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TITLE OF THE I NVENTION Mounting Arrangenent of Accel eration Det ecti?pgS S Y5
£l enent s FI ELD OF THE | NVENTI ON The pres nve@rl s to
an nmounting arrangenment of accel eration detecti ng nent’s g‘:ge
detecting inpact. BACKGROUND OF THE | NVENTI ON Thé e
accel eration detecting elenent which is constituted by a bynDrph elenent
of a double end fixing type. For exanple,jas a conventional exanple, as is
shown in Fig.11 in a sinplified manner, an accel eration sensor 20a
i ncludes a bynorph el enent dome wath ANRIFETC oelcermais apa@l enent and an
I nsul ating case 2 containing the elenment after positioning it and is
fixedly attached on an sensor attaching face 3 such as a circuit board.
The bynorph elenent 1 is fornBACKGRAQUNBCORNYHEAINPENTEONShape and is
I nt egrated by LEEQ‘.LBaBE”QhE‘é‘gngl g%gﬁgectrl c ceramcs plates 6 on the top
and the botto h a signal electrode 4 and an
i ntermedi 8te el ectrodeThe p¥eseny imyentdarhreflaths pPe X MEdazd@ aliPcs
plates 6 oppogedhyuheBdednvhambBRihat ¢p8Edi ate el ectrode 5 is polarized
along the thickness directign with a sense reverse
2 to that of PPRETAPREPNLPE;SBEeRELRECHPLRI cs plate 6. The broken line
arrow marks in Flg 11 de&nwwﬂ€k¢&B dagaeihan®nabosaﬂEﬂmzaPLans 24bB72
respective S|gn§ Iectroges 4 #n th IS L é¥ e gﬂ an OE? ot
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t hi ckness di reca&ltanadgaeeﬁtp%m Opo€aserd igkcrd RN & RG fraaes &aanmed
by the berDrph eI egggy s&;r)]go;“pfngl aanpg]:;& e rolfggos(elgegrfnrggen%%% an

15 engagement roller, which engages with a sprocket of a feed

mechanism, on each pair of support rods. The tool pot
guides are fitted in an endless guide groove having
vertical guide surfaces and horizontal guide surfaces with
the head members seated on the horizontal guide surfaces,
20 the guide rollers in rolling contact with the vertical
guide surfaces, and adjacent tool pots in contact with each
other. The tocl pots roll as they are moved along the
guide groove.
Because the tool pots of the above known tool
25 magazine are rollingly guided along the guide groove, the
guide rollers must be rotatably supported, which increases
the cost. The guide mechanism for guiding each tool pot is
constructed by assembling a comparatively large number of
parts including the head member, fhe guide roller, the
30 contact member and the engagement roller and hence the same
is costly. '
SUMMARY OF THE INVENTION
Accordingly, it 1is an object of the present

invention to provide a tool magazine having a construction
35 wherein guide rollexrs are not used and the number of parts
is reduced whereby the cost is reduced.

According to the present invention, a tool magazine




across the element. The respective signal electrodes 4 of the bynorph
“elenent 1 contained in the insulating case 2 are connected to external

" electrodes (not shown) forned at outer end faces of the insulating case 2
.which are different from each other. An outer surface of the clanp
frames 7 or the case lids 8 constituting the insulating case 2 is
positioned and fixed on the sensor attaching face 3 t hereby attaching
the acceleration sensor. The respective signal electrodes 4 of the
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An acceleration elenent_ is constituted by the signal output electrodes 21

and the pi ez BI¥WMGi BNCeRaFPREaBbAVL LYY, contact portions of adjacent

4 15 guide members being in contact with each other.

The two guide members may be provided with
engagement portions, respectively, which are in engagement
with the feed mechanism to be fed thereby.

Further, the guide member may be an integral member

20 having the head portion, the guided portion, the contact
portion and the engagement portion. At least either the
surface of each guide member or that of the guide groove
may be coated with a film that enables each guide member to
slide along the guide groove.

25 The film coating at least either the surface of
each guide member or that of the guide groove is preferably
a nickel film containing fine particles énd formed by
electroless plating.

The film coating on either the surface of the guide

30 member oxr that of the guide groove is preferably a
polytetrafluoroethylene film.

According to the present invention, the guide
groove has horizontal guide surfaces and vertical guide
surfaces, and each tool pot is fixedly provided at an upper

35 portion thereof with two guide members each having a head
portion in sliding contact with the horizontal guide
surfaces, a guided portion in sliding contact with the



_One side (top side in the figure 12) el ectrode of the signal output
“electrodes 21 is extended up to one outer end face (left side in the

" figure 12) of the piezoelectric ceram cs bodies 23. Meanwhil e, 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, ceram cs regions 26 and 27 const3 tuting the piezoelectric

ceram cs bodi es 23 by opposing each other across the inner electrode 22
-are respecti wantidiali dgdidat surfhces, pand aiscomtadie porgiondi maintact
direction, n ., r L.on ot, i f
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each other and the FEPEIT1Bh 97 a thifd FIHEISTE o rRPoH > h° e
consti t uti ng guiglec evemmherss rmegies L7 possphbyi tedfeedhtbensesl podisd by of
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end portions 26b and 27b are outward senses wherein the senses are
directed apa@f fismEbkh Qp net . least opg: Rfcfhes SHRTRRES| BhgithGaigndide
direction of rdiberacerider alieon GAMROI gdldowdy e dnisxedlsy meeah edlidingpai r

of cranp frzxanr(r)%semZ%ti n a channel |ike shape in a side view. The respective
si gnal out put el &ctrodes 21 formed on main surfaces of the

pi ezoelléctric ceranifde hlhes 284 aodhegonmzjests,o efeatwnuesouspdt
electrodes 23 Anhcihd T B0 e PAdRIAN! 100bRE1BRAI 26E5 Blcdhl pore

pi ezoel ectric ceramcs bodies 2 ] e cranp frames 28 )
accel er at i on 2RFEN D EFORaVRA F SV inG Seserdpéipn taken in connection

with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a plan view of a machining center;

Fig. 2 is a side view of the machining center of
Fig. 1; .
Fig. 3 is a plan view of a tool magazine according
to a preferred embodiment of the present invention;
25 Fig. 4 is a bottom view of the tool magazine of
Fig. 3;
Fig. 5 is a sectional view taken oh line V-V in
Fig. 3; '
Fig. 6 is a sectional view taken on line VI-VI in
30 Fig. 3;
Fig. 7 is a sectional view taken on line VII-VII in
Fig. 3;
Fig. 8 is a partly sectional side view of a tool
pot and an idler;
35 Fig. 9 is a view taken in the direction of the
arrow IX in Fig. 8; and

Fig. 10 is a sectional view taken on line X-X in



used by the foll ow ng reason. When accel eration is operated on the

* accel eration sensor 20b, which includes the acceleration elenent
"constituted by the signal output electrodes 21 and the piezoelectric

. ceram cs bodies 23, the center portions 26a and 27a and the end portions
26b and 27b in the ceramcs regions 26 and 27 constituting the

pi ezoel ectric ceramcs bodies 23 are defgned by the operation of inertia
force. In this case the respective 6
-portions 26a,rizya,g.26b and 27b receive tensile stresses or conpressive
stresses caused K he def qr ol & 26a, 27a,
26b and 27b a chd

Sy Ic effect
of the respective s@nst&m]ofmq@ézaindaimoa ph:élﬁenuga Iémaodlmlaatrexfemrmd
stresses and e} Q al_ _of ccegleration
sensor 20b |§) ancegn&%ﬁg %%ronn %&% dé# ?%n sens#$|V| @ the
accel erdtion wmal maCthWﬂﬂf@r a naﬂeﬁﬁﬂ@fm:tﬁq Figsgnal afsi 2,

outputted in {fie nBCREhERG! b@ﬂté@“%orhazé)aa Oha2fb fhgia accel 8T abhonl 3
operated in a direction orthogonal to the surface of t'he piezoelectric

cerani cs pl atBPEprieds forhroyementy tife dRPOLAESdngi 284 oFranSHeUR& | the

maxi mum el ectdifeci id W ﬁ@rtlaan&zatre abfel ghethd ahaten vsfltémeama,n\eefdsed
plus/ m nus sign_is OUtht%fd when % eratlon is oginated in a sense

i nverse t her ohﬁ9d§§8 Sﬁﬂ%?rF% RE HFELtFdh B 1EABI0MFERIDBH: of
accel erid@d i on i s=.,n maviemethitr edbngntbausziyg dha spindlem densntthe tqqlwdrat IS,

the  maxi mum:sensi tiodd Yerfritld Seiol e d B:6Hdsth Bl Rriichophid he

accel erati on “sensor r|c si | S out AcCelraration is
operated in SuRRAiedAn FeFddcad| attéilttlﬁé §nr ’Fh@eh@'ﬁdﬁ'ﬁ@cbl 2zod €Q% ¢

ceram cs pl aty@gydziQle 28 14 pi-@@l&é&elb@éﬁaéoehéeaégﬁmaos or a0t in
accordingly, the etection sensitivit nul | ifi ed, Meanwhi | e,

when , ‘the tool magaZ“%/e 77 Suaeeefiépawonswgor%eraat ed
in a xﬁrectpmramie&y\eeﬂ idta poteoganal siktest i @poandodties t angetHisal
direction, a

embodiment) and a plurality of idlers 62 (sixteen idlers in
this embodiment). The tool magazine 7 positions each tool
pot 61 holding a desired tool T (Fig. 10) at an indexed
position or a standby position P, and the tool changing
20 device 6 replaces a tool T mounted on the spindle with the
desired tool T when the headstock 5 is elevated at a
position corresponding to a tool change position Q. The

tool changing device 6 may be of any suitable type, such as

a tool changing device of a double-arm swing type provided

25 with two swing arms each capable of swinging in an angular
range of 180°. Refer to JP-A-63-52945 for further details.

