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

of acceleration detecting elements used in detecting impact.

‘J/Zj_ BACKGROUND OF THE INVENTION

P L
0

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



across the element. The respective signal electrodes 4 of the bynorph

el ement 1 contained in the insulating case 2 are connected to external

el ectrodes, (nohfshomm) fornmed at outer end faces of the insulating case 2
which are different from each other. An outer surface of the clanp
frames 7 or the case lids 8 constituting the insulating case 2 is
positioned and fixed on the sensor attaching face 3 t hereby attaching
the acceleration sensor. The respective signal electrodes 4 of the

DLTeL " ot ST S SRR g et pacoaticestakood pihouns.on e

3 b;oken line arrow marks in Fig. 11'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.

Meénwhile, 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 thé 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 attachiﬁg face. 3 thereby attaching the
acceleration sensor.. The réspective signal electrodes 4 of

the bymorph element 1 are connected to wiring patterns (not

shown) on the sensor attaching face 3 via the external



el ectrodes forned on the insulating case 2. These wiring patterns are.
connected to a gignal processing circuit (not shown). The signal
processingscircdit detects acceleration caused by inpact by processing
el ectric signals outputted fromthe accel eration sensor. Fig. 12
shows anot her conventional exanple of sugh an acceleration detecting

el ement which is different fromthe above-nentioned conventional exanple
in view of polarization. Fig.12 illustrates electrodes and the |ike nore

in details elilaafridaese fotimddooosd efgb Doy fet eciiooz el eﬁﬁ@%giogli'ijigl 1.

The accel eration sensor 20b i ncl udes piezoelectric ceramcs les 23 in a
reCtan9U|ar§ﬁE%%Qn%h%&% QdrinRtE Ro UIFideRI @&d@@é%ﬁn@'@&@cqutq%hﬁﬂ

el ectrodes 21 are forned and wherein an inner electrodé 22 in para

with the si ghghm)Qut PHE Qigﬁél‘.ﬂ?%c@ésﬁif SRGHAC Ge Ry Qlock %x%i%%%'

output electrodes 21 is constituted by Three surface el ectrodes 24

arranged sepaigkdl byAtinpL@NEYy HPE8LESInENd188Er1CRILARSs 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 oﬁtput

- 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.



along the longitudinal direction of the piezoelectric ceramcs bodies 23
and a connecting el ectrode 25 covering the surface electrodes 24 t
An accel erati o el enent is constituted by the signal offp o
and the piezoelectric ceram cs bodies 23. _
4 One side (top side in‘the figurg 12) electrode |pf_t R
out put electrodes 21 is extended up to one outer end face eft side in
the figure 12) of the piezoelectric ceramcs bodies 23. Meanwhile, the
other side (bottwhesighde i (tdpesfdduire thd O 1de Siditbodditdritthe
el ectrodes 21 is _

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)lone 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 direction, namely, center
portious 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

ﬁete, the center portion 26a and the end portions 26b
constituting the coramics 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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extended up to the other outer end face (right side in the figure 12).
Further, ceramcs regions 26 and 27 constituting the piezoelectric
ceram cs bedi es¥23 by opposing each other across the inner electrode 22
are respectively divided into three portions in the |ongitudinal

direction, nanely, center portions 26a and 27a and both sides of end
portions 26b and 27b via boundaries wheife a direction of stresses caused
by the operation of acceleration are changed. The center portions 26a and

27a and the mptdhext desi®f ehds peakeons£déb amempil,ar @neol ydmrss i ot he
thickness direction with senses different from each ot her by using the

i nner el ect npaey A% b he and baeg ehectendes gdrtions 26ddd INe Hanter
portion 26a and the end portions 26b constituting the ceram cs region 26

are provi ded midAy SRS WHeddn tBk_BehakbZalbodi Wat€da ¥ & @aéﬁ Sty from
each other and the center portion 27a and the end portions 27b
and the senses of polarlzatlon 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



constituting the ceramcs region 27 are provided with senses J and K of

pol ari zati on which are different from each other.

5 Further, im this case, for exanple, 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 sensgs of polarization | and K of the
end portions 26b and 27b are outward senses wherein the senses are
directed apart from each ot her. Bot h edges in the | ongitudinal

direction obotReonaceeher aza9n288nanl 208 akeefivsedbissupPaLiedsty arpair

of cranmp franes 28 in a channel |ike shape in a side view The
compressive stresses caused by the deformation. In the
respective portions 26a, 27a, 26b and 27b a charge geneiation
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

'-”“,ﬂ o .dét?ction sensitivity of the acéeleration sensor.

) - 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



-respective signal output electrodes 21 forned on main surfaces of the
pi ezoelectric ceramcs bodies 23 are connected to external output

el ectrodes 29 and 30 fornmed on different outer end faces of the

pi ezoel ectric ceramics bodies 23 and the cranp frames 28. The
accel eration sensor 20b having such a structure is wused by the follow ng
reason. \Wen acceleration is operated on the acceleration sensor 20b,

whi ch includes the acceleration elenment constituted by the signal output

el ectr Odeséc]céeﬁlge &P q_z%gl(%%d{ai&d:_eriq{ri Cs Qﬁ@ﬁcﬂ%’ﬁl W wedDt &he

portions 2 a and t portions 26b an in the ceramcs

o e o AR S A e 0 ST B 23 e
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



6 portions 26a, 27a, 26b and 27b receive tensile stresses or

stresses caused by the defornation. In the respective portions 26a,
26b and 27b a zharge generation anmount is enhanced by a synergistic effect
of the respective senses of polarization Hthrough K and the received

stresses

accel eration sensor. Meanwhi |l e, a maxi numelectric signal is
outputted i BahH8r Becakeeati@n sensor 20a or 20b when acceleration is

oper at ed

in a direction orthogonal

ceram cs plates @u@ihé3, &i‘@ﬁou?kﬁ rdt iheukbirakagsswitkin eglel @ﬂ thecamahugr

maxi num el ectric signal having

e sane absol ute
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

detection sensitivity of the

to the surface of the piezoelectric

conpressi ve

27a,

and a charge generation anDuntsof the total of the acceleration
sensor 20b is enhanced which pronotes the

t he



value with an inversed plus/mnus sign is outputted when accelerationis
operated in a sense inverse thereto by 180[err] That is, the direction of
t he operat+ion &f accelerationis in the direction causing the maxi mum
sensitivity, that is, the maxinmmsensitivity direction P which is called
a main axis of the acceleration sensor. el ectric signal is outputted
when acceleration is operated in a direction tangential to the surface of
the piezoelectric ceramics plates 6 or 23 in the accel eration sensor 20a

or 20b and amceslérationt hepexiatienfi @A 6RASIdHMd Y directidhlsi fbed the

Meanwhi | e, when ' 7 acceleration is

operated i rorthogbn®lidoarditritecaRes! Ny 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



orthogonal direction and the tangential direction, a detection sensitivity
havi ng an anount correspondijfg to an angle [err] nade by the maxi mum
sensitivity dikection P and/t'he - operational direction of acceleration,

that is, a direction sens} ;|V|ty havi ng an anount of “t he maxi num
sensitivity S x cos[err]/iss produced. ;5 - Wen the acceleration sensor
20a having the above- pentioned conventional structure is attached on the
sensor .attaching face 3 as shown in Fig.11, the maxi num sensitivity

direction PdivrddtiRar alkelnatiurnidry oihbogasal fxont he seesdr byatdisehijpg face

3. As shown in Fig.1l1l two-dinmensional orthogonal coordinate axes ( plane
coordinate mgaﬂeleyabafre Setudfuide tIRNTAretlidaki 88 kakeis Ay
t hr ee- dlnen5| ort hogonal ‘coordi nate axes ( space coordi nate axes) X, VY

and 7 wit hidie &anaa&sabaaéhaﬂg {8621 Bed St Yoy m{@mﬁm&ns%@nlsatl%%fv wher e

one of the case lids 8 of-the insulating case 2 integrated with t

byror ph el egRmect ioh SUbIERRELAN1Y G 600 and accordingly, the detectlon
sen51t1v1t1es in x axis, vy axis and z axis are not

su_bstantiall_y the same.

