1 LOAD' SENSor: This invention relates to a | oad sensor having strain gauges
attached to a'l oad-sensitive el ement and a tenper at ur e- sepsiz v s syt
with which the effects of tenperature variations on the output fromthe
strain 5 gauges can be conpensated. A | oad sensor for converting a
force or :a weight into an electrical signallis generally forned by
attaching a plurality of (generally four) strain gauges to a | oad-
sensittye el enent nade usual I'y ‘of an al um num al | oy, 10 connecti ng-t hese
stra'rth/__.gauges to a bridge circuit, andOADVSENSORa tenperature-sensitive
resistor elenent for detecting the tenperature of the | oad-sensitive
ebenent in order to make corrections on the output. fromthe bridge circuit.
Fig. 6 shows an exanpl e of such a 15 prior art |oad sensor conprised of a
bridge circuit 120, operational anplifiers 121 and 122, and a differenti al
amplifier ci rculniéisliig\éeﬁhigobrfdmtd 10$£rﬁuié laadisei_‘xgﬁﬁ’eﬂa*laingofanmtﬂmg ed
strai n gauges , of a .coppersnicke il attache
to a Ioad-sens???%%sﬂ?ttacg\ealeﬁ? dhd PF?’?,Q ﬁéltlg tp%Jfg‘Péeﬁﬁi'naarf% & e
connected to ttemperatuverséensitivetelamenthaithovhide the efifents of

ampl 111 ers 12leafideddturl YOFE0iBAs' BHCTHO hutiidt o 2fieCaRRaGLd L0 2
tenperature-sensitive resistor elenent 125 for detecting the tenperature of
the | oad® 25 9auges;¢anoe| epmpensateld. differential anplifier circuit

-2- 127 is adapted to receive the outputs fromthe operational amplifiers

121 and 122. Variations in the load sigpals fromsuch a | oad %ens%r due to
t he A load sensor for converting a force or a weight into

an electrical signal is generally formed by attaching

L a plurality of (generally four) strain gauges to'a load-
sensitive element made usually of an aluminum alloy,

10 connecting these strain gauges to a bridge circuit, and
providing a temperature-sensitive resistor element for
detecting the temperature of the load-sensitive element

in order to make corrections on the output from the
bridge circuit. Fig. 6 shows an example of such a
15 prior'art load sensor comprised of a bridge circuit 120,
operational amplifiers 121 and 122, and a differential
amplifier circuit 127. The bridge circuit 120 is formed

by connec{:ing_strain gauges 104, 105, 106 and 107 of a .
copper-nickel alloy foil attached to a load-sensitive

20 element and its signal output terminals are connected
to the non-inversion input terminals of the operational
amplifiers 121 and 122 of which the inversion terminals

are connected to a temperature-sensitive resistor
element 125 for detecting the temperature of the load-

25 sensitive element. The differential amplifier circuit



tenperature characteristic of the Young's nodulus of the 5 alumnum * .
material of the |oad-sensitive elenent as well as that of the strain gauges
are corrected by adjusting the anplLhfication of the anplifier cirguit ,
provided with the tenperature-sensitive resistor elenent 125. In Fig. 6,
nuner al 12871 ngls Caidfptted’ aEd Sirtitdivg Stﬁ}fe Batph té Oéri'oﬁerﬁie of -this-
type allows erat.ur orre ons S aI S, Wi hi gh
accuracy PRE* {:If‘érg? %ﬁb€+5¥%r */aﬁ‘?‘gtll% \Bﬁ ’}selizﬂ y narrow-
range mcluddngsrgrraafser Erom t suphr & uleakdor sensorctdue [0 r [the\s shownYﬁ
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[err] error becones | arge
suddenby. alunisumsnm;sle dafothet h@a«ﬂeape&atwe elementas seald of the

output Trau liee g 488 Stiathlgdfided ite Uorriorud iy adsyBtidigy anpl i fier

circuit including 20 the terrperature sensit|ve resistor “elenent 125 have '
positive the anplfdaatden aftihe Smpad£: ﬁlﬁﬁ’é'ﬁlﬂﬁé’%{e@%d”&tﬂer '
t enper at utnemafﬁenawﬁe-sensltm peglistbrielienent i1f29.hexn Fig. - .
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tenperature as nmeasured froma certain. reference terrperature and if the.

coeffigiegt 9hahhe sanegpd- QJf’eru-%f‘é mté;gﬁ f'&?io@ﬁdet ghis .
pol ynom al function I's_positlve atlve isp S|ca antlty wil |
30 ~be saferrechions pHokks ilead & |rst order)

tenper at upR1 ¢ 0o G&éﬁﬁeralﬁhﬂé d@éri&t%ﬁécﬂﬁ%ﬁfﬂﬁ Sa pﬁ:@h.'a&!ﬂ\ﬁglj)“ or art
| oad sensors_as describ . the, resent [ﬁ/entor as egrlier attenpted

d
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el emrent weéhractiontT,. As shown in Fig. 7, if the temperature

15 wvariation from this reference temper_atu:e_ T, b:ecomes'
large, the error (indicated by AL in Fig. 7) becomes
large suddenly. This is because both the temperature'
characteristic of the output from the br:.dge circuit and
that of the output from the ampl_lfler ‘¢ircuit 1nc1udi_ng

20 the temperature-sensitive resistor element 125 have
positive second-order characteristics, or a pos:.tlve'
second-order tetnp'efature "co'effici'eﬁti_ 'I‘hroughout '
herein, if the temperature-depehdence of a phys1ca1
quantity (such as an output from a c1rcu1t) can be_

25 approximately written as a polynomial funct:.on of' _
temperature as measured from a certa;l.n reference o -
temperature and if the coefficient of the se_cphd-iorder
term (or first-order term) of this p'olyhp'miatl fuhctiori_
is positive (or negative), this physicel quantity ivill'

30 be said to have a posit:.ve (or negatlve) second-order_

(or first-order) temperature coefficient.

