- 1- 'FORCE MEASURI NG DEVI CES The present invention is directed to devices .
for neasuring forces applied at any given particular tine ani;?fcn,-,
produci ng conti nuous, or analog, outputs in response to thos S -ﬁﬁZIe
such devices for productlon of anal og outputs are not unknown in the prior
art, nost such devices have, at |east in.gart, incorporated therein some
nechanlcal 10 li nkage between a force sensing el enent and an out put

produci ng el enent . These nechani cal |inkages vary in conplexity, but
generally involve a plurality of levers, cans, or the I'ike to transmt the
mechani cal defl.ection inposed _h& ' e pR¥y EE force to be detected
to 15 the output producing e : Qut put produci ng

el enents may, for &henppreséntpdinvention cis, dimdctisde toddaviess cfors,
vari abl e capagid iRy 'f&d@%v%? J.Féldata‘?:san@”@lWﬁ bh%%lchﬁaksti‘mgegﬁ&m

maxi mt hat the nbre npvin arts contained rn"a device, the_ nore there
is that carPg QR(EE94MQ#PQrﬁRn¥kﬂHQR§' % rRd 1oy ophRutE &R FﬁﬁPBQF?s
contained in a;cﬁamm ﬁdﬁgése;ss prone the device |s t o breakdown ‘and,

hence, the nore re e devi ce. u abI devi S
Ot on  hoCdovt oo nabreRs i SR Sn o pEPFuCtidn B BBafog Yutiy)s
econoni cs of amewdae wknairsdnofths g:mihrcatrtt,l mositt snch deviseehhave,
Characterlstlca%aigaskow ﬁé)ﬁ gnEQQ EHE%HO'%he?e’M':%tﬁé/ fbchanical

construction, durability and | j cations for a glven
t echnol ogyloar ehsfmagqrpBFFHﬁFnc&sfﬂEF%t |5(ﬂ?§1inﬁ o%’t%‘P%‘?n ARG RN cPYEBHEC 30
success of a desodcind) edemedignce Théde t Mechatieal | DiRRagEs, vaxyor €8

ahaed second GERIPHRTY Brocerefeat b ifavorte g f’?ﬁ?é{dﬁﬁaﬁfiéﬁeﬁ o
di sposed in prams$ .o sberdlléneu desHEpangnit sthel mecbnulqghnéeﬂectlon-
responsive 10 fgposed’ upon the device by the force to be detected to
15 the output producing: element of the device. ' Output
producing'elements'may, for example, be potentiometers,
variable inductance coils, variable capacitors having
.movable plates, and the like. It is a general maxim that
the more moving parts contained in a device, the more
20 there is that can go wrong with that'device.'-Cohversely,
" the fewer the parts contained in a device, the less prone
the device is to breakdown and, hence, the more reliable
the device. Thus, the most reliable device is often the -
_ ~ device having the fewest moving parts therein. =
A, 25 . The economics of a device are also of significant
- importance and such characteristics as a lower cost of
' ' construction, simplicity of construction, durability and
. ' a wide range of applications for a given technology are
 all 1mportant considerations in determlnlng ‘the economic
30 success of a device. )
In accordance with the present invention,-a force
measuring device <comprises a - first electrically
'propertied. means and a- - second electrically propertied
means, said first means beinq disposed in proximate
35 relationship with said second means and responsive to a



- force noving said first means wth respect to said second neans tq:vary an
el ectrical property of said device proportionally to sai-d force; said, *»
second/ Asans. being a substantially rigid non-conductive  substrate
with f2etrically propertied |ands affixed thereto,,and said first neans
being ®_sdbstantially flexible nom2eonductive substrate ™ th electrically
propertied lands affixed thereto; said device further conprising spacer
means. di sposed 10 internmediate said first means and said second nmeans to
mai nt aifpraen maying &add fdgsti eangawdth reepreinscaraidapgcoBdcond neanes
Ihn _Sp%‘e%ials !El%_btsira | adn ytcsllé%lft&'ib?% rﬁft:ﬁﬁé higg s%élgd aéﬁﬂeté nmeans
-having a plurality .ol aper e er et hry ough; sai ertures
al | owi r@c%fr&%m%%altyﬁﬁ?ﬁjrﬁﬁﬁ?’on S332er ?‘Fl‘?’b%g’ﬂea%%t%g 9 ®said

el ect’risubdtantigidyt | edigidds abnszondisctivencassbatbratei d whehtrically

proper tJ s %136 gdgféwd S; 1_gali e t ek gconpri si ng

meang féo?éj:glﬁgl yi nlé; ) Sgel orc% -ggsgﬁggleras.t&rf%?#g,c' sgarlk%l Qng%ﬁs for

appl yi riizsh eeang dbedag @ substantiaddy; £)esibler nanorondurtivs upon a

- conmon gyiidtied WAl dectridad 1yP! propertieal 2ghdat oagfhaeay capable of
sel ect i \‘te?l%é npi ngi ng upon various areas of said first means in register '

with sdf °dpert_ures. ~Preferably: saird plurality of actuators equals

sai d plural igaididesrice fiurtheancompeiisdhgs spdcprumebnsyddspesedators is in
[ CA0! G iUt 5500 I £BLUE lenhe?TandPERLHT Srcond held! g6 Ualors are
capabl e o " I 'npi ngi ng— upon nore than one -area of sard first means

si mul t #Rdnkain, The apomtorresktpesbtionssspidy finst Heeang ande

- joysti cdafd/ PR | Mddhs? A TRPatedyat gubstahtea11pVegalildesi ngle oy

- control é{t i CK. furt he{ﬁenhanc.errent is the 35 addifion directly belowt
cont r ol¥hathOnhips; 831d SPagGEE, Meaps Lpaving - ag plura r8F ~nmeans.

Thus, apettagres  therethrough;  said  apertures  allowing

15 electrical communication therethrough = between said
eiectr_ic_ally propertied lands of s_é.id - first means and
said electrically propertied lands of said second means;
and o o . .

