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(57) ABSTRACT 
A vehicular brake control apparatus performs braking force 
limiting control for limiting, if the vehicle is in a predeter 
mined driving state, braking forces applied to rear Wheels of 

KAISHA the vehicle in comparison With the braking forces applied to 
the front Wheels. If it is judged during the braking force 

(21) Appl, No,: 09/764,155 limiting control that the amount of braking operation by the 
driver has increased, the apparatus increases the braking 

(22) Filed: Jan. 19, 2001 forces applied to the rear Wheels. 
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VEHICULAR BRAKE CONTROL APPARATUS AND 
VEHICULAR BRAKE CONTROL METHOD 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 
2000-035157 ?led on Feb. 14, 2000 including the speci? 
cation, drawings and abstract, is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The invention relates to a vehicular brake control 
apparatus and a vehicular brake control method that limits 
braking forces applied to rear Wheels of a vehicle in corn 
parison With those applied to front Wheels of the vehicle. 

[0004] 2. Description of Related Art 

[0005] There is knoWn a brake control apparatus that 
limits braking forces distributed to rear Wheels to prevent the 
rear wheels from being locked during a braking operation at 
a high speed. According to Japanese Patent Application 
Laid-Open No. 5-213169, if the deceleration has become 
equal to or higher than a predetermined value at the time of 
braking, the ?uid pressures for transmitting braking forces to 
rear Wheels are maintained. This can prevent the rear wheels 
from being locked prior to the locking of front Wheels, and 
effectively preclude the vehicle from slipping sideWays at 
the time of braking. 

[0006] HoWever, according to the aforementioned appa 
ratus, the braking forces applied to the rear Wheels are 
limited once the predetermined deceleration is reached. 
Therefore, even if the driver has depressed a brake pedal in 
an attempt to increase braking forces, they do not increase. 
As a result, the driver feels a sense of incongruity during a 
braking operation. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the invention to provide a vehicu 
lar brake control method that maintain braking performance 
and stability of the vehicle and do not cause a sense of 
incongruity to the driver during a braking operation. 

[0008] Avehicular brake control apparatus according to a 
?rst aspect of the invention includes a brake controller that 
limits, if the vehicle is in a predetermined driving state, 
braking forces applied to rear Wheels of the vehicle in 
comparison With braking forces applied to front Wheels of 
the vehicle. The brake controller also determines a brake 
operating amount by a driver. The brake controller increases 
the braking forces applied to the rear Wheels if the brake 
controllers deterrnines during the braking force lirniting that 
the brake operating amount has increased. 

[0009] According to the ?rst aspect of the invention, if the 
brake operating amount has increased, the braking forces 
applied to the rear Wheels, as Well as those applied to the 
front Wheels, are increased, Whereby the decelerating force 
acting on the vehicle is increased. This provides a vehicle 
behavior suited for the feeling of the driver. 

[0010] The brake controller determines, if the deceleration 
of the vehicle is equal to or higher than a predetermined 
value, that the vehicle is in the predetermined driving state, 
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and limits the braking forces applied to the rear Wheels based 
on the deceleration, thereby preventing the locking of the 
Wheels and stabiliZing the behavior of the vehicle. As the 
braking force lirniting is not performed if the deceleration is 
loW, the braking performance is improved. 

[0011] The brake controller may determine that the brake 
operating amount by the driver has increased, by determin 
ing that the deceleration of the vehicle has increased. If the 
driver has further depressed the brake pedal during the 
braking force limiting, the braking forces applied to the front 
Wheels are not limited. Therefore, the braking forces applied 
to the front Wheels increase in accordance With the operation 
of the pedal, so that the deceleration of the vehicle increases. 
Accordingly, the increased brake operating amount can also 
be determined from an increase in the deceleration of the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs the structure of a vehicular brake 
control apparatus according to the invention. 

[0013] FIG. 2 shoWs the structure of a braking system of 
a vehicle equipped With the control apparatus shoWn in FIG. 
1. 

