CURRENT CALIBRATION

CONVENTIONAL CALIBRATION

The conventional method of rationalising load cell outputs creates problems when load cells are
connected in parallel. Multiple load cell systems normally require the individual adjustment of each load
cell output to ensure that weighings are within tolerance for weight placements within prescribed areas.
Theindividual load cell adjustments are very time-consuming, particularly for high-capacity systems or
in hostile environments where containers may need to be emptied and filled severa times during
calibration.

Traditionally, load cell specification sheets quote the rated output of each load cell in voltage, usually
mV/V, with a"rationalised" tolerance of 0.1% ( 2 ** 0.002 mV/V ). However when connected in paralld,
each load cell will be loaded with the output impedance of the other load cells. As aresult the system
needs further adjustment in the field to be accurate.

The figure opposite shows the electrical diagram

of four load cells, connected in parallel. Each Ro Ro Ro Ro
load cell can be represented as a voltage source Up
"U" with resistance "R," (output resistance).
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Calculations are better understandable when the f i
Norton equivalent circuit isused. Theload cell is D R
1+

now represented as a current source, driving Ro Ro
current through the paralel combination of the U

load cell source impedances, where| = U / R, | ,@ |? |@ ‘

Example, the following four conventiona
calibrated load cells are connected in parallel and supplied with an excitation voltage of 10 Vdc:

LC Capacity Rated output (mV/V) Output (MV) Rout (W) Current (mA)
1 1000 2.001 20.01 350.50 0.0571
2 1000 2.001 20.01 352.00 0.0569
3 1000 2.000 20.00 351.50 0.0569
4 1000 2.002 20.02 351.00 0.0570
Total 4000 2.001" 20.01Y 87.81? 0.2279

1 The combined load cell output equas the arithmetic mean vaue of the individua load cdll outputs.
2) 2) ]JRt:]./R1+]./R2+]./R3+1/R4
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The combined output can aso be calculated by multiplying the total current with the combined resistance;
U=1*R =02279* 87.81 =20.012 . 20.01 mV.
The reading when applying atest load of 500kg on each individual l1oad cell will be:

Load appliedonLC 1-2-3-4 Totd Current I Totd Output U, Reading M
500-0-0-0 0.028545 2.5065 501.05
0-500-0-0 0.028423 2.4958 498.91
0-0-500-0 0.028450 2.4982 499.39
0-0-0-500 0.028519 2.5043 500.61
where:
I =T*S'E / R* Enve U=l R M=Uo* N* Eqp / Uoc

It Tota current (mA)

T Test load (kg) =500 U, Tota output (mV)

S Rated output LC, (MV/V) R Combined resistance (W)  =87.81
E Excitation voltage (V) =10 M Reading (kg)

R, Output resistance LC, (W) N Number of load cells =4
Emax Rated capecity load cdll (kg) = 1000 Uoc Combined output (mV) =20.01

The readings are based on afull scale calibration. The zero balance ( output at no-load ) is considered
to be O mV/V. Hence, if theload cell is not loaded, the current will aso be 0 mA.

The example above considers atest load which only acts on one of the four load cells. In practice the test
load will be unequally divided over all load cells because of the structure ( platform/hopper ) of the
system. The absolute errors will therefor be smaller, but still considerable.

If all load cells were loaded with 500 kg, the total reading will be 501.05 + 498.91 + 499.39 + 500.61
=1999.96 . 2000 kg.

The above calculations show clearly that the system needs further "corner” adjustment to be accurate.
Thisisusually donein ajunction box ( signal- or excitation trim ), using fixed or variable resistors. But
this method has mgjor disadvantages.

# Additional temperature-sensitive resistors are being introduced into the system.

# Selection of these resistors can be very time-consuming and require the use of deadweights.

# The process of adjustment must be repeated each time aload cell is exchanged.

A solution used by some load cell manufacturers to improve the overall result is to supply separate
resistors with each load cell for usein the output lines to balance up the output resistances. However this
does not solve the problem of fitting extra resistors and again these must be changed when any load cell
is exchanged.

