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The present invention relates to a weighing apparatus of a type
5 utilizing a signal processing circuit for electrically processing a load signal
outputted from a load cell so that the weight of an object to be weighed

can be displayed by a display unit.

Some of the currently commercially available weighing apparatuses

10 generally utilize such an electronic signal processing circuit as shown in

, Fig. 9. For the discussion of the prior art believed to be rejevant to the
present invention, reference will now be made to Fig. 8.

The prior art weighing apparatus shown in Fig. 9 comprises a load

cell 30 elect'rically connected with circuits formed on .a main circuit wiring

15 board 31. The load cell 30 includes four strain gauges 32 each in the form

of a resistance element mounted, or otherwise provided, on a strain

inducing element (not shown) which produces strains in reéponse to a load

applied thereto as a result of placement of the object to be weighed.

These strain gauges 32 are electrically connected with a flexible printed

20 circuit board {(not shown) so as to form a bridge circuit 33 of a fuill-bridge

type. The flexible printed circuit board referred to above is coupled with

the main circuit board 31 through a suitable connector {not shown). The

strain gauge 32 generally employed in the prior art weighing apparatuses

is of a type capable of compensating for a change of a coefficient of

25 thermal expansion of the strain inducing element so that any possible

measurement error resulting from a difference in coefficient of thermal
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can be displayed by a display unit. Some of the currently

commer ¢i al | y avail abl e wei ghi ng appar at uses general ly utilize such an

el ectroni ¢ signal processing circuit as shown in Fig. 9. For the

di scussion of the prior art believed to be relevant to the present

i nvent fon, reference will now be made to Fig. 9. g l;l'hgopr: or art .

wei ghing apparatus shown in Fig. 9 conprises a |load ce ~electrically
congect ed wi t heXP3nsiPR Letwesr dnerstaairainduging wlemeny ang thsoair@iB saugpe cbad
cell 30 includgs four strain gauges 32 each in the form of a resistance

el enent nount eg,e %f‘m'gtaﬁeec{w se provided, on a strain inducing el ement (not

shown) whi ch producs; fELFaJ%SS‘ LPtRSSPr?QSee éi?cx?itlsgagaving the respective strain

gauges 32 disposed thereon, two arms connected together through a junc-

5 tion ¢ inciude respective adjustment elements 34 for zero-point ad justment

to be accomplished during a non-ioaded condition of the weighing appara-

tus. in certain models, the adjustment element 34 is employed on ali of the

four arms of the bridge circuit. In either case, each of these adjustment

elements 34 includes a zero-point adjusting (offset adjusting) resistor 35

10 in the form of a precise resistance element used to coordinate variations

in resistance value among the strain gauge 32 to adjust an output from the

bridge circuit 33 to a target ievel, for example, a zero volt, and a zero~

point temperature characteristic compensating resistor 36 in the form of

a temperature sensitive resistance element connected in series with the

15 zero—point aidjusting resistor 35 for compensating for a change of the

output of the bridge circuit 33 from the target level as a result of a
temperature dependent drift of the bridge circuit 33.

The bridge circuit 33 has input-side junctions a and b connected

with respective span temperature characteristic compensating resistors 39

20 which are in turn connected with a direct current power source 38 that

supplies an input voitage to the junctions a and b of the bridge circuit 33.

Each of the span temperature characteristic compensating resistor 39 is in

the form of a temperature sensitive resistance element and is utilized to

compensate for an increase of the level of the load signal which wouid

25 occur when the amount of strain increases as a resuit of a jowering of the

Young's modulus of the strain inducing element with an increase of

temperature. .
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eto as a result of placenent of the object to be weighed.
gauges 32 are electrically connected with a flexible printed
d (not shown) so as to forma bridge circuit 33 of a

type. The flexible printed circuit board referred to above is

the main circuit board 31 through a suitable connector (not
strain giaugeb32 generald y _errpl_qutd I n th% gri or a{)t.dwei gir;i_ng
i s oft YltagReLeRRRn BUERULCEIdSe HEHRH N ¢ G dadcHatife Potdas
Olis A58 BRlARaTEacs Sl A Syl AR, BB ChRIEN (B0 Rt
circuit board 31. This signal processing circuit 40 employed in this prior
art weighing apparatus includes a differential amplifier stage 41 for ampli-
fying the load signal outputted from the load cell 30, an analog filter for
removing a noise component from the load signal which has been amplified
by the differential amplifier stage 41, an analog-to-digital converter (ADC)
43 for converting the filtered load signal into a digital load signal, and a
central processing unit (CPU) 44 for calculating a measured value repre~
sentative of the weight of the object to be weighed based on the digital
load signal supplied from the analog-to—digital converter 43 and also for
providing a display unit with the measured value in the form of a weight
sighal capable of being displayed.

On the other hand, the direct current power source 38 is also con-
nected with a first voltage divider circuit 46 for provid.ing all component
elements of the signal processing circuit 40 with a first reference voltage
VCOM and a second voltage divider circuit 47 for providing the analog-to—-
digital converter 43a with a second reference voitage Vigee to cause the
analog-to-digital converter 43a to determine the level of an input signal
supplied thereto.

The circuit configuration shown in Fig. 9 makes use of a number of
resistance elements in, for example, the four strain gauges 42 and the two
voltage divider circuits 46 and 47 and, thus, the number of component
parts employed therein is relatively great. Also, since the resistance of
each of the strain gauges 32 of a kind employed in the weighing apparatus
is generally relatively low, the bridge circuit 33 consumes a relatively
large amount of electric power. Therefore, in the case of the weighing

apparatus powered by a battery, the battery is apt to run out quickly.
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-2- expansion between the strain inducing el ement and the strain gauges
can be el ininated. O four arns of the bridge circuit 33 having the
respective strain gauges 32 disposed thereon, two arns connected together
through a junc- tion c include respective adjustnent elenents 34 for

zer o- ﬁoint adjustnment to be acconplished during a non-loaded condition of

the wei ghing appara- tus. In certain npdels, the adjustnent elenent 34 is
enpl oyed on al |l of thyiew of the problems discussed above, the use has been suggest-

ed of such a bridge circuit 33A as shown in Fig. 10. The bridge circuit
33A shown in Fig. 10 is so designed that a difference between a voltage
appearing at the junction d between the strain gauges 32 and the first
5 reference voltage VCOM may be utilized as a load signal. This bridge
circuit 33A has been considered advantageous in that, when each of the
voltage divider circuits 46 and 47 is chosen to have a relatively high
resistance, the amount of the electric power consumed by the bridge
circuit 33A can be considerably reduced. However, this configuration of
10 the bridge circuit 33A has been found having the foliowing two problems.
In the. first place, unless the span temperature characteristic
compensating resistors 39 have the same resistance and the same tempera-
ture characteristic, the voitage at the junction d from which the ioad
signal can be taken out fluctuates with change in temperature, that is,
15 becomes instable with change in temperature.
Secondly, since the level of the load signal is represented by a
difference between the voltage at the junction d between the strain gauges
32 and the first reference volitage VCOM’ it is necessary to compensate
totally for the temperature characteristic of both of the voltage divider
20 circuit 46 and the strain gauges 32 in order to obtain the load signai
stable relative to the change in temperature. And, since the strain gauges
32 are fitted to the load cell 30 on one hand and, on the other hand, the
voltage divider circuit 46 is fitted to the main circuit board 31, an
adjustment necessary to compensate for temperature-dependent variation
25 must be carried out while the load cell 30 and the main circuit board 31
are assembled together. Therefore, the adjustment tends to be complicated
and time-consuming. |In addition, since the load cell 30 and the main

circuit board 31 once they have been adjusted in the assembled condition
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four arnms of the bridge circuit. In either case, each of these adjustnent
el enents 34 includes a zero-point adjusting (offset adjusting) resistor 35
in the fofmof a precise resistance el enent used to coordinate variations
i n resistance val ue anong the strain gauge 32 to adjust an output fromthe
bridge* circuit 33 to a target level, for exanple, a zero volt, and a zero-
point tenperature characteristic conpensati nﬂ resistor 36 in the formof a

tenperat ure sePRY® iNPeCoBRARILEY ViEh etrn Ot RRD &8'li A AN LG it hP9afd and

zer o- poi nt adj ust] resistor 35 for. conpensating.for. a change of the. .
output of the BRFUGE EMPISNE BBa¥Gint RSTAPGeI=TINEING8 RERELIRE WpiShing
Lemer a1 SCRSAERLe ey flerklt Y RS ML Bl 20 and o R
board 31 requires a corresponding replacement of the other of the load celi
5 30 and the main circuit board 31. Thus, when one of the load ceil and the
main circuit board both employed in a particular weighing apparatus is
required to be reptaced, the both must be replaced with a pair of the load
cell and the main circuit board which have been separately adjusted,
resulting in a waste of component parts.
10 To substar;xtia]ly alleviate the foregoing two problems, the inventors
of the present invention has suggested, in their United States Patent No.
4,951,765, such a circuit configuration as shown in Fig. 11 in which the use
of the span temperature characteristic compensating resistors 39 have been
dispensed with. According to the circuit configuration shown in Fig. 11,
15 the use has been made of a temperature sensitive resistor 39A for the pur-
pose of automatically adjusting the gain of the differential amplifier stage
41 in accordance with change in temperature so that a change of the load
sighal due to the change in temperature car; be compensated for by the
automatic adjustment of the gain of the differential amplifier stage 41. The
20 circuit configuration shown in Fig. 11 is effective to resolve the first
mentioned problem associated with the load signal becoming instable with
change in temperature, but it has been found that the second mentioned
problem associated with difficulty in adjustment and the waste of
component parts remains unsolved.
25
in consideration of the problems discussed hereinbefore in connec-
tion with the prior art weighing apparatuses, the present invention has

been devised to provide an improved weighing apparatus which does not
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W th respective span tenperature characteristic conpensating resistors 39
which*are in turn connected with a direct current power source 38 that
supplies an input voltage to the junctions a and b of the bridge circuit
33. " Each of the span tenperature characteristic conpensating resistor 39
isin®the formof a tenperature sensitive resistance elenent and is
utilized to conpensate for an increase of the |evel of the Ig@ﬁ si gnal

which woul d  CHEStaRalY  FRAUWARS LAt CPFPIigatad nand c Figieseengming agipstmgntyto

| owering of the Yourgﬂ's rmgul us of the strain i .dugi n% el e Cg\t wth an
increase of t'BREEYS{([pdveigning accuracy and can easily be service uring a main

tenance and, yet, which consumes a minimized amount of electric power.
To this end, the present invention provides a weighing apparatus
5 which comprises a load cell for outputting a load signal in prpportion to
a load imposed thereon by the object to be weighed, a signal processing
circuit for processing the load signal from the load cell to provide a

weight signai indicative of the weight of the object to be weighed. And
the load ceil includes a strain inducing element capable of inducing strains
i0 in response to application of the load imposeq on the load cell and a bridge
circuit having first and second strain gauges and a series-connected cir-

cuit composed of a plurality of resistors. The signal processing circuit

receives both of a load signal delivered from a junction between the first
and second strain gauges and a reference voltage signal delivered from a

15 junction between the resistors in the bridge circuit.

With this weighing apparatus, both of the load signal and the
reference voliage signal are delivered from the bridge circuit formed on
the side of the load cell and are in turn supplied to the signal processing
circuit provided separately from the load cell. Since the resistors forming

20 respective parts of the bridge circuit on the load celi concurrently serve
as resistor for providing the reference voitage signal, the precision of
both of the load signal and the reference voltage signal which considerably
affects the weighing accuracy depends oniy on the precision of the bridge
circuit. Accordingly, an adjustment required to secure the weighing

25 accuracy can be simply accomplished by adjusting the bridge circuit on
the load cell. Also, even where the lcad cell is desired to be replaced
during the servicing job, a mere replacement with the adjusted load ceii

is sufficient to secure the weighing accuracy and, after the replacement,
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- 3- A vol tage between output-side junctions ¢ and d of the bridge
cir- *cuit 33 is supplied to a signal processing circuit 40 provided on the
main cirtuit board 31. This signal processing circuit 40 enployed in this
prior art weighing apparatus includes a differential anplifier stage 41
for ampli- fying the load signal outputted fromthe |oad cell 30, an
analog filter for renoving a noise conponent from.the | oad S|9nal whi ch

has been anpl i ?7¥d2 §RAM ﬂ@‘tﬁ‘WP@F dRt§hg signaliRrosessipggeirgyit ignrequired with

anal og-to-digital converter AE)C
9 g no need to adefusé )WhOle circuit including the bridge circuit on the

ioad cell and the signal processing circuit.
Also, by choosing a higher resistance value for each of the resistors
5 in the bridge circuit, the amount of electric power consumed by the bridge
circuit can be minimized advantageously.

According to a preferred embodiment of the present invention, the
signal processing circuit includes an amplifier means for amplifying the
load signal, and a temperature compensating resistance means connected

10 with the amplifier means. The temperature compensating resistance means
has a characteristic effective to vary an amplification factor of the
amplifier means with change in temperature to thereby compensate for a
temperature coefficient of Young’s modulus of the strain inducing element
s0 as to suppress variation of a icad signal cuiputted from the ampiifier

i85 ' means with change in temperature. Accordingly, the load signal outpuited
from the amplifier means does not vary with change in temperature as the
Young’s modulus of the strain inducing element varies with change in
temperature even though the level of the load signal varies with change
in temperature, and accordingly, the weighing accuracy can be improved

20 advantageousiy.