SUMMARY OF THE INVENTION )

The present invention has been created in view of the
inconvenience and it is an obj ect of the present invention to
provide an mounting arrangemeﬁﬁ .of acceleration detecting

_ elemenﬁs capable of detecting eeceleration in a wide range
with the _fnumber thereof as few as possn:"i;ble and having
substantielly the same detectieﬁ' sensitivities w:':th respect
to aecelerations 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 accelere;_ion detecting elements, wherein a
firet_ 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



sensor attaching face 3 and in case where the longitudinally disposed

maxi mum 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 ' -8 cannot be detected.
"Further, although not illustrated, when bhe of the clanp franmes 7 of the
insulating case 2 is attached on the sensor attaching face 3 where the

orthogonal cQo¢difshg &XSmest@nts ih@me;cgtfﬁwtmeﬁé@&&@%gseai Lh¥i Ly

direction P of the acceleration sensor als equal tothe direction of z

axis axis by 400 to 50ec. 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



orthogonal to the sensor attaching face 3, acceleration in any direction
in Xx-y plane constituted by x axis and y axis cannot be detected.
Therefore,. in: detecting all of accelerations operating in the
respective directions of the nutually orthogonal coordinate axes x,y and
z, three acceleration sensors of which Xi mum sensitivity directions P
are equal 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 nunber of

accel erati om SifA PR tiand sgdal baktbeR Shaderoddyiate proeidedhi gh
cost and a co | cated signal processing circuit processing electric

si gnal s out pyt tgds fir er:?:'a@ershbge el Y iVARd 1 tTARS Yeramics bddiiddedndt he
same problemis naturally caused when the acceleration sensor 20b in

Fig.12 is at} Py%t r&rﬁ?élso?ox‘%ﬁbﬁ%h'gﬂdfaé}ﬁi3pb&tﬂ|o@@e alohfe the

acceleratlon sSensor avoi d such i nconveni ence there has been

proposed an longitudinal direction 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 :

Fig.2 is an explanatory view showing the mounting
arrangemer;t of the acceleration detécting element of the
first embodiment;

Fig.3 shows a function block diégram shéwing the
op-eration 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;



acceleration detecting elenent capable of detecting

9 acceleration operating in the three directions of the orthogonal

coordi nate- axesr x, y and z by previously inclining the maxi numsensitivity
direction of the acceleration detecting elenment upwardly fromthe sensor
attaching face. Although not illustrat such an accel eration detecting
‘elenent is disclosed in Japanese Unexam ned Patent Publication

No. 133974/ 1993 wherein the maxi num sensitivity direction of an

accel eration det egid g i& aMelhcba¥h g Sok M LabwRhgt €hé eherdSion
inclined froman sensor attaching face by 45[err] and an edge line of the

gfgﬁ;ﬁ: at i on, feiiRCtiditht Blf B arderddtt ¥ tHC|di@fhd BodinRege | ine of an

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.lZ'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



attaching substrate by 45[err]. Wen the accel eration detecting el enent
havi ng such a structure in the acceleration sensor is adopted,
accel erations operating in the directions of x axis, y axis and

(hereinafter, three directions in conformty with those shown in

Fig.11) can certainly be detected by a gjngle el ement

coordinate axes x, y and z may be detected, accelerations

Z axi s

However, even
I f accel erations operating in the directions of the three orthogonal

in all

of

di rections cannotanbex@dbeeitdédn will be fipensbll Enboddaientt! 1csel enation
operating in a plane orthogonal to the maxi num sensitivity direction.

Still furthepresehboigehbtonbih bt seastd | b tyhe 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



10 direction is naturally inclined fromz axis by 45[err] in adopting
the above structure, the directions of x axis and y axis in this case are
i nclined f,romthe maxi mum sensitivity direction substantially by 60[err]
and accordingly, the detection sensitivities in x axis, y axis and z axis
are not substantially the sane. SUMVARY OF THE | NVENTI ON The
present invention has been created in vitw of the inconvenience and it is
~an object of the present invention to provide an nounting arrangenent of

el e U £ TR IR0 IR, Shalpitng el . o
e b RO RSP IR Yol et opBReta1}vich 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
intermedi;te electrodes 5 are polarized in the thickness:
direction with senses 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



orthogonal coordinate axes. To achi eve the object the present

I nvention provides an nounting arrangenent of acceleration detecting

el enents .conprising two acceleration detecting elenents, wherein a first
maxi mum sensitivity direction of one of the acceleration detecting
elements is inclined fromthe y axis toward a z .axis by 40[err] to .
SO0[err] and a second maxi mum sensitivit® direction of another of the
accel eration detecting elenents is inclined fromthe x axis

toward the z ifaf(ei'erﬁ% {iﬂ:{n?réalcﬁ Qederr]. Further, the acceleration

detecting eq enen I's case 1S a bynorph el enent of a double end
Meanwhile, as shown in Fig.2, the mounting arrangement

of acceleration detecting elements are provided With the two
acceleration seﬁsors 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 frem'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 ﬁhe insulating case
2. The respective signal electrodes 4 of the bymorph element

1 are connected to wiring patterns (not shown) which have

e

been formed on the sensor attaching face 3 by soldering etc.

via external electrodes (not shown) on the insulating case 2.



fixing type made of a piezoelectric ceram cs. Further, to achieve the
obj ect the present invention provides an nounting arrangenent of
acceleration detecting elenents conprising two accel eration detecting

el enents, a calculating neans for calculating a sum of absolute val ues of
el ectric signals outputted fromthe respective acceleration detecting

el ements and wherein a first maxi mum sendftivity direction of one of the
accel eration detecting elements is inclined fromthe y axis toward a z

another or tFae Rl mbsd B su FRENEr AR BETLAE Tkl KBheRECL "
toverd the supile B 20L8dd 19 301 GELE) EUCLRE nd IS Q0ee| FAUIA sog

detecting el efren I"s Ccase i S a pynmorpn elfenent o

type nmade of.aﬁﬁéezogéectr% cerag%cg. . Furt@gr,.thf pr egent inggntion
provi des an HOURTTRGT? at? ahdBrBRT=oF - ALtRT T 2T Oh et tTiThg® e ERERTY
wherein I nnef, Srefy PSP ALE FIGY' WSk "7 ARSE BY 48" ffie ' cimum
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



pi ezoel ectric ceram cs bodi es having a rectangul ar plate shape and
arranged separately at a center location and end |ocations of the

pi ezoel ectric ceranm cs bodies along a

12 | ongi tudi nal direction, signal output electrodes are provided on nain
surfaces of the piezoelectric ceranics bodies and respective center
portions and end portions along the I(Nﬁﬁtudinal direction of the

pi ezoel ectric ceranm'cs bodies opposed to each other via the inner

el estrodes e nelgnied,elng Aobekaeseidhr sehiop B WhdhbLy glbrgeses:
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 Vg is inputted, a comparator processing is performed
with the predetermined Sy, as a threshqld; That is, when - —=
Vp>Sjy, a"EBmparator signal Vgy=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



Fig.1is a partially broken perspective view showng a structure of an
accel eration detecting elenent according to a first enbodinent;

Fig.2 is an explanatory view showi ng the nounting arrangenent of the

accel eration detecting el ement of the fhigst enbodi nent; Fig.3 shows
~a function block diagram showi ng the operation of the nmounting arrangenent
of the first enbodi nent; Fig.4 is a partially broken perspective

Vi ew show ngthkeacsélegationertdon@® &0 fiVpn dai actésglel pite &eetdi ng

to a second enbodi nent; Fig.5 is an explanatory view show ng the
nounting ar cangareBbrotitrbei actelter @hioh sifleahiengletestotsdinaher, sgcond
enbodi nent ; :

' 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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13 " Fig. 6 is a function block diagram show ng the operation of the
nounti ng arrangenent of the second enbodi nent; %. Fig.7 is a partlally
br oken perspecti ve vi ew showi ng an accel eration dift
according to a third enbodinent; Fi gs. 8(a),
A llustrate sectional views shomnng stegf of a pr ek L IEnuf a
method in the third enbodi nent; %s 9(a) and 9(b) illustrate
sectional views showi ng steps of a post st age of the manufacturing nethod

in the thirchoégggmﬁég¥gﬁit x3, Figs. 10 (a), 10 (b) and 10 (c) illustrate
sectional vievs . -

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

/

Has Been R laced

\\ll\l\\ i \I\



showi ng a nodi fi ed exanpl e of steps of the prestage in the

met hod of the third enbodi nent; Fig.11 is a partially broken
perspective view showing the structure of an accel eration detecting

el ement according to a conventional exanple; Fig.12 is a partially
br oken perspective view showing the structure of. a piezoelectric el enent
according to another conventional exanp?%. DETAI LED DESCRI PTI ON OF
REFERRED EMBODI MENTS Enbodi ment 1 '