IN GENERAL.:

Typical conventional calibration specifications are:

# Tolerance on rated output: ""0.1% (absolute error 0.2%)
# Tolerance on output resistance: "*1.0% (absolute error 2.0%)

By combining the three formulas above, it can be recognised that the maximum corner differenceis based
only on the tolerance on rated output and output resistance;

M=(T*E*R*N/ Us)*(S/ R)=Const*(S/ R)

Hence, the maximum corner difference will be : (0.22 + 2.0%) = 2.01%
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CURRENT CALIBRATION

Revere Transducersis believed to be the first manufacturer to provide load cells with rationali sed output
current; Current Calibration ( SC-Option ). Current Calibration makes externa balancing resistors
unnecessary; allows much quicker on-site set up and calibration; and enables load cells to be replaced
in the field without any need to re-adjust the system.
Current calibrated load cells are rationalised in terms of current output, rather than in terms of voltage
output.
During production of load cell "LC,", the output resistance "R," is measured. The desired output is then
calculated by:

Ux = Iref * Rx

After this calculation the required value for "Uy" is obtained by means of the internal cdibration resistors
to an accuracy of ** 0.05%, resulting in identical output current tolerances for each load cell.

Example, the following four current calibrated load cells are connected in parallel and supplied with an
excitation voltage of 10 Vdc:

LC Capacity Rated output (mV/V) Output (V) Ro (W) Current (mA)
1 1000 1.9943 19.943 350.50 0.0569
2 1000 2.0029 20.029 352.00 0.0569
3 1000 2.0000 20.000 351.50 0.0569
4 1000 1.9972 19.972 351.00 0.0569
Total 4000 1.9986 19.986 87.81 0.2276

The total output can be calculated by multiplying the total current with the combined resistance; U = |
* R, =0.2276 * 87.81 = 19.986 mV.
The total output when applying atest load of 500kg on each individual load cell will be:

Load appliedonLC 1-2-3-4 Tota Current I Tota Output U, Reading M
500-0-0-0 0.028450 2.4982 499.99
0-500-0-0 0.028450 2.4982 499.99
0-0-500-0 0.028450 2.4982 499.99
0-0-0-500 0.028450 2.4982 499.99

The above calculations show clearly that the system needsNO further "corner” adjustment to be accurate.

IN GENERAL

Typical current calibration specifications are:

# Tolerance on rated outpuit: ""1.0%

# Tolerance on output resistance: "1.0%

# Tolerance on output current, '0.05% (absolute error 0.1%)

This results in amaximum corner difference of 0.1%, approximately 20 times better than conventional
calibrated load cells.
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The manner in which the load is transmitted through the load cell has a major impact on the accuracy

and repeatability. Current calibrated load cells only perform without corner load differencesin a

multiple cell system when they are correctly installed:

# All load cells should be placed on the same horizontal level ( corrections can be made by
placing thin plates underneath the load cell with minor output).

# The load should be transmitted vertically through the load cell ( 2E out of the perpendicular
isalready causing an error of approximately 0.061% ).

LOAD CELL REPLACEMENT

Although current calibrated |oad cells remove the need for corner adjustment, calibration should always
be checked after replacing aload cell. If the load cell as a current source is considered to be a constant
factor, it can be recognised that the calibration change is directly related to the change of combined
resistance;

Us=I*R=Const*R

Hence, the change of calibration can be calculated by:

M/ N)*a (%)

Where:

M Number of load cellsto be replaced

N Number of load cdlsin the system

a Resigtance changein percentages;,  ((SmRnew - SmRold) / SmRoid) * 100%

Example, aload cell with an output resistance of 350.5W will be replaced by aload cell with an output
resistance of 353.0W. The application has atotal of four load cells. The resistance change will be:

(353.0-350.5/ 350.5)* 100% = 0.71%
The calibration change will be:

(M/N)*0.71% = (1/4)*0.71% = 0.18%

Customer support:

The Revere Transducers group combines fifty years of load cell manufacturing with fifty years of
application know how. For any further question, please contact our manufacturing operation or any one
of our regional sales offices.

Revere Transducers Europe
Ramshoorn 7

Postbus 6909, 4802 HX Breda

The Netherlands

Tel. (+31)76-5480700

Fax. (+31)76-5412854

Regional officesin Germany, France and United Kingdom
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