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(54) Drive system changing device and method/program thereof

(57) A drive system changing device actuated in an
emergency operation is characterized by having a vehi-
cle speed detecting means (5) for detecting a vehicle
speed before a deceleration; a deceleration detecting
means (6) for detecting a negative acceleration due to
a sudden braking; a steering angle detecting means (7)
for detecting a steering angle when a sudden operation
is performed in the sudden braking; a determination
means (3) for determining whether or not to change a
drive system from a result obtained from each of the
above detecting means (5,6,7); a driving force separat-
ing means (2) for changing a four wheel drive system to
front/rear wheel drive systems by separating a part of
driving force transmitting unit of the four wheel drive sys-
tem according to a determination of the determination
means (3); and a drive system returning means (2) for
returning the drive system changed to the front/rear
wheel drive systems after the emergency operation by
the separating means to the four wheel drive system.
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Description

[0001] The present invention relates to a drive system
changing device of a four wheel drive vehicle, and in
more particular, relates to the drive system changing de-
vice to enhance running stability in emergency opera-
tions such as sudden braking and sharp turning.
[0002] Although conventionally to improve safety in
emergency operations such as sudden braking and
sharp turning of an automobile and an accident, for ex-
ample, a safety measure such as an antilock brake sys-
tem (ABS) and air bag are taken, casualties due to traffic
accidents show no sign of significant decline notwith-
standing these safety measures being implemented.
The National Highway Traffic Safety Administration
(NHTSA) indicates that especially sport utility vehicles
(SUVs) having a four wheel drive system (4WD: four
wheel drive) have a higher ratio of roll-overs (not less
than 60 percent of SUV accidents accompany roll overs)
compared with ordinary vehicles, and moreover, the ra-
tio of SUV passengers being killed by roll-over accidents
is as about three times as high as that of the ordinary
vehicle.
[0003] Many automobiles are lighter at their rear por-
tions of their structures with engines and the like being
placed at front portions of the vehicles, thereby the front
portion being heavier, and adopt a system which drives
the rear wheels (FR: Front engine Rear drive) or alter-
natively a system which drives the front wheels (FF:
Front engine Front drive), and then many SUVs adopt
a 4WD.
[0004] Because the ordinary vehicle is, as described
above, heavier at the front portion and is lighter at the
rear portion of its structure, a phenomenon in which the
vehicle rear portion is swung by inertial force in a front
direction and lateral direction making front wheels of the
vehicle a base point is difficult to occur even in emergent
operations if the rear portion is in a lighter state. But
when there are many passengers and a weight of cargo
on board is heavier, the vehicle rear portion becomes
heavier, so the phenomenon in which the vehicle rear
portion is swung by inertial force in the front direction
and lateral direction making the front wheels of the ve-
hicle the base point can easily occur. This is one of the
factors in spins and roll-overs.
[0005] Here, considering roll-overs, these can be gen-
erally classified into tripped roll-overs and handling roll-
overs. Being described by a simple mechanism, the
tripped roll-over occurs as shown in FIGS 4A to 4C by
impact force changing to angular momentum when a ve-
hicle with a lateral speed hooks a tire on an obstacle
such as a curb stone. For example, when the impact
force of a vehicle with a mass m and gravity center hcg
laterally sliding at a speed Vy is converted to angular
momentum, it can be expressed in an equation (1) de-
scribed below (see FIGS. 4A and 4B):

where m is the mass of a vehicle, Vy is a lateral sliding
speed, hcg is a height of gravity center of the vehicle, q
is a distance between a position of the gravity center
and tire, and φ is an angle in the case that the position
of gravity center of the vehicle is converted to a rotation
movement.
[0006] In addition, a condition of the roll-over in the
case can be expressed in an equation (2) described be-
low (see FIG. 4C):

where q= √(h2
cg+(b/2)2) and g is gravitational accelera-

tion.
[0007] On the other hand, handling roll-overs happen
when very large rapid steering is performed on a dry flat
road and emergency operations are performed. Han-
dling roll-overs often happens in SUVs with compara-
tively high centers of gravity, and can easily occur when
a double change and J turn (step steering with a large
steering angle and angular rate) are performed at a high
speed running in a high way and the like.
[0008] As a specification relating to these roll-overs,
a ratio of a tread width and center of gravity height (b/
hcg) exists and a condition of the roll-over in the case
can be expressed in an equation (3) described below
(see FIG. 5):

