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- 1 - TRANSVERSE FORCE MEASUREMENT Technical field 5
The invention relates to a piezoelectric sensor for
bendi ng nmonment or torque neasurenents with at | east
one axis conprising at |east two piezoelectric plate
el ements arranged in juxtapodition in a plane in
accordance with the preanbles of the independent
claims. 10 State of the art Sensors for bendi ng nonment

OTRANSYERIFEPORCEMEASUREMENTEl Y used in the

~industry, for exanple for the determ nation of the

force of a force transmssion 15 armof a wre
webehigaigrid act plant, which is also referred to as
wire bonding plant. In US 6,425,514 a process is
shown, in which a conventional force or pressure

Sensor Ths im/cAti relBREVBER p‘i&%efé@ﬂn@' dHhs8f mr%dﬁﬁemoment or
structure of a wire weldi contact plant. Final

t REURMERTHISTERlE vEth th@aqt,oae@(mt FRERREING zﬁde%t 0 Woe'ew ic

2Q1aRe ofePiEnd %‘F‘raﬁdeﬁ@']ﬁxt@ﬁoé&tm Feasprad lﬁoé&%‘ﬁdan-gge\mth the
di sadvant age of such devi ce consists in the fact,

t AgEMpisstof '@f‘%?eé‘ﬁﬁ%“{'%sof such sensors shoul d be

i ncorporated, in order to increase the neasuring
accuracy. However, due to reasons of econony this is
dotide Phthe@t ninority of cases. 25 Description of the
i nvention The object of the present invention isto -
provide a sensor for bending nonent or torgq

rreasuréﬁmr%fqmeeﬁmemrawtsoraquﬁ@?eéég@m%yetWﬁkvwsed n

| !he lﬁ&ﬁ%aékéﬁ@eﬂ‘& tﬁe geRvankiena ths %i@@bf Q?or&éﬂtrénsmlssmn
pe at conparabl e production_costs. ject is

s%‘l’ﬂ/@& apy/ire HeUnG Caciaet Planth Vi ist 3go .rﬁagﬁ%ﬁ@@ﬁtw& bonding
Chight’s. The invention relates to the idea of
nmet r ol ogi cal arating a neasuring elenent in

pi AR VLG PROGPSSENBHY" 1 14EN aroarypgisga! force or
NBRSSUre BRAES ib rbrouglhs bédiesn aﬁ@I W%ldﬂfgt Ain¢ ahd YneC SRRGEI AG wire
both halves with their OQP? % go arization
welding contact plant. Finally, the welding [0ad at the tip of the welding arms may
be computed by means of the measured forces.
The disadvantage of such a device consists in the fact, that most
preferable two of such sensors should be incorporated, in order to increase the
measuring accuracy. However, due to reasons of economy this is done in the

minority of cases.
Description of the invention

The object of the present invention is to provide a sensor for bending
moment or torque measurements which exhibits an increased sensitivity in
comparison tc a conventional sensor of this type at comparable production costs.

The object is solved by the characteristics of the independent claims.

The invention relates to the idea of metrological separating a measuring
element in a piezoelectric sensor for bending moment or torque measurements in
its axis and electrically connecting both haives with their opposing polarization
directions. Thus, such a sensor, attached with its axis to the neutral bending axis
of a machine structure, concurrently measures both tension and compression of

the machine structure on both sides of the axis thereof. Then, a particular



10

15

20

25

30

35

35 directions. Thus, such a sensor, attached with its
axis to the neutral bending axis of a machine
structure, concurrently nmeasures both tension and
conpression of the machine structure on both sides of
the axis thereof. Then, a patti-cular - 2 advantage

exi s if t asuring elenent is integrally forned
%‘ﬁi’ 8%9 QS '?’%%WQ?&B%”%@’%”P@“WMWGP%@ f@ff@?ﬁér@ﬂda@réy the
S@Q@f@fég@nfﬂﬁ@ﬁﬁleéél@rmfg@@ﬁént arBsésratd@ $ord Pddhthsf the
drawngs 5 In the tollowng, the invention is

illustrated in nore detail with respect to the

dBA da¥riptibf of e HfawAngs 0Ss- sectional view of two
pl ate el enents, arranged in opposite orientation

di rection, W|th el ectrodes and the el ectrical

connechited foliodPg! PehikhtioisdiustrBiekdSn thobd ASEH HRE frééb@éz' to the
view of two plate elenents, arranged in identical

oFPWIEst i on direction, with el ectrodes and t he

el ect fFFlgaHaCi@né‘e&bééD%tloﬁile\%@@f of Bl@-piké didmaénts, arranged in
cross-sectional view of pl ate el enents on the sane

