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VEHICLE DRIVE FORCE CONTROL SYSTEM 
AND METHOD 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 
2000-261243 ?led on Aug. 30, 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 present invention relates to a drive force 
control system for an automotive vehicle, and more particu 
larly to a control system and method for controlling a drive 
force of an automotive vehicle having a front drive device 
for driving front Wheels and a rear drive device for driving 
rear Wheels. 

[0004] 2. Description of Related Art 

[0005] JP-A-7-117512 discloses an example of a drive 
force control system for an automotive vehicle having a 
front drive device arranged to drive the front Wheels of the 
vehicle, and a rear drive device arranged to drive the rear 
Wheels. The drive force control system disclosed in this 
publication is adapted such that the rear-Wheel drive torque 
to be produced by the rear drive device is increased by an 
amount corresponding to an amount of reduction of the 
front-Wheel drive torque produced by the front drive device 
When the front-Wheel drive torque is reduced in a traction 
control for the front drive Wheels. 

[0006] The vehicle drive force control system of the type 
described above prevents deterioration of the drivability 
and/or acceleration performance of the vehicle by increasing 
the rear-Wheel drive torque by the amount corresponding to 
the amount of reduction of the front-Wheel drive torque 
produced by the front drive device. This vehicle drive force 
control system is further arranged such that the rear-Wheel 
drive torque produced by the rear drive device does not 
exceed the front-Wheel drive torque produced by the front 
drive device. This arrangement is effective in preventing an 
oversteering behavior of the vehicle, and improves the 
straight-line acceleration stability of the vehicle. 

[0007] In the knoWn vehicle drive force control system 
described above, hoWever, the front-Wheel and rear-Wheel 
drive forces are basically controlled so as to optimiZe the 
proportion of the front and rear-Wheel drive forces depend 
ing upon the running condition of the vehicle, in substan 
tially the same manner as in the conventional drive force 
control system for four-Wheel-drive (4WD) vehicles. 
Namely, this vehicle drive force control system is not 
designed With enough considerations to assure optimum 
control of the front and rear-Wheel drive forces during 
turning of the vehicle. Accordingly, further improvements 
are needed in this vehicle drive force control system to 
further optimiZe the control of the vehicle drive force during 
an unstable state of turning of the vehicle With a relatively 
large amount of lateral slipping of the Wheels, or during 
traction control of the front Wheels during turning of the 
vehicle. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of this invention to improve 
the turning stability and drivability of the vehicle by further 
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optimiZing the control of the front-Wheel and rear-Wheel 
drive forces to be produced by the respective front and 
rear-Wheel drive devices during turning of the vehicle. 

[0009] This object may be achieved according to a ?rst 
aspect of this invention, Which provides a drive force control 
system for an automotive vehicle, having a front-Wheel 
drive device for driving front Wheels of the vehicle, a 
rear-Wheel drive device for driving rear Wheels of the 
vehicle, Where one of the front-Wheel and rear-Wheel drive 
devices serving as a primary drive device of the vehicle 
While the other of the front-Wheel and rear-Wheel drive 
devices serving as an auxiliary drive device of the vehicle, 
and a drive-force controller operable When an amount of 
lateral slip of the Wheels is larger than a predetermined 
threshold to reduce a drive force to be produced by the 
primary drive device, and to reduce a drive force to be 
produced by said auxiliary drive device by an amount 
irrespective of an amount of reduction of the drive force of 
said primary drive device. 

[0010] In the vehicle drive force control system described 
above, the drive force of the auxiliary drive device may be 
reduced to Zero. 

[0011] This object may also be achieved according to a 
second aspect of this invention, Which provides a drive force 
control system for an automotive vehicle, having a front 
Wheel drive device for driving front Wheels of the vehicle, 
a rear-Wheel drive device for driving rear Wheels of the 
vehicle and a drive-force controller operable to reduce a 
drive force to be produced by the front-Wheel drive device 
depending upon a slipping state of the front Wheels being 
drive by the front-Wheel drive device, and to reduce a drive 
force to be produced by the rear-Wheel drive device depend 
ing upon an angle of turning of the vehicle. 

[0012] In the vehicle drive force control system con 
structed according to the ?rst aspect of this invention, the 
drive-force controller is operated When the vehicle is turning 
during loW stability With a relatively large amount of lateral 
slip of the Wheels. This operation alloWs the drive force 
produced by the primary drive device to be reduced While 
the drive force produced by the auxiliary drive device is 
reduced by an amount irrespective of the amount of reduc 
tion of the drive force of the primary drive device. Thus, the 
amount of reduction of the drive force of the auxiliary drive 
device can be controlled freely from the amount of reduction 
of the drive force of the primary drive device. Accordingly, 
this operation alloWs the present vehicle drive force control 
system to enable the vehicle operator to manipulate the 
braking system of the vehicle. The vehicle drive force 
control system can also adjust the vehicle running stability 
control apparatus of braking force control type to effectively 
decelerate the turning vehicle. Accordingly, the vehicle drive 
force control system is more effectively able to increase the 
vehicle turning stability than the knoWn vehicle drive force 
control system. 

[0013] In the vehicle drive force control system according 
to the second aspect of this invention, the drive-force 
controller is operated to reduce the drive force of the 
front-Wheel drive device, depending upon the slipping state 
of the front Wheels being driven by the front-Wheel drive 
device, and to reduce a drive force of the rear-Wheel drive 
device, depending upon the angle of turning of the vehicle. 
When the vehicle is turning While the front Wheels being 
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driven by the front-Wheel drive device are slipping, the drive 
force of the rear Wheels is reduced With an increase in the 
turning angle of the vehicle. This situation can sometimes 
increase the likelihood of deterioration of the turning sta 
bility of the vehicle. HoWever, the vehicle drive force 
control system according to the second aspect of this inven 
tion prevents the deterioration of the turning stability of the 
vehicle due to an excessively large drive force of the rear 
Wheels. 

[0014] This object may also be achieved according to a 
third aspect of this invention, Which provides a method of 
controlling a drive force of an automotive vehicle including 
a front-Wheel drive device for driving front Wheels of the 
vehicle, and a rear-Wheel drive device for driving rear 
Wheels of the vehicle, Where one of the front-Wheel and 
rear-Wheel drive devices serves as a primary drive device of 
the vehicle, While the other of the front-Wheel and rear 
Wheel drive devices serves as an auXiliary drive device of the 
vehicle. This method comprises the steps of detecting an 
amount of lateral slip of the Wheels, reducing a drive force 
to be produced by the primary drive device When the amount 
of lateral slip of the Wheels is larger than a predetermined 
threshold, and reducing a drive force to be produced by the 
auXiliary drive device by an amount irrespective of an 
amount of reduction of the drive force of the primary drive 
device When the amount of lateral slip is larger than the 
predetermined threshold. 

