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Description

TECHNICAL FIELD

[0001] The present invention relates to a pressure-
sensitive sensor, an object detecting device, and an
opening-closing device used for preventing the seizure
of an object in automobile power window, motor-driven
slide door, motor-driven sun roof, automated door of
building, etc.

PRIOR ART

[0002] Hitherto, a pressure-sensitive sensor is used
for preventing the seizure of an object, such as a pres-
sure-sensitive switch of a type of closing the contact by
pressure as disclosed, for example, in USP 3,465,476
or Japanese Utility Model Publication No. 41-15095.
This type of pressure-sensitive switch may cause detec-
tion errors when the pressure-sensitive switch is bent
and closed when disposing along the window frame.
[0003] Accordingly, as a pressure-sensitive sensor
not causing detection error if bent, a piezoelectric sen-
sor has been disclosed. For example, USP 5,907,213
discloses an example of using a piezoelectric sensor
having a non-piezoelectric region and a piezoelectric re-
gion as the pressure-sensitive sensor, in which only the
portion having the piezoelectric region is disposed di-
rectly on the window frame of the power window. In this
configuration, when closing the windowpane of the pow-
er window, if an object is seized between the window
frame and the windowpane, the piezoelectric sensor is
deformed by the pressure of the object, and a voltage
pulse is issued from the piezoelectric sensor, and pres-
ence or absence of the object between the window
frame and windowpane is detected depending on the
presence or absence of this voltage pulse.
[0004] An opening-closing device using the piezoe-
lectric sensor is disclosed in USP 4,943,757. It compris-
es a piezoelectric sensor built in a weather strip dis-
posed in the window frame, and a motor for driving the
windowpane on the basis of the output signal of the pi-
ezoelectric sensor. If an object is seized between the
window frame and the windowpane when closing the
windowpane, the piezoelectric sensor is deformed by
the pressure of the object, and a voltage pulse is issued
from the piezoelectric sensor, and when this voltage
pulse exceeds seizure detection threshold, the motor is
rotated in reverse direction, and the seizure is released.
[0005] In the piezoelectric sensor of USP 5,907,213,
however, since it is directly disposed on the window
frame, if the object presses the piezoelectric sensor, the
piezoelectric sensor is hardly deformed. Accordingly,
when detecting the seizure by an evaluation device, a
sufficient voltage pulse for detection is not generated
from the piezoelectric sensor.
[0006] In the opening-closing device of USP
4,943,757, unless the weather strip is sufficiently soft, if

the object presses the piezoelectric sensor through the
weather strip, the piezoelectric sensor is hardly de-
formed, and a sufficient voltage pulse is not issued from
the piezoelectric sensor. Accordingly, the windowpane
continues to close until the voltage pulse exceeds the
seizure detection threshold, and the load applied to the
object increases until the seizure is released, and the
object may be broken, or the voltage pulse larger than
the detection threshold is not generated, and the seizure
is not released.

DISCLOSURE OF THE INVENTION

[0007] The invention is to solve these problems of the
prior arts, and presents:

(A) A pressure-sensitive sensor disposed in an
opening or an opening-closing unit, being easily de-
formed by pressure of an object;
(B) An object detecting device for detecting contact
of an object with the pressure-sensitive sensor, se-
curely by using the pressure-sensitive sensor; and
(C) An opening-closing device capable of reducing
the load applied to the object until releasing the sei-
zure when the object is seized.

[0008] The pressure-sensitive sensor disclosed in the
invention comprises:

(a) pressure-sensitive means for generating an out-
put signal depending on deformation; and
(b) support means for supporting the pressure-sen-
sitive means at least on one of an opening, and an
opening-closing unit for opening and closing this
opening, in which the support means is more flexi-
ble than the pressure-sensitive means. Owing to
this feature, when an object contacts with the pres-
sure-sensitive sensor, the support means deforms
easily together with the pressure-sensitive means
so as not to impede deformation of the pressure-
sensitive means, and the pressure-sensitive sensor
generates a sufficient output signal for detection.

[0009] The sensitivity of the pressure-sensitive
means is enhanced by providing the support means with
a deformation amplifying portion for amplifying the de-
formation of the pressure-sensitive means. The sensi-
tivity of the pressure-sensitive means is further en-
hanced by forming a hollow part in the deformation am-
plifying portion so that the hollow part is deformed by
the pressure of the object to increase the deformation
amount of the pressure-sensitive means.
[0010] When the support means is provided with a vi-
bration damping unit, undesired vibration propagated to
the pressure-sensitive means is damped, and the pres-
sure-sensitive means does not issue such an output sig-
nal as to cause a detection error.
[0011] Further, when the vibration damping unit
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serves also as the deformation amplifying portion, and
the support means is formed of a part of the weather
strip of automobile, the components are reduced in
number and rationalized.
[0012] As the pressure-sensitive means is disposed
in the opening so that the shortest distance to the open-
ing-closing unit is in a range of 3 mm to 5 mm, it is pos-
sible to detect the seizure of a bar of which minimum
diameter is 4 mm or more as required in FMVSS118,
which is the United States regulation about seizure in
power window, etc.
[0013] The reliability is enhanced by disposing resis-
tors for detecting breakage of electrodes between plural
electrodes for leading out signals of the pressure-sen-
sitive sensor.
[0014] The pressure-sensitive sensor may be also
formed of a flexible piezoelectric sensor, so that the sup-
port means supports the piezoelectric sensor flexibly
along the shape of the mounting portion. As a result, the
degree of freedom of design of the mounting portion is
heightened, and it is easy to increase the mechanical
strength in design. Moreover, since the gap is narrowed
between the pressure-sensitive sensor and the seizure
portion, when an object is seized, the object securely
contacts with the pressure-sensitive sensor.
[0015] The piezoelectric sensor is molded by using a
compound piezoelectric material mixing amorphous
chlorinated polyethylene, crystalline chlorinated poly-
ethylene, and piezoelectric ceramic powder. Having
both the flexibility of amorphous chlorinated polyethyl-
ene and the high temperature durability of crystalline
chlorinated polyethylene, it is free from decreasing of
sensitivity at high temperature as experienced in the
conventional piezoelectric sensor using polyvinylidene
fluoride as piezoelectric material, and the high temper-
ature durability is excellent and vulcanizing process is
not needed when molding, so that the production effi-
ciency is superior.
[0016] The invention further presents an object de-
tecting device comprising this pressure-sensitive sen-
sor, and means for judging contact of an object on the
basis of the output signal from the pressure-sensitive
sensor.
[0017] The safety is enhanced by providing this object
detecting device with notice means for reporting the
judging result of the judging means to a third party.
[0018] By connecting the pressure-sensitive sensor
directly to the judging means, and integrating the pres-
sure-sensitive sensor and judging means into one body,
connectors and other connecting parts are not neces-
sary, contact failure and other troubles are eliminated,
and the reliability is enhanced, and further the compo-
nents are rationalized.
[0019] The judging means is further provided with a
filter for extracting a specified frequency component on-
ly from the output signal of the pressure-sensitive sen-
sor. The filter removes the output signal due to unde-
sired vibration propagated to the pressure-sensitive

sensor, and therefore the precision of judging contact of
an object is enhanced. The reliability of the device is
enhanced by judging function abnormality of the sensor
on the basis of the output signal of the pressure-sensi-
tive sensor corresponding to the vibration.
[0020] The object detecting device of the invention
further includes a discharge unit for discharging the
electric charge generated in the piezoelectric sensor. If
the ambient temperature changes and an electric
charge is generated in the piezoelectric sensor due to
pyroelectric effect, since this electric charge is dis-
charged by the discharging unit, it is free from judging
errors of contact of an object due to changes of ambient
temperature.
[0021] The judging means calculates the integrated
value of the output signal of pressure-sensitive sensor
per unit time, and judges contact of an object on the ba-
sis of this integrated value. Even if the pushing speed
of pressure of the object to the pressure-sensitive sen-
sor is slow, or even if a soft object contacts, the contact
of the object can be judged securely.
[0022] Further in this object detecting device, a by-
pass unit for passing high frequency signals is provided
between a signal input unit from the pressure-sensitive
sensor and a signal output unit for issuing the judging
result of contact of the object. As a result, if a strong
electric field at high frequency is applied to the pressure-
sensitive sensor or judging means and high frequency
signals invade from the signal input unit, the high fre-
quency signals are passed to the signal output unit to
escape to outside of the judging means, judging errors
do not occur. Further, by setting the signal input unit and
signal output unit closer to each other and shortening
the bypass route of the high frequency signals, judging
errors of contact of an object do not occur if high fre-
quency signals invade from the signal input unit.
[0023] Moreover, the invention presents an opening-
closing device comprising this object detecting device,
drive means for driving the opening-closing unit, and
control means for controlling the drive means so as to
open the opening-closing unit on the basis of the output
signal of the judging means. This opening-closing de-
vice judges the contact with an object promptly and se-
curely, and stops the closing action of the opening-clos-
ing unit or opens it. Therefore, the load applied to the
object from beginning of the seizure of an object until
cancellation of the seizure is reduced.
[0024] The opening-closing device of the invention
further comprises a contact judging unit of the opening-
closing unit for detecting the driving state such as open-
ing or closing speed and driving current when the drive
means drives the opening-closing unit, and judging con-
tact of the object with the opening-closing unit on the
basis of the detected driving state. The drive means is
controlled on the basis of the output signal of either the
judging unit or the object detecting device. For example,
when either the object detecting device or the contact
judging unit of the opening-closing unit judges the sei-
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zure, the drive means is controlled so as to stop the clos-
ing action of the opening-closing unit or to open it, so
that the safety is enhanced.
[0025] If a function abnormality occurs in the object
detecting device, the control means controls the drive
means on the basis of the output signal of the contact
judging unit of the opening-closing unit, so that the safe-
ty is enhanced.
[0026] In the opening-closing device of the invention,
when closing the opening-closing unit, the control
means controls the drive means so as to close after
opening once for a specific distance or a specific time.
In this method, if the pressure of the object is already
applied to the pressure-sensitive sensor before closing
the opening-closing unit and the pressure-sensitive sen-
sor cannot be deformed, after the deformation of the
pressure-sensitive sensor is once restored, the pres-
sure-sensitive sensor is deformed again by the pressure
of the object. As a result, contact of the object is judged,
and the seizure of the object can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is an appearance view of an object detecting
device and an opening-closing device in embodi-
ment 1 of the invention.
Fig. 2 is a sectional structural view at position 2-2
in Fig. 1.
Fig. 3 (a) is an appearance view of pressure-sensi-
tive sensor of the device as seen from the inside of
the compartment.
Fig. 3 (b) is an appearance view of pressure-sensi-
tive sensor of the device as seen from the outside
of the compartment.
Fig. 4 is a sectional structural view of pressure-sen-
sitive sensor of the device.
Fig. 5 is an appearance view of pressure-sensitive
sensor of the device.
Fig. 6 is a structural view showing the configuration
of pressure-sensitive sensor and judging means of
the device.
Fig. 7 is a block diagram of the device.
Fig. 8 is a sectional view at position 2-2 in Fig. 1 in
the event of the seizure of an object.
Fig. 9 is a sectional structural view at position 2-2
in Fig. 1 in the event of the seizure of an object near
its end.
Fig. 10 is a waveform diagram of output signal V
from filter of the device, judging output J of the sei-
zure judging unit, and applied voltage Vm to motor.
Fig. 11 is a flowchart showing the operating proce-
dure of the device.
Fig. 12 (a) shows other embodiment of pressure-
sensitive sensor of the device.
Fig. 12 (b) shows other embodiment of pressure-
sensitive sensor of the device, particularly depicting