Also, according to another preferred embodiment of the present
invention, each of the strain gauges may be in the form of a temperature
compensating resistor capable of compensating for the temperature coeffi~
cient of the Young's modulus of the strain inducing element. In such case,

25 the load signhal outputted from the bridge circuit will not vary with change
in temperature of the strain inducing element and, therefore, the weighing

accuracy can be improved advantageousiy as weii.
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43 for converting the filtered load signal into a digital |oad signal, and
a céntral processing unit (CPU) 44 for cal culating a neasured val ue repre-
sentative of the weight of the object to be weighed based on the digital

| oad signal supplied fromthe anal og-to-digital converter 43 and also for
provi ding a display unit with the neasured value in the formof a weight
signal capable of being displayed. On the other hand, the direct
current power sourlBeal3Binthen|mefenied embedueenti of ter |PW§§G%I‘@W€'QH vitger

circuit 46 faor providing all conponent elenents of the signal processing
circuit 40 witmdge ciicsit indlemen afgHstRRNt QPF'@P'F'] C%Ge‘&*ege'é’o?ﬂf iR M ykhe

divider circuit. 47 for anal og tg converter 4;(‘3a W th
a second ref éﬁéﬁée%et%a‘g Vlcﬁ%o g‘ecé?ﬁfﬁt ﬁé’r “the'sttain’ gauges or adju
an output from the bridge circuit. According to this embodiment, by
5 ad justing or selecting the resistance value of the adjustment element, the
zero-point adjustment of the bridge circuit is possible. The adjustment
element may be connected in series with either the resistors or the strain
gauges. Where variation in resistance is considerable among the strain
gauges, the series connection of the adjustment element with the strain
10 gauges may require such a complicated and time—-consuming procedure of
adjusting the resistance of each of the strain gauges or a calcutation
based on measurement of the resistance of each strain gauges in readiness
for the selection of the adjustment element to be used for each bridge
circuit. Accordingly, in such case, it is preferred that the adjustment
15 element is connected in series with the resistors which can be

manufactured with no considerable variation in resistance thereof.

In any event, the present invention will become more clearly under~

stood from the following description of preferred embodiments thereof,

20 when taken in conjunction with the accompanying drawings. However, the
embodiments and the drawings are given only for the purpose of itlustra-

tion and explanation, and are not to be taken as limiting the scope of the

present inventio'n in any way whatsoever, which scope is to be determined

by the appended claims. In the accompanying drawings, like reference

25 numerals are used to denote like parts throughout the several views, and:
Fig. 1 is a block circuit diagram showing a weighing apparatus

according to a first preferred embodiment of the present invention:
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anal og-to-digital converter 43a to determne the |l evel of an input signal
suppl red t Her et o. The circuit configuration shown in Fig. 9 makes
use of a nunber of resistance elenents in, for exanple, the four strain
gauges 42 and the two voltage divider circuits 46 and 47 and, thus, the
nunbers of conponent parts enployed therein is relatively great. Al so,
since the resistance of each of the strain gauges 32 of a kind enployed in
t he wei ghi ng appar dtigs 2 issa gehemnatit \perepeeti ve | Wiewond, atsieaisr ingicing retement3s
consunes a rel ativ_el¥ | ar ge. amount of el ectric power. Therefore, in the
case of the weisgHi MgtheWsighingsappanatus afythe PAESETY/INVeR&ioRattery is apt to

run out quickly. . ) , . . . .
Fig. 3 is a schematic plan view showing a connection between two

printed circuit boards employed in the weighing apparatus of the present.
5 invention;
Fig. 4(a) is a schematic side view of the strain inducing element in
a non-loaded condition;
Fig. 4(b) is a schematic side view of the strain inducing element in
a loaded condition;
10 Figs. 5(a) to 5(f) are graphs showing temperature compensating
characteristics in the weighing apparatus of the present invention;
Fig. 8 is a block circuit diagram showing the details of a differential
amplifier stage used in the circuit of Fig. 1;
Fig. 7 is a block circuit diagram showing the weighing apparatus
15 according to a second preferred embodiment of the present invention;
Fig. 8 is a block circuit diagram showing the weighing apparatus
according to a third preferred embodiment of the present invention;
Fig. ¢ is a block circuit diagram showing one of the prior art
weighing apparatuses;
20 Fig. 10 is a block circuit diagram showing another one of the prior
art weighing apparatuses; and
Fig. 11 is a block circuit diagram showing the other of the prior art

weighing apparatus.

25 Referring first to Figs. 1 to 3, a weighing apparatus according to a
first preferred embodiment of the present invention comprises a load cell
1 operable to output a load signal in response to application of a load

imposed thereon, and a main printed circuit board 2. The main printed
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-4- In view of the problens di scussed above, the use has been
suggest- €d of such a bridge circuit 33A as shown in Fig. 10. The bridge
circuit 33A shown in Fig. 10 is so designed that a difference between a
voltage appearing at the junction d between the strain gauges 32 and the
first " reference voltage VCOM nay be utilized as a |load signal. This bridge
circuit 33A has been considered advantageous in that, when each of the
vol tage di vi defir@yit dgard 4 gnatigies7a s49rdoREPLasS el @it 8| aperAdlg R gjRct-
rically process the load signal, supplied from the load celi 1, to provide a
measured weight signal indicative of the weight of an object to be weighed.
The load cell 1 includes a bridge circuit 4 and a strain inducing
5 element 5 shown in Fig. 2, which element & is capablie of producing strains
in response to application of a load imposed by the object to be weighed.
The strain inducing element 5 is of a structure comprising, as best shown
in Fig. 2, a parallelepiped block having a generally elongated bore 6 that
is defined by a pair of generally oval openings 6a and 6b positioned adja-
10 cent respective opposite ends of the parallelepiped block and a straight
opening 6¢ communicating the oval openings 6a and 8b with each other.
The parallelepiped block is so bored as to leave a fixed rigid portion 5a in
one of the opposite ends, e'.g., a left—-hand end as viewed in Fig. 2, thz;,reof
and a movable rigid portion 5b in the other, i.e., right-hand, end thereof
15 and aiso so as to leave upper and lower transverse beams 5c and 5d defin-~
ed on respective sides of the bore 6 and connecting the fixed and movable
rigid portions 5a and 5b together. Strain gauges 7 and 8 forming parts
of the bridge circuit 4 are fixedly mounted exteriorly on notch regions Se
and 5f in the upper transverse beam 5¢, each of said notch regions 5e and
20 5f being def%ned-immediately above the respective oval opening 6a or 6b
and corresponding in position to the most thin-walled portion of the upper
transverse beam, Each strain gauges 7 and 8 may be of any known con-
struction and therefore has operating characteristics standards to all of
the strain gauges generally employed in a load cell for weighing
25 apparatuses for compensating for a variation of a temperature-dependent
coefficient of thermal expansion of the strain inducing element 5.

The bridge circuit 4 is formed on a flexible main printed circuit

board 21 shown in Figs. 2 and 3 and is electrically connected through
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resi stance, the amount of the electric power consunmed by the bridge
circdit 33A can be consi derabl y reduced. However, this configuration of
the bridge circuit 33A has been found having the following two probl ens.
In the first place, unless the span tenperature characteristic
conpensating resistors 39 have the sane resistance and the sane tenpera-
ture characteristic, the voltage at the junction d fromwhich the |oad
si gnal can becereaiouR24 Iaﬂét%%{ wdthythe stdnad geracassiagpeirauiird fotmed opghe
becomes instable with change in tenperature. Secondly, since the
| evel of the MaHY PSin9dl CiF quit Raagdent elin® pteaingeayessehca i Reentaden the

voltage at the junction d tween the strain . gau .
9 st alnjn (x:nduging qument 5 are connectectgon %?ﬁngs formed on the flexible

printed circuit board 21.

5 - As best shown in Figs. 4(a) and 4(b), the strain inducing eiement §
is supported with the fixed rigid portion 6a fixedly secured to a support
framework 25 of the weighing apparatus whiie a weighing table ¢ is mount-
ed on the movable rigid portion 5b. Therefore, it will readily be
understood that, when a load F, that is, the weight of the object M to be

10 weighed, is placed on the weighing table 8, the strain inducing element §
deforms having undergone a parallel motion in which the movabie rigid
portion 5b moves downwards relative and parallel to the fixed rigid portion
5a. As a result of the deformation of the strain inducing element 5 in the
manner described previously, strains are induced in the strain gauges 7

15 and 8, acco:ﬁpanied by change in resistance of the strain gauges 7 and 8
in proportion to the amount of strains so induced. Based on the
respective resistances of the strain gauges 7 and 8 which vary in
proportion to the amount of the strains so induced, the bridge circuit 4
generates a load signal corresponding to the weight F of the object M to

20 be weighed.

The signal processing circuit 3 formed on the main printed circuit
board 2 and shown in Fig. 1 includes an amplifier stage 17 for amplifying
the load signal supplied from the iocad cell 1, an anafog filter 18 for
removing a high freguency component of a f.requency higher than a prede-

25 termined cut-off frequency from the load cell, that is, a vibration
componen;c attributable mainly to mechanical vibration of the load cell 1, an
analog-to—-digital converter (ADC) 18 of, for example, a double integrating

type for converting the filtered analog load signal into a digital joad
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32 and the first reference voltage V[err] it is necessary to conpensate
totall'y for the tenperature characteristic of both of the voltage divider
circuit 46 and the strain gauges 32 in order to obtain the |oad signal
stable relative to the change in tenperature. And, since the strain gauges
32 are fitted to the load cell 30 on one hand and, on the other hand, the
vol tage divider circuit 46 is fitted to the main circuit board 31, an

adj ust mrent nesaFsdy ynd @ ceoirpE E@kessioy Urdh{SPE LROefod ey emarerttcaliar p rickessing
must be carried out while the load cell 30 and the main circuit board 31
are assenbl edthegkgitalloadtrigediote previdesd etahtesionebmirdch ds tirdicatiyki dahed
and tinme-consumng. In addition, since the load cell 30 and the

circuit boardMBRSWHrREWelEE ARbke Bdachty be waighed: ard yhishbra bé%ﬁPHYSH

by any known display unit {not shown).

5 The bridge circuit 4 includes, in addition to the strain gauges 7 and
8 referred to above, a series-connected circuit SC of first to third
resistors 10, 11 and 12, each being in the form of an usual resistor having
an extremely small temperature-dependent coefficient of resistance, and
adjusting elements 13 connected with each other through the series—

10 connected circuit SC of the first to third resistors 10 to 12 for adjusting
an output of the bridge circuit 4. Specifically, a series—connected circuit
of the strain gauges 7 and 8 and a series—connected circuit including the
first to third resistors 10 to 12 and the adjusting elements 13 are con-
nected parallel to each other between plus and ground poles of a direct

15 current powér source 14 capable of providi.ng a bridge input voltage Vex.
Accordingly, a junction D between the strain gauges 7 and 8 provides the
load signal; a junction C between the first and second resistors 10 and 11
provides the a first reference voltage signal Veows and a junction E be-
tween the second resistor 11 and the third resistor 12 provides a second

20 reference voltage sighal VREF' The first reference voltage signal VCOM
provides a reference voltage common to all component parts of the signal
processing circuit 3 while the second reference voltage signal VREF is a
reference voltage used by the analog-to-digital converter 19 in the signal
processing circuit 3 to compare an input signal with it.

25 Each of the adjusting elements 13 disposed on two arms of the
bridge circuit 4, that is, between a junction A and the first resistor 10 and
between a junction 8 and the third resistor 12, respectively, is used for

adjusting the load signal from the load cell 1 to a predetermined level or
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-5- have no conpatibility with any other load cell or main circuit board
and tust be enployed always in a paired fashion in a particul ar wei ghing
apparatus, a replacenment of one of the load cell 30 and the nmain circuit
board 31 requires a corresponding replacenent of the other of the |oad cell
30 and the main circuit board 31. Thus, when one of the |load cell and the
main circuit board both enployed in a particul ar wei ghing apparatus is
a zero—point level during a non-loaded condition of the weighing apparatus
and comprises a zero-point ad justing resistor 15 and a zero—point tempera-
ture characteristic compensating resistor 16. The zero-point adjusting
resistor 15 is in the form of a precise resistor having a small temperature
5 coefficient enough to coordinate variations in resistance value between the
strain gauges 7 and 8 to adjust an output from the bridge circuit 4 to the
predetermined level, for example, a zero volt. On the other hand, the
zero—-point temperature characteristic compensating resistor 16 is in the
form of a temperature sensitive resistance element for compensating for a

16 deviation of the output of the bridge circuit 4 from the predetermined
level as a result of a temperature dependent drift of the bridge circuit 4.
Each of these compensating resistors 15 and 16 has a sufficiently low
resistance as compared with that of any one of the first to third resistors
10 to 12.