. said device further comprising means for -applying
- 20 said force to said first means, said means for applying
said force comprising a: plurality of actuators carried
upon a common actuator assembly, said plurality of
actuators being capable of selectively impinging upon
- various areas of said first means in register with said )
- 25 apertures. _ F ' o _ : A

' P.reférably:-r said plurality of actuators equals said
plurality of apértures-;. and each of said plutality of
actuators is in register. with one of said plurality of.
apertures; - and said_- -actuators are ‘capable of_' impinging

30 upon more than one -area of said first means |
simultaneously. _ - o o |

The common actuator assembly may be of the
joystick'-type_. comprising a common actuator carrier moved
by a single control st;iJ.ck,' A further enhancem_ént is the

35 addition -directly_ below the control stick of a ._z-a._Ctuator
operated by its ; own. Z-control means. Thus, analog



-3- .control: can be achi eved enpl oying the present invention in the X-axis,
the Y-axis and the Z-axis. In such a particularly preferred arrangenent,
the force Theasuri-ng -~ device .may conprise a first 5

non- conduct’i ve substrate, a second non- conducti ve substrate,
actuator neans and a spacer neans; said figst substrate being subst
flexibly/resilient and having a first plurality of electrically resistive
| ands affixed thereto; said second substrate 10 bei ng substantially

[lh nglt and havi ggnarsecwadz pieltb.athiev@c; einp;bégﬁgl |t?i§r ?eedtemebiz?néiftﬁﬂ Id xed
ereto, sai SE?; 5( axg S ﬁleng SQ SI‘%’E $ Eal ISt supstrate an
e t

said second %Bb poOsSTT!on, nmintaining
said. substrates iAn sqmieda mm:mm ypleferp%sialalrerlangnemleattuorthe each

of said firstorplur alxdéa)gulqj gr esifdvige | angsy bei @gmbhg@m NG I el ff o0
wi th and |% reglster- th one of gald second .plfuralit re5|sté%€ | ands,

sai d space RE-FRULHGLEAVEI ur §P §§IBFeaper?ure§e?ﬂ% eth?%ﬁgﬁ°“
said pluralitysebsgpateyr aa hetogtdp mebnsragdsaespacéh mesnof said f| r st

plurality of resisti I d S at,or. L.ng

plurality of elast g\éggl P?Eat%éggt%gggor#%hn%c%ﬁ; g%gg:g,a:ﬁ 1%‘ b](:%mmn
control nmeansxresiddent cand shaving| & afixst pﬂuzahtxctqﬁtelectmmblyl n
register wt hre%'l%tﬂie b iffﬁ&e@' ’Eﬁéi-ét& of ghgdl Hdatha | fmiSera&ach

KRG U M TR S A NG W QA
control means. o¥0 electriduklyr zbkystivai d.a'iﬂs.laiﬂflmn&ﬁelﬁd‘\'b&r c«mll ses
?lff—stfogf L?l’:ﬂ [ t%%f:%r'}gsu%s%’ls\?ggﬁlﬁrﬂarinte salaaJ gre%golrédy% U aI lBéjiElfe‘;jr &S] éjl ve
| ands each be|ﬁgléqu§pcond substrate and, in an at rest pos1t10n,
maintaining said substrates in spaced, substantlally
15 parallel relation:"each' of said first plurality of
resistive lands .being_ in 'fecing relation with and in
registef with ohe of said second plurality of resistive
lands, said spacer means hav1ng a plurality of apertures
therethrough, each of. sald plurallty of apertures being
20 in register with one of said first plurality of resistive
lands; i '

 'said actﬁator"meahs”'comprieing a "plurality of
elastomeric actuators, a common actuator carrier and a
common control means; each of said plurallty of
- 25 actuators being in register with one of said first
N plurality of resistive lands, each of said actuators
being'connected to said ‘common actuator carrier, and said
common actuator carrier being connected to and respon51ve

to said common control means. _ '
30 Prefe:ably:_ said actuator means further comprises a
Z-control means and a Z-actuator; said plurality of
aPertures, said first plurallty of" re31st1ve lands, and
said second plurality of resistive lands each belng equal
in number to and respectively in register with said
35 plurality of actuators plus said Z-actuator; said



“in nunber to and respectively in register with said 35 plurality of
actuators plus said Z-actuator; said control can be achieved | *
enpl oy, \the present invention in the X-axis, the Y-axis and the-Z-axis.

- In a cularly preferred arrangenent, the force measuring devi ce may
-conpri s a first non-conductive™©S=substrate, a second non-conductive
substrate an actuator neans and a spacer neans; said first substrate being

substantl flexiply r nt _a avi a first ral i g _
ol oot antash, it Bos aFfiavef mnploving dhs' préferEoibRantiot rare 10 U
bei ng snubsnlmrﬂﬁ-d:diys,r |tg|edYa-ruiIsa‘amdgthe zeaamd plurality of electrically
resistive | %“EQHEQ gt %ge Egds n beﬂpg tg}g nmedi at e sai d

first substra sal stra i -an at rest position,
mai nt almﬁwr% ddeyiget r BREs COMPrigmicdd, fi§l§$st aﬁPT‘QPP9“§SJ-V9ar al | el

rel @i Gubstadte, &f setd¥nd non-Tondik¢idkl EMbstkatesi ahl dethapde bei ng in
facing rel atlﬁd@ "With and in regi ster wi'th one of said second plurality of

resi st i & SPRCETa MEA A Eans having a plurality of apertures

t her et hr ougrsamhcﬁinétsaubqﬂnatd ibging andrsttards aldiyngf28xibhyr egi st er

W th ong 4f | kS |t r | Substrate *
~ being p"(i"a'spons?reﬂ\}:ce]I %ﬁ& 5‘1P é hggt Sh%rl\é'?ﬂsﬁtgfsitra éhgi{:hﬁ%spect to

sai d s&aficstdvestlands ?Iﬁfé&gﬂ &heretonor@aérd ssecpntdesubstrateo vary the

com@ctﬁé&ﬁ@/ SlbSed e £er) erﬂgmoahaomkﬂm Q. S8bEbR® plakaeitgai d actuator”

: b f |, f t b t d
Conpr i SHhoeaSaPErestEy %%%ays;&%aaa@eceﬁsﬁaséa'&:eéﬁmnsSeéié?o? Garrier
and a spater meats deimgaintermedidte oéai&afilrsplsuhbtt;teo&nao actuators,

bei ng oy d CPetlotis WkiBeRBEea’ afdld 1l B sk Bheiggbalive |ands\es
B 2eLE

each of sald actua €i ng connetted to sa or carrier, and
sai d ma_int_a_ining _ said . substrates in spaced, substantially