[0015] The object indicated above may also be achieved 
according to a fourth aspect of this invention, Which pro 
vides a method of controlling a drive force of an automotive 
vehicle that includes a front-Wheel drive device for driving 
front Wheels of the vehicle, and a rear-Wheel drive device for 
driving rear Wheels of the vehicle. This method comprises 
the steps of reducing a drive force to be produced by the 
front-Wheel drive device, depending upon a slipping state of 
the front Wheels being driven by the front-Wheel drive 
device, and reducing a drive force to be produced by the 
rear-Wheel drive device, depending upon an angle of turning 
of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and other objects, features, advantages, 
and technical and industrial signi?cance of this invention 
Will be better understood by reading the folloWing detailed 
description of a presently preferred exemplary embodiments 
of the invention, When considered in connection With the 
accompanying draWings, in Which: 

[0017] FIG. 1 is a schematic vieW of a four-Wheel-drive 
automotive vehicle Which has a running stability control 
apparatus of braking force control type, a traction control 
apparatus and a drive force control system constructed 
according to one embodiment of the present invention; 

[0018] FIG. 2 is a flow chart illustrating a drive force 
control process eXecuted by the drive force control system; 

[0019] FIG. 3 is a flow chart illustrating a vehicle running 
stability control process eXecuted by the vehicle running 
stability control apparatus; 

[0020] FIG. 4 is a flow chart illustrating a front-Wheel 
traction control process executed by the traction control 
apparatus; 

Mar. 14, 2002 

[0021] FIG. 5 is a graph shoWing a relationship betWeen 
vehicle spinning amount SS and reduction ratio RTs of 
front-Wheel drive torque of the vehicle; 

[0022] FIG. 6 is a graph shoWing a relationship betWeen 
vehicle drift-out amount DS and reduction ratio RTd of the 
front-Wheel drive torque of the vehicle; 

[0023] FIG. 7 is a graph shoWing a relationship betWeen 
the vehicle spinning amount SS and target slip-ratio value 
Rssfo of the front Wheel located on the outer side of a turning 
path of the vehicle; and 

[0024] FIG. 8 is a graph shoWing a relationship betWeen 
the vehicle drift-out amount DS and target overall slip-ratio 
value Rsaall of the vehicle. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] Referring ?rst to the schematic vieW of FIG. 1, a 
four-Wheel-drive automotive vehicle is shoWn having a 
vehicle running stability control apparatus of braking force 
control type, and a drive force control system constructed 
according to one embodiment of the present invention. 

[0026] The four-Wheel-drive automotive vehicle shoWn in 
FIG. 1 has an engine 10 Which serves as a primary drive 
device in the form of a front-Wheel drive device. A drive 
force produced by the engine 10 is transmitted to an output 
shaft 16 through a torque converter 12 and a transmission 
14. From the output shaft 16, the drive force is transmitted 
to a front left drive aXle 20FL and a front right drive aXle 
20FR through a front differential 18. Thus, the drive force 
produced by the engine 10 is transmitted to front left and 
right Wheels 22FL, 22FR serving as primary drive Wheels, 
so that the front Wheels 22FL, 22FR are driven. 

[0027] The engine 10 is provided With an air intake device 
24 Which includes a main throttle valve and an auXiliary 
throttle valve. The angle of opening of the main throttle 
valve is controlled according to an amount of operation of an 
accelerator pedal (not shoWn) by the vehicle operator. The 
angle of opening of the auXiliary throttle valve is controlled 
by an engine controller 26, depending upon the running 
condition of the vehicle, so that the output of the engine 10 
is controlled. The engine controller 26 Will be described in 
detail later. 

[0028] The automotive vehicle shoWn in FIG. 1 further 
has an electric motor 28 Which serves as an auXiliary drive 
device in the form of a rear-Wheel drive device. Adrive force 
produced by the electric motor 28 is transmitted to a rear left 
drive aXle 32RL and a rear right drive aXle 32RR through a 
rear differential 30. Thus, the drive force produced by the 
electric motor 28 is transmitted to rear left and right Wheels 
34RL, 34RR serving as auXiliary drive Wheels, so that the 
rear Wheels 34RL, 34RR are driven. An electric current to be 
applied to the electric motor is controlled by a motor 
controller 36, depending upon the running condition of the 
vehicle, so that the output of the electric motor 28 is 
controlled. The motor controller 36 Will be described in 
detail later. 

[0029] The automotive vehicle further has a braking sys 
tem 38 including a hydraulic circuit 40 and Wheel brake 
cylinders 42FL, 42FR, 42RL, 42RR Whose braking pres 
sures are controlled through the hydraulic circuit 40, to 
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brake the front left and right Wheels 22FL, 22FR and rear left 
and right Wheels 34RL, 34RR, respectively. The hydraulic 
circuit 40 includes a reservoir, an oil pump, and various 
valve devices, as Well known in the art. The braking system 
38 further includes a master cylinder 46 operated according 
to an operating state of a brake pedal 44 operable by the 
vehicle operator. Normally, the braking pressures to be 
applied to the Wheel brake cylinders 42 are controlled by the 
vehicle operator through the brake pedal 44. In some speci?c 
situations, the braking pressures of the Wheel brake cylin 
ders 42 are controlled as needed, by an electronic control 
unit 48, Which Will be described in detail. 

[0030] The electronic control unit 48 incorporates a 
vehicle running stability control computer, a traction control 
computer and a drive force control computer. The vehicle 
running stability control computer is arranged to effect a 
vehicle running stability control to control the running 
behavior of the vehicle by controlling the hydraulic circuit 
40 to suitably control the braking force to be applied to each 
Wheel 22, 34. The traction control computer is arranged to 
effect a traction control (TRC control) to control the amount 
of slip of each Wheel 22, 34 being driven by the engine 10, 
by controlling the hydraulic circuit 40 to suitably control the 
braking force of each Wheel 22, 34. The drive force control 
computer is arranged to effect a drive force control to control 
the vehicle drive force by controlling the outputs of the 
engine 10 and electric motor 28 through the engine control 
ler 26 and motor controller 36. 

[0031] The electronic control unit 48 is arranged to receive 
the folloWing: the output signals of Wheel speed sensors 52?, 
52fr, 52rl, 52rr, Which represent rotating speeds VW?, VWfr, 
VWrl, VWrr of the respective front left and right and rear left 
and right Wheels 22FL, 22FR, 34RL, 34RR; the output 
signal of a yaW rate sensor 54, Which represents a yaW rate 
y of the vehicle; the output signal of a longitudinal accel 
eration sensor 56, Which represents a longitudinal accelera 
tion value Gx of the vehicle; the output signal of a lateral 
acceleration sensor 58, Which represents a lateral accelera 
tion value Gy of the vehicle; and the output signal of a 
steering angle sensor 60, Which represents a steering angle 
0 of the vehicle. 