15 The amplifier stage 17 of the signal processing circuit 3 is connected
with a temperature compensating resistor 39A having its resistance vari-
able with change in temperature to thereby vary the amplification factor
of the amplifier stage 17. This temperature compensating resistor 39A has
such a characteristic as to compensate for the temperature coefficient of

20 the Young's modulus of the strain inducing element 5 to thereby suppress
a temperature-dependent change of the load signal outputted from the
amplifier stage 17.

in other words, the output voltage VOUT from the amplifier stage 17
is given by the following equation:

25 VOUT =V-G

= K € VEX-G v (1)

wherein Vex represents the bridge input voltage; V represents a bridge

output voltage, that is, a potential difference between a voltage at the
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required to be replaced, the both must be replaced with a pair of the |oad
cell and the main circuit board which have been separately adj ust ed,
resulting’in a waste of conponent parts. To substantially al | evi at e
the foregoing two problens, the inventors of the present invention has
suggested, in their United States Patent No. 4,951,765, such a circuit
configuration as shown in Fig. 11 in which the use of the span tenperature
charact eri sti dupetipenanchghe dsisdt afer@eensobaperionai ¥pgyiskdramirenents the
According to the circuit configuration showm in Fig. 11, the use has been
nmade of a tenﬁ@r“&ﬁuf%c@éngf tthee SEradn sPBYIGO & FBP”?W@"%UWS PR Top! strain
automatlcallya the ain of the fferenti al
Rccor dance vi (ROUThGE ¥ TEARLPANAFEAEY § HAPrSEHANYE BPPUHER G dactor o
the amplifier stage.

5 In general, the amount of strain € induced in the strain gauge
increases, as shown in Fig. 5(a), as the Young’s modulus of the strain
inducing element § lowers as a result of an increase of temperature. Also,
the gauge factor k increases, as shown in Fig. 5(b), with increase of
temperature. Accordingly, assuming that the input voltage Vex is fixed as

10 shown in Fig. 5(c), the bridge output voitage V increases as a result of
strains induced by an increase of temperature. Therefore, in the case of
the prior art weighing apparatus employing the full bridge circuit 33 as
shown in Fig. 8, the use has been made of the span temperature charac-
teristic compensating resistors, each having a resistance tending to

15 increase with increase of temperature, so that the input wvoltage Vex
applied to the junctions a and b of the bridge circuit 33 can be lowered
with increase of temperature to thereby compensate for the span tempera-
ture characteristic to maintain the output voltage VOUT at a constant value
as shown in Fig. 5(e}.

20 However, in the bridge circuit 4 employed in the present invention
and corresponding in function to the half-bridge circuit 33A shown in any
cne of Figs. 10 and 11, the use of the above mentioned span temperature
characteristic compensating resistors 338 would result in the previously
discussed problem in that the voltage at the junction D from which the

25 load signal is taken out fluctuates with change in temperature uniess the

span temperature characteristic compensating resistors 39 have the same

resistance and the same temperature characteristic with each cther.
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signal due to the change in tenperature can be conpensated for by the
automati c adjustment of the gain of the differential anplifier stage 41.
The «circuit configuration shown in Fig. 11 is effective to resolve the
first nmentioned problem associated with the | oad signal becom ng instable
with “change in tenmperature, but it has been found that the second
mentioned problemassociated with difficulty in adjustnment and the waste
of conponent part$nreies 9§ thesdbvegbing, in the gractieasPldhat fioat gfrefévaed
probl ens di scussed herei nbefore in connec- tion wth the prior art

wei ghi ng appaga}[bgggggnttqa,fettm peesentiipventipenthgdridge input voitage Vex is fixed

while the amplification factor G of the amplifier stage 17 is allowed to lower
with increase of. temperature as shown in Fig. 5(d}). By so doing, the
5 output voltage VOUT of the amplifier stage 17 could be maintained at a
constant value as can readily be understood from the equation (1} quoted
above.
An example of the amplifier stage 17 referred to above and which can
be employed in the practice of the present invention is of a circuit
10 configuration as shown in Fig. 8. Referring to Fig. 6, the amplifier stage
17 includes a negative feed-back amplifier 171 having a positive input
terminal adapted to be fed with the first reference voltage signail VCOM
while the load signal appearing at the junction D of the bridge circuit 4
is fed to a negative input terminal of the negative feed-back amplifier 171
15 through a puffer 172 and the temperature compensating resistor 39A. The
amplification factor G of the amplifier stage 17 of the above described
circuit configuration has the following relationship with the resistance
value Rf of a negative feed-back resistor 173 and the resistance value Rs
of the temperature compensating resistor 39A:
20 G = Rf/Rs
Accordingly, by rendering the resistance value As of the temperature
compensating resistor 3%9A to increase with increase in temperature of the
temperature compensating resistor 39A, the amplification factor G increases
with increase of the temperature and, thus, as shown in Fig. 5(e), the
25 output voltage VOUT {span) of the amplifier stage 17 can be stabilized at
a constant value relative to change in temperature.
The weighing apparatus of the construction described hereinbefore

operates in the following manner.

< 15 >
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been devised to provide an |nproved wei ghi ng appar at us whi ch does not

-6- suUbstantially require a conplicated and time-consuni ng adj ustnent to
i mprove the wei ghing accuracy and can easily be serviced during a

nmai nt enance and, yet, which consunes a minimzed anount of electric power.
To this end, the present invention provides a wei ghi ng apparatus which
conprises a load cell for outputting a |oad signal in proportion to a |oad
i nposed t hereon by Asféimippedhat sheeinmitghettaga Siqgnathepdonsssscngreritr pawer
connected to the |oad cell, for processing the |oad signal fromthe | oad
cell to provi RPUCRelditt aBPHpR DSt WaeR dheviinstions A and B of the bridge circuit

4 of the load cell 1, a voltage generated between the junctions C and D of

the bridge circuit 4 may be subsequently supplied to the amplifier stage

5 17 as a load signal. The amount of offset of the load signal from the load

cell 1 during a non-ioaded condition of the weighing apparatus is ad justed

by the zero-point adjusting resistor 15 and the zero-point temperature

characteristic compensating resistor 16 so as to attain the predetermined

level without being adversely affected by.a change in temperature, that

10 is, so as to permit the output voltage difference between the junctions C
and D to attain a predetermined value, for example, zero volt.

On the other hand, as the first reference voltage signal Veonm common
to all component parts of the signal processing circuit 3, a voltage appe-
aring at the junction C of the bridge circuit 4 is supplied from the load

15 cell 1 to the éignal processing circuit 3 on the main printed circuit board
2. Also, as the second reference voltage signal VREF utilized by the
analog-to—digital converter 19, a voltage appearing at the junction E of the
bridge circuit 4 is inputted to the analog—-to—digital converter 19. Partly
because the difference between the first and second reference voltage

20 signals VCOM and VREF corresponds to a voltage between opposite ends of
the resistor 11 and partly because each of the first to third resistors 10
to 12 has a resistance value sufficiently higher than the resistance value
of any one of the adjusting elements 13 and also has an extremely small
temperature-dependent coefficient of resistance, it is possible to supply

25 the second reference voltage signal VREF which is stable relative to the
first reference voltage signal VCOM corresponding to a virtual ground
voltage.
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t he weight of the object to be weighed, wherein the |oad cell includes a
strain inducing el enent capable of inducing strains in response to
applicatidn of the |load i nposed on the load cell and a bridge circuit
having first and second strain gauges and a series-connected circuit
conposed of a plurality of resistors, the signal processing circuit
receiving a |load signal delivered froma junction between the first and
second strain gaugeghe anplagsioad «figpainteP uksed é@)éhgi%lf'ﬁéﬁaﬁérgdisf?'bmlﬁed
junction between the resistors in the brjdge circuit, an

ref erence vol tﬂbeé'eﬂ?alaf’f?e?‘é%selql’“@ﬁiﬂé( Pﬂﬁ’ﬁﬁdl %@B\@%%ﬁ?%&eétkﬁ By yihighea

brid .

onal 9g-t Lrﬁf:giti‘a%nf'eﬁeeﬁf °%f@°”§'e’§8?3f"ﬁgfﬁi%5 sl %ngﬁd °§ﬁ&§f‘3 I
f

Ganatc O VPHR B Al 3RLE ek Ne RBR BhE haibl Fusde B! ke

refergnce vol té&ﬁ/e?‘tg@ady e Haldgresafl gitaPBbhDErtar | fH0mte! 4 Wigital @cséaeglg%u
the side of the load cell and are in turn supplied to the signal processing

circuit provi dedichepsralttieyubh@in leplioR i eh . cePithgle plrbeeds®sd Skwit s24.0r M ng
respective parts of the bridge circuit on the | oad cel
response to receipt of the digital load signal, the central processing unit
20 performs a calculation to determine the weight of the object to be
weighed and then outputs the weight signal to the display unit for
10 providing a visual indication of the weight of the object so weighed.

in the weighing apparatu_s according to the present invention, the
bridge circuit 4 in the load cell 1 is highly precisely assembled and,
therefore, both of the ﬂrsf and second reference signals Veoou and Vger
and the load signal can be precisely controlled simul’céneous!y. Also, the

15 ad justment necessitated to secure the weighing accuracy can be carried
out on the side of the load cell 1 independently of the circuit on the main
printed circuit board 2.

Moreover, where the load cell 1 is required to be replaced during a

servicing, a mere replacement with a similar, but adjusted load cell is
20 sufficient to preserve the weighing accuracy and no adjustment other than
the span adjustment in the central processing unit 20 is required.

Also, since the load cell 1 used in the weighing apparatus of the
present invention employs the first to third resistors 10 to 12 connected
in the bridge circuit 4, that is, the first to third resistors 10 to 12 may

25 possibly correspond to a circuit in which the two voltage divider circuits
46 and 47 in any one of Figs. 9 to 11 are integrated together, the number
of resistors necessitated in the bridge circuit 4 can be reduced

advantageously. T e
This Sheet Has Been R.

[T/ —



concurrently serve as resistor for providing the reference voltage signal,
the precision of both of the |oad signal and the reference voltage signal
whi ch consi derably affects the wei ghing accuracy depends only on the
precision of the bridge circuit. Accordingly, an adjustnent required to
secur® the wei ghing accuracy can be sinply acconplished by

-7- adjusting the bridge circuit on the load cell. Also, even where the
| oad cel |l is desirés, tthebereesicreced the itegpehatuger comprysatimg esigioe 39A
replacenent with the adjusted load cell is sufficient to secure the

wei ghi ng accuradgctas withy the ampéifiespstagenhef the signal processing circuit 3 is

effective to compensate for the temperature coefficient of the Young’s
modulus of the strain inducing element 5 so that any possible temperature-

5 dependent variation of the load signal outputted from the amplifier stage
17 can be suppressed. Accordingly, the load signal outputted from the
amplifier stage 17 is stable and will not fluctuate with change in
temperature and, therefore, the weighing accuracy can be improved
advantageously.

10 Furthermore, since the resistance value of each of the first to third
resistors 10 to 12 forming respective parts of the bridge circuit 4 can be
chosen to be of a high value regardliess of the resistance value of any one
of the strain gauges 7 and 8, the amount of the electric power consumed
in the bridge circuit 4 can be advantageousiy minimized and, therefore, the

18 present invention can be best used in a battery-powered weighing
apparatus.

In the meantime, where during the manufacture of the strain gauges
the strain gauges have considerably varying resistance values, and in
order for the adjusting elements to be connected in series with the strain

20 gauges, a complicated and time-consuming procedure may be required to
measure the resistance value of each of the strain gauges 7 and 8, then
to perform a calculation to determine the resistance value of each of the
adjustment elements 13 in reference to the measured resistance values of
the strain gauges 7 and 8, and finally to select the adjustment elements

25 each having a resistance value equal to or approximating to the determined
resistance value.

In contrast thereto, in the illustrated embodiment of the present

invention, in the bridge circuit 4 the adjustment elements are connected
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-8- only a span adjustnent in the signal processing circuit is required
with ho need to adjust the whole circuit including the bridge circuit on
the load cell and the signal processing circuit. Al so, by choosi ng
a higher resistance value for each of the resistors in the bridge circuit,
the anbunt of electric power consuned by the bridge circuit can be
m ni m zed advant ageously.
in series with the first to third resistors 10 to 12 and a so-called fixed
resistor, which has little variation in resistance among the fixed resistors,
can be advantageously used for each of the first to third resistors 10 to
12. Therefore, once the adjustment elements, each being of a type having
5 a resistance value chosen in consideration of the resistance value of each
of the fixed resistors used for the first to third resistors 10 to 12, are
employed in the practice of the present invention, identic;':xl ad justment
elements can equally be employed ih other similar bridge circuits 4. On
the other hand, the strain gauges having considerably varying resistance
10 values can be employed in the practice of the present invention. This
brings about an improvement in workability and also a minimization of any
possible reduction in characteristic of the strain gauges with passage of
time.
In the foregoing embodiment of the present invention, the tempera-
15 ture compenéating resistor 39A has been shown and described as mounted
on the strain inducing element 5 of the load cell 1. This is particularly
advantageous in that any possible change in temperature of the strain
inducing element 5 can be transmitted directly to the temperature compen-—
sating resistor 3%A. However, where the main printed circuit board 2
20 having the signal processing circuit 3 formed thereon is positioned in the
vicinity of the strain inducing element §, the temperature compensating
resistor 38A may be mounted on the main printed circuit board 2 and, even
in this alternative disposition, the temperature compensating resistor 39A
can have its resistance value varying effectively with change in tempera~-
25 ture of the strain inducing element 5.
Fig. 7 illustrates a second preferred embodiment of the present

invention. in this se_cond preferred embodiment, the temperature compen-

sating resistor 39A which has been described as employed in the foregoing

This Sheet Has Been Reilace-d < 19 >

A



According to a preferred enbodi nent of the present invention, the signal
processing’circuit includes an anplifier neans for anplifying the |oad
signal, ahd a tenperature conpensating resistance neans connected wth the
anplifier neans. The tenperature conpensating resistance neans has a
characteristic effective to vary an anplification factor of the anplifier
means with change in tenperature to thereby conpensate for a tenperature
coef fici ent ofenvoedigiest midieupredertthinventainn is rldsipenspde wétreatd, swstaad) dhe
suppress variation of a load signal outputted fromthe anplifier neans
wi t h change i rstraimegaieges, enowaguticatiedgby 70tans BGatespegtisk! o arglemddyed each
the anplifier neans does not .vary with change in tenperature as the
in the form of a temperature compensating resistor having a characteristic
effective to compensate for the temperature coefficient of the Young's
5 modulus of the strain inducing element.