15' parallel relation; each of said first plurality of
resistive lands being in facing relation ‘Wlth and in
register Wlth one of said second plurality of res;stive
lands, said spacer means having a plurality oﬁ apertures
_ therethrough, eech'of“eaid plurality of apertures being
_20 in register W1th one of said first plurality of resistive
' lands; said first substrate being responsive to a force
moving said first substrate with respect to said second
substrate, through cne or more of said apertﬁres, to vary
the conductivity of said device proportionally to said
25 force; : : : . _ \;)
said actuator means being capable of applying said
force to said first substrate and comprising a_plurality
~ of elastomeric actuators, a common actuator carrier and a
common control means; each of said plurality of
30 actuators being in register with one of said first.
plurality of resistive lands, each of said actuators
being connected to said-commcn actuator carrier, and said
common actuator carrier beihg connected to and responsive
to said common control means. | -

a8

35,



common -actuator carrier being connected to and responsive to said common
control .neans. 35. -Preferably: said actuator neans further conprises a
Z-control neans and 'a Z-actuator; there being an additional ‘%\;
aperture through said spacer neans, and additional electricall/y/ |,
resistive lands affixed to said 5 first asglsecond substrates, assQéihted
with and in register with said Z-actuator; said 10 15 20 25 30 35
Z-control means being connected to said Z-actuator and operable

i ndependent |y fron1sardfenahtm.conazdna¢mnaﬁnrImeansufnnthex1comﬁrisqsua
particularly  BLEbREESY 2hESASCTRAR @PPhLRthARoRh 2 Ehysd ABRUMG Ofan

force wll esta Init m ni nal  contact area betwe
resistive Iand BﬁdﬁFéSnBi tﬂBeFFEQ?bIEh§BBSFraFéi§nds§aF€§lsﬂeﬂgsﬂzmﬂﬁd(n

?lr ea bIof t he aaaidioﬁahsunbencamyl e ve) 1 oasmwl n:ed gaid he
exi e sunRstr e

ncrease,the,c ct area_b sistive
10 areas. T Thi érfﬁﬁcriﬁée feeendh: £9Ps %’5 e?érvggsf’gkwggac sttty
of the electricuegishercwith seidcractuatow; resaidi ve areas mhlch in turn
increases the conductivity of that electrical contact in proportion to the
arfount of force applied to the flexible substrate. 15 Thus, an increase in
the physical force applied to the erX|bIe substrate’ results in a
proportional increase in : : -
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con act in proportion t
the amount of force applied to the flexible substrate.
Thus, an increase in the physical force applied to the

The

flexible substrate results in a proportional increase in.

the conductivity of the device. When an electrical
potential is applied across the device, that is across
the two resistive areas, an increase in force'applied to
the flexible substrate is manifested by an increase in
current flow through the device via the electrical
contact area between the two resistive areas.

The resiliency of the flexible substrate returns the
flexible substrate to its original position and thereby
may'break electrical contact between the two resistive

areas when the force is removed. from the £flexible

substrate. . .

A variation involves inversion of one of the
substrates (either the rigid or the flexible substrate)
so that movement oOf. the flexible resistive area toward
the rigid resistive area would result not in resistive
coupling but in capacitive coupling pfoportional to the
amount of force applied, since an increase in the amount
of force applied would bring a greater amount of the
resistive area on the flexible substrate in parallel



15:-pattern;printed on the rigid substrate is thereby vari ed proportionally

to the anount of force'applled to the flexible substrate.

Two force

measuring devices, ¢in dccordance with the present invention, and vari s

wi Il now be described, by way of exanple £gdy, with reference to t

resistive, tapacitive and 20 i nductive couplings of general i Niferest
6 .
acconpanylng drawi ngs, in which:- Figure 1 is a side view of a sc

H
i

I C

secti.on through a resistive coupling;, 25 : Figure 2 is an expl oded
perspective vi eelatipar with Fhgurreslistiivgurarea i esnatbedeigidy sibatixate o

Figure 1 but Sgﬂﬁﬂn%SBE@QﬁEnQﬂ raty dﬂ% lééﬁ{ﬁé éa#é ?g&RPeVBQWWeQL %he

schematic draw repres ntlng t ch

ctrical contact area

whi ch occurs |HWF|gGPésilﬂﬁtWﬁfﬂﬂuﬁﬁﬂPQﬁt%ﬂﬂﬂ gt 3%r ke Foggee applied
side view of at&§CHREBF1Ex{PIY HEbsEREES S | e tedsdESi Stive areas in

adj acent p@sition, t force applied, and om agy s er neans;
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substrate through contact with the resistive area on the
flexible substrate, thus reducing the inductance of that

- pattern as the amount of force applied to the flexible

substrate is increased. The inductance of the inductive
pattern printed on3the;rigid substrate is thereby varied
proportionally to .the amount of force applied to the
flexible substrate.

Two force measuring devices, in accordance with the
present invention, and various resistive, capacitive and
inductive couplings of general interest, will now be
described, by way of example only, w1th reference to the
accompanying drawings, in which:~ : :

Figure 1 is a side view of ‘a schematlc section
through a resistive coupling; '

Figure 2 is an exploded perspective view of part of
Figure 1; | '

Figure 3 is a side view similar to Figure 1 but:
showing finger operation; S

- Figure 4 is a top' view of a schematic drawing
representing the change of electrical contact area which
occurs in ?igure 1 with a change of applied force;

Figure 5 is a side view of a schematic drawing.
representing two resistive:areas-in:adjacent position,
with no force applied, and omitting any spacer means;



. representing an inductive pattern simlar to that of Figure 9 and show ng

I ncreased contact area established 15 by the resistive area
substrate in response to an applied force greater than’that
igure 9; Figure 11 is a side view of a schenatic draw ng-

ng an alternative spager structure with 20~ resistive areas
Figure 12 is a side view of a schematic

flexi

o

@i t hi nNbul ded pr ot uber ances;

dr awi ng representl ng a second alternative spacer struct ure with resistive .
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”ppeha{i%t r?d%%f‘ Qndtop ‘view of a schematic drawing

representing an inductive pattern similar to that of
Figure 9 and showing increased contact area established

by the resistive area of the flexible substrate in

response to an applied fotce greater than that shown. in
Figure 9;

Figure 11 is a --side view of a schematic drawing

representihg an alternative spacexr = structure  with
resistive areas within moulded protuberances;

Figure 12 is a side view of a schematic drawing

representing a second alternative spacer structure with
resistive areas intermediate moulded protuberances;

Figure 13 1s a perspective draw1ng of a first force
measuring - device = in accordance - with the present
invention; and . _ '

Figure 14 is a perspective drawing of a second force
measuring device in accordance with the present invention
which is similar to that shown in Figure 13 with an added
resistive  area and an added actuator for Z-axis
operation. .