where b is a width of a tread and ay is a speed in a
traveling direction of a vehicle. The tread is a center dis-
tance (meter) of left/right tread contacting surfaces with
a road surface, that is, a distance between wheels.
[0009] In other words, in the above equations (2) and
(3) when left part values are greater than right part val-
ues, roll-over does not happen, but when the right part
values exceed the left part values, roll-overs happen.
Out of the roll-overs, it is very difficult to prevent a tripped
roll-over, because various occurrence factors such as
an accident, snowy road, and muddy road normally con-
tribute; however, it is thought that an occurrence of the
handling roll-over can be restrained or reduced by a
measure of some kind being taken.
[0010] Here, one of the causes of handling roll-overs
in SUVs with 4WD is considered. Usually, when an au-
tomobile turns, rotation differences arise between the
four tyres, so a differential gear is provided in order to
eliminate such rotation differences and lighten the load
on each tyre. In the differential gear, there is generally
a front differential gear to eliminate a rotation difference
between front wheels and a rear differential gear to elim-

mq2*φ=mvyhcg, (1)

mg(q-hcg)<(mq2*φ2)/2, (2)

b/2hcg<may/mg, (3)
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inate a rotation difference between rear wheels. In ad-
dition, especially in a 4WD vehicle (more especially full-
time 4WD vehicle), because a rotation difference may
occur in turning, running on a bad road, and the like be-
tween front and rear wheels, a center differential gear
is adopted to eliminate this.
[0011] To actuate each differential gear, a resistance
has to occur between the tyres and a road surface, so
if the rotation difference between the front and rear
wheels is eliminated by the center differential gear being
provided, a tyre load is produced which it would be de-
sirable to alleviate. For a vehicle body exceeding one
tonne running at a high speed, the resistance inside the
differential gear to eliminate the rotation difference can
cause a big load for the tyres in question.
[0012] In addition, in full-time 4WD, because the drive
system is mechanically connected, driving force from an
engine is also transmitted to each tyre even during brak-
ing.
[0013] Especially, because many SUVs have tyres
with high side walls (SW), a big load is given to an outer
front tyre in turning due to the tyre load and driving force
described above when emergency operations accom-
panying a sudden braking and sudden steering opera-
tion are performed. When such a load exceeds the
strength of side wall SW of the outer front tyre in turning,
the tyre shape instantaneously distorts to a large extent
and results in a state of an abnormal deformation (see
FIG. 6). In such an abnormally deformed state, the ve-
hicle becomes inoperable, and in the worst case, it re-
sults in the handling roll-over described above.
[0014] But even in such an SUV, if passengers are
few and/or the weight of cargo on board is light (i.e. the
front portion being heavier and the rear portion being
lighter) even in the case of the emergency operations at
high speed, the vehicle weight is comparatively light,
thereby the load on the outer front tyre during turning is
comparatively light, and it is difficult to produce the ab-
normal deformed state such as that shown in FIG. 6.
Therefore, it is statistically known that roll-over acci-
dents due to handling roll-overs do not occur as much.
In other words, it can be said that handling roll-overs
especially described above tend to occur when the
emergency operations are performed at high speed in
a state with many passengers and/or when the weight
of cargo on board is heavier (i.e. a state in which the
rear portion of the vehicle is heavier).
[0015] On the other hand, in FF vehicles and FR ve-
hicles, because the driving force is not connected be-
tween the front and rear wheels, the specific problem
for 4WD does not occur and it is difficult to cause the
abnormal deformation of the outer front tyre in turning
described above, thereby the number of handling roll-
over accidents are few even when the passengers are
more and the weight of cargo on board is heavier.
[0016] That is, even when the passengers are more
and the weight of the cargo on board is heavier, it is
thought that the safety is improved if the 4WD is tempo-

