
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

33
5 

97
1

A
1

��&�����������
(11) EP 2 335 971 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
22.06.2011 Bulletin 2011/25

(21) Application number: 10195142.4

(22) Date of filing: 15.12.2010

(51) Int Cl.:
B60N 2/44 (2006.01) B60N 2/02 (2006.01)

B60R 22/46 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 15.12.2009 JP 2009283766

(71) Applicant: Honda Motor Co., Ltd.
Minato-ku
Tokyo 107-8556 (JP)

(72) Inventor: Odate, Shotaro
Saitama 351-0193 (JP)

(74) Representative: Herzog, Markus
Weickmann & Weickmann 
Patentanwälte 
Postfach 86 08 20
81635 München (DE)

(54) Passive safety device

(57) There is provided a passive safety device which
can prevent an occupant from moving when an acceler-
ation that causes the occupant to move in a vehicle is
working on the occupant, and which can improve the ride
comfort. A passive safety device of the present invention
comprises an acceleration detecting unit that detects an
acceleration of a vehicle, a seat adjusting unit that ex-

pands a seat side of a seat in order to prevent an occupant
sitting down the seat from moving, a safety belt adjusting
unit that controls tension of a safety belt worn by the
occupant, and a control unit that controls an expansion
of the seat side and/or the tension of the safety belt
through the seat adjusting unit and the safety belt adjust-
ing unit, based on the detected acceleration of the vehi-
cle.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a vehicle, and
more specifically, a passive safety device that prevents
an occupant from moving against an acceleration work-
ing on the occupant in the vehicle while the vehicle is
traveling.

Description of the Related Art

[0002] Conventionally, when a vehicle is traveling, if
sudden braking, turning together with deceleration, and
acceleration, etc., happens, an acceleration is applied in
some cases to an occupant in the vehicle in such a way
that the occupant is moved in the vehicle due to inertia
force.
[0003] In order to overcome such a problem, so far, a
pretensioner is proposed which reduces the amount of
movement of the occupant by increasing/decreasing the
tension of a safety belt worn by the occupant sitting down
a seat.
[0004] Also, a seat control to move the seat, where the
occupant is sitting, back and forth and to change the tilting
angle of the backrest of the seat back and forth is known.
[0005] Regarding the pretensioner and a seat control,
Japan Patent No. 4285569 (see, for example, [ 0030],
[ 0058], FIG. 1, and FIG. 7) discloses a "passive safety
device comprising seat adjusting means for adjusting a
condition of a seat in an appropriate condition, belt ad-
justing means for adjusting the tension of a safety belt,
determining means for determining whether or not it is
necessary to adjust the condition of the seat and the ten-
sion of the safety belt, and control means for controlling
the seat adjusting means and the belt adjusting means
when the determining means determines that it is nec-
essary to adjust the condition of the seat and the tension
of the safety belt, in such a manner that the belt adjusting
means starts adjustment after the seat adjusting means
terminates adjustment, or that the belt adjusting means
starts adjustment after the seat adjusting means starts
adjustment and the seat adjusting means terminates ad-
justment when a predetermined tension is about to be
applied to the safety belt by adjustment of the belt ad-
justing means", which is recited in claim 1.
[0006] According to the configuration of Japan Patent
No. 4285569, either one of the safety belt or the seat is
controlled, so that the control cannot keep up with an
acceleration working on the vehicle and the occupant is
not held appropriately in some cases, resulting in an un-
comfortable feeling to the occupant.
[0007] The present invention has been made in order
to overcome the foregoing problem, and it is an object of
the present invention to provide a passive safety device
which can prevent an occupant from moving when an

acceleration that causes the occupant to move in a ve-
hicle is applied to the occupant, and which can improve
the ride quality.

SUMMARY OF THE INVENTION

[0008] In order to achieve the above object, a first as-
pect of the present invention provides a passive safety
device that comprises: an acceleration detecting unit that
detects an acceleration of a vehicle; a seat adjusting unit
that expands a seat side of a seat in order to prevent an
occupant sitting down the seat from moving; a safety belt
adjusting unit that controls tension of a safety belt worn
by the occupant; and a control unit that controls an ex-
pansion of the seat side and/or the tension of the safety
belt through the seat adjusting unit and the safety belt
adjusting unit based on the detected acceleration of the
vehicle.
[0009] According to the first aspect of the present in-
vention, the occupant can be appropriately held by the
expansion of the seat side and/or the tension of the safety
belt based on the detected acceleration of the vehicle,
thereby effectively suppressing the movement of the oc-
cupant in the vehicle.
[0010] A second aspect of the present invention pro-
vides the passive safety device of the first aspect of the
present invention, in which the control unit controls either
one of or both of the seat adjusting unit and the safety
belt adjusting unit in accordance with a direction of an
acceleration working on the occupant due to inertia to
move the occupant in the vehicle by the detected accel-
eration of the vehicle.
[0011] According to the second aspect of the present
invention, it is determined whether either one of or both
of the seat adjusting unit and the safety belt adjusting
unit are used depending on the direction of the acceler-
ation working on the occupant to move the occupant in
the vehicle. Therefore, the most appropriate unit for sup-
pressing the movement of the occupant can be selected
based on the direction of the acceleration working on the
occupant.
[0012] A third aspect of the present invention provides
the passive safety device of the second aspect of the
present invention, in which the control unit determines
whether or not to use each of the seat adjusting unit and
the safety belt adjusting unit in accordance with a value
of the acceleration working on the occupant due to inertia
to move the occupant in the vehicle by the detected ac-
celeration of the vehicle.
[0013] According to the third aspect of the present in-
vention, it is determined whether or not to use each of
the seat adjusting unit and the safety belt adjusting unit
based on the value of the acceleration working on the
occupant. Accordingly, cases can be divided into a case
in which holding by the seat adjusting unit and/or the
safety belt adjusting unit is required and a case in which
such holding is unnecessary.
[0014] A fourth aspect of the present invention pro-
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vides the passive safety device of any one of the first to
third aspects of the present invention, in which when the
direction of the acceleration working on the occupant due
to inertia to move the occupant in the vehicle by the de-
tected acceleration of the vehicle is a rearward direction
of the vehicle, the seat adjusting unit is actuated to ex-
pand the seat side.
[0015] According to the fourth aspect of the present
invention, when the direction of the acceleration working
on the occupant is a rearward direction of the vehicle,
the seat adjusting unit is actuated to expand the seat
side, thereby appropriately holding the occupant and pre-
venting the occupant from moving.
[0016] A fifth aspect of the present invention provides
the passive safety device of any one of the first to third
aspects of the present invention, in which when the di-
rection of the acceleration working on the occupant due
to inertia to move the occupant in the vehicle by the de-
tected acceleration of the vehicle is a front-side direction
of the vehicle, the seat adjusting unit expands the seat
side and the safety belt adjusting unit applies tension to
the safety belt.
[0017] According to the fifth aspect of the present in-
vention, when the direction of the acceleration working
on the occupant is a front-side direction of the vehicle,
the seat adjusting unit expands the seat side, and the
safety belt adjusting unit gives tension to the safety belt,
thereby appropriately holding the occupant and prevent-
ing the occupant from moving.
[0018] A sixth aspect of the present invention provides
the passive safety device of the fifth aspect of the present
invention, in which when the direction of the acceleration
working on the occupant due to inertia to move the oc-
cupant in the vehicle by the detected acceleration of the
vehicle is a front-side direction opposite to a shoulder
where the safety belt is put on, the seat adjusting unit
largely expands the seat side larger in comparison with
directions other than the front-side direction.
[0019] According to the sixth aspect of the present in-
vention, when the direction of the acceleration working
on the occupant is a front-side direction opposite to a
shoulder where the safety belt is put on, expansion of
the seat side by the seat adjusting unit is increased in
comparison with other directions other than the front-side
direction, so that the acceleration in the front-side direc-
tion opposite to the shoulder of the occupant where the
safety belt is put on can be effectively reduced, thereby
preventing the occupant from moving.
[0020] A seventh aspect of the present invention pro-
vides the passive safety device of any one of the first to
sixth aspects of the present invention, in which the control
unit starts either one of or both of controlling of expansion
of the seat side by the seat adjusting unit and controlling
of tension of the safety belt by the safety belt adjusting
unit when the acceleration working on the occupant due
to inertia to move the occupant in the vehicle by the de-
tected acceleration of the vehicle is not less than a pre-
determined value.