In other words, each of the strain gauges 70 and 80 has such a
characteristic that the gauge factor k decreases with increase of the
temperature T as shown in Fig. 5(f). On the other hand, as hereinbefore
described, the strain € increases, as shown in Fig. 5(a), as a result of

10 reduction in Young’s moduius E of the strain inducing element due to
increase of the temperature T, thereby tending to increase the output
voltage VOUT' This increment of the output voltage VOUT is counter-
balanced by the temperature characteristic of the gauge factor k and,
consequently, as can readily be understood from the equation (1) discussed

15 hereinbefore, even though the amplification factor G of the amplifier stage
17 remains constant regardiess of the change of the temperature, a con-
stant output voltage VOUT c¢an be obtained as shown in Fig. 5(e) relative
to the constant input voltage Vex shown in Fig. 5{c). Thus, the strain
gauges 70 and 80 are of a type capable of counterbalancing change of the

20 Young’s modulus of the strain inducing element resulting from change in
temperature, that is, of a type capable of compensating for the temperature
coefficient of the Young’s modulus. Each of the strain gauges 70 and 80
also has a usual operating characteristic of compensating for the tempera-
ture coefficient of thermal expansion which is generally found in standard

25 strain gauges employed in the load cells for weighing apparatuses.

Each of the strain gauges 70 and 80 of a type capable of compensat-

ing for both the temperature coefficient of the Young’'s modulus of the

strain inducing element and the temperature coefficient of thermal
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Young's nodul us of the strain inducing elenent varies with. change in
t enpertat ur & even though the level of the |oad signal varies with change

t enper at uf e,

and accordi ngly, the wei ghing accuracy can be inproved

advant ageousl y. Al so, according to another preferred enbodi nent of

t he priesent
t enperature

I nvention, each of the strain gauges nmay be in the formof a
conpensating resistor capable of conpensating for the

t enper at ur e ceéspaasion dfehne straimendogy slerrnfl ean dfe emeloredaim thedesmmf

el enent. I n such case the | oad signal outputted fromthe bridge circuit
wi |l not varyavﬁWeéﬂ%gecomﬁﬁrtSéﬁ'}S‘@r gevge RirepgRed é‘f?‘ﬁi%r?ﬁat?é'iqqge‘@lné%ﬁf'
and, theref or$6r t he i gahi pg(é}_a%curac aﬁ%r;, be i nproved advant ageously as

wel | .

10

15

20

25

example,a n romiu

According to the foregoing second preferred embodiment of the
preseﬁt invention shown in and described with reference to Fig. 7, since
the strain gauges 70 and 80 themselves have the characteristic of compen-
sating for the temperature coefficient of the Young's moduius of the strain
inducing element, the load signal outputted from the bridge circuit 4 is
stabilized without being varied with change in temperature of the strain
inducing element 5 and the weighing accuracy can therefore be increased.

In describing any one of the foregoing preferred embodiments of the
present invention, the bridge circuit 4 has been shown and described as
having the adjustment elements connected in series with the first to third
resistors 10 to 12. However, where variation in resistance of the strain
gauges 7 and 8 is small, such complicated and time—-consuming procedure
in selecting the adjustment elements is no longer required and, therefore,
the adjustment elements 13 may be connected in series with the strain
gauges 7 and 8 as shown in Fig. 8. Even with a third preferred embodi-
ment of the present invention shown in Fig. 8, both of the zero-point
ad justment and the zero-point temperature characteristic compensation of
the bridge circuit 4 can efficiently and satisfactorily be accomplished by
the adjustment elements 13.

Althocugh the present invention has been fully described in
connection with the preferred embodiments thereof with reference to the
accompanying drawings which are used only for the purpose of illustration,
those skilled in the art will readily conceive numerous changes and

modifications within the framework of obviousness upon the reading of the

specification herein presented of the present invention. For example,
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-9- In a further preferred enbodi nent of the present invention, the
bridge*circtlit includes an adjustment el ement connected in series with the
series-connected circuit of the resistors or the strain gauges for
adjusting an output fromthe bridge circuit. According to this

enbodi frent, by adjusting or selecting the resistance value of the

adj ustnent elenent, the zero-point adjustnent of the bridge circuit is
possi bl e. The adhosgmemtany one of the foregoing embodiments of the present invention,

the bridge circuit 4 has been shown and described as having two strain
gauges 7 and 8, or 70 and 80, on respective sides of the junction D, a

plurality of strain gauges may be employed on each side of the junction

5 D of the bridge circuit.

This Sheet Has Been Rei

T

< 22 >



el ement may be connected in series with either the resistors or the strain
gauge8. ‘Where variation in resistance is considerable anong the strain

gauges, the ser”mlﬁ the adjustnent element with the strain
gauges may requ mﬂ Hmu lcat ed and time-consum ng procedure of
adj usting the redistarkce *of seath of the strain gauges or a cal cul ation
based on neasurenment of the resistance @A h strain gauges in readiness
for the selection of the adjustnment elenent to be used for each bridge
circuit. Accordingly, in such case, it is preferred that the adjustnent
el ement is connect el weightrig epparafust foe measwstiagstivhivaliglstaof 2@ object to be
manuf actured with no considerable variation in resistance thereof.
weighed by electrically processing the weight of the object, which
apparatus comprises:
a load ceil for outputting a load signal in proportion to a load
imposed thereon by the object to be weighed and
a signal processing circuit for processing the load signal from the
load cell to provide a weight signal indicative of the weight of the object
to be weighed; and
wherein said load cell includes a strain inducing element capable of
inducing strains in response to application of the load imposed on the ioad
cell, and a bridge circuit having first and second strain gauges and a
series—-connected circuit comprised of a plurality of resistors;
said si.gnal processing circuit receiving both of a load signal
delivered from a junction between the first and second strain gauges and
a reference voltage signal delivered from a junction between the resistors
in the bridge circuit,
2. The weighing apparatus as ciaimed in Claim 1, wherein said signal
processing circuit includes an amplifier means for amplifying the load
signal, and a temperature compensating resistance means connected with
said amplifier means, said temperature compensating resistance means
having a characteristic effective to vary an amplification factor of the
amplifier means with change in temperature to thereby compensate for a
temperature coefficient of Young’'s modulus of the strain inducing element
so as to suppress variation of a load signal cutputted from the amplifier
means with change in temperature.

3. The weighing apparatus as claimed in Claim 2, wherein said

temperature compensating resistance means is fitted to the load cell.

i



In any event, th nt _invention wll beconme nore clearly under- stood
from tcthe' f ol | owi ﬁﬂﬂﬁ I lmulum preferred enbodi nents thereof, when
taken in €onjunct P ¥ ad8onpanyi ng draw ngs. However, the

enbodi nents and the drawi ngs are given only for the purpose of illustra-

tion ahd explanation, and are not to be taken as limting the scope of the
present invention in any way whatsoever, which scope is to be determ ned

by the appended cl WWW% VY @OSain] 3, k@ede@l SHAREGAT
nuneral s are used to denote i ke parts throughout the several views, and:
Fig. 1 is a blekessingurircditaiy darmpdwwman anaiei ghinigd apipavidt beardarsk drith
to a first preferred enbodi nent of the present invention;

temperature compensating resistance means is mounted on said main
printed circuit board.
5. Tre weighing aperatus as claimed in any of claims 1 to 4, wherein each of said
strain gauges is a temperature compensating resistor having a characteris-
tic capable of compensating for a temperature coefficient of Young’s
modulus of the strain inducing element.
6. Tre weighing aparmts as claired in any of claims 1 to 5, vherein said signal
processing circuit includes an analog—to-digital converter for converting
the load signal into a digital load signal and wherein said series—connected
circuit includes first to third resistors, a junction between the first and
second resistors providing a first reference voltage common to all elements
of the signal processing circuit while a junction between the second and
third resistér provides a second reference voltage determinative of the
level of an input signal applied to the analog-to-digital converter, said
first and second reference voltages being supplied to the signal processing
circuit.

7 e weighing apperatis as claired in ay of clains 1 to 6, wherein said bridge
circuit includes an adjustment element connected in series with the series-
connected circuit of the resistors for adjusting an output from the bridge
circuit. |
8. The weighing gyparatus as claimed in any of clains 1 to 7, wherein said bride
circuit includes an adjustment element connected in series with the strain
gauges.

9. A weighing apparatus substantially as hereinbefore

described with reference to any of the examples shown in

Figures 1 to 8 of the accompanying drawings.
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-10- Fig. 2 is a schematic perspective view of a strain inducing
el eneht © used in the wei ghing apparatus of the present invention;

Fig. 3 is"a schematic plan view showi ng a connection between two printed
circuit boards enployed in the wei ghing apparatus of the present

i nvent’i on;

ABSTRACT

WEIGHING APPARATUS
To facilitate the adjustment of the accuracy and servicing

maintenance of the electronic weighing apparatus, the weighing apparatus
comprises a load cell 1 and a signal processing circuit 3 for processing a
5 load signal from the load cell 1 to provide a weight signal indicative of the
load. The load cell 1 includes a strain inducing element 5 capable of
producing strains in proportion to the load imposed thereon, and a bridge
circuit 4 having a pair of strain gauges 7 and 8 fixed on the strain
inducing element § and a plurality of resistors 10 to 12. "A load signal is
10 taken from a junction D between the strain gauges 7 and 8; reference
voltage signals VCOM and VREF are taken from respective junctions C and
E between the resistors 10 to 12. The load signal and the reference
voltage signéls are supplied to the signal processing circuit 3. If each of
the strain gauges 7 and 8 is employed in the form of a temperature com-
156 pensating resis’gor having a characteristic effective tc compensate for both
of the temperature coefficient of thermal expansion of the strain inducing
element 5 and the temperature coefficient of the Young's modulus, the

number of necessary component parts can be reduced
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Fig. 4(a) is a schematic side view of the strain inducing elenment in a
non- Ioaded condi ti on; Fig. 4(b) is a schematic side view of the
strain inducing elenent in a |oaded condi tion; Figs. 5(a) to 5(f)
are graphs show ng tenperature conpensating characteristics in the

wei ghi ng apparatus of the present invegtoon,; Fig. 6 is a block
circuit diagramshowing the details of a differential anplifier stage used
in the circuit of Fig. 1; Fig. 7 is a block circuit diagram show ng
t he wei ghi ng apparatus according to a second preferred enbodi ment of the
present invention; Fig. 8 is a block circuit diagram show ng the

wei ghi ng appar at us .
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according to a third preferred enbodi ment of the present invention;
Fig. 9is a block circuit di agram showi ng one of the prior art

appar at usés;

of the prior art weighing apparatuses; and

circuit diagram showi ng the other of t%kl%rlor art

melghing
Fig. 10 is a block circuit diagram show ng anot her one
Fig. 11 is a block

wei ghi ng appar at us.
Referring first to Figs. 1 to 3, a weighing apparatus according to a
preferred enbodi nent %Eithe eéesent i nvention conprises a | oad cel

39A
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1 operable to output a load signal in response to application of a |oad

i nposed théreon, and a main printed circuit board 2. The nmain printed

-11- cifcuit board 2 includes a signal processing circuit 3 operable to
elect- rically process the load signal, supplied fromthe load cell 1, to
provi de a neasured weight signal indBgagive of the weight of an object to
be wei ghed. The load cell 1 includes a bridge circuit 4 and a strain
i nduci ng

Fig. 4(a)
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el ement 5 shown in Fig. 2, which elenment 5 is capable of producing strains
in respOnse to appllcatlon of a load inposed by the object to be weighed.
The strai’h inducing element 5 is of a structure conprising, as best shown
in Fig. 2, a parallelepiped block having a generally el ongated bore 6 that
is defined by a pair of generally ovad/Xpeni ngs 6a and 6b positioned adj a-
cent respective opposite ends of the parallel epi ped block and a straight
openi ng 6¢c comuni cating the oval openings 6a and 6b with each other. The
paral | el epi ped block is so bored as to |eave a fixed rigid portion 5a in
one of the opp te e , a left-hand end as vi ewe Fig. 2,

thereof and a \@blgd€@3d portion 5b in the (FH@ 5 b right- hand end
thereof and also so as to | eave upper and | ower transverﬁﬁx%ﬁ?gs 5¢ and 5d

def i n-
o E.C & k | Gauges 7 8

i i 1

Fig. 5(c) Fig. 5(d)
Vex G J

Fig. 5(e) Fig. 5(f)

Vout
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T T Gauges 70,80
— T — T
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ed on respectlve sides of the bore 6 and connecting the fixed and novabl e
rigid portions 5a and 5b together. Strain gauges 7 and 8 forming parts of
the bridgé circuit 4 are fixedly nounted exteriorly on notch regi ons 5e
and 5f in the upper transverse beam 5c, each of said notch regions 5e and
5f -beihg defined i medi ately above thg, igspective oval opening 6a or 6b
and corresponding in position to the nost thin-walled portion of the upper
transverse beam Each strain gauges 7 and 8 may be of any known con-
struction and therefore has operating characteristics standards to all of
the strain gauges generally enployed in a |load cell for weighing

appar atuses for conpensating.for a variation of a tenperature-dependent

Fig. 6
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coefficient of thernmal expansion of the strain inducing el enent 5.