In order to overcome this problem of prior art load
sensors as described above, the present inventer has
earlier attempted to make use of a combination type
35 temperature-sensitive resistor element with a first



- 3- teﬁperature sensitive resistor piece not haV|ng a positive tenperature
coefficient and ‘a second t enperature-sensitive resistor piece having a
positive tenperature coefficient, thereby,providing a |oad sensor 5 with a
superior tenperature characteristic over a wi der range of tenperature
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usi ng such a Ioa ensor, however, he oper at,or, nust set t he resi'stance

val u .aawhl | e adpesithyet h@#‘&?ﬁm r oo Hieient \eefN®he & i r 88S9RE second
terr?e turte Serééﬁpafaeheeeaéﬁsltmvetiﬂ@éweéﬁls;us& flfaiilr@aoboefittﬁgbs due
o tenperature variations was rso r art devi ces.
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| oad sensor 5i tnithx euplkricrdenperatarer eharacteristictover @ wider -
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efef ects of 20 terrp Fatir e easl corrected. It
i s anot her obj étekuganht-pB8eésant fiheénMaﬁﬁth:pﬂéﬂpde aIpougisgnsychhavi ng

a tenperature- sfni'otdd"eséﬁébitorh&}év@xm %ea é@é&ﬂ" Rdsy tdethicgl
accurate tenperature 25 corrections, are stil gostﬁyabl e. .The above. and ot her

obj ects of the FRELEFRNCR EALNEH WlleadiyFt FeSisEaRGeaTREA8 sensor
conpri sing x | Gsskewesni tthe divwtnt anddsqrnidr tenperhtareabensdtivel | oy, a

bridge circuit wth s [ ai . 9a y of niLride
and formed on t %m%?%ﬁbnt é’lég'et%v\g%% 3r’a?8;0.%§fe’£§rgr%)‘l? |%€€égta%?@t g%’r non-
i nversion i nputtemparu‘aﬁsecwan‘éatta@nsemteWQrgmeby t fumbeysaeome owi it
termnal s of t'}?r{)éfdgftcaé%!bés?nd their
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15 It is therefore a general object of the present
invention to provide a load sensor with improved
temperature characteristics.

It is a more specific object of the present invention
to provide such a 1load sensor, the effects of

20 temperature on output from which can be easily
corrected.

It is another object of the present invention to provide

a load sensor having a temperature-sensitive resistor

s element of a single kind with whiéh accurate temperature
25 corrections are still possible. '

The above and other objects of the present invention can
be achieved by providing a load sensor comprising a
load-sensitive element made preferably of an aluminum
alloy, a bridge circuit with strain gauges made
30 preferably of tantalum nitride and formed on this
element, and two operational amplifiers with their non-
inversion input terminals connected respectively to the
signal output terminals of the bridge circuit and their



" -4- inversion input termnals connected to each other through a . ,
tenperature-sensitive resistor elenment having a positive second-vorder
tenmperature coefficient and a precision resistor. Wth a | oad sensor thus
structured, 5 weights can be neasuré&@ accurately under a wi de range of
tenperature,variations, by a sinpl.e_adjustnent eration hecayse the . .
tegger at ur e*BHEFELPB, i%‘fél‘ét ofscegﬁ‘émﬁa]gdg ogﬁfﬁﬁgacaﬁébeeﬁfg} c elfy adjusting.
the val ue othroeghanfemperatusrensensitivesresistoreienertobpydiag of 10, a

single mtegighesBeLEl [DBSAALBEAGR elubBEaPuad BoberTRseACaRRARYI NG 2

dr awi ngs, 1 _.a[e |n_corporate . In an orma_p_art of the Specl 1 catton,:

i 11 ustrat e Preedsientxesistor. piithR lopdeanser Wme staystiaedsi th the 15
gescri ptg OFf\geié?l%!S asnesﬁl-_aieta_shbe,apabaa'trahe;yohnaa? -ia-n-}osagi Q'@l-nlgé nnb t ge

rawi ngs: Fig. is a schematic, perspective view of a l'qad cell” enbodying

t he present°$nv%?ﬂ‘?%ﬁ?t‘ﬁ:§'.'_"‘Za’r' *al%'g%t iR Ia_.'v"i%ﬁp&letﬁgjffl&%&% | of Fig.