Figs. 3 to 7 show the tool magazfne 7 that is
substantially the same in fundamental construction as a

tool magazine propesed in JP-A-6-246572. As shown in Figs.

30 3 and 5, a magazine body 59 has a base end fastened to a
mounting plate 57 fastened to a bracket 58 attached to the

side surface of the column 3, and a feed mechanism 55 and

a pot extracting mechanism 56 are fixedly mounted on the
magazine body 59. As shown in Fig. 4, a noncircular first

35 guide groove 60 is formed along the periphery of the lower
surface of the magazine body 59. The first guide groove 60
is continuous but is interrupted only at a cutout portion



_detection sensitivity having an anount corresponding to an angle [err]
"made 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 accel eration
sensor 20a having the above- nentioned conventional structure is attached
on the sensor attaching face 3 as show &n-Fi g.11, the maxi num sensitivity
direction Pis in parallel with or orthogonal to the sensor attaching face
3. As shown37n Fidg.silidesw-%i menschnak shitfitapdealinc orhiali dibtecekes 6£pl ane
coordinate axgsion AMhd e Gl s LESERA: AU LATNYIO ohace ;3¢ A

t hree- di nensi onal = orthogonal coordi nate axe space coordi'nate axe ? X, Yy
and z with the $BAsEPtaptafRritdonadd Foaforny an mrdiess sevide graseewhere
one of the caseal tégethet wieni el ALi80 §358e 2grbByE966L dali thodhein
bynor ph gl emept 1 #ﬁ attaghe on tPe sensor attaching face 3 and i n case
where thg | ongt®udtRal $5°8 dPE pbR_d FEXF ngt LR ngrePve  §0 precEhensecend he

accel erati on geskdsogradad s9&qhals tleotheontsECiguddeof syrfxdss onoigheasgnsor
attaching facg,BeiLlhen I | aIﬂ%;x i s or axis, .,that.is,
accel erati on p%ﬁi%‘ft'?n gﬁgﬁgngu%itfragzc%ﬁ on 1N x%epl%% pots’ 61 and the

8 cannot bel@kteeret®ed are arrangeched teainalteldyh inothel yusfeayedovah@da one

of the clanp a t | ' IS, a e he nsor
attachin facaeﬁ% \i\sﬁg’?érg %g (%ﬁ]gﬁ %qr’lg{né@gpﬁég?ﬁgtz eﬂ%(eéagﬁgng’r%{;) Vtéer e6§et and
the maxtfum SEPEH 11991 yPRF retiaes theradircent cidient6drarecont ddaous

equal to the ot resteomntadt zwbdth Seadh tdagopal to the sensor attaching face

3, acceleration in i rection in x-y plane_constituted by x axis and y
axis cannot be de?@é &?oel B &0, tF’ﬁ 1geeECPEnyilh) pe dpscribed
accel er ati onsvgereefenpnce tte FEspecd| V@ ahd exd i ONEhef tddE porit 6Bl has

ort hogonal cagr djjat es y . h accel eration.senso of which
maxi mum sensiti \(;Jl ty. g?ragct?i(;%s é"fdeeiq&’gf%ht ot ﬁteaqee%eptie)c 3@ dFrﬁ’ec ?%ns of
x axis,1¥y axikecekiing akhe ramenes bshamk acfec ohovhe Tsenballat 6achamd) face

3 whi ch i ncr egsesngs nwwler th@C%%Jin_rr%é' 0BgSeRsQE S @eLMah s 289 int

I nstall ation srgqajt_:;:e, iving.rise to_high cost and a conplicated signa
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accel eration ts®mis@ ®n the pot body 6la. A pair of guide members 70 are
fastened to the upper surface of the pot body 6l1a in an

20 upright attitude with screws 71. Each guide member 70 has

a circular head portion 72, a guided portion 73, a contact
portion 74 and an engagement portion 75. The surface of
the guide member 70 is coated with a nickel film containing

fine particles of oxides, carbides and metals, such as BN,

25 SiC, Al,0; and such, and formed by electroless plating. The
nickel film containing such fine particles improves the
abrasion reéistance and the sliding propert§ of the guide
member 70. For example, the surface of the guide member 70
coated with a nickel film containing fine BN particles and

30 formed by electroless plating has a hardness in the range
of HV 450 to 500 and a coefficient of dynamic friction of
0.05 or below.

The head portion 72 of the guide member 70 of the
tool pot 61 is seated on the horizontal guide surfaces 108

35 of the guide groove 60A to suspend the tool pot 61 from the

magazine body 58. The guided portion 73 of the guide



Further, the sanme problemis naturally caused when the acceleration sensor
*20b in Fig.12 is attached on the sensor "attaching face 3 in place of the
“accel eration sensor 20a. To avoi d such inconveni ence there has been

. proposed an acceleration detecting elenent capable of detecting

9 acceleration operating in the three directions of the orthogonal
coordinate axes x, y and z by previouslyg nclining the maxi mum sensitivity
direction of the acceleration detecting elenment upwardly fromthe sensor
-attaching famembeﬁt7ﬁnm&1mﬁtsuhbu&grakﬁdacﬁﬂﬁnﬁﬁlaheeberaﬁbam detidet i ng

element is _di Qse anes Unexan1 n blicati
No. 133974/ 198%™ 8re| %Otghé’frr;alcm nigde, o 3% soorlt chd? oot bt

acceleratlon&ﬂﬂx&tahgeetemaﬁldamalquithecgamgel@mqmwgeﬁ&mapeltsis
inclined fro ce, by 4 : d;an f the
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accel eration ment I NCl I né roman e I ne of an

el enent 5 att &émhn§h§uﬁ§ﬁ38t’ée'ﬂk}e¥15{%fr]3\l%§ﬁ trelapeEs b htansh adél{ &b€i ng
el enent havi Qd1g#eh 62 akbUskYERgEA éhﬁeﬁﬁ&@éﬂj%ﬂx OtheS gz dirfe 5ed,

acceleratlons erating in the ect| f axi s, Z axi s
(hereinafter ¥ %ﬁ1€b§ %h?%&f?oﬂ%mg?ﬁs P% ey %7ch ¥%5§ %ihS%H ithe
Fig.11) can déleaisnbp hasedetdcindthy @uﬁd@g@fbﬁﬂéﬂﬁﬂﬂfﬁnd the dHoneaer, even