[0014] FIG. 3 is a ?oWchart shoWing distribution control 
performed by the apparatus shoWn in FIG. 1. 

[0015] FIG. 4 is a graph shoWing a relation betWeen 
deceleration thresholds and vehicle speeds. 

[0016] FIG. 5 is a graph shoWing tirne-series changes in 
the deceleration and brake ?uid pressure during brake con 
trol performed by the vehicular brake control apparatus 
according to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] Hereinafter, various exemplary embodiments of 
the invention Will be described With reference to the attached 
draWings. FIG. 1 shoWs the structure of a vehicular brake 
control apparatus according to the invention. FIG. 2 shoWs 
the structure of a braking system of a vehicle equipped With 
this control apparatus. 

[0018] Referring to FIG. 2, the structure of the braking 
system of the vehicle Will be described. The vehicle has 
Wheel cylinders 25-28 for applying a braking force to a 
front-right Wheel FR, a front-left Wheel FL, a rear-right 
Wheel RR and a rear-left Wheel RL, respectively. The 
braking of the vehicle is carried out by the Wheel cylinders 
25-28. 

[0019] A brake pedal 10 for operating the braking system 
is connected to a piston shaft of a master cylinder 11. Abrake 
sWitch 40 for detecting an operating state of the brake pedal 
10 is connected to the brake pedal 10. 

[0020] TWo ?uid lines, including a ?uid line for the 
front-right Wheel FR and the rear-left Wheel RL and a ?uid 
line for the front-left Wheel FL and the rear-right Wheel RR, 
extend from the master cylinder 11. The Working ?uid lines 
are connected to the Wheel cylinders 25-28 for the respective 
Wheels through a brake actuator 50. The respective ?uid 
lines branch in the brake actuator 50. Pressure-holding 
solenoid valves 15-18 and pressure-reducing solenoid 
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valves 35-38 are disposed for the Wheel cylinders 25-28 
respectively. Pumps 12 and 13 and reservoirs 22 and 23 are 
disposed between the pressure-reducing solenoid valves 35, 
38 and 36, 37 and branching portions, respectively. 

[0021] As shoWn in FIG. 1, the output signals of Wheel 
speed sensors 41-44 for detecting the speeds of the front 
Wheels FR, FL and the rear Wheels RR, RL and the output 
signal of the brake sWitch 40 are supplied to a brake 
controller 100. In addition, the brake controller 100 controls 
the solenoid valves 15-18 and 35-38 in the brake actuator 50. 

[0022] Braking force distribution control for the front and 
rear Wheels, Which constitutes the feature of brake control of 
the vehicular brake control apparatus according to the inven 
tion, Will noW be described. FIG. 3 is a ?oWchart shoWing 
the distribution control. FIG. 4 is a graph shoWing a relation 
betWeen deceleration thresholds used for the distribution 
control and vehicle speeds. 

[0023] Initially, if the brake pedal 10 has been depressed, 
the piston shaft of the master cylinder 11 is pressed so that 
a ?uid pressure (master pressure) corresponding to the brake 
operating amount is generated. In the early stage of the 
braking operation, the pressure-holding solenoid valves 
15-18 for the respective Wheels are open, Whereas the 
pressure-reducing solenoid valves 35-38 are shut off. As a 
result, the master pressure is introduced into the Wheel 
cylinders 25-28 for the respective Wheels, Whereby the brake 
is operated and braking forces are applied to the respective 
Wheels. 

[0024] Referring to FIG. 3 in an exemplary braking force 
distribution control according to the invention, in step S1, 
the brake controller 100 monitors the vehicle speed V based 
on output signals of the respective Wheel speed sensors 
41-44, and calculates the deceleration G from a change in 
the vehicle speed V. In step S2, it is judged Whether or not 
a control for limiting the ?uid pressures Pr is being per 
formed. 