14

acceleration sensors A and B are inclined from the sensor
attaching face 3 by the angle of inclination of 450. However,
it has been recognized by the inventors of the present

invention that the angle of inclination is not restricted to

450 but may be in a range of 40¢ or more and 50¢ or less in

practice. A ratio of cos40¢ to cos450 in case of the angle

of inclination of 40c is cos40c/cos450=1.083.... A ratio of

- cos500 to cos450 in case of the angle of inclination 6 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

manuf act uri ng



An explanation will be given of Enbodinment 1 of the present invention in
reference to the draw ngs. -Fig.1is a partially broken perspective

Vi ew showi:ng an accel eration sensor, which is a partial nounting
arrangenment of an accel eration detecting el enent according to a first
enbodi nent, Fig.2 is an explanatory view show ng the general nounting
arrangenent of the acceleration detecti n?g2 elements and Fig.3 is a function
bl ock di agram showi ng an operation of the nmounting arrangenent of the

Lo Too e P aor 8 RIBHARE, By B8 SESBLEIAULTY SR ne
0.t he SOmYS LRIg BV ool IRESERLS, kinfl S ah PPl Bl BAIRST |
o, 0ot 20 S NRLLORADST ool WL DERRTILEH, perracn o L g L
dobl e end figgngga%ygﬁose in Fig.1l1 and Fig.l are attached 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



bynor ph el enent 1 served as an accel eration detecting el ement and an
I nsul ating case 2 containing the bynorph elenent 1. The accel eration
sensor A and Brare attached on an sensor attaching face 3 such as a
circuit board. The bynorph elenment 1 in this case is positioned and
contained in the insulating case 2i|1e§state where the maxi num
sensitivity 3 15 direction Pis
inclined fromthe sensor attaching face 3. The nmaxi mum sensitivity

oo P SRS T oot B g

attaching face nore and r~exanpl e,

150 her €1 el pactive. b0 UTIOTCELERFSS droled" bhbabaTaRI U 2
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



of piezoelectric ceramcs plates 6 both in a rectangular plate shape on
the top and the bottom surfaces of each of which a signal electrode 4 and
an internedi ate electrode 5 are forned, are opposed and bonded toget her
and end portions thereof are cut off by planes inclined fromthe thickness
direction by 45[err] corresponding to thf angle of inclination The -
respecti ve. piezoelectric ceramcs plates bonded via the internediate

el ectrodes 5 are polarized in the thickness direction with senses inverse

to each ot hgimaid ddie a 'RSNECTd Y &gl 1Rl £ RIP UHARF 4r1are X ippdedaip to

mutually different end portions along the longitudinal direction o t he

respective pi ezoepetdite X hafiacd) ! eheb cWlChilg sh@on @gnd tide
conventional exanple. Further, the insulating case this case 'S

constituted iy sl dithd 3Rl ﬁai?esggs1ﬁggngasgn+ 'fq.§ce% @ﬁ Lgﬂg%tjf&cf]}bﬁb%mr oh

conventional exanple and the respective signa ectro

element 1 ane 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



connected to external electrodes (not shown) of the insulating case
2 which are fornmed on outer end faces

16 di fferent sfrom each ot her. Meanwhi |l e, as shown in Fig.2, the
nmounting arrangenent of acceleration detecting elenents are prOV|ded with
the two acceleration sensors A and B attached on the sane sensor

attaching face 3 in directions respectiv@Py equal to directions of the

ort hogonal coordi nate axes X and y. Further, as shown in Fig.3 the

rount g, & AUSSAERCL Sy PATRELERl (e By g hoBB e FeebPESER Y s va
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



and V[err] respectively outputted fromthe electric elements A, B and a
| ogical circuit X3 performng an OR | ogi cal processing of conparator
signals V[err]l: and V[err]2 respectively - outputted fromthe first and the

second conparator circuits X1 and X2. The conparator circu

ts X1 and X2

and the logical circuit X3 are integratg% in a signal processing circuit

(not shown). The accel eration sen
sensor attaching face 3 by positioning and fixing an outer

rs A and B are attached on the

surface of t he

case lids 8

electrodes 4 of the b

(not shown)
sol dering et
2.

ityving . them&w&e&wg ¢ase c&npa";@caﬁsefgﬁue w ﬁ9
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norph el ement 1 are connected to I ng pa
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c. ~via external electrodes (not
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 positive direction of

the orthogonal coordinate axis y and 8’ x 0.91(mV) is

. calculated 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 following

'operation is performed. The detection sensitivities of the

acceleration 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,

Therefore, both of the electric signals V’'p 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 calculating'
means X4 a sum of absolute values of the electric signals V’p

and V’'g outputted respectively from the acceleration sensors

A’ and B’, that is, |S’ x cos650}+|S’ x cos650]

nsulatlng case



17 The maxi num sensitivity direction P of the bynmorph element 1, which
Is served as an acceleration detecting elenent and integrated in the
accel eration sensor A is in a direction wupwardly inclined fromy axis to
z axis by 45[err]. The maxinmum  sensitivity direction P of the bynorph
element 1, which is also served as an acceleration detecting el enent and
integrated in the acceleration sensor B,27s in a direction upwardly
inclined fromx axis to z axis. Now, an explanation will be given of
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'S grav'teuIéﬁEﬁcé%ﬁéﬂéiéﬁéﬁggEggythe 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



threshol ds for detecting inpacts at certain levels or nore are designated
as S[err] and S[err] Firstly, assunme a case in which accel eration of
1Gis operated fromthe positive direction of the orthogonal coordinate
axis x to the nounting arrangenent of the two acceleration sensors A and B
arranged in the positional relationship shown in Fig.2. Then, the '
detection sensitivity of the accel erati%h sensor A arranged al ong a
direction equal to the direction of y axis is nullified whereas the

det ection £ incliq?tion 0 a %6.565”.0‘ 18 sensitivity of the
accel erati on sensor arranged along a direction equal to the direction of

X axts 1s Indlcalfgiﬂgg 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'a}l+|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.



the maxi mnum sensitivity S nultiplied by cos45[err]. Therefore, an electric
signal VA outputted fromthe acceleration sensor A in this case is Q mv)
and an el.ectri,c signal VB outputted fromthe acceleration sensor Bis S X
cos45[err] x I(mV). In the second conparater circuit X2 to which only the
electric signal VB is inputted, a conparator processing is performed wth
the predetermned S[err] as a threshol d?2That is, when VB>S2, a

conparator signal V[err]=l and when V[err]...S[err] the conparator
signal V[err]=0. The conpatator signal V[err] is outputted fromthe second
conpar at or E%?gﬁi} iﬁs?gp?ée- logical circuit X3. Further, when

acceleration of 1Gis operated fromthe positive direction of the

ort hogonal coordinate axi.s y, the detection sensitivity of the

accel eration sensor A arranged along the direction equal to the direction
of y-axis is indicated by the maxi mumsensitivity S multiplied by

cos45[ err]



whereas the detection sensitivity of the accel eration sensor B arranged
along a direction equal to the direction of x axis is nullified.
Accordingly, the electric signal VA outputted fromthe accel eration sensor
Ain this case is indicated by S x cos45[err] x 1(mV) and the electric
signal V[err] outputted from

s Q (o) Aqarggulr in the first conparator
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conparator circuit X1 to the logical circuit X3. Meanwhi | e, when the
acceleration of 1Gis operated from the positive direction of the

ort hogonal: coordinate axis z, both of the detection sensitivities of the
acceleration sensors A and B are indicated by the maxi mum sensitivity S
mul tiplied by cos45[err] and the electrig signals VA and VB outputted from
the accel eration sensors A and B are indPtated as S x cos45[err] x 1(mv).
Further, in the first conparator circuit X1 to which only the electri.c

ur t h f
signal VA is | npUiLgde rfm%%agﬁrféys bAByBCNSiadh IR COBDRLAL QLN

processing is per orned Wi t res an e second

conpar at or C*s%ﬁHH:1¥§t£8s"‘@hc§u€{1h¥1%h8r%8 I:ﬁéi £hoaa! a:\c@s' élréE?%hSd

fromthe acceleration sensor ara or processing 1s perrtor ned

with S[err] gse!bepLboashohdy [her e iePTomy | e, A e SL A0S YRk ]

and V[err] are outputte |rst a e secon conparator circuits
X1 and X2 toséﬁ§1t1v1ty 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.10(a) to 10(c).