ARGk ;:%Qsc %R%r %' 68 %t(!e teﬂﬁ cgéz{ g@smgIanQE ’g@r&% P %‘i@%‘

coordi nat e axes X, accelerations in al
di rect iléns c&Rnotn Qen@99§cﬂ@dﬂl each pghempdssibhéipgtaéteat B&gel &ration

operating iny @cﬁlﬂ&%ﬁ;\{t hogpnatod P bHEesMBX! ré‘:!@ RNSdded ¥ 4 b?%hoﬁ

Still further al t ho t he maxi num sensitivit
direction is ﬁ&ﬁurélqlwmkﬁhnéﬁ {PEEPZ SRRUITDFOF5[R3G] F?PlaHBBtﬁﬁgtPhe

above struct woad taheléitgéCtb@DSLQf of @(I@laau&steas, agkbB efaaﬁnbné casemal, e
s by OB IRATR I S Ay ph BSAI20 SHRSLENRl by oiber ]
are notls sub§ﬂantmhélgnghgemant.portlons 75 engages with a sprocket 87
(Fig. 3) included in the feed mechanism 55.
Referring to Fig. 6, the feed mechanism 55 has a
shaft 86 supported for rotation in bearings 85 on a boss 84
of the magazine body 59, the sprocket 87 fixedly mounted on
20 the lower end of the shaft 86, a reduction gear 88 and a
reversible indexing motor 89 having a drive shaft 90. The
reduction gear 88 has an output shaft coupled with the
shaft 86, and an input shaft coupled with the drive shaft
90 of the indexing motor 89. The indexing motor 89 drives
25 the sprocket 87 for rotation to drive the tool pots 61 and
the idlers 62 for movement along the guide groove 60A soO
that the tool pot 61 holding a desired tool Tris positioned
at the standby position P.
Referring to Fig. 7, the pot extracting mechanism
30 56 has a frame 82 fixed to the magazine body 59 and
provided with a space 94 opening tbward the spindle 4 of
the machining center 1. Two guide rods 95 are held so as
to extended in a horizontal direction in the space 94 and
to project outward from the magazine body 59, and the
35 slider 96 is supported on the guide rods 95 for sliding
movement between the standby position P and a tool change
position Q. The lower portion of the slider 96 lies in the



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 wide range wth the nunber thereof as few
as possible and having substantially the same detection sensitivities with
respect to accelerations operating in-tle-respective directions of

ort hogonal coordi nate axes. To achi eve the object the present

i nvention prowtdes gportbont id7y Sormedenent thé deperer atrfacdetet ithg

elements —cogpii.si;ng tﬂ@de?cﬁg' & ion ﬂ?{:ﬁ%&é&gwﬁkﬁnﬁéﬁé sdPGEE! u.aLdefI rst
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S0[err] andgy %%C@&@o%%X%@U”‘w%%%ﬁ%thbHXd@krg%th%”p@él%@@h@@r a®f thhe
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toward Pthe zStapedbyhy PAFREGLOR t & 50[t&r ] SeFGF‘tdheEUlfjﬁe gceerer afBonis
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accel erati on tiet eetiond gulideegreovend8i sikpdtnweaueas tdmg morcogeldt ieg

elements, a ighaihald BA FRANSOAOL GElALAUNING FHONDTg ?b%el&%eswahges of

electric SI gnal s out putte e respective accelerati'on detectl
el erentl® andamRerldS dst ptached rﬁﬂn%s@‘ﬂwtyShéifFeétOi?orPfoft%eP@ﬁ: t he

acceleratlonegggggkh%? floRERN1D1.S Al RP1i1eed 1000Ast Bapyortkd rOWAkE1G Z
axis by 20[err] to 30[err] and a _second maxinmum sen5|t|V|t¥Fd| rection of

anot her of tRE thecepdramisy ot &b FyiogeEM 108 3PACERNEd TEREMIPNE X axi s
toward the zedongahy 2fwivd 1053Qbefné}i :Eurth@ruppbe anndsieatddnthe
detecting ele t hi casg Is.a rp | enent . of bIe en fixing
type made of ra{e§e§zggl ect ¥ %e% asrsf’{l a2 tl10§F"Cﬁt rlrve’% ﬂfeorpr esént'Y R¥enti on
provi dé$ an rebenppiigexgreatdgagenotof h@belm@tmﬂmedetlé@t ifid teldedmntthe

wherein i nneg @l,8¢k 04eSo8L e RPVLEHeEcal Al | %riqrde}}or%mb{éape Enghe

pi ezoel ectric ceram cs™ bodi es havi ng a rect angul ar plate
arranged sep&tareby pesitdem: & angdcabpoiogidcbange position Q.

The operation of +the tool magazine 7 on the

machining center 1 will be described below. Tools T

20 necessary for a desired machining operation are put on the

tool pots'61, respectively, before starting the machining

center 1 for the machining operation. While the tool T

chucked on the spindle 4 of the machining center 1 is being

used for machining, the tool magazine 7 indexes or

25 positions the toocl pot 61 holding the next toocl T at the

standby position P by rotating the sprocket 87 by the

indexing motor 89 to move the tool pots 61 énd the idlers

62 along the guide groove 60A with the contact portions 74

of the adjacent tool pots 61 and the idlers 62 in contact

30 with each other. The head portions 72 of the guide members

70 fixed to the tool pot 61, and those of the guide members

70 serving as the idler 62 slide smoothly along the

horizontal guide surfaces 108 of the guide groove 60A, and

the guide portions 73 of <the guide members 70 slide

35 smoothly along the vertical guide surfaces 109 of the guide
groove 60A.

Upon the reception of a tool change instruction



| ocations of the piezoelectric ceramcs bodies along a

12 ° longitudinal direction, signal output electrodes are provided on nain
"surfaces of the piezoelectric ceram cs bodies and respective center

. portions and end portions along the |Ilongitudinal direction of the

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

el ectrodes are polarized in a thicknessgdirection with different senses.
BRI EF DESCRI PTI ON OF DRAW NGS Fig.1is a partially broken perspective
Vi few shovm'mr)ngdﬁ-onsta ugbhteoDied) @Reelebat :maiamtfr ngceheteat taﬁC@rod:i ng to
a first enbodinent;, . Fi.g..2..1 5 an expl anatory .view show .t he .mounti ng
arr angenent 5t I‘?gt&é}gelmé’rtﬁxig&ﬁnd(}toe qu?élcgl gtﬁpi?n%él&fietrh?é }H:Otrls -0 ntt):(gl(‘:']"l ment ;
Fi g. 3 shows &daincpbtn &l ogosditdgmed shvw tie t IsEandiper aposatdbnt 2 rount i ng
ar r angenent . | 1 0 'gtg%; 1.g. 4:.1 ' V br gken

per spective 3%E§ﬁ§ﬁ%$f%% F§§9 g%ruc J?Etb gﬁbgcég%éggtﬁgéiggééc in%K

el enent Saccordiengamne timgscobRE dpdadsbeek ;5 is ragpgdsrpdagavexpla ry

vi ew showi ng diQmFPuNt £89a %Hﬁ%%%%x@eéﬂlﬁuﬁﬁ@'% athentdst echige

el ement of the second enbodi nent; . . 13

Fig.6 is a f R EPHIQck Thekgr s iR Fhamg igige Seviss Cof My et ng

arrangenent afodlhefrssae otttk espOdIENE; and puts Ghe itodl PRr héeddl pybradkeen
accel erat.i.on_ dete el ene

PR ra° enboditrin ot s2%edly e PaREs Uit (£R1°EhePde pOREPLo L& 1R, ° °
views I$how mpisyddiss ¥f aSpbeeuugntdy, a tinenHldctanr i Wy het hedresgtede ta hird
embodi Ment | returd @R Uodh P BaPlerdd Ut %%18%n%'éa'tpo§§i§%r§ RPWg
Steps O A P i dndby position Be and the topl migasine 7 darries out
y position P, an e too aga e
the tool indexing operation to position the tool pot 61
holding the next tool T at the standby position P for
15 preparation for the next tool changing operation.
As described before, the tool pots 61 and the
idlers 62 are arranged alternately on the magazine body 59
so as to slide along the guide groove 60A with the contact
portions 74 of the guide members 70 fixed to the tool pots
20 61 and those of the guide members 70 adjacent to the guide
members 70 fixed to the tool pots 61 and serving as the
idlers 62 in contact with each other. Thus the tool
magazine 7 of the present invention is fundamentally the
same in construction as the aforesaid prior art tool
25 magazine, but the pitch S between the successive tool pots
61 of the former is greater than that of the successive
tool pots of the latter. Therefore, the toolgmagazine 7 of
the present invention is able to handle +tools T of
diameters greater than the diameter of the pot bodies 6la.
30 Since the surface of each guide member 70 is coated with a
nickel film formed by electroless plating and containing
fine particles to enable the guide members 70 to slide
smoothly along the guide groove 60A, the guide member 70
need not be provided with any guide rollers that roll along
35 the guide groove 60A, which contributes to cost reduction.
Since the guide member 70 is an integral member having the
head portion 72, the guided portion 73, the contact portion



~enbodi nent ; Figs. 10 (a), 10 (b) and 20 (c) illustrate sectional
"views showi ng a nodified exanple of steps of the prestage in the

manuf acturi ng met hod of the third enbodi nent; Fig.11 is a partially
br oken perspective view showing the structure of an accel eration detecting
el ement according to a conventional exanple; Fig.12 is a partially
br oken perspective view show ng the strgcture of a piezoelectric el enent
according to another conventional exanple. DETAI LED DESCRI PTI ON OF
REFERRED ENVB@RI T She engmmrﬁlon 75, the tool magazine 7 of

