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TITLE OF THE INVENTION

Mounting Arrangement of Acceleration Detecting Elements

FIELD OF THE INVENTION
The present invention relates to an mounting arrangement

of acceleration detecting elements used in detecting impact.

BACKGROUND OF THE IN#ENTION
o There is an acceleration detecting element which is
constituted by a bymorph element o.f a double end fixing type.
For example, as a confrentional _example, as is shown in Fig.1l1
in a simplified manner, an acceleration sensor 20a includeé
a bymorph ‘element 1 served as an acceleration elemént and an
insulating case 2 containing the element after positioning it
and is fixedly attached on an sensor éttac_h_ing face 3 such as
a circuit board. |
The bymorph element 1 is formed i.n a rectangular plate
shape- and is integrated by laminating two. piezoelectric
ceramics plates 6 on the top and the bottom faces of each of
which a signal electrode 4 and an intermediate electrode 5
are formed. Each of the piezoelectric cera_mics _plates 6

opposedly bonded via the intermediate electrode 5 is

polarized along the thickness direction with a sense reverse
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to that of the other piezoelectric ceramics plate 6. The
b;oken line arrow marks in Fig.ll'designate the directions of
polarization. .The respective signal electrodes 4 in this
example are formed along the longitudinal direction of the
respective piezoelectric ceramics plates 6 and are extended
up to end portions different from each other.

Meanwhile, the insulating case 2 is constituted by a
pair of clamp frames 7 having a channel like shape“in a plane
view cramping only both end portions along the longitudinal
direction of the byhorph.element 1 in the thickness direction

and a pair of case lids 8 enclosing open faces formed by the

bymorph element 1 and the clamp frames 7 opposedly arranged |

across the element. The respective S§ignal electrodes 4 of
the bymorph element 1 contained in the insulating case 2 are
connected to external electrodes (not sthn) formed at outer
‘end faces of the insulating case 2 which are different from
each other.

| An outer surfgce of the clamp frames 7 or the case lids
8_constituting the insulating case 2 is positidned and fixed
on the sensor attaching face. 3 thereby attaching the
acceleration sensor.. The réspective signal electrodes 4 of
the bymorph élement 1 are connected to.wiring patterns (not

shown) on the sensor attaching face 3 via the external
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electrodes forméd'on the insulating case 2. These wiring
patterns are connected to a signal processing circuit (not
shown). The signal processing circuit detects acceleration
caused by impact by processing electric signals outputted
from the acceleration sensor.

Fig.;z shows another conventional example of such an
acceleration detecting element which is different from the
above-mentioned conventional example in view of polarization.
Fig.12 illustrates electrodes and the like more in details
ﬁhan those6f the acceleration detecting element in Fig.11.

The acceleration 'sensor' 20b includes piezoelectric
ceramics bodies 23 in a rectangular plate.shape on the main
surfaces Af which signél output eleétrodes 21 are formed and
wherein an inner electrode 22 in parallel with the signal
outputfelectrodes 21 are embedded. Each of the signal output
electrodes 21 is constituted by three surface electrodes 24
arranged separately at a center location and end locations
along the 1longitudinal direction of the piezoelectric
ceramics bodies 23 and a connecting electrode 25.covering the
surface electrodes 24 together.

An acceleration element is constituted by the signal

output electrodes 21 and the piezoelectric ceramics bodies

23.
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One side (top side in the figure 12) electrode of the
signal output electrodes 21 is extended up to one outer end
face (left side in the figure 12) of the piezoelectric
ceramics bodies 23. Meanwhile, the other side (bottom side
in the figure 12)'one of thé signél output electrodes 21 is
extended up to the other outer end face (right side in the
figure 12) . Further, ceramics regions 26 and 27 constituting
the piezoelectric ceramics bodies 23 by opposing each other
across the inner electrode 22 are respectively divided into.
three portions in the longitudinal direcgion, namely, center
portiohs 26a and 27a and both sides of end portions 26b and
27b via boundaries whére stresses caused by the operation of
acceleration are changed. The center portions 26a and 27a
and the both sides of end portions 26b and 27b are polarized
in the thickness direction with senses different from each
other by using the inner electrode 22 and the surface
electrodes 24. e

ﬁefe, the center portion 26a and the end portions 26b
constituting the ceramics region 26 are provided with senses
H and I of polarization which are different from each other
and the center portion 27a and the end portions 27b
constituting the ceramics region 27 are provided with senses

J and K of polarization which are different from each other.

\
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Further, in this case, for 'example, the senses of
polarization H and J of the center portions 26a and 27a are
inward senses wherein the senses are directed to each other
and the senses of polarization I and K of the end portions
26b and 27b are outward senses wherein the senses are
directed apart from each other.

Both edges in the longitudinal direction of the
acceleration sensor 20b are fixedly supported by a pair of
cramp frames 28 in a channel like shape in a side view. The
respective signal output electrodes 21 formed on main
surfaces of the piezoelectfic ceramics bodies 23 are
connected to external output electrodes 29 and 30 formed on

different outer end faces of the piezoelectric ceramics
bodies 23 and the cramp frames 28. ‘

_The acceleration sensor 20b having such a structure is
used by the foilowing reason. Wheﬁ acceleration is operated
on the acceleration sensor 20b, which includes the
acceleration element cdnstituted by the signal output
electrodes 21 and the piezoelectric ceramics bodies 23, the
cenﬁer portions 26a aﬁd 27a and the end portions 26b and 27b
in the ceramics regions 26 and 27 constituting the

piezoelectric ceramics bodies 23 are deformed by the

operation of inertia force. In this case the respective
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- portions 26a, 27a, 26b and 27b receive tensile stresses or
compressive stresses caused by the deformation. In the
respective portions 26a, 27a, 26b and 27b a charge genelration
amount is enhanced by a synérgistic effect of the respective
senses of polarization H through K and the received stresses
and a charge generation amount of the total of the
acceleration sensor 20b is enhanced which promotes the

detection sensitivity of the acceleration sensor.

