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TI TLE OF THE | NVENTI ON Munting Arrangenent of Accel eration Det ej?)p%gia 9’

Elpnents FI ELD OF THE | NVENTI ON The present invention re
an nmounting arrangenent of acceleration detecting elenents used
detecting inpact. BACKGROUND OF THE | NVENTI ON There is an

accel eration detecting element which is constituted by a bynorph el enent
of a double end fixing type. For exanpleir as a conventional exanple, as is
shown in Fig.11 in a sinplified manner, an accel eration sensor 20a

i ncludes a bynorph elenent 1 served as an accel eration elenent and an

i nsul ati ng cdBETLE cOMiTHE| INVENPION enent "after positioning it and is

fixedly attached on an sensor attaching face 3 such as a circuit board.
The bynor ph efleumeting Awmrdngemshti ia Aceetlemgtlion petieeting Elements

—_— . FIELD OF THE INVENTION
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e

The present invention relates to an mounting arrangement

of acceleration detecting elements used in detecting impact.

BACKGROUND OF THE INVENTION

There is an acceleration detecting element which is
constituted by a bymorph element of a double end fixing type.
For example, as a conventional example, as is shown in Fig.11
in a simplified manner, an acceleration sensor 20a includes
a bymorph element 1 served as an acceleration element and an
insulating case 2 containing the element after positioning it
and is fixedly attached on an sensor attaching face 3 such as
a circuit board.

The bymorph element 1 is formed in 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 ceramics plates 6
opposedly bonded via the intermediate electrode 5 is

polarized along the thickness direction with a sense reverse



shape and is integrated by lam nating two piezoelectric ceramcs plates 6
on-the top and the bottom faces of each of which a signal electrode 4 and
an intermedi ate el ectrode 5 are forned. Each of the piezoelectric
ceram cs plates 6 opposedly bonded via the internmediate electrode 5 is
pol ari zed al ong the thickness direction with a sense reverse

2 to that of the other piezoelectric cegamcs plate 6. The broken |line
arrow marks in Fig.1l1l designate the directions of polarization. The
respective signal electrodes 4 in this exanple are fornmed al ong the

| ongi t udi nal tadi rtéetti @f dfhe hetherespeezdale @girzoag@miics dede & plBies 6
and are extended up to end portions different from each other.

Meanwhi | e, t fperokesul dte rapocas @a2kissin ghst.ilfludedidpyate tiw divkctianp df anes
7 having a channel |ike shape in a plane view cranping only both end
portions al opglalkdzhtignt.udiTied rebpesutiiven sdfgrafle dlyemimpldesl a@reint this t he
t hi ckness direction N

— example are formed along the longitudinal direction of the
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respective piezoelectric ceramics plates 6 and are extended
up to end portions different from each other.

Meanwhile, the insulating case 2 is constituted by a
pair of clamp frames 7 having a channel like shape in a plane
view cramping only both end portions along the longitudinal
direction of the bymorph element 1 in the thickness direction
and a pair of case lids 8 enclosing open faces formed by the
bymorph element 1 and the clamp frames 7 opposedly arranged
across the element. The respective signal electrodes 4 of
the bymorph element 1 contained in the insulating case 2 are
connected to external electrodes (not shown) formed at outer
end faces of the insulating case 2 which are different from
each other.

An outer surface of the clamp frames 7 or the case lids
8 constituting the insulating case 2 is positioned and fixed
on the sensor attaching face 3 thereby attaching the
acceleration sensor. The respective signal electrodes 4 of
the bymorph element 1 are connected to wiring patterns (not

shown) on the sensor attaching face 3 wvia the external



and a pair of case lids 8 enclosing open faces fornmed by the bynorph
elenment 1 and the clanp franmes 7 opposedly arranged across the el enent.
The respective signal electrodes 4 of the bynorph elenent 1 contained in
the insulating case 2 are connected to external electrodes (not shown)
formed at outer end faces of the insulating case 2 which are different
from each other. An outer surface f the clanp franes 7 or the case
lids 8 constituting the insulating case 2 is positioned and fixed on the
sensor attaching face 3 thereby attaching the acceleration sensor. The
respective siejraitreldect riedered of tHdelrsyuintpmeelemnt2 1 aTkesonmmecinegl to
W ring patterns (not shown) on the sensor attaching face 3 via the

ext er nal patterns are connected to a signal Brocekethgodeschbt magb®on the
insulating case 2. These wiring patterns are connected to a signal
processi ng cmnmwd)(nwhe shena) . pAdeesd gnplcipicades deBgctsr attéled €LH5
accel eration

— caused by 1mpact by processing electric signals outputted
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from the acceleration sensor.

Fig.12 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
than those of 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 of which signal output electrodes 21 are formed and
wherein an inner electrode 22 in parallel with the signal
output electrodes 21 are embedded. Each of the signal output
electrodes 21 is constituted by three surface electrodes 24
arranged separately at a center location and end locations
along the longitudinal direction of the piezoelectric
ceramics bodies 23 and a connecting electrode 25 covering the
surface electrodes 24 together.

An acceleration element is constituted by the signal
output electrodes 21 and the piezoelectric ceramics bodies

23.
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caused by.inpact by processing electric signals outputted fromthe

acgel erat’i on sensor. Fig. 12 shows anot her conventional exanple of
such an acceleration detecting el ement which is different fromthe

above- nenti oned conventional exanple in view of polarization. Fig.12
illustrates electrodes and the like nore in details than those of the
accel eration detecting elenent in Fig.11.4 The accel erati on sensor 20b
i ncl udes piezoelectric ceramcs bodies 23 in a rectangul ar plate shape on
the main surfaces of which signal, output electrodes 21 _are forned and

wherein an inner SRct$iGtfe EPH S0 aR EhewfiAurfeld) gRdPCtEREpUPE the
el ectrodes 21 are enbedded. Each of the signal output electrodes 21 is
constituted KiIRle@ SR FaReeEFECERSIRE %ﬁle*&ﬁ?ﬁﬁﬁ£d¢ééﬁaP5Fe99t%¥ endent er
| ocation and end | ocations _ along the | ongitudinal direction of_ the
pi ezoel ect ri £ac@er bhekl Bddrpesin3thad fdau&Enectt) ngeltdta rBRZ2BIENELF ng
the surface el ectrodes 24 together. . An accel eration elenment |s
constituted BETERECS §REECS0RE putMeawtiye el okhert Fédpi dbokFeBtside
Géram cs bodies 23. i
in the figure 12) one of the signal 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
portions 26a and 27a and both sides of end portions 26b
and 27b wvia 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
congtituting the ceramics region 27 are provided with senses

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



4 One side (top side in the figure 12) el ectrode of the signal

owt put electrodes 21 is extended up to one outer end face (left side in
the figure 12) of the piezoelectric ceramcs bodies 23. Manwhile, the
other side (bottomside in the figure 12) one of the signal output
electrodes 21 is extended up to the other outer end face (right side in
the figure 12). Further, ceramcs regions 26 and 27 constituting the

pi ezoel ectric ceram cs bodies 23 by opposing each other across the inner
el ectrode 22 are respectively divided into three portions in the

| ongi t udi nal Fdirtdetri,on innarmiiys, cestesr fuortiexwndes anthe?7sanabhotdt si des
of end portions 26b and 27b via boundaries where a direction of stresses
caused by t hpodpeiattdnnol andel erfattilen caneechaogedonsThéa amdt2Ta purd i ons
26a and 27a and the both sides of end portions 26b and 27b are pol arized
in the thi ckhegarddsersésonherdin sens eerdidsl arentlireohedatd eddierotthewsi ng
the inner electrode 22sand the surface el ectrodes 24.

—_ and the senses of polarization I and K of the end portions
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26b and 27b are outward senses wherein the senses are
directed apart from each other.

Both edges 1in 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 piezoelectric 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 following reason. When acceleration is operated
on the acceleration sensor 20b, which includes the
acceleration element constituted by the signal output
electrodes 21 and the piezoelectric ceramics bodies 23, the
center portions 26a and 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



Here, the center portion 26a and the end portions 26b constituting the
ceram cs region 26 are provided with senses H and | of polarization which
are different fromeach other and the center portion 27a and the end
portions 27b constituting the ceramcs region 27 are provided with senses
J and K of polarization which are different from each other.

Further, in this case, for exanple, the sgnses of polarization H and J of
the center portions 26a and 27a are inward senses wherein the senses are
directed to each other and the senses of polarization | and K of the end
portions 26lpcattdoREb 28ee ATEwarkdbsendeg7hheeecenve heesehbesstressas rext ed

apart from each ot her. Both edges in the |ongitudinal direction of
the accel er zompreseiver 2Messes f caeskd byprdret ede hyrmatpizn. of Incridmg
franmes 28 in a channel |ike shape in a side view The respective signa

out put el ect redgpec2livleopoetions iy 27a, 26b and 27b a charge generation
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— amount is enhanced by a synergistic effect of the respective
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senses of polarization H through K and the received stresses
and a charge generation amount of the total of the
acceleration sensor 20b is enhanced which promotes the
detection sensitivity of the acceleration sensor.
Meanwhile, a maximum electric signal 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, the maximum electric signal having the same absolute
value with an inverséd 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 acceleration 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 1is nullified. Meanwhile, when



surfaces of the piezoelectric ceram cs bodies 23 are connected to external
ot put el ectrodes 29 and 30 formed on different outer end faces of the

pi ezoel ectric ceranmics bodies 23 and the cranp franes 28. The

accel eration sensor 20b having such a structure is wused by the follow ng
reason. When acceleration is operated on the acceleration sensor 20b,

whi ch includes the acceleration el enentyconstituted by the signal output
el ectrodes 21 and the piezoelectric ceram cs bodies 23, the center
portions 26a and 27a and the end portions 26b and 27b in the ceramcs

regi ons 26 amgde2@retnshit uki ngpeletedi einel ectdiceceiami Csethpshes 23 are

deformed by the operation of inertia force. In this case the respective
6 portionsr2BagoBda, 2AblbeandoR7bandcethe teasgért5dl esdSediior,0Ny essive
stresses caused by the deformation. In the respective portions 26a, 27a,