[0032] The yaW rate y, lateral acceleration Gy and steering 
angle 0 represented by the output signals of the yaW rate 
sensor 54, lateral acceleration sensor 58 and steering angle 
sensor 60 are positive values When those output signals are 
generated during leftWard or counterclockwise turning of the 
vehicle, and the longitudinal acceleration value Gx repre 
sented by the output signal of the longitudinal accelerator 
sensor 56 is a positive value When this output signal is 
generated during acceleration of the vehicle. Each of the 
computers used by the engine controller 26, motor controller 
36 and electronic control unit 48 may be a microcomputer 
incorporating, for example, a central processing (CPU), a 
read-only memory (ROM), a random-access memory 
(RAM) and an input-output device. 

[0033] As described later more speci?cally, the electronic 
control unit 48 is arranged to execute the drive force control 
process illustrated in the flow chart of FIG. 2, i.e., for 
controlling the front-Wheel drive force and the rear-Wheel 
drive force. This process is performed by applying control 
signals to the engine controller 26 and motor controller 36 
so as to suitably control the outputs of the engine 10 and 
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electric motor 28, depending upon the running condition of 
the vehicle, in particularly, on the basis of results of deter 
minations as to Whether the vehicle running stability control 
is being effected, the traction control (TRC control) is being 
effected for the front Wheels 22FL, 22FR, the vehicle is 
running on an uphill road surface, and the vehicle is turning 
at a relatively loW speed. 

[0034] The electronic control unit 48 is further arranged to 
execute the vehicle running stability control process illus 
trated in the flow chart of FIG. 3, in Which various arith 
metic operations are performed on the basis of the param 
eters detected by the various sensors discussed above. The 
vehicle running stability control process is formulated to 
initially determine a turning behavior of the vehicle, and 
then calculate a target slip ratio of each Wheel, (hereinafter 
referred to as “each braked Wheel”), Which is braked to 
increase the turning stability of the vehicle. The calculation 
of the target slip ratio of each braked Wheel is effected on the 
basis of a reference Wheel speed. This reference Wheel speed 
is equal to a loWest one of the rotating speeds of the four 
Wheels 22, 34 While the vehicle is in a spinning or drift-out 
state during a 4-Wheel-drive running With the four Wheels 
22, 34 driven by the drive forces. During a 2-Wheel-drive 
running With the tWo Wheels driven by the drive forces, the 
reference Wheel speed is equal to a higher one of the rotating 
speeds of the rear left and right Wheels 34RL, 34RR. The 
vehicle running stability control process is further formu 
lated to control the braking force to be applied to each 
braked Wheel so that the actual slip ratio of the braked Wheel 
coincides With the calculated target slip ratio. The applica 
tion of the thus controlled braking force to each braked 
Wheel gives the vehicle a yaW moment that causes a reduc 
tion of the spinning or drift-out tendency of the vehicle, and 
decelerates the vehicle, Whereby the turning stability of the 
vehicle is increased. 

[0035] The electronic control unit 48 is further arranged to 
execute the traction control process illustrated in the flow 
chart of FIG. 4, to calculate slip ratios SL?, SLfr of the front 
left and right Wheels 22FL, 22FR being driven by the engine 
10, on the basis of the rotating speeds VWi (i=?, fr, rl, rr) of 
the Wheels 22, 34 detected by the respective Wheel speed 
sensors 52?, 52fr, 52rl, 52rr. When at least one of the slip 
ratios SL?, SLfr is excessively high, a suitable braking force 
is applied to the corresponding Wheel, so that the slip ratio 
SL?, SLfr is loWered beloW a predetermined upper limit. 

[0036] While the vehicle running stability control is not 
effected, the electronic control unit 48 controls the output of 
the engine 10 through the engine controller 26 or the output 
of the electric motor 28 through the motor controller 36, to 
control the front-Wheel drive force for the front Wheels 22 or 
the rear-Wheel drive force for the rear Wheels 34, depending 
upon the running condition of the vehicle. This process 
thereby optimiZes the proportion of the front-Wheel drive 
force and the rear-Wheel drive force. 

[0037] The present invention does not require the vehicle 
running stability control and traction control to be effected 
by applying the controlled braking force to the appropriate 
Wheel or Wheels, i.e., braked Wheel or Wheels, and does not 
require the control to optimiZe the proportion of the front 
and rear-Wheel drive forces. These controls may be effected 
in any suitable manners as knoWn in the art. 

[0038] Referring to the flow chart of FIG. 2, there Will be 
described the drive force control process according to the 
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preferred embodiment of the present invention. This drive 
force control process is initiated upon activation of an 
ignition sWitch provided on the vehicle as Well knoWn in the 
art, and is repeated executed With a predetermined cycle 
time. 

[0039] The drive force control process is initiated With 
step S10 to read in the output signals of the Wheel speed 
sensors 52?-52rr representative of the rotating speeds VWi 
of the respective Wheels 22, 34. Then, the control process 
goes to step S20 to determine Whether the vehicle running 
stability control (described beloW in detail) is being effected 
by the vehicle running stability control computer. If a 
negative decision (NO) is obtained in step S20, the control 
process goes to step S50. If an affirmative decision (YES) is 
obtained in step S20, the control process goes to step S30. 

[0040] Step S30 is provided to calculate a reduction ratio 
RTs of the drive torque of the front Wheels 22, on the basis 
of a vehicle spinning amount SS (calculated in the vehicle 
running stability control described beloW), and according to 
a stored data map representative of a predetermined rela 
tionship betWeen the vehicle spinning amount SS and the 
reduction ratio RTs of the front-Wheel drive torque. An 
example of the relationship is indicated in the graph of FIG. 
5. In step S30, a reduction ratio RTd of the front-Wheel drive 
torque is calculated on the basis of a vehicle drift-out amount 
DS, and according to a stored data map representative of a 
predetermined relationship betWeen the drift-out amount DS 
and the reduction ratio RTd. An example of this relationship 
is indicated in the graph of FIG. 6. A loWer one of the 
reduction ratios RTs, RTd is determined as a VSC front 
Wheel torque reduction ratio RTvsc. 

[0041] Next, in step S40, a target drive torque TPf for the 
front Wheels 22 is calculated according to the folloWing 
equation (1) Which includes a maximum front-Wheel drive 
torque TPfmax (positive constant value) that can be pro 
duced by the engine 10: 

T Pf=T pfmaxxRT V50 (1) 

[0042] Further, a target drive torque TPr for the rear 
Wheels 34 is determined to be Zero Then, the control 
How goes to step S180. 

[0043] When the negative decision (NO) is obtained in 
step S20, the control process proceeds to step S50 Where the 
electronic control unit 48 determines Whether the traction 
control (described beloW in detail) is effected for at least one 
of the front Wheels 22, by the traction control computer. If 
an affirmative decision (YES) is obtained in step S50, the 
control process goes to step S70. If a negative decision (NO) 
is obtained in step S50, the control process goes to step S60 
in Which the output of the engine 10 or the electric motor 28 
is controlled to optimiZe the proportion of the front-Wheel 
drive torque and the rear-Wheel drive torque, depending 
upon the running condition of the vehicle. In this case, the 
control process returns to step S10. 