AERRTS Ornioh AGer o8bs SlRYOHie ANcedts Hiagifical connectons
ceereet i ons thereof. Fig. | d is a cross-sectional
wewolg air of two plate elenents, arranged in

opposi t'& GB Bn? A PEHSIAIPRR t VB, Ot p@t%cﬁi'?’ﬁﬁré@ &Aanged in

tibentRbE@tiehtatdn GHaBES | WS clddhetefandFtre eleRiricel @onnections
cLoss sectional view of a pair of two plate el enents,

aPF'ERE ed 20 in identical orientation direction, Wi th

el ect flﬂgeﬁc Bfcriobe sedtrahiNigmlor WBI@@ él@ﬁ%ntstcﬁﬁﬂh@%fame plate,
is a cross-sectional view of a pair of two

pw'gt @egr% Rd heelRcterr! crRanetigrthsresfe, with

el ect fFQQE‘ﬁd %@cﬁo@@s@&tfbﬁb”u&ﬂ'of GO thive Platd E%ﬁ%?fts arranged
Fig. 2 1s vi ew of a _sensor according to the

pP e‘é"é’ﬁ?"‘% ﬁ()%ﬂ? IBh RGN WEh esertigrss é‘”%l%ﬁé‘ﬁ%”cahcenneﬁmns
ItBe@ofr 0SS-sectional view of a machine structure in
the formof a bond armw.th its structure with

possi bT'e Fosid F@ﬁ%’S?GP”?h‘ée‘%%érPrﬁ'r)Pfé‘ﬁ’oé"eé%ﬁ?&e”ts arranged

in identical orientation direction, with electrodes and the electrical connections
thereof;

Fig. 1f is a cross-sectional view of a pair of two plate elements each on the
same plate, with electrodes and the electrical connections thereof;

Fig. 2 is a top view of a sensor according to the present invention with two
plate elements;

Fig. 3 is a cross-sectional view of a machine structure in the form of a bond
arm with its structure with possible positions for the assembly of a sensor
according 1o the present invention;

Fig. 4 is a front view of a machine structure in the form of a force
transmission arm with its structure with possible positions for the assembly of a
sensor according to the present invention;

Fig. 5a is a top view of a sensor according to the present invention with
four plate elements;

Fig. 5b is a top view of another sensor according to the present invention
with four plate elements;

Fig. 6a is a top view of another sensor according to the present invention

with two plate elements, which are sensitive to shear;
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according to the present invention; Fig. 4 is a front

view of a machine structure in the formof a force 30

transmssion armwith its structure with possible

positions for the assenbly of a sensor according to

the present invention; Fig- SBa-is a top view of a

sensor_.ac tding to ng present invention with four
FFIgW BFnP

pl at e '&BeBrit &;f W5 SENSHT FFEAIAIRY 1o Hist igsent invention

SEifrsUr plaRodisthags Lwhith ereiepsied td gnegnt i on 35 with
four plate elenents; Fig. 6a is a top view of another
sensor according to the present invention wth two

plvay € fa! B outdhieGAvertorsensi tive to shear; - 3
Fig. 6 bis a top view of another sensor according to
the present invention wth four plate el enents, which

are sepslt Figerdsotheh@stignafi8y antiofurksedring! BYd&tical RE the same
invention 5 In all Figures the designation and

W§ is identical for the same conponents. The

Fi gs. TheaFifs elacteash @HoR aldr@ssSsee i boAl 1st fifo bl@@%!eﬁm%ﬁs 3a,
or

E%)ﬁte el enents 3a, 3b of a piezoelectric sensor 1
e %g'eﬁgfﬁ@mw 875061 AlePRAI MamERt <" tove mezsUERITIBNtE The
ajdueasSarrdwd MethEifgs. 11dekagnge at Sos8ibRORSEDbeteheioh &fREL on the
t nshgn effg&% on theﬁglate egﬁgen S which is to be

S HIBCPIAYE T te hEPeasyEed. BiAtg SEPRIER AL &P BEE MGARL 19 be
Pargl 6t platesTITEES: Pladd @IBhEIB RIS jBitdbdsbd liROBRAei iR & laminar
plane ip a I_arp nar . nner.. The orhg tation direction
PAETLh OREon HEECRl BiiF mEAnb e B fscpeldizaen direction of a
&t eleh@eintiethe ebpliddtiom pPlorsatThrdiettidrok GRnofEliLy a simple
di rectrigﬂg is denoted by a sinple 15 arrow and P. The

A6 'enent s 3a, 3b consist of piezoelectric
mat er i gle piateleidroetds BH B @nsisebif fieioelddbiR matefalvilfloddiRdinal

sensor_ proceeds, between said plate el enents 3a, 3Db.
e o B8 S RE e B e SR Plate; Gléments 3a, 3b.
aasl e df fpplidaaioslion Guom AesEnsor 1 i§ G&SYRedTRRSBENAMZNHBment or
v?th a neutral bending axis 9 on the axi 2 qof sor

1 e %’ﬁHé

Se
r5 MERSUETBES W! At bgngdingetis <90 E18 365 |2dofn sensor 1.
resufbrd eeNnsorhértce b intdasaeidswod@resdpaom adoice Whieh acts

dc%lf'lrglsSonz%ﬁnrgo\{\é5 tl?eh%\gﬂblesgr(;gwsa sﬂ'gvr\}ﬁ.ngugw ual gno?naeun ewc‘;ﬂuld cause a
compression in plate element 3a and an elongation in plate element 3b. The plate
elements 3a, 3b each exhibit electrodes 4, 4' on both sides, which collect the
charge developed there in a measurement.

The electrode 4 or 4 ' of the first plate element 3a is electrically connected
with the electrode 4 or 4 ' of the opposite polarization (+, -) of the second plate
element 3b. Such a connection can emerge in the sensor or in the evaluation
device.

Electrical connections 5 each connect the electrodes 4, 4' with opposite
polarizations (+, -) of the two plate elements 3a, 3b, which are formed in a
measurement. Thereby, in identical embodiments and symmetrical arrangements
with respect to axis 2 of the two halves, the signal doubles itself. The electrodes 4,
4' may be designed as metallizations on the piezoelectric plate elements or as
independent components in the form of conductive plates.