The bridge’ circuit 4 is forned on a flexible main printed circuit board 21
shown in Figs. 2 and 3 and is electrically connected through

- 12 - connectors 22a and 22b with the signal processing circuit 3 forned
on th€ main printed circuit board 2. %2@ strain gauges 7 and 8 nounted on
the strain inducing elenent 5 are coﬁ ted on wrings fornmed on the
flexible
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printed circuit board 21. As best shown in Figs. 4(a) and 4(b), the
strainm i*nducing elenment 5 is supported with the fixed rigid portion 5a
fixedly secured to a support framework 25 of the wei ghing apparatus while
a weighing table 9 is nmount- ed on the nmovable rigid portion 5b.

Theréfrore, it will readily be under st, 599 eg that, when a load F, that is, the
wei ght of the object Mto be weighed,’is placed on the melghlng table 9,
the strain inducing elenment 5 deforns having undergone a parallel notion
in which the novable rigid portion 5b noves downwards rel ative and
parallel to the fixed rigid portion 5a. As a result of the deformation of
the strain inducing element 5 in the manner descri bed previously, strains

are induced in the strain gauges
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and 8, acconpani ed by change in resistance of the strain gauges 7 and 8 in
proportion fo the anount of strains so induced. Based on the respective
resi stanced of the strain gauges 7 and 8 which vary in proportion to the
anount of the strains so induced, the bridge circuit 4 generates a |oad
signal corresponding to the weight F:?liwe object Mto be weighed

The signal processing circuit 3 forned on the main printed circuit board 2
and shown in Fig. 1 includes an anplifier stage 17 for anplifying the |oad
signal supplied fromthe |load cell 1, an analog filter 18 for renoving a
hi gh frequency conponent of a frequency higher than a prede-
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term ned cut-off frequency fromthe load cell, that is, a vibration
conponent ~attri butable mainly to nechanical vibration of the |oad cell 1,
an analeg-to-digital converter (ADC) 19 of, for exanple, a double
integrating type for converting the filtered analog |oad signal into a
digital |oad 1 - 13- si gnal ,
and a central processing unit (CPU) f({ foor arithnetically processing the
digital load signal to provide a weight signal which is indicative of the
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nmeasured wei ght of the object to be weighed and which can be displayed by
any kfiovin “di splay unit (not shown). The bridge circuit 4 includes,

in addltﬁ)n to the strain gauges 7 and 8 referred to above, a
series-gonnected circuit SC of first to third resistors 10, 11 and 12,

each Being in the formof an usual regg pi@r having an extrenely small

t enper at ur e- dependent coefficient of resistance, and adjusting elenents 13
connected with each other through the series- connected circuit SC of the
first to third resistors 10 to 12 for adjusting an output of the bridge
circuit 4. Specifically, a seriesfconnected circuit of the strain gauges 7
and 8 and a series-connected, ci rggl the g
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irst to third resistors 10 to 12 and the adjusting el enents are
‘nected parallel to each other between plus and ground poles of a direct
current -.power source 14 capable of providing a bridge input voltage Vex.
Accordlngly, a junction D between the ?tLaln gauges 7 and 8 provides the

| o give c-haprwegn the first and second presistors—10-and.11

pr bv qes’ 1 st fer Jol tage signal V[err]; nEE%.NCEﬂENT(ﬁHEEFb -
tV\4 ﬁ%“@%rﬁi‘gf’ s’"é?cﬁagi %ginc WESGHING ARPARATIUS 12| p F
age, s r
gﬁ‘,f m?dswgn I !

re g @] The first reference vl
pr )vﬁ'c@@wﬁlg('@fd?‘@ & \FBIH*’@ orfmon to al | conponent p rl
reference voltage used by t he arfal og-to-digital converjer 19 in the signal

pr bcldSAhsigetci rfiged 3.1 M%€%¢ he decond reference vol tag

The present invention relates to a weighing apparatus of a type
utilizing a signal processing circuit for electrically processing a load signal
outputted from a load cell so that the weight of an object to be weighed

‘can be displayed by a display unit.

Some of the currentliy commercially available weighing apparatuses
generally utilize such an electronic signal processing circuit as shown in
Fig. 8. For the discussion of the prior art believed to be relevant to the
present invention, reference will now be made to Fig. 9.

The prior art weighing apparatus shown in Fig. ¢ comprises a load
cell 30 electricaily connected with circuits formed on a main circuit wiring
board 31. The load cell 30 includes four strain gauges 32 each in the form
of a resistance element mounted, or cotherwise provided, on a strain
inducing element (not shown) which produces strains in response to a load
applied thereto as a resuit of placement of the object to be weighed.
These strain gauges 32 are electrically connected with a flexible printed
circuit board (not shown) so as to form a bridge circuit 33 of a full-bridge
type. The flexible printed circuit.board referred to above is coupled with
the main circuit board 31 through a suitable connector _(not shown). The
strain gauge 32 generall;} employed in the prior art weighing apparatuses
is of a type capable of compensating for a change of a coefﬁcient. of
thermal expansion of the strain inducing element so that any possible

measurement error resulting from a difference in coefficient of thermal



Jprocessing circuit 3 to conpare an input signal with it. Each of
the adjusting elenents 13 di sposed on two arns of the bridge circuit 4,
that is, between a junction A and the first resistor 10 and bet ween a
junction B and the third resistor 12, pespectively, is used for adj usting
the l-oad signal fromthe load cell 1 to a predeterm ned |evel or

:apéjr :at uz ZxBaRSioR petiieeh tHY PR iﬂgﬂ&;noga%?eqn&&ng%i% Hral§a¥§e P LAY
be eliminated.

Of four arms of the bridge circuit 33 having the respective strain
gauges 32 disposed thereon, two arms connected together through a junc-
tion ¢ inciude respective ad justment elements 34 for zero-point adjustment
to be accomplished during a non-ioaded condition of the weighing appara-
tus. In certain models, the adjustment element 34 is employed on all of the
four arms of the bridge circuit. in either case, each of these adjustment
elements 34 iﬁciudes a zero-point adjusting {offset adjusting) resistor 35
in the form of a precise resistance eiement used to coordinate variations
in resistance value among the strain gauge 32 to adjust an output from the
bridge circuit 33 to a target ievel, for example, a zero volt, and a zero—
point temperature characteristic compensating resistor 36 in the form of
a température sensitive resistance element connected in series with the
zero-point adjusting resistor 35 for compensating for a change of the
output of the bridge circuit 33 from the target level as a result of a
temperature dependent drift of the bridge circuit 33.

The bridge circuit 33 has input~side junctions a and b connected
with respective span temperature characteristic compensating resistors 39
which are in turn connected with a direct current power source 38 that
supplies an input voltage to the junctions a and b of the bridge circuit 33.
Each of the span temperature characteristic compensating resistor 39 is in
the form of a temperature sensitive resistance element and is utilized to
compensate for an increase of the level of the load signal which would
occur when the amount of strain increases as a result of a lowering of the
Young’s moduius of the strain inducing element with an increase of

temperature.
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and conprises a zero-point adjusting resistor 15 an Z€r 0- pol nt tjenper a-
*ture characteristic conpensating resistor 16. The zer -Qgi QW stii g
resistor 15 is in the formof a precise resistor haling I en{perature
coefficient enough to coordinate varjafions in resipt wgen t he

strain gauges 7 and 8 to adjust an output fromthe ridge ci-rcuit 4 tjo the
predeterm ned leyel , for exanple, a zero volt.

fzer o- p](c)l nt tenmpet é%%?a@echﬁtr"éﬁ?t"ef"i‘ﬁ% slﬂﬁm‘é‘h%té?”%ﬁ ?'73% %Pgrﬁ‘ﬁg’”ggé r?f”f%e
ot ati on GOTE AR BuPTRERET tiae SRl GY eseme SHopitor eV IREBR i mel
level as a &ipsitktoddra®af CPPEEAIYRE HPRSAIRY fduit 4BfentdIGy0E HIRE Ry t 4.

art weighing apparatus includes a differential amplifier stage 41 for ampli-

fying the load signal outputted from the l_oad cell 30, an analog filter for
removing a noise component from the load signal which has been amplified
by the differential amplifier stage 41, an analog-to-digital converter (ADC)
43 for converting the filtered load signal into a digital load signal, and a
central processing unit (CPU) 44 for calculating a measured value repre~
sentative of the weight of the object to be weighed based on the digital
load signal supplied from the analog-to-digital converter 43 and also for
providing a display unit with the measured value in the form of a weight
signal capable of being displayed.

o.n the other hand, the direct current power source 38 is alsc con-
nected with a first voltage divider circuit 46 for providing atl-component
elements of the signal processing circuit 40 with a first reference volfage
VCOM and a second voltage divider circuit 47 for providing the analog-to-
digital converter 43a with a second reference voitage VIREF to cause the
analog-to~digital converter 43a to determine the level of an input signal
supplied thereto.

The circuit configuration shown in Fig. 9 makes use of a number of
resistance elements in, for example, the four strain gauges 42 and the two
voltage divider circuits 46 and 47 and, thus, the number of component
parts employed therein is relatively great. Also, since the resistance of
each of the strain gauges 32 of a kind employed in the weighing apparatus
is generally relatively low, the bridge circuit 33 consumes a relatively
large amount of electric power. Therefore, in the case of the weighing

apparatus powered by a battery, the battery is apt to run out quickly.
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Each of these conpensating resistors 15 and 16 has
f esi stance as conpared with that of any one of the
10 to 12. The anplifier stage 17 of the signgl
is connected wth a tenperature conpensating resisgtor 39A
resistance vari- able with change in tenperature t
anplification factoviesfofttre anpblefmiselisgusspd aboverhthe yespap
conpensating resistor 39A has such a characterjstic as tQ cor‘rp_ensat,e for

the tenper at ad eofcoeti jac it g irauit 398.a%y sEoWRdLN Fd90f %t ndhet PHARC i HERMIE ng

o o boab b e i o TR Y T E APl 168t & Vg
appearing at the junction d between the strain gauges 32 and the first
reference voltage Vpqgy may be utilized as a load signal. This bridge
circuit 33A has been considered advantageous in that, when each of the
voltage divider circuits 46 and 47 is chosen to have a relatively high
.resistance, the amount of the electric power consumed by the bridge
circuit 33A can be considerably reduced., However, this configuration of
the bridge circuit 33A has been found having the following two probiems.

In the first place, unless the span temperature characteristic
compensating resistors 39 have the same resistance and the same tempera-
ture characteristic, the voltage at the junction d from which the load
signal can be taken out fluctuates with change in temperature, that is,
becomes instable with change in temperature.

Secondly, since the level of the load signal is represented by a
difference between the voitage at the junction d between the strain gauges
32 and the first reference voltage VCOM’ it is necessary to compensate
totaily for the temperature characteristic of both of the voltage divider
circuit 46 and the strain gauges 32 in order to obtain the load signal
stable relative to the change in temperature. And, since the strain gauges
32 are fitted to the ioad cell 30 on one hand and, on the other hand, the
voltage divider circuit 46 is fitted to the main circuit board 31, an
adjustment necessary to compensate for temperature-dependent variation
must be carried out while the load cell 30 and the main circuit board 31
are assembled together. Therefore, the adjustment tends to be complicated
and time-consuming. In addition, since the load cell 30 and the main

circuit board 31 once they have been adjusted in the assembled condition
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In other words, the output voltage V[err] fromthe anplffier stage 1 S
given by the foll ow ng equati on: V[err] M q
= k[err]E[err]Vex[err]G ........... ... .. ....... (D) ereglhgg‘xwrgépresents

the bridge input voltage; V represents_a bridge output-vot-tages—that iis,
potential difference between a voltage at the

- 15 -

have no compatibility with any other load cell or main circuit board and
must be employed always in a paired fashion in a particular weighing
apparatus, a replacement of one of the load cell 30 and the main circuit
board 31 requires a corresp'onding replacement of the other of the load celi
30 and the main circuit board 31. Thus, when one of the load cell and the
main circuit board both employed in a particular weighing apparatus is

required to be replaced, the both must be replaced with a pair of the load

~cell and the main circuit board which have been separately adjusted,

resulting in a waste of component parts.