[0021] According to the seventh aspect of the present
invention, either one of or both of the expansion control
of the seat side by the seat adjusting unit and the tension
control of the safety belt by the safety belt adjusting unit
are started when the acceleration working on the occu-
pant to move the occupant in the vehicle is not less than
the predetermined value, so that the control can be ex-
ecuted appropriately without increasing the process load.
[0022] An eighth aspect of the present invention pro-
vides the passive safety device of any one of the first to
seventh aspects of the present invention, in which when
the acceleration working on the occupant due to inertia
to move the occupant in the vehicle by the acceleration
detected by the acceleration detecting unit becomes not
more than a predetermined value, the control unit termi-
nates the control of the seat adjusting unit and/or the
safety belt adjusting unit in operation.
[0023] According to the eighth aspect of the present
invention, when the acceleration working on the occupant
becomes not more than the predetermined value, the
control unit terminates the control of the seat adjusting
unit and/or the safety belt adjusting unit in operation, so
that the control of the seat adjusting unit and/or the safety
belt adjusting unit in operation can be appropriately ter-
minated.
[0024] A ninth aspect of the present invention provides
the passive safety device of the eighth aspect of the
present invention, in which when the direction of the ac-
celeration working on the occupant due to inertia to move
the occupant in the vehicle by the detected acceleration
of the vehicle is a front-side direction opposite to a shoul-
der where the safety belt is put on, the control unit termi-
nates the control of the seat adjusting unit, and then ter-
minates the control of the safety belt adjusting unit.
[0025] According to the ninth aspect of the present in-
vention, when the direction of the acceleration working
on the occupant is a front-side direction opposite to a
shoulder where the safety belt is put on, the control unit
first terminates the control of the seat adjusting unit, and
then terminates the control of the safety belt adjusting
unit, so that the sequencing for termination of the control
of the seat adjusting unit and for termination of the control
of the safety belt adjusting unit becomes appropriate.
[0026] According to the present invention, when an
amount of displacement of the occupant is forecasted,
the seat and the safety belt are appropriately controlled,
thereby reducing the amount of displacement of the oc-
cupant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a conceptual top view showing a general
configuration of a major part of a vehicle equipped
with a passive safety device according to an embod-
iment of the present invention;
FIG. 2 is a conceptual side view showing the prox-

3 4 



EP 2 335 971 A1

4

5

10

15

20

25

30

35

40

45

50

55

imity of a front seat of a vehicle equipped with a pas-
sive safety device of the embodiment as viewed from
the right;
FIG. 3A is a front view showing a driver sitting down
a driver’s seat and an occupant sitting down a pas-
senger seat as viewed from the front, each seat being
a front seat of a vehicle equipped with a passive safe-
ty device of the embodiment;
FIG. 3B is a top view showing the driver sitting down
the driver’s seat and the occupant sitting down the
passenger seat as viewed from the above, the each
seat being the front seat of the vehicle equipped with
the passive safety device of the embodiment;
FIG. 4 is a perspective view showing the driver’s seat
(passenger seat) as viewed from the front-side di-
rection;
FIG. 5 is an illustration showing a condition of an
occupant sitting down a passenger seat in a vehicle
when sudden braking happens;
FIG. 6A is a front view showing respective conditions
of a driver sitting down the driver’s seat and an oc-
cupant sitting down the passenger seat when a ve-
hicle turns right while decelerating;
FIG. 6B is a top view showing respective conditions
of the driver sitting down the driver’s seat and the
occupant sitting down the passenger seat when the
vehicle turns right while decelerating;
FIG. 7 is a block diagram showing a configuration of
a seat/safety belt ECU;
FIG. 8A is a top view showing a driver sitting down
the driver’s seat as viewed from the above;
FIG. 8B is a diagram showing a region of an accel-
eration (back-and-forth G: acceleration indicated by
the vertical axis and right-and-left G: acceleration
indicated by the horizontal axis) working on the driv-
er, which causes the driver in FIG. 8A to move apart
from the driver’s seat, due to an acceleration working
on the vehicle, a region where seat/safety belt control
is performed and a region where no control is per-
formed with respect to the region of the acceleration
working on the driver;
FIG. 8C is a top view showing an occupant sitting
down the passenger seat as viewed from the above;
FIG. 9 is a flowchart showing a flow of a seat/safety
belt control performed by a seat/safety belt ECU of
the passive safety device;
FIG. 10 is a flowchart showing a flow of a seat/safety
belt control performed by a seat/safety belt ECU of
the passive safety device;
FIG. 11 is a flowchart showing a flow of a seat/safety
belt control performed by a seat/safety belt ECU of
the passive safety device; and
FIG. 12 is a diagram for comparing respective
amounts of displacement of an occupant when con-
trolled by the passive safety device and when not
controlled.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0028] An explanation will be given of an embodiment
of the present invention with reference to the accompa-
nying drawings.
[0029] FIG. 1 is a conceptual top view showing a gen-
eral configuration of a major part of a vehicle 100
equipped with a passive safety device according to an
embodiment of the present invention.
[0030] The vehicle 100 of the embodiment includes a
right front wheel 2r and a left front wheel 21 which are
steering wheels at the front both sides of a vehicle body
1, and a right rear wheel 3r and a left rear wheel 31 which
are driving wheels at the rear both sides of the vehicle
body 1. Each of the right front wheel 2r, left front wheel
21, right rear wheel 3r, and left rear wheel 31 is equipped
with a brake (not shown) for braking.
[0031] The right front wheel 2r and the left front wheel
21 are connected to a steering wheel 3 through a steering
shaft 3s, tie rods 3t, etc..
[0032] The vehicle 100 includes, as sensors for detect-
ing its traveling condition, a vehicle speed sensor s1 for
detecting a vehicle speed, a yaw rate sensor s2 for de-
tecting a yaw rate of the vehicle body 1, a back-and-forth
G sensor s3 for detecting an acceleration in the back-
and-forth direction (the vertical direction of FIG. 1) of the
vehicle body 1, a lateral G sensor s4 for detecting an
acceleration in the lateral direction (the right-and-left di-
rection in FIG. 1) of the vehicle body 1, and wheel speed
sensors s2r, s21, s3r, and s31 for detecting respective
wheel speeds of the right front wheel 2r, the left front
wheel 21, the right rear wheel 3r, and the left rear wheel
31.
[0033] Signals and the like detected by the vehicle
speed sensor s1, the yaw rate sensor s2, the back-and-
forth G sensor s3, the lateral G sensor s4, and the wheel
speed sensors s2r, s21, s3r, and s31 are input into an
ECU (Electronic Control Unit) (not shown) that compre-
hensively controls the whole vehicle 100 and a seat/safe-
ty belt ECU 7 that configures the passive safety device
of this embodiment.