SN e,

- Meanwhile, a maximum electric sighal is outputted in the
acceleration sensor 20a or 20b when acceleration is operated
in a direction orthogonal to the surface of the piezoelectric
ceramics plates 6 or 23, that is, in the thickness direction.
Further, t;he maximum electric signal havihg the same absolute
value with an inversed plus/minus sign is outputted when
acceleration is operated in a sense inverse thereto by 1800
That is, the direction of the operation of acceleration is in
the direction causing the maximum sensitivity, that is, the
maximum sensitivity direction P which is called a main axis
of the accelerétion sensor. No electric signal is outputted

when acceleration is operated in a direction tangential to

the surface of the piezoelectric ceramics plates 6 or 23 in

"

the acceleration sensor 20a or 20b and accordingly, the

detection sensitivity is nullified. Meanwhile, when
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acceleration is operated in a direction . between the
orthogonai direction and the tangential direction, a
detection sensitivity having an amount corresponding to an
angle. § made by the maximum sensitivity direction P and the
operational direction of acceleration, that is, a direction
sensitivity having an amount of the maximum sensitivity S x
cosf is produced.

‘When the acceleration sensor 20a having Ehe above-
mentioned conventional structure is attached on the sensor
attaching face 3 as shown in Fig.;l, the maximum sensitivity
direction P is in parallel with or orthogonal to the sensor
attaching féce 3. As shown in Fig.l1l two-dimensional
orthogonai coordinate axes ( plane codrdinate axes) x and Y
are séi: on the sénsor attaching face 3 and three-dimensional
orthogonal coordinate axes ( space coordiﬁéte axes) x, y and
z with the sensor attachiné face 3 as x-y plane are set in
case ﬁhere one of the case lids 8 of the insulating case 2
integrated with the bymorph element 1 is attached on the
sensor attaching face 3 and in case where the longitudinally
_disposed.maximum sensitivity direction P of the acceleration
sensor 20a is equal to the direction of y axis on the sensor

attaching face 3, then acceleration along x axis or z axis,

that is, acceleration operating in any direction in x-z plane
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cannot be detected.

Further, although not illustrated, when one of the clamp

frames 7 of the insulating case 2 is attached on the sensor
attaching face 3 where the orthogonal coordinate axes x and
y are set and the maximum sensitivity direction P of the
acceleration sensor 20a is equal to the direction of z axis
orthogonal.to the sensor attaching face 3, acceleration in

any direction in x-y plane constituted by x axis and y axis

cannot be detected. Therefore, in detecting all of -

acceleratitiis operating in the respective directigns of the
mutually 6rthogonal coordinate axes x,y and 2z, three
acceleration sensors of which maximum sensitivity directions
P are equ;l to the respective directions of x axis, y axis
and z axis need to be attached on the sensor attaching face
3 which increases a nﬁmber of acceleration sensors elements
and installation space, giving rise to high cost and a
complicated signal processing circuit processing electric
signais outputted from the three acceleration sensors.
Further, the same problem is naturally daused when the
acceleration sensor 20b in Fig.12 is attached on the sensor
attaching face 3 in place of the acceleration sensor 20a.

To avoid such inconvenience there has been proposed an

acceleration detecting element capable of detecting
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acceleration operating in the three directions of the
orthogonal coordinate axes x, y and z by previously inclining
the maximum sensitivity direction of the acceleration
detecting element upwardly from the sensor attaching face.
Although not illustrated, such an acceleration detecting
element is disclosed  in Jépanese Unexamined Patent
Publication No.133974/1993 wherein the maximum sensitivity
direction of an acceleration detecting element having a
rectangular plate shape is inclined from an sensor attaching
face by 45¢ and an edge line of the acceleration detecting
element is_furthér inclined from an edge ‘line of an element
attaching substrate by 450. When the adceleration'detecting
element h;ving such a structure in the acceleration sensor is
adopted, accelerations operating in the directions of x axis,
y axis and z axis (hereinafter, three directions in
conformity with those shown in Fig.11) can certainly be
detected by a single element.-

ﬁoweﬁer, even if accélerations operating in the
directions of the three orthogonal coordinate axes X, y and
z may be detected, accelerations in all of directions cannot
be detected. It is impossible to detect acceleration
operatiné in a plane orthogonal to the maximum sensitivity

direction. Still further, although the maximum sensitivity



10

dire'ctiorlx is ﬁatﬁrally inclined fi;om 'z axis by 450 in
adopting the aboﬁé'structure, the directions of x axis aﬁd Y
akis in this éase"are inclined from the maximum sensitivity
d:i'.re&ction sub;tantially by 60¢ and accordingly, the detection
sensitiﬁitieS' in x axis, y axis and z axis are not

substantially the same.

SUMMARY OF THE INVENTION

The i’oresen; invention has béen created in view of the
inconvenience and it is an 6bj ect of the present invention to
provide an mounting arrangemeﬁﬁ .of acceleration detecting
_ elemenﬁs capable of detecting ééce_leratior; in a wide range
with the _fnumber thereof as few as possn:"i;ble and having
substantiélly the same detectibﬁ' sensitivities w:':th respect
to aécelerations operating in the reééective directions of
orthogonal coordinate axes.

To achieve the object theipresent; invention provides an
mounting arrangement of accelerat_ion detecting elements
comj_:_riéing two accelera;_ion detecting elements, wherein a
fir;t_ ma_ximum sensitzi.'\-'ri_ty direction of one of the
acceleration detecting. elements is inclined from the y axis

toward a z axis by 40c to 50¢ and a second maximum

gsensitivity direction of another of the acceleration
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detecting elements is inclined from the x axis toward the z
axis by 400 to 50o. Further, the acceleration detecting
element in this case is a bymorph element of a double end
fixing type made of a éiezoelectrié ceramics.

Further, to achieve the object the present invention
provides an mounting arrangement of acceleration detecting
elements comprising two acceleration detecting elements, a
~calculating means for calculating' a sum of absolute values of
electric signals 6utputted frqm the respective acceleration
detecting elements and wherein a first maximum sensitivity
direction of one of the acceleration detecting elements is
inclined from the y axis toward a z axis by 200 to 30°¢ and a
second éaximum sensitivity direction of another of the
acceleration detecting elements is ipclined from the x axis
toward the z axis‘by 200 to 300. Further; the acceleration
detecting element in this case is a bymorph element of a
double end fixing type made of a piezoelectric ceramics.

further, the preseht invention provides an mounting
arrangement of acceleration detecting élements wherein inner
electrodes are provided at an inner portion of the
shapé and arranged.separately at a center location and end

locations of the piezoelectric ceramics bodies along a
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longitudinal direction, signal output electrodes are provided
on maih surfaces of the piezoeleétric ceramics bodies and
respective center portions and end portions along the
longitudinalldirection of the piezoelectric ceramics bodies
opposed to each other via the inner electrodes are polarized

in a thickness direction with different senses.

