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1. An impact sensor comprising:
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4 piezoelectric element adapted to provide a voltage of a magnitude
corresponding to a pressure applied thereto;

an inertial mass for applying a pressure to said piezoelectric
element and having an end surface;

a pair of electrodes disposed to sandwich said piezoelectric
element, pressure exerted from said inertial mass being applied to one of
the pair of electrodes;

a biasing member disposed to press said inertial mass toward said
piezoelectri¢ element; and

a pressure receiving element disposed between‘said one electrode
and said inertial mass for transmitting pressure from said inertial mass
to said oOne electrode, said pressure receiving element having a recess,
said end surface of the inertial mass contacting the recess so that when
impact is imparted to said inmertial mass, said piezoelectric element is
pressed with a pressure of a level corresponding to the impact and said
piezoelectric element provides a voltage of a level corresponding to the
pressure applied thereto. :

13. An impact sensor according to claim 1, further including means
for receiving an output voltage from said piezoelectric element and
determining whether said output voltage is greater than a predetermined
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tevel, said means providing a signal to inflate an airbag when said
output voltage exceeds said predetermined level.
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(57) Abstract

This invention relates to an impact sensor which does not have any electric contacts exposed to the open air and any mov-
. ing portions but has high durability and high reliability and can reliably detect collision of a car for a long period even when
mounted on a car. The impact sensor comprises a piezoelectric element (3, 13) which, when compressed, generate a voltage corre-
sponding to the compressive force, a pair of electrodes (lc, 1d, 11c, 14) sandwiching the piezoelectric element, an inestia member
(6,. 16) for applying the compressive force to one of the electrodes and a biasing member (7, 17) for biasing the inertia member. (6.
16) towards the piczoelectric element (3, 13). When an impact force is applied to the inertia member (6, 16), the iriertia member (6’ '
16) compresses the piezoelectric element (3, 13) with the compressive force corresponding to this impact force and the pi'ezoelec’- ‘
tric element (3, 13) generates the voltage corresponding to the compressive force. ‘ '
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SPECIFICATION 65 (2\ [QO

IMPACT SENSOR

TECHNICAL FIELD

The present invention relates to an impact sensor
suitable for use with a vehicle airbag constructed to protect
a vehicle occupant from impact in the event of a vehicle

collision.

BACKGROUND ART

In order to protect a vehicle occupant from impact, a
vehicle airbag has recently come into increasing use.

Such an airbag is inflated instantaneously when a
vehicle éollisiOn is detected, and its operation depends
heavily on the performance of an impact sensor.

United States Patent No. 4,827,091 discloses an
acceleration sensor designed to detect a substant;al change in
the speed of a motor vehicle in the event, for instance,
of a vehicle collision and comprises a cylindrical body formed
of an electrically conductive material, a magnetic inertial

mass mounted for axial movement within the cylindrical body,

an electrically conductive element attached to at least one
axial end of the magnetic inertial mass, a pair of electrical
terminals mounted to one axial end ef the cylindrical body
and electrically bridged upon contact with the electrically

conductive element of the magnetic inertial mass, and a mag-
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netic biasing body mounted to the other end of the cylindrica

- body and adapted to magnetically bias the magnetic inertial
mass.
With this acceleration sensor, the magnetic inertial

mass is megnetically biased toward the magnetic biasing body.

When the acceleration sensor is subject to no or little
accelerating force, the magnetic inertial mass is fixed in
place in the other end of the cylindrical body.

When the acceleration input is of sufficient magnitude,
the magnetic inertial mass is displaced against the biasing
force of the magnetic biasing body. At this time, an electric
current is induced in the cylindrical body to provide a mag-
netic fofce‘to return the magnetic inertial mass or to retard
the displacement of the magnetic inertial mass. This results
in a descease in the speed of the magnetic inertial mass.

When the acceleration input is less than a predeter-
mined (threshold) level, the magnetic inertial mass does not {
reach the one end of the cylindrical body and then returned to
the other end of the cylindrical body from any other position

short of the one end of the cylindrical body by a biasing

force of the magnetic biasing body.

