Heat Exchanger Controller Design From Controlguru.com

This analysis relates to the recent posts: “Process Gain Is The ‘How Far’ Variable”,  “Process Time Constant is The ‘How Fast’ Variable,”  and  “Step Test Data From a Heat Exchanger”
1) The raw step test data is listed in a table at end of this document

2)  A first order plus dead time (FOPDT) approximation of the complex heat exchanger dynamics using the graphical methods as presented in the posts on controlguru.com produced the parameters:
             Kp  =  ( 0.53 oC/%           Tp =  1.3 min              (p = 0.8 min (this post coming soon)
The plot below compares this FOPDT model (in yellow) to the data (in white). 
Visual inspection shows that the simple FOPDT model provides a very good approximation for the behavior of this process. In particular, it describes the: direction, how far, how fast and with how much delay behavior of the actual process:

FOPDT models have long been shown to provide reasonable descriptions of a broad range of processes comprised of gases, liquids, powders, slurries and melts.
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3)  Here is a first order plus dead time (FOPDT) approximation of the same data as fit by the software program.
             Kp  =  ( 0.54 oC/%           Tp =  0.99 min              (p = 1.0 min

The plot below shows this FOPDT model fits the data even better than the graphical fit presented in the controlguru.com posts. This highlights the benefit of using computer tools for controller modeling and tuning.
This page is included for illustration purposes only.  We will continue forward with the graphical fit from step 2, though in a real application I would recommend using these values.
[image: image2.png]Loop-Pro: Design Tools
Model: First Order Plus Dead Time (FOPDT) File Name: heatexchanger b

Tirne

Gain (K) =-0.54, Time Constant (T1) = 0.89, Dead Time (TD) = 10
Goodness of Fit Re-Squared - 0.9912, SSE - 1.065





4)  Here is a second order plus dead time (SOPDT) model fit to the data using software.
             Kp  =  ( 0.54 oC/%           Tp1 =  0.59 min         Tp2 = 0.58 min            (p = 0.76 min

The plot below shows this SOPDT model fits the data better than either of FOPDT fits, validating that the complex dynamics of the heat exchanger are higher order than the FOPDT.
This SOPDT model provides us a process simulation platform we can test our controller on.
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5) Below are the complete range of PID tuning values for moderate performance based on the FOPDT approximation of the data as presented in step 2  (same as controlguru.com posts).
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Using info from step 2 and controlguru.com posts:

Kp  =  ( 0.53 oC/%           Tp =  1.3 min              (p = 0.8 min
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Tc =  is the larger of 1.0 Tp  or  8.0 Өp for moderate tuning 
    = larger of 1.3 min or 8(.8 min)

   = 6.4 min
Tc =  is the larger of 0.1 Tp  or  0.8 Өp for aggressive tuning 

   = 0.64 min


So  Kc = -0.34  and   Ti = 1.3   for Moderate tuning

and  Kc = -1.7  and   Ti = 1.3   for Aggressive tuning (screen shot not shown)
6) Here we create a SOPDT simulation we can use with our PI controller as tuned in step 5

First set up SOPDT simulation using parameters from step 4
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7) Now test the PI controller on the SOPDT simulation created in steps 4 and 6 using the PI controller from step 5 (try moderate and aggressive tuning).
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8) Repeat test on actual heat exchanger process simulation. The asymmetrical behavior between steps up and down is due to the very nonlinear character of the exchanger (topic not yet discussed in posts but will be soon).
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( Note: this “dial your own” performance was achieved with one step test, right out of the box. No fiddling. No trial and error. Just follow the posts at controlguru.com.
9) The method of approximating complex behavior with a FOPDT model and then following a  recipe for controller design and tuning works on a very wide variety of processes. It is being used successfully by many companies today. I promise.
Stick with me in at Controlguru.com and over the coming weeks and months, I will show you how you can do this too.

If you are interested in learning more about the software, please visit:  www.controlstation.com. 