BRIEF DESCRIPTION OF DRAWINGS

Fig.1l is a partially broken perspective view showing a
structure of an acceleration detecting element according to
a first embodiment;

Figfz is an explanatory view showing the mounting
arrangeme&t of the acceleration detécting element of the
first embodiment;

Fig.3 shows a function block diégram shéwing the
opération of the mounting arrangemént of the first
embodiment;

Fig.4 is a pgrtially broken perspective view showing the
structure of an acceleration detecting element according to
a second embodiment;

Fig.5 is an explanatory view showing the mounting

arrangement of the acceleration detecting element of the

second embodiment;
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Fig.6 is a function block diagram showing the operation
of the mounting arrangement of the second embodiment;

Fig.7 is a partially broken perspective view showing an
acceleration detecting element according to a third
embodiment ;

Figs.8(a), é(b) and 8(cf illustrate éectional views
showing steps §f a prestage_of a manufacturing method in the
third émbodiment;

Figs.9(a) and 9(b) illustrate sectional views showing
steps of a poststage of the manufacturing method in the third
embodiment;

Figs. 10(a), 10(b) and 10(c) illustrate sectional views
showing a’modified example-of steps of the prestage in the
manufacturing method of the third embodiment;

Fig.1l1l is a partially broken perspective view showing
the structure of an acceleration detecting element according
to a conventional example;

Fig.1i2 is é partially broken perspective view showing
the structure of a piezoelectric.element according to another

conventional example.

DETAILED DESCRIPTION OF REFERRED EMBODIMENTS

Embodiment 1

PR S .
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An explanation will be given of Embodiment 1 of the
.présent invention in reference to the drawings.

Fig.l is a partially broken perspective view showing an
acéeleration sensor, which is a partial mounﬁing arrangement
of an acceleration detecting element according to a first
embodiment; Fig.2 is an explanatory view showing the general
mounting arrangement of the acceleration detecting elements
and Fig.3 is a function block diagram showing an operation of
the mounting arraﬁgement of the first embodiment. Further,
the structure of the acceleration seﬁsor. including the
acceleration detecting element is basically the same as that
in the conventiénal example. Therefore, in Fig.l and Fig.2
portions ér parts the same as those in Fig.11l are attached
with the same notations and a detailed explanation thereof
will be omitted.

As shown in Fig.1l the acceleration sensor A or B in the
first embodiment is constituted.by a doble end fixing type
bymori)h-é_lement 1 served as an acceleration detecting element
and an insulating case 2 containing the bymorph element 1.
The acceleration sensor A and B are attached on an sensor
attaching face 3 such as a circuit board. The bymorph
element 1 in this case is positioned and contained in the

insulating case 2 in a state where the maximum sensitivity
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direction P is inclined from the sensor attaching face 3.
The maximum sensitivity direction P is set upwardly with an
angle of inclination ffom the sensor attaching face 3 being
400 or more and 500 or less, for example, 45° hereinafter.

In the bymorph element 1 of.the first embodiment a pair
of piezoelectric ceramics plates 6 boﬁh in a rectangular
‘plate shape on the top and the bottom surfaces of each of
which a signal electrode 4 and an intermediate electrode 5
Iare'formed, are opposed and bonded together and end portions
thereof are cut off by planes inclined from the thickness
direétion by 450 corresponding to the angle of inclination .
. The respective piezoelectric ceramics plates 6 bonded via the
intermediate electrodes 5 are polarized in the thickness:
direction with sehses inverse to each othe£ and the
respective signal electrodes 4 are extended up to mutually
different end portions aléng tﬁe longitudinal direction of
the respéctive_piezoelectric ceramics plétes 6 which is the
same as in the conventionai example. Further, the insulating
case 2 in this case is constituted by using clamp frames 7
andﬁcase lids 8 as those in the conventional example and.the
respective signal electrodes 4 of the bymorph element 1 are
connected to external electrodes (not shown) of the

insulating case 2 which are formed on outer end faces
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different from each other.

Meanwhile, as shown in Fig.2, the mounting arrangement
of acceleration detecting elements are provided With the two
acceleration sensors A and B attached on the same sensor
attaching face 3 in direcﬁions respectively equal to
directions of the orthogonal coordinate axes x and Y.
Further, as shown in Fig.3 the mounting arrangement is
. connected to a first and a second comparator circuit X1 and
X2 performing comparator processing of electric signals Vp
and Vg respectively outputted from'the electric elements A,
B and a logical circuit X3 performing an OR logical
processing of comparator signals Vgl and Vg2 respectively
outputtedifrom the first and the second comparator circuits
X1 and X2. The comparator circuits X1 and X2 and the logical
circuit X3 are integrated in a signal processing circuit (not
shown) .

The acceleration.sensors A and B are attached on the
sensor attaching face 3 by positioning and fixing an outer
surface of the case lids 8 constituting che insulating case
2. The respective signal electrodes 4 of the bymorph element
1 are connected to wiring patterns (not shown)—gyich have
been formed on the sensor attaching face 3 by soldering etc.

via external electrodes (not shown) on the insulating case 2.
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The maximum sensitivity direction P of the bymorph element 1,
which is served as an acceleration defecting element and
integrated in the acceleration sensor A, is in a directioﬁ
upwardly inclinéd from y axis Eo z axis by 45¢. The maximum
sensitivity direction P of the bymorph element 1, which is
also served as an acceleration detecting element and
integrated in the acceleration sensor.B, is in a direction
upwardly inclined from X axis to z axis.

Now, an explanation will be given of the operation of
the mounting arrangement of the acceleration detecting
elements in this embodiment in reference to Fig.2 and Fig.3.
In the following explanation.the maximum sensitivity of the
accelerétion detecting elements (the“ﬁééeieration sensors A
and B) is S(mV/G) where G is gravitational acceleraﬁion and
thresholds for detecting impacts at cerééin levels or more
are designated as S; and S5.