<Safety Belts 11, 12>

[0034] FIG. 2 is a conceptual side view showing the
proximity of a front seat of the vehicle 100 equipped with
the passive safety device of the embodiment shown in
FIG. 1 as viewed from the right. In FIG. 2, a left side
support 10dl to be discussed later of a passenger seat
10 is omitted.
[0035] FIG. 3A is a front view showing a driver p1 sitting
down a driver’s seat 9 and an occupant p2 sitting down
a passenger seat 10 as viewed from the front, each seat
being a front seat of the vehicle 100 equipped with the
passive safety device of the embodiment, and FIG. 3B
is a top view showing the driver p1 sitting down the driv-
er’s seat 9 and the occupant p2 sitting down the passen-
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ger seat 10 of the vehicle 100 as viewed from the above.
[0036] The driver p1 sitting down the driver’s seat 9
wears a safety belt 11 which holds the driver p1 to the
driver’s seat 9, and the occupant p2 sitting down the pas-
senger seat 10 wears a safety belt 12 that holds the oc-
cupant p2 to the passenger seat 10 while the vehicle 100
is traveling.
[0037] The safety belt 11 worn by the driver p1 is pro-
vided with a pretensioner (safety belt adjusting means)
which enhances the holding effect by its tension, and the
pretensioner controls the holding of the driver p1 by the
tension of the safety belt 11 by using, for example, a
driving force of a motor (not shown), and a driving force
by a movement of a ball (not shown) by gas pressure.
[0038] Likewise, a safety belt 12 worn by the occupant
p2 is provided with a pretensioner (safety belt adjusting
means) that enhances the holding effect by its tension,
and the pretensioner controls the holding of the occupant
p2 by the tension of the safety belt 12 by using, for ex-
ample, a driving force of a motor (not shown), and a driv-
ing force by a movement of a ball (not shown) by gas
pressure.

<Driver’s Seat 9 and Passenger Seat 10>

[0039] FIG. 4 is a perspective view showing the driver’s
seat 9 (passenger seat 10) as viewed from the front side.
[0040] The driver’s seat 9 includes a seat 9a where
the hip of the driver p1 is put on, a backrest 9b for sup-
porting the back and the shoulders of the driver p1, a
headrest 9c for supporting the head of the driver p1, a
right side support 9dr that prevents the driver p1 from
moving in the right direction (see FIGS. 3A and 3B), and
a left side support 9dl that prevents the driver p1 from
moving in the left direction (see FIGS. 3A and 3B).
[0041] Likewise, the passenger seat 10 includes a seat
10a where the hip of the occupant p2 is put on, a backrest
10b for supporting the back and the shoulders of the oc-
cupant p2, a headrest 10c for supporting the head of the
occupant p2, a right side support 10dr that prevents the
occupant p2 from moving in the right direction (see FIGS.
3A and 3B), and a left side support 10dl that prevents
the occupant p2 from moving in the left direction (see
FIGS. 3A and 3B) .

<Individual Seat Adjusting Means for Driver’s Seat 9 and 
Passenger Seat 10>

[0042] Provided in respective interiors of the right and
left side supports 9dr, 9dl of the driver’s seat 9 are bal-
loon-like bags (expanding members, not shown) which
cause the right and left side supports 9dr, 9dl to expand
(see two-dot chain lines in FIG. 3B) when air is supplied
through non-illustrated air compressor, an accumulator,
valves, etc., in order to hold the driver p1 to the driver’s
seat 9 from the right, left, front right, front left, etc., and
to prevent the driver p1 from moving. The balloon-like
bags of the expanding members restore the right and left

side supports 9dr, 9dl to respective original shapes (see
solid lines in FIG. 3B) when the supplied air is evacuated,
thereby releasing the driver p1.
[0043] The structure which causes the right and left
side supports 9dr, 9dl to expand for preventing the driver
p1 from moving is referred to as seat adjusting means
for the driver’s seat 9.
[0044] Likewise, provided in respective interiors of the
right and left side supports 10dr, 10dl of the passenger
seat 10 are balloon-like bags (expanding members, not
shown) which cause the right and left side supports 10dr,
10dl to expand (see two-dot chain lines in FIG. 3B) when
air is supplied through non-illustrated air compressor, an
accumulator, valves, etc., in order to hold the occupant
p2 to the passenger seat 10 from the right, left, front right,
front left, etc., and to prevent the occupant p2 from mov-
ing. The balloon-like bags of the expanding members
restore the right and left side supports 10dr, 10dl to re-
spective original shapes (see solid lines in FIG. 3B) when
the supplied air is evacuated, thereby releasing the oc-
cupant p2.
[0045] The structure which causes the right and left
side supports 10dr, 10dl to expand for preventing the
occupant p2 from moving is referred to as seat adjusting
means for the passenger seat 10.
[0046] Exemplified in this embodiment is a case in
which air is used for the expanding members in respec-
tive interiors of the right and left side supports 9dr, 9dl of
the driver’s seat 9 and the expanding members in re-
spective interiors of the right and left side supports 10dr,
10dl of the passenger seat 10, but gases other than air
can be used for the expanding members.
[0047] Also, the expanding members in respective in-
teriors of the right and left side supports 9dr, 9dl of the
driver’s seat 9 and the expanding members in respective
interiors of the right and left side supports 10dr, 10dl of
the passenger seat 10 are each a balloon-like bag utiliz-
ing taking in/out of air as exemplified above, but may be
a mechanism which is actuated by a motor and a driving
force thereof, so that the structure of the expanding mem-
ber is not limited as far as the foregoing function can be
achieved.
[0048] As the expanding member of the seat adjusting
means, the exemplified balloon-like bag is preferable be-
cause it is soft and comfortable to touch.

<Function of Passive Safety Device>

[0049] Next, an explanation will be given of the working
(function) of the passive safety device together with a
traveling condition of the vehicle 100 on a phenomenon
basis.
[0050] FIG. 5 is an illustration showing a condition of
the occupant p2 sitting down the passenger seat 10 in
the vehicle 100 when sudden braking happens.
[0051] When sudden braking is applied to the vehicle
100, a frontward acceleration works on the occupant p2
sitting down the passenger seat 10 due to inertia in the
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interior of the vehicle 100, and the occupant p2 is moved
to the front apart from the passenger seat 10 (see the
solid line in FIG. 5).
[0052] Regarding this forward movement of the occu-
pant p2 sitting down the passenger seat 10, holding of
the occupant p2 to the passenger seat 10 by the safety
belt 12 using the pretensioner (safety belt adjusting
means) is more effective than holding of the occupant p2
by the expanding members (seat adjusting means) of the
right and left side supports 10dr, 10dl of the passenger
seat 10.
[0053] FIG. 6A is a front view showing respective con-
ditions of the driver p1 sitting down the driver’s seat 9
and the occupant p2 sitting down the passenger seat 10
when the vehicle 100 turns right while decelerating. FIG.
6B is a top view showing respective conditions of the
driver p1 sitting down the driver’s seat 9 and the occupant
p2 sitting down the passenger seat 10 when the vehicle
100 turns right while decelerating.
[0054] When the vehicle 100 turns right while deceler-
ating, accelerations which cause the driver p1 and the
occupant p2 to move to the front left against the vehicle
100 work due to inertia on the driver p1 sitting down the
driver’s seat 9 and the occupant p2 sitting down the pas-
senger seat 10 because the vehicle 100 turns right while
decelerating.
[0055] At this time, the right-half part of the body of the
driver p1 is held by the tension of the safety belt 11, but
the left-half part (in particular, the left shoulder) of the
body of the driver p1 is not held by the safety belt 11, so
that the left-half part of the body of the driver p1 moves
frontward so as to be apart from the driver’s seat 9. In
this case, the expanding level of the expanding member
(seat adjusting means) of the left side support 9dl of the
driver’s seat 9 is controlled to become large to hold the
driver p1 to the driver’s seat 9 (see the thick solid line in
FIG. 6B). This realizes effective reduction of amount of
displacement that the driver p1 moves apart from the
driver’s seat 9 in the front left direction.
[0056] On the other hand, at this time, because the
left-half part of the body of the occupant p2 of the pas-
senger seat 10 is held by the safety belt 12, the expanding
level of the expanding member (seat adjusting means)
of the left side support 10dl of the passenger seat 10 is
controlled to be small (see the thick solid line in FIG. 6B),
and the occupant p2 is held by the tension of the safety
belt 12 by the pretensioner (safety belt adjusting means)
and by the expansion of the expanding member (seat
adjusting means) of the left side support 10dl, thereby
preventing the movement of the occupant p2 apart from
the passenger seat 10 in the front left direction.
[0057] Next, an explanation will be given of the seat/
safety belt ECU 7 of the passive safety device which re-
duces an amount of movement of the driver p1 apart from
the driver’s seat 9 by the tension control of the safety belt
11 by the pretensioner and by the control of respective
expanding members of the right and left side supports
9dr, 9dl, and an amount of movement of the occupant p2