rarily changed to a front wheel 2WD and rear wheel
2WD (2WD: two wheel drive) in emergency operations.
[0017] A method of temporarily changing 4WD to front
wheel 2WD and rear wheel 2WD, a so called part-time
4wd system, which is changed by manual control and
another system which is changed by electronic control
(for example, see Japan patent laid open publication
5-131856) are known.
[0018] However, the system changed by electronic
control in the above Japanese patent is a driving force
distribution controller of a four wheel drive vehicle which
usually drives with two wheels of the FF and FR, and
electronically controls a transmission torque to other
wheels making one set of the front/rear wheels a drive
base when front tyres and rear tyres other than driven
wheels tend to slip. When such a system performs an
acceleration turn and the like whilst running in 2WD, and
when a movement condition of the vehicle reaches a
limit alarm region, the drive system is made 4WD,
whereby improvement of a limit foreseeing ability and
limit controllability is achieved regardless of variations
in the friction coefficient of a road surface. The system
is not intended to change the 4WD to the 2WD of the
FF and FR in emergency operations.
[0019] For 4WD SUVs, in order to enhance the safety
in emergency operations, it is thought that improvement
of tyre durability, braking performance, and some other
measures also may be necessary.
[0020] The present invention preferably addresses
one or more of the problems described above, and an
object is preferably to provide a drive system changing
device which temporarily changes an automobile (vehi-
cle) running with a four wheel drive system to a front
wheel drive system and rear wheel drive system in
emergency operations.
[0021] The present inventor has discovered that roll-
over accidents due to the handling roll-over can be pre-
vented or reduced by temporarily changing a four wheel
drive (4WD) system to a front wheel drive (FF) system
or a rear wheel drive (FR) system in emergency opera-
tions of a vehicle running a 4WD system, and has thus
arrived at the present invention.
[0022] In the present description, the term "emergen-
cy operations" includes performing sudden braking and
steering operations and can be described by the speed,
time, steering angle, and the like occurring in the emer-
gency operations. In addition, the term "sudden braking"
includes performing a sudden braking operation by use
of a brake. The term "in sudden braking" means the time
during which acceleration exceeds a negative threshold
as a result of a sudden braking operation (the negative
threshold may be, for example, -0.8 to -1.0 G). To detect
such the threshold, for example, a G sensor and/or a
speedometer of the vehicle can be used. Moreover, the
term "sudden steering" includes an operation in which
a steering angle of front tyres in relationship to the speed
becomes over a constant angle as a result of a steering
operation, particularly in the present invention, the
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steering angle at which the front tyres abnormally de-
forms whilst performing a sudden steering operation at
a certain speed may be made an upper limit, and the
steering angle is measured by an experiment or the like
at a plurality of speeds and such angles thereby being
able to be defined as an alarm range. Still furthermore,
the term "after emergency operations" means a state in
which either or both of the sudden braking and sudden
steering operations are judged to have been performed
and completed. In addition, the term "prescribed weight"
means, for example, a dry weight of a weight described
in a vehicle inspection certificate, and the term "weight
in running" can mean a weight identified at a start of an
engine and that identified as needed in running, that is,
a weight in which the weight of passengers, weight of
cargo on board, fuel, and other devices are added to the
prescribed weight.
[0023] A first aspect of the invention provides a drive
system changing device which is actuated in emergency
operations and is characterized by having a vehicle
speed detecting means for detecting a vehicle speed
before a start of deceleration; a deceleration detecting
means for detecting a negative acceleration due to sud-
den braking; a steering angle detecting means for de-
tecting a steering angle when a sudden steering opera-
tion is performed in the sudden braking; a determination
means for determining whether or not to change a drive
system from a result or signal obtained from each of the
vehicle speed detecting means, deceleration detecting
means, and steering angle detecting means; a driving
force separating means for changing a four wheel drive
system to a front wheel drive system or a rear wheel
drive system by separating a part of driving force trans-
mitting unit of the four wheel drive system according to
a determination of the determination means; and a drive
system returning means for returning the drive system
changed to the front wheel drive system or a rear wheel
drive system by the determination means to the four
wheel drive system after the emergency operations.
[0024] The drive system changing device of the first
aspect of the invention, in emergency operations due to
sudden braking and handling of a vehicle, especially on
SUV, can detect the vehicle speed just before any sud-
den braking, then detect the negative acceleration due
to the sudden braking, and also detect the steering an-
gle when the steering wheel is operated during the sud-
den braking. From results of the detection of each op-
eration, the device can determine whether or not an
alarm level set in advance of the emergency operations
is reached, and following this determination, when it is
determined that the alarm level set in advance of the
emergency operations is reached, the driving force sep-
arating device is actuated and the vehicle running in
4WD can be changed to one of FR or FF by separating
the part of the driving force transmitting unit which trans-
mits the driving force to the four wheels. In addition, be-
cause an abnormal deformation of an outer front tyre-in
turning in emergency operations can be prevented or its