a sectional structure of a constitution of bending of
side wall of support means.
Fig. 12 (c) shows other embodiment of pressure-
sensitive sensor of the device, particularly depicting
a sectional structure of a constitution of exposure
of a part of piezoelectric sensor to outside.
Fig. 12 (d) shows other embodiment of pressure-
sensitive sensor of the device, particularly depicting
a sectional structure in which support means is
formed of a part of weather strip 18.
Fig. 13 is a sectional structural view of pressure-
sensitive sensor disposed at upper end of window-
pane.
Fig. 14 is a sectional structural view of pressure-
sensitive sensor disposed at the edge of side visor.
Fig. 15 is a waveform diagram of output signal V
from filter of an opening-closing device in embodi-
ment 2, integrated value S, judging output J of judg-
ing means, and applied voltage Vm to motor.
Fig. 16 is a waveform diagram showing the relation
of output signal Sd of door opening-closing detect-
ing unit of an opening-closing device in embodiment
3, and output signal V from a filter 30.
Fig. 17 is a waveform diagram of applied voltage
Vm to drive means in an opening-closing device in
embodiment 4.
Fig. 18 is an appearance view of an object detecting
device and opening-closing device in embodiment
5.
Fig. 19 is a sectional view at position 19-19 in Fig.
18.
Fig. 20 is a structural diagram of pressure-sensitive
sensor of the device.
Fig. 21 is an appearance view of other embodiment
of pressure-sensitive sensor of the device disposed
at a slide door.
Fig. 22 is an appearance view of other embodiment
of pressure-sensitive sensor of the device disposed
at a slide door.
Fig. 23 is an appearance view of embodiment 6.
Fig. 24 is an appearance view of embodiment 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Embodiment 1)

[0028] Embodiment 1 is described below while refer-
ring to Fig. 1 to Fig. 14.
[0029] Fig. 1 is an appearance view of an object de-
tecting device and an opening-closing device in embod-
iment 1, showing an example of application in a power
window of an automobile, and Fig. 2 is a sectional struc-
tural view at position 2-2 in Fig. 1. In Fig. 2, the right side
of the drawing shows the inside of the compartment, and
the left side shows the outside of the compartment.
[0030] As shown in Fig. 1, an automobile door 1 has
a window frame 200 as an opening, and a windowpane

5 6



EP 1 177 362 B1

5

5

10

15

20

25

30

35

40

45

50

55

3 as an opening-closing unit, and a pressure-sensitive
sensor 4 is disposed on the end peripheral edge of the
window frame 200. Judging means 5 judges contact of
an object with the pressure-sensitive sensor 4 on the
basis of an output signal from the pressure-sensitive
sensor 4.
[0031] The opening-closing device comprises this ob-
ject detecting device, drive means 6 for opening and
closing the windowpane 3, and control means 7 for con-
trolling the drive means 6. The drive means 6 is com-
posed of a motor 8, a wire 9, a supporter 10 of window-
pane 3, a guide 11 and others. The wire 9 is moved by
the motor 8, and the supporter 10 coupled with the wire
9 is moved up and down along the guide 11, so that the
windowpane 3 is opened and closed. The drive means
6 is not limited to this type using the wire 11, but may be
realized by other method. The control means 7 may be
integrated with the motor 8.
[0032] As shown in Fig. 2, the pressure-sensitive sen-
sor 4 is composed of a flexible piezoelectric sensor 12
as pressure-sensitive means, and support means 13.
The support means 13 includes an elastic body 14 of
rubber or foamed resin member softer than the piezoe-
lectric sensor 12, with the piezoelectric sensor 12 incor-
porated near the lowest position. Specifically, defining
the compression load per unit deformation as the com-
pressibility when the piezoelectric sensor 12 or elastic
body 14 is compressed by a member of a specified
shape, the elastic body 14 is made of such material that
the compressibility of the elastic body 14 may be smaller
than the compressibility of the piezoelectric sensor 12.
Besides, for the ease of deformation of the piezoelectric
sensor 12, the wall thickness of the support means 13
around the piezoelectric sensor 12 is reduced. The sup-
port means 13 has a deformation amplifying portion 15
for amplifying the deformation of the piezoelectric sen-
sor 12. The deformation amplifying portion 15 has a hol-
low part 16 and a side wall 17. The support means 13
also includes a vibration damping portion for damping
the vibration, and the vibration damping portion serves
also as the side wall 17. The resonance frequency of
the side wall 17 is preferred to be 10 Hz or less. A weath-
er strip 18 is disposed in the window frame 200. If the
compressibility of the elastic body 14 is greater than that
of the piezoelectric sensor 12, by forming the deforma-
tion amplifying portion 15 having the hollow part 16, the
compressibility of the support means 13 may be set
smaller than that of the piezoelectric sensor 12.
[0033] The piezoelectric sensor 12 is preferred to be
disposed in the window frame 200 so that the shortest
distance to the windowpane 3 may be in a range of 3
mm to 5 mm. In this embodiment, as shown in Fig. 2,
since the piezoelectric sensor 12 is incorporated in the
support means 13, the support means 13 may be dis-
posed in the window frame 200 so that the shortest dis-
tance (x) between the support means 13 and window-
pane 3 may be in a range of 3 mm to 5 mm.
[0034] Alternatively, when an object 190 having spec-

ified dimensions as indicated by dotted line in Fig. 2 is
seized in the windowpane 3 nearly at its end, the piezo-
electric sensor 12 may be disposed in the window frame
200 so that a part of the piezoelectric sensor 12 may be
positioned at the windowpane 3 side from the location
(straight line L1 in Fig. 2) of the object 190. Or, the pie-
zoelectric sensor 12 may be disposed in the window
frame 200 so that a part of the piezoelectric sensor 12
may be positioned in an angle formed by central axis L2
and L1 of the windowpane 3. Herein, L1 may be deter-
mined as a straight line passing through the total closure
top end (point P, in Fig. 2) of the windowpane 3 and the
windowpane 3 side end (point P2 in Fig. 2) of the window
frame 200. As the object 190, a bar of 4 mm to 200 mm
in diameter is used. The shape of the position of the
pressure-sensitive sensor 4 fixed on the widow frame
200 is variable depending on the edge shape of the win-
dow frame 200. Fig. 3 (a) and Fig. 3 (b) are appearance
views of the pressure-sensitive sensor 4. Fig. 3 (a) is an
appearance view of the pressure-sensitive sensor 4 as
seen from the inside of the compartment, and Fig. 3 (b)
is an appearance view of the pressure-sensitive sensor
4 as seen from the outside of the compartment, and in
Fig. 3 (b), the object 190 contacts with the pressure-sen-
sitive sensor 4 at point Pr. The pressure-sensitive sen-
sor 4 is affixed to the window frame 200 by means of
double-side adhesive tape or adhesive agent. As other
fixing methods, the pressure-sensitive sensor 4 may be
fixed in the window frame 200 by means of a wedge
shaped clip, or the pressure-sensitive sensor 4 may be
fitted into a groove by forming a groove in the window
frame 200.
[0035] Fig. 4 is a sectional structural view of the pie-
zoelectric sensor 12. The piezoelectric sensor 12 com-
prises:

(a) a central electrode 20 as an electrode for leading
out a signal,
(b) an outside electrode 21,
(c) a composite piezoelectric layer 22 of a compos-
ite piezoelectric material mixing sintered powder of
piezoelectric ceramic in a rubber elastic body mix-
ing amorphous chlorinated polyethylene and crys-
talline chlorinated polyethylene, and
(d) a covering layer 23,

which are concentrically laminated, formed into a cable,
and polarized, and this composition has an excellent
flexibility, and generates an output signal depending on
deformation. As the piezoelectric ceramic, for example,
sintered powder of lead titanate or lead titanic acid zir-
conate is used.
[0036] The piezoelectric sensor 12 is manufactured
in the following process. First, chlorinated polyethylene
sheet and powder of (40 to 70) vol.% piezoelectric ce-
ramic (herein, lead titanic acid zirconate) are mixed uni-
formly into a sheet by a rolling method. This sheet is
finely cut into pellets, and these pellets are extruded
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continuously with the central electrode 20, and the com-
posite piezoelectric layer 22 is formed. The outside elec-
trode 21 is wound around the composite piezoelectric
layer 22. The covering layer 23 surrounding the outside
electrode 21 is extruded continuously. Finally, to polar-
ize the composite piezoelectric layer 22, a direct-current
high voltage of 5 to 10 kV/mm is applied between the
central electrode 20 and outside electrode 21.
[0037] For this chlorinated polyethylene sheet, a mix-
ture of amorphous chlorinated polyethylene and crystal-
line chlorinated polyethylene is used. In this case, con-
sidering the extrusion processability, flexibility, and pie-
zoelectric characteristic, it has been experimentally dis-
closed that it is preferred to use chlorinated polyethylene
mixing 75 wt.% of amorphous chlorinated polyethylene
with molecular weight of 60,000 to 150,000, and 25 wt.
% of crystalline chlorinated polyethylene with degree of
crystallinity of 15 to 25% and molecular weight of
200,000 to 400,000. This mixed chlorinated polyethyl-
ene can contain piezoelectric ceramic powder by about
70 vol.%.
[0038] When adding piezoelectric ceramic powder to
this mixed chlorinated polyethylene, it is preferred to im-
merse the piezoelectric ceramic powder preliminarily in
a solution of titanium coupling agent, and dry. By this
treatment, the surface of the piezoelectric ceramic pow-
der is covered with hydrophilic group and hydrophobic
group contained in titanium coupling agent. The hy-
drophilic group prevents aggregation of piezoelectric
ceramic powder particles, and the hydrophobic group
increases wettability of mixed chlorinated polyethylene
and piezoelectric ceramic powder. As a result, the pie-
zoelectric ceramic powder can be added uniformly in the
mixed chlorinated polyethylene by a large content of up
to 70 vol.%. Instead of immersion in the titanium cou-
pling agent solution, by adding the titanium coupling
agent when rolling the mixed chlorinated polyethylene
and piezoelectric ceramic powder, it has been known
that the same effects as above are obtained. This treat-
ment is excellent in the aspect that it does not require
any particular immersion treatment in the titanium cou-
pling agent solution.
[0039] The central electrode 20 may be an ordinary
metal single wire conductor, but an electrode winding a
metal coil around the insulating polymer fiber is used in
this embodiment. As the insulating polymer fiber, poly-
ester fiber used commercially in heated blanket is used,
and as the metal coil, copper alloy containing silver by
5 wt.% is preferred.
[0040] The outside electrode 21 is a band-shaped
electrode having a metal film adhered on the polymer
layer, and it is wound around the composite piezoelec-
tric layer 22. As the polymer layer, polyethylene tereph-
thalate (PET) is used, and the electrode having an alu-
minum film adhered thereon has a high thermal stability
at 120°C and is mass-produced commercially, and
hence it is preferred as the outside electrode 21. When
connecting this electrode to the judging means 5, it is

