213&258,VEIGHING SCALE TRANSDUCER Background of the Invention This

i nyention trel ates to.scales for measuring the wei ght of an object, and nore
particularly to trans- ducers for convertng the wei ght of an object into
an el éc- ‘trical. signal property indicative of the weight of the object.
Transducers i ncl udi ng flexure node piezoel ectric crystal resogqt%f%?\g
been devel oped which are capable of converting a force appli €

crystal resonator into an electrical signal property representative of
appl i gd force. One such resonator is shown in EerNi sse U_S. patent
4,2157870 entitled "M niature Quartz Resonator Force Transducer". "Flexure
nDde refers to the particular node of oscillation of the resonator. This
node is char- acterized by oscillatory flexural bending of relatively |ong,
sl ender crystal menbers. Resonators having this node of oscillation are
typically relatively delicate structures which are prone to break if
subjected to ne- chanical shock or to | oading which applies any significant
bendi ng, torsion, or shear force to the resonator nenber. The resonator is
strongest and nost accurate when | oaded as a columm in pure tension or
_cdhpre55|on The flexure node crystal resonator need not be piezoelectric,
but may alternatively be a non-piezoelectric crystal structure (e.g., a
'sidicon crystal) driven in the flexure nDde by plezoelectrlc mat er i al
(e.g., zinc oxide) associated WE ' ol ATRANSDUCERh in the preferred
-2- enbodi nent of the present |nvent|on the resonator is a piezoelectric

crystal, it will _ be un er%t that the term"flexure node crysta
r dsonat or " agéggﬁgrggdé Q a%&eiknven.:l.on | |

* This invention relates to scales for measuring
the weight of an object, and more particularly to trans-
ducers for convertlng the weight of an object into an elec-
trical signal property 1nd1cat1ve of the weight of the
object.

Transducers including flexure mode piezoelectric
crystal resonators have been developed which are capable
of converting a force applied to the crystal resonator

" into an electrical signal property representative of the

applied force. One such resonator is shown in EerNisse
U.S. patent 4,215,570 entitled “Miniature'Quartz Resonator
Force Transducer". "Flexure mode" refers to the particular

. mode of oscillation of the resonator. This mode is char-

acterized by osc1llatory flexural bending. of relatively

long, slender crystal members. Resonators having this

. mode of oscillation are typlcally relatively delicate

Q structures which are prone to break if subJected to me-
chanical shock or to loading which applies any slgnlflcant
bendlng, tors1on, or shear force to the resonator member.
The resonator is strongest and most accurate when loaded
as a column in pure tension or compression.

The flexure mode crystal resonator need not be
piezoelectrlc, but may alternatively be a non-plezoelectrlc

'crystal structure (e.g., a silicon crystal) driven in the
flexure mode by piezoelectric material'(e.g., zinc oxide)
associated with the crystal. Although in the preferred
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" the épbended clainms includes both flexure node piezoel.ectric crystal

resonators and piezoelectrically driven flexure node crystal resonators: A .

proble which is relatively -unique to. m%lgh ing scales is that the |jne of
i- the force due to gravity of the object to be weighed cannot be

with certainty. Unlike devices such as pressure trans- ducers

| erometers in which the line of action of the force to be neasured

i s always tefabsdimenthef! the pi:eeehtoﬁnoénthmftheeresbmmgrs ry scal e

d d 1 t-
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obj ect not ‘tﬁ@eﬁﬂpﬁﬂdehsch.ﬁiﬁs ihemuééstbﬂoﬂﬂeﬁféfr%d@ pilezaeitidd®ie i
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t hi ckness sREXRoE EP?sFSFCPeé n%tUFlﬁPéﬁ n%ﬁﬁ%%dd%‘?n‘i%a?ﬁ‘rﬁh‘b‘iﬁ
conpressuontheruseapplaeésathemobdeaﬁeto|hel#qlgneosonetmelhoadqmlate‘edge

of e 91 sC ecdilolehng GAURLI 9185 38BEYeha" wBRBLY! DipdPELIEE e g 1T OM

the fl exure™asse
proper and. satlsfactory operation of a welgh1ng scale that

~ the 1nd1cated welght of the object not depend on its loca-
tion on the load platform. 1In addition, in a scale employ-
'1ng a flexure mode crystal resonator of the type mentioned
above, the resonator must be protected from the bendlng,
torsion, or shear force components which typlcally result
from off-center loading of the scale. These force com-
ponents not_ohly increase the risk of resonator breakage,
they also'subject the resonator to load components which
reduce the accuracy of the transducer. |

' ,chers have developed weighing scale transducers
Iihcluding_thickness shear mode (as distinguished from
flexure mode) piezoelectric crystal resonators. The crystal
resonators 1n those transducers were relatlvely'large and
rohust quartz crystal discs about 1.5 cm in diameter (see,
for example, Walker U S. patent 4,130,624). These trans-

' ducers 1nc1uded (1) two vertlcally spaced substantlally
parallel flexure assemblies for supporting the load plat-
form of the scale, (2) a thickness shear mode crystal
resonator dlsc mounted for loadlng by a compres51on -force
applied at two d1ametr1cally opposite p01nts on the edge
of the disc, and (3) a coupling assembly for applylng
vertical force from the flexure assemblies to the edge of

[t 3



-3- the resonator disc.  The coupling assenbly included pivotal bearings
for ‘preventing application of nonents fromthe flexure assenblies to the
resonator dise. The coupling assenbly al so included, between the 5

pi vot al: "bearings and the resonator disc, a second systemof vertically
spaced, substantially parallel flexure assenblies for insuring vertical
al i gnnent of the coupling assenbly. In addition to the nechani cal

di fferences between those transducers 10 and t he transducers of the present
invean%n, there was no suggestion in that work of enploying nuch nore
fragi Pe-T1 exur echedee sonestical  diszonatTdwes coupdisg efsamblyutnglededpabl e of
nmounti ng such a fl exure node resonator. 15 In view of the foregoing,
it is an obj ectpifotald peaniavas diont pneveritdasa apeitdrrtigoncaf emeranssucer
enpl oying a flexure node crystal resonator. It is-a nore particular object
of this inventi®re® ot AAeteins ARG Mbdd oot oaddsr FRFOPREPTt AdSFrexure 20
node crystal resonator elenment in _a weighing._scale of the type nmentioned
above i s subj ecthorfuRbingians R Rf Sohd “ﬂFQVe§F§aeFFo¥$Feceiving.any
significantg.bendjng, jorsion, or_s r | oading regardl ess_of the |ocation
of Sthe obj ect t%{‘b‘g*ﬁ’;?‘b%ae’d”ﬁ 5 it PSS TSI 8¢ 3ikcor 3 ﬁ&"gf:‘gl e. In our
co- pendi ng applicaiion - 998, t S i, ke d i a
:nognting'strqct%¥%{%§rééiﬁﬁ%#¥%§¥iy-%Egé%%ﬁ'%ﬁﬁ%%hn&gqgggsfgh??gF?y only
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. of the coupiing assembly. In addition to the
NS '

mechanical differences between those transducérs'

10 and the transducers of the present invention, there
was no suggestion in that work of employing much more
fragiie flexure mode crystal re#ohators or eﬁen of_é.
.structure capable of mounting such a flexure mode
resonator.

15 In view of the foregoing, it is ‘an object of
thi§.invention to provide é weighing séale transauﬁer
employing a-flexure mode crystal resonator.

) ' It is a more particular object of this invention

to provide structures for assuring that the flexure

”

20 mode crystal res§nator eiement in a weighing scale
of the type mentiﬁnéd above is subjebt only to"

axial loading_#nﬁ_is prevented from feceiving any

significant bending, torsion, or shear 1oading

regardless of the 1ocatioﬁ of the.object to be weighed

25  on the load platform of the scale.