[0044] Step S70 is provided to calculate a friction coeffi 
cient p of the road surface. Next in step S80, a determination 
is made Whether the vehicle is running on an uphill road 
surface. If a negative decision (NO) is obtained in step S80, 
the control process goes to step S110. If an affirmative 
decision (YES) is obtained in step S80, the control process 
goes to step S90. 
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[0045] Next, in step S90, a determination is made Whether 
the affirmative decision Was obtained in step S80 in the last 
cycle of execution of the present control routine. If an 
affirmative decision (YES) is obtained in step S90, the 
control process goes to step S150. If a negative deci 
sion(NO) is obtained in step S90, the control process goes to 
step S100 to calculate the target front-Wheel drive torque 
TPf and target rear-Wheel drive torque TPr, according to the 
folloWing equations (2) and (3), respectively: 

TPf=y><WF (2) 

TPr=MIN(TP? TPrmax) (3) 

[0046] In the above equations (2) and (3), “WE” represents 
a load (positive value) acting on the front Wheels 22, and 
“TPrmax” represents a maximum value (positive value) of 
the rear-Wheel drive torque that can be produced by the 
electric motor 28. Control then proceeds to step S180. 

[0047] In the above equation (3), “MIN(TPf, TPrmax)” 
means the selection of a smaller value of the torque values 
TPf and TPrmax. That is, the above equation (3) means that 
the target rear-Wheel drive torque TPr is equal to the smaller 
one of the torque values TPf and TPrmax. The symbol 
“MIN” in the folloWing equations (5) and (7) has the same 
meaning as in the above equation 

[0048] Next, in step S110, a determination is made 
Whether the vehicle is turning at a relatively loW speed. If an 
affirmative decision (YES) is obtained in step S110, the 
control process goes to step S140. If a negative decision 
(NO) is obtained in step S110, the control process goes to 
step S120. The determination in step S110 as to Whether the 
vehicle is turning at a relatively loW speed is effected, for 
instance, by determining Whether a vehicle running speed V 
(speed Vb of the vehicle body) estimated on the basis of the 
Wheel speeds VWi is not higher than a predetermined thresh 
old While the absolute value of the steering angle 0 of the 
vehicle is not smaller than a predetermined threshold. The 
threshold of the steering angle 0 may vary With the vehicle 
running speed V. 

[0049] In step S120, a determination is made Whether the 
negative decision (NO) Was obtained in step S110 in the last 
cycle of execution of the present control routine. If an 
affirmative decision (YES) is obtained in step S120, the 
control process goes to step S150. If a negative decision 
(NO) is obtained in step S120, the control process goes to 
step S130 calculate the target front-Wheel drive torque TPf 
and the target rear-Wheel drive torque TPr, according to the 
folloWing equations (4) and (5), respectively. In the equation 
(5), “WR” represents a load (positive constant value) acting 
on the rear Wheels 34. 

TPf=Iu><WF (4) 

TPr=MIN(TP]’, #XWR) (5) 

[0050] In step S140, a determination is made Whether the 
affirmative decision (YES) Was obtained in step S110 in the 
last cycle of execution of the present control process. If a 
negative decision (NO) is obtained in step S140, the control 
process goes to step S170. If an affirmative decision (YES) 
is obtained in step S140, the control process goes to step 
S150. 

[0051] In step S150, the process calculates the slip ratios 
SL?, SLfr of the front Wheels 22 being driven by the engine 
10, and target slip ratios SL?o, SLfro of the front Wheels 22, 
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depending upon the running condition of the vehicle. More 
over, in step S150, the electronic control unit 48 further 
calculates a difference or control error ASL?=(SL?-SL?o) 
and a difference or control error ASLfr=(SLfr-SLfro), and 
Weights K?, Kfr for the respective differences ASL?, ASLfr. 
The Weights K?, Kfr are calculated on the basis of a larger 
one of the absolute values of the differences ASL?, ASLfr. 
The process in step S150 controls the output of the engine 
10 in a feedback fashion on the basis of the differences 
ASL?, ASLfr, so that a sum of K?xA SL? and KfrxASLfr is 
reduced to or beloW a predetermined value. The Weights K? 
and Kfr are calculated so as to increase With an increase in 
the absolute value of the larger one of the absolute values of 
the differences ASL?, ASLfr. 

[0052] Next, in step S160, the process calculates the slip 
ratios SLrl, SLrr of the rear Wheels 34 being driven by the 
electric motor 28, and target slip ratios SLrlo, Slrro of the 
rear Wheels 34, depending upon the running condition of the 
vehicle. In step S160, the electronic control unit 48 further 
calculates a difference or control error ASLrl=(SLrl-Slrlo) 
and a difference or control error ASLrr=(SLrr-SLrro), and 
Weights Krl, Krr for the respective differences ASLrl, ASLrr. 
The Weights Krl, Krr are calculated on the basis of a larger 
one of the absolute values of the differences ASLrl, ASLrr. 
The process in step S160 controls the output of the electric 
motor 28 in a feedback fashion on the basis of the differ 
ences ASLrl, ASLrr, so that a sum of KrlxA SLrl and 
KrrxASLrr is reduced to or beloW a predetermined value. 
The Weights Krl and Krr are calculated so as to increase With 
an increase in the absolute value of the larger one of the 
absolute values of the differences ASLrl, ASLrr. 

[0053] In step S170, the process calculates a reduction 
ratio RTstr of the drive torque of the rear Wheels 34 during 
turning of the vehicle at the relatively loW speed, on the basis 
of the vehicle steering angle 0 and the friction coef?cient p 
of the road surface, and further calculate the target front 
Wheel drive torque TPf and the target rear-Wheel drive 
torque TPr, according to the folloWing equations (6) and (7), 
respectively: 

[0054] Next, in step S180, the process calculates a target 
value of the opening angle of the auxiliary throttle valve of 
the engine 10, on the basis of the target front-Wheel drive 
torque TPf, and control the actual opening angle of the 
auxiliary throttle valve so as to be equal to the calculated 
target value, for controlling the output of the engine 10 so 
that the actual drive torque of the front Wheels 22 coincides 
With the target value TPf. Next, in step S190, the process 
calculates a target value of an electric current to be applied 
to the electric motor 28, on the basis of the target rear-Wheel 
drive torque TPr, and control the actual value of the electric 
current applied to the electric motor 28, for controlling the 
output of the electric motor so that the actual drive of the rear 
Wheels 34 coincides With the target value TPr. Then, the 
control process returns to step S10. 