hard to solder the aluminum film, and hence it is con-
nected, for example, by crimping or by using eyelet. Or
by winding metal single wire coil or metal braided wire
around the aluminum film of the outside electrode 21 to
conduct with the aluminum film, the metal single wire
coil or metal braided wire may be soldered to the judging
means 5. In this case, soldering is possible, and the
working efficiency is improved. Meanwhile, to shield the
piezoelectric sensor from electric noise of the external
environments, it is preferred to wind the outside elec-
trode 21 around the composite piezoelectric layer 22 so
as to be overlaid partially.
[0041] As the covering layer 23, vinyl chloride or pol-
yethylene may be used, or for the ease of deformation
of piezoelectric sensor 12 at the time of pressing by the
object, it is also preferred to use an elastic material such
as rubber having higher flexibility or elasticity than the
composite piezoelectric layer 22. It is selected in con-
sideration of heat resistance and cold resistance as car-
mount parts, and specifically it is preferred to select a
material not lowered in flexibility at -30°C to 85°C. As
such rubber, for example, ethylene propylene rubber
(EPDM), chloroprene rubber (CR), butyl rubber (IIR), sil-
icone rubber (Si), or thermoplastic elastomer may be
used. In this constitution, the minimum curvature of the
piezoelectric sensor is reduced up to a radius of 5 mm.
[0042] Fig. 5 is an appearance view of the piezoelec-
tric sensor 12, and a resistor for detecting breakage 24
is incorporated in one end 25 of the piezoelectric sensor
12. The resistor for detecting breakage 24 is connected
between the central electrode 20 and outside electrode
21 of the piezoelectric sensor 12. The resistor for de-
tecting breakage 24 serves also as the discharge unit
for discharging the electric charge generated in the pi-
ezoelectric sensor 12 by pyroelectric effect, and the
components are rationalized. The piezoelectric sensor
12 is directly connected to the judging means 5, and the
piezoelectric sensor 12 and judging means 5 are inte-
grated. Further, a cable 26 and a connector 27 for supply
of power source and output of detection signal are con-
nected to the judging means 5. When disposing the pi-
ezoelectric sensor 12 in the support means 13, the re-
sistor for detecting breakage 24 is incorporated in the
end 25, and the piezoelectric sensor 12 is inserted into
the support means 13, and the piezoelectric sensor 12
and judging means 5 are connected into one body. Or,
when forming the support means 13 by extrusion mold-
ing, the piezoelectric sensor 12 may be extruded simul-
taneously, and the piezoelectric sensor 12 may be dis-
posed in the support means 13, and then the resistor for
detecting breakage 24 may be incorporated in the end
25, so that the piezoelectric sensor 12 and judging
means 5 may be integrated.
[0043] Fig. 6 is a structural view showing the config-
uration of the pressure-sensitive sensor 4 and judging
means 5. As shown in Fig. 6, since the pressure-sensi-
tive sensor 4 is directly connected to the judging means
5 to be integrated, the cable for connecting the pressure-
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sensitive sensor 4 and judging means 5 is not needed.
Besides, the laying distance of the pressure-sensitive
sensor 4 in the place outside of the window frame 200
is short, so that the pressure-sensitive sensor 4 is free
from effects of undesired vibrations from the door mem-
ber 28. The judging means 5 is disposed inside of the
door member 28, for example, near the mounting posi-
tion of the side mirror. In the portion of the pressure-
sensitive sensor 4 contacting with the door member 28,
a vibration damping(absorbing) member may be dis-
posed so that chattering of the door member 28 or un-
desired vibration may not be transmitted to the pres-
sure-sensitive sensor 4 from the car body through the
door member 28.
[0044] Fig. 7 is a block diagram of an object detecting
device and opening-closing device in embodiment 1.
The object detecting device comprises a piezoelectric
sensor 12, a filter 30 for passing specified frequency
components only from the output signal of the piezoe-
lectric sensor 12, a judging unit 31 for judging contact
of an object with the pressure-sensitive sensor 4 on the
basis of the output signal from the filter 30, and an ab-
normality judging unit 32 for judging breakage of the
central electrode 20 and outside electrode 21 of the pi-
ezoelectric sensor 12 depending on the voltage value
formed by the resistor for detecting breakage 24 and a
resistor for dividing voltage 29. Further, a signal input
unit 33 for feeding the output signal from the piezoelec-
tric sensor 12 into the judging means 5, and a signal
output unit 34 for issuing the judging signal from the
judging unit 31 are disposed closely to each other in the
judging means 5. The signal output unit 34 has a power
source line to the judging means 5 and a grounding line.
A bypass unit 35 for passing high frequency signals pro-
vided between the signal input unit 33 and signal output
unit 34 is composed of a capacitor.
[0045] The drive means 6 has a Hall element 36 for
detecting rotation of the motor 8. The control means 7
comprises a position detector 37 for detecting the upper
end position of the windowpane 3 on the basis of the
output signal from the Hall element 36, a contact judging
unit 38 of an opening-closing unit for judging contact of
an object with the windowpane 3 by detecting the mov-
ing speed of the windowpane 3 on the basis of the output
signal from the Hall element 36, and a controller 39 for
controlling the motor 8 on the basis of the output signals
from the judging means 5, position detector 37 and the
contact judging unit 38 of the opening-closing unit.
[0046] The position detector 37 detects the present
position of the upper end of the windowpane 3 by count-
ing and storing the pulse signals issued from the Hall
element 36. Herein, the upper end position Y of the win-
dowpane 3 is expressed by the height from the lowest
point of the window frame 200 as shown in Fig. 1.
[0047] The contact judging unit 38 of the opening-
closing unit judges contact of the object, seeing that the
moving speed of the windowpane 3 slows down when
the object contacts with the windowpane 3. Specifically,

from the pulse interval of pulse signals issued from the
Hall element 36,the moving speed of the windowpane 3
is calculated, and when the differenceof the calculating
moving speed per unit time |∆Vw| becomes larger than
a predetermined value Vw1, it is judged that the object
is in touch with the windowpane 3, and a pulse signal of
Lo→Hi→Lo is issued as judging signal.
[0048] The opening-closing device further comprises
notice means 40 for noticing the judging result of the
judging means 5 by a specified light or the like placed
in the front panel in the compartment, an opening-clos-
ing switch 41 for opening and closing the windowpane
3, and a power source 42 composed of car batteries.
The switch 41 comprises an auto-up switch and an auto-
down switch for opening and closing the windowpane 3
by one-touch operation, and a manual-up switch and a
manual-down switch for opening and closing the win-
dowpane 3 by manual operation.
[0049] The filter 30 removes undesired signals due to
vibration of car body of the automobile and others from
the output signal of the piezoelectric sensor 12. The filter
30 has such filtering characteristic as to extract only spe-
cific frequency components appearing in the output sig-
nal when the piezoelectric sensor 12 is deformed due
to pressure by contact with the object. The filtering char-
acteristic is determined by optimizing by analyzing the
vibration characteristic of the car body of the automobile
and car body vibration in running. Specifically, to elimi-
nate the noise of vibrations due to automobile engine
and running, the filter 30 is preferred to be low pass filter
for extracting signal components of about 10 Hz or less.
[0050] The judging means 5 for eliminating incoming
electric noise shields electrically by covering the entire
structure with a shielding member. The outside elec-
trode 21 conducts with the shield member of the judging
means 5, and shields the pressure-sensitive sensor 12
electrically. Or, by adding a through-capacitor or EMI fil-
ter in the input and output unit of the circuit, counter-
measures against strong electric field may be provided.
[0051] The operation of detecting contact of an object
with the pressure-sensitive sensor 4 by the object de-
tecting device is explained. Fig. 8 is a sectional struc-
tural view at position 2-2 in Fig. 1 in the event of invasion
and the seizure of the object 190 between the window
frame 200 and windowpane 3. As shown in Fig. 8, when
the object 190 contacts with the pressure-sensitive sen-
sor 4, the pressure by the object 190 is applied to the
support means 13 and piezoelectric sensor 12. Since
the support means 13 is more flexible than the piezoe-
lectric sensor 12, as shown in Fig. 3 (b), the support
means 13 is compressed by the pressure from the ob-
ject 190 at contacting point Pr, and the side wall 17 is
deformed, and the hollow part 16 is crushed at the same
time. As a result, the piezoelectric sensor 12 is also bent
and deformed from the point Pr of the object 190 con-
tacting with the support means 13.
[0052] Fig. 9 is a sectional structural view at position
2-2 in Fig. 1 in the event of the end portion of the object
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190 invading to be seized between the window frame
200 and windowpane 3. As shown in Fig. 9, in this em-
bodiment, since the pressure-sensitive sensor 4 is po-
sitioned at the windowpane 3 side from L1, the support
means 13 is compressed by the object 190 as same as
in the case above, and the side wall 17 is deformed, and
the hollow part 16 is crushed at the same time, so that
the piezoelectric sensor 12 is deformed. In the embod-
iment shown in Fig. 2, moreover, since the distance (x)
of the piezoelectric sensor 12 and windowpane 3 is set
so as to be in a range of 3 mm to 5 mm, if the object 190
of 4 mm in diameter is seized as in Fig. 9, the piezoe-
lectric sensor 12 is deformed by the pressure from the
object 190.
[0053] Comparing the structure of the support means
4 not having the hollow part 16 and the structure of this
embodiment, the hollow part 16 is crushed by the pres-
sure from the object in the structure of the embodiment,
and the degree of compression of the support means 13
is larger, so that the piezoelectric sensor 12 is deformed
more significantly.
[0054] When the piezoelectric sensor 12 is deformed
in this manner, the piezoelectric sensor 12 issues an
output signal depending on the deformation by the pie-
zoelectric effect. A specific frequency component is ex-
tracted by the filter 30 from the output signal of the pie-
zoelectric sensor 12. At this time, through the window
frame 200, vibrations of automobile engine and running
are propagated to the pressure-sensitive sensor 4, but
the side wall 17 provided in the support means 13 serves
also as vibration damping portion, and such vibrations
are removed. Vibration components not removed by the
side wall 17 are applied to the piezoelectric sensor 12,
and an output signal including such undesired vibration
components appears in the output signal of the piezoe-
lectric sensor 12, but the filter 30 removes undesired sig-
nals due to vibrations of car body of the automobile and
the like.
[0055] The operating procedure of the judging unit 31
and controller 39 is explained by referring to Fig. 10. Fig.
10 is a waveform diagram showing the output signal V
from the filter 30, judging output J of the judging means
5, and applied voltage Vm to the motor 8. The axis of
ordinates in Fig. 10 denotes V, J, and Vm sequentially
from the top, and the axis of abscissas represents the
time t. When the auto-up switch of the opening-closing
switch 41 is turned on at time t1, the controller 39 applies
a voltage of +Vd to the motor 8, and closes the window-
pane 3. The judging means 5 is enabled to judge when
closing the windowpane 3. As shown in Fig. 8 or Fig. 9,
when the object 190 is seized, the piezoelectric sensor
12 issues a signal depending on the acceleration of de-
formation of the piezoelectric sensor 12 due to piezoe-
lectric effect, and the filter 30 produces a larger signal
component than the reference potential V0 as shown in
Fig. 10. At this time, in such a constitution that only the
piezoelectric sensor 12 is disposed on the window frame
200, the deformation of the piezoelectric sensor 12 at