Firstly, assume a case in which acceleration of 1G is
operated from the positive direction of the orthogonal
coordinate axis x.to the mounting arfangement of the two
_acceleiation sensors A and B arranged in the positional
relationship shown in Fig.2. Then, the detection sénsitivity
of the acceleration sensor A arranged along a direction equal

to the direction of y axis is nullified whereas the detection
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sensitivity of the acceleration sensor B arranged along a
direction equal to the direction of x axis is indicated by
the maximum sensitivity S multiplied by cos45¢. Therefore,
an electric signal VA outputted from the acceleration sensor
A in this casé is 0(mV) and an electric signal Vg outputted
from the acceleration sensor B is S x cos450 x 1 (mV). In the
second comparator circuit X2 to which only the electric

signal Vp is inputted, a comparator processing is performed

with the predetermined S, as a threshold. That is, when -~

Vp>Sjy, a"EBmparator signal Vgp=1 and when VB_mSZ; the
comparator signal Vgy=0. The comparator signal Vg, is
outputted from the second comparator circuit X2 to the
logical circuit X3.

Further, when acceleration of 1G is operated from the
positive direction of the orthogonal coordinate axis y, the
détection sensitivity of the acceleration sensor A arranged
along the direction equal to the direction of y axis is
indicated by the maximum sensitivity S multiplied by cos4So
whereas the detection sensitivity of the acceleration sensor
B arranged along a direction equal to the direction.of X axis
is nullified. Accordingly, the electric signal Vp outputted

from the acceleration sensor A in this case is indicated by

S x cos450 x 1(mV) and the electric signal Vg outputted from
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the acceleration sensor B is 0(mV). As a result in the first
comparator circuit X1 to which only the electric signal Vp is
inputted from the acceleration sensor A, the comparator
processing is performed with the predetermined S1 as the
threshold. That is, when Vp>Sq, the comparator signal Vsq=1
and when Vp S,, the comparator sigﬁal Vg1=0. Théreafter,
the comparator signal Vgq is outputted from the first
comparator circuit X1 ﬁo the logical circuit X3.
Meanwhile, when the acceleration of 1G is operated from
the positive direction of the orthogonal coordinaté axis =z,
both of the detection sensitivities of the acceleration
sensors A and B are indicated by the maximum sensifivity S
multiplied by cos450 and the electric signals Va and Vg
outputted from the acceleration sensors A and B are indicated
as S X cos450 x 1(mV). Further, in the first comparator
circuit X1 to which only the electric signal Vp is inputted
from the acceleration sensor A, the comparator processing is
comparator circuit X2 to which only the electric signal Vg is
inputted from the acceleration sensor B, the comparator
processing is performed with S, as the threshold. Thereafter,
the comparator signals Vgq and Vg, are outputted from the

first and the second comparator circuits X1 and X2 to the
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logical circuit X3.

Moreover, in the logical circuit X3 to which either one
or both of the comparator signals Vg; and Vgy are inputted
from the combaratdr circuits X1 and  X2, an OR logical
processiné based on the comparator signals Vsi and Vg,, that
is, the OR 1ogiéal processing in which a logical circuit
signal Vy=1 if Vgi=1 or Vgy=1 is performed. Thereafter, the
logical circuit signal V;, is outputted to the outside.

As explained abévé, when the mounting arrangement of
accelerétion deteéting elements in this embodiment is
_adopted, the_detéction sensitivities having substantially the
same degree with respect to any one of the directions of the
orthogonai coordinate axes x, y’énd-z, that is, the detection
sensitivities of the maximum sensitivities S mulEiplied by
cos450 are provided. Further, in the mounting arrangement of
this embodiment a direction in which the -detection
sensitivity is nullified is only a direction orthogonal to
the méximum sgnsitivity directions P of the acceleration
sensors A and B thereby providing an advantage in which
accéleration can be detected in a wide range;

Incidentally, although in the mounting arrangement qf

this embodiment the maximum sensitivity directions P of the

bymorph elements 1 respectively integrated in the

/
eet Has Been R laced
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acceleration sensors A and B are inclined from the sensor
attaching face 3 by the angle of inélination of 450. However,
it has been récognized by the inventors of the present
invéntion that the angle of inclination is not restricted to
l45° but may be in a range of 40¢ or more and 500 or less in
practice. A ratio of cos40¢ to cos450 in case of the angle
of inclination of 40¢ is cos40°/cos45°=1.083.”ﬂ A ratio of
_ Cos500 to cos450 in case of the angle of inclination § of 500
is cosSOO/cos450=0.90§.n. Therefore, the ratios are within
a range of subétantially +10% of the vaiue in the case of the
angle of inclination of 450. Thérefore, it is apparent that
the deﬁection gsensitivities substantially the same as those
in this eﬁbodiment can be providea in any directions of the
orthogonal coordinate axes x, y and z.

Embodiment 2.

Fig.4 is a partiélly broken perspective view showing an
acceleration sensor, which is a partial mounting arrangement
of an.acceleration detecting element in a second embodiment,
Fig.5 is an explanatory view showing the general mounting
arrangement of the acceleration detecting elements and Fig.6
is a function block diagram showing the operaEign of the
mounting arrangement of the second embodiment. Further, the

structure of the acceleration sensor including the
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acceleratipn detecting element per se is basically the same
as those in the conventional example and the first embodiment
and accordingly, in Fig.4 and Fig.5 portions or parts the
same as those in Fig.1l1l and Fig.l are attaéhed with the same
notations and a detailed explahation thereof will be omitted.

As shown in Fig.4 each of the acceleration sensors
corresponding to the second embodiment are respectively
constituted by a double end fixing type bymorph el;ment 1 and
an insulating case 2 containing the element and these
acceleration sensors are attached 6n the sensor attaching
face 3 such as a circuit board. The bymorph element 1 in
this case is positigned and contained in the insulating case
2 in a state inclined from the sensoE{atthching face 3 and
the maximum sensitivity direction P is set upwardly by.the
~ angle of inclination 6 from the sensor attaching face 3 in a
range of 200 or more and 30¢ or less, for example, 250.

In the bymorph element 1, which is served as the
acceleration detecting element of the second embodiment, a
pair of piezoelectric ceramics -plates._ 6 both in a rectangular
plate shape on the top and the bottom faces of each of which
a signal electrode 4 and a intermediate electrode 5.are
formed, are opposed and bonded and edée'portions thereof are

cut off by planes inclined from the thickness direction by
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250'corresponding to the angle of inclination 8. Further, the
- respective piezoelectric ceramics plates 6 bonded via the
intermediate electfode 5, are polarized in the thickness
direction with seﬁses inverse to each other and the
respective signal glectrodes 4 are extended up to end
portions different from each other along a longitudinal
direction of the'respective piezoelectric ceramics plates 6
which is the same as in the gonventional example._ Further,
the insulating éase 2 iﬁ this case is constituted by clamp
frames 7 and case lids 8 as in the conventional example and
the respectivé signal electrodes 4 of the bymorph element 1
are connected to éxternal électrodes (not shown) formed on
different’outer end faces of the insulating case 2.