In our co-pending application GB 2172998, there is

described and claimed a mounting structure for applying



a fixed base; first, second, third and fourth co-planar arns, 5 the first
arntbelng fixedly attached to the base; first, second, third and fourth
feexuy-al hinges for respectively connecting together the first and second,

> Isfecond and third, the third and fourth, and the fourth andg first arns,
pi vot al axes ofaII of the 10 flexural hinges being substantially
perpendi cul ar to the plane defined by the arnms; a crystal resonator
transducer member nounted between the first and second arms at a | ocat i.on
which is laterally spaced fromthe plvoéér axis of the 15 first flexur ai
hinge; and neans for applying force to one of the second, third or fou th
arns at a point which is laterally spaced fromthe plvotal axes of all of
t he erxuraW°H|ﬁ@@éylﬁﬁesPBFEénEéPﬁéyaﬁBFVeGePﬁl?ﬁe°blﬁﬂﬁpﬂ%$$h%@ 20 by the
arms, in orggicled thl ACRryBealr aesdHERbrMFRhshlcbENRbAPeP| SONPFLSSHON.
Accordlng to theépresent i nvention there is provided a transducer system
for a wei ghi ng3dad*&9%8RFF#si ng: (a) a parallel ogramflexure assenbly
i ncl udi ng (1) zﬁrunpemeabddloweﬁrueahhcabhytnpaoeﬂlaﬁabsaﬁnéLaIIy par al | el
fl exure rs, h v f|r oLz a spaced si des,
the first side siodtoath b¥ine FikeBR9, 3REAUMEL ROCERL o S00cT0 Dtina,
and the secondfbﬂﬁésoﬁeeaeﬁ f kbstmde ne#b@puyéhnglssuvelthtagey movabl e, and

(2) a vertiGylr RQY ?e@?ﬂt}%rlyf RbnhERREAE rwgteceaeth%ﬁet?meceae §e9€§?0f the,
fl exure nenbers and for su Sortln an object to _be weigh ed exure

‘mode cryst althee $6¢0¢ apdatddtder ﬁﬁnﬁ@?’daﬁ&d fourth,

fourth and first arms, the pivotal axes ofall of the

10 flexural hinges being substantlally perpendlcular ¥J
to the plane defined by the .arms;
a crystal resonator transducer member mounted
between the first and second arms at a location which
is "laterally spaced from the pivotal axis of the
15 first flexural hinge; and | |
means for applying force to one of tlie second
third or fourth arms at a point which is laterally
spaced from the pivotal axes of all of the flexural
hinges, the force being applied in the plane defined
20 by the arms, in order to place the'transducer membr
in tension or compression. '
According to the present invention_there is provided \;)
a transducer system for a weighing scale comprising:
(a) a parallelegram flexure assembly inclnding (1) .
25 upper and lower vertically spaced, substantially’ '
parallel flexune members, each having first ana_second . ol
horizontally spaced sides, the first side of each
flexure member being mounted to a fixed mounting,
and the second side of each fiexure member being
30 vertically movabie, and:(2) a vertical post member
for connecting together fhe second sides of the
flexure members and for supporting an object to be
weighed; | _
(b) a flexure mode crystal resonator transducer

35 member; and



-4- (c ) coupling nmeans for transmtting vertical force fromthe flexure
assenbly to the crystal resonator nenber. Further features of the
invention, its nature and vari.ous advantages will be nore apparent f e
acconpanyi ng drawi ng and the followi ng detailed description of the
invention. Figure 1 is a perspective view of a.weighing scale which
include thé transducer of this invention; 10 Figure 2 is a top plan
view of an illustrative enbodi ment of the~ffransducer of thi's invention;
Figurg”3 is a sectional viewtaken along the line 3-3 in Figure 2; Figure 4
Ls am-expl oded pey SRARH Mfe WOl IS b o AIMAUGEL 9L o QLR 2 aNd 3,
Figure 5 is a perspective View of a portion of tite apparatus of Figure 3;
Figure 6 is a fxonidmlfldxawe desemdllonga e icrysdad rasPngtee 3; 20
Figure 7 is a pasdd@l elevational view taken along the line 7-7 in Figure
3, Figure 8 is a sinplified elevational view of an alternative enbodi nent
of the transducerF¥Rther Sfeafins af Yre inventdene 4tssnatirfprpfi ed
parti SI el é\/?t\}aﬁmdqs/ima{taag% hﬁrnaltioee_rnrbaté \ag;pelrﬂe?_di Tedi en_hef he-I ol
transducer of this invention:; Figure i S [ i fie rtial elevationa
Vow of yet RIS A it Gl SEAR R cer “of hi s
“invention. A tdesaalpwenghefgtlecadnevestiicinray i ncl ude the transducer system
of this inventiongj .1 n, Fi This e nels a ing 10,
‘a“load platform %i%)ﬁ@n% (r)br ‘%%rglpfeecgiﬁvveer P}ilcsea"isCo?rlnvé_alrrera'(r;?tl%ggi\gl es%%li%housi ng
10, control ‘bR MY ARF B dqr artraysYcdomt gihis invention;

) 10 Figure 2 is a top plan view of an illustrative
\

embodiment of the transducer of this invention;
Figure 3 is a sectional view taken along the line
3;3_in Figure 2; _
Figure 4 is an exploded perspective view of the - -
15 +transducer of Figures 2 and 3; '
Figure 5 is a perspective view of a bortion'of
the apparatus of'Figure'S; '
Figure 6 is a sectional view taken along the line
6~6 in Figure 3; _
20 -Figure 7 is a partial elevational view taken
along the line 7-7 in Figure 3; '
Figure 8 is a simplified elevational view of an
alternative embodiment of the transducer of this -

invention;

25 " Figure 9 is a simplified partial elevational view
of another alternative embodiment of the transducer

of this invention;

@

Figure 10 is a simplified partial elevational
view of yet another alternative embodiment of the
30 transducer of this invention. '
A typical weighing scale which may include the
transducer system of this ihvention is shown in
Figure 1. This scale includes a housing 10,.3 load
platform 12 mouhted for limited vertical movement above
35 housing 10, control buttons 14 and 16 (eg an on/off_control

and a



. and &  -5- tare control), and an electronic digital.display 18. The scale
rned on and tared, if necessary, by operation of controls 14 and 16. -
An{gbyect to be melghed is then placed_ gnywhere on | oad platform 12, ,and
¥\ ght of the object is displayed by digital display 18. The par-
scale shown in Figure 1 is nerely illustrative of the weighing
scales I-n which the transducer systemof this invention can be enpl oyed.

