Scan Time Effect on Peak and Integrated Errors


The equation for the integrated absolute error (IAE) as a function of controller gain (
[image: image1.wmf]c

K

) and reset time (
[image: image2.wmf]i

T

) derived from the PI controller’s response to a load upset is.
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The Lambda tuning equation to set a degree of transfer of variability in terms of an original dead time (
[image: image4.wmf]o

q

) is: 
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The SIMCA and Ziegler Nichols (ZN) reaction curve tuning equation for max load rejection without oscillating in terms of an implied dead time (
[image: image6.wmf]i

q

) is (ref 1) (ref 2):
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A detuned controller (e.g. lower controller gain) has the same load rejection capability as a loop with more dead time. The maximum performance for a given dead time is suggested by using the SIMC/ZN tuning for maximum controller gain in equation 1 for the IAE. Thus, we can find out how much dead time is implied in a detuned controller by setting the detuned controller gain equal to the equation for the SIMC/ZN controller gain.

If you set Lambda equation 2 equal to the SIMC/ZN equation 3, set the reset time equal to the process time constant (
[image: image8.wmf]1
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), and cancel terms, then you end up with the following equation for implied dead time (
[image: image9.wmf]i
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) as a function of the Lambda factor (
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), the time constant (
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), and the original dead time (
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The amount of dead time available in the implied dead time for scanning delay (
[image: image14.wmf]s

q

) is:
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If you substitute equation 4 into equation 5, then the max allowable delay from scanning for 
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 that causes no appreciable increase in the IAE is (ref 2):
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Since a controller can neither sense nor compensate for a load disturbance until after one loop dead time, the minimum peak error is the exponential response after one dead time (ref 3). The process time constant also known as the process lag (
[image: image19.wmf]1

t

) sets the exponential response. Thus, the peak error for a loop tuned for max load rejection that takes into account the additional dead time (
[image: image20.wmf]s

q

) from scan time and the original dead time (
[image: image21.wmf]o
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) is:
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The peak error for the implied dead time (
[image: image23.wmf]i

q

) from Lambda tuning is:
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Therefore the ratio of peak errors (equation 7 divided by equation 8) is:
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The integrated absolute error is approximately the peak error multiplied by the dead time (ref 3). The IAE for a loop tuned for max load rejection with the additional dead time from the scan time is:
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The IAE for a controller with Lambda tuning is:
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The ratio of IAE (equation 10 divided by equation 11) is:


[image: image28.wmf])]

/(

)

[(

)]

1

/(

)

1

[(

]

/

[

]

/

)

[(

1

1

i

s

o

IAE

i

s

o

e

e

R

q

q

q

t

q

t

q

q

+

*

-

-

=

-

+

-



(12)
Thus, the ratio of IAE is simply the product of the ratio of peak errors and the ratio of dead times. For the case where the controller is not retuned as the scan time is increased, the ratios expressed by equation 9 and 12 have a minimum value of one. The equations can also show the effect of error reduction from tuning for faster scans. For aggressively tuned loops with a relatively large lag, the IAE is proportional to the dead time squared. These predictions can be readily computed and compared to test results for various loops.
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