To substantially alleviate the foregoing two problems, the inventors
of the present invention has suggested, in their United States Patent No.
4,951,765, such a circuit configuration as shown in Fig. 11 in which the use
of the span temperature characteristic compensating resistors 39 have been
disper;sed with. According to the circuit configuration shown in Fig. 11,
the use has been made of a temperature sensitive resistor 39A for the pur-
pose of automatically adjusting the gain of the differential amplifier stage
41 in accordance with change in temperature so that a change of the load
signal due to the change in temperature can be compensated for by the
automatic adjustment of the gain of the differential amplifier stage 41. The
circuit configuration shown in Fig. 11 is effective to resolve the first
mentioned problem associated with the lcad signal becoming instable with
change in temperéture, but it has been found that the second mentioned
problem associated with difficulty in _adjustment and the waste of

component parts remains unsolved.

in consideration of the problems discussed hereinbefore in connec-
tion with the prior art weighing apparatuses, the present invention has

been devised to provide an improved weighing apparatus which does not

a
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junction D and the first reference voltage signaliVjerr]; k repFEE&nts t he
"gauge factor of the strain gauge; [err] represent$ the Zubihh®9f strain

i nduced in the strain gauge; and G represents thetapplification factor of
the anplifier stage. I n general g the anount strarn [err] ) nduced
in the strain gauge increases, as shown in Fig. %(a). _as the Young s
modul us of the strain _inducing elenent 5 |lowers as a result of an increase
of tenperat uFePshprblallife ¥RAES a@ oFORPLAERERSeANd s tdmemednsuRiing 5(b) ,

wi h | NCr easgaghsthenpetat tfrode oRid i Relghi g uitiihdaind Rl Al ol t age
vex Is T1xed s, Shouny! Bubifly 3(ShinklSaRbedde0uLRYL VRlla0e VI e eases
a minimized amount of electric power.

To this end, the present invention provides a weighing
apparatus which comprises a load cell for outputting a load
signal in proportion to a load imposed thereon by the
object to be weighed, a signal processing circuit,
connected to the load cell, for processing the load signal
“from the load cell to provide a weight signal indicative of
the weight of the object to be weighed, wherein the load
cell includes a strain inducing element capable of inducing

strains in response to application of the load imposed on
the load cell and a bridge circuit having first and second
strain gauges and a series-connected circuit composed of a
plurality of resistors, the signal processing' circuit
receiving a load signal delivered from a junction between
the first and second strain gauges, a first reference
voltage signal delivered from a junction between the
resistors in the bridge circuit, and a second reference
voltage delivered from a junction between the resistors in
the bridge circﬁft, and said signal processing circuit
including an analog-to-digital convertor for receiving the
load signal and the second reference voltage signal for
converting the load signal into a digital load signal.
With this weighing apparatus, both of the load signal
and the reference voltage signal are delivered from the
bridge circuit formed on the side of the load cell and are
in turn supplied to the signal processing circuit provided
Separately from the load cell. Since the resistors forming
respective parts of the bridge circuit on the load cell
concurrently serve as resistor for providing the reference
voltage signal, the precision of both of the load signal
and the reference voltage signal which considerably affects
the weighing accuracy depends only on the precision of the
bridge circuit. Accordingly, an adjustment required to
secure the weighing accuracy can be simply accomplished by
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strains induced by an increase of tenperature. Thergfpre, TH Thecasqg of
the prior art weighing apparatus enploying the fullj by 33 as
shown in Fig. 9, the use has been nade of the span errperaf’gweﬁgz nag-

teristic conpensating resistors, eachy having a resifstamce—~tending.tio
increase with increase of tenperature, so that the § nput vol tage Vex
applied to the junctions a and b of the bridge circult 33 Tambe—tewered
wi t h i ncr ease28iustipar fher bridgeheissyitonpehBat 202drcehd. sphlse cnpes -
ture charact eghgibCthe MRidY atdni hfs%@ﬁfedotba% Yepiakedl dhiry Lant

value as shown in Fig of%) However, in,the bridge circ
enpl oyed in tﬁ@rHF@éBﬁt Jjiokvernt iRpre replacement vith the adjusted loadq

cell is sufficient to secure the weighing accuracy and,
after the replacement, -~-===—=-- ———— e o et e e e
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and corresponding in function to the half-bridge cifc@T33ASHow | n| any

"one of Figs. 10 and 11, the use of the above nenti one SR? aj ur e
characteristic conpensating resistors 39 would resulit {in Hje f‘grew olus|y
di scussed problemin that the voltage git-the junctign [ he

| oad signal is taken out fluctuates with change in tenperature unlessjthe

span terrperatu e characteristic ¢o ensatl g resi st ors, ANavVe 1
cf‘ ?nﬁg\ng% #I}?ea%m?h

resi stance aﬁﬂ X fe SeaARL LSRR P hafgeﬂ,ac R TGERY i
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no need to adjust the whole circuit including the bridge circuit on the

ioad ceil and the signal processing circuit.

Also, by choosing a higher resistance value for each of the resistors

in the bridge circuit, the amount of electric power consumed by the bridge

circuit can be minimized advantageously.

According to a preferred embodiment of the present invention, the

signal processing circuit includes an amplifier means for amplifying the

load signai, and a temperature compensating resistance means connected

with the amplifier means. The temperature compensating resistance means

has a characteristic effective to vary an amplification factor of the

amplifier means with change in temperature to thereby compensate for a

temperature coefficient of Young’s modufus of the strain inducing element

so0 as to suppress variation of a ioad signal outputted from the amplifier

means with change in temperature. Accordingly, the load signal outputted

from the amplifier means does not vary with change in temperature as the

Young's modulus of the strain inducing element varies with. change in

temperature even though the ievel of the load signal varies with change

in temperature, and accordingly, the weighing accuracy can be improved

advantageousiy.

Also, according to another preferred embodiment of the present

invention, each of the strain gauges may be in the form of a temperature

compensating resistor capable of compensating for the temperature coeffi-

cient of the Young’s modulus of the strain inducing element. In such case,

the load signal outputted from the bridge circuit will not vary with change

in temperature of the strain inducing element and, therefore, the weighing

accuracy can be improved advantageously as well.



. : : : REPLACEMENT SHEET
- 16 - In view of the foregoing, in the prja r¢t
preferred enbodi nent of the present invention, tihg bridge inputiveltage
Vex is fixed while the anplification factor G of the1§ns&) $thge 17 is
allowed to lower wth increase of tenperature ag ghown in Fig. $(¢). By so
doing, the output voltage V[err] of the anplifigr stage 17 coul d be
mai nt.ai ned at a onstant, value_as can readily b he
equation (1) quotg a a“?féf‘/ er preferre ne'8§%$£']eé*o?gt i £Veotioge the
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Fig. 6, the gmédidoRhestedbircuit of the resistors or the strain gauges for adjusting

an output from the bridge circuit. According to this embodiment, by

adjusting or selecting the resistance vaiu_t_-z of the adjustment element, the

zero—-point ad justrﬁent of the bridge circuit is possible. The adjustment

element may be connected in series with either the resistors or the strain

- gauges. Where variation in resistance is considerabie among the strain

gauges, the series connection of the adjustment element with the strain

gauges may require such a complicated and time-consuming procedure of

adjusting the resistance of each of the strain gauges or a calculation

based on measurement of the resistance of each strain gauges in readiness

for the selection of the adjustment element to be used for each bridge

circui.t. Accordingly, in such case, it is preferred that the adjustment

element is connected in series with the resistors which can be

manufactured with no considerable variation in resistance thereof.

In any event, the present invention will become more clearly under-
stood from the following description of preferred embodiments thereof,
when taken in conjunction with the accompanying drawings. However, the
embodiments and the drawings are given only for the purpose of illustra~
tion and explanation, and are not to be taken as limiting the scope of the
present invention in any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings, like reference
numerals are used to denote like parts throughout the several views, and:

Fig. 1 is a block circuit diagram showing a weighing apparatus

according to a first preferred embodiment of the present invention:



17" includes a negative feed-back anplifier 171 h
term nal
while the | oad signal appearing at the junction
is fed to a negative input term nal_ofythe negati
through a buffer 172 and the terrperature conpensating resistor 39A.
anplification factor, G of the anplifier stage 17 - gd
circuit configurd Prc?n’%éss"c'}?@aittﬂ PeURRRGtivel &tq"bﬁgfﬁ B &8RN C
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Fig. 3 is a schematic plan view showing a connection between two
printed circuit boards employed in the weighing apparatus of the present
invention; .

Fig. 4(a) is a schematic side view of the strain inducing eiement in
a non-loaded condition;

Fig. 4(b) is a schematic side view of the strain inducing element in
a loaded condition;

Figs. 5(a) to S(f) are graphs showing temperature compensating
characteristics in the weighing apparatus of the present invention;

Fig. 6 is a block circuit diagram showing the details of a differential
amplifier stage used in the circuit of Fig. 1;

t‘-:ig. 7 is a block circuit diagram showing the weighing apparatus
according to a second preferred embodiment of the present invention;

Fig. 8 is a block circuit diagram showing the weighing apparatus
according to a third preferred embodiment of the present invention;

Fig. 9 is a block circuit diagram showing one of the prior art
weighing apparatuses;

Fig. 10 is a block circuit diagram showing another one of the prior
art weighing apparatuses; and

Fig. 11 is a block circuit diagram showing the other of the prior art

weighing apparatus.

Referring first to Figs. 1 to 3, a weighing apparatus according to a
first preferred embodiment of the present invention comprises a load cell
1 operable to output a load signal in response to application of a load

imposed thereon, and a main printed circuit board 2. The main printed

[

el vol tage ndl {V[err]

of fiked @82 dirlcuit 4
|

171
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Accordingly, by rendering the resistance value Rs o MENT Te

conpensating resistor 39A to increase with increase}ijp tenperature {off the

t enperature conpensating resistor 39A, the anplificht ol & dUNOWIT indr eases
with increase of the tenperature and,,{hus, as showh Ln Fig. 5(e), jthe
out put voltage V[err] (span) of the anplifier stage} 17 can be stabilijzed at
a constant value relative to change in tenperature, b The L.ahi ng
appar at us of¢itqydt waser 2cinctudeteacsighatl ATOCEsFINE! SiTEVIt dprRelpble to alect-

foll ow ng manner. o
rically process the load signal, suppliea from the load cell 1, to provide a

measured weight signal indicative of the weight of an object to be weighed.
The load cell 1 includes a bridge circuit 4 and a strain inducing
element 5§ shown in Fig. 2, which element § is capable of producing strains
in response to application of a ioad imposed by the object to be weighed.
The strain inducing element § is of a structure comprising, as best shown
- in Fig. 2, a paralleiepiped block having a generally elongated bore & that
is defined by a pair of generally oval openings 6a and 6b positioned adja-~
cent respective op.posite ends of the parallelepiped block and a straight
cpening 6¢c communicating the oval openings 6a and &b with each other.
The parallelepiped block is so bored as to leave a fixed rigid portion 5a in
one of the opposite ends, e.g., a left-hand end as viewed in Fig. 2, thereof
and a fnovable rigid portion 8b in the other, i.e., right-hand, end thereof
and also so as to leave upper and lower transverse beams 5¢ and 5d defin~
ed on respective sides of the bore 6 and connecting the fixed and movable
rigid portions 5a and Sb together. Strain gauges 7 and 8 forming parts
of the bridge circuit 4 are fixedly mounted exteriorly on notch regions Se
and 5f in the upper transverse beam 5c, each of said notch regions 5e and
5f being defined immediately above the respective oval opening 6a or 6b
and corresponding in position to the most thin-walled portion of the upper
transverse beam. Each strain gauges 7 and 8 may be of any known con-
struction and therefore has operating characteristics standards to all of
the strain gauges generally employed in a load cetl for weighing
apparatuses for compensating for a variation of a temperature-dependent

coefficient of thermal expansion of the strain inducing element S.
The bridge circuit 4 is formed on a fiexible main printed circuit

board 21 shown in Figs. 2 and 3 and is electrically connected through
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_ 17 - Assuming that the input voltage frdmjthe direct cufrent power

source 14 is applied between the junctions A and|B of?Bh@U?@ﬁWe
of the load cell 1, a voltage generated between tthe Junctlons C

Ci
s

the bridge circuit 4 may be subsequenthy supplied to The amptri j
fromg

17 as a load signal. The anpunt of offset of thetload signal

Br

rcuit
1 D of
st age
he | oad

cell 1 during a non-loaded condition of the weighing apparatus 1S adjusted
by the zero- pennectafsudad agd r22Yi withr thessignal tATecessingpeirguitt  fpured anahe

characteristic conpensating resistor 16 so as to attain the

pr edet er m ned
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strain inducing element 5 are connected on wirings formed on the flexibie
printed circuit board 21.