When the acceleration input is greater than a predeter-
mined (threshold) level (for example, a vehicle incerporating
this acceleration sensor is crashed), the magnetic inertial

mass raeches the one end of the cylindrical body. The
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electrically conductive element or end surface of the magnetic inertial
mass is then brought into contact with the both terminals to electrically
bridge the two terminals. If a voltage has previously been applied
between the two terminals, an electric current flows between the
terminals when the two terminals are short-circuited. This electric
current shows a vehicle collision.

In the sensor of United States Patent No. 4,827,091, the magnetic
inertial mass is advanced to a full extend so as to contact a pair of
electrodes. This electrically bridges the two electrodes. 1In order for
the sensor to properly operate for a prolonged period of time, the inner
surface of the cylindrical body within which the magnetic inertial mass
is slidably moved must be totally flat and free of friction and
corrosion. Additionally, the ends of the electrodes and the magnetic
inertial mass must he totarly free of rust or corrosion. Therefore, tie
cylindrical body should be made of a material which provides high
resistance to corrosion, and its inner surface should also be finely
abraded. This results in a substantial increase in the production cost.
Also, the electrodes should be ptated with gold so as to fully prevent
corrosion. This further increases manufacturing costs.

DISCLOSURE OF THE INVENTION

It is the object of the present invention to overcome or
substantially ameliorate the above disadvantages.

There is disclosed herein an impact sensor comprising:

a2 piezoelectric element adapted to provide a voltage of a magnitude -
corresponding to a pressure applied thereto;

an inertial mass for applying a pressure to said piezoelectric

etement and having an end surfacey
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a pair of electrodes disposed to sandwich said piezoelectric
element, pressure exerted from said inertial mass being applied to one of
the pair of electrodes;

a biasing member disposed to press said inertial mass toward said
piezoelectric element; and

a pressure receiving element disposed between said one electrode
and said inertial mass for transmitting pressure from said inertial mass
to said one electrode, said pressure receiving element having a recess,
said end surface of the inertial mass contacting the recess so that when
impact is imparted to said inertial mass, said piezoelectric element is
pressed with a pressure of a level corresponding to the impact and said
piezoelectric element provides a voltage of a level corresponding to the
pressure applied thereto.

Preferably, the inertial mass is in direct contact with the
electrode, or a pressure receiving element is disposed between the
electrode and the inertial mass to transmit the pressure from the
inertial mass to the electrode.

Preferably, the inertial mass has a semispherical end in contact
with the electrode or the pressure receiving element.

Preferabty, the electrode or the pressure receiving element has a
recess shaped to diverge gradually toward its top, and the inertial mass
has an end surface in contact with the inner surface of the recess.

Preferably, the recess is, for example, a groove of a V-shaped or
cone-shaped section, or has a round surface:

There may be provided a means for receiving an output voltage from
the piezoelectric element and determining whether the output voltage is
greater than a predetermined (threshold) level. A signal may be provided
to inflate an airbag when the output voltage exceeds the predetermined

Jevel.
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The inertial mass may, for example, be a ball. Also, the inertial
mass may have a semispherical end and a continuous cylindrical portion.
The cylindrical portion may include a recess at its rear end to receive a
spring as a biasing member.

The inertial mass may be formed from a magnetic material. An
electromagnetic unit may be included to apply a magnetic force to the
inertial mass to move the inertial mass away from the piezoelectric
element. An electric current may be delivered to the electromagnetic
unit to move the inertial mass away from the piezoelectric element and
then, stopped. The piezoelectric element may be operable to provide a
voltage upon the delivery and stoppage of the electric current so as to
test the operation of the impact sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred form of the present invention will now be described by
way of example with reference to the accompanying drawings, wherein:

Fig. 1 is a sectional view, in plan, of an impact sensor according

to a first embodiment of the invention;
Fig. 2 is a perspective view of major components used in the impact

sensor;

Fig. 3 is a view showing a waveform of an output voltage in the
event of a vehicle collision;

Fig. 4 is a view showing a waveform of an output voltage in the
event of a rear-end collision;

Fig. 5 is a sectional view, in plan, of an impact sensor according
to a second embodiment of the invention;

Fig. 6 is a view showing a waveform of an output during testing;

Fig. 7 is a sectional view, in perspective, of an electrode plate
or a pressure receiving plate 47;
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Fig. 8 is a sectional view, in perspective, of an electrode plate
or a pressure receiving plate 43; and

Fig. 9 is a diagram of an airbag system incorporating the impact
sensor.
5 BEST MODE FOR CARRYING OUT THE INVENTION
Fig. 1 is a sectional view, in plan, of an impact sensor. Fig. 2
is an exploded view of the principal part of the impact sensor.