apart from the passenger seat 10 by the tension control
of the safety belt 12 by the pretensioner and by the control
of respective expanding members of the right and left
side supports 10dr, 10dl, when the vehicle 100 is traveling
as explained above.

<Seat/Safety Belt ECU 7>

[0058] A control of the pretensioner of the safety belt
11 in the driver’s seat 9 and a control of each of the ex-
panding members of the right and left side supports 9dr,
9dl in the driver’s seat 9, and a control of the pretensioner
of the safety belt 12 in the passenger seat 10 and a control
of each of the expanding members of the right and left
side supports 10dr, 10dl in the passenger seat 10 will be
referred to as a seat/safety belt control. The seat/safety
belt control is performed by the seat/safety belt ECU 7
(see FIG. 1) .
[0059] FIG. 7 is a block diagram showing a configura-
tion of the seat/safety belt ECU 7.
[0060] The seat/safety belt ECU 7 includes a vehicle
condition determining unit C1 that determines in which
condition the own vehicle 100 is traveling, a generated
G calculating unit C2 that calculates, based on detection
information from the back-and-forth G sensor s3, the lat-
eral G sensor s4 and etc., in which direction an acceler-
ation is working on the driver p1 and the occupant p2 to
move the driver p1 and the occupant p2 in the interior of
the vehicle 100 based on an acceleration working on the
vehicle 100, a seat/safety belt controller C3 that outputs
information for appropriately controlling the seat and the
safety belt when it is determined that the driver p1 and
the occupant p2 will be moved in the interior of the vehicle
100 due to inertia based on information from the gener-
ated G calculating unit C2, so as to prevent the driver p1
and the occupant p2 from moving depending on the di-
rection of the acceleration working on each of the driver
p1 and the occupant p2 to be moved, and a seat/safety
belt driving unit C4 that actually drives and controls indi-
vidual expanding members of the right and left side sup-
ports 9dr, 9dl of the driver’s seat 9, the pretensioner of
the safety belt 11, individual expanding members of the
right and left side supports 10dr, 10dl of the passenger
seat 10, and the pretensioner of the safety belt 12, based
on the information from the seat/safety belt controller C3.
[0061] Each unit of the seat/safety belt ECU 7 will be
explained in detail below.

<Vehicle Condition Determining Unit C1 of Seat/Safety 
Belt ECU 7>

[0062] The vehicle condition determining unit C1 of the
seat/safety belt ECU 7 determines how much braking is
applied, e.g., a wheel lock, based on, for example, wheel
speed information from respective wheel speed sensors
s2r, s21, s3r, s31 of the right front wheel 2r, the left front
wheel 21, the right rear wheel 3r, and the left rear wheel
31 (see FIG. 1) of the vehicle 100 and acceleration infor-
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mation from the back-and-forth G sensor s3 and the lat-
eral G sensor s4, and detects, for example, a wheel spin
that is spin out of control of a drive wheel from detection
information of the vehicle speed sensor s1 and the wheel
speed sensors s3r, s31, thereby determining the condi-
tion of the vehicle 100.
[0063] Also, the vehicle condition determining unit C1
detects a turning condition of the vehicle 100 based on
detection information from, for example, the yaw rate
sensor s2 in order to detect an over steering and an under
steering, thereby determining the condition of the vehicle
100. The vehicle condition determining unit C1 may de-
tect at least one of these conditions or may detect a con-
dition other than these of the vehicle 100.

<Generated G Calculating Unit C2 of Seat/Safety Belt 
ECU 7>

[0064] Next, an explanation will be given of a function
of the generated G calculating unit C2 (see FIG. 7) of the
seat/safety belt ECU 7.
[0065] FIG. 8A is a top view showing the driver p1 sit-
ting down the driver’s seat 9 as viewed from the above.
FIG. 8B is a diagram showing a region of an acceleration
(back-and-forth G: acceleration indicated by the vertical
axis and right-and-left G: acceleration indicated by the
horizontal axis) working on the driver p1, which causes
the driver p1 in FIG. 8A to move apart from the driver’s
seat 9, due to an acceleration working on the vehicle 100,
a region where seat/safety belt control is performed, and
a region where no control is performed among the regions
of the acceleration working on the driver p1. FIG. 8C is
a top view showing the occupant p2 sitting down the pas-
senger seat 10 as viewed from the above.
[0066] In FIG. 8B, a region A is a region where a back-
ward acceleration and a rightward acceleration are work-
ing on the driver p1 to move the driver p1, a region D is
a region where a backward acceleration and a leftward
acceleration are working on the driver p1 to move the
driver p1, a region B is a region where a frontward ac-
celeration and a rightward acceleration are working on
the driver p1 to move the drive p1, and a region C is a
region where a frontward acceleration and a leftward ac-
celeration are working on the driver p1 to move the driver
p1. In FIG. 8B, a region where seat/safety belt control is
performed is indicated by deep dots, and a region where
no seat/safety belt control is performed is indicated by
light dots.
[0067] The reason why FIG. 8B is anti-symmetrical is
that the safety belt 11 is applied on the right shoulder of
the driver p1, but no safety belt is applied on the left shoul-
der.
[0068] The generated G calculating unit C2 calculates
a direction of an acceleration working on the driver p1
due to inertia to move the driver p1 relative to the vehicle
body 1 based on acceleration information (back-and-
forth direction acceleration information) detected by the
back-and-forth G sensor s3 and acceleration information