As best shown in Figs. 4(a) and 4(b), the strain inducing element &
is supported with the fixed rigid portion 5a fixedly secured to a support
framework 25 of the weighing apparatus whiie a weighing table 9 is mount-
ed on the movébie rigid portion 5b. Therefore, it will readily be
understood that, when a load F, that is, the weight of the obiect M to be
weighed, is placed on the weighing table 8, the strain inducing element 5
deforms having undergone a parallel motion in which the movable rigid
portion 5b moves downwards relative and parallel to the fixed rigid portion
5a. As aresult of the deformation of the strain inducing element 5 in the
manner described previousiy, strains are induced in the strain gauges T
and 8, accompanied by change in resistance of the strain gauges 7 and 8
in proportion to the amount of strains so induced. Based on the
respecj:ive resistances of the strain gauges 7 and 8 which varQ in
proportion to the amount of the strains so induced, the bridge circuit 4
generates a load signal corresponding to the weight F of the object M to
be weighed.

The signal processing circuit 3 formed on the main printed circuit
board 2 and shown in Fig. 1 includes an ampiifier stage 17 for amplifying
the load signal supplied from the load cell 1, an analog filter 18 for
removing a high frequency samponent of a frequency higher than a prede~
termined cut-off frequency from the load cell, that is, a vibration
component attributable mainly to mechanical vibration of the load cell 1, an
analog-to-digital converter (ADC) 19 of, for example, a double integrating

type for converting the filtered analog load signal into a digital load

4
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Partly because the difference between the first and second reference
vol t age measured weight of the object to be weighed and which can be displayed

by any known display unit (not shown).

The bridge circuit 4 includes, in addition to the strain gauges 7 and
8 referred to above, a series-connected circuit SC of first to third
resistors 10, 11 and 12, each being in the form of an usual resistor having
an extremely small temperature-dependent coefficient of resistance, and
adjusting elements 13 connected with each other through the series-
connected circuit SC of the first to third resistors 10 to 12 for adjusting
an output of the bridge circuit 4. Specifically, a series-connected circuit
of the strain gauges 7 and 8 and a series—connected circuit including the
first to third resistors 10 to 12 and the adjusting elements 13 are con-
nected. paral.lel to each other between plus and ground poles of a direct
current power source 14 capable of providing a bridge input voltage Vex.
Accordingly, a junction D between the strain gauges 7 and 8 provides the
load signal; a junction C between the first and second resistors 10 and 11
provides the a first reference voltage signal Vg and a junction E be-
tween the second resistor 11 and the third resistor 12 provides a second
reference voltage signal Vgge. The first reference voltage signal Vogy
provides a reference voltage common to all component parts of the signal
processing circuit 3 while the second reference voitage signal Vpee is a
reference voltage used by the analog-to—digital converter 19 in the signal
processing circuit 3 to compare an input signal with it.

Each of the adjusting elements 13 disposed on two arms of the
bridge circuit 4, that is, between a junction A and the first resistor 10 and
between a junction B and the third resistor 12, respectively, is used for

adjusting the load signal from the load cell 1 to a predetermined levet or

1
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and comprises a zero-point adjusting resistor 15 and a zero-point tempera-
ture characteristic compensating resistor 16. The zero—point adjusting
resistor 15 is in the form of a precise resistor having a small temperature
coefficient enough to coordinate variations in resistance value between the
strain gauges 7 and 8 to adjust an output from the bridge circuit 4 to the
predetermined level, for example, a zero volt. On the other hand, the
zero—point temperature characteristic compensating resistor 16 is in the
form of a temperatu're sensitive resistance element for compensating for a
deviation of the output of the bridge circuit 4 from the predetermined
level as a result of a temperature dependent drift of the bridge circuit 4.
Each of these compensating resistors 15 and 16 has a sufficiently fow
resistance as compared with that of any one of the first to third resistors
10 to .12.

The amplifier stage 17 of the signal processing circuit 3 is connected
with a temperature compensating resistor 38A having its resistance vari-
able with change in temperature to thereby vary the amplification factor
_of the amplifier stage 17. This temperature compensating resistor 39A has
such a characteristic as to compensate for the temperature coefficient of
the Young's modulus of the strain inducing element 5 to thereby suppress
a temperature-dependent change of the load signal outputted from the
amplifier stage 17.

In other words, the output voltage VOUT from the amplifier stage 17
is given by the following equation:

Voyr = V-8
= K-E-VEX(G  crcrrcrasrsannn (1)
wherein Vex represents the bridge input voltage; V. represents a bridge

output voltage, that is, a potential difference between a voltage at the
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induced in the strain gauge; and G represents the amplification factor of

the amplifier stage.

In general, the amount of strain € induced in the strain gauge
increases, as shown in Fig. 5(a), as the Young’s modulus of the strain
inducing element 5§ lowers as a result of an increase of temperature. Also,
the gauge factor k increases, as shown in Fig. 5(b), with incr.ease of
temperature. Accordingly, assuming that the input voltage Vex is fixed as
shown in Fig. 5(c), the bridge output voltage V increases as a result of
strains induced by an increase of temperature, fherefore, in the case of
the prior art weighing apparatus employing the full bridge ¢ircuit 33 as
shown in Fig. 9, the use has been made of the span temperature charac-
teristic compensating resistors, -each having a resistance tending to
increase with increase of temperature, so that the input voltage Vex
applied to the junctions a and b of the bridge circuit 33 can be lowered
with increase of temperature to thereby compensate for the span tempera-
ture characteristic to maintain the output voitage Vgyt at a constant value
as shown in Fig. 5(e).

However, in the bridge circuit 4 empioyed in the present invention
and corresponding in function to the half-bridge circuit 33A shown in any
one of Figs. 10 and 11, the use of the above mentioned span temperature
characteristic compensating resistors 39 would result in the previously
discussed problem in that the voltage at the junction D from which the
load signal is taken out fluctuates with change in temperature unless the
span temperature characteristic compensating resistors 39 have the same

resistance and the same temperature characteristic with each other.
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adj usted 1 0afn&&hk driprification factor G of the amplifier stage 17 is allowed to lower

with increase of temperature as shown in Fig. 5(d). By so doing, the
output voltage VOUT of the amplifier stage 17 could be maintained at a
constant value as can readily be understood from the equation (1) quoted
above,

An example of the amplifier stage 17 referred to above and which can
be employed in the practice of the present invention is of a circuit
configuration as shown in Fig. 6. Referring to Fig. €, the amplifier stage
17 includes a negative feed-back amplifier 171 having a positive input
terminal adapted to be fed with the first reference voltage signal VCOM
while the load signal appearing at the junction D of the bridge circuit 4
is fed to a negative input terminal of the negative feed-back amplifier 171

" through a buffer 172 and the temperature compensating resistor 3%A. The
amplification factor G of the amplifier stage 17 of the above described
circuit configuration has the following relationship with the resistance
value Rf of a negative feed-back resistor 173 and the resistance value Rs
of the temperature compensating resistor 38A:

G = Rf/Rs
Accordingly, by rendering the resistance value Rs of the temperature
compensating resistor 39A to increase with increase in temperature of the
temperature compensating resistor 39A, the amplification factor G increases
with increase of the temperature and, thus, as shown in Fig. 5(e), the
output voltage VOUT (span) of the amplifier stage 17 can be stabilized at
a constant value relative to change in temperature.

The weighing apparatus of the construction described hereinbefore

operates in the following manner.
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of resistors neces itated in the bridge circuit 4 can be reduced
advant ageousfgurce 14 is applied between the junctions A and B of the bridge circuit
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4 of the load cell 1, a voltage generated between the junctions C and D of
the bridge circuit 4 may be subsequently supplied to the amplifier stage
17 as a load signal. The amount of offset of the load signal from the load
cell 1 during a non-icaded condition of the weighing apparatus is ad justed
by the zero-point adjusting resistor 15 and the zero-point temperature

' characteristic compensating resistor 16 so as to attain the predetermined
level without being adversely affected by a change in temperature, that
is, so as to permit the output voitage difference between the junctions C
and D to attain a predetermined value, for example, zero volt.

On the other hand, as the first reference voltage signal Veon common
to all f;omponent parts of the signal processing circuit 3, a voltage appe-
aring at the junction C of the bridge circuit 4 is supplied from the load
cell 1 to the signal processing circuit 3 on the main printed circuit board
2. Also, as the second reference voltage signal VREF utilized by the
analog-to-digital converter 19, a voitage appearing at the junction E of the
bridge circuit 4 is inputted to the analog-to-digital converter 19. Partly
because the difference between the first and second reference volta.ge
signals Veou and VRep corresponds to a voltage between opposite ends of
the resistor 11 and partly because each of the first to third resistors 10
to 12 has a resistance value sufficiently higher than the resistance value
of any one of the adjusting elements 13 and also has an extremely small
temperature-dependent coefficient of resistance, it is possible to supply
the second reference voltage signal VREF which is stable relative to the
first reference voltage signal VCOM corresponding to a virtual ground

voltage.
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high frequency component of the analog load signal is cut off. The analog
load signal having been filtered through the analog filter 18 is then
converted by the analog-to-digital converter 18 into a digital load signal
which is subsequently supplied to the central processing unit 20. iIn
response to receipt of the digital load signal, the central processing unit
- 20 performs a calculation to determine the weight of the object to be
weighed and then outputs the weight signal to the display unit for
providing a visual indication of the weight of the object so weighed.

In the weighing apparatus according to the present invention, the
bridge circuit 4 in the load cell 1 is highly precisely assembled and,
therefore, both of the first and second reference signals Voou 2nd Vpee
and tiwe load signal can be precisely controlied simultaneously. Also, the
adjustment necessitated to secure the weighing accuracy can be carried
out on the side of the load cell 1 independently of the circuit on the main
printed circuit board 2.

Moreover, where the load cell 1 is required to be replaced during a
servicing, a mere replacement with a similar, but adjusted load cell is
sufficient to preserve the weighing accuracy and no adjustment other than
the span adjustment in the central processing unit 20 is required.

Also, since the load cell 1 used in the weighing apparatus of the
present invention employs the first to third resistors 10 to 12 connected
in the bridge circuit 4, that is, the first to third resistors 10 to 12 may
possibly correspond to a circuit in which the two voltage divider circuits
46 and 47 in any one of Figs. 8 to 11 are integrated together, the number
of resistors necessitated in the bridge circuit 4 can be reduced

advantageously.
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effective to compensate for the temperature coefficient of the Young's
modulus of the strain inducing element 5 so that any possible temperature-
dependent variation of the load signal outputted from the amplifier stage
17 can be suppressed. Accordingly, the load signal outputted from the

amplifier stage 17 is stable and will not fluctuate with change in

temperature and, therefore, the weighing accuracy can be improved

advantageously.

Furthermore, since the resistance value of each of the first to third
resistors 10 to 12 forming respective parts of the bridge circuit 4 can be
chosen to be of a high value regardless of the resistance value of any one
of the strain gauges 7 and 8, the amount of the electric power consumed
in the f:ridge circuit 4 can be advantageously minimized and, therefore, the
present invention can be best used in a battery-powered weighing
apparatus.

In the meantime, where during the manufacture of the strain gauges
the strain gauges have cqnsiderably varying resisténce values, and in
order for the adjusting elements to be connected in series with the strain
gauges, a complicated and time~consuming procedure may be required to
measure the resistance value of each of the strain gauges 7 and 8, then
to perform a calculation to determine the resistance value of each of the
ad justment elements 13 in reference to the measured resistance values of
the strain gauges 7 and 8, and finally to select the adjustment elements
each having a resistance value equal to or approximating to the determined
resistance value.

In contrast thereto, in the illustrated embodiment of the present

invention, in the bridge circuit 4 the adjustment elements are connected
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are connect eq:an be advantageously used for each of the first to third resistors 10 to

12. Therefore, once the adjustment elements, each being of a type having
a resistance value chosen in consideration of the resistance value of each
of the fixed resistors used for the first to third resistors 10 to 12, are
employed in the practice of the present invention, identical adjustment
‘elements can equally be employed in other similar bridge circuits 4. On
the other hand, the strain gauges having considerably varying resistance
values can be employed in the practice of the present invention. This
brings about an improvement in workability and also a minimization of any
possible reduction in characteristic of the strain gauges with passage of
time.

In the foregoing embodiment -of the present invention, the tempera-
ture compensating resistor 33A has been shown and described as mounted
on the strain inducing element 5 of the load cell 1. This is particularly
advantageous in that any possible change in temperature of the strain
inducing element 5 can be transmitted directly to the temperature compen-
sating resistor 39A. However, where the main printed circuit board 2
having .the signal processing circuit 3 formed thereon is positioned in the
vicinity of the strain inducing element 5, the temperature compensating
resistor 39A may be mounted on the main printed circuit board 2 and, even
in this alternative disposition, the temperature compensating resistor 3%9A
can have its resistance value varying effectively with change in tempera-
ture of the strain inducing element 5.

Fig. 7 illustrates a second preferred embodiment of the present
invention. In this second preferred embodimént, the temperature compen-

sating resistor 39A which has been described as employed in the foregoing
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the fixed resistors, can be advantageously used fdr each of thelfifrst to
third resistors 10 to 12. Therefore, once the adj ustment—etenents each
being of a type having a resistance %/gl ue chosert in considerationjof the
resistance verhbediafendash thefpridsentiinedntiosi i dispersed woth &hd, instead] @he
third resistors 10 to 12, are enployed in the practice of the present
i nvention, iskrain gabigeslj nswrndicated by 70 and B0, respectively, are employed each

in the form of a temperature compensating resistor having a characteristic
effective to compensate for the temperature coefficient of the Young's
modulus of the strain inducing element.