[0055] Referring to the How chart of FIG. 3, there Will be 
described the vehicle running stability control process, 
Which is also initiated upon activation of the vehicle ignition 
sWitch and is repeatedly executed With a predetermined 
cycle time. 
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[0056] The vehicle running stability control process of 
FIG. 3 is initiated With step S210 to read in the output signal 
of the yaW rate sensor 54 representative of the yaW rate y of 
the vehicle. Next, in step S220, the process calculates the 
speed Vb of the vehicle body on the basis of the Wheel 
speeds VWi, and calculate a difference or control error 
(Gy-Vbxy) betWeen the lateral acceleration value Gy of the 
vehicle and a product of the vehicle body speed Vb and the 
yaW rate y. This difference (Gy-Vbxy) is a control error of 
the lateral acceleration value Gy of the vehicle, that is, a 
lateral slip acceleration value Vyd of the vehicle. A lateral 
slip speed Vy of the vehicle body is calculated by differen 
tiating the lateral slip acceleration value Vyd. In step S220, 
a slip angle 0 of the vehicle body is calculated as a ratio 
Vy/Vx of the lateral slip speed Vy to the longitudinal vehicle 
speed Vx (=vehicle body speed 

[0057] Then, the control process proceeds to step S230 to 
calculate a vehicle spinning value SV as a sum (K1><[3+K2+ 
Vyd), Wherein “K1” and “K2” are predeterrnined constants 
(positive values). Further, the direction of turning of the 
vehicle is determined on the basis of the sign of the yaW rate 
y. That is, the vehicle spinning arnount SS is obtained as a 
positive vehicle spinning value +SV When the vehicle is 
turning in the left or counterclockwise direction, and as a 
negative vehicle spinning value —SV When the vehicle is 
turning in the right or clockWise direction. If the calculated 
vehicle spinning arnount SV is a negative value, the vehicle 
spinning value SS is Zeroed. The vehicle spinning value SV 
may be obtained as a sum (K1><[3+K2><[3d), Wherein “Ed” is 
a derivative of the vehicle slip angle 

[0058] Then, the control process proceeds to step S240 to 
calculate a target value yc and a reference value yt of the yaW 
rate y according to the folloWing equations (8) and (9), 
respectively. 

represent a running stability factor of the vehicle, a Wheel 
base of the vehicle, and a steering gear ratio of the steering 
device of the vehicle, respectively. In the above equation (9), 
“T” represents a time constant, While “s” represents the 
Laplace operator. The target yaW rate yc may be calculated 
With the lateral acceleration value Gy taken into account, so 
that the calculated target yaW rate can be used as a dynamic 
yaW rate. 

[0060] Next, in step S250, the process calculates a vehicle 
drift-out value DV according to the folloWing equation (10). 
Further, the direction of turning of the vehicle is determined 
on the basis of the sign of the yaW rate y. That is, the vehicle 
drift-out arnount SS is obtained as a positive value vehicle 
drift-out value +DV When the vehicle is turning in the left or 
counterclockWise direction, and as a negative vehicle drift 
out value —DV When the vehicle is turning in the right or 
clockWise direction. If the calculated vehicle drift-out value 
DV is a negative value, the vehicle drift-out arnount DS is 
Zeroed. The vehicle drift-out value DV may be calculated 
according to the folloWing equation (11): 

[0061] Next, in step S260, the process calculates a target 
slip ratio Rssfo of the front Wheel 22 located on the outer 
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side of the turning path of the vehicle, on the basis of the 
vehicle spinning amount SS and according to a stored data 
map representative of a predetermined relationship betWeen 
the target slip ratio Rssfo and the vehicle spinning amount 
SS. An eXample of this relationship is illustrated in the graph 
of FIG. 7. Then, in step S270, the process calculates a target 
overall slip ratio Rsall of the vehicle on the basis of the 
vehicle drift-out amount DS and according to a stored data 
map representative of a relationship betWeen the target 
overall slip ratio Rsall and the vehicle drift-out amount DS. 
An eXample of this relationship is illustrated in the graph of 
FIG. 8. 

[0062] Then, in step S280, the process calculates target 
slip ratios Rsfo and Rs? of the front Wheels 22 Which are 
located on the outer and inner sides of the turning path of the 
vehicle, respectively, and target slip ratios Rsro and Rsri of 
the rear Wheels 34 Which are located on the outer and inner 
sides of the vehicle turning path, respectively. These target 
slip ratios Rsfo, Rs?, Rsro and Rsri are calculated according 
to the folloWing four equations (12), respectively: 

Rsri=(1—K?)xRsall (12) 
[0063] In the above equations (12), “K?” represents a ratio 
(0.5=K?<1) of the slip ratio of the front inner Wheel 22 to 
that of the rear inner Wheel 34. 

[0064] The control process then proceeds to step S290 to 
determine the front inner and outer Wheels 22 Which are 
located on the respective inner and outer sides of the vehicle 
turning path, and the rear inner and outer Wheels 34 Which 
are located on the respective inner and outer sides of the 
vehicle turning path. This determination is based on the sign 
of the yaW rate y. Then, ?nal target slip ratios Rsfr, Rs?, Rsrr 
and Rsrl of the front right and left Wheels 22FR, 22FL and 
the rear right and left Wheels 34RR, 34RL are calculated, on 
the basis of the result of determination of the front inner and 
outer Wheels 22 and the rear inner and outer Wheels 34. 
Namely, the ?nal target slip ratios Rsfr, Rs?, Rsrr and Rsrl 
of the front and rear right and left Wheels 22FR, 22FL, 34RR 
and 34RL are calculated according to the folloWing equation 
(13) Where the vehicle is turning in the left or counterclock 
Wise direction, and calculated according to the folloWing 
equation (14) Where the vehicle is turning in the right or 
clockWise direction: 

[0065] Where the vehicle is turning counterclockwise: 

Rsfr=Rsf0 

Rs?=Rs? 
Rsrr=Rsr0 

Rsrl=Rsri (13) 

[0066] Where the vehicle is turning clockWise: 

Rsrl=Rsr0 (14) 

[0067] In step S300, the process determines Whether any 
one of the ?nal target slip ratios Rsfr, Rs?, Rsrr, Rsrl is a 
positive value (that is, Whether all of the ratios Rsfr, Rs?, 
Rsrr, Rsrl are not Zero). If any one of those ratios is a positive 
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value, that is, if an af?rmative decision (YES) is obtained in 
step S300, the control process goes to step S320. If a 
negative decision (NO) is obtained in step S300, the control 
process goes to step S310 in Which the valve devices in the 
hydraulic circuit 40 are placed in their positions in Which the 
vehicle running stability control is not effected. Then, the 
control process goes back to step S210. 

[0068] In step S320, implemented Where the af?rmative 
decision (YES) is obtained in step S300, the vehicle running 
stability control is effected to control the braking force to be 
applied to each Wheel 22, 34 such that the actual slip ratio 
of each Wheel 22, 34 coincides With the ?nal target slip ratio 
Rsfr, Rs?, Rsrr, Rsrl calculated in step S290. Then, the 
control process returns to step S210. 