As shown in Figfs and Fig.6 the mounting arrangement of
the acceleration detecting elements in the second embodiment,
is connected to two acceleration sensors A’ and B’ attached
on the same sensor attaching face 3 along directions equal to
the directions of the orthogonal coordinate axes x and vy, a
calculating means X4 for calculating a sum (|V’p| + |V'g]|) of
absolute values of_electrié signals V'p and V’'pg outputted
respectively from the acceleration sensors A’ and B’ and a
comparator circuit X5. The structure of the calculating

means X4 performing the above-mentioned calculation is well

= il
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known ahd a detail_éd explanation _théreof will be omitted.

The outer surfaces of the case lids 8 constituting the
insulating.cases 2 are positioned and fixed thereby attaching
the respective acceleration sensors A’ and B’ on the sensor
attaching face 3. The respective signal electrodes 4 of the
bymorph element 1 are connected to respective wiring patterns
(not shown) fomed on the sensor attaching face 3 by
soldering etc. via external electrodes (not s_hown) formed on
the insulating case 2. The maximum sensitivity direction P
of the bymorph element 1 integrated in the acceleration
sensor A’ in this case is inclined upwardly frdm y axis to z
axis by 250 and the maximum sensitivity direction P of the
bymorph el-ement 1 in the acceleration sensor B’ is inclined
upwardly from x axis to z axis by 250.

Next, an explanation will be given of the operation of
the mounting arrangement of the acceleration detecting
elements in the second embodiment in reference to Fig.5 and
Fig.6. In the following explanation the maximum.
sensitivities of the acceleration detecting elements (the
acceleration sensors .A' and B‘) are S’ (mV/G) where G is
gravitational acceleration.

Now, assume a case in which acceleration of 1G is

operated from the positivé direction of the orthogonal
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coordinate axis x to the mounting arrangement conétituted by
the two acceleration sensors A’ and B’ arranged in the
positional relationship shown in Fig.5. Then, the detection
sensitivity of the acceleration sensor A’ attached along a
direction equal to the direction of y axis, is indicated by
the maximum sensitivity S’ multiplied by cos90c and the
detection éensitivity of the acceleration sensor B’ attached
.along a direction equal to the direction of x axis, is
indicated by the maximum sensitivity S’ multiplied by cos250.
The electric signal Vp’ outputted from the acceleration
~sensor A’ is. indicated by S’ x cos90c x 1(mV) and the
electric signal Vg’ outputted from the acceleration sensor B’
is indicated by 8’ x cos250 x 1(mV). In a calculating means
X4 a sum (|Va’|+|{Vp’|) of absolute values of_th‘e' electric
signals V'’ and Vg’ outputted respectively from the
acceleration sensors A’ and B/, that is, [S’ x cos90o|+|S’ x
Cos250| =S’ x 0.91(mV) is calculated as a synthesized signal
V'’ ap- The synthesized signal V’p;p which has been calculated
in accordance with such a procedure, is outputted to the
comparator circuit X5. In the comparator circuit X5 a
comparator processing is performed with a predetermined Sj as
a threshold. In the comparator circuit X5, when V’/ap>Sq, the

comparator signal Vg’=1 and when V'AB.<SO the comparator
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signal V’g=0. Thereafter, the comparator signal V’'g is
outputted to the outside. Further, although the above
explanation has been given to a case in which acceleration of
1G is operated from the positive direction of the orthogonal
coordinate axis x, the same is applicable to a case where
acceleration of 1G is operated from the pos_itive direction of
the orthogonal coordinate axis y and 8’ x 0.9i(mV) is
Satl_c‘:ulated as-.the' synthesized signal V’pp.

Further, in case where acceleration of 1G is operated
from the positive direction of the orthogonal coordinate axis
z to the mounting arrangement of Fig.5, _ the folloﬁing
'operation is performed. The detection sensitivities of the
accelerati-on sensors A’ and B’ in a direction eciual to the
direction of z axis, is indicated as t;he maximum sensitivity
S; multiplied by cosé650, that is, multiplied by cos(900-250),
since the angles of inclination of the acceleration sensors
A’ and B’ from the sensor attaching. face 3 are 250,
Thereforé, both of the electric gsignals V’A and V’'p outputted
. respectively from the acceleration sensors A’ and B’ in this
case are indicated by S’ x cosé650 x 1(mV). In the cal_culating'
means X4 a sum of absolute values of the electric Eg‘._gnals V'a

and V’'g outputted respectively from the acceleration sensors

A’ and B’, that is, |S’ x cos650}+|S’ x cos650]
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=S’ x 0.85(mV) is calculated as the synthesized signal Vag.

In the mounting arrangement of the - acceleration
detecting elements in the second embodiment, substantially
the same detection sensitivities are provided in any
direction of the orthogonal coofdinate axes X, y and z.
Further, in the mounting arrangement of the second embodiment
a direction in which the detection sensitivity is nullified
is a directibn orthdgonal respectively to Eﬂe_ maximum
sensitivity directions P of the acceleration sensors A’ and
B’ thereby providing an advantage whereby acceleration can be
detected in a wide range.

Incidentally, according to the second embodiment the
- synthesized signals V'pg in case ﬁieré’ acceleration is
operated along directions of x axis and y axis are.S’ x
0.91(mV) and thé synthesized éignal V/agp in case where
acceleration is operated along the direction of z axis is S’
X 0.85 (mV). The difference is caused since the angle of
inclination 8 of the acceleration detecting elements (the
bymorph elements 1) in the acceleration sensors A’ and B’
from the sensor attaching face 3 is set as 250 in view of the
convenience of manufacturing. In calculation completely the
same detection sehsitivities are provided along any

directions of x axis, y axis and z axis by setting the angle
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of inclination # as 26.565...0.

