...................

Input/OQutput Characteristics and Errors

Gage Interconnection Configurations: Strain gages have been used for many
decades for measuring the stresses in mechanical components of aircraft and other active
and passive structures. Sometimes, one simple gage can give the necessary information,
and in those instances where hundreds or even thousands of gages are needed to
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Figure 36. Full Bridge Connection

: one which has enough active

i applications,
: customer can adapt a special

implement a large test, use of
the quarter bridge
configuration of Figure 34is a

i cost control necessity. The
© only active bridge leg (a strain

gage) is shown as (AC), and
the other three inactive legs
(A'B', BD' and C'D") are fixed
resistors, to simulate a
complete bridge.

In certain cases, it is even
possible to use the quarter
bridge in a load cell, where
temperature compensation
and moment compensation are
not a necessity, as in a cheap
bathroom scale.

The half bridge
connection is usually used for
low cost load cells which are
designed for specific OEM
where the

design to make use of the
cell's unique parameters.
The full bridge is the only

legs to allow for easy
compensation for temperature
coefficients of both zero and

i span and to allow adjustment

of moment sensitivity.

Other parameters being
equal, a full bridge has twice
the output of a halfbridge and
four times the output of a
quarter bridge.



Temperature Effect on Zero and OQutput: Interface proprietary gages are designed
specifically to compensate the temperature effect on the modulus of elasticity of the
flexure material, thus providing essentially a constant output over the compensated
temperature range. The specification for each load cell series states the coefficient,

typically £0.08% per 100 degrees F.

06 » — A small zero balance shift, due to

] ' the differences between the

05— UNCO PENSATE/D/ . temperature coefficient of resistance of

' / i the gages, must be tested and adjusted

04 / at the factory.
* g / . @) The usual method in the load cell
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%0.3 i 2 COUPENSATED— mdu§try uses only two temperatures,

2 : / ' | ——1 T—i| ambient room and 135 degrees F. The
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Qo2 L~ ohbompENsaTEs-|  Dest result which can be obtained by
N ; // _ \\\ this method is shown in Figure 37 as
04 : 3 ™ the "room-high compensated” curve.
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Figure 37. Temperature Compensation, low and. high ~ temperature. ms
Zero Balance method is more costly and time
consuming, but it results in the "c-h
compensated" curve, which has two distinct advantages.
e The curve's maximum occurs near room temperature. Thus, the slope is aimost
flat over the most-used temperatures near room ambient.

® The overall variation over the compensated temperature range is much less.
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Figure 38. Temperature Effect on Zero Figure 39. Temperature Effect on Output

The graphs of Figures 38 and 39 show, separately, the effect of temperature on zero
balance and output, so it is easier for the reader to visualize what happens to the signal
output curve of the load cell as the temperature is varied. Notice that zero shift moves the
whole curve parallel to itself, while output shift tips the slope of the output curve.



Load Cell Electrical Output Errors: When a load cell is first calibrated, it is
exercised three times to at least its rated capacity, to erase all history of previous
temperature cycles and mechanical stresses. Then, loads are applied at several points from
zero to rated capacity. The typical production test for a Low Profile™ cell consists of five

;

=
=

~)

—

SIGNAL

A T
END POINT BEST FIT STRAKGHT LINE

!

f -~ ]——-7ERO BALANCE

0 20 40 60 80
FORCE, % RATED LOAD

Figure 40. Simplified Error Graph

100

ascending points and one
descending point, called the
"hysteresis point" because
hysteresis is determined by
noting the difference between
the outputs at the ascending
point and corresponding
descending point, as shown in
Figure 40. Hysteresis is usually
tested at 40 to 50 percent of full
scale, the maximum load in the
test cycle.

There are many definitions
of "best fit straight line",
depending on the reason that a

linear representation of the output curve is needed. The end point line is necessary in
order to determine non-linearity, the worst case deviation cf the output curve from the
straight line connecting the zero load and rated load output points. (See Figure 40.)

A more sophisticated and useful straight line is the SEB Output Line, a zero-based
line whose slope is used to determine the Static Error Band (SEB). As shown in Figure
41, the static error band contains all the points, both ascending and descending, in the test

cycle. The upper and lower limits of

the SEB are two parallel lines at an

equal distance above and below the
SEB Output Line.
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NOTE

The reader should
keep in mind that the

rd

non-linearity,
hysteresis and non-
return to zero errors

are grossly
exaggerated in the
graphsto demonstrate
them visually. In
reality, they are about
the width of the graph
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Figure 41. Static Error Band