occurrence reduced thanks to this, resulting in a preven-
tion or reduction of roll-over occurrence and therefore
an improvement of the running stability in emergency
operations can be achieved. Moreover, by re-connect-
ing the driving force transmitting unit after the emergen-
cy operations, the device system can again return the
vehicle to a four wheel drive system.
[0025] A second aspect of the invention provides a
drive system changing device described in the first as-
pect of the invention, which is characterized in that the
determination means is controlled by an electronic de-
termination device.
[0026] The second aspect of the invention allows ac-
curate and speedy control of the drive system changing
device to be performed because the control of the drive
system changing device is performed by the electronic
controller.
[0027] A third aspect of the invention provides, a drive
system changing device described in the first aspect of
the invention, further characterized by having a vehicle
weight detecting means for detecting a difference be-
tween a vehicle weight in running and the prescribed
vehicle weight, and a drive system change-actuation
judgment means which actuates the device only when
the increase in the vehicle weight detected by the vehi-
cle weight detecting means is above a certain amount.
[0028] The third aspect of the invention enables, in
the first aspect of the invention, the drive system change
to be performed by the drive system changing device of
the invention, as a result of detecting the vehicle weight
prescribed according to the vehicle kind and the differ-
ence (e.g. increase) in the vehicle weight in running due
to passengers and the like when emergency operations
are performed only in the case of increased vehicle
weight being more than a certain amount such as in the
case that the passengers are more and a weight of car-
go on board is heavier. That is, when the increase in the
vehicle weight is less, the drive system change by the
drive system changing device related to the invention is
not performed and the emergency operations can be
performed in the 4WD arrangement as is.
[0029] A fourth aspect of the invention provides a
drive system changing method which is actuated in
emergency operations and comprises or consists of: a
vehicle speed detecting step, detecting a vehicle speed
before a start of deceleration; a deceleration detecting
step, detecting a negative acceleration due to a sudden
braking; a steering angle detecting step, detecting a
steering angle when a sudden steering operation is per-
formed during the sudden braking; a determination step,
determining whether or not to change a drive system
from a result obtained from each step of the vehicle
speed detecting step, the deceleration detecting step,
and the steering angle detecting step; a driving force
separating step, changing the four wheel drive system
to a front wheel drive system or a rear wheel drive sys-
tem by separating part of the driving force transmitting
unit of the four wheel drive system, according to a de-
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termination of the determination step; and a drive sys-
tem returning step, returning the drive system, changed
to a front wheel drive system or a rear wheel drive sys-
tem by the driving force separating step, to the four
wheel drive system after the emergent operations.
[0030] The drive system changing method of the
fourth aspect of the invention, in the emergency opera-
tions due to sudden braking and steering operations, de-
tects each operation by a step detecting the vehicle
speed just before sudden braking, then a step detecting
negative acceleration due to sudden braking, and then
a step detecting the steering angle when the steering
wheel is operated in the sudden braking; whereby the
method can determine whether or not an alarm level is
reached in the emergency operations according to a
predetermined criteria; and in its determination steps,
when it is determined that the alarm level in the emer-
gency operations determined in advance is reached, the
method changes a vehicle running in 4WD to one run-
ning in FR or FF by the driving force separating step
separating the part of driving force transmitting unit of
the vehicle. In addition, because the occurrence of an
abnormal deformation of an outer front tyre in turning in
emergency operations can be prevented or reduced ac-
cording to this, resulting in a prevention or reduction of
a roll-over occurrence and an improvement of running
stability in emergency operations can be achieved.
Moreover, after the emergency operations the drive sys-
tem returning step, connecting the driving force trans-
mitting unit separated by the drive system separating
step, allows the four wheel drive system to be returned
to.

FIG. 1 is an illustration drawing showing one em-
bodiment of a drive system changing device related
to the invention.
FIG. 2 is a flowchart of a drive system changing
method related to the invention.
FIG. 3 is a flowchart of a program for a drive system
changing device related to the invention.
FIGS. 4A, 4B, and 4C are drawings showing ap-
pearances of a tripped roll over and its dynamic ac-
tions: FIG. 4A is a drawing in which a vehicle is lat-
erally sliding; FIG. 4B is a drawing at an instant
when a tyre has clashed an obstacle; and FIG. 4C
is a drawing of the roll over proceeding.

[0031] Hereinafter, an embodiment of the present in-
vention will be described in detail, referring to drawings
as appropriate. However it goes without saying that the
substance of the invention is not limited to this embod-
iment.
[0032] A "drive system changing device" of the inven-
tion being, for example, as described with reference to
the drawings which show a drive system changing de-
vice 1, has a vehicle speed detecting means (vehicle
speed detector 5: for example, a speedometer) for de-
tecting a vehicle speed before a start of deceleration; a