the time of seizure is slight, but in this embodiment,
since the support means 13 is formed of a more flexible
elastic body 14 than the piezoelectric sensor 12 as
shown in Fig. 2 and the support means 13 is easily com-
pressed at the time of seizure, the deformation of the
piezoelectric sensor 12 increases. Since the hollow part
16 is also crushed at the time of seizure, the deformation
of the piezoelectric sensor 12 is further increased. Thus,
the piezoelectric sensor 12 is largely deformed, and the
acceleration which is the quadratic differential of defor-
mation also increases, so that the output signal of the
piezoelectric sensor 12 increases. The judging unit 31
judges that the object is in contact when the amplitude
| V-V0 | of V from V0 is larger than D0, and issues a pulse
signal of Lo→Hi→Lo as judging output at time t2. Re-
ceiving this pulse signal, the controller 39 stops appli-
cation of voltage of +Vd to the motor 8, and applies volt-
age -Vd for a specific time until time t3 to lower the win-
dowpane 3 by a specific extent, thereby releasing the
seizure. When releasing the seizure, the piezoelectric
sensor 12 issues a signal depending on the acceleration
of restoration of deformation (a smaller signal compo-
nent than reference potential V0 in Fig. 10).
[0056] Whether V is larger than V0 or not at the time
of seizure varies depending on the deforming direction
or polarizing direction of the piezoelectric sensor 12, al-
location of electrode (which should be reference poten-
tial), and the supporting direction of the piezoelectric
sensor 12, but since the judging unit 31 judges the sei-
zure on the basis of the absolute value of the difference
of V and V0, and therefore the seizure can be judged
regardless of negative or positive of the value of V - V0.
[0057] This is the operation when detecting contact of
an object with the pressure-sensitive sensor 4. In this
embodiment, the contact judging unit 38 of the opening-
closing unit also detects contact of an object with the
windowpane 3. The controller 39 stops application of
voltage +Vd to the motor 8 when receiving at least one
detection signal of the detection signal by the judging
unit 31 and the detection signal by the contact judging
unit 38 of the opening-closing unit if the upper end po-
sition Y of the windowpane 3 detected by the position
detector 37 is lower than Y0 in Fig. 1, and applies a volt-
age -Vd for a specific time to lower the windowpane 3
by a specific extent. If Y is higher than Y0, the controller
39 stops application of voltage +Vd to the motor 8 on the
basis of the input of detection signal by the judging unit
31 only, and applies a voltage -Vd for a specific time to
lower the windowpane 3 by a specific extent. The reason
why the controller 39 does not refer to the detection sig-
nal by the contact judging unit 38 of the opening-closing
unit when Y is higher than Y0 is that if detected by the
contact judging unit 38 of the opening-closing unit in the
region where Y is larger than Y0, when fully closing the
windowpane 3, | ∆Vw| becomes larger than Vw1, and a
detection signal is issued. In order to widen the region
of the object detection by both of the object detecting
device and the contact judging unit 38 of the opening-
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closing unit as much as possible, Y0 should be set near
the lowest end of the pressure-sensitive sensor 4. Spe-
cifically, considering the detection of the seizure by a
bar of a minimum diameter of 4 mm as required in
FMVSS118 which is the United States regulation about
seizure in power window or the like, Y0 is preferred to
be set at a position of 3 mm to 5 mm at lower side from
the lowest end of the pressure-sensitive sensor 4.
[0058] The operation of the object detecting device
and opening-closing device explained herein is the op-
eration when the object 190 touches the pressure-sen-
sitive sensor 4 and is seized between the window frame
200 and windowpane 3 as shown in Fig. 8 and Fig. 9,
but if the object 190 touches the pressure-sensitive sen-
sor 4 before being seized between the window frame
200 and windowpane 3, the judging unit 31 judges the
contact of the object when |V-V0| is larger than D0, and
the controller 39 stops application of voltage +Vd to the
motor 8, and applies a voltage -Vd for a specific time to
lower the windowpane 3 by a specific extent. Or, if the
object 190 touches the windowpane 3 before being
seized between the window frame 200 and windowpane
3, the contact judging unit 38 of the opening-closing unit
judges the contact of the object with the windowpane 3
if |∆Vw| is larger than Vw1.
[0059] The procedure of judging breakage by the ab-
normality judging unit 32 is explained below. In Fig. 7,
the resistance values of the resistor for detecting break-
age 24 and the resistor for dividing voltage 29 are sup-
posed to be R1, R2, the voltage at point P to be Vp, and
the voltage of the power source 42 to be Vs. Values of
R1 and R2 are usually several megohms to tens of meg-
ohms, and since the input impedance of the filter 30 and
abnormality judging unit 32 is sufficiently high as com-
pared with R1 and R2, the resistance value of the com-
posite piezoelectric layer 22 is usually more than hun-
dreds of megohms. Therefore, Vp may be regarded as
the voltage divided value V12 of R1 and R2 with respect
to Vs. When the central electrode 20 and outside elec-
trode 21 of the piezoelectric sensor 12 are normal, Vp
is V12. If at least one of the central electrode 20 and out-
side electrode 21 of the piezoelectric sensor 12 is bro-
ken, equivalently point Pa or point Pb in Fig. 7 is open,
and Vp is Vs. When the central electrode 20 and outside
electrode 21 are shorted, equivalently point Ps and point
Pb are shorted, so that Vp is equal to the grounding po-
tential. Depending on such changes of Vp, the abnor-
mality judging unit 32 detects the value of Vp, and judges
abnormality due to breakage and shorting of central
electrode 20 and outside electrode 21. When abnormal-
ity is judged in the abnormality judging unit 32, the judg-
ing unit 31 continues to issue Hi as judging signal J.
[0060] Fig. 11 is a flowchart showing the operating
procedure of the opening-closing device mentioned
above. First, when the pressure-sensitive sensor 4 is
normal, and no object contacts with the pressure-sen-
sitive sensor 4 or windowpane 3, the operating proce-
dure is as follows. At step ST1, the controller 39 judges

if the judging signal J of the judging unit 31 is kept at Hi
or not. When the pressure-sensitive sensor 4 is normal,
advancing to step ST2,the controller 39 judges if the au-
to-up switch of the opening-closing switch 41 is turned
on or not. If the auto-up switch is not turned on, the proc-
ess returns to step ST1. When the auto-up switch is
turned on, at step ST3, the controller 39 changes the
application voltage to the motor 8 Vm to Vd, and closes
the windowpane 3. At step ST4, the judging unit 31 judg-
es if | V-V0 | is larger than D0 or not, and when no object
contacts with the pressure-sensitive sensor 4 or win-
dowpane 3, | V-V0 | is less than D0, and the process
advances to step ST5. At step ST5, the controller 39
judges if the upper end position Y of the windowpane 3
detected by the position detector 37 is larger than the
specified position Y0 shown in Fig. 1 or not. If Y is larger
than Y0, the process advances to step ST6, or if Y is
smaller than Y0, the process advances to step ST9. At
step ST6, the contact judging unit 38 of the opening-
closing unit judges if | ∆Vw | is larger than the preset
value Vw0 or not. If | ∆Vw | is larger than Vw0, it is judged
that the windowpane 3 is closed completely, and the
process advances to step ST7, and Vm is set to zero to
stop the motor 8, thereby terminating the closing action
of the windowpane 3. At step ST6, if |∆Vw| is smaller
than Vw0, back to step ST4, the closing action of the win-
dowpane 3 is continued. When advancing from step
ST5 to step ST9, if no object contacts with the window-
pane 3, the contact judging unit 38 of the opening-clos-
ing unit judges that |∆Vw| is smaller than Vw1, and back
to step ST4, the closing action of the windowpane 3 is
continued.
[0061] In the event of abnormality, that is, if at least
one of the central electrode 20 and outside electrode 21
of the pressure-sensitive sensor 4 is broken or shorted,
the operating procedure is as follows. When abnormality
occurs in the pressure-sensitive sensor 4 and the ab-
normality is judged by the abnormality judging unit 32,
the judging unit 31 continues to issue Hi as judging sig-
nal J, and the process skips from step ST1 to step ST8,
and the controller 39 flickers the notice means 40 to in-
form a third party of occurrence of abnormality in the
pressure-sensitive sensor 4, and the process continues
from step ST2 and on. In this case, as described later,
if the pressure-sensitive sensor 4 is abnormal, presence
or absence of contact of an object with the windowpane
3 is detected by the contact judging unit 38 of the open-
ing-closing unit, the seizure of the object can be re-
leased.
[0062] When the pressure-sensitive sensor 4 is nor-
mal and an object contacts with the pressure-sensitive
sensor 4 or windowpane 3, the operating procedure is
as follows. Since the pressure-sensitive sensor 4 is nor-
mal, advancing from step ST1 to step ST2, when the
auto-up switch is turned on, the process goes to step
ST3, and the controller39 changes the application volt-
age to the motor 8 Vm to Vd, and closes the windowpane
3. At step ST4, when the object contacts with the pres-
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sure-sensitive sensor 4, |V-V0| becomes larger than D0,
and at step ST10, the judging unit 31 issues a pulse sig-
nal of Lo→Hi→Lo as judging output. At step ST11 to step
ST13, the controller 39 stops application of voltage +Vd
to the motor 8, and applies a voltage -Vd for a specific
time to lower the windowpane 3 by a specific extent, and
flickers the notice means 40 for a specific time to inform
a third party of the contact of the object.
[0063] At step ST4, when the object does not contact
with the pressure-sensitive sensor 4, at step ST5, the
position detector 37 judges whether the upper end po-
sition Y of the windowpane 3 is higher than Y0 or not,
and if Y is higher than Y0, going to step ST6, the closing
action of the windowpane 3 is continued. If Y is lower
than Y0 at step ST5, going to step ST9, the contact judg-
ing unit 38 of the opening-closing unit detects contact.
When the object contacts with the windowpane 3, |∆Vw|
is larger than Vw1 at step ST9, and hence, at step ST10,
the contact judging unit 38 of the opening-closing unit
issues a pulse signal of Lo→Hi→Lo as the judging out-
put. At steps ST11, ST12, and ST13, the controller 39
stops application of voltage +Vd to the motor 8, and ap-
plies a voltage -Vd for a specific time to lower the win-
dowpane 3 by a specific extent, and flickers the notice
means 40 for a specific time to inform a third party of the
contact of the object. If |∆Vw| is smaller than Vw1 at step
ST9, there is no object contacting with the windowpane
3, and the process goes to step ST4, and the closing
action of the windowpane 3 is continued. Meanwhile,
since the change of moving speed of the windowpane
3 is greater when the windowpane 3 is fully closed than
when an object contacts with the windowpane 3, a value
of more than Vw1 is set as Vw0.(Vw0 is the predetermined
value when the windowpane 3 is fully closed)
[0064] In the case of the window frame 200 provided
with a side visor, if an object is seized between the side
visor and the windowpane 3, the object may not contact
with the pressure-sensitive sensor 4. In this embodi-
ment, however, the contact judging unit 38 of the open-
ing-closing unit detects the contact of the object with the
windowpane 3, and releases the seizure.
[0065] In the event of abnormality occurring in the
pressure-sensitive sensor 4, the controller 39 may ban
the operation of the auto-up switch of the opening-clos-
ing switch 41. In this case, the windowpane 3 can be
closed only by the manual switch of the opening-closing
switch 41.
[0066] Generally, a piezoelectric material has both pi-
ezoelectric effect and pyroelectric effect. In this embod-
iment, if an electric charge is generated in the piezoe-
lectric sensor 13 due to pyroelectric effect by changes
of ambient temperature, the resistor for detecting break-
age 24 serving also as a discharge unit discharges this
electric charge. Therefore, in spite of changes in ambi-
ent temperature, undesired noise is not contained in the
signal entering the filter 30. In the embodiment, the re-
sistor for detecting breakage 24 is used also as the dis-
charge unit, but an independent discharge unit may be