Apart from theet EaREHBTY, SHa- aheeldesmnbeddignw adismha;ovn,a.t hérhe

construction _and ope atison_of _th .—m/
i nvention afi§® 3n1%e£85ﬁ98n??0ﬁ3? €$gg§ gé%%ggi E%eéggﬁoad pIatf rm
12 rests onof sbutikodbsd4band &ésenbnyohmechht%Hb$ﬁ%¢ MR us of

resilient Sget%hanbiﬂgar@?e”ﬁhelbéh Biatfoﬂm 1zpnaﬁ@ttmabefgwh epnpressi on

I
Dbl &t f or nisheq ohdecks ies dbsniened Bl G163 CotnaiebhRE Eor s THS iy ™Y
absor bi ng agieiillay sddler shbehdihoBighee bylanyeselyablhnsﬁ%mﬁn%@cmfas an
adhesi ve. S %kggggg\%MECQEIEQ h ﬁgcﬁbﬁﬁléte)graﬁs gast SPeR o POFRiHN Of

any transie 1S Su oad atfgrn112 as the
resul t, for iovemtien gpndbgpgmpéoxﬁd@bj EPan rem Bhe: YCeE sys- ¥

Eggf'g;;g;gF%&'déé%&ﬂh@ﬂé&ﬁ HchhQXFéQoﬁrngnesboﬁﬁtrubtyoﬁOama aperws 28.
_ | | udes .vertica a which - .
are held to é¥°%9 ghads £OEB stﬁnggéFeEﬂ? Btéégﬂégég ﬁ%fé% s

supported f@nd ican e vonvenkiomalenent by upper and | ower flexure arm

assenblies 40 and 50 g4yke d34 C e1ar enbl
assemp Les oo and o aﬁ%‘?%e@usgeép ibeigueaday) 105achLhtesyheLar regEs el

e o Sy Mhiach AbsorinshSaanbiy. 28, wach”indihele' BaPhiflaths" ' =
of resilient shock absorbing materlal_zz (e.g., conventional
high compression polyether urethane cellular foam) sandwiched
between upper and lower metal subplatforms 24 and 26 (see
also Figure 5). The oomponents of shock absorbing assembly 20
are held together by any suitable means such as an adhesive.
Shock absorbing assembly 20 absorbs at least a major portion
of any transient force which is suddenly applied to load
platform 12 as the result, for example, of dropplng an
object on the platform | :

Lower subplatform 26 is connected to flexure
arm post assembly 30 by screws 28. Post assembly 30 in-

cludes vertical post 32 and horizontal arm 34 which are h:)
held together by screw 36 (see also Figure 4). Post

.assembly 30 is supported for limited vertical movement by 2
- upper and lower flexure arm assemblies 40 and 50 (see also -
Figures 2 and 4). | Each flexure arm assembly includes a : -

substantially rigid planar member 42, 52, which in plan
view is subetantially triangular. Each of members 42, 52
is conneoted,'adjacent one of the vertices of its trian-.
gular periphery, to the upper or lower end of vertical

post 32. 'Member 42 is thus connected to the upper end of
post 32 by flexure 44,'and_member 52_is.thus connected to
the lower end of post 32 by flexure 54. Each of members 42,
52 is 51m11ar1y connected adJacent its two remaining peri-
pheral vertices to the fixed and r1g1d frame 60 of the



I s connected, adjacent one of the vertices of its trian- gular periphery,

to.the upper or |ower. end of vertical post 32.. Menber 42 is thus connect e
to the upper end of post 32 by.flexure 44, and nenber 52 is thus connect

to the T'ower end of post 32 by flexure 5E6 Each of nenbers 42, 52 is
S|n1larly connected adj acent its-two remaining peri- pheral vertlces to the
fixed and ri'gid frame 60 of the -6- scale. These connections are

.provided by fleg 2 '

and 587n the %ééﬁ; Af@‘e%gejr%&é rbr‘i;'st%iﬁ xfrgggggar bf' gléﬂdré¥ 4ge§ﬁaes >°
58 i %l anar4$>|meth# qass |9 mempen 42.haad by, fleguzes BE; ppf 531 in®"
copper). Each {hexside | 6 diantsznl | )Eaa:ploﬁlalewmrbst ke, agspca8} eb4pigid

menber 42, 52, _and e f] exur |s fl exible
per pendi cul ar 3% t%&‘pﬁm’es i Ff 3 RiFSre e:i%ss cor ghky @L:%(F%gurrnetal
assenbl i es 40 eengD berngliml coppemost Basdefillexuze a-ﬁds étﬂe‘ﬁﬂ-ﬁ Y

‘portion of basg éﬂ %%@&&%}f&ifﬂ ﬂmme\ﬁmezb §Qb8hﬁat eathy
constrains POsS SS to vertica I,n IES paper
in Figure 3. Tﬁbﬂ?‘}beﬂ-%xﬂ%%ﬂ?ﬂfﬁ FHbstantd e&ei’r'p%P%F'F@;ﬂFe |

assenbl i es 40 gRE Pphakeé . 6f, thé cxigid membanr, 4&ocondmgdqse fdexugeenbly 40,

and flexures 56_a LN I d
from one anot h@?sﬁ'sbg §f|fﬁf’ c?%%aé& Q%aiecsz%&{? 1%{3? g%%h%? vgrkl)t léltn\;avllog'f:ang
of “the paral | ethgruerticahgeoxtion ofiRass Qﬂ)t qgmpt’ﬁéeplaaﬁ’é‘-réfl ehegEaPer in
Figure 3) in rfﬁﬁﬁaﬁé J:ﬂléﬂysmét&eEEﬁl QRstigtering mtplaatsmcrylzo The

broad based tr
Fes stance o ERCYRREAPALI BOYEREFE niikg eecpfaé‘vfes?q g, B A e 7
oadi ng. Although in themeetmrﬁﬁe:amnhommhesfhmd rslldeeorfr&ﬁqliIgOfflexure
assenblles 40 %ﬂgx§9ea£§s8ﬁ8fléété@*&ﬁh 50 (i.e., flexures 46 and 48 in
_the case of assembly 40, and flexures 56 and 58 in the
- case of assembly 50) are horizontally spaced from one
another by a sufficient distance to substantially prevent
twisting of the parallelogram linkage (i.e., motion out
of the plane of the paper in Figure 3) in response to any
off-eenter.loading of load platform 12. The broad-based
triangular shape of members 42 and 52 also contributes to
the resistance of the -parallelogram linkage to twisting
due to off-center loading. '
- Although in the preferred embodiment shown in
\ ' the drawing, flexure assemblies 40 and 50 are each attached
to frame 60 by two horizontally spaced flexures, other
mounting arrangements are possible and are within the scope
of the invention. For'example, one long continuous mount-

n

. ' ing flexure could he used for mounting each member 42,
52; or three or more horizontally spaced flexures could
be used. |

_ The amount of_vertical movement permitted by
post assembly 30 is preferably limited by stop assembly 70.
This assembly includes stop support 72 mourited on scale
frame 60 and having two transverse arms 74 ahd 76 which
'respectively project under'aﬁd'over a portion of horizontal
arm 34. Arm 34 carries set screw 82, the lower end of
which contacts stop surface 84 on arm 74 to limit downward



‘to frame 60 by two horizontally spaced. flexures, other nounting

arr enents are possible and are within the scope of the invention. For

exgnpl one |ong continuous mount- ir@=flexure could be used for mount i ng
¥ er 42, 52; or three or nore horizontally spaced flexures could be

he anDunt of vertical novenent permtted by post assenbly 30 is

pref' ably lim op ass |y 70. _Thi senb i pcl udes st op support
72 nountedtﬁﬁ”§§a ép¥P§%e e&ﬁgghéglngstmbf?Fixsv%Fé +§rﬂ%r§¥¢%nd 76 whi ch
respect i velsetpsarest 86ndehealdwereend pﬁthmohoéohtactsnstopaswre4 _ﬁvnl34
COTES o° et 8 SR bliabaegh god b B’ Shmferbghsashapeniil e O Y
76 carrlesF§@¢»§@§@WbQN 30he 5§ﬂ§raéﬁﬁm81Ywﬁchr€BﬁF§§t%x§?%ﬁﬂgﬁr- face 88
on hori zontfrcw, Made b(ithlei‘\ toUDWege fMerRERIEaRf sRE6k 8fSabéyeBload St op

assenbl 70 rev forc due _eijfher t hani cal shock

o oyt PRI LR 0. ORE° Pa A Ehihy 13, nEEoR PREROLEFARRFERER B ea to fhe
flexure nnd@mcdysmmrerm@daacuysaeécrebenaberode5¢habeddbeiomor|zontal arm
34 renote fromver- tI"h%alt-:nﬁox?ﬁ:t' ﬁgrhioﬁtaﬂeﬁrﬂdsﬁoréﬁaﬁe'Pﬂoﬁsw?éf’b' y 90.