illustrate sectional views showing steps of a modified



20 | ogi cal circuit X3. Moreover, in the logical circuit X3 to which
either one or both of the conparator signals V[err] and V[err] are

i nputted fromthe conmparator circuits X1 and X2, an OR | ogical processing
based on the conparator signals Vferr] and V[err], that 1is, the OR | ogical
processing in which a logical circuit signal V[err]=1if V[ferr]=l or
V[err]=l is perforned. Thereafter, the Bagical circuit signal Vferr] is
outputted to the outside. As explained above when the nounting

ar r angenent of on detecting ele |n th|s e I ment
adopt ed, the® ajg %ﬁ %?FP?&P{J%&H% ngﬁg thereo

An acceleration detecting element C including. an
acceleration detecting element. is eomposed 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
gexgmics 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 one side outer edge face (left
side in the figure 7) of the piezeeleetrie 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
1ocatien and end lecations along the longitudinal direction
are embedded in parallel with the signal.output electrodes

33. Ceramics regions 35 and 36 constituting the



same degree with respect to any one of the directions of the

coordi nat e

maxi mum sensitisvities S nultiplied by

or t hogonal

axes x, y and z, that is, the detection sensitivities of the

the nounting arrangenent of this enbodinent a direction in which

det ecti on

sensitivity is nullified is only a direction orthogonal to

cos45[err] are provided. Further, in

t he
the

maxi mum sensitivity directions P botR3 of the acceleration sensors A

and B thereby providing an

in a wde
arr angemnent

odi nen e ‘maxT hum Sen

the bymorph g 20ED" Pndsb®iRAEL' YELY:1BEEL" 34092k FhBpectively 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

advant age in which accel eration can be detected

T L I W



21 accel e
face 3 by t
recogni zecd
.inclination
‘or nmore and
cos45[ err]

cos40[err]/
case of the
cosb0[err]/
of subst ant
of 45[err].

subst anti al
directions

ration sensors A and B are inclined fromthe sensor attaching

he angle of inclination of 45[err]. However, it has been

by tshe inventors of the present invention that the angle of
Is not restricted to 45[err] but may be in a range of 40[err]

SO[err] or less in. practice, Aratio of cos40[err] to
In case of the angle of incl%%atlon of 40[err] is
cos45[err] =1.083.... Aratio of cos50[err] to cos45[err]

in

PR esﬂé?énﬁgxo%atéﬂiér[ﬂé of TRAl &elsbeckive si nah ou%\prange

cos45[err herefore, the ratios are

| éé’trf]t%g/éé)f §5e valyeq ntotx{]ﬁ e € %hx‘éhesu?@glzgs"f dfwlt%l{@t on

ere IS apparen t he tection sensitivi

I €S

SRR A5 03 od BohfLg esnadl BBihetRBa0Eo et 48 any

ogonal coor
external output electrodes 38 and 39 formed on mutually

I'nate axes X,

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



Enbodi nent 2 Fig.4 is a partially broken perspective vi ew show ng an
accel eration sensor, which is a parti al nDuntl- ................ R an

.accel eration detecting elenment in a second enb
-expl anat ory vi ew showi ng the gener al nnunting
accel eration detecting elenents and Fig. S P aRC O Dot e
showi ng the operation of the nounting a Pangenent of the second
enbodi ment. Further, the structure of the accel eration sensor including

the {(bottom one figure 8(a)}20f GRE éaﬁ I A Q6§ Rlat
B 178,

el enent per se I'S basl ca ane as those In convent 1 ondl “exanpl e
and the f'rsise”QBBiEEBtat every center location and every end location

agram

on the one face corresponding to every'plezoelectrlc 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 under 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 applied on the main surfaces of the

piezoelectric ceramics basic body 42, signal output electrode

This Sheet Has Been Reﬂlaced




and accordingly, in Fig.4 and Fig.5 portions or parts the sane as those in
Fig.11 and Fig.1l are attached with the sane notations and a detail ed

expl anation thereof will be omtted. As shown in Fig.4 each of the
accel eration sensors corresponding to the second enbodi nent are =
respectively constituted by a double end fixing type bynorph elenment 1 and
an insulating case 2 containing the el emdft and these acceleration sensors
are attached on the sensor attaching face 3 such as a circuit board. The

byror ph. el erfggkté h 45N e CASnd £ tROB:LAR°0N"h GO A pﬁ,%ﬁfghggd :

|Esulat!ng o I'n"a State’inc Fnsor h ?3 3 and

t t t

i ncl i nat ”“: e, 8PSt TaRFly ' FARES b the?a%%f zls‘z’oee”]
25

ol emont 1, whRsRS vty it PRe AL Rty aketlarctwﬂg Eir ﬁ@ﬁéﬁ”?fl%he

second enbodl gRRLeeBvePads dlal® BAGHE! " bGeSELBHLES 1 Rre © BELRe! 2

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 formed Further, the piezoelectric ceramics
basic body 42 and the cramp frame basic bodies 45 are cut at

the respective imaginary lines which are set by partitioning

the ranges each having a size and a shape corresponding to



pl ate shape on the top and the bottom faces of each of which a signal
electrode 4 and a internediate electrode 5 are forned, are opposed and
"bonded and edge portions thereof are cut . off by planes inclined fromthe
.thickness direction by 23 250
.corresponding to the angl e of inclinatio$ [err]. Further, the respective
‘pi ezoel ectric -ceram cs plates 6 bonded v %4 the internediate el ectrode 5,
are polarized in the thickness direction with senses inverse to each ot her

and the res@;&ﬁ;@cﬁﬁezﬁ%ef‘é?ét 'c?%%&r%ﬁﬁ%s.”'b@ﬁ?%?? e%%ﬁ,“?h&"a?é‘%e?&ﬁléﬂns.

different frome _ along a longitu Irectiron o e respective
pi ezoel ectrig, ¢l AN LERBLALES Fg. 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



which is the sane as in the conventional exanple. Further, the insulating
case 2 in this case is constituted by clanp franmes 7 and case lids 8 as in
the conventional exanple and the respective signal electrodes 4 of the

bynmorph elenment 1 are connected to external el ectrodes (not shown) forned

on different outer end faces of the insulating case 2. As shown in
Fig.5 and Fig.6 the nounting arrangenent“df the acceleration detecting
el ements in the second enbodi nent, is connected to two accel eration

i rect ons chusr-1 8RB TRA R od b (8 BFoRaR R (1 ol Coor di nate axes

directions equa ogonal coordi nate axes x and

v, 2 caloul atingageansyxdf Sioesb eyl Al 094 SUELELE hkendd, icgery

[err]V [err] of ~absolute varues o tric signa | .
O oo, LBPREGH LB SOV LE FEEAELR! 8" PSP a2 1H e 2B
perform ng tWl%ﬂ%ﬁ%&ﬂ%@l@b&ghaﬂéﬂgdl S Iis, 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 pi.ezoelectric
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 respecti\}e inner electrode patterns 41 arranged
separateli;' from each other are forme"d"’.' s
Thereafter, as shown in Fig.10(b) the conductifre .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 1longitudinal -direction of the reépective

piezoelectric ceramics plates 47 are polarized by applying



24 known and a detail ed explanation thereof will be omtted. The
outer surfaces of the case lids 8 constituting the insulating cases 2 are
positioned and+fi xed thereby attaching the respective accel eration sensors
A" and B on the sensor attaching face 3. The respective signal electrodes
4 of the bynorph elenent 1 are connected to respective wiring patterns
(not shown) formed on the sensor attachi®y face 3 by soldering etc. via
external electrodes (not shown) formed on the insulating case 2. The

e um S Y LR 91 e PEER, BagBeBIRTh iR ALt 0
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

e 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



axis by 25[e
elenent 1 in
to z axis by
operation of
el enents in

the follow
accel erati on
S (mMV/G wh
i nwhich acc
or t hogonal

rr] and the maxi mum sensitivity direction P of the bynorph

the acceleration sensor B is inclined upwardly fromx axis

25[err]. Next, an explanation will be given of the

t he nounting arrangenent of the accel eration detecting
t he second enbodinent in reference to Fig.5 and Fig.6.
ng explanation the maxi muf? sensitivities of the