With reference to Fig. 1, 1 is a cylindrical housing.
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The housing 1 has an opening la through which one end of an
output cable 2 extends into the housing 1.

Within the housing 1, a cylindrical electrode holder
1b, a doughnut-shaped cathode plate lc, a piezoelectric element
3, and an anode plate 1d are fit around the output cable 2 in
that order.

The output cable 2 is connected to the cathode plate
lc and the anode 1d, respectively.

The piezoelectric element 3 is constructed to produce
a voltage in proportion to an external compressive force
and is preferably a known piezoelectric ceramic that provides
a constant voltage output.

4 is a pressure receiving element. The pressure
receiving element 4 has a large diameter portion 4a, a flat
side of which is in contact with the anode plate 14, and a
small diameter portion 4b in which a vertical groove 4c
extends in a continuous fashion. The vertical groove 4c has
a V-shaped or U-shaped section.

It is particularly important for the vertical groove
4c to extend in a vertical direction and have opposite open
ends.

The sensitivity of the impact sensor with respect to
lateral impact depends on the angle at which both sides of
the vertical groove 4c¢ intersect.

5 is a cap threaded into the housing 1 to close an

7




open end of the housing 1.

S5a is a seal member, and 5b is an insulating ring.

The cap 5 is recessed to receive an inertial mass 6 in
the form of a ball.

A spring 7 is disposed between the inertial mass 6 and
the bottom of the cap 5 to normally urge the inertial mass 6
against the vertical groove 4c. This results in linear
contact of the inertial mass 6 with the vertical groove 4c.

The force of the spring 7 can be adjusted by rotating
an adjusting bolt 5c. fhe adjusting bolt 5c is threaded
centrally into the cap 5.

The piezoelectric element 3 is subjected to a certain
pressure'under the influence of the spring 7 to thereby produce
a certain voltage.

The impact sensor of the present invention is mounted
in such a manner that the pressure receiving element 4 is
positioned forwardly of the inertial mass 6 in the direction
of advancement of a vehicle.

The pressure receiving element 4 is arranged such that
the groove 4c extends in a vertical direction.

As shown in Fig. 9, the output cable 2 extends from
the impact sensor 100 to an inflator actuating circuit 102
which is, in turn, operable to actuate a gas Qeﬂerator
(inflator) 101. An electric current is applied *o the inflator
101 to rapidly initiate chemical reaction. This results in

8
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the generation of a substantial amount of gas. The gas is
introduced into an airbag 103 as folded to rapidly inflate
the airbag 103.

i The inflator actuating circuit 102 compares an output
voltage from the piezoelectric element 2 with a predetermined
voltage (threshold level) and provides a current to actuate
the inflator 101 only when the output volate from the piezo-
electric element 3 exceeds a predetermined (threshold) level.

Operation of the impact sensor thus constructed is

as follows.

NO COLLISION

In the event of no collision, the static force of
the spriﬁg 7 is transmitted from the inertial mass 6 through
the pressure receiving element 4 and the anode plate 1d
to the piezoelectric element 3. No peak voltage is output
from the piezoelectric element 3 as such.

The impact sensor is thus rendered irresponsive in the
event of no collision.

VERTICAL VIBRATIONS

When a wehicle is subject to vertical vibrations, the
impact sensor is correspondingly vibrated in a vertical
direction.

This results in sliding motion of ##e inertial mass
6 and the vertical groove 4c. The piezoelectric element
3 does not provide a voltage higher than a predetermined

9




(threshold) level since the force of the spring 7 to urge
the inertial mass 6 against the vertical groove 4c remains
substantially unchanged.

The impact sensor is thus irresponsive to vertical
vibrations.

HEAD-QON COLLISION AND FRONT-END COLLISION

In the event of a head-on vehicle collision, there is
a substantial increase in an acceleration force applied from
the inertial mass 6 to the pressure receiving element 3.