14 An n of. n 0 h

i nvention in ?lef g)%e%%tgg&t oW[‘) ﬁ%ngh‘é%'&s leggb%%&%ltﬁhs%natthtaer %foﬁ-le%%groken

perspective Préwrsi/vl ngeah magéélleﬁat M@n@el@cﬁo Q@ﬁl’@hlb%t%‘s p&et cgst
mount i ng arrmg@%qbn of an accel eration detecting el ement according to a
first enbodinent, 2 is an_expl anatory view show ng t he general

mount i n§ ar r angement Tgﬁ tiel T cERF e CRETIRId st t PHﬁféF&ré%’f{ seaghggpiges is a

function bl Oﬁxlémd:teagvenhéé@mm bﬁﬂl@ﬁ&&@ﬁl ea the ﬁi&émlmtunn@owtaangagent of
the first e od ment ?e strugt ure._of thgeacce ?ﬁtlonm} nsor

i ncluding th n&cc%?ﬁ?h? %ﬁ c?é}%c PRECEI dRenBLPStERLPES! | e'SaneEs t hat
i n the convemsurdage exﬁanpdaeh Toddef arembem O gmayahe: Feopied peithornyor

parts the SauR33-hlos eI HaALt A 20060 HVIAHNE HAEE Q! 2y and

a detail ed explanati dn ere
the acd® er athlae'on serrdfficienB ¢f dysamipcr firighiedi meht 0 55 c@ﬁsﬂoﬁl@Med by a

doble end fi ¥R d4¥p1DY P NsELEABO! oF REHE G AL MARSSH e'pgt g
detecting elenent _ and an insul ati ng case 2 cont ai ni gﬁ% the b m)rp eI errent

1. The acceFeRAEFon"itRs& ROLKGSRTafLugregtREdenR WnsorThet (5204 n
face 3 such @agazdneCUi xhaiaa@é mountﬂmohymwn@h@ﬁyr&onumm iMdteanedE |s

positioned and contain in._the Iatln C a state where the
nexi num sens Me; luw%ty @he Lame” on 'The \gabf column glat &l totl

15 magazine 1 may be used in combination with a machine tool
other than the vertical machining center 1, such as a
horizontal machining center or a boring machine, and may be
installed separately from a machine tool.

Although the invention has been described in its

20 preferred form with a certain degree of particularity,
obviously 'many changes and variations are possible therein.
It is therefore to be understood that the present invention
may be practiced otherwise than as specifically described
herein without departing from the scope and spirit thereof.

25



15 direction Pis inclined fromthe sensor. attaching face 3. The maxi num
D sensitivity direction Pis set upwardly with an angle of inclination from
" the sensor attaching face 3 being 40[err] or nore and 50[err] or |less, for
exanpl e, 450 hereinafter. In the bynmorph elenment 1 of the first

enbodi mrent a pair of piezoelectric ceramcs plates 6 both in a rectangul ar
pl ate shape on the top and the bottomsurfaces of each of which a signal

el ectrode 4 and an internediate electrode 5 are fornmed, are opposed and
bonded t oget lcamiazd end portions t hereof are cut off by planes inclined

fromthe thi kness irection 5[err] correspondi he an
i nclination The resg Emg} eec""t"r iRe c‘é‘?’%% SPaPéga%lBBanﬁnga t he
i nt er medi at e makchdneodes 1 a:bﬂlpﬁd.lsalhgzed in the th| ckness di rectl on with

senses inverse to eag%g&%%?grgo lpgns );eag’rl% %ti'de‘a igﬂa%% ong dggu_éeare

extended up to nutua eren i ons ong i nal
di recti @n of groever ¢80t ve pi ezoel ectric ceramics plates 6 which is the

same as in the conveg 'é%’l%laﬁ)ﬁ%”pé@ gEHELBES (e ol 61 ohefe sl !

this case is constitut usi'n r ames case ds 8 as those

in the conveRClE{RgD ékaﬁ%@ &fa- tlféxeldéé’pé%ltqweéi g“l’l’a\‘hegéé@ﬁod@b@r&f t he
bynor ph el emgnip)l ea{g%gle@ﬂr@fé %aiégs e L8 aGro8YEC T BOASS £okN@l 1 aglhgwn)

of the insulatin e are forned ter nd faces
16  differefftV “@twgﬁe guide g Qﬂﬁh?ggg‘% ﬁown in Fig.2, the
nount i 1§ arrangerrent a Héedooatiesiat sron t‘fﬁe)t eotr mgvd:hgnenestcmle portevi(édéd with
the two acc I t rJ t he sane sensor

81878l (AL SEAIALE Q3L B AHLACTE0a

attachi ng face ons “respe y equ to directions of the
orthogonal coordi nat whexednx e yendjmsﬁergum;e shevwpove F(§OB)t hhas

mounting arr %6&‘3%?&&15 gutQBNeet £4-d O @ dd Y %hd%‘é’ré&é&f | FOEFRFALRS

circuit X1 and form ng conpar ator _processi ng_of ectric signals VA
and V[err] réé}?@dtrl \Pé}‘%/ %ﬁff*bu??@ﬁ PP&'m(PHe) difeckred eﬁﬁﬂ‘(éd%d ag &Rd a

| ogi calisci r cuippeX3 gef 0o BEe280ERWIAN Colo BUQEES Sidibes COMPRr @keh
st gnal s VL er tLo3nd M ShELa” SRRETH 72 CHhPUY S Y OBADS L [okna0d e e

horizontal guide surfaces of the endless guide groove, a

guided portion (73) in sliding contact with the vertical

guide surfaces of the endless guide groove, and a contact

20 portion (74), contact portions (74) of adjacent guide

members (70) being in contact with each other.

2. A tool magazine according to claim 1, wherein said
guide members (70) are provided with engagement portions

25 (75), respectively, which are in engagement with said feed
mechanism (55) to be fed by the feed mechan%sm.

3. A tool magazine according to claim 2, wherein each
of the guide members (70) is an integral member having the

30 head portion (72), the guided portion (73), the contact
portion (74) and the engagement portion (75).

4. A tool magazine according to claim 1, wherein at least
one of the surface of each guide member (70) and that of
35 the guide groove (60A) is coated with a film for enabling
each guide member (70) to slide along the guide groove (60A).

# € L M 0§ =




X1 and X2. The conparator 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 el ectrodes 4 of the bynorph
element 1 are connected to wiring patterns-(not shown) which have been
formed on the sensor attaching face 3 by soldering etc. via external

-el ectrodes (mQt ahewd)l AAghBenbnsotstdiggCesSellhim 4, wherein the film

17 The naxinunk§ nsitivk%%cgépéitionzg of the b%gnrﬁh el ement 1, . which
is served ash 3cc&tal % | FYTERCTHent GRGD PHESGr EBESFn (7R
accel erati onas@nsbatApfi thengaide rgaodowvs (aQMaratimprised medicked ¥idni s to
z axis by 45 ol ok [ L LiLVi dir Lan of h

el enent 1, m%%@ﬁkﬁglgglggﬁgggcgﬁ§§gaé%sac%éFerggggﬁgdeggbtf%gggpéggﬁg and
i ntegrated i ®l@&fdngcecel erati on sensor B, is in a direction upwardly
inclined fromx axis to z axis. Now, an explanation will be given of
the operation of the nmounting arrangenent of the acceleration detecting
el ements in thi sAebodi megezinerateordingtto Klpim ghd whiegedn the fham

foll ow ng explanat i i LELVLEY e t-ian
detecting elg%%%?sl%ﬁﬁghggce eratj%%gggﬁsoPg EﬁgeééF%S IS S n@f%? ﬁﬁgre G
is gravitati &Rt ac®f er dii®n HHLAR hr SHIPYR f of 6@BY ect PRPPFAFREL s &t
certain | evelps19tetRa® 1 vdiroctayianat edias 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 sensors A and B arranged in the positional

relati onship shown in Fig.2. Then, the detection sensitivity of the

accel eration sensor A arranged along a direction equal to the direction of
y axis is nullified whereas the detection