It has been confirmed by an investigation performed by
the inventors of the present invéntion that when the angle of
inclination from the sensor attaching face 3 of the maximum
sensitivity directions P of the bymorﬁh elements 1
respectively integrated to the two acceleration sensors A’
and B’ arranged aloﬁg directions equal to the directions of
orthogonal coordinate axes x and y on the sensor attaching
face 3, is changed between 0°c to 90¢, the sums (|{V'al+|V'g])
of the abSolute values of the electric signals V’p and V'g
outputted from the acceleratioﬁ sensors A’ and B’ change as

shown in Table 1.
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Table 1

Angle of - Detection sensitivity in Detection sensitivity in Detection sensitivity in
glpllnat:lon x axis direction y axis direction z axis direction
8(C) - .
‘ A’ B’ IV AHIVgT A’ B IV A+IVgT A B' IV ATHVET
0 0.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00
5 - 0.00 1.00 1.00 1.00 0.00 1.00 0.09 0.09 0.17
10 0.00 0.98 0.98 0.98 0.00 0.98 0.17 0.17 0.35
15 0.00 0.97 0.97 0.97 0.00 0.97 0.26 0.26 0.52
- 20 .0.00 0.94 0.94 0.94 0.00 0.94 0.34 0.34 0.68
25 0.00| 0.91 0.91 0.91 0.00 0.91 0.42 0.42 0.84
30 0.00 0.87 0.87 0.87 0.00 0.87 0.50 0.50 1.00
35 0.00 0.82 0.82 0.82 0.00 0.82 0.57 0.57 1.14
40 0.00| 0.77 - 0.77 0.77 0.00 0.77 0.64 0.64 1.28
45 0.00 0.71 0.71 0.71 0.00 0.71 0.71 0.71 1.41
50 0.00| 0.64 0.64 0.64 0.00 0.64 0.76 0.76 1.53
55 0.00 0.58 0.58 0.58 0.00 0.58 0.82 0.82 1.63
60} 0.00 0.50 0.50 0.50 0.00 0.50 0.86 0.86 1.73
65 0.00 0.43 0.43 0.43 0.00 0.43 0.90 0.90 1.81
70 0.00 0.35 0.35 0.35 0.00 0.35 0.94 0.94 1.88
75 0.00 0.26 0.26 0.26 0.00 0.26 0.96 0.96 1.93
80 0.00 0.18 0.18 0.18 0.00 0.18 0.98 0.98 1.97
85 0.00 0.09 0.09 0.09 0.00 0.09 |- 1.00 1.00 1.99
90 0.00 0.01 0.01 0.01 0.00 0.01 1.00 1.00 2.00

o€
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Table 1 apparently shows that the detection
sensitivities in mutually orthogonal three axes directions
are substantially the same only in case where the maximum
sensitivity directions P of the respective acceleration
sensors A’ and B’ are inclined from the sensor attaching face
3 in a range of from 200 to 300, by calculating the sums of
the absolute values of the eléctric signals V’A' and V'g
outputted from the acceleration sensors A’ and B’.

Embodiment 3

An explanation will be given of a third embédiment of
the present invention. The third embodiment discloses the
structure and the ﬁanufacturing method of an acceleration
detecting element applicable to the first and second
embodiments.

Fig.7 is a partially broken perspective view showing an
acceleration sensor in the state of removing case lids,
including an acceleration detecting element accdrding to the
third embodiment, Figs.8 (a) through 8(c) illustrate sectional
diagrams showing steps of a prestage in the manufacturing
method of the acceleration detecting element, Figs.9%(a) and
9 (b) illustrate sectional views showing steps of a poststage
in the manufacturing method thereof. and Figs.l10(a) to 10(c) |

illustrate sectional views showing steps of a modified
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example of the prestage ih the manufacturing method thereof.

An acceleration detecting element C including an
acceleration detecting element. is éomposed of the bymorph
structure capable of realizing the same function as in the
conventional example. As shown in Fig.7 the sensor includes
piezoelectric ceramics bodies 32 in a rectangular plate shape
having a predetermined thickness, for example, piezoelectric
_ ggxgmics bodies 32 manufactured by a method of baking green
sheets made of a biezoelectric ceramics. A signal output
electrode 33 in one layer structure is formed on a main
surface of each of the piezoelectric ceramics bodies 32. The
signal oquut electrode 33 on one side (top side in the
figure 7) is extended up to oné side outer edge face (left
side in the figure 7) of the piezqeleptrié ceramics body 32.
Meanwhile, the signal output electrode 33 on the other side
(bottom side in the figure 7) is extended.up to the other
side outer edge face (right side in the figure 7) of the
piezoelectric ceramics body 32. -

At an inner portion of the piezoelectric ceramics bodies
32 three inner electrodes 34 arranged separately at a center
1ocatibn and end lqcations along the longitudinal direction
are embedded in parallel with the signal.output electrodes

33. Ceramics regions 35 and 36 constituting the
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piezoelectric ceramics bodies 32 by opposing each other
across these inner electrodes 34, are respectively divided
into three portions separated along the longitudinal
direction of the piezoelectric ceramics bodies 32 similar to
the inner electrodes 34, that is, center portions 35a and 36a
and end portions 35b and 365. Further, the respectives of
the center portiohs 35a and 36a and the end portions 35b and
36b in the -ceramics regions 35 ende36 are polarieed in the
thickness_direction with mutually different senses as_in the
- conventional example.

The acceleration detecting e.lement: is constituted by the
piezoelectric ceramics bodies 32, the signal output
electrodes 33 and the inner electrodéé 34

The polarization with reepect to tl;le.ceramics regions 35
and 36 are performed by using the signal output eleeﬁxodes 33
and the inner electrodes 34. Here, the center portion 35a
and the end portions 35b constituting the ceramics region 35
are provided.with senses H and I of polarization. The center
portion 36a and the end portions 36b constituting the
ceramics region 36 are provided with senses J and K of
pelarization . Further, the both end edges along the
longitudinal direction of the acceleration sensor C are

fixedly supported by a pair of cramp frames 37 in a channel
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like shape in a side wview. The respective signal output
electrodes 33 formed on the main surfaces of the
piezoelectric ceramics bodies 32 are_ccnnected to.respective
external output eiectrodes 38 and 39 formed on mutually
different outer end faces of the piezoeleétric ceramics
bodies 32 and the cramp frames 37. |

Next, an explanation will be given of the manufacturing
procédure of the acceleration sensor C including the
acceleration detectiﬁg element shown in Fig. 7 in reference
to sectiofial views of steps illustrated in Figs. 8(a) to 8(c)
and Figs. 9(a) and 9(b). Further, in these views a range of
the size and shape éorresponding to those of each
acceleration detecting element and the acceleration sensor C
is partitioned by imaginary lines.