Thi s assenbly i_ncl udes _di,aphragm el enent rod el enent, 110.

Di aphr agm &iSRdnPOgf0 32n dy FeBnegtste F°162“R}1?-Bﬁ gSemb LY 2% | nFRL% he end
pFrtlon Ofah@hmbagtdhcahﬂea4dlsphﬁagmeuaéﬁéntsloeednﬂqugnkradapter 102 in
place in t poS e afkies

sce, 1 ity 407 feagh B1bRURE 100 OhoHUABLThabfEoiGS s
assenbl y 30hdeh dgskhreadedednto the eodappyﬁagneafehOVbzontal %EM|%% of -

post asseniget Feriehdo4s ig0uERd %aomsbnghaagtaﬂumﬁl iR pYsberod ehément o
;3,0 Th's @ldiPed Poaldlon? $haP13588"en 02 58aptetSE02 QL rPPSL assemdly
resilient metal dlaphragm 106, whlch acts as a spring be-
tween post assembly 30 and push rod element 110 to allow
greater vertical motion of post asseﬁbiy 30 than is corre-

' spondlngly produced 1n push rod element 110. This allows

"mechanical stop assembly 70 to be used for post assembly 30
even though the maxlmum operational dlsplacement of the

' resonator crystal is very small (e.g., approxlmately
.0002 1nch) The sprlng effect produced by d1aphragm 106

' ampllfles th1s resonator crystal dlsplacement consider-
ably so that the corresponding operat10na1 displacement

- of post assembly.30'may be ten times greater (e.g., approx- e
imately .002 to .003 inch). Mechanical stops can be set _*"
to'control this amount of post assembly displacement.

' _ Dlaphragm 106 has a centrally located aperture 108 d
for rece1v1ng and seatlng the upper end of push -rod assem~
bly 110 (see also. Flgure 6). Push rod assembly 110 in-
cludes vert;cally aligned metal rod 112 having a socket
in each end. A sapphire disc 114 is seated in the bottom
of each aperture, and a stalnless steel ball 116 is also
contained in each socket so that the ball bears on the
'assoc1ated sapphire dlsc._ A system of apertures 118 in
rod 112 fac111tates assembly of dlscs 114 in rod 112 by
preventlng entrapment of air behind discs 114. cOupllng

ion.



by di gphragm 106 anpllfles this resonator crystal displacement consi(d
ably so that the corresponding operatlonaP di spl acenent of post assews
‘may be ten times greater (e.g., approx- imately .002 to .003 inch).
Mechani cal stops can be set to control this anpunt of post assenbly
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are preferred materials for mounting structure 120.
Although other configurations for the mounting structure

' are within the scope of the invention (several alternatives
being shown in Figures 8-10), in the particular embodiment
'shown in Figures 2-4 mounting structure 120 is essentially
a four bar linkage having four co-planar bars or arms 122,

- 124, 126, and 128 connected together in a closed circuit
by flexural hinges 132, 134, 136, and 138. Arm 122 is
rigidly mounted to scale base 60 by bolt 142. The portions
of arm 122 to the left and right of bolt 142 as viewed in

even though the maxi mum oper ati onal displacenent of the resonator crystal
is:very small (e.g., -approximately .0002 inch). The spring effect pr

(_ Figure 3 are cantilevered above scale base 60. This canti-
levering, especially the cantilevering of arm 122 to the

s right of flexural hinge 132 as viewed in Figure 3, helps
to insulate mounting structure 120 from spurious forces

. ‘due, for example, to distortion of base 60. Arm 124 is

pivotally connected to arm 122 by flexural hinge 132, which,
like the other flexural hinges, is formed by milling out

or boring out material on each side of the hinge to leave

a thin strip or neck of material connecting arms 122 and
124. The pivotal axis of hinge 132, like the pivotal axes
of all the other hinges, is perpendicular to the plane
‘defined by the longitudinal azes of the arms joined by

the hinge. The elastic limit of the flexural hinges is
never exceeded during operation of the apparatus. Thus



ére'pfeferred materials for nmounting structure 120. AlLthough ot her
ctonfigurations for the nounting structure are within the scope of the

invenati (several alternati-ves being sjwwn in Figures 8-10), in'the,
parti cal enbodi ment shown in Figures 2-4 nounting structure 120 is
essen;&i% a four bar |inkage having four co-planar bars or arns 122, 124,
126, lan 28 connected together in a closed circuit by flexural hinges 132,
134, {36,/ amouriting/striclure 12Q) thndsmhmirasildentde nedaans®onyitisol t 142,
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especi al |y the seale| E5cFemVed- arm 122 to the right of flexural hinge 132

as vi evvedfi n Figure %oﬂﬁmiﬁ?) witt| tie dinous=nigrstofl atourtinz) sfroe-

spurious fofces , for . I St or.t.1.0 q A 24 is
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mount i ng st?%ggﬁgéilggﬁg%n%%éfoa$§3| |E§§W€%réé§}rlt()é¥ |$ﬁtra conditiond

when what evelement hiQ seahs plncEecess tHb sy RoOYRting,FRCHR i nuing wit h
~the discussiher ®penounting struc- ture 120, arm 124 is pivotally connected -

Lo B 28 DY, 1O Akl 2otaddaott M0 Loty Y BRI A 2 1
by flexural threg22038s s@cbhthat when push rod element 110 moves ver-

tiéally downward in response to the weight of an object

on load platform 12, arm 126 also moves vertically down-

~ward. This causes arm 124 to pivot counterclockwise (as
viewed in Figure 3) about hinge 132. Arm 128 also pivots
clockwise about hinge 138. ‘Arm 122, of course, remains
stationary at all times. The arms of mounting structure 120
in the embodiment of Figure 3 are arranged in such a way
that they effectively constitute a so-called Watt linkage.
This means that for all operational movements of the ele-
ments in the linkage, the point at which the lower énd of
push rod element 110 bears on arm 126 is constrained to
move only vertically. Arm 126 as a whole may pivot slightly
about this point, but the motion of this point is linear
(not arcuate) and vertical. This helps kéep push rod
element 110 vertically aligned at all times, which contri-
butes to insulating the crystal resonator from spurious
load components and to linearizing the response. of the
.transducer to loads of various magnitudes..

