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[5?] ABSTRACT 
The strain gauge bridge circuit located in [the] a load 
cell [of a load cell mass comparator] is modi?ed to 
provide temperature stability by coupling a remotely 
located temperature compensating circuit between the 
two normally connected output ends of strain gauges in 
adjacent arms of the bridge. The compensating circuit is 
comprised of a pair of series connected low noise, drift 
free precision resistors of relatively low resistance value 
compared to the resistance of the strain gauges. The 
precision resistors are shunted by relatively high valued 
potentiometers which operate to balance the bridge. 
One potentiometer additionally includes a series con 
nected high value precision resistor for providing fine 
balance while the other potentiometer is used for coarse 
balance. 
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MEASUREMENT CIRCUIT FOR LOAD CELL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica- 5 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to U.S. Ser. No. 
06/587,532, entitled, “Load Cell Mass Comparator", 
filed in the names of Thomas F. Scrivener and Randall 
M. Schoonover, on Mar. 8, i984, [and] is assigned to 
the assignee of this invention [.1 , and now U.S. Pat No. 
4,523,653. 

BACKGROUND OF THE INVENTION 

To overcome the disadvantages experienced in the 
calibration of mass standards employing conventional 
mechanical balances, it has been proposed to use a strain 
gauge load cell which produces an electric signal in 
proportion to the force exerted on the cell. Typically, a 
plurality of strain gauges are located in the cell and are 
internally connected in the form of a bridge circuit, the 25 
output of which is connected to electronic measuring 
and recording equipment. Where the electronic measur 
ing circuit is comprised of a low noise, high stability 
electronic circuit, wide fluctuations at the output of the 
bridge circuit due to temperature drift is not only unde- 3° 
sirable, but intolerable where difference measurements 
are made between a standard weight and a test weight. 

Accordingly. the present invention is directed to 
[an] 0 [improved] temperature stabilized bridge cir 
cuit formed by the strain gauges located in [the] a load 
cell [of] such as. but not limited to a load cell mass 
comparator. The bridge circuit is modified for use as a 
difference transducer by coupling a temperature com 
pensating circuit between ends of strain gauges in ad ja 
cent arms of the bridge. The compensating circuit is 
located remotely from the load cell containing the 
strain gauges and is comprised of a pair of relatively low 
valued series connected low noise, drift free precision 
resistors, which are respectively shunted by relatively 
high valued resistive potentiometers which are used for 
balancing the bridge. One potentiometer additionally 
includes a series connected relatively high valued low 
noise, drift free precision resistor for providing a means 
for providing fine balance of the bridge, while the other 
potentiometer is used for providing coarse balance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a mechanical schematic diagram of a load 
cell mass comparator [utilised in connection with the 
present invention]; 

FIG. 2 is an electrical schematic diagram of a typical 
prior art bridge circuit of strain gauges located in the 
load cell mass comparator shown in FIG. 1; and 
FIG. 3 is an electrical schematic diagram of the pre 

ferred embodiment of the subject invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings and more particularly 
to FIG. 1. there is shown a load cell mass comparator of 65 
the type shown and described in the above referenced 
[related application, U.S. Ser. No. 587,532 filed Mar. 8, 
1984. now] U.S. Pat. No. 4,523,653. As shown in FIG. 
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1, reference numeral 1 denotes a conventional load cell 
which may be, for example, a type manufactured by 
Revere Corporation of America, and which includes a 
plurality of strain gauges, not shown, internally wired 
together to form a Wheatstone bridge such as shown in 
FIG. 2 and which additionally includes an output cable 
2 for being coupled to an externally located supply and 
measuring circuit, not shown. 
The load cell 1 is connected at its upper end to a 

