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EP 0 675 255 A1

Deformable system.

@ There is disclosed a deformation detection system comprising :

an elongate element (2) including a deformable wall member which defines a radiation transmis-
sion path ;

a sound radiation transmission source (4) positioned to transmit radiation along the radiation
transmission path ; and

a sound radiation detector (6) positioned to detect the radiation transmitted from said radiation
source (4) along the radiation transmission path, which radiation detector is provided with a means for
monitoring an attenuation of the radiation ;

the arrangement being such that a deformation of the wall member of the elongate element (2) at
least partially interrupts the radiation transmission path, whereby radiation being transmitted along the
said path to the detector (6) is attenuated.

Also disclosed is a motor vehicle (40) having a body opening in which a closure member (50) is
movable towards a peripheral edge of the body opening to close the opening, an electrically operated
drive mechanism (58) being provided to effect movement of the closure member (50). The peripheral
edge of the body opening is provided with a deformation detection device.
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This invention relates to a deformable device in-
tended to assist, for example, in the control of an elec-
trically powered window pane when an object is trap-
ped against an upper sealing member.

A number of safety systems have been devel-
oped to reduce the possibility of objects being trap-
ped between the top of an upwardly moving window
pane and the surround of a vehicle door or the like.
Some systems have been developed to monitor the
action of the motor with the aim of detecting a trapped
body by sensing a change in the current drawn by, or
the speed of, a motor powering an electrically oper-
ated window pane. These systems have been found
to be sensitive to variations in door build and/or en-
vironmental conditions and therefore their reliability is
poor.

Touch sensors are also known which may be
based on many different technologies such as con-
ductive rubber switches, piezo electrical cables, or
piezo resistive films. In such cases the sensor is
mounted in the upper window or door frame of a ve-
hicle but this method has the drawback that the sys-
tems rely on significant squeezing of an obstruction
to generate the force required to activate the system.
Therefore, the trapped item is subjected to a signifi-
cant force before it is detected and before the system
is activated.

Also, no-touch sensors are known which use an
infra-red or optical beam sent from an emitter posi-
tioned on the window or door frame and detected by
a detector positioned across the window or door
opening. Such sensors do not follow the complex
curved contour shape of a window or door frame win-
dow spacing or the like and therefore may not be ac-
tivated by a body trapped in the curved portion.

According to a first aspect of the present inven-
tion, there is provided a deformation detection system
comprising:

an elongate element including a deformable
wall member which defines a radiation transmission
path;

a sound radiation transmission source posi-
tioned to transmit radiation in the form of audible or
inaudible sound waves along the radiation transmis-
sion path; and

a sound radiation detector positioned to detect
the radiation transmitted from said radiation source
along the radiation transmission path, which radiation
detector is provided with a means for monitoring an
attenuation of the radiation;

the arrangement being such that a deforma-
tion of the wall member of the elongate element at
least partially interrupts the radiation transmission
path, whereby radiation being transmitted along the
said path to the detector is attenuated.

Thus, the receiver measures a change in magni-
tude of the signal received.

The term "radiation" as used herein is the process
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by which energy is emitted from molecules and atoms
owing to internal changes, as defined in Websters
New International Dictionary (Second Edition).

Preferably, the radiation transmission source
transmits continuous radiation. This has the advan-
tage over a pulsed transmission that an improved re-
action time is achieved. Additionally, the system op-
eration is less susceptible to variations in pressure
and water vapour content of the air, or other environ-
mental effects. The speed of sound is dependent on
such factors, which implies that a pulsed system op-
erating on a "time of flight" system may fail to safe
when not necessary. By continuously monitoring the
magnitude of the signal, the system is less suscept-
ible to false triggering due to environmental effects.

The detector is preferably capable of producing a
signal indicative of the detection of a deformation in
the said wall member.

Preferably, the transmitter and/or the receiver
are piezoelectric components. Such piezoelectric
components are small, robust, cost effective and gen-
erally insensitive to the environment. As an example,
a suitable material for the transmitter and/or receiver
is polyvinylidenefluoride.