Firstly, as shown in Fig.8(a) green sheets in a
réctangular plate shape having a size and a shape
correéponding to those of a number of the piezoelectric
ceramics bodies 32 constituting the acceleration detecting
-elements, that is, two green sheets made of a piezoelectric
ceramics and to be finally transformed into the ceramics
regions 35 and 36, are prepared. Further, a conductive paste
of silver, silver-palladium or the like is applied by a

method of screen printing or the like on one face of one

~ A
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(bottom one in the figure 8(a)) of the green sheets 40, that
is, applied at every center location and every end location
on the one faée corresponding to every'piezoeléctric ceramics
body 32 along the longitudinal direction and the conductive
paste is dried under a temperature of approximately 1000C
thereby forming inner electrode patterns 41 arranged
separately from each other.

As shown in Fig.8(b) a face of the green sheet on the
other side, that is, the green sheet 40 on which the inner
electrode patterns 41 are not formed, is laminated on the
face of the green sheet 40 on which the respective inner
electrode patterns. 41 have been formed and the assembly is
baked undér a temperature of apﬁroximately 1000C. Then, the
two green sheets 40 in the laminated state are bonded
together by ﬁhe baking whereby an integfated piezoelectric
ceramics basic body 42 is made. Further, the inner electrode
patterns 41 interposed between the two green sheets 40 are
simulﬁaneously'baked along with the baking treatment and the
respective inner electrodes 34 arranged separately from each
other are formed.

Next, as shown in Fig.8(c) the conductive paste is
respectively appliéd on the main surfaces of the

piezoelectric ceramics basic body 42, signal output electrode

This Sheet Has Been Reﬂlaced
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patterns 43 are formed by drying the pasted basic body under
a tempefature of approximately 1000C and the aeeembly is
baked under a temperature of approximately 8000C by which the
respective signal output .electrodes 33 are formed.
Thereafter, the center portions 35a and 36a and the end
portions 35b and 36b of the ceramics regions 35 and 36
constituting the piezoelectric ceramics bodies 32 are
polarized by applying direct current electric fields among
the signal output electrodes 33 and the inner electrodes 34.
Further, the respective portions 35a, 36a, 35b and 36b are
polarized to produce the senses of polarization H through K
shown in Fig.7.

Thereafter, as shown in Figﬂ9(a) cramp frames basic
bodies 45 in which recessed grooves 44 each‘ having a
predetermined width dimension are formed at every
predetermined location on the inner surface side, are
prepared and integrated by pasting the respective cramp frame
basic bodies 45 on the main surfaces of the piezoelectric
ceramics basic body.42 on which the signal output electrodes
33 have been fermed. Further, the piezoelectric ceramies
basic body 42 and the cramp frame basic bodies 45 are cut at
the respective imaginary linee which are set by partitioning

the ranges each having a size and a shape corresponding to
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'each.piezoelectric ceramics body 32. Then, the acceleration
sensor as shown in Fig.9(b); that is, the acceleration sensor
constituted by a pair of the cramp frames 37 and the
acceleration detecting elemeht, which is constituted by the
piezoelectric ceramics bodies 32, the signal output
electrodes 33 and the inner electrodes 34.

Then, the external output electrddes 38 and 39 are
5q;yed on respective outer end faces of phe acceleration
detecting element, that is, on the outer end faces of the
piezoelectric ceramics bodies 32 and the cramp frames 37 by
which the acceleration sensor C of the bymorph structure as
shown in Fig.7 is finished. Further, the respective signal
output electrodes 33 are connected to the respective external
output electrodes 38 and 39 in a T-like form ‘and are
conductive to each other.

Incidentally, the manufacturing method of the
acceleration sensor C according to the third embédiment is
not limited to the procedure shown in Figs. 8 (a) through 8(c)
and it is possible to adopt a procedure as shown in Figs.
10(a) through 10(c). Figs.1l0(a) through 10(c) show a
modified _examplé of the prestage in manufagggxing the
acceleration detecting element and.parté and portions common

to those in Figs.8(a) through 8(c) are attached with the same
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notations in Figs.10(a) through 10(c).

As shown in Fig.10(a) in this modified example, firstly,
piezoelectric ceramics plates in a rectangular plate shape
whiep have previously been baked, that is, two piezoelectric
ceramics plates 47 having a size and a shape corresponding to
a number of the piezoelectric ceramics bodies 32 constituting
the acceleration sensors, are prepared. The conductive paste
is applied and dried on faces of the respective piezoelectric
ceramics plates 47, that is, at the center locations and the
end locations along the longitudinel direction of the faces
each cerresponding to a single piezoelectric ceram.ics body 32
 whereby the respectiVe inner electrode patterns 41 arranged
separatel§ from each other are forme&: s

Thereafter, as shown in Fig.10(b) the conductiﬁe.paste
is applied on the other faces of the respeetive piezoelectric
ceramics plates 47 by which the signal output electrode
patterns 43 are formed and the inner electrode patterns 41
and the signal output electrode patterns 43 are
simultaneously baked by which the respective signal output
_electrodes 33 and the respective inner electrodes 34 are
formed. Center portions 47a and end portions 47b disposed
along the longitudinel -direction ef the reépective

piezoelectric ceramics plates 47 are polarized by applying
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direct current fields among the respeétive signal output
electrodes 33 and the inner electrode 34 in the respective
piezoelectric ceramics plates 47. The respective
piezoelectric ceramics plates 47 finally become the ceramics
regions 35 and 36 and in this operation the center portions
35a and 36a and the end portions 35b and 36b in the ceramics
regions 35 andl36 are polarized.

Further, as shown in Fig.10(c)  the faces of thé
piezoelectric ceramics plates 47 on which the respective
inner electrodes 34 have been formed are adhered by using a
therﬁosetting adhesive agent (not shown) and the assembly is
heated by which the piezoelectric ceramics plates 47 are
integrated into the piezoelectric ceramics basic body 42.
The piezoelectric ceramics basic body 42 which have been.made
in accordance with the above-mentioned procedure is provided
with the same structure as that shown. in Fig.8(c).
Thereafter, the integrated piezoelectric ceramics basic body
42 is subjected to the procedure in the poststage of the
manufacturing method as shown in Figs.9(a) and 9(b) by which
the acceleration_sensor C having the bymorph structure as
shown in Fig.7 is finished.

According to the acceleration detecting element and the

manufacturing method in the third embodiment, the

R 2 -,
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polarization treatment is performed after separating the
innér electrodes. - Accordingly, it is not necessary to
perform tﬁe polarization treatment after previously forming
separated surface electrodes and it is also not necessary to
~ constitute signal output electrodes by forming connecting
electrodes after the polarizétion treatment.

