217 299 _VEI GHI.NG SCALE TRANSDUCER Background of the Invention This -
inventiqgn'relates to scales for nmeasuring the weight of an object, and noreg
particularly to trans- ducers for convertingthe wei ght of an g?g géig

an elec- trical signal property indicative of the weight of th g?
Transducers including flexure node piezoelectric crystal resonators hav
been/developed whi ch are capabl e 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 EerNi-sse U S. patent '
4,215,570 entitled "M niature Quartz Resonator Force Transducer". "Flexure
nDde refers to the partlcular node-of oscillation of the resonator Thi s
nmode is char- acterized by oscillatory flexural bending of relatively |ong,
sl ender crystal nenbers. Resonators having this node of oscillation are
typically relatively delicate structures which are prone to break if
subjected to ne- chanical shock or to | oadi ng 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 .
conpression. The flexure node crystal resonator need not be piezoelectric,
but may alternatively be.a non-piezoelectric crystal structure (e.g., a

silicon crystal) driven in the flexure node hy piezoelectric materi al
(e.g., zinc oxide) associated mﬁﬂﬂEHEE&QEQﬁEﬂﬁé—EE&E&EHﬁE& n the preferred
-2- enbodi nent of the present I nvention the resonator is a piezoelectric
?EZZL;LbrLta2AL§¥§§gégi } auqugggk%égggbiéed L:gfﬁéeuﬂgﬁﬁdg;yEE?L flexure’
mode pi ezoel ectric . This invention relates to scales for measuring
the weight of an object, and more particulariy to trans-
~ ducers for converting the weight of an object into an elec-
trical signal property indicative of the weight of the
object. -

| Transducers including flexure mode piezbelect:ic
crystal resonators have been dgveloped 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 oscillatory flexural bending of relatively
long. slender crystal members.' Resonétors having this
mode of oscillation are typzcally relatively delicate
_structures which are prone to break if subjected to me-.
chanical shock or to loadlng whlch applies any szgnlflcant
bend1ng, torsion, 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
plezoelectrlc, but may alternatively be a non-piezoelectric
crystal structu;e_(e.g., a silicon crystal) driven in the
flenge mode by piezoelectric material (é.g., zinc oxide)
assoéiated with the crystal. Although in the preferred



crystal resonators and plezoelectrlcally driven flexure node crystal
resonators. A probl em which is relatively unique to weigh- ing scales.is -

. thaagz::kllne of action of the f8rce due to gravity of the object to be .t

wei annot be predicted with certainty. Unli ke devices such as pressure-
trang:“Mducers and accel eroneters in which the line of action of the force.
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torsiofn, or shear Force conponents which typically resu? E%romoff center
IoadPH&eoFryﬁﬁaéc§F§°na¥ﬁﬁ§e force com ponents not only increase the risk
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on tltheechseroblhbesdm o dt3)t beowelighedasne thiey load pmalt.yl ng verti cal
for C%o%o Ve e’ 52816 2T 6P 1 %%o%‘lgim%orunce to the
proper and satzsfactory operatlon of a we1gh1ng scale that
the indicated weight of the object not depend on its loca-
~ tion on the load platform. In addition, in a scale employ-
ing a flexure mode crystal resonator of the type mentioned
above, the resonator must be protected from the bending,
torsion, or shear force components which typically result
from off-center loading of the scale. These force con-
ponents not only increase the risk of resonator breakage,
__they also subJect the resonator to load components which _ )
‘reduce the accuracy of the transducer. ' U
- Others have developed wexghlng scale transducers
lncludzng thackness shear mode (as dlstlngulshed from
flexure mode) pzezoelectrlc crystal resonators. The crystal
resonators in those transducers were relatlvely 1arge and
robust quartz crystal discs about 1.5 cm in diameter (see,
for example, Walker U.S. patent 4, 130 624) These trans-_
ducers included (1) two vertlcally spaced substantially
parallel flexure assemblies for support;ng the load plat-
form of the scale, (2) a thlckness shear ‘mode crystal
resonator disc mounted for loadlng by a compression force
applied at two d1ametrica11y opposlte pornts on the edge '
of the dlsc, and (3) a coupllng assembly for applyrng
_vert;cal force from the_flerure assemblies to the: edge of



)
-3- the resonator disc. The coupling assenbly i ncl uded pivotal bearings for
‘preventing application of nonents fromthe flexure assenblies to the N
resonator disc. The coupling assenbly al so included, between the piv } ©
and the resonator 'disc, a second system of vertlcally spaced, subst Iy
paral | el flexure assenbl i es for insuring vertical alignnent of the czgi
asseubly. In addition to the mechanical differences between those
transducers and the transducers of the pre3ddt invention, 10 there was no
suggestion in that work of enploying nuch nore fragile flexure node crystal
Tesonators or eshen rafsomagforudtisice capabbeuot1npua$sagb£wchneﬂdde&ure node
resonator. In view of the foregoing, it is an object of this 15 invention
to provide a wiigtited ‘$eard nigsafoduoeevenpiogi aAgphi¢sbkem eofrovementsst al
resonator. It is a nore particular object of this invention to provide .
structures for faedurtingg ﬁH&W“FﬁeaFFéﬁgﬁéeﬁnae Ehgstasoretehatb¥cel ement in
a wei ghing scale of the type 20 nenti gned above i.s subject only to axial

| oadi ng and |s'&hﬁﬂﬁﬂﬁﬂiiWﬁwﬁﬁsF@EéWv?ﬁﬁ°aﬁ9°§PgﬁFf|E%ﬁ?eb%nﬂ?ﬁgPlY%?%¥on
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conpri sing: (a) 2 par’al ogram re asse PhEl B |ng