[0069] A traction control process to effect the traction 
control for the front Wheels 22FL, 22FR Will noW be 
described With reference to the How chart in FIG. 4. The 
traction control process of FIG. 4 is also initiated upon 
activation of the ignition sWitch, and is repeatedly eXecuted 
With a predetermined cycle time. 

[0070] The traction control process is initiated in step 
S410 to read in the output signals of the Wheel speed sensors 
52?-52rr, Which represent the rotating speeds VWi of the 
Wheels 22, 34. Then, in step S420, the process calculates the 
slip ratios SL? and SLfr of the front left and right Wheels 
22FL, 22FR being driven by the engine 10, on the basis of 
the detected Wheel speeds VWi. 

[0071] Step S430 is then implemented to determine 
Whether the slip ratio SL? of the front left Wheel 22FL is 
higher than a threshold value SLt (a positive constant). If a 
negative decision (NO) is obtained in step S430, the control 
process goes to step S470. If an af?rmative decision (YES) 
is obtained in step S430, the control process goes to step 
S440 to calculate a target slip ratio SL?t of the front left 
Wheel 22FL, according to the running condition of the 
vehicle. 

[0072] The control process then goes to step S450 to 
calculate a target rotating speed VW?t of the front left Wheel 
22FL, on the basis of the calculated target slip ratio SL?t, 
and then process to step S460 to feed-back control the 
braking force to be applied to the front left Wheel 22FL such 
that the actual rotating speed VW? of the front left Wheel 
coincides With the calculated target value VW?t. Accord 
ingly, the actual slip ratio VW? of the front left Wheel 22FL 
being driven by the engine 10 is loWered. 

[0073] In step S470, the process determines Whether the 
slip ratio SLfr of the front right Wheel 22FRL is higher than 
a threshold value SLt. If a negative decision (NO) is 
obtained in step S470, the control process goes back to step 
S410. If an affirmative decision (YES) is obtained in step 
S470, the control process goes to step S480 to calculate a 
target slip ratio SLfrt of the front right Wheel 22FR, accord 
ing to the running condition of the vehicle. 

[0074] NeXt, in step S490, the process calculates a target 
rotating speed VWfrt of the front right Wheel 22FRL, on the 
basis of the calculated target slip ratio SLfrt, and then goes 
to step S500 to feed-back control the braking force to be 
applied to the front right Wheel 22FR such that the actual 
rotating speed VWfr of the front right Wheel coincides With 
the calculated target value VWfrt. Accordingly, the actual 
slip ratio VWfr of the front right Wheel 22FRL being driven 
by the engine 10 is loWered. 
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[0075] As described above, the electronic control unit 48 
according to the present embodiment is arranged to control 
the vehicle running stability control, upon detection of 
unstable turning of the vehicle, so that a controlled braking 
force is applied to the appropriate Wheel or Wheels according 
to the vehicle running stability control routine of FIG. 3, so 
as to improve the running stability, i.e., turning stability, of 
the vehicle. The unstable turning of the vehicle is typically 
represented by an excessive degree of spinning of the 
vehicle or an excessive degree of drift-out of the vehicle. 
The excessive spinning of the vehicle arises from excessive 
lateral slipping of the Wheels 22, 34, in particular, of the rear 
Wheels 34, Which causes a deviation of the actual turning 
path of the vehicle from the nominal turning path on the 
inner side of the nominal turning path. 

[0076] The nominal turning path is represented by the 
actual steering angle 0 of the vehicle. The excessive drift-out 
of the vehicle arises from excessive lateral slipping of the 
front Wheels, Which causes a deviation of the actual turning 
path of the vehicle from the nominal turning path on the 
outer side of the nominal turning path, that is, causes actual 
turning of the vehicle along a turning radius larger than the 
radius of the nominal turning path. 

[0077] Where the vehicle running stability control is 
effected, the affirmative decision (YES) is obtained in step 
S20 of the drive force control routine of FIG. 2, and the 
control process goes to step S30 to calculate the reduction 
ratio RTvsc of the front-Wheel drive torque on the basis of 
the vehicle spinning amount SS or drift-out amount DS. 
Then, in step S40, the process calculates the target front 
Wheel drive torque TPf according to the above equation (1), 
and Zero the target rear-Wheel drive torque TPr. Then, the 
control process proceeds to step S180 to control the output 
of the engine 10 such that the actual drive torque of the front 
Wheels 22 coincides With the target value TPf. Next, in step 
S190, the process controls the output of the electric motor 28 
such that the actual drive torque of the rear Wheels 34 
coincides With the target value TPr. After the vehicle running 
stability control is terminated, steps S150 and S160 are 
repeatedly implemented to control the outputs of the engine 
10 and electric motor 28 in the feedback fashion such that 
the differences or control errors A SLf and ASLr of the slip 
ratios SLf, SLr of the front and rear Wheels 22, 34 driven by 
the engine 10 and electric motor 28 are reduced to or beloW 
the predetermined values. 

[0078] Thus, the drive torque of the front Wheels 22 is 
reduced With an increase in the instability of the running 
behavior of the vehicle, While the drive torque of the rear 
Wheels 34 is held Zero, so that the vehicle can be effectively 
decelerated. Further, the drive forces of the front and rear 
Wheels are controlled so as to increase a difference betWeen 
the braking forces applied to the front left and right Wheels 
22FL, 22FR, When the vehicle is in a spinning state, so that 
the vehicle in the spinning state is given a suitable moment 
in a direction opposite to the direction of the spinning 
moment. When the vehicle is in a drift-out state, suitable 
braking forces are applied to the front and rear Wheels Which 
are located on the inner side of the turning path of the 
vehicle. The drive force control arrangement according to 
the present embodiment of this invention described above 
makes it possible to more effectively and more steadily 
increase the running or turning stability of the vehicle, than 
Where the drive force control is not effected at all, or than the 
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conventional drive force control arrangement for controlling 
the proportion of front-Wheel and rear-Wheel drive forces of 
a four-Wheel-drive vehicle. 

[0079] Where at least one of the front left and right Wheels 
22 being driven by the engine 10 has an excessively high slip 
ratio While the vehicle is running With a relatively high 
degree of stability Without a considerable spinning or drift 
out phenomenon, the negative decision (NO) is obtained in 
step S20 of the drive force control process of FIG. 2, While 
the affirmative decision (YES) is obtained in step S50 of the 
same process. If the vehicle is not running on an uphill road 
surface and is not turning at a relatively loW speed, that is, 
if the negative decision (NO) is obtained in steps S80 and 
S10, the control process proceeds to step S130 to calculate 
the target front-Wheel drive torque TPf and the target rear 
Wheel drive torque TPr according to the respective equations 
(4) and (5) given above, and then goes to steps S180 and 
S190 in Which the outputs of the engine 10 and electric 
motor 28 are controlled such that the actual drive torques of 
the front and rear Wheels 22, 34 coincide With the respective 
target values TPf, TPr. After the front-Wheel traction control 
is terminated, steps S150 and S160 are repeatedly imple 
mented to control the outputs of the engine 10 and electric 
motor 28 in the feedback fashion such that the differences or 
control errors ASLf and ASLr of the slip ratios SLf, SLr of 
the front and rear Wheels 22, 34 driven by the engine 10 and 
electric motor 28 are reduced to or beloW the predetermined 
values. 