26b and 27bdatebaiga geneiati 9By having an amount corresponding to an
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—_ angle § made by the maximum sensitivity direction P and the
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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 the above-
mentioned conventional structure is attached on the sensor
attaching face 3 as shown in Fig.11, the maximum sensitivity
direction P is in parallel with or orthogonal to the sensor
attaching face 3. As shown in Fig.l1l1 two-dimensional
orthogonal coordinate axes ( plane coordinate axes) x and y
are set on the sensor attaching face 3 and three-dimensional
orthogonal coordinate axes ( space coordinate axes) x, y and
z with the sensor attaching face 3 as x-y plane are set in
case where one of the case lids 8 of the insulating case 2
integrated with the bymorph element 1 is attached on the
sensor attaching face 3 and in case where the longitudinally
disposed maximum sensitivity direction P of the acceleration
sensor 20a is equal to the direction of y axis on the sensor
attaching face 3, then acceleration along x axis or z axis,

that is, acceleration operating in any direction in x-z plane
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anount i s enhanced by a synergistic effect of the respective senses of
pol.ari zation H through K and the received stresses and a charge generation
amount of the total of the acceleration sensor 20b is enhanced which
pronotes the detection sensitivity of the accel eration sensor.
Meanwhi | e, a maximum el ectric signal is outputted in the acceleration
sensor 20a or 20b when acceleration is opgrated in a direction orthogonal
to the surface of the piezoelectric ceranmcs plates 6 or 23, that is, in
t he thickness direction. Further, the maxinumelectric signal having the
sanme absol ut ecaadtticoeniddtegtddiver sed pl us/ m nus sign i s outputted when
acceleration is operated in a sense inverse thereto by 180[err] That is,
the direction of thertiperatilahoatyhavstelidlasktented, iwhert baeddf ediei obampusi ng
t he maxi num sensitivity, that is, the maxinumsensitivity direction P
whi ch is cal |fthnwedral mfaxhe iabulheifAgcedss ai iign axensdied Na eheckéngosi gnal
is outputted when acceleration is operated in a direction tangential to
tfe surface daittduhipiceArleet whereethal estiddgdresl Gorwrdidate akbe x and
acgcel erati on sensor 20a or 20b and accordingly, the detection sensitivity
is nullifieds are MeapWanke thewhi@iximum 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, 1in detecting all of
accelerations operating in the respective directions of the
mutually orthogonal coordinate axes x,y and 2z, three
acceleration sensors of which maximum 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 number of acceleration sensors elements
and installation space, giving rise to high cost and a
complicated signal processing circuit processing electric
signals outputted from the three acceleration sensors.

Further, the same problem is naturally caused when the
acceleration sensor 20b in Fig.1l2 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



7 acceleration is operated in a direction between the orthogonal
digection and the tangential direction, a detection sensitivity having an
amount corresponding to an angle [err] nade by the maxi num sensitivity
direction P and the operational direction of acceleration, that is, a
direction sensitivity having an anount of the maxi mum sensitivity S x
cos[err] is produced. When the acceberation sensor 20a having the
above- nentioned conventional structure is attached on the sensor
attaching face 3 as shown in Fig.1l1l, the maxi numsensitivity direction P
IS in paral | dcoslidragricor t bpgeaalingo ime tdensohreat tditeamgidraceod. thés
shown in Fig.1l1 two-di nensional orthogonal coordi nate axes ( pl ane

coor di nat e axasthogaal yooziénset axed ke pensbe by trreviemsilgc endl inting
t hree-di nensi onal orthogonal coordinate axes ( space coordi nate axes) X, Yy

and z with tdee seakdmuni t sehisigif-ace 3dbsest ol afe ahe setcéberstdenwhere
one of the case lids 8 of the insulating case 2 integrated with the
bynpr ph el emept ektiinptdlanhent apwaidly from the sensor attaching face.
o Although not illustrated, such an acceleration detecting
element is disclosed 1in Japanese 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 450 and an edge line of the acceleration detecting
element is further inclined from an edge line of an element
attaching substrate by 45¢. When the acceleration detecting
élement having 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.
However, even if accelerations 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
operating in a plane orthogonal to the maximum sensitivity

direction. 8Still further, although the maximum sensitivity



sensor attaching face 3 and in case where the longitudinally disposed
mexi 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 dde of the clanp franes 7 of the
insulating case 2 is attached on the sensor attachi-ng face 3 where the
orthogonal coordinate axes x and__y are set and the maxi numsensitivjty
direction P éirehbionccet enatisnliknseiclioged steghal? 1 8¥tfie R réefi o of 2z
axis orthogonal to the sensor attaching face 3, acceleration in any

di rection i nadoptphgnehe orleeve WtERATe  akhe SRR 00 S ofc Fnast spRnd Y
detected. Therefore, in detecting all of accelerations operating in the
respﬁctive daxést innthdé chee ame daidlingd Fsgonahe chorHNwhtELRSHESIRIEY and
z, three N

~— direction substantially by 60¢ and accordingly, the detection
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sensitivities in x axis, y axis and z axis are not

substantially the same.

SUMMARY OF THE INVENTION

The present invention has been created in view of the
inconvenience and it is an object of the present invention to
provide an mounting arrangement of acceleration detecting
elements capable of detecting acceleration in a wide range
Qith the number thereof as few as possible and. having
substantially the same detection sensitivities with respect
to accelerations operating in the respective directions of
orthogonal coordinate axes.

To achieve the object the present invention provides an
mounting arrangement of acceleration detecting elements
comprising two acceleration detecting elements, wherein a
first maximum sensitivity direction of one of the
acceleration detecting elements is inclined from the y axis
toward a 2z axis by 40c to 50c and a second maximum

sensitivity direction of another of the acceleration



accel eration sensors of which maxi num 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 eration sensors elenents and installation space, giving rise to high
cost and a conplicated signal processing circuit processing electric
signals outputted fromthe three accel eratj on sensors. Further, the
same problemis naturally caused when the acceleration sensor 20b in
Fig.12 is attached on the sensor attaching face 3 in place of the

accel erati on detsotiXPaelements i dwncildnsdchromcone enisstice tioward hhe Been
proposed an acceleration detecting elenent capable of detecting

9 accel er ataohs opgr aGngtodnsSoke tRuradhedi,r eclie oasceletraeionr dhbgohahg
coordinate axes x, y and z by previously inclining the maxi numsensitivity
direction of éhem@geceiereahioncadet £st angymbepenelepent dbf &r doubhe sedsor
attachi ng face. N

pant fixing type made of a piezoelectric 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 outputted from 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 20¢ to 30¢ and a
second maximum sensitivity direction of another of the
acceleration detecting elements is inclined from the x axis
toward the z axis by 20¢ to 30¢. 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 present invention provides an mounting
arrangement of acceleration detecting elements wherein inner
electrodes are provided at an inner portion of the
piezoelectric ceramics bodies having a rectangular plate
shape and arranged separately at a center location and end

locations of the piezoelectric ceramics bodies along a



Al t hough not illustrated, such an acceleration detecting elenent is
di scl-osed in Japanese Unexam ned Patent Publication No.133974/1993
whérein the maxi mum sensitivity direction of an accel eration detecting
el ement having a rectangular plate shape is inclined froman sensor
attaching face by 45[err] and an edge line of the accel eration detecting
elenment is further inclined froman edgeiki ne of an el enment attaching
substrate by 450. When the acceleration detecting elenent having such a
structure in the acceleration sensor is adopted, accelerations operating
in the directliomyd tofdinadxdirecyienxi signdloubput ¢hererodés are phovided
directions in conformty with those shown in Fig.11l) can certainly be
det ect ed by @rsimgire shefwrds of the Hpieveeleausit | fexamuiderkedigs and
operating in the directions of the three orthogonal coordinate axes X, y
and z may beredgierttiod aeneker gpoviicons) ahld oéndi rpexttiiors cadnog blee
det ect ed. It is inpossible to detect acceleration operating in a plane
orthogonal t Qdmd tudinAlmdienstioni 6§ tih rectzoedlecsriilcl ckuanhes, badidémugh
t he maxi mum sensitivity

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
arrangement of the acceleration detecting element of the
first embodiment;

Fig.3 shows a function block diagram showing the
operation of the mounting arrangement of the first

embodiment;

Fig.4 is a partially 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;



10 direction is naturally inclined fromz axis by 450 in adopting the
above structure, the directions of x axis and y axis in this case are
intlined fromthe maxi num 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 view of the inconvenience and it is
an object of the present invention to provide an nounting arrangenent of
acceleration detecting elenents capable of detecting acceleration in a

wi de range with thggnenbera thereabnasldawwddagrassshbeingdimopegation
substantially the sane detection sensitivities with respect to

accel er at i onsoppehathdgnt ind: her raspaednty e fdithec sieecnadoembodimegbnal
coor di nat e axes. To achi eve the object the present invention provides

an nounting arrangegenti®fa pagehaldyiorokeai getrispgcelieseniew showing an

>

- ‘ acceleration detecting element according to a third

o

e

embodiment;

Figs.8(a), 8(b) and 8(c) illustrate sectional views
showing steps of a prestage of a manufacturing method in the
third embodiment;

Figs.9(a) and 9(b) illustrate sectional views showing
steps of a.postsﬁage 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.1ll is a partially broken perspective view showing
the structure of an acceleration detecting element according

to a conventional example;

Fig.12 is a partially broken perspective view showing
the structure of a piezoelectric element according to another

conventional example.