[0025] If the braking force limiting is not being per 
formed, the operation proceeds to step S3 Where it is judged 
Whether or not the current deceleration G has exceeded the 
deceleration threshold GH that is set according to the vehicle 
speed V as shoWn in FIG. 4. If the deceleration G is equal 
to or loWer than the deceleration threshold GH (S3: No), the 
control is terminated Without performing the braking force 
limiting. On the other hand, if the deceleration G has 
exceeded the deceleration threshold GH (S3: Yes), the opera 
tion proceeds to step S4. In step S4, the pressure-holding 
solenoid valves 17, 18 connected to the Wheel cylinders 27, 
28 of the rear Wheels RR, RL, respectively, are shut off, and 
the ?uid pressures Pr supplied to the Wheel cylinders 27, 28 
are held as they are and thus prevented from increasing 
afterWards. Consequently, the braking forces applied to the 
rear Wheels RR, RL are limited, the unnecessary locking of 
the rear Wheels RR, RL is avoided, and the behavior of the 
vehicle is stabiliZed. 

[0026] As shoWn in FIG. 4, the deceleration threshold GH 
for performing the braking force limiting is set smaller as the 
vehicle speed V increases. Thereby the vehicle is prevented 
from sWaying due to the locking of the rear Wheels as is 
often the case With a high-speed driving state, and the 
braking performance in the loW-speed range can be guar 
anteed. Although the deceleration threshold GH is suitably 
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set in accordance With the type of the vehicle, it may also be 
used by sWitching a plurality of functions in accordance With 
the shifting state or the like. Alternatively, the deceleration 
threshold GH may be set as a function of the vehicle speed 
V or stored in a memory in the brake controller 100 as a table 
in relation to the vehicle speed V. 

[0027] Furthermore, in step S4, the deceleration at the start 
of the braking force limiting is incorporated into a variable 
Gx#M and stored in the memory in the brake controller 100. 

[0028] If the braking force limiting is being performed 
(S2: Yes), the operation proceeds from step S2 to step S5. In 
step S5, it is judged Whether or not the current deceleration 
G has exceeded the value incorporated into the variable 
Gx#M by a predetermined value 0t. If Yes in step S5, the 
operation proceeds to step S6 Where the pressure-holding 
solenoid valves 15, 18 connected to the Wheel cylinders 27, 
28 of the rear Wheels RR, RL, respectively, are opened 
temporarily. Thereby the ?uid pressures Pr supplied to the 
Wheel cylinders 27, 28 are slightly increased pulseWise. 

[0029] During this control, the ?uid pressures Pf supplied 
to the Wheel cylinders 25, 26 for the front Wheels FR, FL are 
not subjected to the braking force limiting. Therefore, if the 
brake pedal 10 has been depressed, the ?uid pressures Pf 
increase accordingly, and the braking forces applied to the 
front Wheels FR, FL increase so that the deceleration 
becomes high. In this control, if the deceleration has 
increased by the predetermined value 0t or more during the 
braking force limiting of the rear Wheels, the braking forces 
applied to the rear Wheels are increased slightly. Thus, if the 
driver has depressed the brake pedal 10 during the braking 
force limiting, the braking forces applied to the rear Wheels 
can be increased accordingly. As a result, the driver does not 
feel a sense of incongruity When operating the brake. By 
suitably setting the increased amounts of the braking forces 
applied to the rear Wheels and the decelerations for increas 
ing the braking forces, the stability of vehicle behavior is 
maintained during the braking operation, especially When 
the vehicle travels at a high speed. 

[0030] Furthermore, in step S6, the deceleration at the 
time of changes in the braking forces for the rear Wheels is 
substituted for the value incorporated into the variable 
Gx#M and stored in the memory in the brake controller 100. 