(lateral direction acceleration information) detected by
the lateral G sensor s4.
[0069] More specifically, when the direction of the ac-
celeration of the vehicle body 1 detected by the back-
and-forth G sensor s3 is the frontward direction (see FIG.
1), the direction of an acceleration which causes the driv-
er p1 to move from the driver’s seat 9 due to inertia is a
rearward direction, so that the generated G calculating
unit C2 determines that the range of the acceleration is
the region A or the region D shown in FIGS. 8A and 8B.
When the direction of the acceleration of the vehicle body
1 detected by the back-and-forth G sensor s3 is a rear-
ward direction (see FIG. 1), the direction of an acceler-
ation which causes the driver p1 to move from the driver’s
seat 9 due to inertia is a frontward direction, so that the
generated G calculating unit C2 determines that the
range of the acceleration is the region B or the region C
shown in FIGS. 8A and 8B.
[0070] When the direction of the acceleration of the
vehicle body 1 detected by the lateral G sensor s4 is a
leftward direction (see FIG. 1), the direction of the accel-
eration which causes the driver p1 to move from driver’s
seat 9 due to inertia is a rightward direction, so that the
generated G calculating unit C2 determines that the
range of the acceleration is the region A or the region B
shown in FIGS. 8A and 8B. When the direction of the
acceleration of the vehicle body 1 detected by the lateral
G sensor s4 is a rightward direction, the direction of the
acceleration which causes the driver p1 to move from
the driver’s seat 9 due to inertia is a leftward direction
(see FIG. 1), so that the generated G calculating unit C2
determines that the range of the acceleration is the region
C or the region D shown in FIGS. 8A and 8B.
[0071] Through those operations, it is determined to
which region (That is, region A, region B, region C, or
region D) the direction of the acceleration that causes
the driver p1 to move from the driver’s seat 9 corre-
sponds.
[0072] For example, the generated G calculating unit
C2 first detects that an acceleration working on the driver
p1 due to inertia to move the driver p1 in the interior of
the vehicle 100 is a rearward acceleration (the acceler-
ation of the vehicle body 1 is a frontward acceleration)
through the back-and-forth G sensor s3 (see FIG. 1), and
determines that the range of the acceleration is the region
A or the region D in FIG. 8B. Then, when the lateral G
sensor s4 detects a rightward acceleration working on
the driver p1 due to inertia to move the driver p1 (the
acceleration of the vehicle body 1 is a leftward acceler-
ation), the generated G calculating unit C2 determines
that the range of the acceleration is the region A, and
when a leftward acceleration is detected (the accelera-
tion of the vehicle body 1 is a rightward acceleration), the
generated G calculating unit C2 determines that the
range of the acceleration is the region D.
[0073] Also, when detecting that an acceleration work-
ing on the driver p1 due to inertia to move the driver p1
in the interior of the vehicle 100 is a frontward accelera-
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tion (the acceleration of the vehicle body 1 is a rearward
acceleration) through the back-and-forth G sensor s3
(see FIG. 1), the generated G calculating unit C2 deter-
mines that the range of the acceleration is the region B
or the region C shown in FIG. 8B. Then, when the lateral
G sensor s4 detects that the direction of the acceleration
working on the driver p1 to move the driver p1 in the
interior of the vehicle 100 is a rightward direction (the
acceleration of the vehicle body 1 is a leftward acceler-
ation), the generated G calculating unit C2 determines
that the range of the acceleration is the region B, and
when a leftward acceleration is detected (the accelera-
tion of the vehicle body 1 is a rightward acceleration), the
generated G calculating unit C2 determines that the
range of the acceleration is the region C.

<Seat/Safety Belt Controller C3 of Seat/Safety Belt ECU 
7>

[0074] Next, an explanation will be given of the seat/
safety belt controller C3 (see FIG. 7) of the seat/safety
belt ECU 7.
[0075] Based on the information from the generated G
calculating unit C2, when the seat/safety belt controller
C3 determines that respective amounts of displacement
of the driver p1 and the occupant p2 will be generated
by the acceleration due to inertia, the seat/safety belt
controller C3 appropriately controls the driver’s seat 9,
the passenger seat 10, and the safety belts 11, 12 de-
pending on the direction of the generated acceleration.
[0076] When the acceleration working on the driver p1
due to inertia is in the regions A and D (a rearward ac-
celeration) shown in FIGS. 8A and 8B, the driver p1 is
held his/her back by the backrest 9b of the driver’s seat
9, so that the necessity for the seat/safety belt control is
relatively low.
[0077] On the other hand, when the acceleration work-
ing on the driver p1 is in the region B shown in FIGS. 8A
and 8B, the driver p1 is held his/her right shoulder and
right chest by the safety belt 11, so that the necessity for
the seat/safety belt control is not so high.
[0078] In contrast, when the acceleration working on
the driver p1 is in the region C shown in FIG. 8A, the
driver p1 is not held his/her left shoulder and left chest
by the safety belt 11, so that the necessity for the seat/
safety belt control becomes high.
[0079] When an acceleration working on the driver p1
due to inertia to move the driver p1 in the interior of the
vehicle 100 is in the regions A and D shown in FIGS. 8A
and 8B, if the largeness of the acceleration which is de-
tected by the lateral G sensor s4 (see FIG. 1) and works
on the driver p1 in the lateral direction is equal to or larger
than a predetermined value, e.g., as shown in FIG. 8B,
when a rightward acceleration working on the driver p1
is equal to or larger than 0.35 G or a leftward acceleration
is equal to or larger than 0.3 G, the seat/safety belt con-
troller C3 determines that the driver p1 will be moved,
and performs seat/safety belt control. On the other hand,

when the largeness of the acceleration which is detected
by the lateral G sensor s4 (see FIG. 1) and works on the
driver p1 in the lateral direction is less than the predeter-
mined value, e.g., as shown in FIG. 8B, when a rightward
acceleration working on the driver p1 is less than 0.35 G
and a leftward acceleration is less than 0.3 G, the seat/
safety belt controller C3 determines that the driver p1 will
not be moved, and no seat/safety belt control is per-
formed.
[0080] In the case of the region B shown in FIGS. 8A
and 8B, when a vector length composed of a frontward
acceleration and a rightward acceleration as vector com-
ponents is equal to or longer than a predetermined value,
e.g., as shown in FIG. 8B, when the vector length com-
posed of the frontward acceleration and the rightward
acceleration as the vector components is equal to or larg-
er than 0.33 G, the seat/safety belt controller C3 deter-
mines that the driver p1 will be moved, and performs
seat/safety belt control. On the other hand, for example,
as shown in FIG. 8B, when the vector length is less than
0.33 G, the seat/safety belt controller C3 determines that
the driver p1 will not be moved, and no seat/safety belt
control is performed.
[0081] In the case of the region C shown in FIGS. 8A
and 8B, when a frontward acceleration and a leftward
acceleration are each equal to or larger than a predeter-
mined value, e.g., as shown in FIG. 8B, when a frontward
acceleration working on the driver p1 to move the driver
p1 in the interior of the vehicle 100 is equal to or larger
than 0.33 G, or when a leftward acceleration is equal to
or larger than 0.32 G, the seat/safety belt controller C3
unconditionally determines that the driver p1 will be
moved without using a table to be discussed later, and
performs seat/safety belt control.
[0082] On the other hand, in the case of the region C,
when the frontward acceleration and the leftward accel-
eration working on the driver p1 to move the driver p1 in
the interior of the vehicle 100 are each less than the pre-
determined value, e.g., as shown in FIG. 8B, when the
frontward acceleration working on the driver p1 is less
than 0.33 G, or when the leftward acceleration is less
than 0.32 G, the seat/safety belt controller C3 determines
whether or not to perform seat/safety belt control by using
a table set beforehand in reference to a region formed
by the frontward acceleration and the leftward accelera-
tion.
[0083] That is, when the largeness of the frontward
acceleration and the largeness of the leftward accelera-
tion both working on the driver p1 are larger than a pre-
determined range stored in the preset table (the region
indicated by deep dots at the region C in FIG. 8B), the
seat/safety belt controller C3 determines that the driver
p1 will be moved, and performs the seat/safety belt con-
trol. On the other hand, when such largeness is within
the predetermined range stored in the preset table (the
region indicated by thin dots at the region C in FIG. 8B),
the seat/safety belt controller C3 determines that the driv-
er p1 will not be moved, and no seat/safety belt control
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is performed.
[0084] As described above, when the seat/safety belt
controller C3 determines to perform the seat/safety belt
control, the seat/safety belt controller C3 has at least one
of the following schemes as a method for controlling the
pretensioner of the safety belt 11 of the driver’s seat 9,
respective expanding members of the right and left side
supports 9dr, 9dl of the driver’s seat 9, the pretensioner
of the safety belt 12 of the passenger seat 10 and re-
spective expanding members of the right and left side
supports 10dr, 10dl of the passenger seat 10 depending
on a direction of the acceleration.
[0085] First, respective retracting amounts of the safe-
ty belt 11 of the driver’s seat 9 and the safety belt 12 of
the passenger seat 10 are set to be different from each
other. For example, the safety belt 11 is retracted 10 mm
and the safety belt 12 is held, or the safety belt 11 is held
and the safety belt 12 is retracted 10 mm. The retracting
length is not limited to 10 mm.
[0086] Also, other safety belt control schemes such
that respective retracting amounts of the safety belts 11,
12 are set to be same with each other and the safety
belts 11, 12 are simultaneously held may be applied.
[0087] Second, there are a case in which each of the
expanding members of the right and left side supports
9dr, 9dl of the driver’s seat 9 is expanded, and a case in
which each of the expanding members is not expanded.
Also, the expanding level of individual expanding mem-
ber may differ. Likewise, there are a case in which each
of the expanding members of the right and left side sup-
ports 10dr, 10dl of the passenger seat 10 is expanded,
and a case in which each of the expanding members is
not expanded. Also, the expanding level of individual ex-
panding member may differ.
[0088] The seat/safety belt controller C3 combines
those two schemes, thereby performing seat/safety belt
control.