DETAILED DESCRIPTION QF REFERRED EMBODIMENTS

Embodiment 1



conprising two acceleration detecting elements, wherein a first maxi num
sepsitivity direction of one of the acceleration detecting elements is
intlined fromthe y axis toward a z axis by 40[err] to 50[err] and a
second maxi mum sensitivity direction of another of the acceleration
detecting elenents is inclined fromthe x axis toward the z axis by
40[err] to 50[err]. Further, the accel eration detecting elenent in this
case is a bynorph elenent of a double end fixing type nade of a

pi ezoel ectric ceranmics. Further, to achieve the object the present

i nvention provi desn aexpbamathen avi bhgbeegiven aécdmbodimentddt % i Hae

el ements conprising two accel eration detecting elenents, a calculating
means for calprdseritmgraresurhosf iabgelferencgal testhe deaebrgsc signal s
outputted fromthe respective accel eration detecting elenments and wherein
aI fi rst maxi mum sefigg t1 vist § pairtbxk Ioirokeonpespedlel ve celed ghPyanded®ct i ng
el ements is N

— acceleration sensor, which is a partial mounting arrangement
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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 arrangement of the first embodiment. Further,
the structure of the acceleration sensor including the
acceleration detecting element is basically the same as that
in the conventional example. Therefore, in Fig.l and Fig.2
portions or parts the same as those in Fig.ll are attached
with the same notations and a detailed explanation thereof
will be omitted.

As shown in Fig.1 the acceleration sensor A or B in the
first embodiment is constituted by a doble end fixing type
bymorph element 1 served as an acceleratiqn.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



inclined fromthe y axis toward a z axis by 20[err] to 30[err] and a
second nmaximum sensitivity direction of another of the acceleration
detecting elenments is inclined fromthe x axis toward the z axis by
20[err] to 30[err]. Further, the acceleration detecting elenent in this
case is a bynorph element of a double end fixing type made of a

pi ezoel ectric ceramcs. Further, the present invention provides an
nounting arrangenment of accel eration detecting el enents wherein inner

el ectrodes are provided at an inner portion of the piezoelectric ceramcs

bodi es havi ndizecedpanguliar iplcitimeds fape aie @erETged gesdiacelfaca 3.
center |location and end |ocations of the piezoelectric ceramcs bodies
along a The maximum sensitivity directioml? is| eagi vpdandly dvitdetdron,
signal output electrodes are provided on main surfaces of the
pi ezoel ect ri ang@eastcindbili@isi @and £ roesphet $ams@e @teR NG| baseadhdoaing
portions along the |longitudinal direction of the piezoelectric ceramcs
bedi es 400 or more and 50¢ or less, for example, 450 hereinafter.
In the bymorph element 1 of the first embodiment a pair
of piezoelectric ceramics 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 intermediate electrode 5
are formed, are opposed and bonded together and end portions
thereof are cut off by planes inclined from the thickness
direction by 45¢ corresponding to the angle of inclination .
The respective piezoelectric ceramics plates 6 bonded via the
intermediate electrodes 5 are polarized in the thickness
direction with senses inverse to each other and the
respective signal electrodes 4 are extended up to mutually
different end portions along the longitudinal direction of
the respective piezoelectric ceramics plates 6 which is the
same as in the conventional example. Further, the insulating
case 2 in this case is constituted by using clamp frames 7
and case 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



opposed to each other via the inner electrodes are polarized in a
thickness direction with different senses. BRI EF DESCRI PTI ON OF DRAW NGS
Fig.1is a partially broken perspective view showing a structure of an
accel eration detecting el ement according to a first enbodi ment;
Fig.2 is an explanatory view showi ng the nounting arrangenment of the
accel eration detecting el ement of the figst embodi nent; Fi g. 3 shows
a function block diagram showi ng the operation of the nmounting arrangenent
of the first enbodi ment; Fig.4 is a partially broken perspective
V|em1shomnngdﬁﬁéersmmuim@meeabhanthcceleration detecting el enent according
to a second enbodinent; Fig.5 is an explanatory view show ng the
mount i ng arr ange Mernwifi ltehe agcsbbwnain diglét,echiengoshbipat apfargemeriecond
enbodi nent ;
of acceleration detecting elements are provided with the two
- acceleration sensors A and B attached on the same sensor
attaching face 3 in directions 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 Vp respectively outputted from the electric elements A,
B and a logical circuit X3 performing an OR logical
processing of comparator signals Vgl and Vg2 respectively
outputted from 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 the insulating case
2. The respective signal electrodes 4 of the bymorph element
1 are connected to wiring patterns (not shown) which have

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

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



13 Fig.6 is a function bl ock diagram showi ng the operation of the
mounti ng arrangenent of the second enbodi nent; Fig.7 is a partially
br oken perspective view showi ng an acceleration detecting elenent
according to a third enbodinent; Figs.8(a) , 8(b) and 8(c)

il lustrate sectional views show ng steps of a prestage of a manufacturing
method in the third enbodi nent; Fiigs. 9(a) and 9(b) illustrate
sectional views showi ng steps of a poststage of the manufacturing nethod
in the third enbodinent; Figs. 10 (a), 10 (b) and 10 (c) illustrate
sectional vi emse mahdmurgsansbdifriey dxagiienct off ¢he bymoheh prlestemgelin t he
manuf acturing nmethod of the third enbodi nent; Fig.11 is a partially
broken perspeghisle Vieweshed g dmeastdletaniorofdetreacion) ee hémemnt dehdct i ng
el ement according to a conventional exanple; Fig.12 is a partially
broken per spefiteprat €dv Shovheacceleration sensor A, is in a direction

>

- upwardly inclined from y axis to z axis by 45¢. The maximum

e
Y
e

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
acceleration detecting elements (the acceleration sensors A
and B) is S(mV/G) where G is gravitational acceleration and
thresholds for detecting impacts at certain levels or more
are designated as 8; and Sj.

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

to the direction of y axis is nullified whereas the detection



the structure of a piezoelectric elenment according to another conventi onal

exanpl e. DETAI LED DESCRI PTI ON OF REFERRED EMBCODI MENTS Enbodi ment 1
14° _ An explanation will be given of Embodinent 1 of the present
i nvention in reference to the draw ngs. Fig.1is a partially broken

perspective view showing an acceleration sensor, which is a partial

mounting arrangenent of an accelerationjg@getecting elenent according to a

first enbodinment, Fig.2 is an explanatory view show ng the general

nmounting arrangenent of the acceleration detecting elenents and Fig.3 is a

function bl ocderth xgiaina s hofv tige aficopbsrdt ion afenddre Broantamgedr abomenent of

the first enbodiment. Further, the structure of the acceleration sensor

i ncl udi ng t hedi pe@el @ adduil del etid kY relcedent of sxbasiealibyinBdcaned by t hat
the maximum sensitivity S multiplied by cos45¢. Therefore,

g’ an electrié’signal Vp outputted from the acceleration sensor
A in this case is 0(mV) and an electric signal Vg outputted
from the acceleration sensor B is S x cos45¢ 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 S, as a threshold. That is, when
Vg>S,, a comparator signal Vgy=1 and when VB_mSZ' the
comparator signal Vg;=0. The comparator signal Vg, is
outputted from the second comparator circuit X2 to the
logical circuit X3.

Further, when aéceleration of 1G is operated from the
positive direction of the orthogonal coordinate axis y, the
detection 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 cos45e°
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 Vp outputted from



i n the conventional exanple. Therefore, in Fig.1 and Fig.2 portions or
parts the same as those in Fig.1l1 are attached wth the same notations and
a Uetailed explanation thereof wll be omtted. As shown in Fig.1
the acceleration sensor A or Bin the first enbodinent is constituted by a
doble end fixing type bynorph el enent 118erved as an accel eration
detecting elenent and an insulating case 2 containing the bynorph el enent
1. The acceleration_sensor A and B_are attached on an sensor _atiaching
face 3 such &$€a2EreéaratbelrEnsoielfy © BFHERSUWLY AT hPg %’a’é"et i s
positioned and contained in the insulating _case 2 jn a state ere the
maxi mum sensicompaggptor circuit Xlyitperhigh 9livs thAcP SRS (‘j"rhgp\igg Lansdr
attaching face 3. The maxi num sensitivity direction P is set upwardly with
an angle oflmﬂ@mﬁm%i%ﬁpmréﬁﬁtm¥%&#@%¢4§Pt£ﬁﬂﬁﬁff%ceQ?Qxﬁ?E539ﬁﬁ%gr] or

nore and 50[err] or less, for exanple, 45[err] hereinafter.
processing is performed with the predetermined S; as the

pomase g

A threshold.‘ That is, when Vp>S;, the comparator signal Vsg=1
and when Vp S4, the comparator signal Vg;=0. Thereafter,
the coméarator signal Vgq; 1s outputted from the first
comparator circuit X1 to the logical circuit X3.
Meanwhile, when the acceleration of 1G is cperated from
the positive direction of the orthogonal coordinate axis z,
both of the detection sensitivities of the acceleration
sensors A and B are indicated by the maximum sensitivity S
multiplied by cos45¢ and the electfic signals Vp 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
performed with S, as the threshold and in the second
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 Vg, and Vg, are outputted from the

first and the second comparator circuits X1 and X2 to the



In the bynorph element 1 of the first embodi ment a pair 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 internediate
el ectrode 5 are formed, are opposed and bonded together and end portions

t hereof are cut off by planes inclined fromthe thickness direction by
45[err] corresponding to the angle of inéPination . The respective

pi ezoel ectric ceramcs plates 6 bonded via the internediate el ectrodes 5
are polarized in the thickness direction with senses inverse to each other
and the resp@giree SighRiteKdctrodes 4 are extended up to nutually