The plate elements 3a, 3b are attached in the sensor in a biased manner,

so that pressure and tension can be measured.
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conpression in plate elenment 3a and an el ongation in
pl ate el enent 3b. The plate elenents 3a, 3b each
exhibit electrodes 4, 4" on both sides, which collect
the charge devel oped there in a neasurenent. 25 The
electrode 4 or 4 ' of the fifst plate element 3a is

electrl %9 onnected wth the electrode 4 or_4 ' of
t he odB ]%fﬂ RIiFteAe TS (38, Sbyargeraneed BeoRResiie gfigntation

elieisH P3thusSusth aleEPBACSINheGidHES) c@rﬁ?%fcﬁéetHenelé&iR)dé@WS&ﬁ the
or in the evaluation device. Electrical connections

S2OK Senrbie RIRE YPBETE Resoaln tis ¥emPplo s Rietwdesd, 4 and

nﬁé aglé@Atdl oghnédtions) 5 0fadhh ehalyWee PdodirBo) edBRidned 38s a3Ringle
fornmed in a mneasurement. Thereby, in

|%@ﬁ??¥§ﬁ“@ﬁﬁbﬂ?ﬁ%nts and synmetrical arrangenents
W th riespgctb b Qeisk Ss hdifatdd)QvHioMinhantast tot li']@ ‘$é gf(‘iﬂbﬁs two
é’il{ﬁﬁ?s [ tsgﬁf The elfﬁct rodes 4,

AREASNENS 281 INSTBRITHE HESAS %’(‘ﬁ’\tq‘t@”ﬁf @P@O%Peﬁfé‘?ﬁ@'”gw
Qhe é@ctrbd@@%d@ﬂot%@ﬁﬁ&ﬁ%%ﬁh e8cH HtBed iBrdBifhe but in a diagonal
conductlve gl ates. 35 The plate_elenents 3a, 3b are

TR ot PPIRISSRAEEAIDTS ko) aba RARFEPT © 66t Shakn but is

Pjr?emlgro?lyaﬁ@lnttﬁ@%lgng m@é;(@eanafaamué ed. aé4he lsﬁdé:bﬂthelelé‘ctronlc
e at e enen . ) arrange InNn O

(BraBRNS £ The RNGR W SPUCR e A Eadiqgly FoMpled with each
cq@me@thecrrenéorc&nm@t@amﬁn@é\md odes 4 on the sane

Si de téwggf%late el ements 3

In IS
ol ectr RoRUR 0 TR eBE B ST RS IR ERL Y DAL 15, Wherein

&a@gpleﬁ@wemerﬁmaoeb \arél @regramd dasigieds innglpiate 3. This is possible
cQo uc

L STaRE Shiredbnerapiadscionsi of Baige s
?baérec@cemllﬁ TBrerefolz, afmgedodumehhaemel@bﬂnemaaé Iy be
irection Accor he el ec %
H56S G Ao B T oA ophep WHCS 1hF arlEistes | e qooplied s
thegmzal sufacyRersimiirt to thb@@sdft@wmm @é’deéaﬂ'hé%dvémtage)of this
Thi s connectlon IS no §gﬁﬁfﬁ$ IS O Ob%l us on %ﬁd q
A GREERENS YIRSt ?)I"bg“e( '8¢ nBis® P é‘t”‘st Re’CeR@s® an
tlht&)rﬁér@téhrwmbﬁ smmﬂ@@melman@ The ends wi th identical
si gns e eI rlcaII nected with
ehe s ecrSor 14 et /At deriesoney FeeK orRatcHBoaM e 32
iamdFBlg. 38 corke:sbgﬁdwg Qorthesmmtsmémstdsratheohga da, Xbband 1c.
rein e e ele %32 £ int aII
ey (e i Fiores B FBiegts s Y o) FES/t Aisaroed in 2
astacked fnﬁarmler tFPreﬁzrahw, Ritee elebigodysi 42 Deiided theél blags élleﬁfaa&tsFBa, 3a’
abu%tlng in aﬁﬁ éa%gegrtw tﬁg' plate elements 3b, 3b' are achieved by
metallizations. Preferably, the metallizations interconnect adjacent plate elements.
This connection facilitates the handling of individual plate elements.

The electrodes 4 each are electronically connected with those of the layers
after the next 4" by electrical connections 5 in the sensor or in the evaluating
device. Analogously, this also applies to more than two layers in the stack.

In Fig. 2, a top view of a sensor 1 according to the present invention is
shown corresponding to Fig. 1¢ with a continuous plate 3 and two electrodes 4
with opposite polarizations (+, -), which appear in a measurement. The electrodes
4 are arranged on both sides of the axis 2, which has to be on the neutral bending
axis of a machine part in the integrated state. The corresponding opposite
electrodes 4' with opposite polarizations are arranged on the back side of the

sensor.
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3b proceed equally. Therefore, in this enbodi nent the

pi ezoel ectric plate may be used as a printed circuit
board, on to which the el ectrodes are applied as

netal lized surfaces, simlar to those of switch

pl ates. The advantage of thi§ -arrangenent consists in
the fact that only one plate has to be processed and