In

detecting elenments (the acceleration sensors A and B') are

goﬁagliitﬂ%ia%§égﬂﬁgﬁﬂ g C Qﬁ%% after rg i#gﬁ g case

I"ération o opera e e pOSI II’EC
inner electrodes. - Accordlngly, it ZEE not necessary to

perform the 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 possible 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

t he



coordinate axis x to the nounting arrangenent constituted by the two

accel eration 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

i ndicated by the maxi mum sensitivity S fU|tIp|Ied by cosQO[err] and the
detection sensitivity of the accel eratiofirsensor B attached al ong a
direction equal to the direction of x axis, is |nd|cated by the maxi num

sensitivity ghanthdiRhh8fabYusPsgdShethba 1f[h€hfjseﬁﬁ{}éﬁt:?bﬂnaée%(@féﬁ 1

outputted fromthe acceleration “sensor A is indicated cos

1(mv) and thgrrsﬁgéarnfnée gkt Yhaek arelaﬂ%rﬁlg%h EEO%tl%éxcgcu i3 8?

sensor B is indicated by S x cos25[err] In a ca | at 1 ng neans

X4 a sum ([%Iééé[;éiéc]:ﬂ»f&r]c\é&%&k)s Hoho! 4hE \f@ggeét%et Qfoxeé:fcﬁ{s“

signals V[err] and V[err] outputted respectively fromthe “accel eration

sensors A abgh-dnicd NRlgichs heErpSiaXi £85I 85105 [18d hAne¥ electrodes.

Therefore, it is not nedessafy 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.



Cos25[err] =S x O 91(nV) is calculated as a synthesized signal V [err].
The synt hesi zed signal V [err] which has ‘been cal culated in accordance
with such, a procedure, -is outputted to the conparator circuit X5. In the
conparat’or circuit X5 a conparator processing is perfornmed with a
predetermined S[err] as a threshold. In,the conparator circuit X5, when

V' [err]>S[err], the conparator:signal Vf rr]' =1 an rr
the comparator | S TR T
V[err]=0 Thereafter, the conparator signal V [ert] 49st olitpltt®ed to

t he out si de. Further, although the above explanation has been given to

a case in which acceleration of 1Gis operated fromthe positive direction
of the orthogonal - :

- 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

5 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°,

10 thereby providing subatantially constant acceleration
detaction sensitivity along all three of said axes.

a

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

15 two accelaration 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

¥ 20 detecting elements has a maximum sensicivity diraction

ﬁ vwhich 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 gensitivity direction which is
inclined from the x axis toward the z axis by 20° to 30°,

25 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



coordinate axis x, the sanme is applicable to a case where acceleration of
1G is operated fromthe positive direction of the orthogonal coordi nate
axis y d S x 0.91(nmV) is calculated as the synthesized signal V [err].
Further ,Mfn case where accel eration of 1Gis operated freomthe positive
di rect|0ﬂ of the orthogonal coordinate axjis z to the mounti n&ﬂ \mngem&nt

of Fig.5, the following operation is pertorned. TE\“\m “‘
sensitivities of the acceleration sensors A' and equa

to the direction of z axis, is indicated as the maXi mi n1sen3|t|V|ty S
mul.tiplied by cos65[err], that is, nmultiplied by cos(90[err]-25[err])
since the angles of inclination of the . acceleration sensors A and B from
the sensor attaching face 3 are 25[er]. Therefore, both of the electric
signals V' [err] and V [err] outputted respectively fromthe accel eration
sensors A" and B in this case are indicated by S x cos65[err] x | (nV).
In the calculating ' ' '

30 ccmprises a plezoelectric ceramics bimorph elemant fixed
at both ends thereof,

4, The mounting arrangement of acceleration
detecting elements according to Claim 3, wherein said
element comprises a palr of piezoelectric ceramic bodies

35 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

40 - Dbodies; signal output elsctrodea 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

45 polarized in a thickness direction 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;

50 : 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

55 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 electrcdeﬂ
and piezoelectric ceramics bodies by a baking tteatment-




means X4 a sum of absol ute val ues. of the electric signals V‘[erf] and

V' [err] outputted respectively.fromthe accel eration SenSO[E’_fL,QHQﬂB;,
that is, [err]S$ x cos650[err]+[err]S x cos65[err] —

27 =S x 0.85(nmV) is calculated as the synthesized sj |“ '
In the nounting arrangenent .of the accel éfation detezmm\m\(m%‘m“ the
second enbodi nent, substantially the sane detection ctivitves are
provided in any direction of the orthogonal coordinate axes x, y and z.
Further, in the nmounting arrangenent of the second enbodi nent a direction
in which the detection sensitivity is nullified is a direction orthogonal
respectively to the maxi nrum - _ :

80 ~ forming signal 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

65 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

70 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;

75 forming innexr 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; :

8O0 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
85 c¢eramicas platas on which the inner electrodes have been
. formed thereby forming the piezoelectric ceramica bodies.



sensitivity directions P of the acceleration sensors A and B'thereby
provi di ng an advantage whereby accel eration .can be detected in a wide
range. ‘ Inci dental ly,. according to the second enbodi nent the

synt hesi zed signals V [err] in case where acceleration is operated al ong
directions of x axis and y axis are.S' x..0.91(nV) a ﬂmﬁ )I"“Q"M‘ME
signal V [err] in case where acceleratléﬁ IS operatg ‘@ tion
of z axis is.S x 0.85 (nmV). The difference is caused" sim t fle ang e of
inclination [err] of the accel eration detecti ng el enents (the bynorph
elements 1) in the acceleration sensors A and B fromthe sensor
attaching face 3 is set as 25[err] in view of the -convenience of
manufacturing. In calculation conpletely the sane detection sensitivities

are provi ded al ong, an irections of x axis, 'y axis and z axis by settin
t he gngle %2y Rk onsensw.compnsmgy y g

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.



28 of inclination [err] as 26.565...o0. I't has been~canjiy rngg{]btyisyn ‘)}/;7
a

I nvesti gation perf n’% el ntors—ef- the present invention t
when the angl e of 8::""n | %i% #8%1% he Sgsor att achi ng 1ees@1229f 17b40:13

maxi mum sensid iyt direcgiogsg ¢ of the bynorph elenments 1
respectively iéntfégr}gtzed tgféﬁe two accel eration sensors A° and B arranged

al ong di rﬁﬁujons_ equal _to the fyrections—of - onp Ghal —Goer di-ngd e -axes xX—

and y on e” sensor attaching face 3, is changed t Orele rjyto

90[err], ﬁhgl\eurrgdégvr]\f [err err]V' [err] off b  achQmende
the electTic signal's V[err] and V' B outputied ffr omRERLAGES SHREY SG

sensors A and -Bygrpange as shown in Table 1.
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31 Table 1 apparently shows that the detectiof—¥ ( 15/ 18) 70
sensitivities in midiE 8 gBAJofal e hree=d@xes directions are é
substantially ¢he sane only in case where the maxi num serd88/01y23 17:22:34
directions P of7 rheN&speddie b @ eration sensors A and B are inclined
fromthe sensor attaching face 3 in a range of from20[err] to 30[err], by
cal cul at i ngttifie sums of— -t e abdlot at & var Tes or Phe eTéctrTC Sighdrs™ ~ —~
V[err] and V [err£ outputted fromthe accel eration sensors A and B'.
Enbodi nenta s ¥ (#&BIxpl anat iB®wi |1 be given of a third enbodi nent of

t he present inventgﬂ@ The third enbodi ment discloses the structure and
“the manufacturi ng( Lod of an accel eration - ]

L A=Y
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detecting elenent applicable to the first and second enbodrRregptq. 16/ 18) N/)’]
Fig.7 is a partial By, FEpleas 298 specive—vizxw show ng an accel eration

sensor in-the «state of renoving case lids, including an b335¢0EA23t i bT:23:20
detecting el enpt fopeprdi ghst.oitbe8 third enbodi ment, Figs. 8(a) through

