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Summary

Control systems are at times inherently complex and interactive. To optimize a system it
is often both helpful and necessary to understand where disturbance in controlled
variables are coming from. With knowledge into the interactive nature of a system you
will be able to make the appropriate decisions on how to best optimize a system.

The purpose of this paper is to provide insight in how to use the Auto and Cross
Correlation plots in the Protuner Frequency Analysis Report.
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Figure 1 — Pressure Control Loop

To Scrubber

In this example, you are tuning pressure control loop PIC-1322. The header feeding this
loop also feeds other plant systems. The Protuner configured to record both the pressure
loop and the header pressure.
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Figure 2 — Protuner Recording of Pressure Loop PIC-1322 and Header Pressure PI-1286

In examining the trend data you will first notice that when the loop was placed in manual,
the magnitude of the cycle in the loop PV got smaller. You will also notice that the

header pressure is cycling. To better understand the disturbances to the loop you are
trying to tune you can use the Protuner Frequency Analysis Plots.
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Figure 3 — Window the Section of the Data where the Loop is Operating in Auto

Call Analysis and run a Frequency Analysis on PIC-1322.PV
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Figure 4 — Power Spectrum of PV Data with Loop in Auto

From the Power Spectrum the two peaks found are at periods of 34.1 and 3.01 seconds.

The next step is to tab the Autocorrelation graphic.
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Figure 5 — Autocorrelation Graph of PV with Loop In Auto

The using the curser you will find the peak to peak of the fast cycles to be 3 seconds and
the peak to peak lag time of the slow cycle to be 34 seconds. That information correlates

with the Power Spectrum data in Figure 4.



The next step is to tab the Crosscorrelation and cross correlate the PV data with the
header pressure data.
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Figure 6 — Crosscorrelation of PV with Header Pressure with Loop In Auto

Using the cursor identify the first peak as shown. From the cursor point at the first peak
we find a lag of 3.26 seconds and a negative correlation of -0.824. Thus, 82.4% of the
variance in the PV comes from the load disturbance.
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Figure 7 — Window the Portion of the Data with the Loop Operating in Manual




After windowing the test data where the loop was operating in manual, click Analysis
and again select the PV data for Frequency Analysis.
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Figure 8 — Power Spectrum of PV Data with Loop in Manual

The Power Spectrum again identified frequencies with 34 and 3 second periods but found
that the power (magnitude of variance) was now 43.7% and 38.53% respectively. This
compares with 54.34% and 20.94% power with the loop operating in manual.
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Figure 8 — Autocorrelation of PV with Loop in Manual




Again, the peak to peak lag time for the fast peaks is 3 seconds and the peak to peak lag
time for the slow cycles is again 34 seconds.
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Figure 9 — Crosscorrelation of PV and Header Pressure Data with Loop in Auto

Using the cursor again find the first peak which is at a lag time of 5 seconds and a
negative correlation of 0.710. Thus in manual, 71% of the variance in the PV can be
directly correlated with the load disturbance in the header.

The difference in the automatic and manual crosscorrelation is the result of the closed
loop operation of the controller magnifying or increasing the effects of the disturbance.

Conclusion:

The Frequency Analysis plots are power tools to gain insight into both the frequency and
sources of disturbances. In this example we found that 71% of the variance in the PV
with the loop in manual can be directly correlated with the cyclic disturbance in the
header pressure. Placing the loop in auto tends to amplify rather the variance in the
pressure measurement being controlled.

Once the header pressure is identified as the major source of the variance in the
controlled pressure the next step would be to identify the source of the disturbance in the
header pressure. Tuning the pressure loop is not the answer because faster tuning will
only make the problem worse.