connected between the signal line from the piezoelectric
sensor 12 in the judging means 5 and the grounding line.
[0067] In the environments of strong electric field at
high frequency, the pressure-sensitive sensor 4 may
function as a kind of antenna to feed a high frequency
signal into the judging means 5, thereby leading to a
judging error. In the embodiment, if a high frequency sig-
nal invades from the signal input unit 33, the bypass unit
35 passes the high frequency signal to the signal output
unit 34, allowing to escape to outside of the judging unit
5, so that undesired noise is not contained in the signal
entering into the filter 30. Further, the signal input unit
33 and signal output unit 34 are disposed closely to each
other to shorten the bypass route of the high frequency
signal, so that the high frequency signal can be passed
through easily.
[0068] In other embodiment of the pressure-sensitive
sensor 4, it may be composed as shown in Fig. 12 (a)
to (d). Fig. 12 (a) to (d) are sectional structural views of
the pressure-sensitive sensor 4, and in Fig. 12 (a), the
support means 13 of the pressure-sensitive sensor 4 in-
cludes a side wall 17 made of a more flexible elastic
body than the pressure-sensitive means 12, and a stiffer
elastic body 14b than the side wall 17. Since the elastic
body 14b is stiffer than the side wall 17, when adhering
or fixing the pressure-sensitive sensor 4 to the window
frame 200, it is easier to adhere because the fixing side
is firm.
[0069] In Fig. 12 (b), the side wall 17 of the support
means 13 is bent, and since the side wall 17 is bent, it
is easier to deform and easier to damp vibrations.
[0070] In Fig. 12 (c), the pressure-sensitive means 12
is not incorporated in the support means 13, but a part
of the pressure-sensitive means 12 is exposed outside,
and supported by the support means 13. By exposing a
part of the pressure-sensitive means 12, the object di-
rectly contacts with the pressure-sensitive means 12, so
that the sensitivity of the pressure-sensitive sensor 4 is
enhanced.
[0071] In Fig. 12 (d), the support means 13 is formed
of a part of the weather strip 18 of an automobile, and
since the weather strip 18 serves also as the support
means 13, the components can be rationalized.
[0072] In the embodiment, the pressure-sensitive
sensor 4 is disposed on the window frame 200, but the
pressure-sensitive sensor 4 may be disposed also on
the windowpane 3. Fig. 13 is a sectional structural view
of the pressure-sensitive sensor 4 disposed on the up-
per end of the windowpane 3. In this constitution, in the
closing action of the windowpane 3, when the object
contacts with the upper end of the windowpane 3, the
contact of the object is detected by the pressure-sensi-
tive sensor 4, and the closing action of the windowpane
3 is stopped, and the windowpane 3 is opened, so that
the seizure can be prevented in advance.
[0073] As shown in Fig. 14, when a side visor 43 is
mounted on the window frame 200, a pressure-sensitive
sensor 44 may be disposed on the edge of the side visor
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43. In this constitution, as shown in Fig. 14, for example,
if an object 190 is seized between the side visor 43 and
windowpane 3 from the position of S1, the seizure can-
not be detected by the pressure-sensitive sensor 4 only
unless the object 190 reaches the position of S2, but by
using the pressure-sensitive sensor 44, the seizure can
be detected while the object 190 is in the position of S1,
so that the seizure may be detected earlier and re-
leased.
[0074] In embodiment 1, the judging result of the judg-
ing means 5 is noticed in the notice means 40 made of
a specific light or the like incorporated in the front panel
in the compartment. Alternatively, the notice means 40
may be realized, for example, by a car horn, or the notice
means 40 may be provided with a communication func-
tion, and the judging result of the judging means 5 may
be noticed at an external communication termination
through wireless means or portable telephone circuit.

(Embodiment 2)

[0075] Embodiment 2 is explained by referring to Fig.
15. In this embodiment, the judging means 5 calculates
the integral value Sv of output signal of the piezoelectric
sensor 12 per unit time, and judges the contact of an
object on the basis of the integral value.
[0076] Fig. 15 is a waveform diagram of this constitu-
tion, showing signal V obtained by passing the output of
the piezoelectric sensor 12 through the filter 30 and in-
tegral value Sv, judging output J of the judging means
5, and applied voltage Vm to the motor 8. In Fig. 15, the
axis of ordinates denotes V, Sv, J, and Vm sequentially
from the top, and the axis of abscissas represents the
time t. When the auto-up switch of the opening-closing
switch 41 is turned on at time t4, the controller 39 applies
a voltage +Vd to the motor 8, and closes the window-
pane 3. When an object touches the pressure-sensitive
sensor 4, the piezoelectric sensor 12 is deformed by the
pressure of the object, and an output signal V corre-
sponding to the deformation is generated. At this time,
if the object is soft, or the ambient temperature is low
and the closing speed of the windowpane 3 is slow, the
piezoelectric sensor 12 is deformed slowly, and V in Fig.
15 is smaller in signal level as compared with that in Fig.
10. Accordingly, as shown in Fig. 15, the judging unit 31
calculates the integral value Sv of V per unit time, and
issues, at time t5, a pulse signal of Lo→Hi→Lo as a judg-
ing output when Sv exceed the predetermined value of
S0. Receiving this pulse signal, the controller 39 stops
application of voltage +Vd to the motor 8, applies a volt-
age -Vd for a specific time until time t6 to lower the win-
dowpane 3 by a specific extent, thereby releasing the
seizure.
[0077] By this action, if the pushing speed of pressure
of the object to the pressure-sensitive sensor is slow and
the signal level of the output signal of the pressure-sen-
sitive sensor is small, the judging means judges the con-
tact of the object on the basis of the integral value of the

output signal of the pressure-sensitive sensor, and
therefore if a soft object touches the pressure-sensitive
sensor, the contact of the object can be judged securely.

(Embodiment 3)

[0078] Embodiment 3 is explained by referring to Fig.
16. This embodiment is characterized by the function of
checking if the function of the pressure-sensitive sensor
is normal or not. The door open-closed detector is pro-
vided in the door or the body, and a signal of Hi is issued
when the door is open, and a signal of Lo is given when
the door is closed. When an open or closed door is de-
tected, the abnormality judging unit 32 judges abnormal-
ity of the pressure-sensitive sensor 4 on the basis of the
output signal of the pressure-sensitive sensor 4 corre-
sponding to the vibration on the window frame 200 due
to opening or closing of the door.
[0079] Fig. 16 is a waveform diagram of this constitu-
tion, showing the relation between the output signal Sd
of the door open-closed detector, and output signal V
from the filter 30. In Fig. 16, the axis of ordinates denotes
Sd and V sequentially from the top, and the axis of ab-
scissas represents the time t.
[0080] When the door is opened at time t7, Sd is
changed from Lo to Hi, and the car body vibration when
the door is opened is propagated from the window frame
200 to the pressure-sensitive sensor 4, and the pres-
sure-sensitive sensor 4 issues an output by the car body
vibration, and V shows the waveform as shown in Fig.
16. When the door is closed at time t8, Sd is changed
from Hi to Lo, and the car body vibration when the door
is closed is propagated to the pressure-sensitive sensor
4, and the pressure-sensitive sensor 4 issues an output
by the car body vibration, and an output as shown in Fig.
16 appears at V. Every time the output signal of the door
open-closed detector changes from Lo to Hi, or from Hi
to Lo, the abnormality judging unit 32 judges there is no
function abnormality when the amplitude |V| of the out-
put V at this time is larger than a predetermined value
D1, and judges that the sensitivity of the pressure-sen-
sitive sensor 4 is lowered to be abnormal in function
when V is smaller than D1. When the abnormality is
judged, as same as in embodiment 1, the judging signal
J of the judging unit 31 is continuously Hi, and the con-
tact of the object is judged by the contact judging unit
38 of the opening-closing unit only.
[0081] By this action, function abnormality of the pres-
sure-sensitive sensor is judged, and the reliability of the
device is enhanced.

(Embodiment 4)

[0082] Embodiment 4 is explained by referring to Fig.
17. In this embodiment, the control means 7 controls the
drive means 6, when closing the windowpane 3, so as
to close after once moving the windowpane 3 in the
opening direction by a specific distance, or opening for
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a specific time.
[0083] Fig. 17 is a waveform diagram showing the ap-
plied voltage Vm to the drive means 6 in this constitution.
In the diagram, the axis of ordinates denotes Vm, and
the axis of abscissas represents the time t. In Fig. 17,
when closing the windowpane 3, by turning on the auto-
up switch at time t9, the controller 39 sets the applied
voltage Vm to the motor 8 at -Vd until time t10 to move
the windowpane 3 by a small distance in the opening
direction, and sets Vm at +Vd after time t10 until closed
completely at time t11 to close the windowpane 3. Time
setting from time t9 to t10 may be optimized depending
on the weight of the opening-closing unit 3 and capacity
of the motor 8, and it may be at least about hundreds of
milliseconds.
[0084] For example, before closing the windowpane
3, if an object has been already seized between the win-
dow frame 200 and windowpane 3, it is assumed that
the pressure-sensitive sensor 4 is in a state unable to
be deformed. In such a case, too, when closing the win-
dowpane 3, by closing after once moving the window-
pane 3 in the opening direction by a specific distance,
or opening for a specific time, the deformation of the
pressure-sensitive sensor 4 is once restored, and then
the pressure-sensitive sensor 4 is deformed by the pres-
sure of the object by the closing action of the window-
pane 3. Accordingly, an output signal depending on the
pressure is issued from the pressure-sensitive sensor
4, and the contact of the object is judged, so that unde-
sired the seizure of the object between the window
frame 200 and windowpane 3 is prevented.