[0080] Thus, the drive torques of the front and rear Wheels 
22, 34 are controlled so as to be maximiZed depending upon 
the friction coefficient p of the road surface, With the 
rear-Wheel drive torque being held not larger than that of the 
front-Wheel drive torque, so that the vehicle can be started 
or accelerated With high drivability While preventing dete 
rioration of the running stability, even Where the traction 
control is effected for at least one of the front Wheels during 
stable running of the vehicle on a non-uphill road surface 
Without turning at a relatively loW speed. 

[0081] Where the traction control is effected for at least 
one of the front Wheels 22 during running of the vehicle on 
an uphill road surface, the negative decision (NO) is 
obtained in step S20, While the affirmative decision (YES) is 
obtained in steps S50 and S80. In this case, the control 
process goes to step S100 to calculate the target drive 
torques TPf, TPr of the front and rear Wheels being respec 
tively driven by the engine 10 and the electric motor 28, 
according to the respective equations (2) and (3) indicated 
above. Then, in steps S180 and S190, the process controls 
the outputs of the engine 10 and electric motor 28 such that 
the actual drive torques of the front and rear Wheels 22, 34 
coincide With the respective target values TPf, TPr. After the 
front-Wheel traction control is terminated, steps S150 and 
S160 are repeatedly implemented to control the outputs of 
the engine 10 and electric motor 28 in the feedback fashion 
on the basis of the differences or control errors ASLf and 
ASLr of the slip ratios SLf, SLr of the front and rear Wheels 
22, 34. 

[0082] Thus, the drive torque of the front Wheels 22 is 
controlled to the target value TPf depending upon the 
friction coefficient p of the road surface, With the rear-Wheel 
drive torque being maximiZed but held not larger than that 
of the front-Wheel drive torque, so that the vehicle can be 
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driven on an uphill road surface With high drivability While 
preventing deterioration of the running stability, even Where 
the traction control is effected for at least one of the front 
Wheels during stable running of the vehicle on the uphill 
road surface. 

[0083] Where the traction control is effected for at least 
one of the front Wheels 22 during stable turning of the 
vehicle at a relatively loW speed, the negative decision (NO) 
is obtained in step S20, and the affirmative decision (YES) 
is obtained in step S50 While the negative decision (NO) is 
obtained in step S80. In this case, the control process goes 
to step S170 to calculate the target drive torques TPf, TPr of 
the front and rear Wheels being respectively driven by the 
engine 10 and the electric motor 28, according to the 
respective equations (6) and (7) indicated above. Steps S180 
and S190 are then implemented to control the outputs of the 
engine 10 and electric motor 28 such that the actual drive 
torques of the front and rear Wheels 22, 34 coincide With the 
respective target values TPf, TPr. In this case, the rear-Wheel 
target drive torque TPr is determined such that the target 
drive torque TPr decreases With an increase in the turning 
angle of the vehicle and With a decrease in the friction 
coefficient A of the road surface, so that the output of the 
electric motor 28 is reduced according to the vehicle turning 
angle and the friction coefficient p. After the front-Wheel 
traction control is terminated, steps S150 and S160 are 
repeatedly implemented to control the outputs of the engine 
10 and electric motor 28 in the feedback fashion such that 
the differences or control errors ASLf and ASLr of the slip 
ratios SLf, SLr of the front and rear Wheels 22, 34 are 
reduced to or beloW the predetermined values. 

[0084] Thus, the drive torque of the front Wheels 22 is 
controlled to the target value TPf depending upon the 
friction coefficient p of the road surface, While the rear 
Wheel drive torque is optimiZed depending upon the road 
surface friction coefficient and the vehicle turning angle, but 
is held not larger than that of the front-Wheel drive torque, 
so that the deterioration of the turning stability of the vehicle 
can be effectively prevented. This process can occur even 
Where the traction control is effected for at least one of the 
front Wheels during stable turning of the vehicle at the 
relatively loW speed. In particular, the control arrangement 
indicated above is effective to prevent the deterioration of 
the turning stability of the vehicle due to an excessively 
large drive force of the rear Wheels 34. 

[0085] Where the vehicle is running With high stability 
Without the front-Wheel traction control, the negative deci 
sion (NO) is obtained in steps S20 and S50, and the control 
process goes to step S60 in Which the drive forces of the 
front and rear Wheels are controlled in the normal manner, 
that is, the outputs of the engine 10 and electric motor 28 are 
controlled so as to optimiZe the proportion of the front 
Wheel and rear-Wheel drive forces according to the running 
condition of the vehicle, so that the vehicle can be driven by 
the four Wheels With the optimum proportion of the front 
and rear-Wheel drive forces. 

[0086] In the vehicle running stability control according to 
the vehicle running stability control process of FIG. 3 
described above, the braking force is applied to the front 
Wheel located on the outer side of the turning path of the 
vehicle While the vehicle is in a spinning state, and to the 
front and rear Wheels located on the inner side of the vehicle 
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turning path While the vehicle is in a drift-out state. HoW 
ever, the vehicle running stability control may be effected 
such that the braking force is applied to the front and rear 
Wheels located on the outer side of the vehicle turning path 
While the vehicle is in the spinning state, and to only the rear 
Wheel located on the inner side of the vehicle turning path 
or to the three Wheels other than the Wheel located on the 
rear Wheel located on the outer side of the vehicle turning 
path While the vehicle is in the drift-out state. 

[0087] In the drive force control of FIG. 2 according to the 
illustrated embodiment, the drive torque of the rear Wheels 
34 is Zeroed Where the vehicle running stability control is 
effected. HoWever, the drive torque of the rear Wheels nee 
not be Zeroed and may be reduced to a value larger than Zero, 
irrespective of the amount of reduction of the drive torque of 
the front Wheels. 

[0088] While the illustrated embodiment is applied to a 
four-Wheel-drive vehicle using the engine 10 as the front 
Wheel drive device and the electric motor 28 as the rear 
Wheel drive device, the principle of the present invention is 
equally applicable to any automotive vehicle using any drive 
device or devices knoWn in the art. For instance, the present 
invention is applicable to an automotive vehicle using a 
hybrid drive device consisting of an internal combustion 
engine and an electric motor for the front Wheels, that is, the 
hybrid drive device may serve as a primary drive device. 
TWo separate drive devices may be applied to the rear left 
and right Wheels respectively. 