deceleration detecting means (deceleration detector 6:
for example, a G sensor) for detecting a negative accel-
eration due to a sudden braking; a steering angle de-
tecting means (steering angle detector 7: for example,
a rack displacement amount detector) for detecting a
steering angle when a sudden steering operation is per-
formed during sudden braking; a determination means
(electronic controller 3: for example, a microcomputer)
for determining whether or not to change the drive sys-
tem from a result obtained from each of the above de-
tecting means; a driving force separating means (driving
force separating device 2: for example, a clutch) for
changing the four wheel drive system to a front wheel
drive system and a rear wheel drive system by separat-
ing the part of the driving force transmitting unit accord-
ing to a determination of the determination means (elec-
tronic controller 3); and a drive system returning means
(drive force separating device 2) for returning the drive
system, which has been changed to a front wheel drive
system and a rear wheel drive system by the driving
force separating means (driving force separating device
2), back to the four wheel drive system. Moreover, the
drive system changing device may have a vehicle
weight detecting means (vehicle weight detector 4: for
example, a hydraulic sensor) for detecting a difference
of a vehicle weight between a prescribed weight and one
in running; and a drive system change-actuation judging
means (electronic controller 3) for judging the driving
force separating means (driving force separating device
2) to cause non actuation of the system in the case that
an increase in the vehicle weight detected by the vehicle
weight detecting means (vehicle weight detector 4) is
less than a predetermined amount.
[0033] Although the "vehicle speed detection means"
of the drive system changing device of the embodiment
is not specifically limited, one example is a speedome-
ter, which continuously detects a speed during a running
state with an electronic controller continuously monitor-
ing the speed in conjunction with the speedometer. In
addition, as the "deceleration detection means", any-
thing may be used which detects deceleration per unit
time decelerated by a sudden braking operation from a
running speed detected by the vehicle speed detecting
means, for example, the deceleration of a vehicle may
be detected in conjunction with the speedometer, and
for example, to detect the deceleration by an acceler-
ometer or G sensor. As the "steering angle detecting
means", anything may be used which detects a tyre an-
gle steered as a result of a steering operation, and for
example, it can be a device which detects a steering an-
gle of a steering wheel in the emergency operations in
cooperation with the steering wheel or alternatively it
can be a rack displacement amount detector detecting
a displacement amount of a rack in the steering gear.
[0034] The "determination means" of the invention
can judge, for example in the electronic controller which
includes a program executable by the electronic control-
ler described in detail later, by information obtained from
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the vehicle speed detecting means, the deceleration de-
tecting means, and for the steering angle detecting
means whether or not the information corresponds to
an emergency operation, whether or not the decelera-
tion exceeds a threshold, and whether or not the steer-
ing angle reaches an alarm level in emergency opera-
tions.
[0035] The "driving force separating means" is not
specifically limited, however, for example, when the de-
termination means (electronic controller) judges that the
drive system is to be changed the following steps may
occur : the driving force separating means transmits a
signal to a hydraulic unit 8 from the electronic controller;
actuates a clutch-like mechanism by actuating the hy-
draulic unit 8; and cuts the driving force from one of the
front wheels and the rear wheels, thereby causing trans-
mission of the driving force to only either two wheels at
the front or at the rear. The clutch-like mechanism in-
cludes, for example, a clutch, a gear, or the like as a
device having a mechanism which can cut the driving
force between the front and rear wheels.
[0036] The "drive system returning means" of the
drive system changing device of the embodiment can
return, when the determination means determines that
the emergency operations are over, the driving force cut
by the clutch mechanism to the 4WD system automati-
cally by electronic control, and the drive system can re-
turn from the FR or FF system to the 4WD system semi-
automatically by a switch or the like.
[0037] As the "vehicle weight detecting means" in the
drive system changing device of the invention, anything
may be used which can detect a vehicle weight and it is
not specifically limited. Particular examples are means
for calculating an attenuation value due to the sinking-
down of a shock absorber which occurs when getting on
a vehicle by the hydraulic sensor attached to the shock
absorber and from an increase in the vehicle weight
from the hydraulic pressure.
[0038] In addition, as the "drive system change-actu-
ation judging means," anything may be used which,
when an increase in the vehicle weight detected by the
vehicle weight detecting means is above a certain
amount actuates the drive system changing device; and
when the increment of the vehicle weight detected by
the vehicle weight detecting means is below a certain
amount does not to actuate the drive system changing
device. Such a judgment can be performed by the "elec-
tronic controller", including a program executable by the
electronic controller and described in detail later. Ac-
cordingly, the drive system change-actuation judging
means is arranged to detect/judge a difference between
the prescribed weight and one in running from a dry
weight of a vehicle described in the vehicle inspection
certificate or the like by the vehicle weight detecting
means and drive system changing device. For example,
when the vehicle weight increases over 250 kg, this may
be judged to be above the limit ; alternatively or addi-
tionally when the vehicle weight exceeds 1.3 times the