-3a- and | ower 1%@491394 'we&g%%gg;azlggmg@t b2l k¥ pasglaisfh gymﬁlyerrbers

each having first and secon tally space irst” side of
each flexure nmerpeladiad it mwmdmteeh@nfilcmddﬁr@ye}eneesaﬂdweeﬁh&&@@ond

si dg_pf each flexure nmenber being vertically
' transducers and the transducers of the present invention,
10 there was no euggestion in that wo:k of employing much
more.ffagile flexure mode crystal resonators or even of
a structure capable of'mounting such a flexure mode
resonator.
In view of the foregoing, it is an object of this
15 invention to p:ovide a weighing scale transducer
employing a flexure mode crystal resonetor.
It is a more particular object of this invention to_
\ provide structureS'for assuring that the flexure mode
crystal resbnator_element'in-a weighiﬂg eoale of the type
20 mentioned above is subject oniy to axial ;oaoing and
is prevented from receiving any significant bending,
torslon, or shear loadlng regardless of the location of
the obJect to be wexghed on the load platform of the scale.
In our co—pendlng appllcatlon GB 2134258A there is -
25 described and claimed a trans&ucer systenm fof'e weighing
scale comprising: | |

(a) a parallelogram flexure assembly inoluding'(l) upper

ing



novabl e; and (2) a vertical post mermber for’ connecti ng.toget her .-t he second
sides of the flexure nembers and for supporting an object to be wei ghed;

(b)‘ fl exure node crystal resonator transducer 10 nenber;. and (c) coupllng
meang_por transmtting vertical force fromthe flexure assenbly to the’

crystiaff resonator henber. -According to the present invention there is -
provideéd a nounting structure for applying substantially only 15 tension \gf

conpression force to a crystal #®&senator transducer nenber conprising: a
fixed base; first, second, third and fourth co-planar arns, the first arm
being fixedly-" attached to the base; 20 ~first, second,- third and fourth
fl exandl 1pwage¥erbicakkpenavedy %%#ﬁﬁﬁﬂ?#ﬁ}%&mﬂﬁ#ﬁ%1Q%e first and second,

the ?@GQOﬁeamdmstéd,eam ki 1 fls andr L OULA A, s @hd he fourth and first arns;
t he glvotal axes of all of the %Iexural hi n es bei ng substantially

per pBAAREAREP LY ERRCHE aREIO%: gERE nBIFBY THES 582 crystal resonat or
tran$duﬁet-ermaiaeérnnelmgdm&erﬁv\eenta he fiiGd! mdith SBCHNred N5 at a | ocation -

ich,is Iaterall S fr t he p|v axi s of t he flrst fl exural
wgngéh é%a% %?happ%x?ﬂﬁ o?%e {2 g Bt Kcond, third or
fourmhvabhs.aana p3) ne warthcal bestrmemyespherddnmg tivs pi votal axes of .

?" QBgE@ﬁe?'%ﬁUrQLth@9§§de£h@ffPﬁEGfPéiﬁﬁb r#?&é%&'éhéhe pl ane_defined by

he aris, in order. to place the transducer In tension or 35
conpf€§sFHHP°’tinE ap PP hests Rt bec¥ebhede i nvention, its nature and"
vari @y advaneages wbbe bEyémae aaaaﬁea&rff@mémcer

10 member; and
(¢) coupling means for transmitting vertical
force from the flexure assembly to the crystal'.
resonator member.
According to the present invention there is provided a
mounting structure for applying substantially only
15 tension or-compreésion ferce to a c¢rystal resonator
transducer member comprising: '
~ a fixed base;
_ first, second, third and fourth co-planar arms, the
first arm being fixedly_attached to the base;
20 first, second, third and fourth flexural.hinges'for
respectively connecting together the first and”second, the _ )
-.secohd andathird,'the'thifd and fourth, and the fourth and. \,}i
first arme, the pivotal axes of all of the flexural '
hinges being subetahtially perpendicula: to the plane
25 defined by the arms; |
a crystal resonator transducer member mounted between
the first and second arms at a locafioh which is
laterally Spaced from the pivotal axis of the first
- flexural hinge; and
30 means for applying force to one of the eecond third
or fourth arms at a point whlch is laterally spaced from
'the pivotal axes of all of the flexural hlnges, the
force being applied in the plane defined by the arms,. i
order to place the ‘transducer member in tension or

35 compression.