floating plate 3 through a self aligning coupling such as 
a universal joint assembly ‘\ 'Die floating plate 3 is 
slidably mounted on a plurality of guide rods 5 extend 
lag between a fixed upper plate 6 and a fixed lower plate 
7. A spring and shock absorber assembly shown sche 
matically by reference numeral 8 is mounted between 
the floating plate 3 and the upper ?red plate 6. The 
lower end of the load cell 1 is connected to the mass to 
be calibrated, not shown. through a second self-aligning 
coupling 9, a thrust bearing 10, and a load stop bearing 
11. The mass to be calibrated is connected to an eyelet 
12 provided on the lower end of a rod 13 connected to 
the thrust bearing 10 and the load stop bearing 11. An 
other eyelet 14 is secured to the upper fixed plate 6 
through a hydraulic cylinder 15 so that the entire assem 
bly may be suspended from a suitable support and the 
comparator can be loaded and unloaded by actuation of 
the hydraulic cylinder. , 
As force is applied to the load cell 1, minute de?ec 

tions are imposed on the internally located strain gauges 
resulting in changes in the cross section thereof. As is 
well known, the strain gauges are electrical components 
whose resistance changes upon the application of exter 
nal force. Accordingly, the strain gauges in the load cell 
1 are represented as resistors R|, R1, Ryand R4 in both 
FIGS. 2 and 3 and are connected in a bridge circuit 
configuration. With a fixed excitation voltage applied 
across the bridge, for example, at terminals 16 and 17 
(FIG. 2) and which are connected to a first pair of 
mutually opposing circuit junctions 18 and 19, the 
bridge becomes unbalanced and an output voltage is 
generated across a second pair of mutually opposing 
junctions 20 and 21. The output voltage is then coupled 
to the output terminals 22 and 23 and is proportional to 
the applied load, which when coupled to the measuring 
circuit, not shown, can be appropriately amplified, dis 
played, printed or otherwise interfaced to a fully auto 
mated control system. 

In order to compensate for temperature changes ex 
per'lenced by the load cell 1 and the strain gauges in 
cluded therein, reference is now made to FIG. 3 which 
discloses the preferred embodiment of the invention 
which comprises a modi?cation to the bridge circuit 
shown in FIG. 2. Accordingly, an integrated strain 
gauge supply, measuring and recording instrument 24 is 
shown located remotely from the load cell mass com 
parator containing the load cell 1 by a distance d which 
may be, for example, 25 feet or more. The inventive 
concept is directed to an external resistive type compen~ 
sation circuit connected into output junction 21 (FIG. 
2) intermediate the output side of the strain gauges R1 
and R3, which form two adjacent forms of the bridge. 
The compensating circuit 25. moreover, is preferably 
located remote from the strain gauge bridge. such as 
being located in close proximity to or incorporated with 
the measuring instrument 24 and thus being separated 
from the bridge by the distance d. 
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The temperature compensation circuit 25 is com 
prised of a pair of series connected precision resistors 
having fixed values of relatively low resistance in com 
parison to the resistance values of the strain gauge ele 
ments R1, R1, R3 and R4 but exhibiting low noise and 
low temperature drift characteristics. The precision 
resistors 26 and 27 are shown in FIG. 3 coupled be 
tween the terminals 21., and 21¢ by means of electrical 
connecting leads 28 and 29 which span the length d. 
The addition of the two precision resistor elements 26 

and 27 permit two additional points in the bridge to be 
accessed electrically, namely the circuit junctions 30, 31 
and 32 instead of the single junction 21, as shown in 
FIG. 2. The compensating circuit 25 in addition to two 
series resistors 26 and 27, however, additionally in. 
cludes circuit means which permits the bridge to be 
balanced during operation, i.e., when it is under strain 
because of an applied load. The balancing means com 
prises a pair of relatively high valued variable resis 
tances in the form of potentiometers 31 and 34. respec 
tively shunting the low valued precision resistors 26 and 
27. One potentiometer. speci?cally potentiometer 33 
additionally includes a series connected high valued 
precision resistor of ?xed value so that the potentiome 
ter 33 can be utilized as a means for ?ne balance, 
whereas the single potentiometer 34 coupled across the 
resistor 27 can be utilized to provide a coarse balance. 
The slider ol' the potentiometer 34, moreover. is cou 
pled to an output lead 36 which couples to terminal 22 
which is shown in FIG. 3 located on the measuring 
instrument 24 along with terminal 23 which connects 
back to the other output junction 20 of the bridge by 
circuit lead 37. 
The values of the two Potentiometers 33 and 34 as 

well as the third ?xed resistor 35 are selected to be of a 
much greater resistance value than the pair of fixed 
resistors 26 and 27 so that the operation of the potenti 
ometers 33 and 34 will not degrade the performance of 
the bridge and as a result can be nulled at any load 
within its capacity since there will always be a point 
between terminals 21. and 2b which will be at the same 
potential as the opposing output circuit junction 20. 