different end portions along the longitudinal direction.af . the respective
pi ezoel ectric cer MArESVSTat &8 BrGiE G Fﬁé’cuéénggatso iW%%e&§W£n$?%na|
exanple. Further, the insulating case 2 in_this casg IS constltutgd gy
using cl anp Praweshy ofasliec soEPRYaECE §49PALSeVsn PRE ¥savBhti tIBIEERAnpI e
and the respective signal electrodes 4 of the Q¥ﬂn&Ph elengﬂ% % are
eennect ed t ofavlerbae SQOIPATIFET (FHFCeHANKlof24%he X2 st aliingl REEE2S
whi ch are forned on outer end faces . :
processing based on the comparator signals Vgq and Vgy, that
is, the OR logical processing in which a logical circuit
signal V=1 if Vgy=1 or Vgy=1 is performed. Thereafter, the
logical circuit signal Vy is outputted to 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 and z, that is, the detection
sensitivities of the maximum sensitivities S multiplied 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 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

o=



16 different from each other. Meanwhi |l e, as shown in Fig.2, the
mounting arrangenent of acceleration detecting elenents are provided with
the two acceleration sensors A and B attached on the sane sensor
attaching face 3 in directions respectively equal to directions of the
ort hogonal coordinate axes x and y. Further, as shown in Fig.3 the
nmounting arrangement is connected to a fhrst and a second conparat or
circuit X1 and X2 perform ng conparator processing of electric signals VA
and VB respectively outputted fromthe electric elements A, B and a

| ogi cal circudceX2mparion engods @GRAnyIRK are pirodegsichdf mim ctorgp s e sor
signals V[err]1l and V[err]2 respectively outputted fromthe first and the
second conparaiteichdingciate 3 ¥y ahd ayleld tnopimat bon cifr ¢6pt sHOMe wamd, X2
and the logical circuit X3 are integrated in a signal processing circuit
(not shown) .it has DeenacesdRSmiidean BSenthes st dsaref atthac hecesant he
sensor attaching face 3 by positioning and fixing an outer surface of the

case lids 8 GeRe&drittidid BHathehé naiglat bfginadenation is not restricted to
) 450 but may be in a range of 400 or more and 50¢ or less in
practice. A ratio of cos40o to cos450 in case of the angle
of inclination of 40c¢ is cos400/cos450=1.083.... A ratio of
cos500 to cos45¢ in case of the angle of inclination 6 of 500
is cos500/cos450=0.909.... Therefore, the ratios are within
a range of substantially +10% of the value in the case of the
angle of inclination of 45¢. Therefore, it is apparent that
the detection sensitivities substantially the same as those
in this embodiment can be provided in any directions of the
orthogonal coordinate axes x, y and z.
Embodiment 2
Fig.4 is a partially 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 operation of the

mounting arrangement of the second embodiment. Further, the

structure of the acceleration sensor including the



2. The respective signal electrodes 4 of the bynorph elenent 1 are
connected to wiring patterns (not shown) which have been forned on the
sehsor attaching face 3 by soldering etc. via external electrodes (not
shown) on the insulating case 2. 17
The maxi num sensitivity direction P of the bynorph elenment 1, which is
served as an acceleration detecting elenmggt and integrated in the
acceleration sensor A is in a direction upwardly inclined fromy axis to
z axis by 45[err]. The maxi num sensitivity direction P of the bynorph

el ement 1, whddeleratalan detiectd ngs edomant eper ade drs detsdctailly ¢hensameand
integrated in the acceleration sensor B, is in a direction upwardly
inclined from tasise 10 thaxohventionaNaanylexpbiatiat ifdrat einbbdigenen of
the operation of the nounting arrangenment of the accel eration detecting

el ements in tdHes Lsbwedimfly | Nd ef 8f enceénd OF fd 05 Zportlidngy. 8¢ photéhehe
fol l owi ng explanation the nmaxi numsensitivity of the

pans same as those in Fig.ll and Fig.l are attached with the same

P 4

.

notations and a detailed explanation thereof will be omitted.

As shown in Fig.4 each of the acceleration senéors
corresponding to the second embodiment are respectively
constituted by a double end fixing type bymorph element 1 and
an insulating case 2 containing the element and these
acceleration sensors are attached on the 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 inclined from the sensor attaching 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, 25¢.

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 edge portions thereof are

cut off by planes inclined from the thickness direction by



accel eration detecting elenents (the acceleration sensors A and B) is
S(MV/ G where Gis gravitational acceleration and thresholds for detecting
i npacts at certain levels or nore are designated as S[err] and Slerr].
Firstly, assune a case in which acceleration of 1Gis operated fromthe
positive direction of the orthogonal coordinate axis x to the nounting
arrangenent of the two acceleration senggrs A and B arranged in the
positional relationship shown in Fig.2. Then, the detection sensitivity

of the acceleration sensor A arranged along a direction equal to the
direction of 2pcaybsresponiing ited thbedpsie idfeinel tndtbon 6. Further, the

18 sensitivity of the acceleration sensor B arranged along a direction
equal to the rdigiretiite ¢fiozcrliestirici Reraatied platebe snionded sersithesity S
mul tiplied by cos45[err]. Therefore, an electric signal VA outputted from

the accel er atir@RraRASAte Aldttdide Bseatrs Poh¥yised an elhectthicksiayl
V[err] outputted .

- direction with senses inverse to each other and the

pm—
s
e

respective signal electrodes 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 conventional example. Further,
the insulating case 2 in this case is constituted by clamp
frames 7 and case lids 8 as in the conventional example and
the respective signal electrodes 4 of the bymorph element 1
are connected to external electrodes (not shown) formed on
different outer end faces of the insulating case 2.

As shown in Fig.5 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 y, a
calculating means X4 for calculating a sum (|V'pal + |V/g]|) of
absolute values of electric signals V’p and V’'p outputted
respectively from the acceleration sensors A’ and B’ aﬁd a
comparator circuit X5. The structure of the calculating

means X4 performing the above-mentioned calculation is well



fromthe acceleration sensor Bis S x cos45[err] x 1 (nV). In the second
conparator circuit X2 to which only the electric signal VB is inputted, a
conrpar at or processing is performed wth the predeterm ned S2 as a
threshold. That is, when V[err]>S[err], a conparator signal V[err]=1 and
when V[err] S[err], the conparator signal V[err]=0. The conparator

signal V[err] is outputted fromthe secopd conparator circuit X2 to the

| ogical circuit X3. Further, when acceleration of 1Gis operated from
the positive direction of the orthogonal coordinate axis y, the detection
sensitivity ®howheaadcel deahibadsexshinadt fon artgeceofalwdlg fdee odiitéedi.on
equal to the direction of y axis is indicated by the maxi mumsensitivity S
mul tiplied by cosdheebulerwsertases hef dateccthisenldédasitconstyitofit ige the

accel eration sensor B arranged along a direction equal to the direction of
x-axi s is nahkuflbedngAcgsssliongty pddie idinedt ané Sixgdakh¥Aebytguttadadding r om
the acceleration sensor, Ain this case is indicated by S x cos45[err] x
V) and thenel eebpeetsirgnadcd/Betut o tsathdoremA’ 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) formed on the sensor attaching face 3 by
soldering etc. via external electrodes (not shown) 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 from y axis to z
axis by 25¢ and the maximum sensitivity direction P of the
bymorph element 1 in the acceleration sensor B’ is inclined
upwardly from x axis ﬁo 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 reférence to Fig.5 and
Fig.s6. In the following explanation the maximum
sensitivities of the acceleration detécting 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 positive direction of the orthogonal



19 the acceleration sensor Bis O (nV). As a result in the first
conparator circuit X1 to which only the electric signal VAis inputted
fromthe accel erati on sensor A the conparator processing is perfornmed
with the predetermned S[err] as the threshold. That is, when
Vlerr]>S[err], the conparator signal V[err]=1 and when V[err] Slerr],
conmparator signal V[err]=0. Thereafter, asthe conparator signal V[err]
outputted fromthe first conparator circuit X1 to the logical circuit X3.
Meanwhi | e, when the acceleration of 1Gis operated from the positive

directi on of

colverdinaitegarik ooy dheanheuakisg Arragament thoastétvtedony

sensitivities of the acceleration sensors A and B are indicated by the
maxi mum sensithievi two Sacrellierptied BermewdS[2f r hndndB 1 hervapgedi drsi gmal s
Vlerr] and V[err] outputted fromthe acceleration sensors A and B are
i ndi cated agposikiensdSkelatisndhidy)showWrinhBlig.bn tiherd, the deotpat bomwr
circuit X1 to which only the electric signal VAis inputted fromthe

aecel erati on s:@RIGLVALY bE ebRpakakelerptocassengorsA’ paerfached aldodmg Sierr]

ag the threshold and in the second

the electric
conpar at or

&Eirgkdli o¥Belggali Bputheddirem idre cfcgelaxtiat, i da spdscat&l e
the maximum sensitivity S’ multiplied by cos90°c and the
detection sensitivity 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 cos25o0.
The electric signal V' outputted from the acceleration
sensor A’ is indicated by 8’ x cos90c x 1{mV) and the
electric signal Vg’ outputted from the acceleration sensor B’
is indicated by S’ x cos25¢ x 1(mV). In a calculating means
X4 a sum (|Va'|+[Vp’|) of absolute values of the electric
signals Va' and Vg’ outputted respectively from the
acceleration sensors A’ and B’, that is, |S’ x cos900¢/+|8’ x
Cos250! =8’ x 0.91(mV) is calculated as a synthesized signal
V'’ ag- The synthesized signal V'pp 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 S, as
a threshold. In the comparator circuit X5, when V'pp>Sj, the

comparator signal Vg’=1 and when V'pap<Sy the comparator

t he
'S

conparator circuit Xerr] to which only



processing is perfornmed with S[err] as the threshold. Thereafter, the
conparator signals V[err] and V[err] are outputted fromthe first and the
setond conparator circuits X1 and X2 to the

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 Conparator circuits Xjgand X2, an OR | ogical processing
based on the conparator signals V[err] and V[err], that is, the OR|ogical
processing in which a logical circuit signal V[err]=1if V[ferr]=1 or
Vierr]=1 is pdghennmed. cJher edteeraftees, |WH cadmparatdr signal W g sis
outputted to the outside. As expl ai ned above, when the nounting
arrangenent efutpactelderiad i ahededwrdidey el ehmrber,n ahikoegihodheembdee
adopted, the detection sensitivities having substantially the sanme degree
Wi th respect dxplamatins Bhsttheerigieen oos ehsthin writdiogoralerabidinat e
axes x, y and z, that is, the detection

- 1G is operated from the positive direction of the orthogonal

Pl
Y
-

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 S’ x 0.91(mV) is
calculated as the synthesized signal V' pgp.