_ : - Arms 122 and 124 include portions which extend .
substantially parallel to one another (to .the right of
hinge 132 as_viewed.in_Figu:e-S).and-whigh_are vertically
spaced apart. Flexure mode crystal resonator transducer 150
is mounted between the ends of arms.lzz.and 124 remote

from hinge 132. Although other known flexure mode crystal



rod.el emgnt 110 passes- f.'reely t hrough aperture 144 in flexural hinge 136, =-
and, the |l ower ball 116 of push rod elenent 110 seats in recess 146 in

nmounting structure arm 126. The arrangenent, of el enents in nounting strud-
ture_léo i's such that when push rod el ene 110 nmoves ver- tically downwa

in response to the weight of an object on load platform 12, arm 126 al so-
noves vertically down- ward. This causes arm 124 to pivot counterclockw se

(as vigwed in FegBhBtey 86R#H qhtd€FordsZard\pbsibiad s Ppatdiizulladdiwpse-
about(__v_@/‘nge 13%. Ara1 122..0f Course, renains, stﬁ{loaﬁ]r‘)/ at ng_J.I tijtres. The
arms ot~ nmount i AGTEEALCPRFLIYBRLION (1R i MNP R VFUME RS- 188 %r r anged
in such a way EeeNisheyUeS{ epatert 4 2151570 e &8s shoval lisd sdaplilfiedage.
Thi s nmeans that.f.or:al ks abi |l 18ic1RYalsS thyd t he
| i nkage, the pg?%@ é? %%ﬁét%eq?giv\ser m_d o§ S%éugs%ﬁ%)‘gocfeé?lgr]feht 1idgabears on
arm 126 i s con3fEaradyyt spaced, osuhstantiakly parglheb dines; 1320 d5fay
E)i vot slight I) ycaigﬁubtéhi ﬁ?eetné'Th_r ﬁu}béﬂe éfids myqﬁoﬁﬁﬂilmgaaiams ilgsl,i 168, .
not arcuate) and.vertical, s_hel ps_.keep .0 nt vertically
aligned at all éﬂ’i’rﬁ?ﬁ%i %ﬁc%o %??-I%U?%%t??d%d%% ?é’%e 'c‘:’?oéstl\zfljl%_lh
resonat or frontbpakioand| 00l inchontdes EiectrademAriott mhowme hexeisnse of

the transducerp@ LRBGA Ph ﬁﬂé!ﬁé’fn:[miﬁ&é‘@&?t)"“&@ motthtdd okl 4nenGyde
potti ons whi ch _ext eag substantlgll ogara le] t'o one another, (tqQq .the right
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of “hinge 132 afagreREqthe £ryst RPN flectisaday &® apart.
Fl exure node cthet sesonatont in théencohventidthl mamex.cd The wEmest lof ends

of arms 122 angn24.LeRLe,fLom i 00e A32md HIBHAL QI MR Thaky e
- ; particu

modg/ crystal - esonat or _confrgurations are po arly
pre- ferred coffi §heaParpari insHbgwre n7 ¢ hdewingeiahs A& and 158 are

respectively attached to the ends'of arms 122 and 124 by
any suitable means such as an adhesive. Accordingly, when
an objéct to be weighed is placed on load platform 12,
flexure arm post assembly 30, coﬁpling assembly 90, and
mounting structure arm 126 all move vertically downward

' in response to the gravitational force on the object.

This pivots mounting structﬁ:e arm 124 counterclockwise,
which places the tines 152, 154 of resonator 150 in tension.
The tension force thus applied to the resonator tines is
proportional to the weight of the object, and it produces

a proportional change in the frequency of oscillation of
the resonator tines and therefore in the electrical output
signal of the transducer. The scale determines the weight
of the object on the scale from this change in transducer
output. ' ' . '

The use of relatively broad pivotal-Cennectibns
or hinges 132, 134,'136, and 138 between the arms of mount-
ing structure 120 heips to stiffen mounting structure 120
with respect to deformations out of the plane of the paper
in Figure 3. (The "breadth" of the pivotal connections

- thus referred to is measured perpendicular to the plane

of the paper in Figure 3.) Mounting structure 120 there-
fore strongly resists any twisting deformations which would
subject crystal resonator 150 to non-axial forces. As men-
tioned above, such non-axial forces reduce the accuracy of



~ EerNi'sse U.S. patent 4,215,570. As shown in sinplified formin Figure 7,

‘this of resonator includes two |laterally spaced, substantially )

. tines 152, 154 connected togetfyer at both ends by nmounting tabs

.~ Typically, each tine is about .333 inch Iong, .008 inch thick,
(nch wide. Electrodes (not shown herein but shown in the EerNi sse
patent) are nounted on the sur- face of the crystal for coupling electrical

si-gnal s to the transducer output cod amay Gsio mawse thehgeliatdyedy the
resonat o ogghbd fb CoiltAP SLAMEEITIS HibdiIe IR GIRIvd-RRdRABEd N EL QLI ©
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assenbly 30 oupi i ng Sﬂ‘gﬂy , gl tr r 26 all nove
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broduces a Brogos  FORehes COREEIBRtER 49 SR ARl o thR sbvugtarne -
‘resonat or ttoecsesisitttwisting defdsimataart ri cal out put. signal of the

t d . The scal ' Jeiaht _ ' e from
i change. in. 1 ansdeariond 1dd hd Hdthy Angt) Soiiiity HeibIye 30

‘connect | ons2RPL1}eS gERragsto mounting shgpcture,d2fat wheodnts wbickount - i ng
structure 129 hehngbtidindlly espadedtfirgn Yol Himyel A 20Viand cesReal to

Che bl vot ol tesohair 1o 0y 86 & el 1 MiRine dhd ffteeeiinal 120 S B8% 0 e
pl ane of thesedpes anlevemrarm jssembiy rip sedwseior BEPLilfyr ¢hef or e '
strongly reghsté wig&s@d r&fgagﬂ NBjg Qs d@gi%d/\pul d subj ect cryst fal
resonator 150 to non-axi.al foqﬁss. As nen- tioned gbove, such non-axial
forces reduce the ac g the arms in the mounting structure 120
described above are all substantially rigid, one or more
~arms in that structure may be made flexible in bending
to a small degree if desired. In that event, resilient
diaphragm 106 may be eliminated because the flexible mount-
ing structure arm or arms will provide the function of
allowing sufficient1y large vertical motion of wvertical
post 32 to permit use of mechanical stops 82 and 86 to
limit that motion. _ _ _

_ While the mounting structure configuration 120
shown in Figures 3 and 4 is especially preferred, other
mounting struCtures can be alternatively employed in

 accordance with the principles of the invention. Figure 8,
for example, shows a transducer system siﬁilar to the one
shown in Figures 2-7 but with an alternative mounting
structure 160.  This mounting structure includes two ver-
tically spaced, substantially parallel arms 162 and 164
connected at one end by flexural hinge 166. As in the
;previously described embodiment, mounting'structure 160
is preferably integral. Flexure mode crystal resonator 150

- is mounted between_thé_ends.of arms 162 and 164 remote
from hinge 166;“ Arm 162 is rigidly mounted on scale
frame 60. The lower end of push rod element 110 bears on




the ‘transducer output and may al so cause the relatively fragile crystal.
resonator to break. .The above-described stiffness of nounting structure
120 is further enhanced by the.use of a caonfiguration including four Aiges
132, 184, * 136, and 138, all of which tend 4% rei nforce one an- ot hef

resist twisting deformation of the structure. The use of an integra
mounting structure with flexural hinges further contributes to the ability

of the structure_t esis W4 S i [ Gl d
Chat ooupl | ng. AEReAgRyaboh AL TCHIEUTR Hinde 13EUrA Ruahstaces ©
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shown in Figur&g ecl y preterred, unting structures
the

carf be al ternafl59el y Theployer endaefopuahceodi elemert kit earns 5

invention. FigdkteRsibfl o#Xathl £74586VEhatt 4 a164dCEoN thetswale plaves 0 the
one shown in Figures_2-7 bu ernative nounting structure 160.