in operation. the null appearing at output terminals 22 
and 23 is ?rst determined by weighing a standard mass. 
Then the mass to be calibrated is weighed. The strain 
gauge bridge which was previously nulled by using the 
standard mass will then indicate the difference between 
the weight to be calibrated and the standard weight. 
The temperature stability of the con?guration as shown 
in FIG. 3 is signi?cantly improved over the standard or 
conventional prior art method as shown in FIG. 2 be 
cause the additional precision resistors have a value 
whichiasmallinrelstiontotheresistanceofthestrain 
gauge elements Rt. R1. R3 and R4 and are connected 
such that the symmetry oi’ the bridge is preserved. 

la the event that a fine adjustment of bridge balance 
is not required. the line balance potentiometer 33 and 
the series connected ?ned precision resistor 35 can be 
eliminated. leaving only the pair of low value precision 
resistors 16 and 27 connected between the terminals 21. 
and 21s and with but a single potentiometer such as 
potentiometer 34 shunting one of the precision resistors. 

it is to be understood that the embodiment of the 
invention herewith shown and described is to be taken 
as a preferred example and being shown for purposes of 
illustration and not limitation. Accordingly. various 
changes. modi?cations. and alterations may be resorted 
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4 
to without departing from the spirit of the invention or 
scope of the subjoined claims. 

I claim. 
1. A temperature compensated load sensing circuit 

for a load cell mass comparator including a load cell 
containing a plurality of strain gauges connected to 
form arms of a bridge circuit connected to a measuring 
circuit. comprising the combination of: 

a pair of series connected resistance means coupled 
between the output side of the strain gauges in a 
?rst of two adjacent arms of said bridge circuit, 
said resistance means being of a relatively low 
resistance value compared to the resistance value 
of said strain gauges; 

potentiometer means shunted across at least one of 
said pair of series connected resistance means, said 
potentiometer means having a relatively large re 
sistance value compared to the resistance value of 
said resistance means and further including an ad 
justable voltage output terminal; and 

means connecting said output terminal of said poten 
tiometer means and the output side of the strain 
gauges in the second of two adjacent arms of said 
bridge circuit to said measuring circuit. 

2. The load sensing circuit according to claim 1 
wherein said pair of series connected resistance means 
comprises a ?rst and second precision resistor. 

3. The load sensing circuit according to claim 2 
wherein said ?rst and second precision resistors further 
exhibit a low noise and low temperature drift operating 
characteristic. 

4. The load sensing circuit according to claim 3 
wherein said ?rst and second precision resistors and said 
potentiometer means are located remotely from said 
load cell. 

5. The load sensing circuit according to claim 1 and 
including additional bridge balancing potentiometer 
means shunted across the other of said pair of series 
connected resistance means, said additional potentiome 
ter means also having a relatively large resistance value 
compared to the resistance value of said resistance 
means. ‘ 

6. The load sensing circuit according to claim 5 and 
further including resistance means coupled in series 
with said additional potentiometer means whereby the 
?rst recited said potentiometer means is operable to 
provide a coarse balance of said bridge and said addi 
tional potentiometer means is operable to provide a ?ne 
balance of said bridge. 

7. The load sensing circuit according to claim 6 
wherein said pair of series connected resistance means‘ 
andsaidresistancemeansconnectedinseries withsaid 
other potentiometer means are comprised of precision 
resistors. 

8. The load sensing circuit according to claim 7 
wherein said precision resistors are comprised of resis 
tors having a low noise and low temperature drift char 
acterhtic. 

9. The load sensing circuit according to claim 8 
wherein said precision resistors and both said potenti 
ometer means are located remoately from said load cell. 

10. The load sensing circuit according to claim 9 
wherein said remotely located precision resistors and 
potentiometer means are located in close proximity to 
said measuring circuit. 