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 equal to the
direction of z axis, is indicated as the maximum sensitivity
S’ multiplied by cos650, 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’/g outputted
respectively from the acceleration sensors A’ and B’ in this
case are indicated by S’ x cos650 x 1(mV). In the calculating
means X4 a sum of absolute values of the electric sighals V'a
and V’p outputted respectively from the acceleration sensors

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



sensitivities of the maxinumsensitivities S nultiplied by cos45[err] are
provided. Further, in the nounting arrangenent of this enbodi nent a
ditection in which the detection sensitivity is nullified is only a
direction orthogonal to the maxinum sensitivity directions P both of
the acceleration sensors A and B thereby providing an advantage in which
accel eration can be detected in a w de Bgange. I ncidental |y,

al though in the nounting arrangement of this enbodi ment the maxinmum
sensitivity directions P of the bynmorph elenments 1 respectively integrated
in the =S’ x 0.85(mV) is calculated as the2bynthesékedationateVigprs A
and B are inclined fromthe sensor attaching face 3 by the angle of
inclination of 45[Rir]thdlowisrting t aramngementecofni tkd byctdberavimmors
of the present invention that the angle of inclination is not restricted
to 45[err] histdmmime dlerentande ahed@@condmembodhdehd] esubstant sklyn

- the same -detection sensitivities are provided in any

o
&
e

direction of the orthogonal coordinate 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 direction orthogonal respectively to the 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
éynthesized signals V’'pp in case where acceleration is
operated along directions of x axis and y axis are S8’ x
0.91(mV) and the synthesized signal V’'pp 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 § 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 25¢ in view of the
convenience of manufacturing. In calculation completely the
same detection sensitivities are provided along any

directions of x axis, y axis and z axis by setting the angle



practice. Aratio of cos40[err] to cos45[err] in case of the angle of

inclination of 40[err] is cos400/cos45[err]=1.083.... Aratio of
cos50[err] to cos45[err] in case of the angle of inclination [err] of
50[err] is cosb0[err]/cos45[err]=0.909.... Therefore, the ratios are

within a range of substantially 10% of the value in the case of the angle
of inclination of 45[err]. Therefore, it sgs apparent that the detection
sensitivities substantially the sane as those in this enbodiment can be
provided in any directions of the orthogonal coordinate axes x, y and z.
Enbodi nent 2 of inclHirmatdidrs 6a aparei.sleby. or.oken perspective view showi ng an
accel eration sensor, which is a partial nounting arrangenent of an
accel erati on det ecti nmselberentont iamedcoydarenbodistegtat iok geFfogmed by
expl anatory view showi ng the general nounting arrangenent of the
accel erati on glet eelviengoeksesE ilse pidsEhg. fnvérst forf thatti ehebl tdek adigdegr afn
showi ng the operation of the nounting arrangenent of the second
G%Odi ment . RHdihelatiidie febmuchersemfort hetacheher fhteB sdnshe nargiwdinng
t s

sensitivity directions P of the bymorph elements 1

respectively integrated to the two acceleration sensors A’
and B’ arranged along directions equal to the directions of
orthogonal coordinate axes x and y on the sensor attaching
face 3, is changed between 0o to 900, the sums (|V/p}+|V’'g})
of the absolute values of the electric signals V’'p and V'g
outputted from the acceleration sensors A’ and B’ change as -

shown in Table 1.



22 accel eration detecting elenent per se is basically the sane as those
in the conventional exanple and the first enbodi ment and accordingly, in
Fig.4 and Fig.5 portions or parts the sanme as those in Fig.11 and Fig.1
are attached with the sanme notations and a detail ed expl anation thereof
will be omtted. As shown in Fig.4 each of the acceleration sensors
corresponding to the second enbodi nent agg respectively constituted by a
doubl e end fixing type bynorph elenent 1 and an insulating case 2
containing the el enent and these acceleration sensors are attached on the
sensor attachapge flagasdrsedh as a circuit board. The bynorph elenent 1 in
this case is positioned and contained in the insulating case 2 in a state
inclined fromthe sensor attaching face 3 and the nmaxi mum sensitivity
direction Pis set upwardly by the angle of inclination [err] fromthe
sensor attaching face 3 in a range of 20[err] or nore and 30[err] or |ess,
for exanple, 250. + I'n the bynorph elenment 1, which is served as the
aecel eration detecting el ement of the second enbodinent, a pair of

pEezoel ectric ceramics plates 6 both in a rectangul ar ’



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,
bonded and edge portions thereof are cut off by planes
t hi ckness direction by

are opposed and
inclined fromthe
23 25[ err]

correspondi ng to the angle of |ncI|nat|o&0[err] Further the respective

|ate el ectrode 5,
inverse to each

direction of the

A%F: L bynorph el enent 1

on

pi ezoel ectric
are polarized S |G
other and tNh $9o99 eral*'aecrr'od'e's*ﬂ"ar‘e‘é*t génded up to end
portions diffe -ﬁon1each other along a |ongitudina
respective pigmelegric ceramcs plates 6 which is the sane as in the
convent i onal egpgpla Further, the insulating case 2 in this case is
constituted bylxbanp |d BANRS « N&s@qa.sepkq@so&- @soidd he conventi onal
exanpl e and t|@Eor eppieE TN R ? ge%
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different outer end faces of the insulating case 2. As shown in Fig.5
and Fig.6 the nounting arrangenent of the acceleration detecting el enents
in" the second enmbodinent, is connected to two accel eration sensors A and
B' attached on the sane sensor attaching face 3 along directions equal to
the directions of the orthogonal coordinate axes x and y, a calculating
means X4 for calculating a sum([err]V [ggr] + [err]V [err] ) of absolute
val ues of electric signals V[err] and V' [err] outputted respectively from
the acceleration sensors A° and B and a conparator circuit X5. The
structure of the gallw at Lng apEarentld, peshowsi ng-Hate abbee- niwite oniesh
calculation is well 24 known and a
detai | ed explsamatiitaRritheseah wukhabdyosrthegonal thrdédeaxmd eiiseotiames of
the case lids 8 constituting the insulating cases 2 are positioned and

fixed therebyrat tagytagt ilbhe yr esReclamnee caagelier atdsen wiansortheA madidud on
the sensor attaching face 3. The respective signal electrodes 4 of the

- sensitivity directions P of the respective acceleration

sensors A’ and B’ are inclined from the sensor attaching face
3 in a range of from 200 to 30¢, by calculating the sums of
the absolute values of the electric signals V’p and V'g
outputted from the acceleration sensors A’ and B'.

Embodiment 3

An explanation will be given of a third embodiment of
the present invention. The third embodiment discloses the
structure and the manufacturing 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 accoxrding 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.1l0(a) to 10({c)

illustrate sectional views showing steps of a modified



bynmor ph el enment 1 are connected to respective wiring patterns (not shown)
formed on the sensor attaching face 3 by soldering etc. via external
electrodes (not shown) formed on the insulating case 2. The maxi nmum
sensitivity direction P of the bynorph elenent 1 integrated in the
acceleration sensor A in this case is inclined upwardly fromy axis to z
axis by 25[err] and the nmaxi num sensitiv44y direction P of the bynorph
elenent 1 in the acceleration sensor B is inclined upwardly fromx axis

to z axis by 250. Next, an explanation will be given of the operation
of the nmountikagipaker afgaiepireeiageeinced amatifactdet agt haghod|tEnerdet i n t he
second enbodinent in reference to Fig.5 and Fig.6. In the follow ng

expl anation the aRBXhfU8lesgbiSdhi Wddteast iolg t kdeaenel ecat inel uidttmert iarg
el ements (the acceleration sensors A and B') are S (mv/ G where Gis

gravitationahcaetekgtabhOletectingNelemaasUie 2oca@dsetn ofhittie anmedmptati on
of 1Gis operated fromthe positive direction of the orthogonal

structure capable of realizing the same function as in the

m—

s
o
-

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
ceramics bodies 32 manufactured by a method oflbaking green
sheets made of a piezoelectric 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 output 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 piezoelectric 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
location and end locations along the longitudinal direction
are embedded in parallel with the signal output electrodes

33. Ceramics regions 35 and 36 constituting the



25 coordinate axis x to the nounting arrangement 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 accel eration sensor
A attached along a direction equal to the direction of y axis, is

i ndi cated by the maxinumsensitivity S multiplied by cos90[err] and the
detection sensitivity of the accel eratiogysensor B' attached along a
direction equal to the direction of x axis, is indicated by the maxi num
sensitivity S nmultiplied by cos25[err]. The electric signal V[err]'

out putted fromeliR13ceelier atd i &LNEOdids BS By 6pbesiny Sach cmstddferr]
x 1(mV) and the electric signal V[err]' outputted fromthe acceleration

sensor B i gdRdiCaRE DY nierX e008R2b8EE] 3X, lat&Mrespacti vl ¥ Wi degl means
X4 a sum ([err]V[err]+[err]V[err]) of absolute values of the electric

signal s V[ er e And pYe@l I bore4bhut t @dpheapedt i ¥ebig f reme t Mpondioed il i on
sensors A" and B', that,\ilg, | S x cosSO[err]|+| S ?( Cos25[err]| =S x

0.-91(nV) is %qu%@tﬁto%déﬁstﬁe PHENRII2RS 1S 8884midk [Sdiles Thessunidesiaed

sizgnal V' [err which has been calculated in accordance with such a
procedure, igyutpHLLEh dQ fdifes BQTPERAL Ofs ChbaYE: PErtidhd Beacanpazed or

circuit X5 a
and end portions 35b and 36b. Further, the respectives of
the center portions 35a and 36a and the end portions 35b and
36b in the ceramics regions 35 and 36 are polarized in the
thickness direction with mutually different senses as in the
conventional example.