(Embodiment 5)

[0085] Embodiment 5 is explained by referring to Fig.
18 to Fig. 22.
[0086] Fig. 18 is an appearance view of an object de-
tecting device and opening-closing device in embodi-
ment 5, showing a case of application in a power slide
door of an automobile. Fig. 19 is a sectional structural
view at position 19-19 in Fig. 18. The opening-closing
device of the embodiment comprises a slide door 45, a
door panel 46 of the slide door, an undulated portion 47,
a vertical edge 48 of the slide door 45, a bent portion 49
of the vertical edge 48, a pressure-sensitive sensor 50,
a door lock 51, an electrode 52 for detecting opening or
closing of the slide door 45, and a body opening 53 for
access of the driver and passengers by opening the
slide door 45. Further, Fig. 19 shows a piezoelectric sen-
sor 54, support means 55 for supporting the piezoelec-
tric sensor 54, a fixing portion 56 for fixing the piezoe-
lectric sensor 50 to the slide door 45, and a seal portion
57 for sealing between the body opening 53 and slide
door 45 when the slide door 45 is closed.
[0087] Preferably, the pressure-sensitive sensor 50 is
disposed at the body opening 53 side of the slide door
45, and placed at the terrace of the vertical edge 48 pro-
vided closely to the inside of the compartment. Such ter-

race is usually provided for disposing a down-stopper in
the slide door 45, and a slide door having such terrace
is disclosed, for example, in Japanese Laid-open Patent
No. 62-137716. The pressure-sensitive sensor 50 is, as
shown in Fig. 19, fixed in the fixing portion 56 at specific
distance y from the body opening 53 so as not to contact
with the body opening 53 when the slide door 45 is
closed completely. Considering possibility of the seizure
of a finger of a child or the like, the distance y is prefer-
ably 3 mm to 5 mm. Also, for the ease of detection of
contact of an object with the slide door 45, the pressure-
sensitive sensor 50 is disposed so that a part of the pres-
sure-sensitive sensor 50 may bulge out to the body
opening 53 side from the vertical edge 48. Or the pres-
sure-sensitive sensor 50 may be disposed at the vertical
edge 48. The control means 7 is disposed in the slide
door 45. To detect the contact of an object near the ver-
tical edge 48 of the slide door 45 in a wide range as far
as possible, as disclosed, for example, in Japanese Util-
ity Model Publication No. 38-2015, the judging means 5
for issuing a judging signal to the control means 7 is dis-
posed in the lowest position of the pressure-sensitive
sensor 50. The judging means 5 is fixed near the lowest
position of the vertical edge 48 of the slide door 45. Or,
as disclosed in Japanese Laid-open Patent No.
8-232525 or Japanese Laid-open Patent No. 9-96146,
when the motor or the control unit of the motor is dis-
posed in the slide door 45, it is general to be disposed
at the lower side from the lower end of the windowpane,
avoiding the windowpane of the slide door 45. There-
fore, in this embodiment, too, the control means 7 is dis-
posed at the lower side from the lower end of the win-
dowpane of the slide door 45, and hence, as a matter
of course, the judging signal from the judging means 5
is transmitted to the control means 7 through the cable
26 by way of the penetration hole provided at the lower
side from the lower end of the windowpane, preferably
near the judging means 5. Such penetration hole is quite
general, as being disposed when transmitting signal
from outside to inside of the slide door 45 as in the case
of disposing, for example, the electrode 52 for detecting
opening and closing in the slide door 45. The drive
means of the slide door 45 is realized by any one of the
general structures using motors or the like.
[0088] Fig. 20 is a structural diagram of the pressure-
sensitive sensor 50. The pressure-sensitive sensor 50
is composed of a piezoelectric sensor 54 as pressure-
sensitive means, support means 55, and others. The pi-
ezoelectric sensor 54 is formed by laminating the central
electrode 20, outside electrode 21, and composite pie-
zoelectric layer 22 as piezoelectric material, concentri-
cally, and is flexible in a form of coaxial cable. The sup-
port means 55 incorporates the piezoelectric sensor 54,
and has a more flexible elastic body 14 than the piezo-
electric sensor 54, a hollow portion 58, and a groove 59
for fixing to the fixing portion 56. In the piezoelectric sen-
sor 12 in embodiment 1, a covering layer 23 is disposed
in the outermost layer, but in the piezoelectric sensor 54
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of this embodiment, the support means 55 also serves
as the covering layer, so that the components are ra-
tionalized.
[0089] The opening-closing device of the embodi-
ment can also detect contact of the object with the pres-
sure-sensitive sensor 50 in the same procedure as in
embodiment 1, and is also capable of preventing unde-
sired seizure of an object, or reducing the load applied
to the object until the seizure is released if the object is
seized.
[0090] Or, as shown in Fig. 18, in the embodiment, to
prevent the seizure of an object between the slide door
45 and the body opening 53, the pressure-sensitive sen-
sor 50 having the flexible piezoelectric sensor 54 is dis-
posed so as to be bent along the shape of the slide door
45. The door panel 46 is provided with the undulated
portion 47 for reinforcing the rigidity or from the view-
point of styling, and if there is a bent part 49 at the ver-
tical edge 48, the pressure-sensitive sensor of the em-
bodiment does not cause detecting errors due to erro-
neous contact of the pressure-sensitive switch in the
bent part 49 as in the conventional pressure-sensitive
switch of contact type. Therefore, the degree of freedom
is enhanced in the aspect of reinforcement of rigidity or
styling of the door panel 46.
[0091] Since the conventional pressure-sensitive
switch of contact type cannot be bent, meanwhile, when
disposing on the slide door 45, an undesired gap is
formed between the pressure-sensitive switch and ver-
tical edge 48. Accordingly, if an object is seized between
this gap and the body opening 53, since the object does
not touch the pressure-sensitive switch, and the seizure
cannot be detected. In this embodiment, on the other
hand, since the gap is small between the vertical edge
48 and pressure-sensitive sensor 50, if an object is
seized between the slide door 45 and body opening 53,
the object easily touches the pressure-sensitive sensor
50, and the seizure can be detected.
[0092] If the slide door 45 is provided with accessories
such as door lock 51 and electrode 52 for detecting
opening and closing 52, the pressure-sensitive sensor
50 can be bent and disposed by evading these acces-
sories. As a result, there is no restriction about location
of accessories.
[0093] In other embodiment of a constitution of dis-
posing the pressure-sensitive sensor 50 in the slide door
45, the pressure-sensitive sensor 50 may be disposed
as shown in Fig. 21 and Fig. 22. In Fig. 21, the pressure-
sensitive sensor 50 is disposed at the vertical edge 48,
the upper edge 60, and the lower edge 61. In this con-
stitution, the seizure of an object between the vertical
edge 48 of the slide door 45 and the body opening 53
(Fig. 18) can be detected, and further the seizure of an
object between the upper edge 60, lower edge 61, and
body opening 53 can be detected, so that the seizure
detecting range is expanded. Although the pressure-
sensitive sensor 50 must be bent at a corner 62 of the
slide door 45, since the flexible piezoelectric sensor 54

is used, if bent, unlike the conventional pressure-sensi-
tive switch, detection errors do not occur.
[0094] In Fig. 22, the pressure-sensitive sensor 50 is
disposed along the entire periphery of the edge of the
slide door 45, and both ends of the pressure-sensitive
sensor 50 are connected to the judging means 5. In this
constitution, the seizure of an object between the entire
periphery of the edge of the slide door 45 and the body
opening 53 (Fig. 18) can be detected, and the seizure
detecting range is further expanded as compared with
the constitution in Fig. 18 or Fig. 21.
[0095] In the constitution in Fig. 22, since the both
ends of the pressure-sensitive sensor 50 are connected
to the judging means 5, the signals can be detected from
both ends of the piezoelectric sensor 54 by the judging
means 5. In this case, if the central electrode 20 or out-
side electrode 21 of the piezoelectric sensor 54 is bro-
ken on the way, since the detection signal can be ob-
tained from either end of the piezoelectric sensor 54, the
reliability is enhanced. Further, as in another case, one
end of the outside electrode 21 is connected to the
ground, the other end is connected to the power source
through a resistance, and the voltage at the contact
point of the outside electrode 21 side of the resistance
is detected by the abnormality judging unit 32. In this
constitution, if the outside electrode 21 is normal, the
voltage at the point is the grounding potential, and when
the outside electrode 21 is broken, the voltage of the
point is the power source voltage, so that breakage of
the outside electrode 21 can be detected, and the reli-
ability is further enhanced.

(Embodiment 6)

[0096] In this embodiment shown in Fig. 23, the in-
vention is applied in a motor-driven sunroof 63 of an au-
tomobile, and a pressure-sensitive sensor 65 is dis-
posed in a windowpane 64 of the motor-driven sunroof
63. In this constitution, the seizure of an object in the
motor-driven sunroof 63 is prevented.

(Embodiment 7)

[0097] This embodiment shown in Fig. 24 is an appli-
cation of the invention in an automated door 66 of a train,
and a pressure-sensitive sensor 69 is disposed in a door
67 or a door opening 68 of the automated door 66. In
this constitution, the seizure of an object in the automat-
ed door 66 can be prevented.
[0098] In the foregoing embodiments 1 to 7, the flex-
ible piezoelectric sensor in cable form is used as the
pressure-sensitive means, but a flexible piezoelectric
sensor of band or sheet form may be also used. Instead
of the piezoelectric sensor, moreover, pressure-sensi-
tive means of a type of detecting an electrostatic capac-
ity between electrodes, pressure-sensitive means of a
type of varying in electric conductivity due to pressure,
or other pressure-sensitive means may be used.
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INDUSTRIAL APPLICABILITY

[0099] The invention relates to a pressure-sensitive
sensor, an object detecting device, and an opening-
closing device used for preventing the seizure of an ob-
ject in a power window, motor-driven slide door and mo-
tor-driven sunroof of an automobile, an automated door
of a building, and the like. In these devices, hitherto,
there were problems, such as failure in releasing the sei-
zure and damage of the object due to increase of the
load applied to the object until the seizure is released.
The invention presents the pressure-sensitive sensor
large in output and excellent in flexibility, the object con-
tact detecting device of high reliability, and the opening-
closing device not damaging the object when the object
is seized.

Claims

1. A pressure-sensitive sensor (4) disposed at at least
one of an opening (200) and an opening-closing unit
(3) for opening and closing said opening, used for
detecting contact of an object and preventing sei-
zure of the object between said opening and said
opening-closing unit, said pressure-sensitive sen-
sor comprising:

pressure-sensitive means (12) for generating
an output signal depending on deformation;
and

support means (13) for supporting said pres-
sure-sensitive means at at least one of said
opening and said opening-closing unit,

wherein said support means has a greater flexibility
than said pressure-sensitive means.

2. The pressure-sensitive sensor of claim 1,
wherein said support means includes:

a deformation amplifying portion (15) for ampli-
fying the deformation of said pressure-sensi-
tive means.

3. The pressure-sensitive sensor of claim 2,
wherein said deformation amplifying portion

includes:

a hollow portion (16).

4. The pressure-sensitive sensor of claim 1,
wherein said support means includes:

a vibration damping portion (17) for damping vi-
bration.

5. The pressure-sensitive sensor of claim 4,
wherein said support means includes:

a deformation amplifying portion (15) for ampli-
fying the deformation of said pressure-sensi-
tive means,
said vibration damping portion serves also as
said deformation amplifying portion.

6. The pressure-sensitive sensor of claim 1,
wherein said support means is formed of a

part of a weather strip (18) of an automobile.

7. The pressure-sensitive sensor of claim 1,
wherein said pressure-sensitive sensor can

be disposed in said opening so that the shortest dis-
tance from said opening-closing unit may be in a
range of 3 mm to 5 mm.

8. The pressure-sensitive sensor of claim 1, further
comprising:

plural electrodes (20, 21) for leading out sig-
nals; and
a resistor for detecting breakage (24) disposed
between said electrodes for detecting break-
age of said electrodes.

9. The pressure-sensitive sensor of claim 1,
wherein said pressure-sensitive means is

composed of a flexible piezoelectric sensor (12),
and

said support means flexibly supports said pi-
ezoelectric sensor along a shape of edge of said
opening or said opening-closing unit.

10. The pressure-sensitive sensor of claim 9,
wherein said piezoelectric sensor is molded

by using a composite piezoelectric material mixing
amorphous chlorinated polyethylene, crystalline
chlorinated polyethylene, and piezoelectric ceramic
powder.