1, 20 Fig.opetatiohlbedauseathetehperagurkecharacteristicof ¢he sensor
using the | I [ 0 LE e ol deSs qr wing. the
{erper at ur SERATEPUFPRE e e hatendd By, adingting nl¥ Wiy BRILTY !
used in t hethedtenperatureosensitive rasistor vlaent agpwased ©f out put
charactggi s{i &§$nqgPt mhPE€riRiidoge circuit, Fig, 5 is a block diagram of
~anot her | oad sengo_r enbodyi ng the present invention, Fig. 6 is a block
di agram of "a prior art |oad sensor, 30 and- - o ' '
i escription of the Drawings = = -

The accompanying drawings, which are incorporated in and

form a part of the specification, illustrate embodiments

of the present -invention -and, together with the
15 description, serve to explain the principles of the

invention. In the drawings: - o

=20 1

O

Fig. 1 is a schematic perspective view of a load cell
embodying the present invention,

Fig. 2 is a sectional view c_af the_._'llo'ad cell of Fig. 1,

20 Fig. 3 is a blqck diagram showing the structure of a
load sensor using the load cell shown in Fig. 1,

Fig. 4 is ca’ ) graph 'show_i-ngj | th'e' '. temperature \J
characteristics of a temperature-sensitive resistor
. element used in the load sensor shown in Fig. 3 and the
25 temperature output characteristics of the bridge
circuit, IR '

_Fig. 5 is a block diagram of another load sensor
embodying the present invention,

Fig. 6 is a block diagram of a prior art load sensor,
30 and ' ' '



-5 F|g 7:is+a graph which schematically shows prior art tenperature
correction characteristics. Detail ed Description of the Invention Wth
reference to.Figs. 1 and 2, nunmeral 1 indicates a 5 |oad-sensitive

elenent made of an alumnum alloy material having a throughhol e 2wth

t he CFOSSLSECtI | sh e, u II Ao t hat
strain wll PD 1 I?/ %neré?ggg ghéggm F;‘gg'g%grc?‘ii&her}o % ace of
t he I}Oad sen5| tt@mp%tm goxpecthenccharagtieristicsnded to be appl i ed,
there\is forned an electrically insulating |ayer 3 by a coating of a
material with high pol ecul ar WEI ght such as oI I mde which is

heat - r esi st ant 2ReRERE PRSCTiplelen ¢ BYeRkden: enper at ures of vapor
deposi ti on and wten défetancs n?ﬁltﬁlgs A t4nd Z,arﬁ\ﬁ\{él}‘allllt rnmihhdﬂds] af: Imis
formed by vapor, deposition. at ces sur I s Jnsul ating
| ayer 3 V\/ne?gé |:’fga|1 r& ¥R ¢ O%e‘ag? ct™ @hge %4’5 cf Yer ns
are formed from@tmszal hiary ifrig mmommmemwgtam;emm-gemm ly 20
formstrain gaugesed of o Cadilfl Fe11 okheathltl 12adcdrftdsRich Gnat 10

and 11 for zero- nt a leSt ment are Pormed where the strain
| oad- sensitive ﬂ@@htw s ke eagillyasopnesated. aﬂ1e§93¢égﬂ-§§ori§reﬁrﬁj t he
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otht hat " CHEoamera % 1900 I"intARagal £’ be (adiol £84 7 Cendd Fk foriindl ul <
14, 15, 16 and éﬂ eldctnieablydgasueamngl S.ay\éﬁ:t p:] tlhp br cdgeingnodctd ons
thus conpleted ,ihe 30 ES) ShAGK CnYFbEET a0 vbiEnECLAdROLY AR

resistors
(L which is heat~resistant and does not lose elasticity at

high temperatures of vapor deposition and heat

15 treatments. A thin tantalum nitride (Ta,N) film is
formed by vapor deposition at four places on the surface

of this insulating layer 3 where it is convenient to
detect strain. Gauge resistor patterns are formed from
these thin films by photolithography to unistructurally

20 form strain gauges 4, 5, 6 and 7. On the other hand,
resistors 8, 9, 10 and 11 for zero-point adjustment are
formed where the strain of the load-sensitive element

1l is as small as possible. These resistors and the four
strain gauges 4, 5, 6 and 7 are connected by

25 electroconductive patterns 18 and 19 to form a bridge
\/ circuit (indicated in Fig. 3 at 20) such that these
strain gauges 4, 5, 6 and 7 become its branches.
Numerals 14, 15, 16 and 17 indicate bridge terminals.

With- the bridge connections thus completed, . the
30 resistance values of the zero-point adjustment resistors
8, 9, 10 and 11 are adjusted by a trimming process éo
as to adjust the zero-point of the bridge circuit as a
whole. Next, lead lines (not shown in Fig. 1) are
attached to the terminals 14, 15, 16 and 17 and a
35 moisture-proofing material is applied to thereby

ettt o ey e s 1 - bae



'8, 9, 10 and 11 are adjusted by a trinm ng process so as to adjust the
zero-point of the bridge circuit as a whole. Next, lead |lines (not shown in
Fig. 1) are attached to the termnals 14, 15, 16 and 17 and a 35

nmoi sture-proofing material is applHéed to thereby conpl ete the

preparation of a |oad cell car qy| ng thereon, strain gauges and zero-point
adj ust ment S¥WLete heprepagatiien g ?éﬂﬁ%?ea-lbiﬁ’?ﬁﬁﬁlngl?e’?%‘hom an