The force thus applied to the pressure receiving
element 4 is transmitted through the anode plate 1d to the
piezoelectric element 3.

As a result, the piezoelectric element 3 provides a
peak voltage, as at A in Fig. 3, which is greater than a
predetermined (threshold) level. The inflator actuating
circuit 102 is then operable to sense this peak voltage so as
to actuate the inflator 101. This causes inflation of the
airbag.

Also, when a vehicle is hit diagonally from ahead, a
component of the acceleration input is applied to the opposite
sides of the vertical groove 4c and then, transmitted to the
piezoelectric element 3. Likewise, a peak voltage, greater
than a predetermined (threshold) level, is output so that the
inflator 101 may be actuated to inlfate the airbag 103.

SIDEWAYS COLLISION

10




In the event of a sideways collision, the inertial
mass 6 is caused to move either in an upward direction or a
downward direction in Fig. 1, The resulting force creates
a component force in the slant surfaces of the vertial groove
4c. This force presses the pressure receiving element 4. As
a result, the pressure receiving element 4 is moved to the
left in Fig. 1 so as to press the piezoelectric element 3
through the anode plate 1ld, as in the case #f a head-on
collision. Now that this pressing force is small, the output
voltage from the piezoelectric element 3 is less than a
predetermined (threshold) level. Accordingly, the inflator is
not rendered operative by the inflator actuating circuit, and
no inflafion of the airbag is initiated.

REAR-END COLLISION

In the event of a rear-end collision, impact is
applied to the left side of the impact sensor in Fig. 1. This
causes the inertial mass, then contacted with the pressure
receiving element 4 under a certain pressure, to separate
from the vertical groove 4c.

The piezoelectric element 3 is no longer subject to a
force. This results in a substantial decrease in the output
voltage from the piezoelectric element 3.

A waveform in Fig. 4 shows such a substantial decrease
in the output voltage as at B.

Now that no positive peak voltage is supplied, the

11
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inflator actuating circuit 102 does not provide an electric
current to actuate the inflator 101.

Fig. 5 illustrates another embodiment of the impact
sensor which performs a self-testing function to confirm
whether or not the impact sensor is properly operating.

In the embodiment, as shown in Fig. 5, an electromag-
netic unit 8 surrounds the inertial mass 6. An electric
current is applied from a test circuit to a coil 8A.

In this embodiment, a housing 11 has an opening 10 in
which a cathod plate or ring llc is fit. A conductor or bolt
20 is threaded into the cathods plate 1lc. A cathods lead
terminal 21 is connected to the head of the bolt 20.

A cap l5 is secured to one end of the housing 11 by
screws 22. The electromagnetic unit 8 extends along the inner
peripheray of the cap 15 and includes a coil 8A, and a
cylindrical core 8B formed of a ferromagnetic material.

The core 8B is disposed in coaxial relation to the
opening 10. A pressure receiving element 14 and an inertial
mass 16 are disposed in ccaxial relation to the core 8B and
the opening 10. A piezoelectric element 13 is sandwiched
between the pressure receiving element 14 and the cathods
plate llc. An insulating sleeve 15b is fit around the pressure
receiving element 14 and the piezoelectric element 13.

The pressure receiving element 14 serves as a anode.
A rod 24 is secured to the pressure receiving element 14 and

Y 2
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extends at right angles to the side of the pressure receiving
element 14. A nut 25 is threaded onto one end of the rod 24.
The pressure receiving element 14, like the receiving element
4 shown in Figs. 1 and 2, has a vertically extending groove
l4a.

The inertial mass 16 has a semicspherical end slidably
engageable with the vertical groove l4a of the pressure
receiving element 14, The inertial mass 16 is recessed as at
28 at the other, rear end to receive a spring 17. An adjusting
bolt 15c is threaded into the cap 15. The spring 17 is
compressed between the adjusting bolt 15c¢ and the bottom of
the recess 28. The semispherical end of thé inertial mass
16 is uréed against the vertical groove 1l4a under the action
of the spring 17. The piezoelectric element 13 disposed
between the pressure receiving element 14 and the cathods
plate 1llc is subject to a certain compressive force under
the influence o0f the spring 17.