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

The polarization with respect to the ceramics regions 35
and 36 are performed by using the signal output electrodes 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
polarization . 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



conparator processing is performed with a predetermned S[err] as a
threshold. In the comparator circuit X5 when V [err]>S[err], the
cohmparator signal V[err]'=1 and when V [err]<S[err] the conparator
26 signal V' [err]=0. Thereafter, the conparator signal V [err] is
outputted to the outside. Further, although the above explanation has
been given to a case I n which acceleratigna of 1Gis operated fromthe
positive direction of the orthogonal coordinate axis x, the same is
applicable to a case where acceleration of 1Gis operated fromthe
posi tive diradikeorsidpe the ar shdgowdlewcoorTienatespedisiye asitgisil xoQtPdk nv)
is calculated as the synthesized signal V [err]. Further, in case
where accel eredtdcurodfeslG 33 opermedd ofir orhehe mpdgi t iswerfficesct iah ofhe he
orthogonal coordinate axis z to the nmounting arrangenent of Fig.5, the
fol l owing  opsfeaidede dty iRectoambds Hdibi eleBecarercaoemsittad itbi eespéct itee
accel eration sensors Asand B' in a direction equal to the
- external output electrodes 38 and 39 formed on mutually
different outer end faces of the piezoelectric ceramics
bodies 32 and the cramp frames 37.

Next, an explanation will be given of the manufacturing
procedure of the acceleration sensor C including the
acceleration detecting element shown in Fig. 7 in reference
to sectional 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 corresponding 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
rectangular plate shape having a size and a shape

. corresponding 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



direction of z axis, is indicated as the maxi mumsensitivity S nmultiplied
by cos65[err], that is, multiplied by cos(90[err]-25[err]), since the
angl es of inclination of the acceleration sensors A and B fromthe
sensor attaching face 3 are 25[err]. Therefore, both of the electric
signals V' [err] and V [err] outputted respectively fromthe accel eration
sensors A" and B' in this case are indigated by S x cos65[err] x 1(nV).
In the calculating neans X4 a sum of absolute values of the electric

signals VA and V [err] outputted respectively f th I t.i
sensors A dR@tBom ?Hﬁt“is"—,hpﬁ §-1g;ereo§231é'rc}'ﬂﬁ}es%%?egogg%%ﬁ?rﬁ? ¢Hat

27 =S'" x 0.85(nV)_is calculated as th t hesi zed si I s
In the nount itfg aPPéhgénéﬁteYﬂrYrﬁ?%ﬁﬁﬁ;i§2§298ﬁsg§§t%§% £39¥§¢;§§4%3?q1 t he

second enbodi ment, substantially the same detection sensitivities are
provi ded i nonafle alie EaERHPIIEIRRABNG E§HA T L BIPEPRACE LA ELKE AN Hhd 2.

Further, in the nounting arrangenent of the second enbodi nent
— body 32 alang the logitudinal direction and the conductive

e
&
s

paste is dried under a temperature of approximately 1006°C
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 approximately 100¢C. 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 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



a direction in which the detection sensitivity is nullified is a direction
orthogonal respectively to the maxi mum sensitivity directions P of the
acteleration sensors A\ and B thereby providing an advant age wher eby
accel eration can be detected in a w de range. I nci dental |y,
according to the second enbodi nent the synthesized signals V [err] in case
where acceleration is operated along diggctions of x axis and y axis are
S x 0.91(nV) and the synthesized signal V [err] in case where
acceleration is operated along the direction of z axis is S x 0.85 (nV).
The di f f er engatite re@ugedase nferide bayngkrging theagdatatd dasfier bpdpfunder

accel eration detecting elenents (the bynorph elenents 1) in the

accel erati on ssefsmierAuridoB apbrorihdiee5ensoooat aadhithe femeedly S8t as
25[err] in view of the convenience of manufacturing. In cal culation

conpl etely t hakesiRddet £EenpRratnget oF idpproxdmatplyvs teec aywhiahythe
directions of x axis, y.axis and z axis by setting the angle

- respective + signal output electrodes 33 are formed.

&
ar

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 Fig.9(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



28 of inclination [err] as 26.565 ...o. It has been confirmed by an
I nvestigation performed by the inventors of the present invention that
when the angle of inclination fromthe sensor attaching face 3 of the

maxi mum sensitivity directions P of the bynorph elenents 1 respectively
integrated to the two acceleration sensors A° and B arranged al ong
directions equal to the directions of ogyhogonal coordinate axes x and y
on the sensor attaching face 3, is changed between O[err] to 90[err], the
sunms (|V [err]|+V ][err]]|) of the absolute values of the electric signals
V [err] and V¥alerplezoslputied d¢umidie badyes el atlihem,sehsosscel eratd &

change as shown 1 n Table 1. 29

Tabl e 1 inselde®@or as shown in Fig.9(b), that is, the acceleration sensor
constituted by a pair of the cramp frames 37 and the

g : accelerati;n detecting element, which is constituted by the
piezoelectric ceramics bod;'Les 32, the signal output
electrodes 33 and the inner electrodes 34.

Then, the external output electrodes 38 and 39 are
formed on respective outer end faces of the 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 embodiment 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.10(a) through 10{(c) show a
modified example of the prestage in manufacturing the

acceleration detecting element and parts and portions common

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



[err] 30 31

Table 1 apparently shows that the detection sensitivities in

mutual Iy orthogonal three axes directions are substantially the same only
in case where the maxi num sensitivity directions P of the respective
acceleration sensors A and B are inclined fromthe sensor attaching face

3in arange of from20[err] to 30[err], 4ky calculating the suns of the
absol ute values of the electric signals [err] and V' [err] outputted from
t he accel eration sensors A and B'. Enbodi ment 3 An expl anati on

will be givenfita dnfdl ¢ dhagRy ehroti§e Psesent invention. The third

enbodi nent di scloses the sfructure and the manufacturing nmethod of an

accel eration det g¢t LRgwh! £4%81L .2BRL) CAPIA ionbder {éd SikatpdeseLonsitly,
piezoelectric ceramics plates in a rectangular plate shape

—_ which have :previously been baked, that is, two piezoelectric
ceramics plates 47 having a size and a shape corresponding to
a number of the piezoelectric ceramics bodies 32 constituting
the acceleration sensors, are prepared. The conductive paste
is applied and dried on faces of the respective piezoelectric
ceramics plates 47, that is, at the center locations and the
end locations along the longitudinal direction of the faces
each corresponding to a single piezoelectric ceramics body 32
whereby the respective inner electrode patterns 41 arranged
separately from each other are formed.

Thereafter, as shown in Fig.10(b) the conductive paste
is applied on the other faces of the respective 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 longitudinal direction of the respective

piezoelectric ceramics plates 47 are polarized by applying



enbodi ment s. Fig.7 is a partially broken perspective view show ng an
accel eration sensor in the state of renoving case lids,. including an

accel eration detecting el ement according to the third enbodi ment,

Figs.8(a) through 8(c) illustrate sectional diagrams show ng steps of a
prestage in the nmanufacturing nethod of the acceleration detecting

el ement, Figs.9(a) and 9 (b) illustratesgectional views show ng steps of a
poststage in the nanufacturing method t%ereof and Figs.10(a) to 10(c)
illustrate sectional views show ng steps of a nodified

32 exanpl eqefebhe firasirgeridl ddicandg§ 8Re Uriesgentted sil@mdofoutput  An
accel eration detecting elenent C including an acceleration detecting

el enent is ceypeseddet BheaRMMehBRhinfibtueletereapabl einftheatdgpearr ivee sane
function as in the conventional exanple. As shown in Fig.7 the sensor
includes pi gz2@ekeGkEkeicer adLmibadi ep132ebn a7rect anghkar pdadertshape
. piezoelectiiic 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 and 36 are polarized.
Further, as shown in Fig.10(c) the faces of the
piezoelectric ceramics plates 47 on which the respective
inner electrodes 34 have been formed are adhered by using a
thermosetting adhesive agent {(not shown) and the assembly is
heated by which the piezoelectric ceramics plates 47 are
integrated into the piezoelectric ceramics basic body 42.
The piezoelectric ceramics basic body 42 which have been made
in accordance with the above-mentioned procedure is provided
with the same structure as that shown in Fig.8{c).
Thereafter, the integrated piezoelectric ceramics basic body
42 is subjected to the procedure in the poststage of the
manufacturing method as shown in Figs.9(a) and 9(b) by which
the acceleration sensor C having the bymorph structure as
shown in Fig.7 is finished.
According to the acceleration detecting element and the

manufacturing method in the third embodiment, the



havi ng a predeterm ned thickness, for exanple, piezoelectric ceramcs
bodi es 32 manufactured by a nethod of baking green sheets made of a
piezoel ectric ceram cs. A signal output electrode 33 in one |ayer
structure is formed on a main surface of each of the piezoelectric
ceram cs bodies 32. The signal output electrode 33 on one side (top side
in the figure 7) is extended up to one ghde outer edge face (left side in
the figure 7) of the piezoelectric ceram cs body 32.. Meanwhile, the signal
out put el ectrode 33 on the other side (bottomside in the figure 7) is
extended up pershezatben tredementerisedperfarmed raghersiseparatihg filgure 7)
of the piezoelectric ceramcs body 32. At an inner portion of the

pi ezoel ectri gngeramsles-thadieas 3Addurédngiyer ¥ edsr oums 84cessangedo
separately at a center |location and end |ocations along the |ongitudinal

direction aperesbrigies polDaizddfin Wridatieatsagnalr préplouslpciomdesy 33.
Ceramics regions 35 .and 36 constituting the

32 separated surface electrodes and it is also not necessary to

oot
;
-

constitute signal output electrodes by forming connecting
electrodes after the polarization treatment.