The surface of the wall member is preferably ca-
pable of reflecting radiation; this permits the radiation
transmission path to be curved.

The wall member may be a wall of a bore in the
said elongate member, so that the radiation transmis-
sion path is defined by the internal surface of the
bore. For example, the elongate element may be in
the form of a hollow tube. The bore defined by the in-
ternal surface conveniently has a circular cross-
section, but the cross-section may be any suitable
shape, for example oval. In a preferred embodiment,
when the bore has a circular cross-section, the inter-
nal diameter of the bore is about 4mm. The internal
surface is preferably formed of a highly reflective ma-
terial. The elongate element is typically formed of
EPDM (Ethylene Propylene Diene Monomer).

Typically the detector will detect a clear signal
when the elongate element is compressed and the
signal passing that portion is decreased. As a portion
of the elongate element is compressed the signal
passing that portion is decreased. The detector circuit
may typically be set up so that it decides a trap has
occurred when the received signal has been attenu-
ated to the level which corresponds to a deformation
of 50% of the elongate element height at some point
along its length.

The radiation transmission path may be divided
into two or more sections, operatively linked such that
radiation transmitted down one section of the path
from a proximal end may be transmitted along the
other section of the path towards the radiation detec-
tor. For example, where the radiation transmission
path is defined by a bore within the elongate element,
the bore may be divided into at least two sections
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linked by, for instance, a reflecting member, or other
intervening device capable of receiving and retrans-
mitting the radiation signal from the radiation trans-
mission source. This would enable the two bores to be
substantially parallel and would permit the transmis-
sion source and the detector to be conveniently posi-
tioned substantially adjacent one another at the same
end of the bores. In such a case, in a preferred em-
bodiment, one bore may be made stiffer than the
other bore. This has advantages of allowing overtra-
vel. Whilst overtravel is not essential, it does allow the
peak force experienced during a trap to be reduced.

The transmission source and/or the detector may
be positioned at respective ends of the radiation
transmission path. When the said path is defined by
a bore, each of the transmission source and/or the de-
tector may be in the form of a removable plug, a por-
tion of which can be positioned in the respective end
of the bore.

In a preferred embodiment, the elongate element
is a window pane sealing member capable of effect-
ing sealing a window opening of a motor vehicle
against a window pane. In this embodiment, the wall
member of the elongate element may be deformed
under the action of an object trapped between an
electrically operated window pane as it closes and the
periphery of the window opening about which the
sealing member is positioned. On detection of attenu-
ation in the radiation being transmitted along the
transmission path, the detector produces a signal in-
dicative of the detection of a deformation in the wall
member, and this may be used to control the opera-
tion of the window drive or wind mechanism. For in-
stance, the signal may be used to control (e.g. stop
orreverse) the action of the motor driving the window.
Preferably, the radiation transmission source and ra-
diation detector are energized only when the window
pane is closing or attempting to close, and preferably
when the window closure is depressed.

Conveniently, the elongate element can be man-
ufactured by extrusion.

According to a second aspect of the present in-
vention, there is provided a motor vehicle having a
body opening in which a closure member is movable
towards a peripheral edge of the body opening to
close the opening, an electrically operated drive
mechanism being provided to effect movement of the
closure member;

characterised in that said peripheral edge of
the body opening is provided with a deformation de-
tection device comprising:

(a) an elongate element including a deformable

wall member which defines a radiation transmis-

sion path, the arrangement being such that a de-
formation of the wall member of the elongate ele-
ment at least partially interrupts the radiation
transmission path, whereby radiation being
transmitted along the said path to the detector is
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attenuated;
(b) a sound radiation transmission source posi-
tioned to transmit radiation in the form of audible
or inaudible sound waves along the radiation
transmission path; and
(c) a sound radiation detector positioned to detect
an attenuation in the radiation transmitted from
said radiation source along the radiation trans-
mission path, which radiation detector is provided
with a means for monitoring an attenuation of the
radiation; and

(d) means for controlling operation of said drive

mechanism in response to detection by the detec-

tion device of the attenuation in the radiation
transmitted from the radiation source.