20 i ncdFfroRRlY.&f at %ﬁh&ﬁn&ﬂmﬁq ¢.i Tag exarerip ghine; fagn ofpaecess 7
FoOfedihg ,thﬂoaglaadlxingfsc%%\ﬁbr SIEBE@PA iR phvRel P thePddtr® of the
el enents 3a, 3a' nd 3b, 3b' corresponding to the

eifdefi ment s of the Figs. la, Ib and lc. Analogously

t hree AWM raPpréseptsdd Bro BERIBNSOf 28machiie stiRYurd! SR th€ form of 2
3rran ed in a stacked manner. Preferably, the

PeetToaRYSSiPn HEY Je afihthartued 1eW@?réﬁfﬂ°§153%SS@!? pgsifions for

ahéitdssB@blyNoft Bessrsak lcadtdingh® Pled @s@ﬁtem&ﬁt%n%’ TRY' neutral
are achieved by netallizations. Preferably

ReNAIngiax § t%ﬁee PrPedP dammaeting a4t wRt mp«/fa@fbn%th@ﬁémegongaﬂon
Tir s eonpestibearkasin tHat8ssé e alﬁéﬂié;hét@@ pNiRglisrbedad the

pl ate el enents._ The el ectrodes 4 each
é?%‘é”ﬂ%ﬁ%%ﬂ”ey T&’Gn?@,spéoﬂ #FEdipg deethgr P"?ﬁ%ntl igyRation may be
attaehied BE aR@Nbclion BlorR] @6d MeGRdl BEHMRC LONS WhdrBint B8s 2 of

sensor_or in the evaluatin 30 devi ce, Anal ogously,

t95N80Ta] eyaxp pRs KL B thiseUrRLENARY P48/ 8r Eysn atqe@press'on on

Sctn@Céide bhaxié @ had, arfoptRity iaaw lﬁgntxaalsé?fé‘épfo 4 tEHR @H ﬂﬁs other
to theggresent i nvention is_ shown corre;gondln

KIS heeeqhi By PEORSIFOMBIGESN of &t S'scliprest ho elNeld %@sbwthe

VdohRe QiR @8 tHeCodpakitd paarida888s 6f‘*the electr¥discd) 429H B@tﬁ slldés'qlaf the
measurenent. The el ectrodes are arranged on

FFes Hie tsrgé‘aﬁx?‘gn@a”%%l lapa r%@’?%”‘f?é %F?”Qﬁ@eﬁbdﬂsameans a
bendinyg 35 axis of a machine part in the integrated
state. The_cor resgondl n posite electrodes 4' with

opposﬁcéoﬁjdﬂga"tol@% [eSRat ‘g\‘@%ﬁ? r3§ SFOFTOVRE bige k- &P FENsor 1

Qfantdl@: beés thsdPied in aBectidreih &inadihyof tA& nitichiae fytreathred NHeEEn the
e inthe formof a rgcess 7 fo

, for ex r feedin
t%?FPﬁ’Jbﬁp affnﬂg ¥ gmege 4y s RHPEEE: Bt assaEntly d’wflfeaerﬂﬁ of
tRBsGEB bR a8ferhhl scRANSAH -askébly xiLPERHRI! the hebifr@SBending
sectjon of a mac meq%gructure 8 in the formof a

U9 AdARs 2l tBm e $63Wth a structure 11 with

var i ousg pPOsBows &hd @sihie @ﬂﬂ§ng‘e@{ent tohe: aRsriAdlstruefuré as Fig. 3,
ensor accor% tot res t |nve fion % Th_e
eVl Mbé&ndPRy VY- s be %“t afliaCcee Grethiggiiator 13,

Setow:ﬁma@neslmrddwtr@h\smxeslbﬁegmxaﬂoeﬂnom@nboaf afi@dhnéent 14. The
SRS L Boobas S ROERS B 3PP hathRb btructure .

The sensor 1 according to the present invention can also be arranged laterally of
the center, for example in one assembly point 12, which proceeds on the neutral
bending axis 9. The other assembly point 12 should exhibit the same rigidity as
sensor 1, in order to generate no measurement errors. Otherwise, a second
sensor can be attached in a second assembly point to increase the measurement
accuracy.

The advantage of this sensor according to the present invention is its
simple installability without causing process interferences. Further, the sensitivity
is increased by the division of the electrode.

A further advantage of the present invention resides in the ability of
evaluation. If the electrodes 4 of the individual plate elements 3a, 3b are not

combined in sensor 1 by the electrical connections 5, but are directed separately
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machi ne structure. The sensor 1 according to the
present invention may be 10 attached at any | ocation
along this neutral bending axis 9, wherein axis 2 of
sensor 1 always has to be in this neutral bending axis
9. Thus, a conpression on -oke-side of axis 2 has an
opposite and identical effect to a tension on the

dPHBs evaluging Aeyiesyer applifipro geditienatiphysieal orarighles eay then be

edetsririide ©rithe Hne hhd,RRE békdihPoR¥ént Rich M80kRIGEVE ‘é%e‘?ﬁed by
t he op€03|te pol ari zations of the el ectrodes 4,