Thils jmount i ng ﬂﬁ@@&rEeﬁge%ﬁg%gEP&Bisgign?+3%rIy spaced, substantially

pardl el arms 162 and 16Theomiterndtiveoembediment fskown ain Higureacd As

in the is again generally similar to the'previously discussed
embodiments, especially the embodiment of Figure 9. 1In
Figure 10, however, mounting structure 180 is a four bar
linkage including arms 182, 184, 186, and 188 connected

in a circuit by flexural hinges 192, 194, 196, and 198.
Arm 182 is the fixed arm attached to scale base 60 by
bolt 142 and is cantilevered above base 60 to the right
of bolt 142 as viewed in Figure 10. As in the embodiment
of Figures 247; cantilevering the major portion of mount-
ing structure 180 above base 60 helps to insulate the
mounting structure from spurious forces due to distortion
of base 60. The mounting structure is loaded by'the lower
end of push rod element 110 which bears on an interior
point near the middle of the length of bar 186. As in
the mounting structure 120 shown in Figures 3 and 4, the
use of four flexural hinges as shown in Figure 10 helps
increase the resistance of mounting structure 180 to

" twisting deformations (i.e., deformations out of the
plane of the paper in Figure 10). ' o

' It will be understand that the foregoing embodi-
ments are only illustrative of the principles of the inven-
tion, and that various modifications can be made by those
skilled in the art without departing from the scope and
spirit of the invention. For example, parallelogram link-
age 30, 40, 50, and 60 can include other types of flexure
arm assemblies 30 and 40 as mentioned above.



.previously described enbodi nent, nounting structure 160 is preferably

' I Fl exure node crystal resonator 150 is nounted between the ends -
2 and 164 renote-fromhinge 166. Arm 162 is rigidly hounted on
60. The lower end of push rod el ement—110-bears-—oh— -12- arm

- “B/point intermedi ate hinge 166 and trans er_crystal 150.
Accordingly, in this enbodinent a | oad on pl atlfJ I lu Bﬂ ju yst al
resonator 150 in conpression. The |oagd4s neas ting change

in the elec- trical characteristics of crystal resonator 150. The A
al ternati veL&IM8di nent shown in Figure 9 is sinilar to the enbodi nent “0f

Figure 8, except that nount- ing structure-arm 174 extends beyond fl exural
hinge 176 in the direction away fromfl exure node crystal resonator 150.

- The |l ower end of push rod elenent 110 bears on this extension of arm 174 so
that a | oad-onht kE28e4reep| a¥ater, feFap Feighing sq&be | FOMRELT UM * The

or evi ous §ed?2§‘é§23§9t@n§€3$ﬂgiﬁ?§5i Bipfurs) poe PRl e Mot matd of L hi gre o
In Fi 10, . ( ' ure _180_j S |
 ncl udi ng APRE 180 1pxsr Rt PR HEbERRRd  akBr ekl BT SITRE |

hinges 1921194l 30nod?, 128on hlliAg FirbBCahhXEaeandl RbSLLREL1 £y SOOI €

“base 60 by bol't I'S cantilever above base 60 to the right ‘of bolt,

142 as vi ewgdded Bideee tHe ASrk® £28ecBROGLERNE1OkuFs INERSeR Bein
cantilevering the major portion of nmount-. ing structure 180 above %ase 60

hel ps t0 i hYdntled e aMPiRedNGoGhtEGEY! Antir @AeSBUELRESs{ @6 Cep dalento - . -,
distortion of base 60. The nounting structure is | oaded by the | ower endw/
of push rodlelxrenmehb@rwbedhghearstionlagy movable; anmdn{2hearvéheieaddl e of
the length of bar 186. As in :

post member for connecting_tbgethér thé'secohd_sides of the
flexure'mémbers.and fbr supporting éﬁ obﬁecf to be weighed;
(B) a flexure mode cpystal resonétor'transducer member;
and . |
(C) coupling means for transmitting vertical force from
the flexure QSSemblyFto the crystal resonator member and
inclﬁding a mounting'étructure havihg fir#t and éecond spaced’
armé, each arm having longitudinally spaced first and second
portions, the first arm being fixed relative to the mountings o
of tﬁe'flexure mémbers, the arms being”pivpfallj connected
'to-one another adjacent the first portions by a pivotal
”connection'having a'pivotal axis perpendiculab 1§'thé plane
defined by fhe iongitudinai axes.of.the arms, and:the crystal -
resqnator member beiﬂg mounted between the second portions
'of'fhe arms, whefein the first and'éecond armé and piyotal
.coﬁﬁection af thé mounting étructure respecfively comprise
- two bars and one bivotal connection of a four bar linkage

and wherein'thé'mdunting structure'further includes the two



the mounting structure 120 shown in Figures 3 and 4, the use.of four

f] exural hinges as shown in Figure 10 hel ps mcrimﬂllt“w‘“wjulih@Ee of-
mounting structure 180 to twi.sting deformations (liREEAN, IPhs ¢
the plane of the paper .in Figure 10). It will be understand that th
foregoi ng enbodi - nents are only-illustrative of the principles of th
inven- tion, and that various nodifications can be made by those skilled in
the art without departing fromthe scope and spirit- of the invention. For
exangfe, parallelogramlink- age.30, 40,-.130, and 60 can include other types
of fhkeXure arm assenblies 30 and 40 as nentioned above. -13- CLAIMS 1. A
- transducer sygi§@tisial btis)ind) thxdleS dddiVilonaldpikArad PahAkbehogsam

fl exure assenbly including (1) upper and | ower vertically spaced,

substanti al | yopatwé | durf Ieuna nageer s, each having first and second

hori zontal | y spaced sides, the first side of each flexure nenber being
nounted to a 2i xedapmardtus],acuhding secarlchis de wbkeredohtheexecendeabsr

- being vertically novable, and (2) a vertical post nenber for connecting

t oget her the $ecbHheixEhbedediwadre tHepgintmathahd chndorce deppopling &0

.0bj ect to be weighed; (B) a flexure node crystal resonator transducer
~menber; and (EF £oeml ¥y dRsiart o ke sedghed @gd dhei paintopdewhish the

“flexure assenbly to the crystal resonator nmenber. and including a nounting

sfructure havPh¥stt stesanp A PRgFads altached dr &hs BEGPRG arm.

I i tudinall d first d d t . the first ' fixed
elative to the TORTTHYS ASTRERE AR FIRMDA ¥rerRenarhe Rathd (pRVBEATPy
‘conpected to PEﬁté‘QPtﬂ?ézt U AGRnd Nood 'Oépf!}]]ﬁ%” 4325 QY £3 B1VRhke from
.connection having a pivotal axis perpendicul®ar =to the plane
: the flexure assembly to the second arm at a point which is

‘longitudinally spaced from both the first and second portions
of the firét arm. |
4. Apparatus according to claim 1 wherein the mounting_
structure is integral and wherein each of the pivotal
connecti;ns of the arms is a flexural hinge in the matérial
_of_the mbunting structure.
5. Apﬁaratué accofding to claim 1 wherein the crystal
resonator member includes two laterally spaced, substantially'
parallel tines connected together at both ends by mdunting
tabs, and wherein each mounting tab is bonded to éhe second
portion of a respecéive one of the first and.sedond arms.
6. Apparatus according to claim.l further comprising stop
means for limiting_the vertical movment of the post member
.befbre excessive force ié applied to thé crystal resonator.
7. Apparatus.according to.claim.;_wherein the coupling
means'further_includes means for appljing the vertical force

from the flexure assembly to one of the additional bars of



‘defined by the |ongitudinal axes of the arns, and the crystal resonator

i ng nmount ed between the secondcﬁmn“m g hyaggar s, wherein the °
second arns and pivotal conne ﬂ II Wi ng structure

gly conprise two bars and one piVot%l *cofineg&tin of a four bar

d wherein the nounting structure further includes the two - 14-
addi t Napél bars and three additional pivotal connections of the four bar
| i nkage. 2. Appar at us according to cl?Pm 1 wherein the second armi s