&
acconpanyi ng draw ng and the fol | owi ng detarled descrrptron of the
i nvention. 5 Figure 1 is a perspective view of a weighing scale which
mays.i ncl ude the transducer of this invention; Figure 2 is a top plan view-
of an illustrative enbodi rent of the transducer of this invention; 'Figure-
is a sectional viewtaken along the line 10 3-3 in Figure 2; Frgure 4 i
an égpl oded perspective view of the transducer of Figures 2 and Fi gu
is a perspective view of a portion of the appgyatus of Figure 3; 15
Figure 6 is a sectional view'taken along the II'ne 6-6 in Figure 3; Figure 7
is a partial elevational view taken along the line 7-7 of Figure 3; Figure
8 is a sinplified elevational view of an 20 alternative enbodi nent of the

transducer of this favends ofsadirdy &0 the anSeMRlilbhi,edtBahbikakechgyati onal .

vi ew of another alternative enbodi ment. of the transducer of -this invention;
25 Figure 10"?%1%“%|%Y?'f‘i%ﬁfspd‘rlt’ﬁalbeel‘“é’\}‘ét PERAF ¢PtedF B8P JBE anot her

al ternative enboskcemganfiddeaitdwingdunay tofe tidild owivigntie®@ailAdt ypi cal

wei ghing scal e \/\(/?n chr{ra 1(lnncclug:r e,‘ t he I, atr}%d_lucer systemof this invention is
shown in 30 Figure Sq FY Sl 28 HAESed A ‘housing 10, a load platform 12
nmount ed for I5n1tedFngtcchisnnumﬂnﬁpqﬂﬁxM;Immﬁm od BOwedghtngl sbateons 14
and 16 (e 0. an o O TnfpridOluddihie rarbadde® o2ORNGE! hnvand FELEN

el ectronic digital dISp ay he scale is turned on_an
necessary, by Operaglgﬁre 2 is a top plan view of an illustrative

embodiment of the transducer of this invention;
U - Figure 3 is a sect1onal view taken along the line
10 3-3 in Figure 2;
Figure 4 is an exploded perspective view of the
transducer of Figures 2 and 3; _
Figure 5 is a perspective view'of a portion of the
apparatus of Figure 3; h
15 Figure 6 is a sectional view taken along the line
6-6 in Figure 3;
Figure 7 is a partial elevat10na1 view taken along
the line 7-7 of Figure 3;
Figure 8 is a s1mpl1f1ed elevat10nal view of an
20 alternative embodiment of the transducer of this
invention;

N ~ 'Figure 9 is a simplified partial elevational view
of another alternative embodiment of the transducer
of -this invention; ' _

25 . Figure 10 is a simplified partial elevational view
of yet another alternative embodiment of the transducer
of this invention. o

" A typical weighing scale which may inelude'the

‘transducer system of”this'invention is shown in

30 TFigure 1. This scale includes a housing 10, a load
platform 12 mounted for limited vertical movement
above housing 10, control buttons }4 and 16 (e.g.

an. on/off control and a



of controls 14 ahd 16. An object to be weighed is then. placed anywhere on

s Ioadrplatforn112 and the weight of the object is displayed by di gi t al,

-an a

‘.: 18. The par- ticular st&re shown in Figure 1 is nerely : »t
‘ﬁﬂlve of the weighing scales in which the transducer systen1of this
on can be enployed. Apart fromthe transducer sys- tem described in’

det bel ow,
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between upper and lower metal subplatforms 24 and 26 (see -

also Figure 5). The components 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 dropping an

object on the platform.

Lovwer 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 vwhich are | K_}
. held together by screw 36 (see also Figure.4). Post |

assembly 30 is supported for limited vertical movement by

upper and lower flexure arm assemblies 40 and 50 (see also

Figures 2 and 4). Each flexure arm aséembly includes a

substantially rigid planar member 42, 52, which in plan

view is substantially triangular. Each of members 42, 52

is connected,_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.membets 42,

$2 is similarly connected adjacent its tﬁo.remaining peri-

pheral vertices to thg_fixed and rigid frame 60 of the




-6~ scal.e. These connections are provided by flexures 46 and 48 in the case
of  nmenber- 42, and by flexures 56 and 58 in the case of nmenber 52. Each :
fl exures 44, 46, 48, 54, 56, and 58 is a pi6anar piece of resiliently @
flexiblre nmetal (e.g., berylliumcopper). Each flexure is substantiall
coplanar with the associated rigid nenber 42, 52, and. each-flexure is
flexible substantial l'y only. perpendicular to the plane of_the rigid

menber. ' Accor @Gadiey, ~ Thege conneghiions age previded e fiiexugesh 4§oand
assenbly 30 an@hat % aid '(fa?ée ¥ iedbe 4705 Arkd by mxmsa 582 lanld sboaham

| i nkage whi ch sybstanti al ns | NS 30 to v t| al
movenment in th LR8O "g%?ﬂérsaq Iﬁoiﬁj? é’aé telHﬂa‘}/“'t 4. ) an Ste
L|8xed SIhde of %F'h arid ?bfmfg,%m Ipﬁc@ wnéctiéqtﬂlg;rftly fﬂlexnib&e hetald
in the case of ass y t