It will be convenient to discuss first the two
force measuring devices in accordance with the present
invention shown in Figures 13 and 14, and then discuss

. ;



simlar registive areas (not shown) affixed to the top of the bottom
substrate 82 and in register with the resistive areas 94. The actuat grs. 88
are in register with the resistive areas 94. The device of Figure @
when connécted to appropriate external electronic circuitry ( . /
shown) ‘provides an' analog X-Y axis coptroller adaptable to a variety
of applications such as nachinery.control, electronic ganes and the |ike.
I n-operation,. the thickness of the spacer 84 may be varied 20 to provide
forithe actuatthe @8riohenresistive, respagosive cand tindidtciote ooup dotgs cal

cont act bet Weert?ﬁné?éi'siﬁ¥§r@§§2§hvm&fkrt%?|%€§\§e§§il"etf”ltbg.trat es 82 and 86,.

or a choice of "a Thinner spacer m nimal contact area
bet ween 'the resi st &Be E@re oh3t he@ 28oreesmaasurdngupdeyiees &2 Baa 3% to
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version o e ennQdl n or .=l.qgure . , ere S m_ni | cont ac
hreas are Sai fit ZERAdlentNY CISNIBLE ofPnex LSWHFCEAER  Phni ¢ Ao BRI S Youl d
necessarily al bfw ébastfmetie esdutiubtord uS8 Wisi charried  6r ®xcmmthexh

Do oS, L P BEEUSEoR! ik RRECo PALON B8 SoBASDE o G Wq B D0
"invention whi 2h siggdienigantnad tsteldnbdei nehe3spareruddr asd apsrtyyefur e
13, but whi CEhegéﬁhréugHr??%Ersh?vlvqﬂjF iUiﬁlri—é ﬁ@izﬁ%ﬁ Ofésaiﬁfji\);]@aldreﬁsg |
D001 5 Shoh had AfEinad, P Lehe ohpEspEs BE e (3pper, SplEErate, Boan
resiliently fleimbhlaruppelissivbet areas5(ndb6shownplaffixed tod tid uadprot 108
(5,007} 20 o SngOTHBReRgl U Bsot Syl b | G Shith e
actuator 114 resiskives argasicBée (The acteatens SBurRge 1P6.registemtrol
plunger 116 i Sy§@RCRHd | fSsidtive areas 94. The device of Figure 13,

15 when connected to. appropriate external electronic
circuitry (not shown) ‘provides an analog X-Y axis
controller adaptable to a variety of applications such as
machinery control, _el’ec_tfonic games and the 1like. 1In
operation, the thickness of the spacer 84 may be varied

20 to provide “for the _actuétors- 88, when in an at rest
position, to effect no electrical contact between the
resistive areas on the respective substrates 82 and 86,

- or a choice of a thinner spacer 84 will allow a minimal

contact area between "the resistive areas on the

Y 25 respective substrates 82 and 86 to be effected by the

actuators 88 when in their at rest position. In such a

version of the embodiment of Figure 13, where such

minimal contact areas are maintained, the associated

, external electronic circuitry would necessarily allow for

30 threshold - values - which ‘must be exceeded before the
presence of a force exerted on a respective actuator

would be acknowledged. " ' '
Figure 14 illustrates another embodiment of the
present invention..whic'h' is similar to the embodiment
35 illustrated in Figure 13, but which has a greater



10 captured within and freely noves within the control stick 1172.3_
Resistive areas 118, apertures (not shown) in spacer 104 and .
res@e areas (not shown) on substrate 102 are positioned in register

Wi 't plurality of actuators 108 and the Z-axis actuator 114 in:" a
man 15 substantially simlar +&t he- manner describedin Figure 13- The

device of Figure. 14, therefore, wth its greater nunber of actuators 108
provi des a finer fesol ution of X- wfgtr}orol t han does .t he gew ce of Figure
13 with Hraé%rﬁlflé? pPEERREOFSof a8 ¢ f r 8888 aRIOVAFdH M ohGF I P the 20 o
devi cezeaxksgeoatiélui t lIn tRigquwd 4, phurf@ﬁrbellrﬁeafsﬁnm Wenice azis.

act uat 11 e ated_r. |st rt i n register
therev\ﬁpﬂ %? %&%’2 Zﬁg%qggcont Fro%?‘ lhggtm naﬁu%% 3"%00#?6 nacorrgrl sed of
cont r oBpeceTk 10 aand c entresilientiyr ﬂexane upper T§ubstwak® in which
the abgyg; ”angléfaﬂﬂ: réf8§ceﬁétéi3§ Pper £ ecéf’rfé’dl%eéeé‘éxﬁ:ﬁd‘:?'

comuni cafi on bet ween Ef %ﬁl e and rigid substr&%t es wll]. now be
di scus8EHURERPE| E‘Pﬁ]’lﬁ)}’t Pe‘l’%?‘ ctStgeanecked i¥Q R Lffﬂ"?'h‘a:’lijfﬁds hown |
schenmabycal Isingle semitiwl svidkgyie. laddibeonailg! therdlis ca)upl ing 10

i ncludes .8 QO”a&?& H&E' Vﬁi' rglc%“bitsr a%%té hefl EBaCEr 4;{ Pf
non- conductll ve™ a non-con | ve reS| cr flexible
subst r plyngers. 1W~f |'Rh%l pomtmlr |@@Msllﬁt 9512<:¢13<=%n¢m«1~,HWe area 18

whiech b&pturé& WienPhehrar Eﬂeél@oﬂbﬁﬂtwxéﬂi@rtﬁ@dcéﬁtroﬁrhé’tﬁck el ectricall y
propertied ink which is silk-screened on the supstrate 12.

A sinithar re§?§%§'€%"ear%"ae% 318455 PP?&&“Fﬁsa éPﬁFI a?g?r‘&’hher“’fo the

fl exi blspaselsiodt eard. ré’hﬁstm sargasanaotldhowt)t lon resbstrate area 20 a;g/
in reg er t rs A t pacer 14

t hat eIL'létgt r?%%l iﬁ;gg te?Zn ef\%lgkt ggﬁéeglﬁhélpggﬁ'gﬁ(veo%r ea 18 and

t he regpsuaWQrardﬁszoanﬁrd:m z-mxa@eap@petgg_ videh &nf @r cearméxs applied to

t higs substantially 'similar to the manner described in Figure

£y

13. The device of Figure_14,'therefore, with its greater
number of actuators 108 provides a finer resolution of
X-Y¥ control than does the device of Figﬁ:e 13 with a
smaller plurality of actuators 88.and,.additiona11y; the

20 device of Figure 14 with its control plunger 116 acting
upon Z-azis. actuator 114 and the associated resistive
area and aperture in register therewith, provides Z-axis
control with a single hand control comprised of control
stick 112 and control plunger 116. _' .