f1exible bew\@epo,gpebglgi Pl g i e OF Clod Se APl dph £k i o fﬁﬁnéx‘”&%wt

to be weighed and the pornt ai which the crystal resonator nmenber is

attached to.thenS66PNHeRbEF Bia APRATEE WS BECOItHiuged O claim 1 wherein the
coupling nmeans further includes neans for applying the vertical force from

the flexur esﬁsse@t&'ﬁﬁué hgc §6£81Hlg 2t N @l a i PD1 Nkhevé D1 €15e | mgid il nal |y
spaced fromboth the first and second portions of the first arm 4. _
Appar at us agephdtiget Dscinatagitalnsn@i whébeinotnd | Noustpidtak i s integral
~and wherein each of the pivotal connections of the arnms is a flexural hinge
in the natertahneéttibesnavat fhgxsralichimges 5in Yippamatesiatcof dthyy to claim,
1 wherein the crystal resonator nenber includes two |aterally spaced,
subst anti al | popatahgestrantureeonnect ed toget her at both ends by nounting
tabs, and wherein each nmounting tab is bonded to the second portion of a «
respective 8me of tRanpPMSETraRUsEeROAAr af nteighing BralesComROIRARE; to -
claim1l1 further c risin top neans for limting the vertical novnent of
t he post menber bZﬁ r@ 5}88 spgéeforce is applied to the crystal resonatory;

[ gpparatus acqgading, b ahdt iy 1y NSL LB L0E SRUPHLAN FERNRLEL I IR ot
i ncl udes neans fo ppl yIrng fhetVertical "Force ffomthe ffexure asse ly to
one of the gddipi;03! B2b8 Qbignea; - | | |

| o (c) first'and second vertically spaced, substanfially
parallel flexure members, each flexure member having
horizontallj spaéed first and second sides, and each flexure
member beihg pivotally mounted to the base along the first

side of the flexure member; |

{D) a vertical pbst for supporting thq platform for
limited vertical movement, the post being pivotally mounted
to each flexure member along the second side of each flexure N\
membér, the pivotal axes of all of the inOtal.mountiﬁgs
being substantially horizontal and mutually parallel;

‘(E) a mounting structure having first and seéoﬁd | A
vertically spaced arms connected tO'ohe another by a first.
flexura; hinge having'a horizontal pivotal axis, the first
arm being fixedly mounted on the base;

(F) a flexure mode crystal resonator traﬁsducer member

_conhected between the first and-sécond'arms at a location

which is laterally spaced from the pivotal axis of the first

-



-15- the four bar Iihkage SO thaf force is applet—+te—the crystal resonator

" menpber *via the four bar |inkage. 8. Appar at us ¢ |ng to claim1l
wherein the mounting structure is integral and vmuﬂ”wru' M‘"Ei}vot §
connectidns are flexural hinges in the materi al ey, trudu
9. A transducer system for a weighing scale conprising: (A) a fixe
(B) .a substantially horizontal platformfor receiving an object to be
“wei ghed; (C) first and second vertically spaced, substantially parallel
fl exur®-nenbers, each fl exure nmenber havi ngehorizontally spaced first and
" secon@sSi-des, and each flexure nenber being pivotally nounted to the base
al ong the firstlepuralbthinge:f| exure nmenber; (D) a vertical post for
‘supporting the platformfor linited vertical _ngvenent, .the post bein

pivotal |y mounted t'FefIPFY D& MeansFOr APBAY P8 VEELIfGLsFQECET TEARN

fl exure nenber, the pivotal axes of, all of the pivaqtal upti,ngs bein

subst anti al |y HyF iRt &t° Sitf AASPRd Posacd Iaeﬁ;"c(aé;z?& HggﬁP‘i s ngﬁﬁ?g}%
‘having first and second vertically ,spaced (@ t e her by
-a first. erXLﬁ%ﬂc?nrékfté%ﬁrééﬂf %ﬁﬁ%ﬁ%ﬁzﬁ?fgﬁfo?gﬁggx?gf&gﬁgefP?Eggérn1
;be¢ng_fixedly§%gynted on the base; (F) a flexure node crystal resonator
%transdycer menber connected between the first and second arns at a |ocation
:rT%Ch 'f Laterally ePpcete TR ¢ty R offctlur@dXiad s@f nlab@nll k8lird andbfourtn

if | exura i nge; - :
' arms respectively connected to the first and second arms

Lo by second and third flexural hinges and connected to one
i another by a fourth flexufal hiﬁge, the pivotal axes of
i .'all of the flexural hinges being horizontal and parallel.
| 10. Apparétus according t§ claim 9 wherein the-éoupling
means applies vertical force from the post to the second
arm via the fourth arm.
11. k transducer systein fbr a ﬁeighing scale compfising:
; : {A) a parallelogram flexure assembly including (1) upper
and lower vertically spaced,.substantially.parallel flexure
'-members, each having first and second horizontally spaced
sides, the first side of each flexure member being mounted
~ to a fixed mounting, and the:second side of each flexure
member being vertically movable, and (2).a vertical post
‘member for connecting together.the.seCOnd sides of'the
.flexure members and for supporting an objept to be weighed;
(B) a flexure mode CryS£ai resonator transducer member;
and
(C) coupling means for'transmitting vertical_f;rce from
the flexure-assembly to the crystal resonator member, the

coupling means including a resiliently compressible force
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('G) chpI I ng nmeans for applying vertical force fraomthe post to the second"

armat a location which is laterally spaced fomthe pivotal axis of t he

first fdlexural hinge; and (H) the nounting stl Hﬂlﬂjﬂlﬂ”‘lﬂm ng third and
f.ourt_ respectively connected to the fir's LI by second
and t dXf | exural hinges and connected to one another by*a fourth flexural
hi ngee pi votal axes of all of the flexural hinges being horizontal and
paral l el . 10. Appar atus according to claim9 wherein the coupling neans

applies vertical force fromthe post teli7he second armvia the fourthgarm

110 A tfa“%duggﬁiixﬁhgnbieﬁeﬂtmeésnéage&c@@@m&%&&%ﬁéifust(ﬁ®m6%r and >
am I

paral | el ogr exure assenbly including (1) upper an ower vertically
spaced, subghantigkk¥1pacabhatol! RXHESr NEFDELBlowaed gyed ey fd sl didthent
second horizontally spaced sides, the first side of each flexure nenber
bei ng nount g¢ tReapbkxerlefbEnt tAgn #8d t he second side of each flexure

~menber being vertically novable, and (2) a vertical post nenber for

connecti ng togethpontiinegigcpnddecedsinfthdccfyekal eremoreter amhber,
supporting-an object to be weighed; (B) a flexure node crystal resonator
transducer tbrbeesidddntly compreagibienforoe tramsmitting) elgmentbdinge ¥
fromthe flexure assenbly to the crystal resonator nenber, the coupling

el enent connect ed between the post nenber and the crystal .resonator nenber
for al |l owi n§ed@BE&€er  di spl acenent of the post nmenber than is

. di ngl du ' h I nber, th ] ly .-,
Corpr 5si bl 83ror Be ST PARCHCEE| AYSSPETEAT Dot REAthe ShEr &l fOPRFAT I ed | md

the absence of aQAqueggrgelgﬁogpam flexure'assembly including (1) upper
and lower verticaily spaced, substantially parallel flexure
members each hgving first and second hbrizontally spaced
.éides,-the first side of each flexure member being mounted
fo a fixed mounting, and the second side of each flexufe
member being vertically movable and (2) a vertical post member
for connectihg.together_the second sides of the f;exufe.
members and for supporting and object to be weighed;

(B) a flexure mode crystal resonator transducer member;

and

(C) coupling means for transmitting vertical force from

the flexure assembly to the crystal resonator qgmber, the
coupling means including a pivotal bearing connection for
transmitting force aligned with the &ertical axis of the
ﬁost_member.while substantially preventing transmission of
moments about the bearing, the bearing connection including
a.vertically aligned rod and first and second ball bearings

at each end of the rod.