Ho¢ helstiiedl spnnertonss Symay e Pﬁ'éU'étegnQVsth@uﬁH@maﬂ@n q>fn the

&néé’é%ﬁéﬂlt%iue@r OANBE BBRF hahd)ithe IBOShRRh FHRUR!th8 Qensor may
According to the present invention, as Is al so shown

ig¢ ﬁ?fgrm@edt%ceeﬂ%w the diffgresrcs o Hhe aneaseFrmentvalues. This

Bplieédd daPdh@iiEnPbr the @@ eRhHBtsSH ra‘é%r'déﬁce WRLER! Ma, in the
the section speC| fically is made for this purpose. By

tHEMRESAMBPIFINGHOtTHe ettt hetca@e'agehgfothewfeaeﬂcgsreeﬁ@"gythe

HehBINg FRbrAedemanid yurﬁaﬁbﬁorbxeeenf@ﬁ tﬁ@er&eut ral bendl ng
axi s under a load at the end of the arm Fig

shows AThexi§asien af henheertian ivehevmriichignaa epd @et é\ﬂeloaeusly to

Fth& emdodinftVa¥&dribed Nthd sfeﬁ&ﬂtmé(y 16 byl%s@hé&‘ QitH f6urlidstead of
twéacent to an actuator 13, accommpdat es force
t

rRAFSYPHRNEr 8- 19 b3F mcarky BFerten &F mnddRond s2xisTRe witch is
RericaR) abamilidng A Fifst 9xiB rm\ﬁﬁlcﬁ%nﬁldé@'tﬁ@%&%d?ﬁtb h&ur parts

entire nmachi ne structure 8. The sensor 1 according

thECPIELESIIPRVR FHFIR TARNS RYME ﬂsweﬁgrwor%ﬁé%ﬁmj in the

Qfomﬁﬁé@ioﬁ&ﬁér@bf Ffdprthexmrpb@e |tHe ‘H]@:tr@ﬁé@ﬂmhé(veow Bte é/%luated
procee s on the neutral bend |ng axis 9.

ch
L S Jdergdysiionof the eleriindes aiayinsi Tiadrsl sa st Sther equal

rdrightdiby d@Sction€ S afe ibeatel oA @l8dordaP opSEREait8s & shown in Fig.
measurenent errors. G herwi se, a second 30 sensor can

R &f PEEHEPICH WL eBDRIPYS KB YO-pUieRRIOty 3 SREP A g to

R BIp&TREbending Widkiahts T oafitéaidrags dil 4 $or§@ﬁfé@§urement
according to the present invention is its sinple

iMEPRAIrEBIoN; ty wi t hout causing process interferences.

‘Furt hex furthBeegeRSbA biVink Ypredemt lmesﬁmse@h&\yn trhlesgd@é/l |6$t@Ad of

3}!@@ n%rﬁ%tg%{%dgﬁzqeieﬁtrd{aégteggr \é)glg}:l'? Se)a g}fetct g material with

ea@.maﬁwbpeheérmgtéfeceisegéddoctees 4&hebr bhe td:rade vhalugé measured
ate ele e not conbined in se%sor

%U'@f@eﬁrﬂ/ﬂ C'glthecﬂﬁﬂﬂﬁtq?g?% pigte glgmegisearg; $eRafalely evaluated as
%@@Wt@dﬁh)ﬁ@ 5. Herd, Remieyr ad bt thypg dé@ﬁb@@ IrDFlga'I@'cd if ®ate 3 can

aa?sdol éé %m:lled h OS|Ical vari abl es rm){
plate elements 3a, 3b orthe electrode 4 may be separated,
and several plates may be used in a stacked manner.
Fig. 6b shows a combination of shear sensitive plates in various directions,
which may be evaluated analogously to the description in Fig. 5.
Various planes with plate elements of various piezoelectric effects may be
combined in a sensor, so that a variety of physical variables may be determined

simultaneously.
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15

determ ned. On the one hand, the bending nonment which
woul d have energed by the electrical connections 5
may be cal cul ated by the summation of the neasurenent
val ues. On the other hand, the force which affects the
sensor may 5 be detern1ned -by eal cul ating the
di fference of the measurenent values. This applies to
an arrangenent of the plate elenents in accordance
WRéferdrice syinbfol lish the exanpl es according to Fig. 1 b
or 1 c the calculation of the difference results in
the bending nonent and the summation results in the
f pg&sor AN ext ensi on of the invention is shown in Fig.
gg and 5b. Anal ogously to 10 the enbodi nent
€&FFhed, the sensor may al so be designed with four

|m§@§ad of two plate elenents 3a, 3b, 3c, 3d, by

sertion of a second axis 2', which is vertlcally
a%éﬁg%%l 30033 30 platestlements 2 and whi ch divi des t he
sensgectrdde® four parts. A sensor designed in such a
manner permts flexures in both axes and in the

cOfiPiASeicORNediiePe B the BECUPERSs pur pose, the el ectrodes
46 Bimaeinicpt Bevigval uated 15 separately. The graduati on
of the electrodes may be selected, so that either
eqBSFSS orientation directions P are | ocated on

s Rgemiae sPPRGei te sites, as shown in Fig. 5a, or next
to each other, as shown in Fig. 5b. Therefore, a
§%ﬁ§8?ﬂgﬁ@%ﬁ%?ﬂ§ to Fig. 5 pernits bending noments in
t Wfofker tetishrddfornagmwel | as a force nmeasurenent in one
djrection. 20 A further extension of the present