25 The manner in which the above-noted. actuators 88 and \‘)
108 operate to cause electrical communication between the
flexible and rigid substrates will now be discussed
initially with reference to a resistive coupling 10 shown
schematically in section in Figqure 1. The.zresistive

30 coupling 10 includes a non-cqnductiveﬂrigid_substtate_12,
a spacer. 14 of non-conductive material, and a
non-conductive resiliently flexible sﬁbstrate 16.
Affixed to the rigid substrate 12 is a resistive area 18
which is, in the preferred embodiment,.comprisea of an

35 electrically propertied ink which is silk-screened on the



flexible substrate 16 in the vicinity of the resistive area 20 urging the
flexible substrate 16-carrying the 10 resistive area 20 toward the rigid
substrate 12. An-actuator 26 is located in register with the ap e 22
and provi des a neans for, appllcatlon of the force F to urge the f v e'
substrate 16 carrying the resistive area AL toward the rigid subst 12
and’its fesistive 15 area 18. The actuator 26 is constructed of

el astonmeric material in order to provide the desired interaction between.

theresistive ﬁi@ﬁa Isubstkad® ag2the i0r§ﬁnﬂar5 recietivd, ases Izo bas

fegi stered rerSEFLHERrnig +inifar Pelinn S B AP e ds.
resistive areaTB® xkkistdveo arlea U@ tamd stbe wesistivet rorespa2@rate int h
i ts associ at edy %gf&ﬁ'few%%h 288ht B helrdighe %ﬁé r? &éeﬂ:ﬁlﬂe' % %S‘%%'eat ed

resistive area | Xe o the upper Ssi
el ast omer i cO2quEPREREs Ik ERe Hhatal P°2615P8V|‘Ef§"?%y°&§pe‘é? @fffter‘r'éed
operation of tbetweénsa;hée reeuplting era 1Fa Oalice tﬁesebeﬁmtwal byea 20

illustrates Pg gat of contact gln ﬁ %urs petueen .t % Stg area
18" and resi st FPEOUFRLtDE W?ﬁ Pher8asY Snvﬁl BECHt ¥t 3P EPR-18Fn "800 “M& qure
4 the resistivélexéhléd subistirate &6 i iaedthe tHeimidgivd sfibstheatresiztiveshown
wiha solid | bBgade gygﬁen%@' VLGOI A5uBbeRacfelI BhyrlThg AR

coul d be ot her apes, a“circular area’'is s
di scussi onl® AEGFHE*—F-BFC@#E%@QS tonangd ckhg| origid s substxatelsl s t hAtnhe

resistive areaad@uatbixed tlfserleidated -i)-réidtélr tiethi ghd apeyiuake 222 and
its resistive area 18 n initial tact area hed. '
| Moreasi ng val B89 STV eﬁbﬁiem?a%ie i A QP#ﬁFagéﬁ“tﬁ§§éﬁ§%t§ﬁﬁ??c Fo&at or
26 wi || producergebethmisélekible auwsttorahe c16 apralyingestbé trtesisdtive or
26, a spreadi ng, g3 0l GAUAYhe rigid substrate 12 and its resistive
' 15 area 18. The actuator 26 is constructed of elastomeric
material in 'ordef to proﬁide the - desired interaction
between the resistive areas 18 and 20 as the force F is
lncreased, as will be discussed later. o
' Figure 2 111ustrates,: in an exploded v1ew,_'the
20 registered relation of the flexible substrate 16 with its
associated resistive area 20 affixed to the bottom side
thereof, the spacer 14 with its associated aperture'zz,
and the rigid substrate 12 with its associated resistive
| area 18 affixed to the upper side thereof. -
o 25 The elastomeric qualities of the actuator 26 provide
- a key aspect of the operation of the resistive coupling
10, = Figure 4 schematically illustrates the area of
contact which occurs between:'resiStive” area 18 and
resistive'area.ZO'with increasing values of force F. 1In
30 Figure 4 the resistive area 18 which is affixed to the
rigid substrate 12 is shown with a solid line as a
substantially circular area. 'Certainly this area could
~ be other shapes, but a circular area is shown here for
sake of discussion. ‘As the force F moves the flexible
35 substrate 16 with the resistive area 20 affixed thereto



" as represented by contact areas 30 and 30' in Fi gure 4. As this contact

area ipereases, the resistivity of the. electrical connection betmeen
- resi sg area 18 and resistive area 20 is reduced and,
conse ly, the 10 conductivity of that electrical, connection i’s

i,ncre d. Wien an electrical potldéatial (not shown) i's applied across
resistive areas 18 and 20, establishment of a contact area such as areas 28
in Figure 4 would permt a given am)unt of current to flow betweenthe .

resi stitRWard hexighd subgfrate 12 | apdchtengesimbiveoprea R8rand, -
consequant fxitial n&omdicty afde 2eoriIsaCéstalsB£shé’8 t anegeaeipgnd to

cont act reas 3 ' i NSt anc uId reater._anount of
current 3 ‘\’/\?bg#ﬁegﬁrfﬁe r &8 aﬁ")gqu % %Qaﬁg‘eZSi PR Screase in
curr entacamatrdmwz\ﬁouwulbe pragiune i obekauset hef arithent edhsktomexik applied to
thestl aﬁfégbitf e Wetuatldss26,h@ ¢ %rtr‘%‘id'in a%ﬁsﬁrfe@oh'ﬂat:%r ms of

conduc Vity, variations in current rough the resistive areas 18
and 20,38\FeRESERRERd BE FANEAFEeArepEoRtarddhr Hhor iR oRABUFS fari ations 25
in thesfengs Eont&&tb%ﬁa)Cﬁﬁéﬁdaseﬂd thealrneatiat ivdt yapPfoRheat e

circuitr nat _shown). The t t e readily *
understcﬁ%#ﬁﬁf%i}eﬂ%§ﬁﬁféﬁi bﬁéw%eWhlgﬁsg §1b§teggfﬁat1?hen§ astoneric
qual i t !mxﬁtialdwtjmeafi ager:gso sedueed erand}0 m&emlgnmlwlagﬁh&t Erogressi ve,
expansi i Ss