dry weight of the vehicle, this may be judged to be above
the limit. When judged above the limit as such a judg-
ment to change the drive system in the emergency op-
erations according to the invention can be performed,
and when the increment of the vehicle weight is detected
as below the above limits another judgment not to
change the drive system according to the invention can
be performed.
[0039] Here, as the "program" used for the drive sys-
tem changing device, any program may be used which
can realize to temporarily change a running system to
the FR and/or FF systems from the 4WD system in the
emergency operations, based on information obtained
from the vehicle speed detecting means, the decelera-
tion detecting means, and the steering angle detecting
means. Meanwhile, a program language composing
such the program is not specifically limited, and any lan-
guage used for a usual program such as an assembler,
FORTRAN, COBOL, BASIC, C/C++, Java (R), Java (R)
Script, and Perl is available.
[0040] As a recording medium to record the program
described above, any suitable medium may be used, in-
cluding a semiconductor device.
[0041] Here, in the drive system changing device, as
the "electronic controller" including the program execut-
able by the electronic controller, anything may be used
which can acquire each data such as the vehicle weight
increment, vehicle speed, deceleration, and steering
angle obtained from the above; perform a computation
according to the program; and perform each the judg-
ment: in particular it may be a microcomputer or the like .
[0042] Meanwhile, in the electronic controller which
can execute the program recorded in the program for
the drive system changing device, positions of the grav-
ity center, roll center, and the like may be calculated from
the vehicle weight, acceleration, speed, deceleration,
and the like, and moreover considering results such as
the positions of the gravity center and roll center, the
presence or absence of a driving force change may be
judged.
[0043] Next, one of embodiments related to the inven-
tion will be described in detail, referring to an illustration
of the drive system changing device shown in FIG. 1.
[0044] Firstly, in the full-time 4WD system shown in
FIG. 1, a vehicle C detects increase in the vehicle weight
according to passengers and the weight of cargo on
board by the vehicle weight detector 4, attached as the
vehicle weight detecting means to a shock absorber,
and the detector 4 outputs this data to the electronic con-
troller 3 as the judgment means. In addition, in conjunc-
tion with the speedometer the vehicle speed is detected
as necessary by the vehicle speed detector 5 as the ve-
hicle speed detecting means, and the detector 5 like-
wise outputs such data to the electronic controller 3 as
the judgment means. In the embodiment the decelera-
tion detector 6 is disposed as the deceleration detecting
means and is a G sensor, which can detect the decel-
eration in a sudden braking, and likewise outputs such
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data to the electronic controller 3. In addition, in coop-
eration with the steering wheel, a steering angle detec-
tor 7 detecting the steering angle of tyres is provided,
which detects the steering angle of the tyres, and like-
wise outputs such data as above to the electronic con-
troller 3. The electronic controller 3 as the judgment
means judges whether or not to change the drive system
according to each of the data of the vehicle weight in-
crement, vehicle speed, deceleration, and steering an-
gle. The electronic controller 3 is an electronic controller
which has a program for the drive system changing de-
vice not shown in the drawing, and based on information
(information whether or not to change the drive system
in emergency operations from a relationship between
the deceleration and steering angle) recorded in such
program in advance, can execute the program of drive
system change. And as a result of the above judgment,
when it is judged that the drive system needs to be
changed, according to the program the electronic con-
troller 3 transmits a signal to actuate the driving force
separating device 2 to the hydraulic unit 8; actuates the
hydraulic unit 8; and thereby separates the front drive
shaft from the rear drive shaft with a clutch being the
driving force separating device 2, thereby being able to
cut the driving force from the rear wheels in an instant
and to make a running state with only the two front
wheels being driven. Meanwhile, after the emergency
operation, according to the program, the electronic con-
troller 3 transmits a signal to return the drive system to
the hydraulic unit 8, in order to actuate the driving force
separating device 2 as the drive system returning
means; actuates the driving force separating device 2;
and again connects the clutch, thereby being able to re-
turn the two wheel drive systems of the front and rear to
the 4WD system.
[0045] In FIG. 1, "FT" represents a front tyre; "RT", a
rear tyre; "FD", a front differential; "SD", a center differ-
ential; "RD", a rear differential; "MT", a transmission;
and "EG", an engine, respectively.
[0046] Next, referring to a flowchart shown in FIG. 2,
the drive system changing method related to the inven-
tion is described. In FIG. 2 a vehicle weight detecting
step (S1) and drive system change-actuation judging
step (S2) are included, the drive system changing meth-
od firstly detects the increment of the vehicle weight due
to passengers and a weight of cargo on board by the
vehicle weight detecting step (S1). Then, the system
judges "whether or not the vehicle weight reaches an
alarm range recorded in advance" (S3) by the drive sys-
tem change-actuation judging step (S2), and when
judged to be lighter than that amount (No), does not
move on to steps after the drive system change-actua-
tion judging step (S2) and instead causes non actuation
(S5), and thus the drive system changing method of the
invention is not performed. On the other hand, when
judged to be heavier (Yes), the vehicle speed is detected
as necessary by a vehicle speed detecting step (S4).
However, when the vehicle weight detecting step (S1)