i IWVEMHSY% is shown in Fig. 6a. Instead of plate

- el epEt e absamplpi ezoel ectric material w th |ongitudinal

effect, a material with |ongitudinal shearing effect
i 5 3RIO Thus shear and torque may be neasured
siaaddcapeausly, if the signals of the plate el enents
are separately evaluated as described in Fig. 5.
Here, simlar to the type described in Fig. lato if
plate 3 can 25 also be divided into plate elenents 3a,
3b or the electrode 4 may be separated, and severa
plates may be used in a stacked manner. Fig. 6b shows
a conbi nati on of shear sensitive plates in various
directions, which my be eval uated anal ogously to the
description in Fig. 5. Various planes with plate

el ements of various piezoelectric effects may be 30
conbined in a sensor, so that a variety of physica
vari abl es may be determ ned sinmultaneously. 7 -
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Ref erence synbol list 1 sensor 5 2 2' axes 3 plate
3a, 3b, 3c, 3d, 3a', 3b' plate elenents 4 4

el ectrodes 5 el ectrical connections of the el ectrodes
10 6 attachnment device 7 recess 8 machine structure 9
neutral bending axis 10 forc& transm ssion arm 15 11
structure 12 point of assenbly 13 actuator 14
attachment 8 = CLAIMS 1. Piezoelectric sensor (1)
for bending nonent or torqggafeasurenent with 5 at

| east one axis (2) conprising at |east two

pi ezoel ectric plate el ements arranged in

J UXt apoigiddisdtrid Qer%opk’ﬁ}ﬁgr bSingSMbmaht Bhto?dilfe lln%§§}rement with
partlallr%a provi ded with el ectrodes (4, 4 bot h

si des & ?Mﬂ”@r?xéﬁ &) SPPRAGIEE Breash v pngg@lgctap P!%ﬁ% elements

axi s (ahandeden kat@ﬁoéiﬂ'brﬁ he asﬁl@ﬁ@r(aacbﬁf AFtr !a?eegaaéﬂ partially
that 10 the el ectrode first

el enerRroyiged wih @'eérreé%% f“c 4 9% betshﬂ%?ﬁ e W“FE amérranged on

el ect rifiesided of the 'akisqb) dritr e%e%th%%ea@érar i zation (+,
-) of the second plate elenment (3b). 2. Sensor

accor dilfigactsrigechinghgt 15 characterized in that the

pl at e gk eélB&Fcﬁje€3@!~ BP)of Othet i@t SHTE BbAkR: (3) @F@ electrically
integral ly designed. ~ 3. Se nsor according to claim1,
connécted wit the electrodes (4, 4 ') of the opposite polarization (+, -) of

the second plate element (3b).

2. | Sensor according to claim 1,
characterized in that

the plate elements (3a, 3b) on the same plate (3) are integrally designed.

3. Sensor according to claim 1,
characterized in that

the plate elements (3a, 3b) are designed in two parts.

4. Sensor according to claim 3,
characterized in that
the plate elements (3a, 3b) with opposite orientation direction P are

arranged in the sensor.

5. Sensor according to claim 3,
characterized in that
the plate elements (3a, 3b) with the same orientation direction P are

arranged in the sensor.

6. Sensor according to any of the preceding claims,
characterized in that

the plate elements (3a, 3b) are identical.

7. Sensor according to any of the preceding claims,

characterized in that
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characterized in that 20 the plate el enents (3a, 3b)
are designed in tw parts. 4. Sensor according to
claim 3, characterized in that the plate el ements (3a,
3b) with opposite ori entati on direction P are 25

arranged in the sensor. 5. -Sénsor according to cl ai m
htﬁ zedl& Et the | at e elements(t
W th e RGN 2t PorrairEReFOAPTASa Y far%saﬁ@tete the

in theaﬁsem-or. 6. Sensor according to any of the
preceding clains, characterized in that the plate
el emrents (3a, 3b) are identical. 35 7. Sensor

ag.cor dsdrgof Qcc@f’ddn@fo éﬁyeafmfee@edédi@g Elbitgs,
characteri zed i ? the plate el enent s (3a, 3b)
are arfagdane tthF cal I y wWith respect to the axis

(2). 8he Semspicoeirerdizigchirmedtieviel (4)Ne tHy &fadiohthe axis (2).
clains, ‘5 characterized in that the sensor contains

an attachnent device (6) in the centre of the axis

(). @enSSemrdu@m@linrw to claim'8, characterized in
that 1 thet sensor_exhibits a central recess (7) for
f eedi n'ARF60 Q@@Few 10. Sensor according to any

of t haehpeecsdiergbitd Acsmral edREACH) Edrifésding thrdlddta seyer al
pl ate el enents (3a, 3b, 3a', 3b") are arranged in
multiple layers in a 15 stacked nmanner and are

desi greéhsw bdrorditeromyi At geesdifipdeass4' ), wherein
the el ectraodes ‘{ﬁéhegch are electronically connected
with t %CtSf'ze thabyers after the next (4") (5).

several plate elements (3a, 3b, 3a', 3b') are arranged in multiple layers in a
stacked manner and are designed with intermediate electrodes (4'),
wherein the electrodes (4) each are electronically connected with those of
the layers after the next (4") (5).

11. Sensor according to claim 10,
- characterized in that
the intermediate electrodes (4') are metallizations, which in each case

interconnect plate elements abutting in the stack (3a, 3a'; 3b, 3b').

12. Sensor according to any of the preceding claims,
characterized in that
the plate elements (3a, 3a’, 3b, 3b'") exhibit piezoelectric longitudinal effect

for the determination of a bending moment around axis 2.

