressure in brake circuit 32. Hence, the relationship 
PV1 =PHZ1 applies. The auxiliary force is then de 
creased by an intermittent, e.g. timed, changing over 
(opening) of the valve 42. A reduced braking pressure 
PV; occurs in the brake circuit 31. In contrast, a higher 
pressure P H22 remains in the brake circuit 32 on account 
of the pedal force F1, continuing to act on the master 
cylinder circuit. That is to say, in this embodiment, with 
the brake pedal depressed the pressure at the left front 
wheel FW] will not be decreased by the opening of 
valve 42 as much as the pressure at the right front wheel 
FW,. 
As shown in FIG. 3, when the pressure across the 

pump is completely balanced, i.e. PV3=0, a pressure 
PHZ3>O will still be maintained in the brake circuit 32, 
i.e. the master cylinder circuit. The residual pressure 
PHZ3 is caused by the driver’s applied pedal force Fp. If 
necessary, this residual pressure P523 can be decreased 
or equalized completely by opening switch valve 40. 
As need not be described herein in more detail, the 

failure of a brake circuit can be recognized without 
dif?culty from the variation of the signals of sensors S1 
through S4. If this happens, the brake slip control rou 
tine will then promptly be disabled. Brake force distri 
bution by means of rear inlet valves 39 and 40 may then 
continue in operation insofar as the construction ele 
ments required therefore are still intact. 
FIG. 4 shows the basic design of the open-center 

power brake booster 33 employed in the embodiment of 
FIG. 2. This booster works as an open-center booster in 
conjunction with an associated auxiliary energy source, 
such as a pump. Brake ?uid pressure booster 33 is com 
posed substantially of a single-type master cylinder 60 
and a throttle valve 47, both of which are controlled by 
the pedal force F. Master cylinder 60 comprises a work 
ing chamber 54 and a master-cylinder piston 46. Left 49 
and right 50 compression springs are selected to main 
tain the push rod 48 and the piston 46 in their right-hand 
initial position as long as there is no pedal force F. 
The auxiliary energy source is composed of the pump 

36 (compare FIG. 2). The pump obtains its driving 
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energy from an electric motor M. Preferably, a self 
regulating pump will be used, as is symbolized by the 
arrow 51 in FIG. 4. The self-regulation helps conform 
the delivery characteristics of the pump to the require 
ments of the system. A suction valve 52 is provided in 
case the pump’s ?uid delivery is insuf?cient when the 
brake pedal is depressed extremely fast. In such a case, 
a disadvantageous pressure below atmospheric pressure 
might result without suction valve 52. A pressure-limit 
ing valve 38 (compare FIG. 2) limits the feed pressure 
of pump 36. The minimum pressure of response will be 
suitably chosen to be equal to or slightly higher than the 
booster’s operating pressure limit PA (see FIG. 3). A 
pump start-up by-pass valve 53 is provided to ensure 
rapid start-up of the pump against pressure. The pump’s 
direct-current motor M will be put into operation by a 
brake switch (not shown). For safety reasons the return 
or supply reservoir 37 contains two or three separate 
compartments. 

Instead of an open-center booster which obtains its 
auxiliary energy from a pump assembly, a conventional 
electromechanical power brake booster could be used. 
In this design variant, the decrease in the auxiliary en 
ergy needed to reduce the braking pressure at the front 
axle could be realized by electric switching arrange 
ments. Such switching arrangements would, for exam 
ple, have to control the supply voltage of the electric 
driving motor or would have to take effect on the ex 
citer coils in an appropriate fashion. 
What is claimed is: 
1. A hydraulic brake system for automotive vehicles 

having front and rear wheels with wheel brakes and 
said system having brake slip control wherein braking 
pressure modulators provide control of the brake force 
distribution onto the front and rear wheels as a function 
of the brake slip of the front wheels and which modula 
tors provide brake slip control which prevents locking 
of at least one wheel upon the occurrence of an immi 
nent locked condition of at least one wheel, said brake 
system comprising, in combination: 

a pedal-actuated braking pressure generator includ 
ing a master cylinder having a piston and a work 
ing chamber therein and said generator including a 
pedal-responsive throttle valve in a second cham 
ber therein; 

a ?rst normally closed directional.control valve serv 
ing as a pressure modulator connected between 
said working chamber and a ?rst rear wheel brake; 

a ?rst pressure ?uid line connected between said 
working chamber and a ?rst front wheel brake; 

a second normally closed directional control valve 
‘serving as a pressure modulator connected be 
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tween said second chamber and a second rear 
wheel brake; 

second pressure ?uid line connected between said 
second chamber and another front wheel brake; 

a pressure fluid reservoir; 
an auxiliary pressure source having an input con 

nected to said reservoir and having an output con 
nected to said second chamber; 

a third normally closed directional control valve 
connected between said reservoir and said rear 
wheel brakes and means connecting each rear 
wheel to said third valve for preventing direct 
pressure fluid ?ow between said ?rst and second 
rear wheel brakes; ' 

a fourth normally closed directional control valve 
connected between said output of said pump and 
said reservoir for increasing or decreasing the pres 
sure from said pump to said second chamber; 

a plurality of wheel sensors respectively coupled to 
said vehicle for providing electrical signals indica 
tive of wheel rotational behavior; 

means coupled to said sensors for providing output 
signals indicative of wheel rotational behavior; 
and, 

means responsive to said output signals for control 
ling said directional control valves wherein: 

said control means controlling said directional con 
trol valves such that during normal brake actuation 
prior to commencement of brake slip control said 
third and fourth directional control valves remain 
closed; upon an imminent locked condition being 
sensed at a rear wheel said third directional control 
valve is opened while said ?rst and second direc 
tional valves remain closed; and, upon an imminent 
locked condition being sensed at a front wheel said 
fourth directional control valve is opened. 

2. The brake system according to claim 1, wherein 
said ?rst front wheel brake and said ?rst rear wheel 
brake are diagonally opposite each other. 

3. The brake system according to claim 1, wherein 
said second chamber communicates with said reservoir 
by way of a channel extending through said piston and 
forming a valve seat at its opening into said second 
chamber and wherein a pedal-driven valve member 
closes said valve seat upon brake actuation. 

4. The brake system according to claim 1, wherein 
said means for connecting each rear wheel to said third 
directional control valve includes two valves respec 
tively connected between said reservoir and one of said 
rear wheel brakes thereby preventing said pressure fluid 
?ow between said ?rst and second rear wheel brakes. 

* * ii * * 
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