The deformation of the wall member of the elon-
gate element may be as a consequence of an object
becoming trapped between the device and the clo-
sure member.

The body opening may be a window opening in
which case the closure member is a window pane. Al-
ternatively, the body opening may be an opening in
the roof of the vehicle (a "sun roof" opening), in which
case the closure member is a sun roof member. In
either of these cases, the deformable device may be
part of a sealing member around the periphery of the
body opening.

The drive mechanism may include an electric mo-
tor.

The drive mechanism may be controlled in such
a way that movement of the closure member is stop-
ped or reversed, so as to prevent the trapped object
from being crushed and to permit release of the trap-
ped object. In an alternative embodiment, the drive
mechanism can be disabled. Preferably, the radiation
transmission source and the radiation detector are
only energized when the drive mechanism moves, or
attempts to move, the closure member.

As mentioned above, the radiation transmission
source may emit audible or inaudible (i.e. ultrasound)
sound waves to be detected by the radiation detector.
If an audible sound source is used, it may act as a
warning that the window pane or closure member is
closing. In one embodiment, the note of the audible
sound may change to serve as a warning of a trapped
object.

Typically, a maximum force of about 10N is exert-
ed on a trapped body with the system of the present
invention.

For a better understanding of the present inven-
tion and to show how the same may be carried into ef-
fect, reference will now be made, by way of example,
to the accompanying drawings, in which:-

Figure 1 is a perspective view of one embodiment

of the present invention;

Figure 2 is alongitudinal sectional view of the em-

bodiment shown in Figure 1;

Figure 3 is a perspective view of another embodi-
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ment of the present invention;

Figure 4 is a perspective view of yet another em-

bodiment of the present invention; and

Figure 5 shows a side view of a vehicle in which

the present invention may be used.

Referring firstly to Figure 1, there is shown a tub-
ular member shown generally at 2, a radiation trans-
mitting source 4 and a radiation detector 6. The tub-
ular member 2 is hollow and has a bore 10 having an
internal surface 8 having a highly reflective finish. Ra-
diation is transmitted from the transmitting source 4
to the detector 6 along the bore 10. This is shown in
greater detail in Figure 2. A first radiation beam 12
may be transmitted through the centre of the bore 10
of tubular member 2 without touching the internal sur-
face 8. However, a second radiation beam 14 which
is transmitted from the transmitting source 4 does not
pass through the central region of the bore 10, but in-
stead hits the internal surface 8 atincident points 16A
and 16B. The second radiation beam 14 is reflected
by the internal surface 8 at points 16A and 16B due
to the high gloss finish. In this way, the second radi-
ation beam 14 may pass down the bore 10 and reach-
es the detector 6 shown in Figure 1.

As the tubular member 2 is made of a deformable
material, deformation of the tubular member 2 causes
deformation of the internal surface 8 and thereby re-
stricts the size of the opening of the bore 10. When
the size of the opening of the bore 10 is so restricted,
the detector 6 detects attenuated radiation from the
transmitting source 4. Whilst it is not shown in the
drawings, the detector may be connected to a motor
in such a manner that when deformation of the tubular
member 2 is detected by detection of attenuated ra-
diation, the motor can be stopped and/or reversed.
Therefore, if the motor is controlling an electrically
powered window pane, the continued rising of the
window pane will be stopped and/or reversed on de-
formation of tubular member 2.

Turning now to Figure 3 there is shown a window
sealing member shown generally at 18. The sealing
member 18 has a bore 10 of the same form as shown
in Figures 1 and 2. The sealing member 18 also com-
prises flange receiving portions 20 and 22, and a
glazing panel receiving channel 24. Flange receiving
portions 20 and 22 enable attachment of sealing
member 18 to, for example, a header portion of a win-
dow or door frame joining "A" and "B" pillars of the
front door. The glazing panel receiving channel 24 re-
ceives a glazing panel (not shown), which is movable
in an upward and downward direction, when such a
glazing panel is in its fully upward configuration. As
discussed in relation to Figures 1 and 2 a radiation
transmission source and a radiation detecting source
can be placed at either end of the bore 10. When a
glazing panel moves towards its upward position, a
body trapped between it and the sealing member 18
will deform the bore 10 and thereby stop the upward
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movement of the glazing panel or even reverse that
upward movement by detection of attenuated radia-
tion.