18 sensitivity of the acceleration sensor B arranged al ong a
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direction equal to the direction of x axis is indicated by the maxi num

s sensitivity Smultiplied by cos45[err]. Therefore, an electric signal VA
outputted fromthe acceleration sensor A in this case is Q' nV) and an

el ectric signal VB outputted fromthe acceleration sensor Bis S X
cos45[err] x I(mV). In the second conparator circuit X2 to which only the
electric signal VB is inputted, a conpafator processing is performed wth
the predetermned S[err] as a threshold. That is, when VB>S2, a

conpar at or signal Vlerr]=l and when xhstrpcT. S[err] the conparator

signal V[err]=0 _The conparator sign errJ]_.is. out ed from t he second
conparat or ci rcwpt Q’??S‘t Blapﬁ‘(?lnleoéllgﬁﬁoéﬁﬁcb?tf%damen ai{% thers
accel erati on adnshFrucst iopeiaat adcdrosspdreding grtiore aditr EObiLamagﬁzim but

ort hogonal - coq dig 3:% je%'fs hhn tﬂi‘ﬁp @8&?% rg? E”&iémé’éé g{ré{kﬁer Jha
accel erati on “sens arrange arong e rection eq ua | rectl on
of y axi® is thag# ff ctbbAs twrelqramamrh%éwgicﬂaﬂ tiyy s:hmlnmpm artpytool

cos4d5[err]  wWgfLasd he 19t %GJUlofﬂa§SE§hE' ¥bﬁ¥r9£et§%§§§£ir% AdAP SRNSOr

arranged along a direction equal the direction of x axis _is nuII|f|ed
Accor di ngl y, BIRVideadtt Mithsi gRal eVﬂléﬁﬁpug’e‘eée fIBAPYRe GRER) er A1Dn Zensor
Ain Ithl S cagﬂufan@ cafFededyl PoxsCOsEb] elalhx ﬁbﬁv)hcﬂniidd”leaehﬁf‘d]f] Jc
signal VB outputt rom t.he
accel eration £ (@r‘y BPFEVEIEA) IR FYEESu TETReTRe (FiO)st en@%%%?at%}e

circui t1X1 t@ndiie:srs @uide fgragert(GQA sifpmals MAlirg mnavmtdred dang tthe

accel eration ﬁoé%e cg gé&t ﬂ%ghg[ﬁﬁgﬁwsggmﬁ‘ o rft(glr a@ jbggu
pr edet er m ne err resho err t he
conpar at or si{dfia) mﬂmlenéﬂesmgnldﬁ gspeve] ( 6@4\1% ‘eb%arcb]t%lrs i &gl

V[err] =0 The{ egdh€hct #NenCAWRAALFe Shéidrs/| @7@} b? elatgelaet;ﬁd éd&mthe
first conparator circuit X1 to the logical circ whi | e,

when the accd¥rsSy TGFRFCUHESLY -opdhgt 281eF 8Nl 62 Plea‘f)%sﬁ‘fl?%'%axaﬂ'%]c]ﬁ dP®f the
orthogargl coaml nbheshipe and [Filsterefidrite diet Ehéi guigensidmberts es7®f. the

acceleratlon sQr Aand B indicated b e_naxi my nsi t

mul tiplied by co@i’g'[d?ar ‘ﬁbgér géf‘rﬁ%rlzoxg?g %1ée ‘{/‘B?a U (:J]tq ed from
t he accel eratammmasl El&r@@ Iua‘rfecersdliéaﬂéd Ash&ag mﬂ-ﬁcprer(r]Z)( df nv) .
Further, in thg fGys % mERBRLAf 96) £ rﬁ{‘ igkd Ql%hﬁg Bét?hifaEJEewPéﬁCEHé ¢

si gnal VA is Inpdtted fromthe acceleration sensor he conpar at or
proceSS|ng|:$°rlz°ntal guide surfaces (108). A guided porion (73) of

20 the guide member (70) is in guided sliding contact with the
vertical Quide surfaces (109). A contact portion (74) of
the guide member (70) is in engagement with the feed
mechanism (55) to be fed thereby.
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. sensor
. Thereafter,
first and the second conparator circuits Xl

perforned W th

. to'which only the electric signal
t he conparat or
the conparator signals V[err] and VS2 are ou

B,

conparator circuirt X2

s

S1 as the threshold and in the second
VB is inputted fromt eS%c
processing is perforned with

and X2 to the

20 | ogi cal circuit X3. Moreover, in the | ogical CIrCUIt X3 to which
either one or both ¢f the cdnparator S|gnals V Rﬁr] and V[err] are
i nputted fromthe conparatormgerU|ts X1 and an OR | ogi cal .
processi ng basgd on the conpar atgr—stgnaat-s—¥ er and \[Ter that is, the
OR | ogi cal professing in which &Eg=sa—¢cr ¢tui tjfjililsi gnal --L I fl§ VS1=I or
VS2=l is perfofned. Thereafter, ' | ogi cal | ci i t sijgnallfiiiVL i|$ out putted
to the outside ined above, wh ie nourt i ngiiar r aghgenent  of
accel eration detecti [ I s ladopifled, |t he
detection sens|tivit I sane (degrh@e wi|th respect
to any one of the dif .“nadirate dkes (x, .y and z,
that is, the detecti ﬂhsen3|t:Vitiés S
mul tiplied by |cos45 fmoygnt i ng- ar fqangenent of
this enbodinept a 4ct|on Hensijyivity is
nullified is oply a &+e Xi mum Hensijftivity
directions P {both of and B fiher eby
provi ding an @advantage in tect@gd inja w de
range. ' irranfjerent of this
nhqdlnent t he ; bympr ph el enments 1
réspectivel y iptagratled ' 21
accel eration sénsigrs |A and B e sengor d@ttaghing face 3

by the angle o

the inventors of the present

a |
I nclination of 45[err], ib%ﬁverl I't has been recogni zed by

!w;

FIG. 2




invention that the angle of

may be in a range of 40[err] or
ratio of cos40[err] to cos45[err]
is cos40[err]/cos45[err]=1.083...
in case of the angle of
cos50[err]/cos45[err]=0.909. ...

40[ err]
cos45[err]

in

clination is nat

Ther ef or e,

nore and ‘50[err] or
in case of the angle
A ratio of
inclination [err] of 50[err]
the ratios are within

of substantially 10% of the value in the case of the

of 45[err]. Therefore, it

substantially the same as those

i s apparent that

restricted to
|l ess in

45[ err] but
practice. A

of inclination of

cosb50[err] to

angl e of
the detection sensitivities
in this enbodi nent can be provided in any

is
a range
inclination

directions of the orthogonal coordinate axes x, y and z. Enbodi nent
2 Fig.4 is a partially broken perspective view show ng an

accel erati on sensor, whi is a parti@ nounting arrangenent of an

accel eration detecting elemnt ip_a decond odinment, Fig.5is an

expl anatory vi ew show ng thg-gengsal } ngengpt of the

accel eration detecting ele r@s and EBq. 6. —Hs i o bl ock di agram
showi ng the operationéﬁf t he t e second

enbodi nent. Further, the “sdA4uctl ensor incl udi ng

t he AR accereyatipn detecting

el enent per se is basically
and the first enbodinent a
parts the same as those. L
notations and a detail ed &%
sfioyn in Fig.4 each of the

second enbodi nent are respeg

bynmorph element 1 and an i
t hese acceleration s&hsors
such as a circuit boa

.......
-Gttty f—y .

()and“Frg~1Am%?
gheréoflwrfh be

and contained in the insul
attaching face 3 and th
by the angle of

In the bynorph el ement 1,

el enent of the second enbod
6 both in a rectangul ar
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_plate shape on the top and the bottom faces of each of which a signal

el ectrode 4 and a internediate electrode5 are forned, are opposed and
~bonded and edge portions thereof are cut off by planes inclined fromthe

t hi ckness direction by 23 250
corresponding to the angle of inclination [err]. Further, the respective
pi ezoel ectric ceramcs plates 6 bonded via the internediate el ectrode 5,
are polarized in the thickness direction with senses inverse to each ot her
and the respective signal electrodes 4 are extended up to end portions
different fromeach other along a |longitudinal direction of the respective
pi ezoel ectric ceramcs plates 6 which is the sane as in the conventi onal
exanple. Further, the insulating case 2 in this case is constituted by
clanp frames 7 and case lids 8 as in the conventional exanple and the
respective signal electrodes 4 of the bynorph elenent 1 are connected to
external electrodes gpot shown) fornmed on different outer end faces of the

insulating case 2. QO As +~Q_Fig.5 and Fig.6 the nounting
arrangenent of the &del NAD {ng elenents in the second
enbodi nment, i s connect&gAs y- ~ tion sensors A' and B' attached
on the sanme sensor at \ irﬁgtions equal to the
directions of the ort coor di ) s-K.and y, a calculating nmeans
X4 for calculating a Yerr] + [er ~qf.\ absol ute values of electric
signals VVA and V' B Mfted respect{A fr t he accel eration sensors
A _and B and a co JLPr circuit X5 32 ucture of the calculating
néébs X4. perform ng —ane jcul=&tion is well
24~ known and a detlapk kledf will be omitted. The
outer surfaces of the; Jjifjng the insulating cases 2 are
positioned and fixeq #AN respective accel erati on sensors
A and B' on the senses4/ 3.A¥he respective signal electrodes
4 of the bynnr§2<2LQ{ respective wiring patterns
(not shown) formed C¥5 sensor attachn ace 3 by
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sol dering etc. via external electrodes (not shown) formed on the -
‘insulating case 2. The maxi num sensitivity dlrectlon P~ of the bynDr

element 1 integrated in the acceleration sensor A s&ﬁl s B e
“inclined upwardly fromy axis to z axis by 25[err]
sensitivity direction P of the bynorph elenent 1 |n

err]

sensor B' is inclined upwardly fromx axis to z aX|s

Next, an explanation will be given of the operation of the nDuntlng
arrangenent of the acceleration detecting elenents in the second
enbodi nent in reference to Fig.5 and Fig.6. In the followng

explanation the maximm sensitivities of the acceleration detecting

el enents (the acceleration sensors A and B) are S (mvV/G where Gis
gravitational acceleration. Now, assune a ca8e in which acceleration
of 1Gis operated fromt positive dir n of the or t hogonal