8(c) illustrate sectional ~diagrans show ng steps of a prestage in the
manuf act ufjay” mrethed- ef -t-he ageel-erFati o detecing el ement - F-dd-9¢a)y amd-
9 (b) illustrate segti'onal views show ng steps:- of a poststage in the
manuf act upi-Age me( @8 )t hereof and Figs.l10(a) to 10(c) illustrate sectional
views show ng steps of a nodified . . 32
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exanpl e of the prestage in the manufacturing nethod thereofx_ s ( f4/ 20) 7567

accel eration detegki t—p,C,yj ncl udyng an accel eration detecting
element is comoseﬁﬁhﬁ%rﬁ )ls)truc't%e capabl e of rgAliZ/10 1§HQx04¢E

function as injt?e;{ Aegnenigonal jeganple. As shown in Fig.7 the sensor

i ncludes piezdelectric ceramcs bodies 32 in a rectangul ar plate shape
havi ng a ggg_dpt erm ned .t hicknegy— for —exanpl e,—ppezoel €ct H 6 — 6JERAICS — — —
bodi es 32 franuf actured by a method of baking green sheets nmade of a

pi ezoel ectyicrcerggira) A signggggput put electrode 33 in one |ayer
structure I's formedqgon a main surface of each of the piezoelectric

ceram cs bodi.es 348 #The signal output el ectrode 33 on one side (top side
inthe figure 7) is extended up to one side outer edge face (left side in
the figuper Ayof the piezoelectric ceramcs body 32. Meanwhile, the signal
output electrode 33 on the other side (bottomside in the figure 7) is
extended up to the other

2
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side outer edge face (right side in the figure 7) of the ptezdeledsfvi c20) 8/]
ceram cs body 32. ] [ 1PpOFi of the piezoelectric ceramcs

bodi es 32 three iﬁﬁepﬁe%%d?34 arra%ged separ at el y 1B94412/&ht g5:23:11

| ocation and e?d,7 L{o)@,%igngef gl.onglitte | ongitudinal direction are enbedded

in parallel with the signal output eleetrodes 33. Ceramics regions 35

and 36 ggogtituting. the ——10————————— 0——————=—=- ¥y ————-

~ piezoel ectric cerangcs-bodi es 32 by opposing each other across these inner

el ectrodes 34 anggggspectively divided into three portions separated

along the longitudinal direction of the piezoelectric ceramcs bodies 32

simlar 4 -y 41 0 3§
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the inner electrodes 34, that is, center portions 35a and 3%& ¥Yahd 1§id 20) ]sﬁ
portions 35b and 36k SEEkciSE D€ espectives of the center portions 35a S
and 36a ard the end portions 35b and 36b in the-cerani csl9960iZdhe 35:281336

are polarized Ve thit%t #i #kfesd di®ection with nutually different senses as

in the conventional exanple. - The accel eration detecting elenent is
constit utkd-By the —ptezvet ectifT Ter A cs—bodid®s 327 T he~ st grmaBlourpur — —

el ectrodes 33 and tg? I nner el ectrodes 34 . The pol arization with

respect t@tHe cdBhfilcs regions 35 and 36 are performed by using the

signal output electrodes 33 and the inner electrodes 34. Here, the center
portion4§§d‘>5nd the end. portions 35b cg@stiggtin he ceram cs regi on 35

are provided with senses H and | of pol,ani z on.gzﬁe center portion 36a

and the end portions 36b constituting t cey ami region 36 are provided
with senses J and K of polarization Furtfher, [ the both end edges al ong
t he
g J
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| ongi tudi nal direction of the acceleration sensor C are fi xedl u r 58
by a pair of crarrpé:r' 5%7%1 2rC n_eJ _ AW CURBP tzggi /7')
34 | i ke«shape ina si I e THe respe:al ve signal oufpgs/; ﬁfcﬁg%§4

33 fornmed on t Uplmsu.rfﬁl%es ofy §he piezoel ectric ceranmcs % les 32 are
connected to réspective external out put el ectrodes 38 and 39 forned on
nutual Iy ;i fyferent _outer end _figces of the piezgglectric-ceranm cfy—_hodies _

32 and the crarrp frames 37. , Next, an explanation will be given of the
~manuf actuj nge preggadure of the acceleration sensor Cincluding the

accel eration detecting elenment shown in Fig. 7 in reference
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to sectional views of steps illést;_rpgt ed in %s. 8(a) to 8(c)’<_a:r{d(Filgsg. 18)
e

9(a) and 9(b). Furthé&E =3 wtlaTange of the siz 95?611:1/2332@%215 {1
corresponding+ to_ thpse, of %tacgn agcel eration detecting elenent and the
accel eration sensd?d B Fafl B dn8a%by i maginary i nes. Firstly,

as shown in Fi g_8(a) green sheegﬁ I n g__re(_:_t_a_trlg%_ar_ pl ate_shape gpaving a— —
size and a sh#bd cOrTesponding To ihose of a nunmbér .of the piezoelectric
ceram cs bodies 32 dtjtuting the acceleration detecting elenents, that

is, two gree@’s‘h@etgoﬁrﬁiie of a piezoelectric ceramcs and to be finally

t ransf or ned i&gt o,the ceramcs regions 35 and 36, are prepared. Further, a
conducti ve '{) f'é) of silver, silver-palladiumor the like is applied by a

nmet hod of screen printing or the |ike on one face of one

This Sheet Has Been Reﬂlaced.'

A




35 (bottomone in the figure 8(a)) of the green sheets 4Q;_t$ag 1i9?, 20) ;')/
e face 77

applied at every c I | ng ever nd | ocation on the on
corresponsi ng.< o e%%i%ﬁgﬂai@/cera cs . body 32 aljgeg/ir®2 15:23:15
| ogi t udi nal _dige,pt,fiﬁn&agdﬁlge 808051ctive paste is dried undler a

t enper at ure of “dpproxi mat éf y '1000[err]C thereby form ng i nner el ectrode
patterns GFr anged _separ at_e?lg_f_r_ am-each_at hegp - — - — —As showgo-n- — — — —
Fig.8(b) @ face of 't)_he‘green sheet on the other side, that is, the green
sheet 40 gln_v,hi ctpng inner electrode patterns 41 are not forned, is

| am nated”on the Tace of the green sheet 40 on which the respective inner
electro Jpatperns 41 have been fornmed and the assenbly is baked under a
tenperature of approximtely 100[err]C Then, the

P
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two green sheets 40 in the lamnated state are bonded together hy :
baki ng whereby an integrated piezoelectric ceranmics bas 8 E@?Qgggﬁgka
Further, the -pnner electrode patterns 41 interposed bet gg%pﬁyggmneen
sheets. 40 are sinultaneously baked along wi th the baki '
the respective-inner electrodes 34 arranged separately from each other.
are forned: t,_as.shown in Fig 8(c) the conductive paste IS
eapect | vel y MPPNF NS AR RRNGHRENT o Or rACCEL Bhation RRESCEINE BIBELFS i o
basi ¢ body 42, signal output electrode

36 patterns 43 are fornmed by drying the pasted basic body under

ABSTRACT

To provide a mounting arrangément of acceleration
detecting elements capable of detecting acceleration over a
wide range with a number thereof as few as possible and
having substantially the same detection sensitivity with

~ regard to' acceleration operating in any direction of
orthogonal coérdinate axes, two acceleration detecting
elements are disposed on an element attaching face of X-y
plane in an orthogonal coordinates system x, y and z such
that direqtions of the two acceleration detecting elements
are equal to directions of x axis and y axis on the element
attachiné face, a maximum sensitivity direction of one of the
two acceleratiQﬂWaééééEigé~éiéﬁépﬁs'ié%iﬁcliﬁed from y axis
to z axis by 4o?v;9 500 and a maximum seﬁéﬁti&ity direction
of the otherléf”fﬁe;acéelérépion.detéééiné elements is

inclined from x axis:to z axis by 400 to 500.

—_—
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a tenperature of approximtely 100[err]C and tI¢

tenperature of approximtely 800[err] C by whick
out put el ectrodes 33 are forned. Thereafter, f
36a and The end portions 35b and 36b of the cé
constituting the piezoelectric ceram ds bodies
applying direct current electric fields anong
33 and the inner electrodes 34. Further, the n
35b and 36b are polarized to produce the sensg

p S

K shown in Fig.7. Thereafter, as shown i

basic bodies 45 in which recessed grooves 44 each having a pr edet er m ned

REPEACEMENIV
hB Pestiptiomp opdgedns—tdSpagadd...
b1 EnCléinGsgl opeed S andpR6d ..
SR BrAvingle) epigead.by paged (2
t ReAB4taRe! eoeige

iy
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SHEEThal SG
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-width dinension are fornmed at every predeterm ned |ocation on the
inner surface side, are prepared and integrated by pasting the respective

cranp frame

Figure 1.