Further, it is naturally possible to form the
acceleration sensor C in the third embodiment such that the
acceleration detecting element constituted by the
piezoelectric ceramics bodies 32 , the signal output
electrodes 33 and the inner electrodes 34, is inclined from
the sensor attaching face as in the acceleration 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 orthogonal three axes directions
with substantially the 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, according to the acceleration detecting element



pi ezoel ectric ceram cs bodi es 32 by opposing each other .across these inner
el ectrodes 34, are respectively divided into three portions separated
along the longitudinal direction of the piezoelectric ceram cs bodies 32
simlar to the inner electrodes 34, that is, center portions 35a and 36a
and end portions 35b and 36b. Further, the respectives of the center
portions 35a and 36a and the end portiong135b and 36b in the ceramcs
regions 35 and 36 are polarized in the thickness direction with nutually
different senses as in the conventional exanple. The accel eration
det ecti ng el emgntthies meandricturédgbpethed phekbes etvént ten aniepatriilas 32,
the signal output electrodes 33 and the inner el ectrodes 34. The
pol ari zat i on aniremgedsperér tal ddtercciesaatre amegignds aB5an dmaie36parei perdfor ned
by using the signal output electrodes 33 and the inner el ectrodes 34.
Her e, the cemtiezoedetitadc3ameramidst Heodirs pand | orsp8bbivengoirtibnsg irhe
ceramcs region 35 are provided wth senses H and | of polarization. The
center porticeradfasanegidms enret polaridrad Ijbusdngtiteutinngridiectomyded €S
r-€gion 36 are provided with senses J and K of polarization . Further,

t he bot h end Teéegesoakongit heds not necessary to perform polarization

treatment after previously forming separated surface
electrodes on main surfaces of the piezoelectric ceramics
bodies and it is also not necessary to constitute signal
output electrodes of a two layer structure by forming
connecting electrodes 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
and labor in manufacturing the acceleration detecting

elements can be saved.



| ongi tudi nal direction of the acceleration sensor C are fixedly supported

by a pair of cranp franes 37 in a channel

34> |ike shape in a side view. The respective sig rodes

33 formed on the main surfaces of the piezoel ectrl BM“E“ E E 32 are

connected to respective external outputggl ectrodes

mutually different outer end faces of the piezoelectrlc ceram cs bodles

32 and t hewghanpsf ¢BALRED 718: Next, an explanation will be given of the

manuf acturing procedure of the acceleration sensor C including the

accel eration detecting elenment shown in Fig. 7 in reference to sectional

vi ews of steps Alhuuntangdarnaﬁggnene ¢8) acoeBerationndeteefing (elengnts

S(b). FurLieh: rbipb8esSeo il dg aiNg, SyZenaNd §REPL LRETEERAMI NG
eac ccC ect| e

to those o eleratlon eneft “and the acceleration
sensor C is paFVPtFﬁﬁeaeﬁ?tiﬂﬁg¢ﬁﬁﬂﬁﬁi4§uﬁ§emen s,

each of ‘the acceleration detecting elements comprising a
I piezoelectric ceramics bimorph element fixed at both ends

thereof,

wherein a first one of the acceleration 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 elements has a maximum sensitivity
direction which is inclined from the x axis toward the z axis by
40° to 50°, thereby providing substantially constant acceleration
detection sensitivity along all three of said axes.

2. A mounting arrangement of acceleration detecting elements
with respect to mutually orthogonal x, y and z axes, including:
two acceleration detecting elements,

each of the acceleration detecting elements comprising a
piezbelectric ceramics bimorph element fixed at both ends
thereof;

a calculating circuit for calculating a sum of absolute
values of electric signals outputted from the respective
acceleration detecting elements; and

wherein a first one of the acceleration detecting elements
has a maximum sensitivity direction which is inclined from the
y axis toward the 2z axis by 20° to 30° and a second 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
direction sensitivity along all three of said axes.



ape

Firstly, as shown in Fig.8(a) green sheets in a r
havi ng a size and a shape corresponding to tho a _nunber of

pi ézoel ectric ceram cs bodies 32 constituting the i “ﬂ"i“"ﬁlﬂ ﬁmtcti ng
el enents, that is, two green sheets nade of a piez-m A s and
to be finally transfornmed into the ceramgas regions 35 and 6 are

prepared. Further, a conductive paste of silver, silver-palladiumor the

like is ap@J ed 1he aountihglaptangement r abbagemtidsne détexrtimgoed ehane sof
one .

(bot t om one ?%oﬁ%mq |tg‘;’urcéa§f‘a})°%f2’t r‘i’é“’&reéé‘n"%ﬁ e?leli t (faprises a pair
i's, appliecrfpiezoelectmicrcenamic deding kaving @nterbangular plate shape; on

the one f ACH Y | ERQONE Ak [ Hr & VEFdvId&T Ot e&ﬁriﬁnéfrﬁmrﬁﬁm bﬁﬂ!w@é’na't%g
t he | ogi t udi pal dlrectlon and ;t he conductive ste is dried

under a t eli@zaakestRic Seramics: brdiesnd 3yranged Separatetlﬁef-ﬁsyl £8FRi ng
i nner el ectotitr pat hecasterl 1Wdatigndand end locatibfiPad Porg \a flbagieaalinal

oﬁ?er.- direction of the piezoelectric ceramics bodies; signal output
electrodes are provided on outer main surfaces of the
piezoelectric ceramics bodies; and respective center portions and
end portions along the 1longitudinal direction of the
piezoelectric ceramics bodies opposed to each other via the inner
electrodes are polarized in a thickness direction with opposite

senses.

4. A method of making an acceleration detecting element
comprising the steps of:

preparing two green sheets having a rectangular plate shape
made of piezoelectric ceramics;

applying a conductive paste on a center location and end
locations along a longitudinal direction of a first face of a
first one of the green sheets thereby forming respective inner
electrode patterns;

laminating a first face of the second of the green sheets
on the first face of the first one of the green sheets on which
the inner electrode patterns have been formed;

baking to simultaneously form inner electrodes and
piezoelectric ceramics bodies by a baking treatment;

forming signal output electrodes by a baking treatment after
applying the conductive paste on main second surfaces of the
piezoelectric ceramics bodies; and

polarizing center portions and end portions of the
piezoelectric ceramics bodies by using the respective signal
output electrodes and the respective inner electrodes.



As shown in Fig.8(b) a face of the green sheet on the ottrer
side, that is, the green sheet 40 on which the inner rode
pat'terns 41 are not formed, is lam nated on the ““I"L"m H’% |D

green sheet 40 on which the respective inner terns
41 have been formed and the assenbly is 44 baked under a
tenperature of approximtely 100[err]C. Then, the two green
sheets 40 i%. t hea | adtbaided oft ameking hamdadceleration déebtemting ®Adrent
baki ng wher ' t | el ectric ceram cs basi c body
42 i s nmade. gﬁﬁ%%ﬁ% mnﬁ ect rode patterns 41 |nterposed
bet ween the two Rﬂwmal&d 4’2!“&#'&9 two piezoelesitniic seremdiop PIRE@salisng
W th the bakiFgetdrRal BNt ﬁ%téﬁpe. respectlve |nner el ectrodes
34 arranged separ at from her are forned.

Noxt | as shown FPBIRIR (8 CREAUGHATE: PRStEacH: Ganter 166aEions and end

rgspect | vel Jocatpidns daleny &h]aongﬁatmi:.m fdirectioh ofn€irst faces of the
g‘fé?zoe' CCUIL S SSePiUES BRghSe PO rfe: SLPAR OV BYLeELCCthRUEhy forming
. respective inner electrode patterns;

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

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

bonding the second faces of the piezoelectric ceramics
plates on which the inner electrodes have been formed thereby
forming the piezoelectric ceramics bodies.



patterns 43 are fornmed by drying the pasted basic body under a tenperature
of -approximately 100[err] C and the assenbly is baked under a tenperature
of* approxi mately 800[err] C by which the respective signal output

el ectrodes 33 are fornmed. Thereafter, the center portions 35a and 36a
and the end portions 35b and 36b of theggeram cs regions 35 and 36
constituting the piezoelectric ceramcs bodies 32 are polarized by
appl yi ng OMouNTING IARBANGEMENT | QF AGIRLERMNTIOY DEWBCTINGELBMENTE el ectrodes
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 i ABSTRAQT Thereafter, as shown in Fig.9(a) cranp franes
basic bodies 45 in which recessed grooves 44 each having a predeternined
width dinension are forned . at every re eternlned Iocatlon Qn th

i nner surfBBe @cgelegptiopn, oMatasting i f Bft9%hg hePPéEpett ve
cranp fr a@leb@élécbﬁibeﬁrﬁﬂwbbhﬂemam )sha{rim@a-ern‘tamlgulpn:enbetecahapp .

Coromec” Pipbie; VibetécHplIVE, 4 SpO0oLagH' PlbeBbRC Aot e

frame bas|cebwdlesbdﬁia§e(&&1 and arranged separately from each other at
a center 1location and end locations along a longitudinal
direction of the piezoelectric ceramic bodies (32). Signal output
electrodes (33) are provided on outer main surfaces of the
piezoelectric ceramic bodies (32). Respective center portioms
(35a, 36a) and end portions (35b, 36b) of the piezoelectric
bodies (32) opposed to each other via the inner electrodes (34)
are polarized in a thickness direction with opposed senses

(I,K;H,J).