25 coordinate axis x to|fhe rmour hg ar r angjy $§i|tuted by the two
accel eration sensors A a B arr@mnged in thg posi nal relationship
shown in Fig.5. Then, the| fete@ ofj| sensitivilfy of g@he accel eration sensor
A attached along a direcfion equal to the directionjof y axis, is

i ndi cated by the maxi num gensjtivity plied by co [err] and the

detection sensitivity of fhe i onf’sensoB-1afit ac al ong a
direction equal to the difpcti 75057 7402 %) by the maxi mum
sensitivity S nmnultiplied by t : yi~&60Onk! VA outputted
from-the acceleration sepksor ? —treh v cos900 x 1(nV) and

t hem el ectric signal VB putpu romthe acce pon sensor B is

nd¥cated by S x cos25[e . Inacalc ¥¥g means X4 a sum
([err]+[err]) of absol ute*val ugs the electric qsﬁ VA and VB
outputted respectively fromth rati on sens and B', that is,
[err] S x cos90[err]+[err]S x 5[err] =S x|O rno is calcul ated as
a synthesized signal V AB. Thgxs hesi zed si gnak WUAB whi ch has been
calculated in accordance wthg8ugR a procedure, ut putted to the

conparator circuit X5. In the conparator circuit X5 a conparator
processing is perforned with a predetermned SO as a threshold. In the
conparator circuit X5, when V AB>SF.' tIheG con@r ator signal Vg' =1 and when
V' AB<SO t he conpar at or . ’
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1

.26 . signal V s=0 Thereafter, the conparator signal V's is outputted
to the outside. Further, although the above explanation has been given
.to a case in which acceleration of 1Gis operated fromthe positive
direction of the orthogonal coordinate axis x, the same is applicable to a

case where acceleration of 1Gis operated i om tHe positive direction of
the orthogonal coordinate axis Yy mR@heat Hat BekaRpidd) s calculated as the

synt hesi zed signal V' AB. Fur where acceleration of IGis
Hlll mwmthogonal coordinate axis z
operation is

operated fromthe positive direct
to the nmounting arrangenent of Fig
performed. The detection senS|t|V|t|es of the acceleration sensors A" and
B in adirection equal to the direction of z axis, is indicated as the
maxi mum sensitivity S nultiplied by cos65[err], that is, nultiplied by
cos(90[err]-25[err]) since the angles of inclination of the accel eration
sensors A and B fromthe sensor attaching face 3 are 25[err].
Therefore, both of the electric signals VVA and V B outputted respectively
fromthe acceleration sensors A° and B in this case are indicated by S x
cos65[err] x I (mV). In the calculating means X4 a sum of absol ute val ues
of the electric signals VA and V B outputted respectively fromthe
acceleration sensors A and B, that is, [err]S x cos65[err][err]+[err]S
X cos65[err][err] 27 =S' x 0.85(nv)
is calculated as the synthesized signa AB.I In the nounting
arrangenment of the acceleration detedti elg%gnts in the second '
ﬁb di ment, substantially the sanefdetdd sensitivities are provided in
any dlrectlon of the orthogongk% rdiingtidl g8 x, y and z. Further, in
the nounting arrangement of th ngnd gripaoh a direction in which the
detection sensitivity is nullifigd “h@ AT owégr hogonal respectively
to the maxi mum sensitivity dir¢6g+oer rati on sensors A and
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detected in a wi de range.
synt hesi zed signals V AB'in case where acceleration is

0.91(nV) and the
acceleration is operated along the

enbodi nent the

_operated along directions of x axis and y axis are S
V' AB in case where

synt hesi zed si gnal

direction of z axis is S
inclination_[err] of the acceleration detecting elenents (the
in the accel eration sensors A
in view of the

angl e of
bynmor ph el enments 1)

attaching face 3 is set as 25[err]
In calculation conpletely the
are provided along any directions of x axis,

manuf act uri ng.

t he angl e

as 26. 565.

t he inventors of the present
fromthe sensor

attachi

I nci dental ly,.

according to the second

X

x 0.85 (nV). The difference is caused since the

and B

fromthe sensor
conveni ence of

sane detection sensitivities

28 of

y axis and z axis by setting
inclination [err]

It has been confirmed by an investigation perfornmed by

ct{L‘IVE}I’ltI (0]
072 et edietivel y 1A

hat wh

en the angle of incl

i nation

sen y dlrectlons P
of the Dbynorph elene ratéé(‘ty(bt)
accel eration sensors A73 &ndl erni@Zé?@‘)g (?qu’@?G mthe :
directions of orthogona XS X or achi ng
face 3, is change ¢ ,
([err]V Alerr]+[err QDS Ol V esl rrlc si gnal s
VA and VB outp e ellefgt 1 prif[Hensd nd B' change as
shown in TabI@ZJ(?O) r 9 Table 1
[ nserted 740 € [ ' 74 '
©la 6
l
ol
65
64— g__
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31 Table 1 apparently shows t hat the detection
sensitivities in mutually orthogonal three axes directions are
substantially the sane only-i-n--case wher € the maxi num sensitivity

directions P of the respectivy isiccﬁjia?ﬁ%k@ﬂawﬁensors A and B are inclined

fromthe sensor attaching f adl i of from20[err] to 30[err], by
Hmmt“ of the electric signals V' A
and VB outputted fromthe ac sors A and B'.

cal culating the suns of the a
Enbodi ment 3 An explanation will be given of a third enbodi nent of
t he present invention. The third enbodi ment discloses the structure and

AR AT RNd 28
N7 L v N
(e .V e ) )
N /AN 240N

=t

%

t he manufacturing nmethod of an acceleration detecting el enent applicable
to the first and second enbodi nents. Fig.7 is a partially broken

per spective view show n C rati gn_sensor igh|the_state . of renoving
case lids, incllﬁgng a%ﬁ??ﬁr S&quon d@@i? eI!n::nt6&é1 ing to the
third enbodi nent, TH.gs. & i 3 di agr ans
showi ng steps of a \pX.esiZan iss e 2/ LR ;

accel eration detect: ng @'f "‘\'()7{{

vi ews show ng steps_of :\i__g,:a\\:._w_;pfs \?}AQ{:Y/ Y,
Figs.1Qla) to 10(c) illostr \@r Zna ?w steps of 'a nodified
32 exanpl e of the prestage i n~g"anuf act uri Mgyt hod t her eof . An
accel eration detecting ‘BlZnent ) i ncluding, accel eration detecting
el enent is conposed of the bynorp structure capable of realizing the sane
function as in the conventional exanple. As shown in Fig.7 the sensor
i ncl udes piezoelectric ceramcs bodies 32 in a rectangul ar plate shape
havi ng a predeterm ned thi ckness g=f gr a , piezoelectric ceramcs
bodi es 32 manufactured by a net h(E af @ki green sheets nade of a
pi ezoel ectric ceramcs. A signal output electrode 33 in one |ayer
structure is formed on a main