exanpl e of éwailﬁer@am 481 ngnd hezéescbdinteldd ht Regsistopd 2. , -
Nuneral 20 indi c on the | oad- senS|t|ve M

el enent 1. TRMRTS % 21naﬁgezggm§'f’r€§?‘;k&}§9&.ona| anpl i fiers. The

non-inversion input termnals of these operational anplifiers 21 and 22 are a

[ ndi vi dust | 43§ 0r9eEhSds! Bn®Rxklord] 904 N Wlnd i Udhy olnd e 0°

circuit 20 e inversion rnput term nal erm nal s of

t hese op%ra?#bhaﬁh@ﬁpllm%*‘zsﬂlaﬁnﬂﬁ ar@mbc@%oﬁ-n kes &g through , -

return reS'ﬁfﬁée?&f&%@‘lfMEd%nm %ﬁd%ﬁ@ﬁﬁ@rem&ﬁtfﬁ The
i nversion-in term %,of hese two eratlona |f|ers 21 and 22

are connect ? R ang: 82 AL GaNH OPEY, r‘@?ssto? @l ement 25
and a precummm\eersion %pﬂhemmmaalwrefsehhetsevmpmisimabl enment 25

|5 made of duibkhiOre i KE' 2! LOL NAW0Y LB A B HBRE NSy 20

resi stance WI a pOS Ive secon ure coe icient and is
ei t her Jeﬁfusaeqhab outpubatiermipaili os &herrmdgeorcimcapd*eew-as These thereto

as possi bl I u | YR r&€l si on
resi stor Zgn?‘gelgér%%/l?d fﬁ‘greﬁa&tﬁéﬁﬁ thﬁg’ Flsretst or(;lgérhgzéérmlt%}lpée)rﬁure

coef fi ci entthRse PPeBEtéPS‘é&s?éﬂ’ iens et anf 32 AFeaRPRReGkAthect ed | n )
series w tlhrddifectively through return resistors 23 and 24 made of U

a precision ‘resistor material. The 1nvers.1on Anput
15 terminals of these two operatlonal ampl:.fz.ers 21 and 22

are connected together through a temperature—sens:Lt:.ve

'res:.st_or element 2_5 and a precision res:Lst_or 26.

The -temperatureé-'se'nsitiv'e resistor element 25 is made
of nickel or a nickel alloy having temperature-dependent
20 resistance with a positive sedond-ord'er' ‘temperature
coefficient and is either aff:.xed to the load-sens1tive
element 1 or disposed as close thereto as possible so
as to be able to -r_neasure 1ts-_tempe_rat:ure.- ‘The precision’
resistor 26 is provided for matching the first-order
25 temperature coefficient as will be discussed more in N
detail below and is connected in series with .the
temperature-sensitive resistor element 25. Numeral 27
indicates a differential amplifier circuit which not
only receives output signals from the "_operat'ional
30 amplifiers 21 and 22 but also cooperates therewith to
form a high - J.nput impedance d:.fferentlal amp11f1er
circuit. '

If strain gauges of tantalum nitride are used on a '1oad-
“sensitive element made of an aluminum alloy, the rate



tenperature sensitive resistor elerent 25. Numeral 27 indicates a
differential anplifier circuit which not only receives output signals from
t he operatiopal 30 anplifiers 21 and 22 but al so cooperates therewith to
forma high input i npedance differenti al 'a?r?pl ifier circuit. If strain
gauges of - tantal Ltridge EIAC used on

o) si,tive, el enent of an
al uni num al | oy, pnge in the s&f““cﬁﬁﬁggl?ﬁef‘ﬁe f[s]ﬂ'é:ﬁ SBEPPﬁcf‘%n?g%‘?a ts
out puﬁpl s about 3’5‘5)@m)ﬂ @rr}[‘ﬁ:.s iki aboutabpztoﬂ/ﬂxe)frattas qi‘at&ﬁﬁﬁ'PM/ c
650PPMW [ err] C i C S el I 0y.
Thus, as shown qﬁ' B:'ie %}% S 15e taetsrt?ra urve- resi stance racterl StIC of
the tenperatur ea§d|¢yi-t i vEhues| gsOrsm‘menn Fidrade, othgi &@P%’éﬁ]‘“b’éensed

sufficiently swe'ﬂesfi%rtatr@aoeha&ueeeeegﬂ%safIema t‘é?n PR -gdnPLepvéce,
the tenperature-output characteristic of the outﬁ ]Ef omt he br|d %II‘CUI'[

20 10 is prel i nEesiatPricedementd BY nBaderifg t ndeRM | rP?ts B8 put

signal at diffesiEfilcdEgt wedd for Hnperatueiedicompenshtiilortharacteristic
can be approxinmately witten in the formof [err] where AT is the

tenperature neasured froma predeterm ned reference tenperature [err] 15
at whi ch tenper disur @ coabdiesat icfh iprasitiios ,cd.the Tiempayatuterputpatius

d d f h
eternined may bhaholahadiie: BF LHE SHMN Fathf thachEiahekirdateraghe

val ue of the tenperature coefficient put I S us
det er mi ned, 1Phe iscRpelaniparidy dekernined bimeasir hEherchangge in

af orenment i oned Illtg;h t iSRRG (tiffﬁ’ﬁ’ﬂﬁ A enfpEtdtiureis Ci rTfli thfenposed
of the operatloq:a rlt:p I fiers 21 and 22 and,the
mperature—-output charac eristlc can be approximately

{ written in the form of 1+eAT where AT is the temperature

measured from a predetermined reference temperature T,
15 at which temperature compensation is effected. The
coefficient a thus determined may be referred to as the

temperature coefficient.