and drive system change-actuation judging step (S2)
are not used, the program related to the invention is as-
sumed to start from the vehicle speed detecting step
(S4).
[0047] The method detects deceleration due to a sud-
den braking in emergency operations by a deceleration
detecting step (S6), additionally detects a steering angle
of the front tyres simultaneously by a steering angle de-
tecting step (S7), performs a computation based on in-
formation recorded in advance from a relationship be-
tween the deceleration and steering angle, and judges
whether or not a state of the front tyres reaches the
alarm range in a judgment step (S8) preferred by the
electronic controller. Judging from a judgment result by
the judgment step (S8) "whether or not the drive system
is requested to be changed," (S9) when the drive system
is not requested to be changed (No), the system/method
continues monitoring the vehicle state again, looping to
the vehicle speed detecting step (S4). On the other
hand, when judged that the drive system is needed to
be changed (Yes), the system actuates a driving force
separating step (S10) and changes the vehicle running
with the 4WD system to a system driving the two wheels
of the front or rear wheels. In a judgment step (S11) per-
formed by the electronic controller, the method judges
"whether or not the emergency operations are finished,"
(S12) and when it is judged that the emergency opera-
tions are finished, (Yes), returns the drive system to the
4WD system by a drive system returning step (S13), and
again after that, continues monitoring the state of the
front tyres, looping to the vehicle speed detecting step
(S4). On the other hand, when judged that the emergen-
cy operations are not finished (No), the method contin-
ues to test this until the finish of the emergency opera-
tions by looping to the judgment step (S11) until the
emergent operations are finished.
[0048] Although the drive system changing method is
described as a method in which the vehicle speed de-
tecting step (S4), the deceleration detecting step (S6),
and the steering angle detecting step (S7) are sequen-
tially processed, it goes without saying that these proc-
esses may be parallel and concurrently processed.
[0049] In addition, the program is described referring
to a flowchart shown in FIG. 3. FIG. 3 includes a program
relating to the vehicle speed detecting means and drive
system change-actuation judging means. When the pro-
gram is executed, the electronic controller acquires ve-
hicle weight data from the vehicle weight detecting
means (S14). Then, the program judges from the ac-
quired vehicle weight data "whether or not the vehicle
weight reaches the alarm range recorded in advance"
(S15) by a computation, and when the increase in the
vehicle weight is less than that range, the program
makes the electronic controller transmit a signal to
cause "non actuation" (S17) of the driving force sepa-
rating device. On the other hand, when the increment of
the vehicle weight is more than that range, the program
makes the electronic controller acquire vehicle speed
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data from the vehicle speed detecting means (S16),
makes it acquire deceleration data during sudden brak-
ing (S18), and also makes it acquire sudden steering
angle data at the same time (S19). The program makes
the electronic controller perform a computation based
on each of the acquired data (S20), makes it judge
"whether or not an alarm range of an outer front tire in
turning recorded in advance is reached" (S21), and
when the alarm range is reached (Yes), makes it trans-
mit a signal to actuate the driving force separating de-
vice related to the invention (S22). On the other hand,
when the alarm range is not reached (No), the program
does not make the electronic controller transmit a signal
to change the drive system and again makes it acquire
data such as the vehicle speed (S16 to S19). When ac-
tuating the driving force separating device (S22), the
program makes the electronic controller perform a com-
putation (S23), makes it judge "whether or not continue
a changed state of the drive system" (S24), and when
judged that continuing is requested (Yes), makes it con-
tinuously maintain the changed state and repeat the
computation (S23) until the state is not requested. On
the other hand, when judged that continuing is not re-
quested (No), the program makes the electronic control-
ler return the drive system to the 4WD system and again
acquire the vehicle speed data and the like (S16 to S19).
Meanwhile, although the above program is described as
a program making the electronic controller acquire the
vehicle data (S16), acquire the deceleration data (S18),
and acquire the steering angle data (S18) as sequen-
tially processed, it goes without saying that these proc-
esses may be parallel and concurrently processed.