In afurther embodiment shown in Figure 4, which
can also be adapted to be formed in a weatherstrip
shown in Figure 3, there is shown a first bore section
26 and a second bore section 28 running substantially
parallel thereto. At one end of the first bore section 26
and second bore section 28 there is positioned a ra-
diation transmitting source 30 and a radiation detec-
tor 32 of a form suitable for plugging into a first bore
section 26 and second bore section 28, respectively.
Plugged into the opposite ends of first bore section 26
and second bore section 28 is a radiation reflecting
member 34, the radiation reflecting member 34 com-
prising two reflecting parts 36, 38. The bore sections
26 and 28 are of the form shown in Figures 1 to 3. In
use, radiation from the transmitting source 30 travels
down the first bore section 26, is reflected by reflect-
ing parts 36 and 38 and is then transmitted along sec-
ond bore section 28 to the detector. As previously, the
detector is able to detect an attenuation in transmit-
ted radiation and thus deformation of one or both of
the bore sections 26, 28 and may thereby stop or re-
verse a motor to which it is connected. The embodi-
ment shown in Figure 4 allows both the transmitting
source 30 and detector 32 to be positioned atone end
of the bore sections 26, 28. In a preferred embodi-
ment, one of the bore sections 26 or 28 may be made
stiffer than the other bore section. When a body is
trapped, the less stiff bore section collapses and at-
tenuates the radiation detected by the detector 32.
The stiffer bore section would then deflect at higher
loads but may also allow overtravel so that there is
sufficient time for the electrical system to which the
detector is connected to respond.

Figure 5 shows a vehicle 40 in which a sealing
member 42 is positioned on a header portion 44 con-
necting "A" pillar 46 and "B" pillar 48. The sealing
member 42 is of the form of that shown in Figure 3,
but may be of any suitable form for being positioned
on or adjacent the header portion 44. The vehicle 40
has a door 52 within which a window pane 50 is posi-
tioned. The window pane 50 is movable in an upward
and downward motion within door 52 . The sealing
member 42 has a bore, as shown in Figure 3. Aradi-
ation transmitter (not shown) is positioned in the re-
gion of end 54 of the sealing member 42 and a detec-
tor (not shown) in the region of end 56 of the sealing
member at the other end of the bore. The detector is
connected to a motor 58 which controls the upward
and downward motion of the window pane 50. In use,
the transmitter transmits a radiation signal along the
bore to the detector. As the motor 58 causes the up-
ward motion of the window pane 50, an object trapped
between it and sealing member 42 deforms the bore
and the detector then detects an attenuated signal
from the transmitter and stops the motor 58 which
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therefore stops the upward movement of window
pane 50 preventing significant crushing of the trap-
ped object.

Claims

1. A deformation detection system comprising:

an elongate element including a deform-
able wall member which defines a radiation
transmission path;

a sound radiation transmission source
positioned to transmit radiation in the form of au-
dible or inaudible sound waves along the radia-
tion transmission path; and

a sound radiation detector positioned to
detect the radiation transmitted from said radia-
tion source along the radiation transmission path,
which radiation detector is provided with a means
for monitoring an attenuation of the radiation;

the arrangement being such that a defor-
mation of the wall member of the elongate ele-
ment at least partially interrupts the radiation
transmission path, whereby radiation being
transmitted along the said path to the detector is
attenuated.

2. A deformation detection system according to
claim 1, wherein the radiation transmission
source transmits continuous radiation.

3. A deformation detection system according to
claim 1 or 2, wherein the transmission source and
detector are piezoelectric.

4. Adeformation detection system according to any
preceding claim, wherein the detector is capable
of producing a signal indicative of the detection of
a deformation in the said wall member.

5. Adeformation detection system according to any
preceding claim, wherein the surface of the wall
member defining the radiation transmission path
is capable of reflecting radiation.