11. An object detecting device for detecting the contact
of the object, and preventing the seizure of the ob-
ject between said opening (200) and said opening-
closing unit (3) for opening and closing said open-
ing, said object detecting device comprising:

said pressure-sensitive sensor (4) of claim 1,
2, 3, 4, 5, 6, 7, 8, 9, or 10; and
judging means (5) for judging the contact of the
object with said pressure-sensitive sensor on
the basis of an output signal of said pressure-
sensitive sensor.

12. The object detecting device of claim 11, further com-
prising:
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notice means (40) for informing a third party of
a judging result of said judging means.

13. The object detecting device of claim 11,
wherein said pressure-sensitive sensor is

connected directly to said judging means, and said
pressure-sensitive sensor and said judging means
are integrated.

14. The object detecting device of claim 11,
wherein said judging means includes:

a filter (30) for extracting only a specified fre-
quency component from the output signal of
said pressure-sensitive sensor.

15. The object detecting device of claim 11,
wherein said judging means calculates an in-

tegral value of the output signal of said pressure-
sensitive means per unit time, and judges the con-
tact of the object with said pressure-sensitive sen-
sor on the basis of the integral value.

16. The object detecting device of claim 11,
wherein said judging means includes:

an abnormality judging unit for judging abnor-
mality of said pressure-sensitive means on the
basis of the output signal of said pressure-sen-
sitive means corresponding to vibration of said
opening or said opening-closing unit.

17. The object detecting device of claim 11,
wherein said judging means includes:

a signal input unit (33) for feeding the output
signal of said pressure-sensitive means;
a signal output unit (34) for issuing a judging
result of judging the contact of the object to said
pressure-sensitive sensor; and
a bypass unit (35) for passing high frequency
signal through between said signal input unit
and said signal output unit.

18. The object detecting device of claim 17,
wherein said signal input unit and signal out-

put unit are disposed closely to each other so as to
shorten a bypass route of high frequency signal.

19. An object detecting device for detecting the contact
of the object, and preventing the seizure of the ob-
ject between said opening (200) and said opening-
closing unit (3) for opening and closing said open-
ing, said object detecting device comprising:

said pressure-sensitive sensor (4) of claim 9,
or 10;
judging means (5) for judging the contact of the

object with said pressure-sensitive sensor on
the basis of an output signal of said pressure-
sensitive sensor; and
a discharge unit (24) for discharging an electric
charge generated in said piezoelectric sensor
disposed in at least one of said piezoelectric
sensor and said judging means.

20. An opening-closing device having a function for de-
tecting the contact of the object, and preventing the
seizure of the object between said opening (200)
and said opening-closing unit (3) for opening and
closing said opening, said opening-closing device
comprising:

said object detecting device of claim 11, or 19;
drive means (6) for driving said opening-closing
unit; and
control means (7) for controlling said drive
means so as to stop closing action of said open-
ing-closing unit or open said opening-closing
unit when said judging means judges the con-
tact of the object with said pressure-sensitive
sensor when said opening-closing unit is clos-
ing.

21. The opening-closing device of claim 20,
wherein said control means includes:

a contact judging unit (38) of said opening-clos-
ing unit for judging the contact of the object with
said opening-closing unit on the basis of a de-
tected drive state when said contact judging
unit detects the drive state when said drive
means drives said opening-closing unit; and
a controller (7) for controlling said drive means
on the basis of an output signal from at least
one of said object detecting device and said
contact judging unit.

22. The opening-closing device of claim 21,
wherein said control means controls said

drive means on the basis of an output signal of said
contact judging unit if abnormality occurs in said ob-
ject detecting device.

23. The opening-closing device of claim 20,
wherein said control means controls said

drive means so as to close after once moving said
opening-closing unit by a specific distance in open-
ing direction or opening for a specific time when
closing said opening-closing unit.

Patentansprüche

1. Druckempfindlicher Sensor (4), der an wenigstens
einer Öffnung (200) oder einer Öffnen-Schließen-
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Einheit (3) zum Öffnen und Schließen der Öffnung
angeordnet ist und der benutzt wird, um die Berüh-
rung eines Objekts zu erfassen und das Ergreifen
des Objekts zwischen der Öffnung und der Öffnen-
Schließen-Einheit zu verhindern, wobei der druck-
empfindliche Sensor umfasst:

eine druckempfindliche Einrichtung (12) zum
Erzeugen eines Ausgangssignals, das von De-
formation abhängt, und

eine Halteeinrichtung (13) zum Halten der
druckempfindlichen Einrichtung an wenigstens
der Öffnung oder der Öffnen-Schließen-Ein-
heit,

wobei die Halteeinrichtung eine größere Flexibilität
aufweist als die druckempfindliche Einrichtung.

2. Druckempfindlicher Sensor nach Anspruch 1, wo-
bei die Halteeinrichtung umfasst:

einen Deformations-Verstärkungsabschnitt
(15) zum Verstärken der Deformation der
druckempfindlichen Einrichtung.

3. Druckempfindlicher Sensor nach Anspruch 2, wo-
bei der Deformations-Verstärkungsabschnitt um-
fasst:

einen hohlen Abschnitt (16).

4. Druckempfindlicher Sensor nach Anspruch 1, wo-
bei die Halteeinrichtung umfasst:

einen Schwingungsdämpfungsabschnitt (17)
zum Dämpfen von Schwingungen.

5. Druckempfindlicher Sensor nach Anspruch 4, wo-
bei die Halteeinrichtung umfasst:

einen Deformations-Verstärkungsabschnitt
(15) zum Verstärken der Deformation der
druckempfindlichen Einrichtung,

wobei der Schwingungsdämpfungsabschnitt auch
als der Deformations-Verstärkungsabschnitt dient.

6. Druckempfindlicher Sensor nach Anspruch 1, wo-
bei die Halteeinrichtung aus einem Teil eines Fen-
stergummis (18) eines Automobils gebildet ist.

7. Druckempfindlicher Sensor nach Anspruch 1, wo-
bei der druckempfindliche Sensor in der Öffnung so
angeordnet werden kann, dass der kürzeste Ab-
stand von der Öffnen-Schließen-Einheit in einem
Bereich von 3 mm bis 5 mm liegen kann.

8. Druckempfindlicher Sensor nach Anspruch 1, der
weiter umfasst:

eine Vielzahl Elektroden (20, 21) zum Ausleiten
von Signalen, und

einen zwischen den Elektroden angeordneten
Brucherfassungswiderstand (24) zum Erfas-
sen eines Bruchs der Elektroden.

9. Druckempfindlicher Sensor nach Anspruch 1, wo-
bei die druckempfindliche Einrichtung aus einem
flexiblen, piezoelektrischen Sensor (12) besteht,
und
die Halteeinrichtung den piezoelektrischen Sensor
entlang einer Form der Kante der Öffnung oder der
Öffnen-Schließen-Einheit flexibel hält.

10. Druckempfindlicher Sensor nach Anspruch 9, wo-
bei der piezoelektrische Sensor unter Verwendung
eines piezoelektrischen Verbundmaterials, in dem
amorphes chloriertes Polyethylen, kristallines chlo-
riertes Polyethylen und piezoelektrisches Keramik-
pulver gemischt sind, geformt ist.

11. Objekterfassungsvorrichtung zum Erfassen der Be-
rührung des Objekts und Verhindern der Ergreifung
des Objekts zwischen der Öffnung (200) und der
Öffnen-Schließen-Einheit (3) zum Öffnen und
Schließen der Öffnung, wobei die Objekterfas-
sungsvorrichtung umfasst:

den druckempfindlichen Sensor (4) nach An-
spruch 1, 2, 3, 4, 5, 6, 7, 8, 9 oder 10, und

eine Entscheidungseinrichtung (5) zum Fest-
stellen der Berührung des Objekts mit dem
druckempfindlichen Sensor auf der Basis eines
Ausgangssignals des druckempfindlichen Sen-
sors.

12. Objekterfassungsvorrichtung nach Anspruch 11,
die weiter umfasst:

eine Mitteilungseinrichtung (40) zum Informie-
ren einer dritten Partei von einem Entschei-
dungsergebnis der Entscheidungseinrichtung.

13. Objekterfassungsvorrichtung nach Anspruch 11,
wobei der druckempfindliche Sensor direkt mit der
Entscheidungseinrichtung verbunden ist und der
druckempfindliche Sensor und die Entscheidungs-
einrichtung integriert sind.

14. Objekterfassungsvorrichtung nach Anspruch 11,
wobei die Entscheidungseinrichtung umfasst:

ein Filter (30) zum Extrahieren nur einer spezi-
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fizierten Frequenzkomponente aus dem Aus-
gangssignal des druckempfindlichen Sensors.

15. Objekterfassungsvorrichtung nach Anspruch 11,
wobei die Entscheidungseinrichtung einen Integral-
wert des Ausgangssignals der druckempfindlichen
Einrichtung pro Zeiteinheit berechnet und die Be-
rührung des Objekts mit dem druckempfindlichen
Sensor auf der Basis des Integralwertes feststellt.

16. Objekterfassungsvorrichtung nach Anspruch 11,
wobei die Entscheidungseinrichtung umfasst:

eine Anomalie-Entscheidungseinheit zum
Feststellen einer Anomalie der druckempfindli-
chen Einrichtung auf der Basis des Ausgangs-
signals der druckempfindlichen Einrichtung
entsprechend der Schwingung der Öffnung
oder der Öffnen-Schließen-Einheit.

17. Objekterfassungsvorrichtung nach Anspruch 11,
wobei die Entscheidungseinrichtung umfasst:

eine Signaleingabeeinheit (33) zum Eingeben
des Ausgangssignals der druckempfindlichen
Einrichtung;

eine Signalausgabeeinheit (34) zum Ausgeben
eines Entscheidungsergebnisses des Feststel-
lens der Berührung des Objekts mit dem druck-
empfindlichen Sensor, und

eine Bypass-Einheit (35) zum Hindurchleiten
von Hochfrequenzsignalen zwischen der Si-
gnaleingabeeinheit und der Signalausgabeein-
heit.

18. Objekterfassungsvorrichtung nach Anspruch 17,
wobei die Signaleingabeeinheit und die Signalaus-
gabeeinheit nahe beieinander angeordnet sind, um
eine Bypass-Strecke des Hochfrequenzsignals zu
verkürzen.

19. Objekterfassungsvorrichtung zum Erfassen der Be-
rührung des Objekts und Verhindern der Ergreifung
des Objekts zwischen der Öffnung (200) und der
Öffnen-Schließen-Einheit (3) zum Öffnen und
Schließen der Öffnung, wobei die Objekterfas-
sungsvorrichtung umfasst:

den druckempfindlichen Sensor (4) nach An-
spruch 9 oder 10;

eine Entscheidungseinrichtung (5) zum Fest-
stellen der Berührung des Objekts mit dem
druckempfindlichen Sensor auf der Basis eines
Ausgangssignals des druckempfindlichen Sen-
sors, und

eine Entladeeinheit (24) zum Entladen einer in
dem piezoelektrischen Sensor erzeugten elek-
trischen Ladung, die in wenigstens dem piezo-
elektrischen Sensor oder der Entscheidungs-
einrichtung angeordnet ist.