-




basi*c bodi es 45 on the main surfaces of the pi ezoel ectric ceramcs basic
body 42 on which the signal output electrodes 33 have been forned.

Further, t-he -piezoelectric ceram cs basic body 42 and the cranp frane
basi c bodies 45 are cut at the respective imaginary lines which are set by
partitioning the ranges each having a size and a shape corresponding to

37 each pi ezoel ectric ceranm cs body 3Z. Then, the acceleration sensor as
shown in Fig.9(b), that is, the acceleration sensor constituted by a pair

of the cranp frames gl the acceleration detecting elenent, which is
constituted by the piezoelectric ceramcs bodies 32, the signal output
' Z
A
B A

X Y
3
FlgEg 3
X/
Acceleration| V. IfF V,>S,, Vg =1 | Vs X3
Sensor A If V,£S,, Vg =0 ' /

, ' If Vg =1 or Ve=1,| v,
X2 —

Acceleration | Va If Vg2S,, Vg=1 |v,,
Sensor B 1f Vg<Sas Vgq =0




el ectr.odes. 33 and the inner el ectrodes 34. Then, the external output
el.ectrodes 38 and 39 are forned on respective outer end faces of the
acceleration detecting elenent, that is, on the outer end faces of the

pi ezoel ectric ceram cs bodies 32 and the cranp frames 37 by which the
accel eration sensor C of the bynorph strucBure 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-l1ike formand are conductive to each other. Incidentally, the
manufacturing method of the acceleration sensor C according to the
third enbodinment is not limted to the procedure shown in Figs. 8(a)
through 8(c) and it is possible to adopt a procedure as showh in Figs.
10(a) through 10(c). Fi gs.10(a) through 10(c) show a nodified exanple
of the prestage in manufacturing the acceleration detecting elenent and
parts and portions common

Figure 4




to those in Figs. 8 (a) through 8 (c) are attached wi.th the sane

38 notations in Figs.l0(a) through 10(c).
this nodified exanple, firstly,

rectangul ar plate shape which have prevaously been baked, that is,
pi ezoel ectric ceramcs plates 47 having a size and a shape correspondi ng

to a nunber of the piezoelectric ceram cs bodies 32 constituting
accel eration sen gre prepared. The conductive paste

oggigg—respective pi ezoel ectric
Is, at the center locations and the

dried on faces

direction of the faces

Figure 6

Acceleration

Sensor A!

!
Sensor B

| Acceleration.

A

ceram cs pl ates 47,
end | ocatzi ons al ong the | ongitudinal

Viae=[Val+]Vel

As shown in Fig. 10(a)
pi ezoel ectric ceranmics plates in a

t wo

t he
is applied and

t hat
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eachi corresponding to a single piezoelectric ceramcs body 32 whereby the
respective inner electrode patterns 41 .arranged separately from each other
are forned. Thereafter, as shown in Fig.l0(b) the conductive paste
is applied on the other faces of the respective piezoelectric ceramcs

pl ates 47 by which the signal output electrode patterns 43 are fornmed and
‘the inner electrode patterns 41 and the signal -output el ectrode
patterns 43 are sinmultaneously baked by which the respective signal
output electrodes 33 and the respective inner electrodes 34 are forned.
Center portions 47a and end portions 47b di sposed along the |ongitudinal

direction of the respective piezoelectric ceramics plates 47 are
pol arized by applying ' ' : :

Figure 7
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39 direct current fields ampng the respective signal output electrodes
33-and the inner electrode 34 in the respective piezoelectric ceramcs
pl ates 47. The respective piezoelectric ceramcs plates 47 finally
beconme the ceramics regions 35 and 36 and in this operation the center
portions 35a and 36a and the end portionsé35b and 36b in the ceranics
regions 35 and 36 are pol ari zed. Further, as shown in Fig.10(c) the
faces of the piezoelectric ceramcs plates 47 on which the respective

i nner el ectrodes 34 have been fornmed are adhered by using a thernosetting
adhesi ve agent (not shown) and the assenbly is heated by which the

pi ezoel ectric ceramcs plates 47 are integrated into the piezoelectric
ceram cs basic body 42. The piezoelectric ceranm cs basic body 42 which
have been made

a1 40,35
£ 71N :
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I n accordance with the above-nentioned procedure is provided wth the sane
sfructure as that shown in Fig.8(c). Thereafter, the integrated

pi ezoel ectric ceranm cs basic body 42 is subjected to the procedure in the
post stage of the -manufacturing nmethod as shown in Figs.9(a) and 9(b) by
whi ch the accel eration sensor C havi ng-he bynorph structure as shown in

Fig.7 is finished. According to the accel eration detecting el enent
and the manufacturing nmethod in the third enbodinent, t he

40 pol ari zation treatnent is perfornmed after separating the inner

el ectrodes. Accordingly, it is not necessary.to
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performthe pol arization treatnen
surface electrodes and it is also
out put el ectrodes by form ng conn
treat nent. Further, it is n
accel eration sensor Cin the thir

detecting el enent constituted
bodies 32 , the signal output
34, is inclined from the sensor

sensors used in the first and th
above, according to the nounting
el enents in the present inventio

operating along any one of nutually orthogonal

substantially the same detection

t after previously formng separated
not necessary to constitute signal
ecting electrodes after the polarization
aturally possible to formthe
d enbo nt such that the acceleration
by the piezoelectric ceramcs
el ectrodes 33 and the inner electrodes
attaching face as in the acceleration
e second enbodi nents. As expl ai ned
arrangenent of acceleration detecting
n, it is possible to detect accel eration
three axes directions wth

sensitivity by using two accel eration

detecting el enents and accel eration can be
41,34 47:35
Figure 10 & | :
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det ect ed over a wide range. As a result the present invention provides
an effect whereby not only the nounting arrangenent is sinplified but the
cost is reduced. Further, according to the accel eration detecting

el ement 41 and the manufacturing

met hod in this invention, separately arranded inner el ectrodes are
arranged at an inner portion of piezoelectric ceramcs bodies and
respective portions in ceramcs regions are polarized by using the inner
el ectrodes. Therefore, it is not necessary to perform pol arization
treatment after previously formng separated surface electrodes on
mai n surfaces of the piezoelectric ceramcs




bodi‘és and it is also not necessary to constitute signal output electrodes
of a two layer structure by forming connecting electrodes after the

pol ari zation treatnent. As a result the present invention provides an

ef fect whereby various inconveniences in constituting the signal output

el ectrodes of a two |ayer structure are notl®aused and time and labor in
manuf acturing the accel eration detecting elenents can be saved.
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1. ‘A nounti ng Brrangerrent of acceleration f i

respect to nutually orthogonal x, .y and z _stlS S}E‘ETITH@S Bgu%
accel eration detecting el ements, wherein al rstREPEA@E‘Dt he
acceleration 5 detecting el enents has a naxi Pty
which is inclined fromthe y axis toward the z axis by 40[err] to

i mum sens| YOURE) G, ASRANGTIGAC ) Accer@RATTCRCHEI8cTING pEefRis Das @

toward the % axis by 40 to 50[err], 10 t her eby providing substantially
constant accel eration detection sensitivity along all three of said
axes. 2. A nnuntlngAgé% ment of accel eration
detecting elenments with respect to mituoal rt hogonal x. y and z
axes, conprising: 15 two accel eration detecting el ements;

a calculating circuit for calculating a sum of absol ute val ues of

electric signals ﬁut put t ed fr%m tggntlng Vﬁ;}g&p{&&é Ve %(‘fceggggﬁ_é?ﬁtlon

detecting el ement T5r St oR6"6

I . d I
cecelerato qmv}%?a‘fq‘i%ér&%ai. MR IR LR

and a second e of the accel eratipon el eme%
%I ﬁ ereO'}glanscl F%‘é’dafsr am %e X aX| s

maxi mum senﬂ’t &i ¥9REPr &P WHPERS
t dth b O] e b
58\82{ ant i SI ﬁ&ﬁa;(d%?%téﬂg E\EBE#@&@Y q# ;ame &‘-&"’-&8 rlceo)ﬁlysee;fgsv]ttil\/‘fﬂy al'sk8 al

three of said axe

The mpunti_ng artangepent o
accel erat i oﬁ-”e‘-’f""rds Gt @cﬁqq}fﬁt&%t é’pa?&a&rl&)i%g o &L m dlfegglepal M2
wherei n each of t he ccel era detecting,. el enents

orth ogon coor 1na e aXxes, - two acceleratlon detectlng

elements are disposed on an element attaching face of x-y
plane in an orthogonal coordinates system x, y and z such
that directions of the two acceleration detecting elements
are equal to directions of x axis and y axis on the element
attaching face, a.ﬁaximum sensitivity direction of one of.the
two acceleration detecting elements is inclined from y axis
to z axis by 40¢ to 50¢ and a maximum sensitivity direction
éf the other of the dcceleration detecting elements is

inclined from x axis to z axis by 40° to 50°.