( ially
assenbl y 50) ar'® i o?‘ﬁi/i]l ce e%% a%? l# 1] %r*t
((ZII stance Eo sulﬁﬂ:ﬂrﬂnaﬁ' |with eummstmcsxatg}i afigid memhen 6!209r5é.’m Iaml(&tgsh
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of f - cent er Ioa?ing oxf Ioa? J‘% ﬂz@iia aﬁﬂérhl guqa}rs%s?hape
of nmenbers 42 aﬁﬂ?@l%ﬂ%cp%o?hﬁlm nemher. 1 AFCIEHNI fiexure

paral | el ogr am | igueans] i @s t40 SdAd BolUtdge Bidr Qemerpdmchmmbwyt Boughd n

the preferred odi ne own_i Nt he, drawi n flexure assenblies .40 and 50
e baoh at + acitF (ATHeAT RPRLLe 5% hth Foy |SoaaE el F HARA e Rl

mounti ng arr andgeinkdge awlei gl smiltid tantiably constraite posthasdentiy 30

e o roure S5 ST VR A i MG o0 0t R

flextres coul.d be used. TFke stvenflexures orthepfixedtside ol teacthpihost

assembly 30 is préher@bagsenbiies £ &ﬁ@ps@S(an@l y flexdieés g6d!48 in

' ncl udes StOp %HR?Qégszzo 5g§eﬁkf§ fga'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-center loading of load platform 12. The broad-based
triangular shape of members 42 and 52 also contributes to
the resistance of the parallelogram lznkage to twisting
due to off-center loading. :

_ o 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-
ing flexure could be used for mounting each member 42,
52; or three or more horlzontally spaced flexures could
be used. - ' -

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



franme 60 and having two transverse arns 74 and 76 which respecttvely
pr oj ect under and over a portion of horizontal' arm 34. Arm 34 carries.set

sc_re the | ower end of whichZontacts stop 'surface 84 on arm 74 to .
lim war d -7- travel of post assenbly 30. Simlarly, arm76
carr set screw 86, the | ower end of V\/mch contacts stop sur- face 88 on

hori zont a 34 to I I m.t, u i ogt assenbly 30. Stop ‘\4
assei‘ﬁ %"Irn 1 or{{nm $, o G8FE3ESrechani cal shock .-
or aswwdmd eﬁnpltl&wl mdmauhd)lmtfuhiuﬂl:oﬁmdow suaxeRsmitted to the -
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portl&gn of hori rzll'tbln at%;n et screwé% &puggza?{: Q%%E'%aa apter 102_ in’

pl ac@Ppi kel tRskqadi Batfomm 12 Lromdeing thansmititad carries
resi ldnteydhade cﬂcfw @gﬁt@ﬁ,rmm@@t&eéﬁﬁewwm»be- tween post
assenbly 30 an ush

nent a%; reagter vertical notion of
post assembly 3% 3F’ez"% LOR ¥&&T rod el enent
110 t‘ﬂdas‘l. @dm@:raéwmmaéceewptascmmlmgmsgdnwsm f @higost assenbl*y

h t '
crysta by Hho e ?%f%m)ﬁ)?%%?@%ﬁ £1108 BEEHER, Fod 1 (oo7No of fect
pr od @R ﬁhrd@kﬁﬁlﬂ@m ent 100 :I:M%radapﬁﬁlall&ﬁ spl acenent

consigdgar, CSRE tHeX nt of post.
assen'glﬁé/c%gﬂna eé‘%%?l itl magﬂié eat er P&&pez;gpﬁr 0X- cfrfr‘rgat ely 07 to . 003\

i nch)Se M%Phljcooﬁ i8 Jireq e %’éta‘ﬂﬁpﬁ%tl ithiRlage @R ¥ post assenbl y
di splaeied .pdEgiorgMTRS Dover endiof ddapterniiod apartidss 108 for

recel V's'iglfgxgt ea{afgdzwﬁxfjg&? rl&@ d 1f3’lfz:1<9ll1J Sa{]c{sOdasassespnng be-

tween post assembly 30 and push rod element 110 to allow
greater vertical motion of post assembly 30 than is corre-
spondingly produced in push rod element 110. This allows
meqhanical_sﬁqp assembly 70 to be used for post assembly 30,
even though the maximum operational displacement of the
resonator crystal is very small (e.g., approximately

.0002 inch). The spring effect produced by diaphragm 106
amplifies this resonator crystal diSplacemént consider-~
ably so that the corresponding operational displacement

' -of post assembly 30 may be ten times greater (e.g., approx- U
| imately .002 to .003.inch); Mechanical stops can be set '
to control this amount of post assembly displacement;
Diaphragm 106 has a centrally located aperture 108

for receiving and seating the upper end of push rod assem-
bly 110 (see also Figure 6). Push rod assembly 110 in-
cludes vertically alignéd metal rod 112 having a socket

in each end. A sapph;re disc 114 is seated in the bottom
of each aperture, and a stalnless steel ball 116 is also
contalned in each socket 80 that the ball bears on the
-assoczated sapph;re_d1sc...a system of apertures 118 in

rod 112 facilitates assembly of discs 114 in rod 112 by
préventing entrapment of air behind discs 114. Coupling



bl y- 110 -(see al so Figure 6). -Push rod assenbly 110 in- cludes vertically _
aligned netal rod 112 having a socket in each end. A sapphire disc 114 ig~
seated in the bottom of each aperture, and.gestainless steel ball 116 L%%;}