<Seat/Safety Belt Driving Unit C4 of Seat/Safety Belt 
ECU 7>

[0089] Next, an explanation will be given of a function
of the seat/safety belt driving unit C4 (see FIG. 7) of the
seat/safety belt ECU 7.
[0090] When controlling respective pretensioners of
the safety belts 11, 12, the seat/safety belt driving unit C
4 increases/decreases a motor drive current if the pre-
tensioner is equipped with a motor based on control in-
formation from the seat/safety belt controller C3, and
changes the direction of the drive current, thereby con-
trolling a retracting amount and a direction of each of the
safety belts 11, 12. When the pretensioner utilizes gas
pressure, the seat/safety belt driving unit C4 changes the
gas pressure to change a moving direction and a moving
amount of a ball, and a rotational direction of a gear and
a rotational amount thereof, thereby controlling the re-
tracting amount and the direction of each of the safety
belts 11, 12.

[0091] When controlling respective expanding mem-
bers of the right and left side supports 9dr, 9dl of the
driver’s seat 9 and respective expanding members of the
right and left side supports 10dr, 10dl of the passenger
seat 10, the seat/safety belt driving unit C4 controls, for
each expanding member, air pressure of, for example,
an air compressor and an accumulator, supplying/ex-
hausting of air to each expanding member by opening/
closing of a valve, and an amount of supplying air, thereby
expanding/deflating each expanding member, based on
control information from the seat/safety belt controller C3.

«Flow of Seat/Safety Belt Control by Seat/Safety Belt 
ECU 7»

[0092] Next, a flow of the seat/safety belt control by
the seat/safety belt ECU 7 will be explained with refer-
ence to FIGS. 9 to 11. FIGS. 9, 10, and 11 are flowcharts
showing a flow of the seat/safety belt control by the seat/
safety belt ECU 7.
[0093] First, according to FIG. 9, the seat/safety belt
control by the seat/safety belt ECU 7 is activated upon
determination by the generated G calculating unit C2
whether or not an acceleration due to inertia which trig-
gers this process and causes the driver p1 and the oc-
cupant p2 to move in the interior of the vehicle 100, e.g.,
the acceleration equal to or larger than 0.35 G that causes
a person to start moving is generated (step S101). An
occupant starts moving when the trigger acceleration is
applied. However, by starting the process based on this
trigger acceleration, a movement of the occupant can be
prevented before starting the movement, or even if the
occupant has already started moving, a further move-
ment can be prevented.
[0094] The trigger acceleration for the step S101 may
be smaller than 0.35 G in order to advance activation of
the process, and depending on a vehicle 100, may be
larger than 0.35 G.
[0095] For example, when a frequency that the trigger
acceleration that causes the process to start at a certain
time interval is high, a value of the trigger acceleration
may be set to be a small value, and when a frequency
that the trigger acceleration is applied is low, the value
of the trigger acceleration may be set to be a large value.
Alternatively, when the instability of the vehicle 100 is
high, the value of the trigger acceleration may be set to
be a small value, and when the instability of the vehicle
100 is low, the value of the trigger acceleration may be
set to be a large value.
[0096] In consideration of a fact that the occupant is
likely to start moving due to an acceleration in a direction
in which the safety belt 11 or 12 is not put on the shoulder
of the occupant like the driver p1 or the occupant p2, a
vector of the acceleration is calculated and it is deter-
mined whether or not the leading end of the vector enters
the deep-dots region shown in FIG. 8B. If the leading end
of the vector enters such a region, a control depending
on the direction may be activated.
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[0097] In the flowchart, an explanation will be given of
an example in which the trigger acceleration is fixed to a
predetermined value (e.g., 0.35 G) different from a vari-
able value as shown in FIG. 8B.
[0098] When an acceleration that causes the occupant
to move is generated (step S101: Yes), the process
progresses to a step S102, and the seat/safety belt con-
troller C3 determines whether the acceleration is at the
driver’s-seat side or at the passenger-seat side. On the
other hand, when it is determined in the step S101 that
no acceleration that causes the occupant to move is gen-
erated (step S101: No), the process at the step S101 is
continued.
[0099] When it is determined in the step S102 that the
acceleration is at the driver’s-seat side (step S102: Yes),
the process progresses to a step S103. On the other
hand, when it is determined in the step S102 that the
acceleration is at the passenger-seat side, not at the driv-
er’s-seat side (step S102: No), the process transitions to
a step S124 shown in FIG. 11. The process following the
step S124 shown in FIG. 11 will be discussed later.
[0100] In the step S103 shown in FIG. 9, the seat/safety
belt controller C3 determines whether or not the accel-
eration is in a G1 range (see FIGS. 8A and 8B). It is noted
that whether or not the acceleration is in the G1 range
indicates a direction of the acceleration. The same is true
for the following explanation.
[0101] When the acceleration is in the G1 range (step
S103: Yes), the process progresses to a step S104, and
the seat/safety belt driving unit C4 performs a holding
control by the expanding members of the right and left
side supports 9dr, 9dl of the driver’s seat 9 (see two-dot
chain lines in FIG. 3B).
[0102] On the other hand, when it is determined in the
step S103 that the acceleration is not in the G1 range
(step S103: No), the process progresses to a step S105,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in a G2 range (see FIGS. 8A
and 8B). When the acceleration is in the G2 range (step
S105: Yes), the process progresses to a step S106, and
the seat/safety belt driving unit C4 causes the safety belt
11 to hold the driver p1 by the pretensioner, as well as
performs a holding control by the expanding members
of the right and left side supports 9dr, 9dl of the driver’s
seat 9.
[0103] On the other hand, when it is determined in the
step S105 that the acceleration is not in the G2 range
(step S105: No), the process progresses to a step S107,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in a G3 range (see FIGS. 8A
and 8B). When the acceleration is in the G3 range (step
S107: Yes), the process progresses to a step S108, and
the seat/safety belt driving unit C4 performs a control to
maintain the posture of the driver p1 by the safety belt
11, using the pretensioner.
[0104] On the other hand, when it is determined in the
step S107 that the acceleration is not in the G3 range
(step S107: No), the process progresses to a step S109,