Figure 2
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1

43 D30 conpri ses a piezoelectric ceram ' fixed

at both ends thereof. 4. The no GAGE ETHERT gf
accel eration detecting el enments .according t | D3, ein faid
el ement conprises a pair of piezoelectric ceramc IFes 85~ Paving a
rectangul ar plate shape; inner electrodesare provi ded—at -an ner
portion between the piezoelectric ceram cs bodi es and arranged
separately from each ot her ~at a center location and end | ocations
along a | ongiet edideal( tdipr @ddieodnoft hieh€ ipugzoal2é c elliee teedamoss tH2

bodi es; signal output electrodes are provided on outer mai n surfaces

of the piezoeignali cutpuanetscboddes;2nniks extended®affedid \chec nt@r poKkd i ons
and and portions along the
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 the signal output electrodes 21 is
extended up to the other oﬁter end face'(right side in the
figure 12). Further, ceramics regions 26 and 27 constituting
the piezoelectric ceramics bodies 23 by opposing each other
aéross the inner electrode 22 are respectively divided into
- three portions in the longitudinal direction, namely, center
portions 26a and 27a and both sides of end portions 26b

and 27b via boundaries where a direction of 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.

Here, 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 qeramics region 27 are provided with senses

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

-



e
v

Iongiiudinal direction of the piezoelectric ceramcs . bodi es opposed

ta each other via the inner electrodes are 45 polarlzed in a thlckness
direction with opposite senses. 5. ' ' '

accel eration detecting el enent conprising th

preparing two green sheets having a rectangul ar

‘pi ezoel ectric ceramcs; 50 aBplying a ..mu

center | ocation and end | ocations al ong a | ongFad

‘of a first face of. a flrst e of the green sheets thereby form ng
‘respective MR &y terns; | aninating a first

f f th t t t f f th
Tivst one of ¢ ho Hors “ovely & S0 SPE LR WAL ERUEh *?hw@c&?—ﬁ%&%rpap?er ns

have n for | t aneousl form
th BRF

i nner electfﬂﬂ Jgaﬁ@ﬁuf?ﬂ%ﬁ%ﬁﬁ%%t?+%n%€?éﬂ$b %d?g% #Y° a1 BRRFhGD

treatment; from the comparator circuits X1 and X2, an OR logical .
processing based on the comparator signals Vg; and Vg, that
is, the OR logical processing in which a logical circuit
signal Vy=1 if Vgq=1 or Vgy=1 is performed. Thereafter, the
logical circuit signal Vy, is outputted tb the outside.

As explained above, when the mounting arrangement of
acceleration detecting elements in this embodiment 1is
adopted, the detection sensitivities having substantially the
same degree with respect to any one of the directions of the
orthogonal coordinate axes x, y an& z, that is, the detection
sensitivities of the ﬁaximum sensitivities S multiplied by
cos450 are provided. Further, in the mounting arrangement of
this embodiment la . direction in which the detecﬁion
sensitivity is nullified is only a.direction orthogonal to

the maximum sensitivity directions P both of the

acceleration sensors A and B thereby providing an
advantage in which acceleration can be detected in a wide
range.

Incidentally, although in the mounting arrangement
of this embodiment the maximum sensitivity directions P of

the bymorph elements 1 respectively integrated in .the
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60 form ng signal output el ectrodes by a baking
treatnment after applying the conductive paste on nmain sec

surfaces of the piezoelectric ceram cs bodies; and EEf "

pol arizing center portions and end portions of REPLACEIENT sIHectr\c
ceram cs bodi es by using the respective 65 si gnal  ouppu ‘-ﬁ zct.['.Q.d s and
- the respective inner el ectrodes. 35 Date &g vt of

~meking an accel eration ~ detecting el ement co 'sing the steps of:
preparing and baking two piezoel ectric ceranmcs 70 plates in a
rectangul ar (RefteoRipR in the figure B(a))a%%l’i}?%@%%ﬁgﬁﬁtisvéopagbéton
center |ocatjons . and end | ocations along a |ongitudinal_direction of
first ig acapplied iF (SR 1SR 55 éﬁ?@te’f&%r PO9 & Sﬁyc?nal ypgation

. thereby form ng respective inner electrode gatter ns; 7 ) )

' form ng i nneIn &her PREJEACR P EEFRANDRD &P every pl@Z@@S‘FG&é§%9eﬁaﬁéEan

- treatnent after formng signal. ) _output electrode patterns by

~appl yi Ing t hdoedinddiet #eng the lpgituddpadeldFgcitdess ape tthe cofttIVE
~piezoelectric . ceramcs plates; 80 pal ari zi ng center
portions andasire pb? (dBhedopnder a teRRSTELNESt idfe %@?&%’%%Yc%&é?&.ﬁcs
plates by using the . respective signal output electrodes and thg
‘respective therebynnEpreiegtriBBeT afigectrode patterns gl i AH¥ERESCecond
“faces of thé piezoelectric 85 ceram cs plates on which the inner

el ectrodes Heepaprenly from ea3¢Re@th®®reby forning the piezoel ectric

ceram cs bodi es.
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
e];ectrode patterns 41 have been formed and the assembiy is
baked under a temperature of approximately 1000oC. Then, the
two green sheets.40 in the laminated state are bonded
together by the baking whereby an integrated piezoelectric
ceramics basic body 42 is made. Further, the inner electrode
patterns 41 interposed between the two green sheets 40 are
simultaneously baked along with the baking treatment and the
respective-inner electrodes 34 arranged separately from each
other are'forméd.

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

piezoelectric ceramics basic body 42, signal output electrode



>

L . Accel eration sensor, conprising two accel erationj de =Rg el enent s
bei ng mounted with respect to nmutually orthogonal x, y '
first one of the acceleration elements has a maxi mum sgnpsi
which is inclined fromthe y axis towardathe z axis b LANG
and a second one of the acceleration detecting elenents hasa
sensitivity direction which is inclined fromthe X axis toward t
by 40[err] to SOEQQ&L:S t hereby providing substantially constant

accel eration detéCtion sensitivity along all three of said axes.

8. Accel eration sensor, conprising, two accel eration detecting el enents
bei ng mounted with respect to mutually orthogahal x, y, z axes, a
calculating circuit for calculating a sum of apsolute values of electric
signals outputted fromthe respective acceleration detecting el enents; and
wherein a first one of the acceleration elenments has a maxi num sensitivity
direction which is inclined fromthe y axis toward the z axis by 20[err] to
30[err] and a second one of the acceleration detecting elenents has a

“maxi mum sensitivity direction which is inclined fromthe X axis toward the
z axis by 20[err] to 30[err] , thereby providsgg substantially constant
accel eration detection sensitivity along al 4 threg of said axes.

/ /
B A
P—
v
X Yy
Figure 6
2 l . .
Acceleration Va- _ X# Xf
Sensor A’ /
! 1f V. >s., v/ =t )
Vo= Val+|Val |2 ')3> °t s Tl Vs o
S If Vg <S,, Vg =

Acceleration Vo
[
Sensor B




Application No. 95021119 |

/W - SEARCH REP’ORT_

TEXT OF THE ABSTRACT

To provide a mounting arrangement of acceleratlon detecting elements capable of detectmg
acceleration over a wide range with a number thereof as few as possible and having
substantially the same detection sensitivity with regard to acceleration operating in any
direction of orthogonal coordinate axes, two acceleration detecting elements (A,B) are
disposed on an element attaching face (3) of x-y plane in an orthogonal coordinates system x,
. y and z such that directions of the two acceleration detecting elements are equal to directions
of x axis and y axis on the element attaching face, a maximum sensitivity direction (P) of one
of the two acceleration detecting elements (A) is inclined from y axis to z axis by 40 ° to 50 °
. and a maximum sensitivity direction of the other of the acceleratlon detecting elements (B) is
mclmed from x axis to z axis by 40 to 50 °. : :

Figure 2
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