al so contained in each socket so that the ball bears on the associ ated
sapphire disc. A system of apertures 118 in rod 112 facilitates assenbly
of adiscs 114 in rod 112 by preventing entrapnent of air.behind discs 114.
Coupl i ng' asasathblgosoandnéseepeeih&lyuphshoﬂoéIeilmnnﬁJInOIrtruns6|ts

force aligned r S 3 t rée, 120
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about balls 116moun§¢991§nrunuuna|l 01§esprobedebghggzehmtesuQStamtzabhvess

pi votal beari ngﬁré{reﬁﬁﬁhtﬁadﬁ?&nﬂﬁgsieﬂ Skeﬂﬁi}t momént £ CAO6EHE r!SLil/ls cpLg! i ng
assenbly 90 he|§15¢ﬁ Ert er rotec stal resonator. fr rlous
el

force conponent Gl$¥ i&§hPF éFeﬁﬁthiﬁblﬁ%HYS nless
interior porti opmbtsmunéaﬁgngtruct gachlefid QBIII puBhr H6d éléments I)Ieferabl y

o bars pi vot ol ReoERRBBIFa ERRRIRER ppeerBad, a8 bpios o HEFHIRY RPhELR:

mat eri al of thetbercarystal :eaonauoraﬁdohespnmonscﬁppee aonpqmexrmsr ed - _
materials for nmounting St?ﬂEtYBﬁeizgndAbkp %B QBEeE Sﬂgﬁtgfialﬁ€9fsf6ﬂ t he
I'n e 0

nmounting structure are wi e invention (severa
al ternatives be#ﬁgl§ﬁGWR°FnPPF§EP§s°G meyntnn9t5§rpstureu 2P - enBaEs nehruc-

shown in F'QUVetu2e41§D§&bE89aBl§U&hUﬁﬁtk%@a&s(&§§entbﬁéLyzécéQUélbﬁént
l'i nkage having nnect ed

f pl
Logether n a cPReBEEaL MR, JBriudss.paNeTads F8S OF BArd JRivaFALLYE. A m
12277s rigidly conneetedotsgathepaby @lexuriadl br1#2ivihg"phihgessinfthem

122 to the |eft ag8detipateobyloLt di2eds Vi R1Ribla b Bedyfifun copper

cantil evered above SCa is canti évering, espec
cantil everi ng ofrer preferred: materials for mounting structure 120.

Although other configurations for the mount1ng structure
are within the scope of the invention (several alternatxves
being shown in Figures 8-10), in the part;cular embodiment
shown in Fzgures 2-4 mounting structure 120 is essentlally
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 portzons
of arm 122 to the left and rlght of bolt 142 as viewed in -
O ' Figure 3 are cantilevered above scale base 60. This canti-
levering, especially the cantilevering of arm 122 to the
‘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 borzng out material on each side of the hlnge to leave
a thin strip or neck of material connectlng arms 122 and
124. The p1votal axis of hinge 132, like the pivotal axes
of all the other hinges, is perpendicular to the plane
defined by the longitudinal axes of the arms joined by
the_hinge.' The elastic limit of the flexural hinges is
never exceeded during operation of the apparatus. Thus



right of flexural hinge 132 as viewed in Fi'gure 3, hefps to insul ate

nou 39 structure 120 from spurigus forces due, for exanple, to distortion
of £760. Arm 124 is plvotally connected to arm 122 by flexural hinge -
132, phich, like the other flexural hinges, is.formed by ml]ing out or i
bor i"ag out material on each side of the hinge to leave a thin strip or neek

Ol o HAmeing WA te 2120 “ﬁdg%l%lm“ﬂ.??“ﬂén@? dfrdinge 132, %
| Ke e |
ol and T Ak E aﬁeo%‘ﬁ@%uuflﬁﬁwaieio#rﬁ% beén FIASE B the hi ngs. The

eIasummIsﬁaxecﬁstf§m6+edural hi nges i s never exceeded during operation of
t he appar at us. esiliently -
'returﬁpto its .aéﬁﬁéﬁuiﬂﬂdY}F§DE§ﬁeﬁ9§§ %ﬁéﬁ $%é§8W%€ﬂ%iéﬁgapéced on the
scal etuime rE2@y eatrm Ch2vt | hsi pivetablyhconhectedi bo afmnb2éitbng struc- ture .
120, I n ed.t hi nge 134. Arm
126 |€i&dg4:}ilﬁ R%%g%%%tgdﬁgg g?ﬁq ﬁﬁéﬁ%ﬁﬂgﬁr %{m}ﬁ ﬁég&%% g\nd arm.128
i's plﬂﬂm A28 klbnﬁle%lﬂéﬁalaabkngs aAdfr 12@éyame&%§a45r@h%tim Push rod
el e”&fﬁnﬂé@t@dlsﬁfékffeehi‘mt mzeusi gPexhya® Hivigénl3gexupagnhhi nge 136, and