Fig. 7



the respective imaginary lines which are set by partitioning the ranges
each having a size and a shape corresponding to

37" each piezoelectric ceram cs body 32. Then, the acceleration sensor as
shown in Fig. 9 (b) , that is, the acceleration sensor constituted by a
pair of the cranp frames 37. and the acdeleration detecting el ement, which
is constituted by the piezoelectric ceramcs bodies 32, the signal output
el ectrodes 33 and the inner el ectrodes 34. Then, the external out put
el ectrodes 38 and 39 are formed 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 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-1i ke formand are »

—— -
u—

&
-~

Figure 1




conductive to each other.
of the acceleration sensor
limted to the procedure shown in Figs.

I nci dental ly,

8(a) t

possi ble to adopt a procedure as shown in Figs.

Fi gs.10(a) through 10(c)
manuf acturing the

show a nodi

C according to the third enbodi nent

the manufacturing nethod
is not
hrough 8(c) and it is
10(a) through 10(c).

i ed exanple of the prestage in
accel eration detecting el enent and parts and portions

common to those in Figs .8 (a) through 8 (c) are attached with the sane
38 notations in Fi (2a) through 10(c). As shown in Fig.10 (a) in
this nodified exanple,” firstly, piezoelectric ceramcs plates in a
rect angul ar pl ate shape which have previously been baked, that is, two
pi ezoel ectric ceramcs plates 47 having a si and a shape correspondi ng
to a nunber of the piezoelectric ceranics bodies 32 constituting the
accel eration sensors, are prepared. The condudtive paste
B A
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is applied and dried on faces of the respective piezoelectric ceramcs
plates 47, that is, at the center |ocations and the end |ocations al ong
the |l ongitudinal direction of the faces each corresponding to a single

pi ezoel ectric ceram cs body 32 whereby the respective inner el ectrode
patterns 41 arranged separately fromeach 8ther are forned.

Thereafter, as shown in Fig.10(b) the conductive paste is applied on the
ot her faces of the respective piezoelectric ceranmcs plates 47 by which

t he signal output electrode patterns 43 are forned and the inner electrode
patterns 41 and the signal. output electrode patterns 43 are

si mul t aneousl y baked by which the respective signal output electrodes 33
and the respective inner electrodes 34 are forned. Center portions 47a and
end portions 47b disposed along the longitudinal direction of the
respective piezoelectric ceramcs plates 47 are pol arized by applying

39 .

- — ~
e

-
s

Figure 4




direct current fields anong the respective signal

the inner electrode 34 in the respective
a7 The respective
the ceram cs
and 36 are pol arized. Furt her,
34 have been for & adhered by using a
(not shown) and the assenbly is
plates 47 are integrated into the piezoel ect
The pi ezoel ectric ceram cs basic body 42 whic
accordance with the above-nenti oned procedure
structure as that shown in Fig.8(c). Thereaft
pi ezoel ectric ceram cs basic body 42 is subje
pest stage of the manufacturing nmethod as show

Wfi ch the accel eration sensor C having the by
Fig.7 is finished. According to the acce
and the

pi ezoel ectric
pi ezoel ectric ceranmics plates 47 finally becone
regions 35 and 36 and in this operation the center portions
35a and 36a and the end portions 35b and436b in the ceramics
as shown in Fig.10(c) the faces of the
pi ezoel ectric ceram cs plates 47 on which the respective
t her nosetti ng adhesi ve agent

heat ed by which the piezoelectric ceramcs

3

el ectrodes 33 and
ceramcs plates

out put

regi ons 35

i nner el ectrodes

c ceram cs basic body 42.
have been made in

s provided wth the sane
pr, the integrated

cted to the procedure in the
h in Figs.9(a) and 9(b) by
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manuf acturing nethod in the third enbodi nent, t he

40 polarization treatnment is perfornmed after separating the inner

el ‘ectr odes. Accordingly, it is not necessary to performthe polarization
treatment after previously formng separated surface electrodes and it is
al so not necessary to constitute signal 8utput electrodes by forning
connecting electrodes after the polarization treatnent. Further, it
is naturally possible to formthe acceleration sensor Cin the third
enbodi ment such that the acceleration detecting el enent constituted
by the piezoelectric ceramcs bodies 32 , the signal output electrodes
33 and the inner electrodes 34, is inclined from the sensor attaching face
as in the acceleration sensors used in the first and the second

enbodi nent s. As expl ai ned above, according to the nmounting
arrangenment of accel eration detecting elenents in the present

—_ Figure 7.
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invention, it is possible to detect acceleration operating along any one
of nutually orthogonal three axes directions wth substantially the sane
detection sensitivity by using two acceleration detecting el ements and

accel eration can be detected over a w de range. As a result the present

i nvention provides an effect whereby not dnly the nounting arrangenent is
sinplified but the cost is reduced. Further, according to the

accel eration detecting el enent 41 and

t he manufacturing nmethod in this invention, separately arranged inner

el ectrodes are arranged at an inner portion of piezoelectric ceramcs
bodi es and respective portions in ceramcs regions are polarized by using
the inner electrodes. Therefore, it is not necessary to perform

pol ari zation treatnent after previously form ng separated surface

el ectrodes on main surfaces of the piezoelectric ceramcs bodies and it is
al so not necessary to constitute signal _
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out put el ectrodes of a two layer structure by formng connecting

el ectrodes after the polarization treatnent. As a result the present

i nvention provides an effect whereby various inconveniences in
constituting the signal output electrodes of a two |ayer structure are not
caused and tine and labor in manufacturihg the accel eration detecting

el enents can be saved. WHAT IS CLAIMED I S: 1. A nounting
arrangenent of acceleration detecting elenents with.respect to nutually
ort hogonal x, y and z axes, including: two accel eration detecting
el enent s, each of the acceleration detecting el enents conprising a

pi ezoel ectric ceram cs binorph elenent fixed at both ends thereof,
wherein a first one of the acceleration detecting el enents has a maxi nmum
sensitivity direction which is inclined fromthe y axis toward the z axis
by 40[err] to 50[err] and a second one of the accel eration detecting

el ements has a maxi numsensitivity direction which is inclined fromthe Xx
axis toward the z axis by 40[err] to 50[err], thereby providing
substantially constant accel eration detection sensitivity along all three
of said axes.
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2. A nmounting arrangenment of acceleration detecting elenments with respect
to nmutualily orthogonal x, y and z axes, including: two accel eration
detecting el enents, each of the acceleration detecting el enents
conprising a piezoelectric ceram cs binorph el enent fixed at both ends

t her eof ; a calculating circuit for dalculating a sumof absolute

val ues of electric signals outputted fromthe respective acceleration
detecting el enments; and wherein a first one of the accel eration
detecting elenents has a maxi num sensitivity direction which is inclined
fromthe y axis toward the z axis by 20 to 30 and a second one of the

accel eration detecting elenents has a maxi num sensitivity direction which
isinclined fromthe x axis toward the z axis by 20 to 30, thereby
provi di ng substantially constant acceleration direction sensitivity al ong
all three of said axes. 43 3. The
nmounting arrangement of. accel eration detecting elenents according to Caim
l-or 2, wherein said el'enent conprises a pair of piezoelectric ceramc
badi es having a rectangul ar plate shape; inner el ectrodes are provided at
an inner portion between the piezoelectric cgfagi cs bodies andar anged
separately fromeach other at a center |ocat and end |ocati & along a
| ongi tudi nal direction of the plezoelectrufZFS\gnlcs bodi es; gi gnal output
el ectrodes are provided on outer nain urfaces ,of the pgiezoelectric
ceram cs bodies; and reSpective center [porAl gns and end OrTTONS _—apeng
the | ongi t%ﬁél i rectton “%P“ﬂﬁ?é“p)’i"&%%ﬂl“@“é, [ bpposed
to each other  via t e inper el ectrodes: aréE n a thickness :
direction with opposit_g P
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conprising the steps of: preparing two green sheets having a
rect'angul ar pl ate shape nade of piezoelectric ceranics; appl ying a
cohducti ve paste on a center |ocation and end | ocations along a

| ongi tudi nal direction of a first face of a first one of the green sheets
thereby formng respective inner electrode phtterns; | am nating a
first face of the second of the green sheets on the first face of the first
one of the green sheets on which the inner el ectrode patterns have been

f or ned, baki ng to simultaneously forminner electrodes and

pi ezoel ectric ceram cs bodi es by a baking treatnent; form ng signal
out put el ectrodes by a baking treatnent after applying the conductive paste
on nmai n second surfaces of the piezoelectric ceram cs bodies; and

pol ari zing center portions and end portions of the piezoelectric ceramcs
bodi es by using the respective signal output el ectrodes and the respective
i nner el ectrodes. N 44 5. A net hod
of_meki ng an accel erati.on detecting elenment conprising the steps of:
ptepari ng and baki ng two piezoelectric ceramcs plates in a rectangul ar

pl at e shape; appl ying a conductive paste on center |ocations and end

| ocations along a longitudinal direction of first faces of the respective
pi ezoel ectric ceram cs plates thereby form ng respective inner el ectrode
patterns; form ng inner el ectrodes and signal output electrodes by a
baking treatment after form.ng signal output electrode patterns by applying
t he conductive paste Blpureddnd faces of the respective piezoelectric
ceram cs pl ates; pol ari zing center portions and end portions of the
respective piezoelectric ceramcs plates by using the respective signal

out put el ectrodes and the respective ilnneL. el ectrodes; and

5




bondi'ng.the second faces of the piezoelectric ceramcs plates on which the
I nner el ectrodes have been forned thereby formng the piezoelectric
ceram cs bodies.
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