and the seat/safety belt controller C3 determines whether
or not the acceleration is in a G4 range (see FIGS. 8A
and 8B). When the acceleration is in the G4 range (step
S109: Yes), the process progresses to a step S110, and
the seat/safety belt driving unit C4 performs seat control
on the right and left side supports 9dr, 9dl of the driver’s
seat 9, and in this seat control, expands the expanding
member of the right side support 9dr larger than that of
the left side support 9dl, or controls the expanding mem-
ber of the right side support 9dr at an earlier stage than
that of the left side support 9dl, e.g., at 0.25 G. At the
same time, the seat/safety belt driving unit C4 controls
the pretensioner to retract the safety belt 11.
[0105] On the other hand, when it is determined in the
step S109 that the acceleration is not in the G4 range
(step S109: No), the process progresses to a step S111,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in a G5 range (see FIGS. 8A
and 8B). When the acceleration is in the G5 range (step
S111: Yes), the process progresses to a step S112, and
the seat/safety belt driving unit C4 performs a seat control
on the expanding members of the right and left side sup-
ports 9dr, 9dl of the driver’s seat 9.
[0106] On the other hand, when it is determined in the
step S111 that the acceleration is not in the G5 range
(step S111: No), the process returns to the step S101.
[0107] After the foregoing steps, in a step S113, the
vehicle condition determining unit C1 determines wheth-
er or not the condition of the vehicle 100 is stable as
explained above. When the condition of the vehicle 100
is unstable (step S113: Yes), the process returns to the
step S101.
[0108] On the other hand, when it is determined in the
step S113 that the condition of the vehicle 100 is stable
(step S113: No), the process progresses to a step S114
shown in FIG. 10.
[0109] In the step S114 shown in FIG. 10, the seat/
safety belt controller C3 determines whether or not the
acceleration is in the G1 range (see FIGS. 8A and 8B).
When the acceleration is in the G1 range (step S114:
Yes), the process progresses to a step S115, and the
seat/safety belt driving unit C4 terminates the control of
the expanding members of the right and left side supports
9dr, 9dl of the driver’s seat 9.
[0110] On the other hand, when it is determined in the
step S114 that the acceleration is not in the G1 range
(step S114: No), the process progresses to a step S116,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in the G2 range (see FIGS. 8A
and 8B). When the acceleration is in the G2 range (step
S116: Yes), the process progresses to a step S117, and
the seat/safety belt driving unit C4 terminates the control
for holding the safety belt 11 and the seat control by the
right and left side supports 9dr, 9dl of the driver’s seat 9.
[0111] On the other hand, when it is determined in the
step S116 that the acceleration is not in the G2 range
(step S116: No), the process progresses to a step S118,
and the seat/safety belt controller C3 determines whether
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or not the acceleration is in the G3 range (see FIGS. 8A
and 8B). When the acceleration is in the G3 range (step
S118: Yes), the process progresses to a step S119, and
the seat/safety belt driving unit C4 terminates the control
of maintaining the posture of the driver p1 by the safety
belt 11.
[0112] On the other hand, when it is determined in the
step S118 that the acceleration is not in the G3 range
(step S118: No), the process progresses to a step S120,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in the G4 range (see FIGS. 8A
and 8B). When the acceleration is in the G4 range (step
S120: Yes), the process progresses to a step S121, and
the seat control by the expanding members of the right
and left side supports 9dr, 9dl of the driver’s seat 9 is
terminated earlier than the control for the safety belt 11,
and then the control for the safety belt 11 is terminated.
[0113] On the other hand, when it is determined in the
step S120 that the acceleration is not in the G4 range
(step S120: No), the process progresses to a step S122,
and the seat/safety belt controller C3 determines whether
or not the acceleration is in the G5 range (see FIGS. 8A
and 8B). When the acceleration is in the G5 range (step
S122: Yes), the process progresses to a step S123, and
the seat/safety belt driving unit C4 terminates the seat
control for the right and left side supports 9dr, 9dl of the
driver’s seat 9.
[0114] On the other hand, when it is determined that
the acceleration is not in the G5 range (step S122: No),
the process returns to the step S101 shown in FIG. 9.
[0115] According to FIG. 9, in the step S102 in FIG. 9,
when it is determined that the acceleration is at the pas-
senger-seat side, not at the driver’s-seat side (step S102:
No), the process progresses to a step S124 shown in
FIG. 11.
[0116] In the step S124 in FIG. 11, the seat/safety belt
controller C3 determines whether or not the acceleration
working on the occupant p2 sitting down the passenger
seat 10 due to inertia to move the occupant p2 in the
interior of the vehicle 100 is in a G1 range (see FIGS. 8B
and 8C). When the acceleration is in the G1 range (step
S124: Yes), the process progresses to a step S125, and
the seat/safety belt driving unit C4 controls the expanding
members of the right and left side supports 10dr, 10dl of
the passenger seat 10.
[0117] On the other hand, when it is determined in the
step S124 that the acceleration working on the occupant
p2 is not in the G1 range (step S124: No), the process
progresses to a step S126, and the seat/safety belt con-
troller C3 determines whether or not the acceleration
working on the occupant p2 sitting down the passenger
seat 10 is in a G2 range (see FIGS. 8B and 8C). When
the acceleration is in the G2 range (step S126: Yes), the
process progresses to a step S127, and the seat/safety
belt driving unit C4 performs a seat control for the right
and left side supports 10dr, 10dl of the passenger seat
10, and in such a seat control, controls the expanding
member of the right side support 10dr to become larger