13. Sensor according to any of the preceding claims,
characterized in that
the plate elements (3a, 3a'; 3b, 3b") exhibit piezoelectric longitudinal
shearing effect for the determination of a torque around a central rotation

axis vertical to the plate plane.

14. Piezoelectric sensor (1) for bending moment or torque measurements as
well as for force or pressure measurements with at least one axis (2)

comprising at least two piezoelectric plate elements which are arranged in
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11. Sensor according to claim 10, 20 characterized in
that the internediate electrodes (4') are

netal lizations, which in each case interconnect plate
el enents abutting in the stack (3a, 3a'; 3b, 3b"). 12.
Sensor according to any of-the preceding clains, 25

h d h | '
) PRI, B ADBREE 9% I8 g il AER StbPasrart il oroviced

the damﬁfétbﬂaideQFM of ) 3n peihidet ARINRMEN BFO4HthgaY iof bdth sides
13. Sz?r} or ac |$rqqto an% of the precedi ng cl ai s,
30 ch $NAe RigHip th gpate el enents (3a, 3a’
3b, Sh:h)ar@dtbhﬂd inhazoel ectric | ongi tudinal sheari ng
effect, fo % determ nation of a torque around a
cent rdf® F[?P P g)?@e lé??t?‘i’:ﬁﬁec“tr‘ﬁa'{yﬁ@pﬁfaé?%ﬁ?mz%@éh otfisr to
14. PigrzeediesiohititsenaRs inbiidubomebaiteémBs: Ve abtehhination of
t or que %f%re nts as_ well as for force or pressure
measur eMenatSa @t one axis (2) conprising at
| east two piezoelectric plate elenments which are

uxt ap03|t| on in a plane (3a, 3b)

arJsan d |n - 1
{?(rj §c§ogfnq Myl tially provided with
el ect rd)ﬁ%?ctéﬁzedﬂfm)thaﬂ bot h sides and which are

arranged o oth s of the under bias in
The o dhe pRt dRtPaRi R Tpadrs HH Bobite o desaraeedo)
4 ') are di rected el ectrically separated from each
other to an eval uatian umt for the individual

as urdiEnt 2P Bet@ ni%nat i on of each plate el ement
(3a, Imaractbrizeskinsthat according to claim 14, 10

char ac ate el ements (3a 3b) are
it eqrtt PRETgREA e A SHATSGIATD b3 16, Sensor
accor di ng to claim14, characterized in that 15 the

p te | ements (3a, 3b re designed in two parts.
LN

characterized in that

the plate elements (3a, 3b) with opposite orientation direction P are

arranged in the sensor.

18. Sensor according to claim 16,
characterized in that
the piate elements (3a, 3b) with the same orientation direction P are

arranged in the sensor.

19. Sensor according to any of the claims 14 to 18,
characterized in that

the plate elements (3a, 3b) are identical.

20. Sensor according to any of the claims 14 to 19,
characterized in that
the plate elements (3a, 3b) are arranged symmetrically with respect to the

axis (2).

21. Sensor according to any of the claims 14 to 20,

characterized in that
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characterized in that the plate elements (3a, 3b) wth
opposite orientation direction P are 20 arranged in
the sensor. 18. Sensor according to claim 16,
characterized in that the plate elenments (3a, 3b) wth
the same orientation directibh P are 25 arranged in

t he se sor. 19. Sensor according to an¥ of the clains

14 t o 18 SeNgoy gPRfaNs AN Atiachimentideyice k) i the eentp i s (2).

(3a, 3b) are identical. 30 20. Sensor according to
of .the clai characterized in that the

14 to 19,
te %?@ﬁbﬁ?@r{s%to %5“ Zire arranged symmetrically

vvlth rcﬁwménﬁaj ;,mat aX|s (2) 35 21. Sensor according
ny, of the cl ains characterized in that

t he séH§ §FN%06 ﬁﬂaP Fs? 5%0’[%%# fegeﬁ%rgmford%%ﬁ%th(w i SR
centre of the axis (2). 22. Sensor according to claim

2 characterized in that 5 the sensor exhibits a
affaer}s%%%‘:é’rct”‘?%tof%w F fediiFgsthiBdgh a screw 23

Sensorcrﬁegaéﬂiéwmttﬁaany of the clains 14 to 22,
characteri ged in that several gl ate el enents (3a

3a’, JBV§rAAPIEAPARYEESF womit't Pl /reiaspased Wﬁ'ﬂp@@eyers in a
st aCkQﬁadﬁEﬂ N@&nAétd apd eardeaegaiesd Withh irtéHhRiRs i @é&rodes (49,
el ectrades ein the el ectrodes (4) each are

el ect Ml h%e@sﬁ%%a%aem fretqiedonially sonsieriggayith those of
af ter théeyBexdftet the)ndkbia") @ﬁ Sensor according to claim
23, 15 characterized in that the internediate

el ectrodes (4') are netallizations, which in each case
24, Sensor according to claim 23,

characterized in that
the intermediate electrodes (4') are metallizations, which in each case

interconnect plate elements (3a, 3a’; 3b, 3b') abutting in the stack.

25. Sensor according to any of the claims 14 to 23,
~ characterized in that
the plate elements (3a, 3a', 3b, 3b") exhibit a piezoelectric longitudinal
effect for the determination of a bending moment around axis 2 and of a

force or a pressure vertical to the plate plane.