[0031] If the current deceleration G is equal to or loWer 
than the sum of the predetermined value 0t and the value 
incorporated into the variable Gx#M (S5:No), the operation 
proceeds to step S7 Where it is judged Whether or not the 
current deceleration G has exceeded the deceleration thresh 
old GH. If Yes in step S7, the operation is terminated Without 
performing other processings, in order to continue the brak 
ing force limiting. If the current deceleration G is equal to 
or loWer than the deceleration threshold GH (S7: No), the 
?uid pressures Pr are thereafter set in the same manner as the 
?uid pressures Pf by canceling the braking force limiting, 
that is, by opening the pressure-holding solenoid valves 17, 
18. Thus, the braking forces applied to the rear Wheels RR, 
RL are set in the same manner as those applied to the front 
Wheels FR, FL. 

[0032] FIG. 5 is a graph shoWing time-series changes in 
the deceleration G and brake ?uid pressure during brake 
control performed by the vehicular brake control apparatus 
according to the invention. 
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[0033] It is assumed that the driver has started a deceler 
ating operation by depressing the brake pedal 10 at a time 0 
shown in FIG. 5. In accordance With the depressed amount 
of the brake pedal 10, the ?uid pressures Pf supplied to the 
Wheel cylinders 25, 26 for the front Wheels FR, FL and the 
?uid pressures Pr supplied to the Wheel cylinders 27, 28 for 
the rear Wheels RR, RL increase, respectively, as shoWn in 
FIG. 5. Thereby the deceleration G increases, and the 
vehicle is decelerated. 

[0034] If the vehicle speed is a relatively loW speed Va, the 
deceleration threshold is set to a relatively large value of GHa 
as shoWn in FIG. 4. Therefore, the ?uid pressures Pr are held 
as shoWn in FIG. 5, and the braking force limiting to the rear 
Wheels RR, RL is performed at a time t2, Which is after the 
start of the braking operation. 

[0035] If the vehicle speed is a relatively high speed Vb, 
the deceleration threshold is set to a relatively small value of 
GHb as shoWn in FIG. 4. Therefore, the braking force 
limiting is started at the time to, Which is before the time t2. 
Because the deceleration thereafter becomes higher than the 
deceleration threshold GHb at the time of the start of the 
control by the predetermined value 0t at a time t1, the ?uid 
pressures Pr are then increased pulseWise. Furthermore, 
because the deceleration becomes higher than the decelera 
tion threshold GHb at a time t3, by 2a, the ?uid pressures Pr 
are again increased pulseWise. 

[0036] For convenience of explanation, the ?uid pressures 
Pr applied to the side of the rear Wheels are changed along 
the passage of time pulseWise, that is, stepWise. HoWever, it 
should be appreciated that the ?uid pressures Pr may be 
changed smoothly by means of the brake controller 100 to 
prevent the driver and any passengers from feeling a sense 
of incongruity. 

[0037] In the foregoing description, the brake operating 
amount by the driver is determined based on changes in the 
deceleration. HoWever, it should be appreciated that the 
increase in the brake operating amount may be determined 
by detecting an increase in the brake stroke or master 
pressure. It should also be appreciated that the brake control 
for the rear Wheels may be performed by detecting an 
increase in the slip amounts of the rear Wheels based on the 
output values of the respective Wheel speed sensors. 

[0038] It Will be appreciated by those skilled in the art that 
the brake controller 100 can be implemented using a single 
special purpose integrated circuit (e.g., ASIC) having a main 
or central processor section for overall, system-level control, 
and separate sections dedicated to performing various dif 
ferent speci?c computations, functions and other processes 
under control of the PLC. The brake controller 100 also can 
be a plurality of separate dedicated or programmable inte 
grated or other electronic circuits or devices (e. g., hardWired 
electronic or logic circuits such as discrete element circuits, 
or programmable logic devices such as PLDs, PLAs, PALs 
or the like). The brake controller 100 can be implemented 
using a suitably programmed general purpose computer, 
e.g., a microprocessor, microcontroller or other processor 
device (CPU or MPU), either alone or in conjunction With 
one or more peripheral (e.g., integrated circuit) data and 
signal processing devices. In general, any device or assem 
bly of devices on Which a ?nite state machine capable of 
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implementing the ?oWcharts shoWn in FIG. 3 and described 
herein can be used as the brake controller 100. Adistributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 