70 60A
rey 108
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‘el ectrode 33 on one side (top side in the figu

side outer edge face (left side in the flgure rlc
ceram cs body 32. Meanwhile, the signal output eIectrode 33 on the ot her
side (bottomside in the figure 7) is gxtended up to the other side outer
edge face (right side in the figure 7) of the piezoelectric ceram cs body
32. At an inner portion of the piezoelectric ceranm cs bodies 32
three inner el ectrodes 34 arra ed se-arately atla center | ocation and end

surface of each of the piezoelectric ceramcs bodlé5 2. The S|gnal Egur

| ocations al ong the | ongilQ PR MALIINETQOhed in parallel with
t he signal output electrodes 33. CErantcs regions 35 and 36
constituting the 33 pi ezoel ectric

ceram cs bodi es 32 by opposing each ot FBSTRAIDSs these i nner el ectrodes

34, are respectivehy, Lyl dega, |4k &1 NAEROTI] MnaGRAANAY HEahlCin

| ongi tudinal direction € piezoe ric ceramcs s 32 S|ntlar to
the inner el ectopgégugiionhas 3 sorzesponddso PHHOT FEE 4RP13ERI2ZARSHYt

portions 35b and éQBabEw&b%anabfnge@wg ives ¥ ailhr teert greB@EEi BASN352
and 36a and the end portions 35h and 36b in the-ceranics re grons 35 and 36

are pol ar Pzed THOERe Oft kPERFc¥Bigh, 8P BR RRPHLIAH: BY FPedPFEBF Rt sERREs as

in the convenwagaalinexanphe. tool maddwimes eaimymitdeda dﬁ@e&umgbeﬂgneﬁg)i S
constituted by the liezoe ctrlc %é m cs boqies 32 the aI QuizPU

el ectrodes 33 BAGVEAET nHE eI%%tr% S%5 gut polérlz i of W t
respect to thepleradicy nzg|¢n@l35poamd(SEJareaphrﬁbnheUObQIOglﬁg thel,
si gnal out put hQd d NEEe ehRbideades (34 Eidagit ¢agt er
portion 35a a%’%&ﬁl (na%r%‘glf?té@ongtlg:%b oﬁg?l tuting the cer amggasglrr{ebel on 35
are provil®ed wﬁpﬁl§§ﬁs§§lﬁea§§°PVGf(éghérfﬁﬁtﬁéhdl¢ﬁem9¥ﬁ?§Ft BéPPQoﬁh§6a

and the end po lla@S g&%v@onstu tadd N tnddiean 6K ABEF MOGeOHNtRE 8661ppotsded
the Tong tud 2%‘1 apigpe! Sheoridiett mnian drara oo dLeh, SeFEdf523'
supported by aipaidortfacty anjtH r eihesgdidenmembeasnd|70) of adjacent tool
pots, respectively. The idlers (62) are substantially the
15 same in shape and dimensions as the guide members (70).
The guide groove (60A) has horizontal guide surfaces (108)
and vertical guide surfaces (109). A head portion (72) of
the guide member (70) is in guided sliding contact with the
horizontal guide surfaces (108). A guided porion (73) of
20 the guide member (70) is in guided sliding contact with the
vertical guide surfaces (109). A contact portion (74) of
the guide member (70) is in engagement with the feed
mechanism (55) to be fed thereby.

]ﬁgges




34 | i ke shape in a side view. The respective signal output electrodes
233 forned on the main surfaces of the piezoelectric ceramcs bodies 32 are

connected to respective external output electrodes 38 and 39 forned on

mutually different outer end faces of ;t he piezoelectric ceram cs bodies

32 and the cranp franes 37. Nexf-="an expl anation will be given of the

manuf acturing procedure of the acceleration sensor C including the

accel eration detecting element shown in Fig. 7 in reference to sectionial

views of steps illustrated in Figs. 8(a) to 8(c) and Figs. 9(a) and 9(b).

Further, in these views a rangﬁ of the size and shape corresponding

to those of each acceleratidﬂ detecting el et and the accel eration

sensor C is parti - s shown in
Fig.8(a) green sheets in a rec t e {@iape ha size and a
shape correspondilng to those of er of |th | ezoel efiitr i c{j ceram cs
bodi es 32 constityting macqgel efation deteqti el epenjlii, tfhat is, two
green sheets nade [of a pi lbellegt tic ceranids to pe nal fIly
transforned into tlhe cera-dcs egi on 34diitt are prepr ed] Further, a
conductive paste |of si}val, di | ke {fiis ajpplied by a
nmet hod of screen grintipg’ & ce Gf ope

35 (bottom one iln the| fifyire V"W) en gheefs 4ff, tjhat s,
applied at every denter tio d | oc4tion off thie one face
corresponding to dgvery piez - : ‘ bodyi’ 32| al ojffg tihe

| ogi tudi nal directfion and t . i is{bried uiider({a

t enperature of app it el y r{e O ng ifinerffel ectrode
patterns 41 arrandedfif s¢épar atelSaflrom tither Aslishown i n
Fig.8(b) a face of} t! r egl onjt otjherfi si de,| thaff isll the green
sheet 40 on which ' 41 _arel notdforied, is

| am nated on the face of the green shqgt 4Gion whi ch t he respective i nner
el ectrode patterns 41 have beEg f or med anh e Lssenbly I's baked under a
tenperature of approximtely Ol@ Then, the

{
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two green sheets 40 in the lam nated state are bonded together by the
" baki ng whereby an integrated piezoelectric ceramcs basic body 42 is made.
Further, the inner electrode patterns 41 interposed between the two green
sheets. 40 are sinultaneously baked along with the baking treatnent and
the respective-inner electrodes 34 anﬁanged separately fromeach other
are formed. Next, as shown in Fig.8(c) the conductive paste is
respectively applied on the main surfaces of the piezoelectric ceramcs
basi ¢ body 42, signal output electrode
36 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 approximtely 800[errl by which the respective signal
output electrodes 33 are toftned. ThH#Pégfter., the center portions 35a and
36a and the end portions 3 se™y cs ragpions 35 and 36
constituting the piezoel ect ¢ B
applying direct curretg el eft
33 and the inner eleck?o
35b and 36b are polarized
K shown in Fig.7. Th
basic bodies 45 in which r
width dinension are for
i nner surface side, are’s
cranp frame basic bodies 4p
ceram cs basic body 42 on wh
formed. _Further, the piezog
I
N

out put el ectrodes
portions 35a, 36a,
i zation H through
- cranp franes

: 5 A4 _each_havi ng a predetern ned

ai@®)levery——py edetersi @)l ocation on the
are nd'inFEQiavedjby gasty ng the respective
n the ih shtfécea of |t hd| pi ezoel ectric
iKeh {he signal1b¢Upuu électﬂodes 33 have been
eFH ' -bodﬁ 42 and the cranp

inafy |ines which are

d ? shape
3

franme basic bodies 45q@re c
set by partitioning ¥KWhETA
corresponding to

o

~7 :
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each piezoelectric ceramcs body 32. Then, the acceleration sensor as
shown in Fig.9(b), that is, the acceleration sensor constituted by a pair
of the cranp franes 37 and the acceleration detecting elenent, which is
constituted by the piezoelectric ceram,cs bodies 32, the signal output

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

pi ezoel ectric ceram cs bodies 32 and the cranp frames 37 by which the
accel eration sensor C of the bynorph 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-l1i ke formand are conductive to each other. Incidentally, the
manuf acturing methog, of the acceleration sensor C according to the
third enbodi nent is ot Iim t he procedure shown in Figs. 8(a)
through 8(c) and it¢Os\p e 2 t a procedure as shown in Figs.
10(a) through 10(c). {25 gh 10(c) show a nodified exanple
of the prestage in ma AL YHNG T (2A¥ce| eration detecting el ement and
parts and portions CcOT 507 t hose™Nd . ﬁg(a) through 8 (c) are
attached with the sa : =X 38 notations
in Figs.lQ(a) througlORy) . As in Fig. 10(a) in this nodified
exanple, firstly, pig=gelfectric ceramfc in a rectangular plate

. .
Fry i two piezoelectric
corresponding to a nunber of
BTy tjJuti ng the acceleration

is applied and dried on faces
S ates 47, that is, at the center

shape which have pr
ceram cs plates 47 h
t he piezoelectric ce
sensors, are prepar

of the respective pi

| ocations and t eRd N - ongi tudi nal direction of the
faces each corr¥sp } to a single ezggl ectric ceram cs body 32
wher eby the respecti ner_el ect rode “fdrns 41 arranged separately

fromeach other are
conductive paste i S[A
pi ezoel ectric cera

fted, as shown in ffg.IO(b) t he
r ces of the respective
he signal output, el ectrode
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patterns 43 are fornmed and the inner electrode patterns 41 and the
signal out put el ectrode patterns 43 are sinultaneously baked by

whi ch the respective signal output electrodes 33 and the respective inner
el ectrodes 34 are fornmed. Center portions 47a and end portions 47b

di sposed along the |ongitudinal dirdction of the respective

pi ezoel ectric ceramcs plates 47 are pol arized by applying

39 direct current fields anong the respective signal output electrodes
33 and the inner electrode 34 in the respective piezoelectric ceramcs
pl ates 47. The respective piezoelectric ceramcs plates 47 finally
becone the ceramcs regions 35 and 36 and in this operation the center
portions 35a and 36a and the end portions 35b an$§6b in the ceramcs

regions 35 and 36 are pol aized Further, as Shown in Fig.1Q(c) the
faces of the piezoelectri¢ ceranmi f§llpl ates 4 whi t he respective

i nner el ectrodes 34 have )izn for mggl are adher! ng a thernosetting
adhesi ve agent (not shown ruig@e_=ssenbly-i_- he, by which the

pi ezoel ectric ceram cs pl af€s ar rtegrated—tont he pi ezoel ectric

= M

ceram cs basic body 42. ne plezoel ect
have been made in accord .LVQJJx{i;:
>

sic dy 42 which
pr dure is
gd. . Thereafter,
:;.'séng'ected to the
P d ‘%hown in
=

havi ng the bynor ph

provided wth the sanme stf
the integrated piezoel ect
procedure in the poststag
Figs.9(a) and 9(b) by whi

structure as shown in Fi | Sty . ' ﬂming to the

accel eration detecting el f‘ gfthod in the
third enbodinent, the | 40

pol arization treatnment is perfp he inner el ectrodes.