Raw Step Test Data
Process:  Heat Exchanger

Controller:  Manual Mode

  Time (min)        CO        PV

   0.6833333       39.00   140.00601  

   0.7166667       39.00    140.0644  

       0.750       39.00   140.03354  

   0.7833333       39.00   139.95432  

   0.8166667       39.00   139.91459  

       0.850       39.00   140.00521  

   0.8833333       39.00   140.00417  

   0.9166667       39.00   140.01885  

       0.950       39.00   139.99984  

   0.9833333       39.00   140.02292  

   1.0166667       39.00   140.07518  

        1.05       39.00   140.06882  

   1.0833333       39.00    140.0573  

   1.1166667       39.00   139.98943  

        1.15       39.00   139.89932  

   1.1833333       39.00   139.94138  

   1.2166667       39.00   140.01328  

        1.25       39.00   139.95661  

   1.2833333       39.00   139.95697  

   1.3166667       39.00   139.99613  

        1.35       39.00   139.99032  

   1.3833333       39.00   140.02743  

   1.4166667       39.00   140.00364  

        1.45       39.00   139.98817  

   1.4833333       39.00   139.90861  

   1.5166667       39.00   139.97757  

        1.55       39.00   139.96039  

   1.5833333       39.00   139.95111  

   1.6166667       39.00   139.99868  

        1.65       39.00   139.91353  

   1.6833333       39.00   140.00622  

   1.7166667       39.00   139.97274  

        1.75       39.00   140.01739  

   1.7833333       39.00   140.02865  

   1.8166667       39.00    140.0495  

        1.85       39.00    139.9893  

   1.8833333       39.00   139.91645  

   1.9166667       39.00   140.00623  

        1.95       39.00   140.02725  

   1.9833333       39.00   139.97756  

   2.0166667       39.00   139.98736  

        2.05       39.00   140.05218  

   2.0833333       39.00   139.96557  

   2.1166667       39.00   139.98272  

        2.15       39.00   140.02501  

   2.1833333       39.00    140.0609  

   2.2166667       39.00   140.01582  

        2.25       39.00   139.98251  

   2.2833333       39.00    140.0377  

   2.3166667       39.00    140.1015  

        2.35       39.00   139.96249  

   2.3833333       39.00   139.95465  

   2.4166667       39.00    140.0666  

        2.45       39.00   140.01283  

   2.4833333       39.00   139.98402  

   2.5166667       42.00   140.04234  

        2.55       42.00   140.02289  

   2.5833333       42.00   139.95395  

   2.6166667       42.00   140.02827  

        2.65       42.00   140.02124  

   2.6833333       42.00   140.07492  

   2.7166667       42.00   139.99667  

        2.75       42.00   139.96682  

   2.7833333       42.00   139.93986  

   2.8166667       42.00   139.96162  

        2.85       42.00   140.01995  

   2.8833333       42.00   139.93633  

   2.9166667       42.00   140.04431  

        2.95       42.00   139.92632  

   2.9833333       42.00   140.00633  

   3.0166667       42.00   140.00149  

        3.05       42.00   140.01375  

   3.0833333       42.00   139.95355  

   3.1166667       42.00   140.00875  

        3.15       42.00   139.95116  

   3.1833333       42.00   139.95114  

   3.2166667       42.00   139.98457  

        3.25       42.00   139.97443  

   3.2833333       42.00   139.92487  

   3.3166667       42.00   139.92608  

        3.35       42.00   139.93461  

   3.3833333       42.00   139.95071  

   3.4166667       42.00    139.8827  

        3.45       42.00   139.84471  

   3.4833333       42.00    139.8894  

   3.5166667       42.00   139.84177  

        3.55       42.00   139.75286  

   3.5833333       42.00   139.80993  

   3.6166667       42.00   139.77531  

        3.65       42.00   139.75614  

   3.6833333       42.00   139.61237  

   3.7166667       42.00   139.65631  

        3.75       42.00   139.67134  

   3.7833333       42.00    139.6985  

   3.8166667       42.00   139.70382  

        3.85       42.00   139.57317  

   3.8833333       42.00   139.62615  

   3.9166667       42.00   139.58801  

        3.95       42.00    139.5915  

   3.9833333       42.00    139.5269  

   4.0166667       42.00   139.50658  

        4.05       42.00   139.46906  

   4.0833333       42.00   139.39428  

   4.1166667       42.00   139.45522  

        4.15       42.00   139.39132  

   4.1833333       42.00   139.27371  

   4.2166667       42.00   139.32188  

        4.25       42.00   139.28584  

   4.2833333       42.00   139.24141  

   4.3166667       42.00   139.30688  

        4.35       42.00   139.16309  

   4.3833333       42.00   139.15236  

   4.4166667       42.00   139.08523  

        4.45       42.00    139.0856  

   4.4833333       42.00   139.05499  

   4.5166667       42.00   139.05182  

        4.55       42.00   139.06792  

   4.5833333       42.00   138.97312  

   4.6166667       42.00    138.9432  

        4.65       42.00   138.92465  

   4.6833333       42.00   138.94163  

   4.7166667       42.00   138.86158  