[0089] Although the illustrated embodiment is applied to 
the vehicle drive system including the primary drive device 
for the front Wheels and the auXiliary drive device for the 
rear Wheels, the principle of the present invention is equally 
applicable to a vehicle drive system including the primary 
drive device for the rear Wheels and the auXiliary drive 
device for the front Wheels. In this case, the front-Wheel and 
rear-Wheel drive devices are controlled in the manners 
opposite to those in the illustrated embodiment, that is, 
controlled in the same manners as applied to the electric 
motor 28 and the engine 10, respectively, in the illustrated 
embodiment. 

[0090] In the illustrated embodiments, the controller is 
implemented With a general purpose processor. It Will be 
appreciated by those skilled in the art that the controller 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 sec 
tions dedicated to performing various different speci?c 
computations, functions and other processes under control 
of the central processor section. The controller can be a 
plurality of separate dedicated or programmable integrated 
or other electronic circuits or devices (e.g., hardWired elec 
tronic or logic circuits such as discrete element circuits, or 
programmable logic devices such as PLDs, PLAs, PALs or 
the like). The controller can be suitably programmed for use 
With a 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 assembly of devices on Which a 
?nite state machine capable of implementing the procedures 
described herein can be used as the controller. A distributed 
processing architecture can be used for maXimum data/ 
signal processing capability and speed. 
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[0091] While the invention has been described With ref 
erence to What are preferred embodiments thereof, it is to be 
understood that the invention is not limited to the preferred 
embodiments or constructions. To the contrary, the invention 
is intended to cover various modi?cations and equivalent 
arrangements. In addition, While the various elements of the 
preferred embodiments are shoWn in various combinations 
and con?gurations, Which are exemplary, other combina 
tions and con?gurations, including more, less or only a 
single element, are also Within the spirit and scope of the 
invention. 

What is claimed is: 
1. A drive force control system for a vehicle, comprising: 

a front-Wheel drive device that drives front Wheels of the 
vehicle; 
a rear-Wheel drive device that drives rear Wheels of the 
vehicle, one of said front-Wheel and rear-Wheel drive 
devices serving as a primary drive device of the vehicle 
While the other of said front-Wheel and rear-Wheel drive 
devices serving as an auXiliary drive device of the vehicle; 
and 
a drive-force controller that reduces a drive force produced 
by said primary drive device When an amount of lateral slip 
of the Wheels is larger than a predetermined threshold and 
reduces a drive force produced by said auXiliary drive device 
by an amount irrespective of an amount of reduction of the 
drive force of said primary drive device. 

2. The drive force control system according to claim 1, 
Wherein said drive-force controller reduces the drive force of 
said auXiliary drive device to Zero When the amount of 
lateral slip of the Wheels is larger than said predetermined 
threshold. 

3. The drive force control system according to claim 1, 
Wherein said front-Wheel drive device serves as said primary 
drive device While said rear-Wheel drive device serves as 
said auXiliary drive device. 

4. The drive force control system according to claim 1, 
Wherein said drive-force controller is further operable to 
apply a braking force to a selected at least one of the Wheels, 
so as to effect a vehicle running stability control to improve 
running stability of the vehicle, When the amount of lateral 
slip of the Wheels is larger than said predetermined thresh 
old, said drive-force controller being further operated during 
said vehicle running stability control, to reduce the drive 
force of said primary drive device, and reduce the drive 
force of said auXiliary drive device by the amount irrespec 
tive of the amount of reduction of the drive force of said 
primary drive device. 

5. The drive force control system according to claim 4, 
Wherein said drive-force controller increases the amount of 
reduction of the drive force of said primary drive device With 
an increase in the amount of lateral slip of the Wheels. 

6. The drive force control system according to claim 1, 
further comprising a sensor that detects the amount of lateral 
slip of the Wheels, and Wherein said drive-force controller 
calculates a drift-out amount or a spinning amount of the 
vehicle on the basis of the detected amount of lateral slip of 
the Wheels, and determines the amount of reduction of the 
drive force of said primary drive device on the basis of the 
calculated drift-out amount or spinning amount. 

7. The drive force control system according to claim 1, 
Wherein said primary drive device in a poWer train including 
at least an engine, While said auXiliary drive device includes 
an electric motor. 
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8. A drive force control system for a vehicle, comprising: 
a front-Wheel drive device that drives front Wheels of the 

vehicle; 
a rear-Wheel drive device that drives rear Wheels of the 

vehicle; and 
a drive-force controller that reduces a drive force produced 
by said front-Wheel drive device depending upon a slipping 
state of said front Wheels being driven by said front-Wheel 
drive device, and reduces a drive force produced by said 
rear-Wheel drive device depending upon an angle of turning 
of the vehicle. 

9. The drive force control system according to claim 8, 
Wherein said drive-force controller increases an amount of 
reduction of the drive force of said rear-Wheel drive device 
With an increase in said angle of turning of the vehicle. 

10. The drive force control system according to claim 9, 
Wherein said drive-force controller increases an amount of 
reduction of the drive force of said rear-Wheel drive device 
With a decrease in a friction coef?cient of a road surface on 
Which the vehicle is running. 

11. The drive force control system according to claim 10, 
Wherein said drive-force controller reduces the drive force of 
said rear-Wheel drive device depending upon said angle of 
turning of the vehicle, When a running speed of the vehicle 
is not higher than a predetermined reference value. 

12. The drive force control system according to claim 9, 
further comprising a sensor that detects a steering angle of 
the vehicle, and Wherein said drive-force controller obtains 
said angle of turning of the vehicle on the basis of the 
detected steering angle. 

13. A method of controlling a drive force of a vehicle, 
including a front-Wheel drive device for driving front Wheels 
of the vehicle, and a rear-Wheel drive device for driving rear 
Wheels of the vehicle, one of said front-Wheel and rear 
Wheel drive devices serving as a primary drive device of the 
vehicle, While the other of said front-Wheel and rear-Wheel 
drive devices serving as an auXiliary drive device of the 
vehicle, the method comprising the steps of: 
detecting an amount of lateral slip of the Wheels; and 
reducing a drive force produced by said primary drive 
device When the amount of lateral slip of the Wheels is larger 
than a predetermined threshold, and reducing a drive force 
produced by said auxiliary drive device by an amount 
irrespective of an amount of reduction of the drive force of 
said primary drive device When said amount of lateral slip is 
larger than said predetermined threshold. 

14. The method according to claim 13, Wherein said step 
of reducing a drive force produced by said auXiliary drive 
device reduces the drive force of said auXiliary drive force 
to Zero When the amount of lateral slip of the Wheel is larger 
than said predetermined threshold. 

15. A method of controlling a drive force of a vehicle, 
including a front-Wheel drive device for driving front Wheels 
of the vehicle, and a rear-Wheel drive device for driving rear 
Wheels of the vehicle, the method comprising the steps of: 
reducing a drive force produced by said front-Wheel drive 
device depending upon a slipping state of said front Wheels 
being driven by said front-Wheel drive device; and 
reducing a drive force produced by said rear-Wheel drive 
device depending upon an angle of turning of the vehicle. 