6. A deformation detection system according to any
preceding claim, wherein the wall member is a
wall of a bore in the said elongate element, and
wherein the radiation transmission path is de-
fined by the internal surface of the bore.

7. A deformation detection system according to
claim 6, wherein the bore has a circular or oval
cross-section.

8. A deformation detection system according to of
claim 6 or 7, wherein the internal surface of the
bore is formed of a highly reflective material.
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10.

1.

12.

13.

14.

15.

16.

17.

A deformation detection system according to any
preceding claim, wherein the radiation transmis-
sion path is divided into two or more sections, op-
eratively linked such that radiation transmitted
down one section of the path from a proximal end
may be transmitted along the other section of the
path towards the radiation detector.

A deformation detection system according to
claim 9, wherein, when the radiation transmis-
sion path is defined by a bore within the elongate
member, the bore is divided into at least two sec-
tions linked by an intervening device capable of
receiving and retransmitting the radiation signal
from the radiation transmission source.

A deformation detection system according to
claim 10, wherein, when the transmission path is
defined by two substantially parallel sections, the
transmission source and detector are positioned
substantially adjacent one another at the same
end of the sections.

A deformation detection system according to
claim 11, wherein one bore section is stiffer than
the other bore section.

A deformation detection system according to
claim 6 or any one of claims 7 to 12 when appen-
dant to claim 6, wherein the transmission source
and/or the detector is in the form of a removable
plug, a portion of which is positioned in the re-
spective end of the bore.

A deformation detection system according to any
preceding claim, wherein the elongate element is
a window pane sealing member capable of effect-
ing sealing a window opening of a motor vehicle
against a window pane.

A deformation detection system according to
claim 14, wherein the wall member of the elon-
gate element is deformed under the action of an
object trapped between an electrically operated
window pane as it closes and the periphery of the
window opening about which the sealing member
is positioned.

A deformation detection system according to
claim 14 or 15, wherein, on detection of attenua-
tion in the radiation being transmitted along the
transmission path, the detector produces a signal
indicative of the detection of a deformation in the
wall member, and this is used to control the op-
eration of a window drive or wind mechanism.

A deformation detection system according to any
one of claims 14 to 16, wherein the radiation
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transmission source and radiation detector are
energized only when the window pane is closing
or attempting to close.

A motor vehicle having a body opening in which
a closure member is movable towards a periph-
eral edge of the body opening to close the open-
ing, an electrically operated drive mechanism be-
ing provided to effect movement of the closure
member;
characterised in that said peripheral edge
of the body opening is provided with a deforma-
tion detection device comprising:
(a) an elongate element including a deform-
able wall member which defines a radiation
transmission path, the arrangement being
such that a deformation of the wall member of
the elongate element at least partially inter-
rupts the radiation transmission path, where-
by radiation being transmitted along the said
path to the detector is attenuated;
(b) a sound radiation transmission source
positioned to transmit radiation in the form of
audible or inaudible sound waves along the
radiation transmission path; and
(c) a sound radiation detector positioned to
detect an attenuation in the radiation trans-
mitted from said radiation source along the ra-
diation transmission path, which radiation de-
tector is provided with a means for monitoring
an attenuation of the radiation; and
(d) means for controlling operation of said
drive mechanism in response to detection by
the detection device of the attenuation in the
radiation transmitted from the radiation
source.

A motor vehicle according to claim 18, wherein
the deformation detection device is part of a seal-
ing member around the periphery of the body
opening.

A motor vehicle according to claim 18 or 19,
wherein the drive mechanism is controlled in
such a way that movement of the closure member
is stopped or reversed so as to prevent an object
trapped between the deformation device and the
closure member from being crushed and to per-
mit its release.

A motor vehicle according to any one of claims 18
to 20, wherein the radiation transmission source
and the radiation detector are only energized
when the drive mechanism moves, or attempts to
move, the closure member.

A deformation detection system or motor vehicle
according to any preceding claim, wherein, when
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23.

10

an audible sound source is used, it acts as a
warning that the window pane or closure member
is closing.

A deformation detection system or motor vehicle
according to claim 22, wherein the note of the au-
dible sound may change to serve as a warning of
a trapped object.
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