A e A b e e A s it

i nf or mA¥thsh, ant helectzdradi Barertial an&“%"pac%}o‘?ﬁ?an§ﬁ sai’ﬁé\kﬁdl n Fi gures 5

to 7, %E:rdﬂs Cheklisdsveaterdad eaestaﬁ@ Quypl eBgaBlishmentdi e aapair .
resi stive 34 and%é%szedet of FlgureS rexgals th?t t he true. \/

nat ur e coantoqfe A9 e sﬁ‘v% 4 SRG9 REFBEFf Bce 40 of the
resi st ighereay eam@dnts afot curnéyt srtoot filow Thetweehacse 38eandtdge

15 areas 18 and ~20. . Increasing the force F  and,
consequently, .1nc£ea31ng the contact area 28  to
correspond to . | contact areas 30 or 30', for instance,
would permit a greater amount of current t_d'f_low between
the resistive areas 18 and 20, which increase in current
20 flow would be proportional to the a_mcu_n_t of force F
applied to the flexible substrate 16. Thus, the force F
is measured in terms of conductivity, and variati.ons in
current flow through the resistive areas 18 and 20, which
variations in current flow are propo_r.tional to variations
25 in the force F, can be processed and evaluated by s
approprlate c1rcu1try (not shown). ' '
The action of the. actuator 26 may . be more readily
und_ers_.tood.by_ reference to. Figure 3 wh_;_.ch_ indicates that
the elastomeric_'qu_a_lities_o_f .2 human fj.nger_ 30 serve very
30 well to provide a prdgressive expansion of contact. area
between - resistive areas 18 and 20 with progress:.vely
increased amount of force. F. ' _
By way of .background information, the effe_ct of
omitting any spacer means is shovin in Figures 5 to 7,
35. which illustrate a resistive coupling 32 including a pair



5 adctuall y'héve small peaks"42 whi ch extend above the surfaces 38 and 40.
Application of a force through an el astoneric actuator to the resistive

coupling 32results in-deflection of the resistive area 34 toward the . -
resistive area 36 as illustrated in Figure 6 to establish 10 an |n|tla@
0

contact "area in substantially the same napper as was illustrated in Figbr

4. A progreSS| vely larger value of F would establish a condition. simlar
that shown in Figure 7, a condition wherein the contact area between the
resistive areao%¥4 :aafnh.shsze epadsi \Bd aapd 36.15 The deltaidedof nFagm'leneE'r =
substantially t n nt Agqql ased
I n Figure 4. %ﬁg’e%gt tg}aﬁl #%a%?hgl ﬁ%true%;e&g %%en%%"fea'g \?\’hfl C as
no spacer, andIFEggtéve \dnesh %saadsmrsgnfapg tQQatOfnthﬁgLﬁ%s&stm

there is no fopeBaF FPPhsethd® €Pul tfg&.&dt@w bl@héulg%trrfatcaslm hana 40
resiliency of th? ghemble substrate 1 % rn'%} t}t resi t|ve area 20 to
Pp att WHHF

a positionbf BF have| smalilapea ﬁt Exltg 1 #haver sthe g,
dependi ng uponsulr€ateiscldtesandf40he applécatdonamd a:oﬁseqaerﬁﬂmuglh tanne or

no_current f'o\é’lﬁé@fﬂgﬁ% ggtuaPS "\ESI”tf;%h ééi Lﬁfﬂ?n% ?’eg&l_tsl n

Fl‘gure 5, renova orce resu
resiliently redtr nBg§lestiopospfi ohhei t@?b%b@é% ti)r%%lbs?e‘? at@w%eﬂ@

there nust stiklkshetsoaeaben 98! as! fﬂﬁéﬁﬁété@f‘iﬁcﬁué’@fé\/@@%é heseasfagtes 38
and 40 thr gh 30, .th e vari Qus pea S 42 on.those .t surfaces. External

el ect roni c1L Ci r 88 Py tEAdt CORSRRE A%e3hdTuAURsRaRt IS Iy NS SIANS MRS
.current val uesashwas rilBludia-aﬁ:edeededegﬁneezlt he Aprprogyres gifved yf dlaxgers -

know edged. _ ' : d .of
Sbevrate g6 JABBIYE £ GeftR Rakl Rl M Olndfyion “OTRILZEC B, dhins 2
first capaciti #8OWRednsFigume b t-%) cendpbionnvberehn %Esﬂ%t@% argal a

second capacit b¢@wakfathe resistive area 34 and the resistive area 36
15 is enlarged in a manner substantially similar to the
manner in which the contact area. is increased in Figure

4. The -most significant difference between Figure 5

which has no spacer, and F'igure 1 which has a spacer 14,

S is that in Figure 1 when there is no force F applied to
- 20 the flexible substrate 16 the resiliency of that flexible
substrate 16 returns the resistive area 20 to a position

of little or no electrical contact with the resistive

area 18, depending upon the thickness of the spacer 14,

and, consequently, little or no current flow can occur

\_ 25 ©between the resistive areas 18 and 20. In Figure 5,
'~ removal of force F results in the flexible substrate 34

- resiliently returning to a position with respect to
substrate 36 where there must still be some minimal
electrical contact between the surfaces 38 and 40 through

30 the various  peaks: 42 on those' two surfaces. External

' electronic ‘circuitry (not shown) can be designed to
establish threshold current values which must be exceeded

before the presence of a force is acknowledged. L
In Figure 8 a capacitive coupling 44 is comprised of

'35 a substrate 46, a substrate 48, a spacer 50 having an



56 affixed to the bottom of the substrate 46._App|icatioh of a

forcefF 0 urge the substrate 48 with 5 its capacitive area 54 carried
d toward the substrate 46 wi-ll result in a contact area between the

_ e area 54 and the top of substrate 46 in a nanner simlar to the
spreadi’ng contact area di scussed-il2-connection with Figure 4 as the force F
is increased. 10 The contact area established between the capacitive area