[0039] While this invention has been described in con 
junction With the exemplary embodiments outlined above, it 
is evident that many alternatives, modi?cations and varia 
tions Will be apparent to those skilled in the art. Accordingly, 
the exemplary embodiments of the invention, as set forth 
above, are intended to be illustrative, not limiting. Various 
changes may be made Without departing from the spirit and 
scope of the invention. 

What is claimed is: 
1. A vehicular brake control apparatus, comprising: 

a brake controller that: 

determines a brake operating amount by a driver; 

limits braking forces applied to rear Wheels of the vehicle 
in comparison With braking forces applied to front 
Wheels When the vehicle is in a predetermined driving 
state; and 

increases the braking forces applied to the rear Wheels, if 
the brake controller determines, during the braking 
force limiting, that the brake operating amount has 
increased. 

2. The apparatus according to claim 1, Wherein 

the brake controller determines that the vehicle is in the 
predetermined driving state When the deceleration of 
the vehicle is equal to or higher than a threshold value, 
and performs the braking force limiting. 

3. The apparatus according to claim 1, Wherein 

the brake controller determines that the brake operating 
amount by the driver has increased by determining that 
the deceleration of the vehicle has increased. 

4. The apparatus according to claim 1, Wherein 

the brake controller determines that the brake operating 
amount by the driver has increased by detecting an 
increase in a stroke of a brake pedal. 

5. The apparatus according to claim 1, Wherein 

the brake controller determines that the brake operating 
amount by the driver has increased by detecting an 
increase in pressure in a master cylinder. 

6. The apparatus according to claim 1, Wherein 

the brake controller determines that the brake operating 
amount by the driver has increased during braking 
force limiting by determining that a deceleration at the 
start of the braking force limiting has increased by 
more than a predetermined value. 

7. The apparatus according to claim 6, Wherein 

the brake controller determines if the deceleration is equal 
to or loWer than a threshold value When the decelera 
tion at the start of the braking force limiting has not 
increased by more than the predetermined value; and 

cancels the braking force limiting When the deceleration 
is equal to or loWer than the threshold value. 
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8. A vehicular brake control method, comprising: 

determining a brake operating amount by a driver;: 

limiting braking forces applied to rear Wheels of the 
vehicle in comparison With braking forces applied to 
front Wheels When the vehicle is in a predetermined 
driving state; and 

increasing the braking forces applied to the rear Wheels, 
if it is determined, during the braking force limiting, 
that the brake operating amount has increased. 

9. The method according to claim 8, further comprising: 

determining that the vehicle is in the predetermined 
driving state When the deceleration of the vehicle is 
equal to or higher than a threshold value, and perform 
ing the braking force limiting. 

10. The method according to claim 8, further comprising: 

determining that the brake operating amount by the driver 
has increased by determining that the deceleration of 
the vehicle has increased. 

11. The method according to claim 8, further comprising: 

determining that the brake operating amount by the driver 
has increased by detecting an increase in a stroke of a 
brake pedal. 
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12. The method according to claim 8, further comprising: 

determining that the brake operating amount by the driver 
has increased by detecting an increase in pressure in a 
master cylinder. 

13. The method according to claim 8, further comprising: 

determining that the brake operating amount by the driver 
has increased during braking force limiting by deter 
mining that a deceleration at the start of the braking 
force limiting has increased by more than a predeter 
mined value. 

14. The method according to claim 13, further compris 
ing: 

determining if the deceleration is equal to or loWer than a 
threshold value When the deceleration at the start of the 
braking force limiting has not increased by more than 
the predetermined value; and 

cancelling the braking force limiting When the decelera 
tion is equal to or loWer than the threshold value. 