Accordingly, it is not necesst : Ari zation treatnent
after previously formng and it is also not
necessary to
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constitute signal output electrodes by form ng connecting electrodes after

“the polarization treatnent.

the acceleration sensor
accel eration detecting el enent
ceramcs bodies 32 , the signal

el ectrodes 34, is inclined from
accel eration sensors used
As expl ai ned above,
detecting elenents in the present
accel erati on operating

directions

wi de range.
not only the nounting
Furt her,
41

As a result the present
arrangenent

by using the inner el ectrodes.

pol ari zation treatnment after previ

el ectrodes on main surfaces of the pigz:

Furt her,

it

is naturally possible to form

Cin the third enbodi nent such that the
consti tuted
dﬁ&but

the piezoelectric

by

el ectrodes-33 and the inner
the sensor attaching face as in the
inthe first and the second enbodi nents.
according to the nmounting arrangenent of acceleration
i nvention,
al ong any one of nutually orthogonal
with substantially the sanme detection sensitivity by using
accel eration detecting elenents and accel erati on can be

it is possible to detect
t hree axes
t wo

det ected over a

i nvention provides an effect whereby

is sinplified but the cost
according to the accel eration detecting el enent

and the manufacturing nmethod in this invention,
i nner el ectrodes are arranged at an inner portion of
ceram cs bodi es and respective portions in
Ther ef or e,

it
y

form ng
| ectlQlc ceranics

al so not necessary to constitute sigmai;
structure by form ng connecting}glec.ﬁ
treatment. As a result the pre&2dt Hm
various inconveni ences in constitut t i
two | ayer structure are not caus ;
accel eration detectin ele si\gdan
ac g el emep sy
AN
94 55
97,'bti‘ S8
| S——
=56
6l |
7] !
QT 7]
T g -
= 1/ - —

is reduced.

separately arranged
pi ezoel ectric

ceram cs regions are polarized

is not necessary to perform
separated surface
bodies and it
t electrodes of a two | ayer
r the polarization
ovi des an effect whereby
&ﬁt ut electrodes of a
I i n manufacturing the

is
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WHAT IS CLAIMED I S; 1. A nounting arrangenent of

‘accel eration detecting elenents with respect to nutually orthogonal
X, y and z axes. conprising two accel eration detecting

el enents, wherein a first one of the ac%eleration 5 detecting el enents
has a maxi mum 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 enenta has a maxi num sensitivity direction
which is inclined fromthe x axis toward the z axis by 40 to 50[err],
10 t hereby providing substantially constant accel eration

detection sensitivity along all three of said axes. 2. A
nounting arrangenment of accel eration detecting el enments with respect
to mutual Iy orthogonal x. y and z axes, conprising: 15

two accel eration detecting el enencs; a calculating circuit
for calculating a sum of absol ute values of electric signals
outputted fromthe res tive a Ieration detecting el ements; and

wherein a first one of t c er atho t ect nen s has a
maxi mum sensitivity di reg?z)ln*r G?O [ ch IS ﬁl | ne@%r axi s
toward the z axis by 73 7@1 Sp[ 626?@) FE2oF® on

Li!.‘

accel eration detectin has a ensi ty rection

which is \mil i -QG[err] to
30[err] 25 t here WY S ati on
detection sensitivi 1 m. \ ”sa dilpxeps ! 3.
The mounting @240 '~;w~5\§;=' = et (g el enent s
according.to Claim 17@@ A g lereiln e oﬁu@he accel eration
detecting el enents ' 43

30 conprises a plezoe g am cs b} nonqph| B t fixed at
bot h ends thereof. olo 4. The mpunt arrangenent of
accel eration det ect) nts accofding kg &1 3, wherein said
el ement conprises a @4iT off ectric cpramict qfdi es 35 havi ng a
rectangul ar pl ate shapeg5 [ rodes afe provi ded at an i nner
portion between the piezog cefanics i es and arranged
separately from each ot®é a centf@[ Toca n and end | ocati ons

idi rectjon of thdjpiezogllectric ceramcs 40

bodi es; signal output el ectretles—arg provi - r mai n surface;
of the piezoelectric ceram ; and ! regspective center portions
and and portions aloggjgne/ —~t %{ ngi tudipnal direqti f the

pi ezoel ectric ceram odres opposdd to each 6tfeér via the inner

el ectrodes are 45 pol anji zed in t hi ckness

senses. - 5. Ajmethbd of naking
detecting el enent conprising t e stpps of:|
green sheeto having a rgctrangul plat:

ceram cs; 50 appl |ng a donducti ve;
| ocation and end | ocatipns al opg a | ongitudina
face of a first one of the.greéen sheetls
i nner el ectrode patterns; | a
second of the 55 green shege¢ts on the first
green sheets on which the inner*stectr

along a | ongi t udi nal

iregtion with opposite

an accel eration

preparing two
pe made of piezoel ectric
paste on a center

idi rection of a first
hereby form ng respective
ating a first face of the
ace of the first oné of the
rns have been forned,
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Jbaking to sinultaneously forminner electrodes and pi ezoel ectric
ceram cs bodi es by a baking treatnent; 60

form ng signal output el ectrodes by a baking treatnment after
appl yi ng the conductive paste on main - second surfaces of the

pi ezoel ectric ceram cs bodies; and Py pol ari zi ng center
portions and end portions of the piezoelectric ceram cs bodi es by
usi ng the respective 65 signal output electrodes and the respective
i nner el ectrodes. 6. A nethod of meking an
accel eration detecting el enent Conprising the steps of:

preparing and baking two piezoelectric ceramcs 70 plates in a

rectangul ar plate ape; | |ng conductive paste on
center |ocations '623 o3(2Q) oatl onﬁaggé I"lgl t&® (D Mi rection of

first faces Qf. the espe' ezqel ectrj am ¢s pl ates

t hereby form ng respe f’“\ / N0 4 2 “_%

form ng inner el ect r.-ode '( a afbaki ng

treatment after for w:;, s_by
,\.. S =Fespettive

appl yi ng the conduct'i ve

pi ezoel ectric ceranlés pl at-ey 80 pol ari zi ng center
portions and end portions hNhe respecti pi ezoel ectric ceranics
pl ates by using the respectivé signal output el ectrodes and the
respective i nner el ectrodes; and bondi ng t he second
faces of the piezoelectric 85 ceram cs plates on which the inner

el ectrodes have been ' forne%ﬁ%rn&?y farmng the piezoelectric
ceram cs dbodi es. Accel eration sensor,

conprising two accel eration detecting el enents being nounted with respect
to nmutual ly orthogonal x, y, z axes, wherein a first one of the
acceleration elenents has a maxi num sensitivity direction which is inclined
fromthe y axis toward the z axis by 40[err] to 50[err] and a second one of
t he accel eration detecting elenents has a maxi nrum sensitivity direction
which is inclined fromthe X axis toward the z axis by 40[err] to 50[err] ,
t her eby providing substantially constant acceleration detection sensitivity

along all three of said axes. Accel erati on sensor;
conprising, two accel eration detecti ekfcﬁﬁts bei ng nounted with respect
to mutual ly orthogonal x, y, z axes, ating circuit for calcul ating

a sum of absol ute val ues of el eefgl out putted fromthe respective
accel eration detecting el enents SFst one of the
accel eration el enments has a maxi nmun Irection which is inclined

fromthey axis toward the z axi $¢B ert err] and a second one of
t he accel eration detecting elen%ah : nun1sensitivity di rection
which is inclined fromthe X axi'sTy z§§§is by 20[err] to 30[err] ,
t her eby providi ng substantlally7q9r tion detection sensitivity
along all three of said axes. L
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