54 and the top of substrate 46 wil| be substantially parallel wth the _
capaci APertuneea52p6a fidastt ivapagitisiembarea Séamddizede teobpring i nsofqy
as plolrtlid?;ﬁ:%lm It G@Pﬁ%x}%ﬁé’@ra@%@%égﬂtﬁﬁd %aBéébﬁaVéaﬁéétﬁﬁ%eaEth? 15 ive
par a . feasin orce n ere i ncr easi e area_of capacitive
area 5?%i€£§?"§e$n S'é’ral the \Aﬁf’ﬁtﬁ’ﬁ'pa(,‘? iv&ﬁﬁr eas'%gs"rrrﬁ:t'reeasgé'the

capaci appdd caitilde apupl ifiegcéd Fnth apgeecdhentdubstrate adowsshial is

appti e cr & C | ti 54 _ 56 ap priate

exltoéar ng'ltsgl ec _rocnﬁéc}‘%(ﬁ r'cui Céry %ﬁo}%ﬁ%‘} c%%gpd%?%ctt%ﬁ%ﬁdchghges I n

capaci tsaRetrame chb cwihesesnliagai 2 asontact mrssorketyeen t bhehe anount of
force leARRI8Yd 0at88 FHShhal &HB. tbpI W€ slbsitrdter ai6s jan ar rangenent
utilising an 25 .Jnductléﬁgcougllga. |gure 9 illugtrates top view of a *
subst r neyg simifar fon&he spregoing. spabaqti ayGer A¥ECUPERENt" 62 af fi xed

t 0 t he doaenftiide witist FAgare8.4 Appl ithat i foreé & fir cénEréasédshown) to a
supgtr I e V. ) t -and, .t : b SLI area 30
aft1 xe?ht%o c?‘%?ab% %%fh%gg%ﬁ%ﬁ%épﬁ%%g%%ﬂat%neg ?Eg§%2£ @%932 shown in
Figure5d amde Wwnttop ®mfeassbstuaves 460 whdlt heut subgbantdaldy the

spi r al yahanady Nqucth vetﬁéene%aéztibsreweraed%_ngawe-tﬁéysi>9nce of  _J

i nductive el enent 62. 35
estéilfgi capac%tive. coupling insofar as portions of

[

capacitive -area 54 and capacitive area 56 are in
15 parallel. Increasing force F and thereby increasing the
area of capacitive .a.r.ea 54 which is in parallel with
'capacitive area 56  increases the ‘'capacitance of the
coupling 44 and, coﬁsequently, when a potential is
applied across. the capacitive areas 54 and. 56,
20 appropriate external electronic circuitry (not shown) can
detect such changes in capacitance, which changes in
capacitance are proportional to the amount of force F
applied to the substrate 48. .
Figure 9 illustraﬁeSa an arrangement utilising an
25 inductive coupling. Figure 9 illust:ateé a top view of a - g
substrate 58 with a generally spiral-shaped inductive
element 62 affixed to the top of the substrate 58.
Application of a force F (not shown) to a substrate

"

- located above the substrate 58 and with a resistive area
30 affixed to the bottom thereof will produce a contact area
60 as shown in Figure 9. The contact area 60 serves to
short out a portion of the spiral~-shaped inductive
element 62 thereby reducing the inductance of inductive

element 62.
35



| ncreasing.the force F over  the anount of force F depicted in Figure 9
produces an increased:contact area 60', as shown in Figure 10. Contact area
60" serves to short out a l'arger portlon of the inductive el enment 62,
thereby further reducing the inductance of inductive elenent 62.

vari ance of inductance occasi oned by the~33-eadi ng contact area 60 wit
increased force Fwill vary proportionally with the force F. In Figure 11,
t he spacer and the flexible substrate 10 are incorporated into gne
striggture in that tHP9Ie38HIR Shestrare Forvemsthapamesat ferePhceal
plurality of Méﬁwﬁdmmsnguﬁé 9 pMa:ldiia:es i ol nbps #8e®Scont&ott airea
electrically pertied, _areas ectrlcal I pertied areas
68 are so gener | & %%SEP?BEd"& F&gutrﬁe} r%%%/ %@ sgﬁﬁgéltwe
or inductive. stpttcoutoa dkrgex fporrctaonFoﬁagaxmsindmctpveJt elbemente6266

urges the Hg@ié}ﬂ?e fl%@kﬁ‘iar Eﬁhﬂgln USené esﬁ?&.ﬁ%ﬁ/ﬁdcg & T iiaallbtive

propertied are t"owa e ot strate evice (not shown) to
effect operati chlement &2 oudthe M cipnse iofednduptanseocosasinned by ihe

moul'ded so as tépi:&dﬁﬁd | ceptaaad atxeear esur Qn.tt% tieeredséd@i Fohrcer o uhanant
positi on upon renoval th.e fqlrce %ure 1%,, a flexible substrate 70
has noul ded t hef?ih prqm : Electrically 25
propertied areas 74 T eF:Bqlire(eljl.t othélespaldersadé bhet ffdeklibieblsabstrate

substrate ;g0 ar ”ix’i’éc?@é@é@ed if6o oh&VELSGcPLPL UDRT BRGES thE Sﬂegctiﬁtle

appllcatlon of orce to an _area internediate the inverse protu erances

72 will urge arﬁ‘-@?%ﬁ%@%al b4 phaser trelded s ?heFBMrdatheP%%HtBO of
sgbstrate of therskuberardds sh®m@)) andhdidhect gpotabe@dnces t hecoreanar

oo LSRR e T
‘normal |y prot ulereperipics tameas Gloaneemoy generatlly desceibedl3since they
| ' 15 can be resistiire,._capacitive, or inductive. Application
of a force 'F against a protuberance 66 urges  the
protuberance 66, - carrying its respective electrically

propertied area 68, toward the other substrate of the
‘device (not shown) to effect operation as previously
20 described. The protuberances 66 are moulded so as to be
reslllent and to return to their original protuberant
pos:.t:Lon upon removal of the force F.
In Figure 12, a flexible substrate 70 has moulded
therein @ inverse protuberances 72. Electrically
\/ 25 propertied areas 74 are affixed to the underside of the
flexible ~ substrate 70 . intermediate the inverse
protuberances 72 so that:application of a force F to an
area intermediate the inverse protuberances 72 will urge
an electrically propertied area 74 toward the second
30 substrate of the device (not shown) and effect operation
in the manner described . previously. - The inverse
" protuberances 72 are moulded in a manner whereby they are
resilient so that they will return to their normally
protuberant positions upon removal of the force F.
35 '



- -14- CLAIMS 1. A force neasuring device conprising a first electrically

prop i ed means and a second electrically propertied nmeans, said first®
‘nmea ng disposed in 5 proximte - relationship Wi th sald_ second,

mea 1d responsive to a force noving said first nmeans wth respect
to s 'second nmeans to vary an eBdctrical property of sdid device v

~proportionally to said force; said -second nmeans bei ng a
substantial ly rigid 10 non-conductive substrate with electrically .
propertied | ands affixed theret SLBIM8d said first nmeans being a (w