13. The apparatus according to claim 12 wherein each ball



wei ghed. A transducer system for a wei ghi ng-scale-conpr+sing— (A
parallelogran1f|exure assenbly including (1) upper_an I cal
spaced, substantially parallel.flexure nenbers eamu B “mlﬁ i'and
horizontal |y spaced sides, the first side of eac be
mounted to a fixed nmounting, and the second side of each flexure menmber
being vertically novable and (2) a vertical post nenber for connecting
t oget her the second sides of the flexure nenbers and for supporting and
object*?o be melghed (B). a flexure nnde-éﬁystal resonat or transducer

T AN by SPRE Y FERTEH L0 SEAPETUAd Wtholedd Pndedfial carite

flexure assenb he crys resonat or the coupling neans

including a pi XQL’&‘L bga;gmgtgogpycumwfﬁawaﬁnm&qme aligned with
the vertical axis o post | e substantially preventing

transm ssion 054"D"?HE5aQBQPLtBEedbﬂﬁﬁémgmnt&ﬁaﬂ@alarwhéaywmeambo&ummebudlng
a vertically aligned rod and first and second ball bearings at each end of
the rod. 13. ohh@napRakatHSbatLopéaRgng Obears M madieres sapgdtieal |

-18- bearing is stainless steel and bears on a hardened surface having a
rekativel y | owisqef hi ereansdatetrsgsten. £ax. a Theigiping o arl elafompad siimes| ai m
13 wherein the surface on which each ball bearing bears is nade of

sapphire. 15. A tKansduoarasysﬂegraorfhennrghﬁﬁgpmhkﬂe#nﬁiﬂﬁqﬁglﬁ}) HRP%E

paral | el ogram fl exure assenbly including ( Eer and | ower vertical
spaced, substaﬁm@aﬂbyepaNaPWéFa#FExEPecﬁBnbEFES %%Fﬁ?%ﬁﬂrﬂf?ﬁ%%ﬁ? éﬂd*ﬁﬁ@bnd
hori zontal | y spaced sides, the first side Qf each_ flexu er_bhei
moynfed to a fWﬁ@@eﬁﬁunﬁFﬁgPaaﬁagtﬁér§Ecﬁﬂ8 §F8%n6fh%§&ﬁ997 lﬁﬁﬁ%g
belng Vertycall%dggzab%e f%ggt(zéd ngﬁl Pgﬁare member be1ng mounted

~to a fixed mounting, and the second side of each flexure
member being vertically movable, and (2) a vertical post
member for connecting tbgefher the second sides of the
flexure members and for supporting én_object to be weighed;
(B) a flexure mode cryétal-resonator-transducer member;
(C) coupling means for transmitting vertical force from
the flexure assembly to the crystal resonator member;
(D) a substantially horizontal platform for feceivipg_
" the objeét to be weighed; and |
(E) shock absorbing means for connecting the platform
to the post member and for substahtially reducing the
transmission of-méchanical shocks from the ﬁlatform to the
post member, the shock absorbing means being substantially
_unstressed in the absence of an object to be weighed and
E being energy dissipating for substantially preventing
| oscillation of the platform relative to the post member.
16. The apparatus defined in claim 15 wherein the shock

absorbing means comprises a resilient'pad'between'the platform



menber for connectlng t oget her the second sides of the flexure nmenbe

s and
for supporting an object tq be weighed; U l“l"“ " l e crystal -
reson ransducer mnenber; (C) couplin mtting verti cal
force ol the flexure assenbly to the crystal ' esonat or menber; (D) a

subst an¥PAl |y horizontal platformfor receiving the object to be wei ghed;
and (E ock absorbing neans for connet®tng the platformto the post
menber and for substanti all redu0|ng t he transm ssion of nechani cal shocks
fromthe pl2R?ofhs tRPThPPYLE” henber t he shock absorblng means bei ng¥
subst anti al tressed in t n h

' ¥U|s ?%a???ﬁf?tus 4“2ﬂ|°1é% ‘¥§ ereQn Pla{goﬁqéfnth

bei ng ener preventlng osci

pIathrn1rg£g% VE 194 st &Sgber 16. The apparatus defined in claim 15 -

wherein th

platform 19-T dEFRRLa i -c1¥% APPUAINS nddhiened111gkai m 16
wher ei n the r esi |ent pad 1s. a cellular foan1 18. The apparatus defined in

claim 17 whesghnidhe s6lyetnér fORERASne et her urethane foam 19. A
transducer systemfor a weighing scale conprising: (A) a parallelogram

fl exure assegbl yai echngldiger 19y sipaer e da |waigh iy tscadld vompadedng:
substantially parallel flexure nmenber, each having first and second

abso |ng neans conprises a resilient pad between the

hori zontal ly spakes 5édeble1¢grémr81exnthaaﬁseﬁhﬂyfﬂn@&uﬂanmeﬁhSrub@bmg ‘

nounted to a fixed nmounting, and the second side of each flexure nenber
bei'ng vertianfll yowevaperticmily 23racedrsubstanidsl iyemaaaliled flexuymeecti ng
t oget her the second sides of the flexure nmenbers and for: supportlng an. - -
obj ect to bBemReyhetech)aving Lkiret nprd RRYh h gl e@Rsddcer

nenber and
sides, the first side of each flexure member being mounted

to a fixed modnting, and the second side of each flexure
_member being vertically movable, and (2) a vertical post
member for connecting together the second sides of the
‘flexure members and for supporting an object to be weighed; .

(B) a flexure mode erystal resonator transdﬁcer member;
and

(C) coupling means for transmitting vertical force from
the flexure assembly to the crystal resonator member, the -

coupling means including a mounting structure having first

~and second spaced arms, each arm having longitudinally spaced -

first and second poftions; the first portion of the first

A

arm being fixed relative to the mountings of the flexure
members, the arms pivotally conneécted to one another adjacent
fhe first portions by a pivotal connection having a pivotal
axis perpendicular to the plane defined by the 10ngitudina1'
axes of the arms, the crystal resonator member being mounted
between the'second.portions of-the arms, and the second

portion of the first arm to which the crystal resonator member



\_
(O. coupllng means for transmtting vertical force'l e flexure —
assentl’y to the crystal resonator nmenber, the coupl W@MIM yng a
nmounting structure having first and second spaced arns,c |ng
| ongi tudi hal 'y spaced first and second portions, the first portﬁon of he
first armbeing fixed relative to the nountings of the flexure ne t he
arns. pivotal’ly connected to one another adjacent the first portio a
pi votal connection having a pivotal axigpgerpendicular to the plane defined
by the”#ongltudlnal axes of the arns, the crystal resonator nenber being
unted/betmeem ihEaenemndbxngteanmnrﬁvéﬂuﬂeﬂnum ted fiilxe ds @oond ipgst odn of
the first armto which the crystal resonator nenber -20- is attached
bei ng canti | eviee eflléxane thembexd nountings of the flexure nmenbers. 20. A
transducer for a weighing scale, constructed and arranged substantially as
her ei nbef ore d@scri detiransdueer efance woignhasdadleystcomsdacted gndes 2 to

7 and 8 of the acconpanylng dr awi ngs.
arranged subs antially as hereinbefore described with

a reference to and as illustrated in Flgures 2 to 7 and 8 of

" the accompanying drawings.
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