        4.75       42.00   138.88527  

   4.7833333       42.00   138.85545  

   4.8166667       42.00   138.90371  

        4.85       42.00   138.71918  

   4.8833333       42.00   138.86574  

   4.9166667       42.00   138.73503  

        4.95       42.00    138.7141  

   4.9833333       42.00    138.7137  

   5.0166667       42.00   138.71754  

        5.05       42.00    138.7132  

   5.0833333       42.00   138.61366  

   5.1166667       42.00   138.63044  

        5.15       42.00   138.67082  

   5.1833333       42.00   138.66875  

   5.2166667       42.00   138.65429  

        5.25       42.00   138.60055  

   5.2833333       42.00   138.61083  

   5.3166667       42.00   138.69042  

        5.35       42.00   138.63386  

   5.3833333       42.00    138.5905  

   5.4166667       42.00   138.53543  

        5.45       42.00   138.55664  

   5.4833333       42.00    138.5487  

   5.5166667       42.00   138.58561  

        5.55       42.00   138.46071  

   5.5833333       42.00   138.49806  

   5.6166667       42.00   138.49753  

        5.65       42.00   138.50233  

   5.6833333       42.00   138.46702  

   5.7166667       42.00   138.44615  

        5.75       42.00   138.48825  

   5.7833333       42.00   138.53617  

   5.8166667       42.00   138.43572  

        5.85       42.00   138.41415  

   5.8833333       42.00   138.48689  

   5.9166667       42.00   138.41487  

        5.95       42.00   138.48031  

   5.9833333       42.00   138.42296  

   6.0166667       42.00   138.44919  

        6.05       42.00   138.45379  

   6.0833333       42.00    138.4775  

   6.1166667       42.00   138.34009  

        6.15       42.00    138.4416  

   6.1833333       42.00   138.42061  

   6.2166667       42.00   138.42202  

        6.25       42.00   138.48189  

   6.2833333       42.00   138.41717  

   6.3166667       42.00   138.44845  

        6.35       42.00   138.43055  

   6.3833333       42.00    138.4509  

   6.4166667       42.00   138.43581  

        6.45       42.00   138.45188  

   6.4833333       42.00   138.46138  

   6.5166667       42.00   138.36557  

        6.55       42.00   138.43665  

   6.5833333       42.00   138.48914  

   6.6166667       42.00   138.43471  

        6.65       42.00    138.4192  

   6.6833333       42.00   138.49357  

   6.7166667       42.00    138.3624  

        6.75       42.00   138.35049  

   6.7833333       42.00    138.4141  

   6.8166667       42.00   138.43886  

        6.85       42.00   138.41013  

   6.8833333       42.00   138.40431  

   6.9166667       42.00   138.39914  

        6.95       42.00   138.41969  

   6.9833333       42.00   138.39841  

   7.0166667       42.00   138.42577  

        7.05       42.00   138.40883  

   7.0833333       42.00   138.44943  

   7.1166667       42.00   138.37368  

        7.15       42.00   138.47055  

   7.1833333       42.00   138.44275  

   7.2166667       42.00   138.42016  

        7.25       42.00   138.40479  

   7.2833333       42.00   138.42135  

   7.3166667       42.00   138.43486  

        7.35       42.00   138.39554  

   7.3833333       42.00   138.47341  

   7.4166667       42.00   138.43785  

        7.45       42.00   138.43064  

   7.4833333       42.00   138.40996  

   7.5166667       42.00   138.51501  

        7.55       42.00   138.42239  

   7.5833333       42.00   138.38282  

   7.6166667       42.00   138.42671  

        7.65       42.00   138.42307  

   7.6833333       42.00   138.40244  

   7.7166667       42.00   138.36144  

        7.75       42.00   138.42182  

   7.7833333       42.00   138.42427  

   7.8166667       42.00    138.4251  

        7.85       42.00   138.46831  

   7.8833333       42.00   138.41361  

   7.9166667       42.00   138.39697  

        7.95       42.00   138.40544  

   7.9833333       42.00   138.31118  

   8.0166667       42.00   138.47467  

        8.05       42.00   138.41899  

   8.0833333       42.00   138.43115  

   8.1166667       42.00   138.36635  

        8.15       42.00   138.40701  

   8.1833333       42.00   138.37617  

   8.2166667       42.00    138.4606  

        8.25       42.00   138.44559  

   8.2833333       42.00   138.43125  

   8.3166667       42.00   138.47668  

        8.35       42.00   138.49878  

   8.3833333       42.00   138.50155  

   8.4166667       42.00   138.48966  

        8.45       42.00   138.43425  

   8.4833333       42.00   138.50001  

   8.5166667       42.00   138.49047  

        8.55       42.00   138.41151  

   8.5833333       42.00   138.42484  

   8.6166667       42.00   138.37356  

        8.65       42.00   138.44314  

   8.6833333       42.00   138.37628  

   8.7166667       42.00   138.40707  

        8.75       42.00   138.37414  

   8.7833333       42.00   138.49558  

   8.8166667       42.00   138.40498  
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