- subst anti al :1y. fl ax}?d;ﬁc@dome@yiuiu@@i v_azeﬂbet ra’tix?'pﬂéhilhgél actfFigstly
propertj ands .af f.ixe - “sai evi ce ng spacer
one SISEsAFIY paGiea e feasd! ApdTY deddlid EloSRHRELTINO SPOCCT
mai nt alproBertai-led ameansy eaidi Fdirstai wednsstbeinmsdisposedd tmcond neans

|n PAGRGx G arﬁéf&éﬂox;a{ﬁi'%w' aEhQBSh'&con"ﬂa' nediA er afigaNs having a
plurality of @pertures heret hr ough; apertures all owi ng 20

el ect r iREHAPO ntat Pon OXFRr RMWRFh sadé’t V\Eéﬁ's*‘saﬂﬁagﬁec‘t’%mal ly
proper tne@i:doa-ndtoof safdd second rram&mnd:walvéryl eahr | enéd:yrpeapert i ed | ands

f d d f |
55 33 DR, B2 a A 080) e Pl A B 00, BERS T 01 0PI YT N
conpr i saig a ;ﬂaqaoaﬂd t y meRngct ubedng caar | eauhgbnntaalbnmmnigaét uat or
as QY10 lnon-~ctHidhctive a'shb&traieacwaxor él@étﬁﬂcﬁﬁﬂ?b' Brébestisgtively

1 npi ngi_ng upon varlous areas of sald first_neans 1h register wth said 30
apert ur@hds affixeqd; ;thexetpyi Apd osﬁiiﬁl nFirstheans skedng Rality of

act uat Giubstamitdlallysai flexiblenl inoh-cdndyiive eSsulddtrate with
electrically propertied lands affixed thereto; .=
said device furtl_ier comt:xising -spacer' means disposed
15 intermediate 'sa:i.d_.-' first means and said second means to
maintain, in an at rest position, said first means and
said second means in spaced, substantially parallel
relationship; said spacer means 'having a plurality of
apertures  therethrough; - said  apertures allowing
20 electrical communication therethrough between said
electrically propertied lands of said first means and
said electrically propertied lands of said second means;
and . ’

said device further comprising means for applying _

25 said force to said first means, said means for applying U

said force comprising a plurality of actuators carried

upon a common. actuator assembly, said plurality of

actuators being _capable'- of selectively impinging upon

various areas of said first means in register with said

'~ 30 apertures. - . '

2. A device according to claim 1, wherein said

plurality of = actuators eguals. said plurality of
apertures. . ' |
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3. A devigce according to claim2, wherein each of said plurality of
actuataors is in register wwth one of said plurality of apertures. 4. A"
device accotding to claim3, wherein said 5 actuators are capable of =

i mpi ngi ng wupon nore than one area of said first means sinmul taneouslg‘@ A
- force neasuring device conprising a first.ygen-conductive substr at e¥ a
second non- conducti ve substrate, an actuator nmeans and a spacer neans; 10
sai.d first substrate being substantially flexibly resilient and having a
figst plurality of d.ectAxidevigerascerding| tadslafifni 2ed whesresino; eachi df

second substrat [ NLieal |l ). b0l Vi c | Al of
electrically resgal%ﬁguf%g# a#’fk'i & utahtg?%t gﬂ’d IS% gggggtégagﬁhﬁeﬁf ggiyng
inter nedi at e sadald iplwralidn ofi ape¥&uresd second substrate and, in an

at Irleslt pfsi-tion, anh?id&méahéca&aahgatw iclaimacefl, whérsdiant saliay
D b s iSth b ey O Bl 48, Rk e, 4 O5ART, "
of resistive | anren ofiishispdiastmmeanshaimud tanpbusdyi.ty of apertures
one of said Tiret pial ity Toted, el ULES OB du LRy B CEIMRLT
responsi ve to sonreanduetine i ngubstFatenst dubseegerdyi t ROpaspRductiveai d
onduct i vi Ly o e e e e L um ot
?rggngcbei nbxcapabl e ?ﬁi%pggﬁgﬁgp%‘%}?%: e ?‘/BFgﬂat SuRg ‘%Tjra:‘]?iysu%gffgi’gyand
conprising a plresilientof ardadaving ca afiratopduralidynof aeleatvicedlyi ef
Ren oo O Prdeiate g3 jeaciengiUdly DU bibot SebURLEES
each of said adveingrsubstantiably onbgidcando hayiag Ameecend uRLYFaLAtYi er
and said of electrically resistive lands affixed thereto; said
15 spacer means being intermediate said first substrate and
'said - second substrate and, in an at rest position,
maintaining said substrates in spaced, substantially
parallel relation; each of said first plurality of
: resistive lands beihg 'in facing relation with and in
20 register with one of said second plurality of resistive
' lands, said spacer means having a pluralii:y.of apertures
therethrough, each of said plurality of apertures being

in register with one of said first plurality of resistive

lands; said first substrate being responsive to a force

\\/' 25 moving said first substrate with respect to said second.

substrate, through one or more of said apertures, to vary

the conductivity'of said device proportionally to said
i : ‘force; : o :

| said actuator means being capable of applying said

30 force to'said,first substrate and comprising a plurality

of elastomeric actnatofs, a common actuator carrier and a

common control means; each of said plurality of

actuators being in register with one of said first

plurality' of resistive lands, each of said actuators

35 being connected to said common actuator carrier, and said

A



-16- common actuator carrier being connected to and responsive to said
common control neans. 6. A device according to claimb5, -wherein said

actuator means further conprises a Z-control neans and a 5 -Z-actuator;
t here beif Hén addi tional aperture t hrough sai d spacer, nmeans, ‘and

addi ti onectr| cally resistive©l 187ds ~affixed to said” first and*

~

second rates, associated with and in regi ster vm'th gai d g act uatglr

o2l g 2 SR JRARRIEIAIINERIGE RRade 15" YRE°LalfopRlde P02 o
devi ce M@;ﬂi&\mm contirole meldaiser e described with reference to Figure

13, or Figurg 14, aofaddiceiCa@EBRAYNGY €6 W14 37 IhedRi’ 3Ria

actuator means further comprises a z-control means and a

5 3Z-actuator; there being an additional aperture through

said spacer means, and additional electrically resistive

lands affixed to: said first and second substrates,

associated with and in register with said Z-actuator;

said z-control means being connected to said Z-actuator

10 and operable independently from said common control

means. _ o _
7. A force measuring d'evi'ce substantially as

hereinbefore described with reference to Figure 13, or
Figure 14, of the accompanying draw:.ngs.
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