After the value of the temperature coefficient a for the
bridge output is thus determined, the temperatufe
20 coefficient of the output from the aforementioned high
input impedance differential amplifier circuit composed
of the operational amplifiers 21 and 22 and the
differential amplifier circuit 27 is determined.
Thereafter, the resistance values of the temperature-
/ 25 sensitive resistor element 25 of nickel or a nickel
alloy and the pfecision resistor 26 are properly matched
as follows. |

Let the reference temperature be 25°C and £,(T)
represent the standard output from the bridge circuit

30 20 at temperature (25 + T)°C. Then, f,(T) may be
expressed as

£p(T) = £550(1 + @gpyT)



differential anplifier circuit 27 is deternmineds Thereaftes, th&siresistance
values of the tenperature- 25 sensitive resistor elenent 25 of “nickel or a
ni-ckel alloy and the precision resistor 26 are properly matched as fol | ows.
Let the reference tenperature be [erdgd-and [err](T) represent the standard

output fromthe bridge circuit 30 20 at tenperature (25 + T) [err]. - Then_,
[err] (T) nelieke thartempératuker cbeffic'&enthefetheaormermtpetcoef ficient

of the bridge_oytp nay. Witten e ti of . T as [erg]
In other %B gg E[ ér ]SPZS r #&% Eft?m a?e?rpaé‘?'g‘f{#gﬁ °§2£f??0|ent ?‘E}
the bridge output at [err] and a represents the |inear dependence on -
tenperature of &he rg)erq;uge,lpoefflm ent of the bridge output when

tenperature chan®@s frdM [er?P” "Anplification [err] of the high input
i npedance 10 differential arrpllfler circuit can be expressed as [err]

where [errpanddngnt | wéade- K- esesgrasehelsl OWheS éémﬁéfeaar f the

resi stance [err] ,of the tehp ure ensitive reS|stor' [ement 25, the
resi st afcecpefficidentneofr e*é,h%l Sridge contpet atakd tcheal"ém @sance [err]

of the r etﬁéﬁréséhekor.anSiaaerdegéﬁaéhcéeéﬂ; tafipetatite bf thee
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temperature changes from 25° C.

Amplification f (T) “of the high lnPUt 1mpedance
10 differential amplifier circuit can be expressed as -

£,(T) = f.o(l- aszsco'r)

where £, and C, can be expressed as follows as functions
of the resistance R, of the : temperature-sens:.tive
resistor element 25, the resistance R1 of the precision '

15 resistor 26 and the res:.stance R, of the return resistors
23 and 24:

o= (R + By + 2R/ + B, and
G IR/ R IRy R

and  ag, is the temperature coefficient of the.
20 amplification near 25°C and may be expressed as follows'

aszs;’ a, + a.",'r..._

Inother words, a, represents the temperature coefficient
of the amplification at 25°Cand a, represents the linear

25 dependence on temperature of the temperature coefficient
of the amplification near 25°C. |



[err] tn otherwords, a represents the temierature coef-ticient df thee
anplificationat Terr] and [err] represents the linear 25 dependence on

tenperature of the tenperature coefficient of the anplification near [err].
-9- Thus, the total output [err] (T) wheR®The output fromthe bridge

circuit 20 is ssed t.hrough fhe hi Lnput i npedance differential '
anplifier ci rc%?’ﬂ"smaf% *e‘%rﬁts%"é&‘?ﬁ Fh&']* o‘f’g%w ﬁﬁef 8P “?e?irf’m[ P8 where
[err]=ferr] Ifbrtidge adxort R0atist passkid throhgh e hdght Hapuder terns in
T are.negligi by, r%%c%h%'l%e'r% 1@ 1t Shi)1 iUl e i -E)agd% lekpressed
tenperature variations can be § substantially suppressed by requiring the
first-order andnsd&hendEa¥lderingrforme zero, that is, [err] In other words,
the resistance values [err] should be adjusted such that these conditions
are satisfied. As a particul ar exanple wherein use is nade of an 20

abum num al Poy for tlﬁéTD oxdLgdMiE (P elenent 1 and tantalumnitride for
the strain gauges 4, 5, 6 and 7, [err] [err]. Then, the follow ng set of
val ues satisfies the aforenentioned conditionsy [err] 25 =66 ohm/[err]
Wiere, as here, [err] is% GG 3‘?‘?"%4’5‘% approxi mately equal to
[err] and the conditions

where .
Cy = o = ,Cy,
L C, = @y = Cooygay + a3),

10 s ~Cp(@pep®y + @45,0,) , and

S
n

Cp = =Coplagpa;.

If it is assumed that the third-order and fourth-order
terms in T are negligible, the change in the total
output £.(T) due to témperature variations can be
15 substantially suppressed by requiring the first-order
and second-order terms be zero, that is, ¢, = C, = 0.
In other words, the resistance values R,, R, and R, should
be adjusted such that these conditions are satisfied.