St ructef ceL@nent f18 n83es Beng) Rt olaR AP ERE AR T8 ¢ uc, furo 150
i s sufleximal viiingeul6é; odndl thenllowép ba&bslﬂereftpuahlyodownward in
[eoPoREadas [0 "EepEh Th BRcHkoTheodl RhELAL SERLEyar T 120 ol co moves
vi eweEnd&6gure 3) about hinge 132. Arm 128 al so pivots clockw se about -
hinge 138. Ar ”‘I‘ﬂgzarﬁn Héﬁ% oEEe e énEEaihoﬂéﬁﬂti‘ﬁga&r&éﬂes The ar e/
of nnwgtlngzgtggc;géﬁ that when us rbgegiement gfaemovg;evgglanged '
such B%@y P
' tically downward in response to the weight of an object

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

ward. This causes arm 124 to pzvot counterclockw1se (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 amms 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 11nkage, the p01nt at which the lower end of _

push rod element 110 bears on arm 126 is constrained to A

move only vertically. Armm 126 as a whole may pivot slightly

about this point, but the motion of this poinf'is linear

(not arcuate) and vertical. This helps keep push rod

element 110 vertically aligned at. all times, which contri-

butes to lnsulatlng the crystal resonator from spurzous

- load components and to llnearlzlng the response of ‘the

transducer to loads of various magnitudes. _

Arms 122 and 124 1nc1ude portlons whlch extend
substantlally parallel to one another (to the rlght of
hinge 132 as v1ewed in Fzgure 3) and whzch are vertlcally
spaced apart. Flexure mode crystal resonator transdncer 150
is mounted between the ends of arms 122 and 124 remote
from hinge 132. Although other known flexure _mode crystal




“that they effectively constitute a so-called Watt |inkage. This means t at
: for al| operational novenents of the ele- nents in the |inkage, the
at, which the | ower end of push rod el enend}@l0 bears on arm 126 is

constrained to nove only vertically. Arm 126 as a whol e may pivot sl by
about this point, but the motion of this point is linear (not arcuate) and
~vertical. This hel ps keep push rod elenment 110 vertically aligned at all

times, which coesonatéonteenfigurationsnare possibles a garticulanlyrpre-

: o ; e thy | q
Th'l oads of vareErea EbasfiiraCioh ! BEOHH 4 oiE MUkt f¥hdd BDOCL CC!
ext end subst arEeENi§seaVafi cPatent i, ahd: H29. (tAs tshown gin simpliifiedi3o as

Urveral Tesonokéra ) iANPLYGrEpf NI tybe oF FERORAPAriclude i OIS
154 oot deterril R Epaced. FLREEERCLELLY RATAILEY GARRS Aafe At o

res](c).nator confcommettedstagethessatl both ends iy mountine-tdls k56, 158.
configuration .l N gboyes Lope rN : : _
4,215, 570. As gﬁ%\ﬁggﬁysi ﬁ%{gﬁfu 5 Xf%gfn%lﬁ‘ggi gﬂ% %&fﬁréﬁfypﬁﬁe%&é‘onat or
i ncl udes two | thicki| gndpabddinchowidet i aElectrodes o(not rehovrs henein :
connected tog r ot S t4 S . TAPI I Lach
tine is about %QESS?%gﬁ }gngﬁg. ngn:ﬂggﬁ ?ﬁ?gﬁﬁ?a%%é%%%%wdgﬂ shr -~
El ectrodes (nofaseoff EheeFRYSEalsfORncPUPitRI FRIGFEEICHL &IAN2LE £dpunt ed
-on the sur- fatReOrekbfiatbysifil ther cofventiénsl efannér) SIHN@atinés® dfhe

| regonator int cogvent'ogal NSTSGEF Tp‘eﬁ*}i ngi of the &esi)na%t(h)r. cillate
in{the flexure dk Fﬁ'nf pf"ﬁﬁ A Pne 9] Br ﬁxﬁﬁlﬂ% & 1RpET | &bs
156 and 158 arefrtheepaperl gnaFiguked7io Mbenting tdbsirh$6 1224 okSB l&rk by
i e 2 TEGR3eSkibets RReALHES YE- hecahdlrOb ankl Tadegh #5L B °°
coupl i ng assenBhy Suitahde means such as an adhesive. Accordingly, when
an object to be weighed is placed on load platform 12,
flexure arm post assembly 30, coupling assembly 90, and
mounting structure arm 126 all move vertically downward
in response to the gravitational force on the object..
This pivots mounting structure 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
U/ : 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 connections’
or hinges 132, 134, 136, and 138 between the arms of mount-
ing structure 120 helps to stiffen mounting structure 120
with -reSpéc‘l; 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 méne
tioned above, sﬁch non-axial forces reduce the accuracy of



nDuntlng structure arm 126 all nove vertically downward in response to the
Ltational force on the object. This pivots nounting structure arm 124 :

Tge The tension force thus applied to the resonator tines is .
propefyional to the weight of the object, and it produces a proportional -
change in the frequency of oscillation of the resonator tines and t her ef oxe
i n t hthe| transducesuoptpusi gnd may ehso: canseuthe. rehativel¥ determines the

wei ghfreéﬂhec ge&i pesbhatezaks bieax!hi q'nehasaeel-aebeeﬂséacer out put .
The use,0f rel ativel §P%§oad I vot al gectlgn gg ﬁges 132, 134, 136,
and 18BifEpREs of mo 8 ﬁF“angz ¢ A§cEYrEReZeRBARCeE ) stiffen .
mount bpothér useube 32&onﬁhbutﬂtnoat1h01ddﬁﬂgﬁtbuwnb1nqbsol32he pl ane of the

poner A B b anhecatd, B2 vinetlcahd B BRangBRRRphe Ry o3 oo

Mount othest tocresdst2@wilsding ﬂsﬁbrmamanglpfr@basssranyuremstlng
qefor¥he! flds W gﬁv\eme%ﬁlibh%%ﬁ&#}ﬁ&ue%mamwgge&ara@n axi al for ces.