11. The load sensing circuit according to claim 9 
wherein said remotely located precision resistors and 
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potentiometer means are integrated with said measuring 
circuit. 

12. The load sensing circuit according to claim 9 
wherein said precision resistors are ?xed value resistors. 

13. A circuit jbr providing temperature stabilization of a 
load cell containing a plurality of strain gauges connected 
to form arms of a bridge circuit connected to a measuring 
circuit. comprising the combination of.‘ 

a pair of series connected impedance: coupled between 
the output side of the strain gauges in a ?rst of two 
adjacent arms of said bridge circuit. said pair of im 
pedances being of a relatively low impedance value 
compared to the impedance value of said strain 
80"“? 

variable impedance means for balancing said bridge 
circuit shunted across at least one of said pair of series 
connected irnpedancas said variable impedance 
means having a relatively large impedance value com 
pared to the impedance value of said pair of imped 
ances and further including an adjustable voltage 
output terminal: and 

means connecting said output terminal of said variable 
impedance means and the output side of the strain 
gauges in the second of two adjacent arms of said 
bridge circuit to said measuring circuit. 

14. The circuit according to claim 13 wherein said pair 
of series connected impedances comprises a first and second 
precision resistor. 

13. The circuit according to claim 14 wherein said ?rst 
and second precision resistors further exhibit a low noise 
and low temperature drift operating characteristic. 

16. The circuit according to claim 15 wherein said vari 
able impedance means comprises potentiometer means and 
wherein said first and second precision minors and said 
potentiometer means are located remotely from said load 
cell. 

17. The circuit according to claim 13 and including 
additional variable impedance means for ?trther balancing 
said bridge circuit shunted across the other ofmid pair of 
series connected lmpedancn, said additional variable im 
pedance means also has-in; .: relattvel; large impedance 
value compared to the impedance value of said imped 
ances. 

18. The load sensing circuit according to claim 17 and 
further including impedance means coupled in series with 
said additional variable impedance means whereby the ?rst 
recited said variable impedance means is operable to pro 
vide a coarse balance of said bridge and said additional 
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6 
variable impedance means is operable to provide a fine 
balance of said bridge. 

19. The circuit according to claim 18 wherein both said 
variable impedance means are comprised of potentiometer 
means and wherein said pair of series connected imped 
ance: and said impedance means connected in series with 
said other variable impedance means are comprised of 
precision resistors. 

20. The circuit according to claim I 9 wherein said preci 
sion resistors are comprised of resistors having a low noise 
and low temperature drift characteristic. 

2]. The circuit according to claim 20 wherein said preci~ 
sion mirrors and both said potentiometer means are lo 
cated remotely from said load cell. 

22. The circuit according to claim 21 wherein said re 
motely located precision resistors and potentiometer means 
are located in close proximity to said measuring circuit. 

' 23. The circuit according to claim 2) wherein said re 
motely located precislon mistors and potentiometer means 
are integrated with said measuring circuit. 

24. A circuit for providing temperature stabilization of a 
bridge circuit including a plurality of impedance means 
connected to form arms of a bridge circuit connected to a 
measuring circuit. comprising the combination of? 
a pair of series connected impedances coupled between 

the output side of the impedance means in a ?rst of 
two adjacent arms of said bridge circuit. said pair of 
impedance: being of a relatively low impedance value 
compared to the impedance value of said impedance 
mean-I.‘ 

variable impedance means for balancing said bridge 
circuit shunted across at least one of said pair of series 
connected impedances. said variable impedance 
means having a relatively large impedance value com 
pared to the impedance value of said pair of imped 
once and further including an ad/ustable voltage 
output terminal: and 

means connecting said output terminal of said variable 
impedance means and the output side of the impe 
dance means in the second of two adjacent arms of 
said bridge circuit to said measuring circuit. 

25. The circuit according to claim 24 wherein said bridge 
circuit comprises a load sensing circuit. 

26. The circuit according to claim 24 wherein said bridge 
circuit comprises a load sensing circuit included in a load 
cell. 

27. The circuit according to claim 24 wherein said plu 
rality of impedance means comprises a plurality of strain 
gauges included in a load cell 
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