than that of the left side support 10dl, or controls the
expanding member of the right side support 10dr at an
earlier stage than that of the left side support 10dl, e.g.,
at 0.25 G, while performing a control to retract the safety
belt 12 by the pretensioner at the same time.
[0118] On the other hand, when it is determined in the
step S126 that the acceleration is not in the G2 range
(step S126: No), the process progresses to a step S128,
and the seat/safety belt controller C3 determines whether
or not the acceleration working on the occupant p2 sitting
down the passenger seat 10 is in a G3 range (see FIGS.
8B and 8C). When the acceleration is in the G3 range
(step S128: Yes), the process progresses to a step S129,
and the seat/safety belt driving unit C4 controls the safety
belt 12 to maintain the posture of the occupant p2, using
the pretensioner.
[0119] On the other hand, when it is determined in the
step S128 that the acceleration working on the occupant
p2 sitting down the passenger seat 10 is not in the G3
range (step S128: No), the process progresses to a step
S130, and the seat/safety belt controller C3 determines
whether or not the acceleration working on the occupant
p2 sitting down the passenger seat 10 is in a G4 range
(see FIGS. 8B and 8C). When the acceleration is in the
G4 range (step S130: Yes), the process progresses to a
step S131, and the seat/safety belt driving unit C4 causes
the safety belt 12 to hold the occupant p2 by the preten-
sioner, as well as controls the expanding members of the
right and left side supports 10dr, 10dl of the passenger
seat 10 at the same time.
[0120] On the other hand, when it is determined in the
step S130 that the acceleration working on the occupant
p2 sitting down the passenger seat 10 is not in the G4
range (step S130: No), the process progresses to a step
S132, and the seat/safety belt controller C3 determines
whether or not the acceleration working on the occupant
p2 sitting down the passenger seat 10 is in a G5 range
(see FIGS. 8B and 8C). When the acceleration is in the
G5 range (step S132: Yes), the process progresses to a
step S133, and the seat/safety belt driving unit C4 per-
forms a seat control by the expanding members of the
right and left side supports 10dr, 10dl of the passenger
seat 10.
[0121] On the other hand, when it is determined in the
step S132 that the acceleration is not in the G5 range
(step S132: No), the process returns to the step S101 in
FIG. 9.
[0122] After the foregoing steps, in the step S134, the
vehicle condition determining unit C1 determines wheth-
er the condition of the vehicle 100 is stable or unstable
as explained above. When it is determined that the con-
dition of the vehicle 100 is unstable (step S134: Yes), the
process progresses to the step S101 in FIG. 9.
[0123] On the other hand, when it is determined in the
step S134 that the condition of the vehicle 100 is stable
(step S134: No), the process from the step S114 to the
step S123 in FIG. 10 is executed for the passenger seat
10.
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[0124] When the occupant p2 sitting down the passen-
ger seat 10 is held by the safety belt 12, the left shoulder
and the left chest of the occupant p2, which are opposite
to the right shoulder and the right chest of the driver p1
sitting down the driver’s seat 9 and held by the safety
belt 11, are held, so that the step S117 and the step S121
in FIG. 10 are swapped.
[0125] That is, in the process where acceleration works
on the passenger seat 10, when the determination in the
step S116 in FIG. 10 is "Yes", the step S121 is executed.
Likewise, when the determination in the step S120 in
FIG. 10 is "Yes", the step S117 is executed. Other steps
are same as those of the process when the acceleration
is working on the driver’s seat 9.

<Working and Effect>

[0126] According to the above-explained structure,
when an acceleration is working on the own vehicle 100,
an acceleration which causes an occupant (the driver p1
or the occupant p2) to move due to inertia is generated.
Then, when it is forecasted that the occupant (the driver
p1 or the occupant p2) will be moved, respective shapes
of the driver’s seat 9 and the passenger seat 10 and the
safety belts 11, 12 are appropriately controlled. This
makes it possible for the passive safety device to perform
a control that prevents the occupant (the driver p1 or the
occupant p2) from moving in accordance with an accel-
eration working on the vehicle 100.
[0127] FIG. 12 is a diagram for comparing respective
displacements of the occupant (the driver p1 or the oc-
cupant p2) when controlled by the passive safety device
and when not controlled. The horizontal axis represents
a time and the vertical axis represents a displacement of
the occupant (the driver p1 or the occupant p2).
[0128] For example, as shown in FIG. 12, when con-
trolled by the passive safety device according to the em-
bodiment, it is clear that the displacement of the occupant
(the driver p1 or the occupant p2) is remarkably reduced
in comparison with a case of absence of the control by
the passive safety device.
[0129] Therefore, by appropriately holding the occu-
pant (the driver p1 or the occupant p2) while the vehicle
100 is traveling, the displacement (amount of displace-
ment) of the occupant in the interior of the vehicle 100
can be reduced, thereby making it possible for the driver
p1 and the occupant p2 to drive comfortably.
[0130] In this embodiment, an example in which the
present invention is applied to a front seat was explained,
but it is obvious that the present invention can be applied
to all seats and safety belts in the interior of the vehicle
100. In this case, the present invention is applied de-
pending on the position of a safety belt worn by an oc-
cupant, i.e., whether or not it is right or left.
[0131] In addition, in this embodiment, the explanation
was given of an example in which the vehicle 100 is a
rear wheel drive type, but it is obvious that the present
invention can be applied to the vehicle of other types than

the rear wheel driving, such as front wheel driving, and
four-wheel driving.
[0132] There is provided a passive safety device which
can prevent an occupant from moving when an acceler-
ation that causes the occupant to move in a vehicle is
working on the occupant, and which can improve the ride
comfort. A passive safety device of the present invention
comprises an acceleration detecting unit that detects an
acceleration of a vehicle, a seat adjusting unit that ex-
pands a seat side of a seat in order to prevent an occupant
sitting down the seat from moving, a safety belt adjusting
unit that controls tension of a safety belt worn by the
occupant, and a control unit that controls an expansion
of the seat side and/or the tension of the safety belt
through the seat adjusting unit and the safety belt adjust-
ing unit, based on the detected acceleration of the vehi-
cle.

Claims

1. A passive safety device comprising:

an acceleration detecting unit that detects an
acceleration of a vehicle;
a seat adjusting unit that expands a seat side of
a seat in order to prevent an occupant sitting
down the seat from moving;
a safety belt adjusting unit that controls tension
of a safety belt worn by the occupant; and
a control unit that controls an expansion of the
seat side and/or the tension of the safety belt
through the seat adjusting unit and the safety
belt adjusting unit, based on the detected accel-
eration of the vehicle.

2. The passive safety device according to claim 1,
wherein the control unit determines whether or not
to control either one of or both of the seat adjusting
unit and the safety belt adjusting unit in accordance
with a direction of an acceleration working on the
occupant due to inertia to move the occupant in the
vehicle, based on the detected acceleration of the
vehicle.

3. The passive safety device according to claim 2,
wherein the control unit determines whether or not
to use each of the seat adjusting unit and the safety
belt adjusting unit in accordance with a value of the
acceleration working on the occupant due to inertia
to move the occupant in the vehicle, based on the

4. The passive safety device according to any one of
claims 1 to 3,
wherein when the direction of the acceleration work-
ing on the occupant due to inertia to move the occu-
pant in the vehicle by the detected acceleration of
the vehicle is a rearward direction of the vehicle, the
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seat adjusting unit is actuated to expand the seat
side.

5. The passive safety device according to any one of
claims 1 to 3,
wherein when the direction of the acceleration work-
ing on the occupant due to inertia to move the occu-
pant in the vehicle by the detected acceleration of
the vehicle is a front-side direction of the vehicle, the
seat adjusting unit expands the seat side and the
safety belt adjusting unit applies tension to the safety
belt.

6. The passive safety device according to claim 5,
wherein when the direction of the acceleration work-
ing on the occupant due to inertia to move the occu-
pant in the vehicle by the detected acceleration of
the vehicle is a front-side direction opposite to a
shoulder where the safety belt is put on, the seat
adjusting unit largely expands the seat side larger in
comparison with a direction other than the front-side
direction.

7. The passive safety device according to any one of
claims 1 to 6,
wherein the control unit starts either one of or both
of controlling of expansion of the seat side by the
seat adjusting unit and controlling of tension of the
safety belt by the safety belt adjusting unit when the
acceleration working on the occupant due to inertia
to move the occupant in the vehicle by the detected
acceleration of the vehicle is not less than a prede-
termined value.

8. The passive safety device according to any one of
claims 1 to 7,
wherein when the acceleration working on the occu-
pant due to inertia to move the occupant in the ve-
hicle by the acceleration detected by the acceleration
detecting unit becomes not more than a predeter-
mined value, the control unit terminates controls of
the seat adjusting unit and/or the safety belt adjusting
unit in operation.

9. The passive safety device according to claim 8,
wherein when the direction of the acceleration work-
ing on the occupant due to inertia to move the occu-
pant in the vehicle by the detected acceleration of
the vehicle is a front-side direction opposite to a
shoulder where the safety belt is put on, the control
unit first terminates a control of the seat adjusting
unit, and then terminates a control of the safety belt
adjusting unit.
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