As nen- tione ch non-axi a orces reduce accuracy of -11-

the thingescEurshesycoptributes 30 G&Gsébﬂﬂétﬂépéithsl?tFPSEPFE crystal.
resopgbogeggsﬁrgghstl dﬂg@fﬁaﬁgﬁﬁflbed stiffness of nmounting structure”

2 TSI e SR Pl S e sHAY ARG asRaRb Iy B0l oL oS
resi sappiesi Ifgrdm‘ ammtd\mtmfg istructturet 120, atha lptmmn‘ whichntegral
 or TheBTaBh Ftiaty) sHeRA Troll 3B WidICh OU BivERaL 00 B0
that resphiateradSérbl Thhe aldiawss moyndd ng stymature §t2rm¢pube 120 at a
poi nt yRRigClA s % heRQir WinhaldsentN3r &b iredtidedidt W&ﬂﬁ%@”d crystal
force app11ed to crystal 150 as desired.
- Although the arms in the mounting structure 120
~described above are all substantlally 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
ailowing sufficiently large vertical motion of vertical
post 32 to permit use of mechanical stops 82 and 86 to
limit that motion. N
_ _ While the mountlng structure conf19urat1on 120 - o
shqwh in Figures 3 and 4 is especially preferred, other
‘mounting structu:es can be alternatively employed in
accordance with the principles of the invention. Figure 8,
for example, shows a transducer system similar 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 ehbddiment, mounting structure 160
is preferably integral. Flexure mode crystal resonator 150
is mounted between the ends of arms 162 and 164 remote
from hinge 166. Arm 162 is rigidiy mounted on scale
frame 60. The lower end of push rod element 110 bears on

¢l.ockwi se, which places th2l#ines 152, 154 of resonator 150 in . S
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resonator 150. This allows mounting structure 120 to be used as a | eveFarm
~assenbly to reduce or anplify the force applied to crystal 150 as degﬁ;g%ﬁ
Alstshough the arns in the nmounting structuLgsd20 descri bed above are
substantially rigid, one or nore arms in that structure may be made
flexible in bending to-a snall degree if desired. |In that event,
~-rasilient diaphragm 106 .may be el im nated because the flexible nmount- ing

: Istruct ure ar rnlofmalel at! b pogntdénteemédiate cNinge al66vand trddsdicuy | v
arge vertica

_ noLron. vertical .post _32.to . permt. use of nechani cal stdps

82 and 86 to I‘Fﬂ'ft?ﬂaigﬂnt i éﬁ?%ﬂﬁ‘ﬂilf'nelﬂnﬁﬁ%? nﬁmg?éﬂ?’aﬁ'e‘ Sg'?ﬁ'# SR ation
120 shown in Fphat€ert ic2dplacescepystall yeporétorcliS0 oimecomprersion. o
Structures canie $hhd' 3" k- eAPhOVEe! PeBEFRLARNERANAL TyA EHOTAIL! o
.of the invention, rgure g8, Tor exanple, shows a transducer systemsimlar
to the one showhrifalrFcharasterisgicswpfhcrystal ereaenatorol®Ring structure

160. Thi? nount i ng StrUC@HEGah%@kﬁQQEVEWEmBS&iméhﬁaéh&wﬁpﬂﬁeﬁﬁgure 9 is
"substantially nnect ed at one end by fl exural

arahlel ar 162_and 164 c% )

hi nge 166. As gﬁm% érpFevggﬁsF9b83§EFPSe8 chbgRraeBt | exceRt i tRAt Meritn e
éeso i s prﬁfera,bhq stiragtare aﬁeaanzméndsrbeyohﬂ_rﬁeﬂ%aél ﬂﬁ@gél le'm_nunt ed
et ween the en ar n ipge rm S
rigidly nnuntegﬁoﬁggc _e%?§ﬁ§ gﬁ%gTﬁ%SEg&ifkéﬁg]B?agusﬁy$ﬁﬁféf%ﬁﬁﬂﬁtﬁﬁx)_
. bears on ar ¥p064 Thealpweat end: ofnpusht rolli ejemest 1h0 bearsdomethis
crystal 150. /RRefsion) of Ari174°880¢hEE S foad28nohl! 8E1PE Bidcdl aces

: crystal resonator I'n conpression., | Q I'S measured yét e resulting
'chdnge in the EF¥sradr resonAtRradSEr iB: t€BSEPNerystal resonator 150. The

al ternative enbodi nent shpen alternadtivedembodifbher showhhenerbgeiéerg of

Foure 8 excepl Wb ilera1ly BiTaY Bootii oS ibo00y HEVSISLE OV

hi nge 176 : _
embodiments, especially the embodiment of Figure 9. .In
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 2-7, cantilevering the major portion of mount-
ing structure 180 above base 60 helps to insulate the
mounting structure from spurious forces due to distortion

L of base 60. The mounting structure is loaded by the lower

| end of push rod element 110 vwhich 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).