Further, it is naturally possible to form the
acceleration sensor C in the third embodiment such that the
acceleration detecting element copstituted by the
piezoelectric ceramics bodies 32 , the signal 6utput
electrodes- 33 énd the inner electrodes 34, is‘inclined from
the sensor attaching face as in the acéeleration sensors used
in the first and the second embodiments;

As explained above, according to the mounting
arrangement of acceleration detecting elements in the present
invention, it is péssible to detect acceleration operating
along any one of mutually:erthogonal three axes directions
with substantially thé same detection sensitivity by using
two acceleration detecting elements and acceleration can be
detected over a- wide range. - As a result the present
invention provides an effect whereby not only the mounting
arrangement is simplified but the cost is reduced.

Further, accdrding to the acceleration detecting element
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and the manufacturing method in this invention, separately
arranged inner electrodes are arranged at an inner portion of
piezoelectric ceramics bodies and respective portions in
ceramics regions are polarized by using the inner electrodes.
Therefore, it is not nedessary to perform polarization
treatment after previously forming separated surface
electrodes on main surfaces of the piezoelectric ceramics
bodies and it is also not hecessary to constitute signal
output electrodes of a two layer structure by forming
connecting eiectrodes after the polarization treatment. As
a result the present invention provides an effect whereby
various inconveniences in constituting the signal output
electrodes of a two layer structure are not caused and time
aﬁd labor in manufacturing the acceleration. detecting

elements can be saved.
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WHAT IS CLAIMED IS: .

1. A mounting arrangement of accelsration
detecting elements with respect to mutually orthogonal x,
y and z axes. comprising two acceleration detecting
elements, wherein a first one of thes accelaration
detecting elements has a maximum sensitivity direction
which is inclined from the y axis toward the z axis by
40° to 50° and a second one of the acceleration detecting
elementa has a maximum sensicivity direction which is
inclined from the x axis toward the 2z axis by 40° to 50°,
thereby providing subatantially constant acceleration
detaction sensitivity along all three of said axes.

2. A mounting arrangement of aceeleration
detecting aelements with respect to tutually orthogonal X,
y and z axes, compriging:

two acceleration detecting elements;

a calculating circuit for calculating & sum of
absoluta values of electric signals cutputted from the
respectiva acceleration detscting elemente; and

wherein a first one of the accelexation
detecting elements has a maximum sensicivity direction
which ia inclined frqy the vy axis toward the z axie by
20° to 30° and a second cna of the acceleration detecting
alaments has a maximum sensitivity direction which is
inclined from the x axis toward the z axis by 20° to 30°,
thereby providing substantially constant accsleration
detection sensitivity along all three of said axes.

3. The mounting arxangement of accelsrition
detecting elements according to Claim 1 or Claim 2,
wherein each of the acceleration detecting elements
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ccmbrises a plezoelectric ceramics bimoxrph element fixed
at both ends thereof. :

‘4. The wounting arrangement of acceleration
detecting elements according to Claim 3, wherein said
element comprises a palr of piezoelectric ceramic bodies
having a rectangular plate ghape; inner electrodes are
provided at an inner portion between the piezoelectric
ceramics bodies and arranged saparately from each other
at a center location and end locations along a
longitudinal direction of the piszoelectric ceramics
bodies; signal output electrodea are provided on outer
main surfaces of the piezpelectrie ceramics bodies; and
raspective center portiong and end portions along the
longitudinal direction of the piezoelectric caramics
bodies oppoaed to each other via the inner clectrodes are
polarized in a thickness diyxection with opposite senses.

5. A method of making an acceleration
detecting alemeant comprising the steps of:

preparing two green sheeta having a ractangular
plate shape mada of piezoglectric ceramics;

applying a donductive paste on a center
location and end locations mlong a longitudinal direction
of a fixst face of a fivet one of the green shests
thereby forxming respective inner electxoda patterns;

_ laminating a first face of the second of the

green sheets on the first face of the first one of the

green sheets on which the inner slectrode patterns have
been formed;

baking to simultanecusly form inner e}ecércdeﬂ
and piezoelectric ceramics bodies by a baking treatment;
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~ forming =ignal output electrodes by a baking
treatment after applying the conductive paste on main
sacond surfaces of the piezoelectric ceramics bodies; and
polarizing center portions and end portions of
the pieéoelectric ceramics bodies by using tha raspective

signal output electrodes and the respective inner
elactxodes.

6, A method of making an acceleration
detacting elemént comprising the steps of:

preparing and baking two pilezoelactric cexramica
plates in a rectangular plata shape;
' applying a conductiva paste on center locations
and end locations along a laongitudinal direction of first
faces of the respsctive piezoelectric ceramica plates
thereby forming respective inner electrode pattaerns;

forming inner electrodes and signal dutput
electrodes by a baking treatment after forming signal .
output electrode patterns by applying the conductive
paste on second faces of the respective plezoelectric
ceramics plates; :

polarizing center portions and end portions of
the respective piezoelectric ceramics platea by using the
raspectlive signal output elechrodes and the respective
inner electrodes; and

bonding the second facaes of the piezoelectric
ceramicas plates on which the inner electrodes have been
formed thereby forming the piezoelectric ceramica bodies.
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7. Acceleration sensor, compnsmg'
two acceleration detecting elements bemg mounted with respect to mutually
orthogonal x, v, z axes, ,
wherein a first one of the acceleration elements has a maximum sensitivity direction
which is inclined from the y axis toward the z axis by 40" to 50" and a second ono of
the acceleration detecting elements has a maximum sensitivity direction which is
inclined from the X axis toward the z axis by 40" to §0° , thereby providing
substantiaily constant acceleration detection sensitivity along all three of said axes.

8. Acceleration sensor, comprising;
two acceleration detecting elements being mounted with respect to mutually
orthogonal x, ¥, z axes,
a caleulating cireuit for caleulating a sum of absolute values of electric signals
outputted from the respective acceleration detecting elements; and
wherein a first one of the acceleration elements has a maximum sensitivity direction
which is inclined from the y axis toward the z axis by 20" t0 30" and a secand one of
the acceleration detecting elements has a maximum sensitivity direction which is
inclined from the X axis toward the z axis by 20" to 30" , thereby providing
substantially constant acceleration detection sensitivity along all three of said axes.