20. Öffnen-Schließen-Vorrichtung mit einer Funktion
zum Erfassen der Berührung des Objekts und Ver-
hindern der Ergreifung des Objekts zwischen der
Öffnung (200) und der Öffnen-Schließen-Einheit (3)
zum Öffnen und Schließen der Öffnung, wobei die
Öffnen-Schließen-Vorrichtung umfasst:

die Objekterfassungsvorrichtung nach An-
spruch 11 oder 19;

eine Antriebseinrichtung (6) zum Antreiben der
Öffnen-Schließen-Einheit, und

eine Steuereinrichtung (7) zum Steuern der An-
triebseinrichtung, um den Schließvorgang der
Öffnen-Schließen-Einheit anzuhalten oder die
Öffnen-Schließen-Einheit zu öffnen, wenn die
Entscheidungseinrichtung die Berührung des
Objekts mit dem druckempfindlichen Sensor
feststellt, wenn die Öffnen-Schließen-Einheit
schließt.

21. Öffnen-Schließen-Vorrichtung nach Anspruch 20,
wobei die Steuereinrichtung umfasst:

eine Berührungsentscheidungseinheit (38) der
Öffnen-Schließen-Einheit zum Feststellen der
Berührung des Objekts mit der Öffnen-Schlie-
ßen-Einheit auf der Basis eines erfassten An-
triebszustandes, wenn die Berührungsent-
scheidungseinheit den Antriebszustand er-
fasst, wenn die Antriebseinrichtung die Öffnen-
Schließen-Einheit antreibt, und
eine Steuerung (7) zum Steuern der Antriebs-
einrichtung auf der Basis eines Ausgangssi-
gnals von wenigstens der Objekterfassungs-
vorrichtung oder der Berührungsentschei-
dungseinheit.

22. Öffnen-Schließen-Vorrichtung nach Anspruch 21,
wobei die Steuereinrichtung die Antriebseinrich-
tung auf der Basis eines Ausgangssignals der Be-
rührungsentscheidungseinheit steuert, wenn eine
Anomalie in der Objekterfassungsvorrichtung auf-
tritt.

23. Öffnen-Schließen-Vorrichtung nach Anspruch 20,
wobei die Steuereinrichtung die Antriebseinrich-
tung steuert, um zu schließen, nachdem die Öffnen-
Schließen-Einheit einmal um eine spezifische
Strecke in der Öffnenrichtung bewegt oder für eine
spezifische Zeit geöffnet wurde, wenn die Öffnen-

31 32



EP 1 177 362 B1

18

5

10

15

20

25

30

35

40

45

50

55

Schließen-Einheit geschlossen wird.

Revendications

1. Capteur sensible à la pression (4) disposé au ni-
veau d'au moins l'une d'une ouverture (200) et
d'une unité d'ouverture-fermeture (3) destinée à
ouvrir et fermer ladite ouverture, utilisé afin de dé-
tecter le contact d'un objet et d'empêcher le coince-
ment de l'objet entre ladite ouverture et ladite unité
d'ouverture-fermeture, ledit capteur sensible à la
pression comprenant :

un moyen sensible à la pression (12) destiné à
générer un signal de sortie en fonction de la dé-
formation, et
un moyen de support (13) destiné à supporter
ledit moyen sensible à la pression au niveau
d'au moins l'une de ladite ouverture et de ladite
unité d'ouverture-fermeture,

où ledit moyen de support a une élasticité su-
périeure à celle dudit moyen sensible à la pression.

2. Capteur sensible à la pression selon la revendica-
tion 1,

dans lequel ledit moyen de support
comprend :

une partie d'amplification de déformation (15)
destinée à amplifier la déformation dudit moyen
sensible à la pression.

3. Capteur sensible à la pression selon la revendica-
tion 2,

dans lequel ladite partie d'amplification de dé-
formation comprend :

une partie creuse (16).

4. Capteur sensible à la pression selon la revendica-
tion 1,

dans lequel ledit moyen de support
comprend :

une partie d'amortissement de vibrations (17)
destinée à amortir les vibrations.

5. Capteur sensible à la pression selon la revendica-
tion 4,

dans lequel ledit moyen de support
comprend :

une partie d'amplification de déformation (15)
destinée à amplifier la déformation dudit moyen
sensible à la pression,
ladite partie d'amortissement de vibrations sert

également en tant que dite partie d'amplifica-
tion de déformation.

6. Capteur sensible à la pression selon la revendica-
tion 1,

dans lequel ledit moyen de support est cons-
titué d'une partie d'un joint d'étanchéité (18) d'une
automobile.

7. Capteur sensible à la pression selon la revendica-
tion 1,

dans lequel ledit capteur sensible à la pres-
sion peut être disposé dans ladite ouverture de sor-
te que la distance la plus courte depuis ladite unité
d'ouverture-fermeture puisse être dans une plage
de 3 mm à 5 mm.

8. Capteur sensible à la pression selon la revendica-
tion 1, comprenant en outre :

plusieurs électrodes (20, 21) destinées à con-
duire en sortie des signaux, et
une résistance destinée à détecter une rupture
(24) disposée entre lesdites électrodes afin de
détecter une rupture desdites électrodes.

9. Capteur sensible à la pression selon la revendica-
tion 1,

dans lequel ledit moyen sensible à la pression
est composé d'un capteur piézoélectrique souple
(12), et

ledit moyen de support supporte de manière
élastique ledit capteur piézoélectrique le long d'une
forme d'arête de ladite ouverture ou de ladite unité
d'ouverture-fermeture.

10. Capteur sensible à la pression selon la revendica-
tion 9,

dans lequel ledit capteur piézoélectrique est
moulé en utilisant un matériau composite piézoé-
lectrique mélangeant du polyéthylène chloré amor-
phe, du polyéthylène chloré cristallin et une poudre
de céramique piézoélectrique.

11. Dispositif de détection d'objet destiné à détecter le
contact de l'objet et à empêcher le coincement de
l'objet entre ladite ouverture (200) et ladite unité
d'ouverture-fermeture (3) destinée à ouvrir et fer-
mer ladite ouverture, ledit dispositif de détection
d'objet comprenant :

ledit capteur sensible à la pression (4) selon la
revendication 1, 2, 3, 4, 5, 6, 7, 8, 9, ou 10 et
un moyen d'estimation (5) destiné à estimer le
contact de l'objet avec ledit capteur sensible à
la pression sur la base d'un signal de sortie du-
dit capteur sensible à la pression.
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12. Dispositif de détection d'objet selon la revendication
11, comprenant en outre :

un moyen de notification (40) destiné à informer
un tiers d'un résultat d'estimation dudit moyen
d'estimation.

13. Dispositif de détection d'objet selon la revendication
11,

dans lequel ledit capteur sensible à la pres-
sion est relié directement audit moyen d'estimation
et ledit capteur sensible à la pression et ledit moyen
d'estimation sont intégrés.

14. Dispositif de détection d'objet selon la revendication
11,

dans lequel ledit moyen d'estimation
comprend :

un filtre (30) destiné à extraire seulement une
composante de fréquence spécifiée du signal
de sortie dudit capteur sensible à la pression.

15. Dispositif de détection d'objet selon la revendication
11,

dans lequel ledit moyen d'estimation calcule
une valeur d'intégration du signal de sortie dudit
moyen sensible à la pression par temps élémentai-
re, et évalue le contact de l'objet avec ledit capteur
sensible à la pression sur la base de la valeur d'in-
tégration.

16. Dispositif de détection d'objet selon la revendication
11,

dans lequel ledit moyen d'estimation
comprend :

une unité d'estimation d'anomalie destinée à
estimer une anomalie dudit moyen sensible à
la pression sur la base du signal de sortie dudit
moyen sensible à la pression correspondant à
une vibration de ladite ouverture ou de ladite
unité d'ouverture-fermeture.

17. Dispositif de détection d'objet selon la revendication
11,

dans lequel ledit moyen d'estimation
comprend :

une unité d'entrée de signal (33) destinée à
fournir le signal de sortie dudit moyen sensible
à la pression,
une unité de sortie de signal (34) destinée à
émettre un résultat d'estimation de l'estimation
du contact de l'objet vers ledit capteur sensible
à la pression, et
une unité de contournement (35) destinée à fai-
re passer un signal à haute fréquence entre la-

dite unité d'entrée de signal et ladite unité de
sortie de signal.

18. Dispositif de détection d'objet selon la revendication
17,

dans lequel ladite unité d'entrée de signal et
ladite unité de sortie de signal sont disposées près
l'une de l'autre de manière à raccourcir un trajet de
contournement du signal à haute fréquence.

19. Dispositif de détection d'objet destiné à détecter le
contact de l'objet et à empêcher le coincement de
l'objet entre ladite ouverture (200) et ladite unité
d'ouverture-fermeture (3) destinée à ouvrir et fer-
mer ladite ouverture, ledit dispositif de détection
d'objet comprenant :

ledit capteur sensible à la pression (4) selon la
revendication 9 ou 10,
un moyen d'estimation (5) destiné à estimer le
contact de l'objet avec ledit capteur sensible à
la pression sur la base d'un signal de sortie du-
dit capteur sensible à la pression, et
une unité de décharge (24) destinée à déchar-
ger une charge électrique générée dans ledit
capteur piézoélectrique, disposée dans au
moins l'un dudit capteur piézoélectrique et du-
dit moyen d'estimation.

20. Dispositif d'ouverture-fermeture ayant pour fonction
de détecter le contact de l'objet et d'empêcher le
coincement de l'objet entre ladite ouverture (200) et
ladite unité d'ouverture-fermeture destinée à ouvrir
et fermer ladite ouverture, ledit dispositif d'ouvertu-
re-fermeture comprenant :

ledit dispositif de détection d'objet selon la re-
vendication 11 ou 19,
un moyen d'entraînement (6) destiné à entraî-
ner ladite unité d'ouverture-fermeture et
un moyen de commande (7) destiné à com-
mander ledit moyen d'entraînement de maniè-
re à arrêter l'action de fermeture de ladite unité
d'ouverture-fermeture ou ouvrir ladite unité
d'ouverture-fermeture lorsque ledit moyen
d'estimation estime le contact de l'objet avec
ledit capteur sensible à la pression lorsque la-
dite unité d'ouverture-fermeture est en train de
se fermer.

21. Dispositif d'ouverture-fermeture selon la revendica-
tion 20,

dans lequel ledit moyen de commande
comprend :

une unité d'estimation de contact (38) de ladite
unité d'ouverture-fermeture destinée à estimer
le contact de l'objet avec ladite unité d'ouvertu-
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re-fermeture sur la base d'un état d'entraîne-
ment détecté lorsque ladite unité d'estimation
de contact détecte l'état d'entraînement lors-
que ledit moyen d'entraînement entraîne ladite
unité d'ouverture-fermeture, et
un contrôleur (7) destiné à commander ledit
moyen d'entraînement sur la base d'un signal
de sortie provenant d'au moins l'un dudit dispo-
sitif de détection d'objet et de ladite unité d'es-
timation de contact.

22. Dispositif d'ouverture-fermeture selon la revendica-
tion 21,

dans lequel ledit moyen de commande com-
mande ledit moyen d'entraînement sur la base d'un
signal de sortie de ladite unité d'estimation de con-
tact si une anomalie survient dans ledit dispositif de
détection d'objet.

23. Dispositif d'ouverture-fermeture selon la revendica-
tion 20,

dans lequel ledit moyen de commande com-
mande ledit moyen d'entraînement de manière à
réaliser une fermeture après avoir déplacé une fois
ladite unité d'ouverture-fermeture d'une distance
spécifique dans le sens de l'ouverture ou après une
ouverture pendant un temps spécifique lors de la
fermeture de ladite unité d'ouverture-fermeture.
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