As a particular example wherein use is made of an

20 aluminum alloy for the load-sensitive element 1 and
tantalum nitride for the strain gauges 4, 5, 6 and 7,
@, = 5.40 x 10°3/°C, a, = 6.20 x 10°5/°C, a,, = 3.57 x 10°
“/°c and a,, = 5.36 x 107/°C. ‘Then, ‘the following set
of values satisfies the aforementioned conditions: R,

25 = 66 ohm, R, = 910 ohm and R, = 2 x 10° ohm. Where, as
here, R, is much greater than R, and R,, C, is
approximately equal to Ry/ (R, + R,) and the conditions
C, = C, = 0 may be expressed as follows:



[err] may be expressed as foll ows: -10- [errp I# is i0 Be roted.t.hat:
[err] and are uniquely determined from the experinentally: detern ned
tenperature 5 characteristic of the output fromthe bridge circuit 20.
Their val ues depend on the tenperate#@@-coefficient of the
tenperature-sensitive resistor element 25 to be used.  Since the rati.o
anong t he val ues [er rqmarrdaﬁwq&ls B¢l er nined by the val ue of the

anplification [err] e reals; ®f the tenperature- senS|t/|ve' |
resistor el enment 25 y]ﬁif theaﬁ'ebls c?riwgk%tor ’26 can be deternined freé

t he above two equati ons. In this manner, the portion of the c¢hange in the

output fromet hg 861 B@hétéd HHat? & Cﬁ‘i&%pﬂﬁél ﬁﬁl&ﬁelpedaetﬁﬁiﬁﬁdsecond 15 3
order termgin tegggrature variati 0n_is cancel ortion of the. "

change in E£RO% £at UPXPEEARENEALLY ofd?ﬁﬁrﬂgaﬁdl rrpEG&ESE'a tuRgut |
di f f er est | eharadteristilc ofitite! ldutWH :&aﬁrﬂwgoﬁmﬁe:imaﬁlﬂ 20. C

6 e’ b et Varhe BB o e Feohtpratuf Pt kastohn 8o

appl i ed wethet témmaturerebgms‘detne otesels]telxatectanentl @5 obs be a fairly

w de range dt en’ggﬁ?%u%ﬁeafgy{ng meé%% A ng%rgu{&? [Rr?r g It is

further to e not e strarn gaug conp nitride are .
nore advanfefesminedadyt thervalue yo§t thenagplddicationits, ctpper - ni ckel

al l oy pgc aﬂé&i&%n&e@bihésr e‘tﬁb‘ fé:&lgeﬁtﬁi‘af-%ﬂ@i’&'ﬁré 98si§t§rt | MeS as

great as those o gper-nlc gauge ratio 1s 1.5 tinmes .
as large.®l emggz it the precigion siesistor g@&lecddtibe out put can

be obt ai nedee\é&ihined from the above two equations. In this .
manner, the portion of the change in the output from the \J
bridge circuit 20 corresponding to the positive second- S

15 order term in temperature v_'ariati_qn is cancelled by the portion of
the change in the témperature coefficient of the high
impedance input differential ° amplifier circuit
correspond:.ng to the negative second-order term in
temperature variat:.on. As a. result:_,_ the ]_.oad sensor of

20 the present invention can output a signal proportional
only to the applied weight (load) - independent - of
temperature variations in a fairly wide range of
temperature around the reference temperature T,.

It is further to be noted that strain gauges: comprising \J
25 tantalum nitride are more advantageous than the ordinary o

strain 'gauges made of a copper-nickel alloy because the

specific resistivity of tantalum nitride is 6 times as

great as those of copper-nickel alloys and’ the gauge

ratio is 1.5 times as large. ~ As a result, a _
30 sufficiently large detection outpu£ can .hé'obtaiﬁed even ot

with a relatively low bridge voltage if use is made of

tantalum nitride strain gauges. In other words, ‘the o

load sensor of the present invention is 'part'iéula'rly
useful when used in connection with a device relying
35 upon batteries as its power source.



mnth a relatlvely low bridge voltage if use is made of ‘tantalumnitride
strain gauges. In‘other words, the |oad sensor of the present invention is
particularly_ useful when used in connectlgf with a device relying 35 upon

batteries as its power source. As mentioned above, furthernore, the
current which fhg"iﬁeﬁ@}béhéﬁ"’aﬂ%}éigfu% xS COHE TUYFRAL bndEROE ol ! O
the present invention because specific redistance of the strain gauges

made 6F-tantal uﬁT‘ﬁPt‘Fﬁl%lé’méigeaFQé’c‘fFﬁl BegoReR EMaklep aaaarding fogthe the

gener wi on of JpueseReaintunt 6n HecaiubIeHEaspEst PRt et dyaride oFosh! or s
for zero-point agdjustnent. This t g ut t he_advant gge_of
reduci ng t he teﬁgtﬁépugaugﬁﬁnﬂﬁaﬁn°Fh§ Phague ﬂgF o8 é?eﬁ%ﬁ?emh| 1P