In other words, each of the strain gauges 70 and 80 has such a
characteristic that the gauge factor k decreases with increase of the
temperature T as shown in Fig. 5(f}. On the other hand, as hereinbefore
described, the strain € increases, as shown in Fig. 5(a), as a result of
reduction in Young’s modulus E of the strain inducing element due to
increase of the temperature T, thereby tending to increase the output
voltage Vout- This increment of the output voitage Vg r is counter—
balanced by the temperature characteristic of the gauge factor k and,
conseciuently, as can readily be understood from the equation (1) discussed
hereinbefore, even though the amplification factor G of the amplifier stage
17 remains constant regardless of the change of the temperature, a con-
stant output voltage VOUT can be obtained as shown in Fig. §(e) relative
to the constant input voltage Vex shown in Fig. §{(c). Thus, the strain
gauges 70 and 80 are of a type capable of counterbalancing change of the
Young’s modulus of the strain inducing element resulting from change in
temperature, that is, of a type capable of compensating for the temperature
coefficient of the Young's modulus. Each of tﬁe strain gauges 70 and 80
also has a usual operating characteristic of. compensating for the tempera-
ture coefficient of thermal expansion which is generally found in standard
strain gauges employed in the load cells for.weighing apparatuses.

Each of the strain gauges 70 and B0 of a type capable of compensat-
ing for both the temﬁerature coefficient of the Young's modulus of the

strain inducing element and the temperature coefficient of thermal
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According to the foregoing second preferred embodiment of the
present invention shown in and described with reference to Fig. 7, since
the strain gauges 70 and 80 themselves have the characteristic of compen-
sating for the temperature coefficient of the Young's modulus of the strain
inducing element, the load signal outputted from the bridge circuit 4 is
stabilized without being varied with change in temperature of the strain

_ inducing element 5 and the weighing accuracy can therefore be increased.

In describing any one of the foregoing preferred embodiments of the
present invention, the bridge circuit 4 has been shown and described as
having the adjustment elements connected in series with the first to third
resisto;s 10 to 12. However, where variation in resistance of the strain
gauges 7 and 8 is small, such complicated and time-consuming procedure
in selecting the-adjustment elements is no longer required and, therefore,
the adjustment elements 13 may be connected in series with the strain
gauges 7 and 8 as shown in Fig. 8. Even with a third preferred embodi-
ment of the present invention shown in Fig. 8, both of the zero-point
adjustment and the zero-point temperature characteristic compensation of
the bridge circuit 4 can efficiently and satisfactorily be accomplished by
the adjustment elements 13.

Although the present invention has been fully described in
connection with the preferred embodiments thereof with reference to the
accompanying drawings which are used only for the purpose of illustration,
those skilled in the art will readily conceive numerous changes and
modificatiéns within the framework of obviousness upon the reading of the

specification herein presented of the present invention. For example,
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D of the bridge circuit.
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1. A weighing apparatus for measuring the weight of an
object to be weighed by electrically processing the weight
of the object, which apparatus comprises:
a load cell for outputting a load signal in probortion
to a load imposed thereon by the object to be weighed; and
a signal processing circuit, connected to the 1load
cell, for processing the load signal from the load cell to
provide a weight signal indicative of the weight of the
object to be weighed, wherein: .
said load cell includes a strain inddcing element
capable of inducing strains in response to application of
load imposed on the load cell, and a bridge circuit having
first and second strain gauges and a series-connected
circuits comprised of a plurality of resistors,

a signal processing circuit receiving a load signal

delivered from a junction between the first and second
strain gauges, a first reference voltage signal delivered
from a Jjunction between the resistors in the bridge
circuit, and a second reference voltage signal delivered
from a Jjunction between the resistors in the bridge
circuit, and said signal processing circuit including an
analog-to-digital convertor for receiving the load signal
and the second reference voltage signal for converting the
load signal into a digital locad signal.
2. The weighing apparatus as claimed in claim 1, wherein
said signal processing circuit includes an amplifier means
for amplifying the 1load signal, and a temperature
compensating resistance means connected with said amplifier
means, said temperature compensating resistance means
having a characteristic effective to vary an amplification
factor of the amplifier means with change in temperature to
thereby compensate for a temperature coefficient of Young’s
modulus of the strain inducing element so as to suppress
variation of a load signal outputted from the amplifier
means with change in temperature.
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3, wherein said signal processing circuit is formed on a
main printed «circuit board and said temperature
compensating resistance means 1s mounted on sald. main
printed circuit board.

5. The weighing apparatus as claimed in any of claims 1
to 4, wherein each of said strain gauges is a temperature
compensating resistor having a characteristic capable of
compensating for a temperature coefficient of Young’s
modulus of the strain inducing element.

6. The weighing apparatus as claimed in any of clalms 1
to 5, wherein said series~connected circuit includes first
to third resistors, a junction between the first and second
resistors providing a first reference voltage common to all
elements of the signal procéssing circuit while a junction
between the second and third resistors provides the second
reference voltage determinative of the level of the input
signal applied to the analog-to-digital converter, said
first and second reference voltages being supplied to the
signal processing circuit.

7. The weighing apparatus as claimed in any of claims-1
to 6, wherein said bridge circuit includes an adjustment
element connected in series with the series-connected
circuit of the resistors for adjusting an output from the
bridge circuit.

8. The weighing apparatus as claimed in any of claims 1

"to 7, wherein said bridge circuit includes an adjustment

element connected in series with the strain gauges.

9. A weighing apparatus substantially as hereinbefore
described with reference to any of the examples shown in
Figures 1 to 8 of the accompanying drawings.



to the'constant input voltage Vex shown in Fig. 5(c). JEPLAGE S¥r ai n
gauges 70 and 80 are of a type capabl e of counterbal ancj ng change of the
Young's nodul us of the strain inducing elenment resulti rqmy gbﬁngwi n
tenperature, that is, of a type capablg ff_corrpensatin fior the tenperdture
coefficient of the Young's nodulus. Each™of the strainjg
al so has a usual operating characteristic of conpensatiing for the tenpera-
ture coefficient of thermal expansion which is generally found In standard
strain gauges enployed in the | oad cells for.weighing apparat uses.

Each of the strain gauges 70 and 80 of a type capable of conpensat- ing
for both the tenperature coefficient of the Young's nodul us of the
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strain inducing el ement and the tenperature coefficiert REPLAGEMENT SHEET
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expansi on of the strain inducing el enent can be ¢
a tenperature conpensating gauge prepared froma r
exanpl e, a nickel-chromumalloy. _ , _ According
nd preferred enbodi nent of the present invention
ribed with reference to Fig. 7, since the strain

t hensel ves have the ﬁp?ractifistic of conpen-
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sating for the tenperature coefficient of the Young's nod
i nducing el enent, the |oad signal outputted fromthe brid
stabilized wi thout being varied with change in tenperatur -
i nduci ng el ement 5 and the wei ghi ng acgugacy can t hereforg pe hpﬁhﬁqﬁsd'? X
In describing any one of the foregoing preferred enbodi ngntjs 8 7 1
present invention, the bridge circuit 4 has been shown ard i as

havi ng 't he adj ustnment el ements connected in series with fhe first to third
resistors 10 to 12. However, where variation in resistance O }

gauges 7 and 8 is small, such conplicated and tinme-consum ng procedure in

sel ecting the adjustnent eIFn"egt 54'(9&‘? | onger required and, therefore,
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t he adjustnment el ements 13 may be connected in serie ﬁr*theﬁt-ml_n_]
gauges 7 and 8 as shown in Fig. 8. Even with a third p’}l{Vl H—éfjﬂéﬂ\ﬂéﬁﬂégy‘-
ment of the present invention shown in Fig. 8, both pffthe Zéro- "poi

adj ustment and the zero-point tenperaturg characterijstfi c1807P @W n jof
i $shed by

the bridge circuit 4 can efficiently and satlsfactorlly be ac
t he adjustnent el enents 13. Al t hough the pregen
fully described in connection with the preferred enbodi rrents thereof jwith
reference to t cC ng draw ngs which are used on rpose
of |IIustrat|onF g ﬂﬁy}md inthe art will SCQ?I Ve nunerous
changes and nodifications within the franmework of VI 0 Ss upon the

readi ng of the E.€ £ Strain
T~ k | Gauges 78
e I
— T -

Fig. 5(e) .
Fig.
Vout '9. 5(f)
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specification herein presented of the present inventionf
- 23 - although in any one of the foregoi ng enbodi nent
i nvention, the bridge circuit 4 has been shown and deqdcr}i be f WO
strain gauges 7 and 8, or 70 and 80, ;wbngspective Si ¢

t Lunctfo
D, a plurality of strain gauges may be enpl oyed on eagh s?gé‘gﬁv
junction D of the bridge circuit.
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- 24 - CLAIM5 1. A wei ghi
measuring the wei ght of an object to be wei ghed by ¢
t he wei ght of the object, which apparatus conprises
outputting a load signal in proportion go_a load im

egﬁgpaggﬁyibtp5e73|ng

a | oad cel or
boped 3 Lesnema7by! the

obj ect to be wei ghed; and a signal processing fifcuit, connectled to
the load cell, for processing the |oad signal fromthe Ioad cert—td [rovi de
a weight signal indicative of the weight of the objkct.to be meiqhedﬂ
wher ei n: said load cell includes a strain inducing el enent capabl e of
I nducing strains in response to application of
o
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| oad i nposed on the |load cell, and a bridge circuit havi
strain gauges and a series-connected circuits conprised p
resistors, a signal processing circuit receiving a o:dfg
delivered froma junction between the fifst and second strjain™g
first reference voltage signal delivered froma junctio
resistors in the bridge circuit, and a second reference
delivered froma junction between the resistors in the bridgé L
sai d signal processing circuit including an anal og-to-digital convertor
receiving the | oad signal and the second reference voltage signal for
converting the load signal into a digital load signal. 2. The wei ghing
apparatus as clainmed in claiml1, wmerein sahd signak:procegging circuit
includes an anplifier neans for arplifyingtthe Ioad°@igna|r7and a

t enper at ure conpensating resistance neans gonnected fwith said anplifier
means, said tenperature conpensatthg-rgsi stiance gFgan hgylgb_g_

nplifier

characteristic effectivegto v
means with change in tenpeNatdire/to reby conpgnsate ~-a-Adnper at ure
coefficient of Young's o -—
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nodul us of the strain inducing elenment so as to suppr §%¥MaﬁﬂmmW©anir
| oad signal outputted fromthe anplifier nmeans with hqﬁge rn-feﬂpeLat
- 25 - 3. The weighing apparatus as clainmed in claijmj2, Sh ei n sal
t enperature conpensating resistance neang is fitted toliEEhELﬁL“_

The wei ghing apparatus as claimed in cTafrm 2 or cl ai ; n_gng
signal processing circuit is forned on a main printed circuit board

said tenperature conpensating resistance nmeans i s noun
printed circuit board.

and
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5. The wei ghing apparatus as clained in any of clains 1 to
of said strain gauges is a tenperature conpensating resisto

ap‘aratu
ct gé

includes first to third resistors, a junction between the and second

resistors providing a first ref erence vol tage conmon to al
signal processing circuit while a junction between the secon
resistors provides the second reference voltage determ native of the |lev
of the input signal applied to theganal og- to digital converter, said first
and second reference vol tages bei he sigpal processing
circuit. 7. The wei ghi ng apparatus” ¥} \ clainms 1 to 6,
wherein said bridge circuit inchgg ent ggnnected in
series wwth the series-connecte ors fon adjusting an
output fromthe bridge circuit. 8\\ at us ?s clainmed in

any of clains 1
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td 7, wherein said bridge circuit includes an adjustnment el enent connected

In series with the strain gauges. 9. A wei ghi ng apparatfu
her ei nbef ore described with reference to any of the exa
Figures 1 to 8 of the acconpanying dr@wﬁ@gg.

1O
O
RES R
<{ .
o
- 39 !
— < QO
e—'_ cg‘\-D
o S ™
—
C & y
3 >
¥~ a .
Q S &g
[ il
// F——NN—
o)
2]

W
i

777




460110 3-8 ¢ M H
. {REPLACEMENT SHEET

26

P

ABSTRACT

WEIGHING APPARATUS
To facilitate the adjustment of the accuracy and servicing

maintenance of the electronic weighing apparatus, the weighing apparatus
comprises a load cell 1 and a signal processing circuit 3 for processing a
load signal from the load cell 1 to prdvide a weight signaf indicative of the
load. The load cell 1 includes a strain inducing element 5 capablie of
producing strains in proportion to the load imposed thereon, and a bridge
circuit 4 having a pair of strain gauges 7 and 8 fixed on the strain
inducing element 5 and a plurality of resistors 10 to 12. A load signal is.
taken from a j‘unction D between the strain gauges 7 and 8; reference
voltage signals Voqy and Vpec are taken from respective junctions € and
E between thé resistors 10 to 12. The load signal and the reference
voltage sign.als are supplied to the signal processing circuit 3. If each of
the strain gaugeé 7 and 8 {s employed in the form of a temperature com-
pensating resistor having a characteristic effective to compensate for both
of the temperature coefficient of thermal expansion of the strain inducing
element 5 and the temperature coefficient of the Young's modulus, the

number of necessary component parts can be reduced
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(Figure 1)