26. Sensor according to any of the claims 14 to 25,
characterized in that
the plate elements (3a, 3a'; 3b, 3b') exhibit a piezoelectric longitudinal
shearing effect for the determination of a torque around a central rotation
axis vertical to the plate plane as well as a shearing force in the plate plane

towards the axis 2.

27. Sensor according to any of the claims 14 to 26 with a second axis (2')
vertical to the first axis (2), characterized by at least four identical
piezoelectric plate elements (3a, 3b, 3c, 3d) of the type described, which
are symmetrically arranged in each of the four segments of the sensor
defined by the axes (2, 2'), wherein the electrodes (4, 4') are directed

electrically separated from each other to an evaluation unit for the
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i nterconnect plate elenents (3a, 3a'; 3b, 3b")

abutting in the stack. 25. Sensor according to any of
the clains 14 to 23, 20 characterized in that the
plate el enents (3a, 3a', 3b, 3b') exhibit a

pi ezoel ectric | ongitudi nal- ¥ffect for the

determ nation of a bending nonent around axis 2 and of

a for"&‘@v'é'f‘a'a[“?ﬁsé’f,@@lrvé“-\?e‘gqtﬁmpattoﬁ ¢fhrach| Rlgte glemaet (325 3b,

26. SeRsSaH) &FanE Qiefé}m'ir%tlaﬁ)bf Fhe 'b@ﬁdlﬁé FhdFient méufeent with
characterized in th the plate elenents (3a, 3a'; 3b,

3b') EREASST 1O %P”b?é%%@l %dtqflﬂte meagirenentetoradthear i ng
effect for the determ nation of a torque around a
central rotation axis vertical to the plate plane as

Ve | a¥NSOSHERrdNGIr AL n the plate plane 30

tomr%a}meﬁﬁ@,n&haQ? Sensor accordl ng to any of the
clains 14 t th a second axis E vertical to

t he f.tP%Plamlgmthf <3%r?:§>r aet3sh ?&eeladwuay qesigeeds our

identical piezoelectric plate elenents (3a, 3b, 3c,

%%@ of the type described, which 35 are symetri caIIy
NREFSPIAGSSEINGIP 3k Bour segnents of the sensor

def i neghabPctbdtoPinahat 2, 2' ), Wwherein the el ectrodes
(4, 4'% are directed electrically seg%arated from each

ot her % iRgividyal| Riglei 8gmeRtist (Fepr3ty s, 341 are setpclecdimaisuch a

Meas Urh&they &l Seﬁ’cﬁrﬁg? Fridhieat borqle Basdurdthaite a8 WRIMRBshearing
(3a, 3b, 3c, for the determ nation of the bending

rmrrentorﬁ%%\mﬂ’é’ﬁéﬂ?a%ﬁchm tyedpedionto both axes (2, 2 ')
or the neasurenent of torque. 5 28. Sensor according
to claim?27, characterized jn that the plate el enents

Fa, HPPIGaton a0l 3 crnsph APl 1oy 2B GhecPrecesiio claims for

Sens olindieePbsHditg draoglidimBadBremePtLdid Madiind &Rtuird ($)hat
t he indi vi dual Iate el emrents (3a, 3b, 3c, 3d) are

sel ect@@raqiedzrdinghatanner that bendi ng nonment or

t Or qUEhdrBaSdr BRI PedSo W hadsing Bﬁ?@étbrlég(S) frog B MaYindethat
measur ed |ntvvo directions. 15 ) plication _of a

sensortNa @ hngf 16 $BRFOLAS toﬁethﬁrtéedlé’d'lgnﬁx’él@? % thgyrmachine

structure (8).

31. Appilication according to claim 30,
characterized in that
the machine structure (8) is an electrical wire welding contact plant

comprising a force transmission arm (10) at a structure (11).

32. Application according to claim 31,
characterized in that

the sensor is arranged in the force transmission arm (10).

33. Application according fo claim 32,
characterized in that
the sensor is transversally attached in the force transmission arm in a

section line.

34. Application according to claim 31,

characterized in that



i ndirect bending or torque neasurenents of a machine
structure (8), <characterized in that the sensor is
attached to the nachine structure (8) in such a manner
that the axis (2) of the sensor is on the bending

axis (9) of the machine 20 siructure (8). 31.
Application according to claim30, characterized in
that t3deashORE RENSY IS 8 @Rged(18)onesof 4he apsanbly paintsyi1Rk which
wel di ngnR&Rs %fétfoﬂﬂeaf@nsn@s'éloﬁoém{(ﬂéj Wh ﬁfuefs%‘éﬁlre (11) of the wire
transm ssion arm (10) at a structure (11).

Appl i cldliBe carieel¥eMg to claim 31, charact erl zed in

that the sensor is arranged in the force transm ssion

arm (10). 30 33. Application according to claim 32,
Har acdArslication %Cﬁor(diﬁ’ﬁtto £ién Sénsor is transversally

at t ach@dradteti® InGheEe transm ssion armin a section
line. 35 34. l'ication accordlngto cIa|m31

char adVBFFEEYS Kﬁ aparangepdn syeh ase8aoRRintsensor i s
arranged in one of the assenbly points (12), which
connects the force transmssion arm (10) with the
structure (11) of the wire welding contact plant. 5
35. Application according to claim34, characterized
in that two sensors (1) are arranged in such assenbly
poi nts.