The impact sensor thus const;ucted is mounted in
the same manner as the one shown in Figs. 1 and 2 and is
operable in the same manner to sense impact so as to inflate
the airbag.

Additionally, the impact sensor shown in Fig. 5 is
able to test its operability itself.

To do this, an electric current is applied from the
test circuit to the coil 8A for a short period of time.

13




Specifically, an electric current is applied to the
- coil 8A for a short period of time to generate a magnetic
flux. This causes the inertial mass 19 to instantaneously
rétreat or move to the right in Fig. 5. The piezoelectric
element 13 is then operable to provide a voltage of the form
shown in Fig, 6.

When the inertial mass 16 is moved in a rearward
direction instantaneously upon the delivery of an electric
current, a lesser amount of force is applied from the spring
17 to the pressure receiving element 14. As a result, output
voltage is drastically dropped as at C in the waveform shown
in Fig. 6.

When the delivery of the electric current to the
electromagnet 8 is stopped, a substantial amount of force is
instantaneously applied to the piezoelectric element 13. As
a result, a positive peak voltage is generated as at D in
Fig. 6.

It will now be understoou that the tést circuit is
operable to confirm, under the same condition as in the |

event of a rear-end collision (none collision) as well as a

collision, whether a predetermined voltage is output from the !
piezoelectric element 13.
Based on a signal sent from the test circuit, a lamp
or other means may be used to show whether the impact sensor
is properly operating.

1 4




In the foregoing embodiments, the inertial masses 6
and 16 are both engageable with the grooves 4c and l4c of
a V-shaped section. Alternatively, an electrode plate or
pressure réceiving element 41 may be used to have a cone-shaped
recess 40 as shown in Fig. 7. Additionally, an electrode
plate or pressure receiving element 43 has a round recess
42 as shown in Fig. 8. The recess 42 may have a spherical

surface or a ellipsoidal surface.

INDUSTRIAL APPLICABILITY

With the sensor of the present invention, impact is
rapidly transmitted since the inertial mass is normally
pressed égainst the piezoelectric element.

The impact sensor is responsive in a quick manner.

The piezoelectric element provides a high voltage '
in response only to a pressure. This prevents erroneous
operation of the sensor when no collision occurs (or in the |
event of a rear-end collision).

The impact sensor can readily be tested itself simply
by incorporating the electromagnet so as to electrically move
the irertial mass, and connecting the output cable with the
test circuit.

The impact sensor is simple in structure, and is
economical to manufacture.

The impact sensor is less subject to fatigue due to

15




vibrations since no movable components are included and thus
can have a high natural frequency as a sensor. The impact
sensor is free of friction and corrosion and never malfunctions.
Additionally, the present invention has no electrical
terminals exposed to an atomosphere and in no way suffers
from inadequate electrical bridge due to corrosion of such
electrical terminals. Under the circumstances, the impact
sensor of the present invention never loses its characteristics
even if it is loaded on a vehicle for a considerable period
of time and is thus durable and is highly reliable.

In the present invention, impact is converted into
electrical energy as an output.

Accordingly, record (impact data) ¢an be takeéen in g
continuous manner.

The operation of the impact sensor can readily be
finely adjusted. The impact sensor is advantageously used

for experimental and commercial purposes.
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The claims defining the invention are as follows:

1. An impact sensor comprising:

a piezoelectric element adapted to provide a voltage of a magnitude
corresponding to a pressure applied thereto;

5 an inertial mass for appiying a pressure to said piezoelectric
element and having an end surface;

a pair of electrodes disposed to sandwich said piezoelectric
element, pressure exerted from said inertial mass being applied to one of
the pair of electrodes;

10 a biasing member disposed to press said inertial mass toward said
piezoelectric element; and

a pressure receiving element disposed between said one electrode
and said inertial mass for transmitting pressure from said inerttal mass
to said one electrode, said pressure receiving element having a recess,

15  said end surface of the inertial mass contacting the recess so that when
impact is imparted to said inertial mass, said piezoelectric element is
pressed with a pressure of a Tevel corresponding to the impact and said
piezoelectric element provides a voltage of a level corresponding to the

pressure applied thereto.