exposed to tBe hakesfitpddsiblentandedheacehe gfeneathitioy afhdondepkeatur e

drift in the dejgc n { r t r nt
I iventi on descr%g gh%bc?\%gaﬁ% r%%nf Ef)ende‘gg#‘il Fgm?dtﬂ%ﬂ]s%%%leé%g Pof
i nvention but igeneapeint adjustwenti| |Thisatlin/durnms bripgst §b9P§rthe

al though the prsaeahthséeraf ORe88¢€ 1R € hee Xdriich DAY © chXnyaY
exanpl e conbi ne ferenti al Jifier CIrCUIt égﬁ shomn t 27) and

applied to a hi gﬁapnﬁﬁf‘st’lﬁ'ﬁré’&aﬂ%@“ﬁ%lw ich is expeeedit E‘Pmsayl ng
that the prgeenthémvandi, Ohefide,biofFedhcimg it tanipgentisrefdeLfs taual |y

when applied to hi nce inversion anplifier circuit, as
shown in Fig. StQﬁnF%E8S§EQP| ngpgiﬁpllflers 30 and 31. It should al so be

clear to persons skilled in the art that the tenperature-sensitive resistor

el ement 25 and Rt %ﬂf&dlgéfn ‘i&%dsitmgnt% oBeq%hd10phrleen®NNEsyElt inseri es

as shomm inFig. 3 t connect e
described above is not intended to limit the scope of
the invention but is meant to be merely illustrative.

15 In particular, although the present invention has been
described above by way of an example combined with a
differential amplifier circuit (as shown at 27) and
applied to a high input impedance amplifier circuit, it
goes without saying that the present invention can bring

20 about advantageous effects equally when applied to a

high input impedance inversion amplifier circuit, as

shown in Fig. 5, with operational amplifiers 30 and 31.
It should also be clear to persons skilled in the art
that the temperature-sensitive resistor element 25 and
25 the precision resistor 26 need not be connected in
o/ series as shown in Fig. 3 but may be connected in
parallel (although not separately illustrated) to be
effective. |

It is also to be noted that the load-sensitive element
30 need not be of an aluminum alloy but may be made of any
material such as stainless steel,_molybdenum steel and
beryllium-copper alloys which can be used as materials
for making springs. Similarly, the strain gauges need
not necessarily be made of tantalum nitride but may be
35 of any material such as a copper-nickel alloy and a



"~ parallel (although not separately illustrated) to be effective. It is also |
to be noted that the | oad-sensitive elenent 30 need not be of- an'al um num
al l oy but may be made of any material_such as stainless steel, nolybdenum
steel and beryllium copper alloys whTt#~can be used as materials for naki ng

springs. Sinl the.strain gauges need ngt .necessarily be nmade of,
t ant al um nl?*?ﬁ%i%ﬁ?rﬂﬁ§uﬂe%tgf gﬁy h&t 9prd) cﬁ‘ag ’)c{% oy ckel -
all oy and aresisti@rsni Thel mahennabmﬂdlathealbaé-senditmvewremrﬁcl sion , 5
~resistors. J train:
gauges are JM Eghaé suc%lp?g%%?%ﬂé\yg?%ing | on% ﬂgat?l ons’ [tr’r]
are satisfi EﬁfW%lhﬁiOBﬁ@ ¢@F@l‘éiobﬁaﬁg€-‘ iCa The apasabigfied ent of the 3
| PL' dtge it %&avmétbat;awfsw é‘ftScEl‘?&xh é%{ﬁi&ﬁsﬁﬁ%@éf@f@iwfﬂge”] (if

e tenpergture-sensitive resistor nt "an e cision resistor are
made of ni (?Q%‘F; ‘;& &?;}p wégﬁépnag%ﬁﬁﬁé gﬁger%?g%\ 4ber - ni ckel &
al l oy may bssfzmsrumxbmw1®a(d.fstne|ttempeﬁ£ttal-e-wsﬂaﬂ~ee(ﬁe§iad& ess steel.
13 e fi.sing a

Therent A e Bronie B rerisrernaze e SE PR ed on the

| oad- sensitive ge ci ra| n g :
surface of the |oag- gﬂaﬁhérvexgiﬂpm@pt sttagnbgadgescma@@ bthavi ng 5 si gnal

tput t | s | d
operat i onalCRea kLt o ﬁ%a‘a' nbREmedy 8Psﬁoﬁ°ﬁﬁpa?n?§r€-ﬁ?ﬁa|
connect’® telewentofmade of gbdinless steel. |

TNy



output ‘ternminals of the bridge circuit, the inversien inputs t ereni r!al§ of

the first and 'second oper ational anpl |f|ers 10 being eennected through a
t enperature-sensitive resistor el enent and a precision resistor, the

tenperature-sensitive resistor element having a positi vi tmﬂ[,ﬂlmm
tenperature coefficient, the second order ﬁﬁrrperature 'd "””"lal S
output fromthe bridge circuit being cancelTed by 15 : :the Secbnd" order

tenpe?ature dependence of. the anplifier gmgs . 2. A | oad sensor
accord?ng to claimi1, wherein the tenper =sensi tive resistor el enent
and the precisilen r dsiloag sensom eARRELEing rlead-sensitive relementrndor

according to ¢ bi'ti \ﬁeéﬁltn wikt® E%F&&habﬁhﬁe%eﬁﬁﬁb&eoheﬁhét Qﬁrf$6398f
[érr] an