‘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 a:t without departing from the scope-and
spirit of the invention. For example, parailelogram link-
age 30, 40, 50, and 60 can include other types of flexure

~ arm assemblies 30 and 40 as mentioned above. |



inthe direction away fromfl exure node crystal .resonator 150. :The | ower
end o h rod element 110 bears on this extension of arm 174 so that: a
| oad e scal e places crystal resonator 150 in tension. The alternative’”

enbo shown in Figure 10 is again generall“ uﬂl previously,
di scu d enbodi nents, especially the enbodiﬁe* Iﬂ"“““ luﬂlﬂﬂﬂn Figure 10
however, nounting structure 180 is a four bar |i*nkdge"intl dding arms 182,

184, 186, and 188 connected in a circuit by flexural hinges 192, 194, 196,
and 198. Arm 182 is the fixed arm-dBtached to scale base .60 by bolt 142 and
is cantil evered above base 60 to the right of bolt 142 as viewed in Figure
10. As in the.enbodi ment of Figures 2-7, cantilevering the najor portion of
nount - iéghstructure 180 above base 60 hel ps to insulate the nounting
struct&k&I¥3 om spurious forces due to distortion of base 60. The nounting
structure is |oaded by the |Iower end of push rod el enent- 110 whi ch bears on
an interior, point, near_the mddle of len f. 6 in the _
~nmountihy st?Lﬁﬁ%ﬁ%fﬁEKfﬁékﬁﬁ?é%w fg@?%g?éngnghgfgfﬁggéé%§o?nf%ur fl exural .
NI NGeS, s PRRVEL | dorp il ol AU dd1&r 2238 ¢LHC re@Bhakgree of mounting
structure to tw'sting deformations (i.e., deformations out of the plane
of theyPapssuldr R ér I mpilsitigd! be understand that the. foregoing -
enbodi - nents are-only illustrative of the principles of the inven- tion,
and that varfored neskidj cati ons can be made by those skilled in the art

wi t hout departing fromthe scope and spirit.of the invention. For exanple,
parsl | el ogf st nkecage, 3thirkD ark,feurdt 6@ ocpl ainarl adeset ke t ypes of o
f1exure arm assenblies 30 and 40 as nenti oned above. -13- CLAIMS 1. o/
mount i figrstract uveidorf appd iy raf tadhsdaria dihley basley

first, second, third and fourth flexural hinges for
respectively céhnectihg'together th§ first and sééond, the
.second and third, ;he_thifdaand fourth, and tﬁe fourfh”and-
10 first arms, thefpivotal axes of all of the flexural‘hinges'
beihg substantially perpendiéular to the plane defiqéd
by the arms; : |
a cf&st#l rgsonator transducer member mountd between
the first énd #eéoﬁd arms at a'location'whiéh is latérélly
.15 spaced from_fhe piyotél éxis of the first fiexural hinge; Ny
.and | | -
means for épplying force tg one'of.the'Second, third or
fourth érms at:é:pbgné'whiéh is lafrally spaced from the
pivotai_axes of all of the fle#ural-hinges. the force
20 being ahplied in'the'plane defined by the arms;_ih_order to
‘place the'transducér member:ih ténsiqn.of compression..l
é;. The:aépar#fus defined in claim 1 whereinlat leaSt one
of the arms is flexible. |

" 3. The apparatus defined in claim 1 wherein the first arm



tension or conpression force to a crystal resonator transducer nenber
conprising: a fixed base; 5 * first, second, thiTd—and—foeurth co-planar
arvrs, the first armbeing fixedly attacheﬂ" rst, sec , :
thirdand fourth flexural hinges for resp ’mm '"Egma’ m’ng tog

fi‘'rst and second, the second and third, 'thé third an

f urth and 10 flrst arns., the pivotal axes of all of the erxur |nges ,
"~ belng substantially perpend| cular to thg4d ane defined by the arnmns;

crystal resonator transducer nmenber nountd between the first and second
arns at a location which is laterally 15 spaced fromthe pivotal axis of
the first flexural hinge; and neans for applying force to one of -the
second, thirdie fficerdlly acrachakdatpoithe bhsehalsngaénpy ley speced fromthe

pi votal axes of all of the flexural hinges, the force 20 being applied in
the plane defipvectilpn tofe ixsmi enghher ded whepedmetbderemaisithger nenber in

t ensi on or conpression. 2. The apparatus defined in claim1l wherein at

| east one of tivaedtvgiinalf pexithba. o8. porhéonppef athe fitfshearn ard aim 1
wherein the first arm -14- is fixedly attached to the base along only a
first portion s@mYbideverss: H‘”&n&*%h@%% PAEtE®Mmi ni ng | ongi tudi nal portion
or portions of the first armare cantllevered fromthe first portlon