:. . 29 2. An impact sensor according to claim 1, wherein in case no

:."g impact is imparted to a vehicle, a static force of said biasing member is

fatee transmitted from said inertial mass to said piezoelectric element through

g.gtt said pressure receiving element and said one electrode so that said

asf:; impact sensor is unresponsive. - \
25 3. An impact sensor according to claim 1, wherein in case

vertical impact is imparted to a vehicle, safd piezoelectric elfement does

,3;:f not provide a voltage higher than a threshold level so as to open an air

;f::.: bag so that said element sensor is unresponsive to the vertical impact.

JHEY 4. An impact sensor according to claim 1, wherein in case linear

v 30  impdct is imparted to vehicle, when a force larger than a threshold level

AR is applied to said piezoelectric element, said piezoelectric element
provides a voltage so as to open an air bag.

5.  An impact sensor according to claim 1, wherein in case a
diagonal impact is applied from forwardly, a component of an acceleration
35 input is applied to the opposite sides of said recess, which is
transmitted to said piezoelectric element, so that said piezoelectric
element provides a voltage to open an air bag.

P Y aumaat
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6. An impact sensor according to claim 1, wherein in case a
sideways impact is applied, said inertial mass is urged to form a
component force in slant surfaces of the recess of said pressure
receiving element, which is too small to actuate said impact sensor.

5 7. An impact sensor according to claim 1, wherein in case an
impact is applied from rearwardly, said inertial means which is in
contact with said pressure receiving element under a certain pressure is
separated from said recess and said piezoelectric element produces no
voltage to open an air bag.

10 8. An impact sensor according to claim 1, wherein said inertial
mass is in direct contact with one of said pair of electrodes.

9. An impact sensor according to claim 1, wherein said inertial
mass has a semispherical end in contact with said pressure receiving
eiement.

15 10.  An impact sensor according to claim 1, wherein said recess is
a V-shaped groove.

11. An impact sensor according to ctaim 1, wherein said recess has
a conical surface.

12. An impact sensor according to claim 1, wherein said recess has

20 a rounded surface.

13. An impact sensor according to claim 1, further inciuding means
for receiving an output voltage from said piezoelectric element and

2 determining whether said output voltage is greater than a predetermined

e Tevel, said means providing a signal to inflate an airbag when said

' 25 output voltage exceeds said predetermined level.

14. An impact semsor aceording to claim 1, wherein said inertial

.
:L::f mass is a ball or said inertial mass has a semispherical end and a
;t:,' continuous cylindrical portion, and a cavity at its end remote from said
LEL semispherical end.
30 15. An impact sensor according to claim 1, wherein said inertial

mass is formed from a magnetic material, further including an
electromagnetic unit adapted to apply a magnetic force to said inertial
mass to move said inertial mass away from said piezoelectric element,
whereby an electric current is delivered to said electromagnetic unit to

35 move said inertial mass away from said piezoelectric element, and then,
the delivery of said electric current is stopped, said piezoelectric
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element being operable to provide a voltage during a period from when
said electric current is delivered until said electric current is
stopped, and said voltage being used to test the operation of said impact

sensor.
16. An impact sensor substantially as hereinbefore described with
reference to the accompanying drawings.

DATED this FIFTH day of MAY 1992

Takata Corporation

Patent Attorneys for the Applicant
SPRUSGH & FERGUSONM
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' ABSTRACT

The present invention provides an impact sensor which
has neither electrical contacts exposed to an atmosphere nor
any movable components, which is durable and highly reliable,
and which is able to safely sense a vehicle impact even if

loaded in a vehicle for a considerable period of time. The

impact sensor comprises a piezoelectric element (3, 13) for
generating a voltage of a magnitude in accordance with a
pressure, a pair of electrodes (lc, 1d, 1llc, 14) disposed

to sandwich the piezoelectric element, an inertial mass

(6, 16) adapted to apply a pressure to either one of the
electrodés, and a biasing member (7, 17) for biasing the
inertial mass (6, 16) toward the piezoelectric element (3, 13).
When the inertial mass (6, 16) is subject to an impact, the
inertial mass (6, 16) is biased to apply to the piezoelectric
element (3, 13) a pressure of a level in accordance with the
magnitude of the impact. The piezoelectric element (3, 13)
then provides a voltage of a magnitude in accordance with fhe

pressure applied thereto.

7 ) v 2
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