Claims

1. A drive system changing device (1) actuated in an
emergency operation, the device comprising:

a vehicle speed detecting means (5) for detect-
ing a vehicle speed before a start of decelera-
tion;
a deceleration detecting means (6) for detect-
ing a negative acceleration due to a sudden
braking;
a steering angle detecting means (7) for detect-
ing a steering angle when a sudden steering
operation is performed in the sudden braking;
a determination means (3) for determining
whether or not to change a drive system from
a result obtained from each of said vehicle
speed detecting means (5), said deceleration
detecting means (6), and said steering angle
detecting means (7);
a driving force separating means (2) for chang-
ing a four wheel drive system to a front wheel
drive system or a rear wheel drive system by
separating a part of a driving force transmitting

unit of the four wheel drive system according to
a determination of said determination means
(3); and
a drive system returning means (2) for returning
the drive system changed to the front wheel
drive system or the rear wheel drive system af-
ter the emergency operation by said driving
force separating means to the four wheel drive
system.

2. A drive system changing device (1) according to
claim 1, wherein said determination means (3) is
controlled by an electronic controller.

3. A drive system changing device (1) according to
claim 1 or claim 2, the device further having:

a vehicle weight detecting means (4) for detect-
ing a difference between a prescribed vehicle
weight and a vehicle weight in running; and
a drive system change-actuation judging
means for actuating said drive system chang-
ing device only when an increase in the vehicle
weight detected by said vehicle weight detect-
ing means is more than a certain amount.

4. A drive system changing (1) device according to
claim 3, wherein said drive system change-actua-
tion judging means is controlled by an electronic
controller.

5. A drive system changing method which is actuated
in an emergency operation, the method comprising:

a vehicle speed detecting step, detecting a ve-
hicle speed before a start of deceleration;
a deceleration detecting step, detecting a neg-
ative acceleration due to a sudden braking;
a steering angle detecting step, detecting a
steering angle when a sudden steering opera-
tion is performed in the sudden braking;
a determination step, determining whether or
not to change a drive system from a result ob-
tained from each step of said vehicle speed de-
tecting step, said deceleration detecting step,
and said steering angle detecting step;
a driving force separating step, changing a four
wheel drive system to a front wheel drive sys-
tem or a rear wheel drive system by separating
a part of a driving force transmitting unit of the
four wheel drive system according to a deter-
mination of said determination step; and
a drive system returning step, returning the
drive system changed to the front wheel drive
system or the rear wheel drive system after the
emergency operation by said driving force sep-
arating step to the four wheel drive system.
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6. A drive system changing method according to claim
5, the method further comprising:

a vehicle weight detecting step, detecting a dif-
ference between a prescribed vehicle weight
and a vehicle weight in running;
and wherein only when an increase in the ve-
hicle weight detected by said vehicle weight de-
tecting step is above a certain amount does
said determination step to determine whether
or not to change a drive system from a result
obtained from each step of said vehicle speed
detecting step, said deceleration detecting
step, and said steering angle detecting step oc-
cur.

7. A program executable by an electronic controller
according to claim 2 controlling a drive system
changing device, the program making the electronic
controller:

monitor a vehicle speed as necessary by ac-
quiring detected and output data from said ve-
hicle speed detecting means;
monitor deceleration in sudden braking by ac-
quiring detected and output data from said de-
celeration detecting means;
monitor a steering angle detecting means by
acquiring detected and output data from said
steering angle detecting means;
perform a computation as to whether or not an
alarm range recorded in advance is reached
based on each data monitored by said deceler-
ation detecting means and said steering angle
detecting means;
actuate said driving force separating device
when as a computation result, a state of the
front tyres due to an emergency operation is
judged to be in the alarm range recorded in ad-
vance, and transmit a signal to change a four
wheel drive system to a two wheel drive sys-
tem; and
actuate said driving force separating device
again after the emergency operation, and
transmit a signal to return the two wheel drive
system to the four wheel drive system.

8. A program executable by an electronic controller
according to claim 4 for controlling a drive system
changing device, the program further making the
electronic controller:

judge whether or not an increase in a vehicle
weight reaches an alarm range recorded in ad-
vance by acquiring data detected by said vehi-
cle weight detecting means; and
transmit a signal to actuate said driving force
separating device when the increase in the ve-

hicle weight reaches the alarm range recorded
in advance.
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