has a resistance preci sion resistor S a re é i“%

and wherein [ eFBE ab@ FﬁFPPsa-Fé-‘@ucﬂl?ﬂﬁ{‘t[erﬂ}%na’ YiRY]

ate constasgts aignaclebﬁwuteée&uqhaubat anfear fivet rbﬁefeaieﬁemamufier

t enper at ure neas r?ﬁd fﬁrﬁofr? referqe‘:,.gcr ﬁ%ﬁ% %E[e?#f’ émé*lgn?gasﬂ%? I

tenperature co i Te ati e al

~anplifier circinversipn sispwt ternliﬁalsbmmcﬂ:adorm anpl oifi ctheanslignall

second 30 - op n i § PEQXi

t enperature co%??k’??eg%rggﬁ ﬁg@i%‘tiﬁ sal ?il%g ?a:ﬁé g@ﬁﬁ s%ggqr;z%

4. A | oad setevminads @ @ stf apdaisesond; operationalk, anpli %¥$als

for the | 9gd-sgash ?%’ﬂ*ﬂ?ﬁa @Hf’oééh ? Wﬁm A e ei.@gi@gofuch
In the span Coe f|C|ent of out

that the rate of ¢ ut fromthe pr
is in the rang® gygnggpﬂm @reci s]_:,pn resistor, the temperature-sensit v

o resistor element having a positive second-order temperature
. coefficient, the second order temperature dependance of
signals output from the bridge circuit being cancelled by

15 the second order temperature dependance of the amplifier
circuit.

2. A load sensor according to claim 1, wherein the
temperature-sensitive resistor element and the precision
resistor are connected in series.

20 3. A load sensor according to claim 2, wherein the
temperature-sensitive resistor element has a resistance R,
and the precision resistor has a resistance R,, and wherein
Ry and R, are such that a; = ;Ry/(Ry + Ry) and ap, = (@50,
+ a;)Ry/(Ry + R,) where a,, @, a; and a,, are constants

25 determined such that (e, + a7T) with T representing
temperature measured from a reference temperature T,
approximates the temperature coefficient near T, of the
amplification of a differential amplifier circuit comprised
of said first operational amplifier and said second

30 operational amplifier, and that (a,, + 0,,T) approximates

3 the temperature coefficient of the output from said bridge

circuit near T,.
4. A load sensor according to ‘any of claims 1 to 3,
. wherein the materials for the load-sensitive element and
35 the strain gauges are selected such that the rate of change
in the span coefficient of output from the bridge is in the
range 250-450PPM/°C. :



L XY

5. A | oad sensor according to any of the preceding cl a ms,. \Mferell n the
tenperature-sensitive resistor elenent and the precision resistor conprise
nickel... 6. A load sensor according to any of the preceding 5 _cI ains,
wherein the strain gauges are forned with tantalumnitride. 7. A' | oad

- sensor according to any of the precedi ng clainms, wherein the | oad .sensitiwe
. element conprises an alum niumalloy. 1 4 A | oad sensor conpri si- ng a

| oad-sensitive ele hay, rid cirLu Wi

gauges 1 or rBd onf MDA, Aerbbs ?#éq%ieﬁe. #0e” dtthe " iaSie . 4
circuit havehgimsgnwheveiputhe etemperctuuedsgnsﬁ.gmve npesism delement
anplifier chpgqu C t dp@l s of the bridge
circuit, th%ﬁﬁ ’t&e ﬁ?’@é‘iﬁ%%gdgﬁgelesﬁ# Q‘#&mélslcl rcul t | ncI udi ng a °
t enper at ur essensht |1&3@I morsuéﬁ:qqr&irm@p. rany oofer themaregeding

dependegice égdihﬁe WRePEYINOLHE! stPERA ?&ﬁ&&sdﬁfénééf‘ﬁédc’&iﬁh ek €a Dk PUT
fromthe brigge circuit are respectively Cancelled by the first- 20 or der

'terrperaturen Eééﬁdence and ‘the second- order tenperature dependence of
the high vnputzum@damml aidcordiingutb, any oBfpthet wrecedinglence

[ oad sensor SLakERanREIn ERe, ABReL P HElvs R FRORY" %iscﬁser%ﬂce to

any of the atamphdamskdloy.n Figures 1.to 5 of the acconpanying draw ngs.
1111119 1114111131 Jdad sEndor M:oﬁpr:l.sing a load-sensitive element -
having a surface; a bridge circuit with strain. g_auges_
formed on the surface of the load-sensitive element, the _
-bridge circuit having signal output terminals; and a high ot
input impedance amplifier circuit connected to the output
15  terminals of the bridge .ci:cu'i_-t, the high input impedance
amplifier circuit including a temperature-sensit.ive element
such that the first-order temperature dependence and the
‘second-order temperature dependence of signals output from
the bridge cirtuit are respectively cancelled by the first-
20 order temperature dependénce and  the " second-order-
' temperature dependence of - the high input impedance
amplifier circuit, the temp’erature.; dependence being all
‘measured from a specified reference temperature level.
9. A load sensor substantially as herembefore described
25 with reference to any of the examples shown in Figures 1to W
' 5 of the accompanying drawings. . -
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