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CAD Software for Designing Process Control System
—Tuning of PID Controller under Consideration of Energy Savings—

For conventional process control, a well-tuned PID controller has been considered adequate. It is, however,
questionable whether the PID controller insures that the control system can be operated at the most efficient
condition for energy consumption. In this paper, we focus on the tuning problem of the PID controller for en-
ergy savings. The controlled plant is assumed a first-order lag plus deadtime system with I-PD control configu-
ration. Comparison of the control performance is presented for load disturbance change. The optimal PID gains

can be obtained as functions of ratio of deadtime to time-constant graphically.
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Table 1 PID gains optimized

W, kp k; kg

0 13.4459 | 9.7472 | 8.039%4
0.001 | 13.0519 | 8.8252 | 7.6473
0.002 | 12.7760 | 8.1803 | 7.3792
0.003 | 12.5172 | 7.7288 | 7.2032
0.004 | 12.3573 | 7.3833 | 7.0482
0.005 | 12.1830 | 7.0751 | 6.9318
0.006 | 11.9843 | 6.7328 | 6.8182
0.007 | 11.8873 | 6.4888 | 6.7207
0.008 | 11.7198 | 6.3466 | 6.6737
0.009 | 11.6350 | 6.1411 | 5.9360
0.01 11.5594 | 5.9729 | 6.5279
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Fig.2 PID gains for various weighting factors w,
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Table 2 Control performance indices for
disturbance suppression characteristics
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u(gl O.E)SIFE)G 2.1358C64 12115."{;:21 % Table 3 IR ¥e 372, B’ w; 1235 2 PID
0.001 0.0108 2.0849 94.9467 TA D77 7% Figh IIRT,
0.002 0.0110 1.9261 80.3113
0.003 0.0113 1.8220 72.2223 Table 3 PID gains tuned
0.004 0.0115 1.7545 66.0419 w, k, k; kq
0.005 0.0117 1.6976 61.7843 0 13.4459 | 9.7472 8.0394
0.006 0.0120 1.6402 57.9267 0.001 11.8907 | 4.1847 2.4322
0.007 0.0123 1.6057 54.9173 0.002 11.0724 | 36113 1.6824
0.008 0.0125 1.5751 53.4212 0.003 10.5734 | 3.3061 1.3114
0.009 0.0127 1.5484 51.1604 0.004 10.1162 | 3.1262 1.0806
0.01 0.0129 1.5267 49.3843 0.005 9.8397 2.9851 0.8301
0.015 0.006 9.5454 2.9085 0.8301
0.007 9.4368 2.7985 0.7423
0.010 0.008 9.1542 2.7093 0.6656
ISE 0.009 9.0621 2.6726 0.6202
0.005 0.01 8.8697 2.6427 0.5809
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Fig.4 Performance indices
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Fig.5 PID gains for various weighting factors w,
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Table 4 Performance indices for

disturbance suppression characteristics
w, ISE ISC ISTC
0 0.0106 2.3864 124.1821
0.001 0.0196 1.9584 6.9826
0.002 0.0231 1.9742 4.4852
0.003 0.0254 1.9698 3.5244
0.004 0.0274 1.9567 2.9300
0.005 0.0288 1.9442 2.6477
0.006 0.0301 1.9371 2.4136
0.007 0.0310 1.9272 2.2693
0.008 0.0324 1.9092 2.0818
0.009 0.0330 1.9099 2.0123
0.01 0.0340 1.9067 1.9155
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Fig.7 Performance indices
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Table 5 PID gains optimized

w, w, k, k; kg
0.001 11.7717 | 4.0958 2.4883 0.001 11.2764 | 3.7774 2.7244
0.002 10.9601 | 3.5590 1.7277 0.002 10.7346 | 3.2299 1.9335
0.003 10.4712 | 3.2755 1.3546 0.003 10.3096 | 3.0402 1.5214
0.004 10.1189 | 3.0875 1.1228 0.004 10.0002 | 2.8918 1.2741
0.001 0.005 9.8232 2.9182 0.9552 0.006 0.005 9.6906 2.7524 1.0834
’ 0.006 9.5693 2.8439 0.8502 0.006 9.3889 2.6981 0.9653
0.007 9.3745 2.7479 0.7606 0.007 9.2852 2.6058 0.8639
0.008 9.2229 2.6475 0.6824 0.008 9.1702 2.5436 0.7852
0.009 9.1837 2.5750 0.6295 0.009 9.0107 2.4733 0.7186
0.01 8.8960 | 2.5760 0.5880 0.01 8.8863 2.4474 0.6712
0.001 11.4559 | 3.8960 2.4885 0.001 11.2326 | 3.7380 2.7726
0.002 10.9221 | 3.4904 1.7730 0.002 10.6719 | 3.2621 1.9691
0.003 10.4508 | 3.2250 1.3947 0.003 9.7570 3.0482 1.5381
0.004 10.1189 | 3.0522 1.1647 0.004 9.8826 2.8303 1.2860
0.002 0.005 9.8232 2.8834 0.9797 0.007 0.005 9.7023 2.7326 1.1155
’ 0.006 9.5693 2.7862 0.8698 ' 0.006 9.5130 2.6385 0.9831
0.007 9.3377 2.7250 0.7827 0.007 9.3080 2.5903 0.8862
0.008 9.2229 2.5908 0.6985 0.008 9.1545 2.5164 0.8049
0.009 9.0085 2.5897 0.6515 0.009 9.0776 2.4604 0.7434
0.01 8.8983 2.5455 0.6066 0.01 8.8672 2.4085 0.6806
0.001 11.5625 | 3.9477 2.5943 0.001 11.1550 | 3.6956 2.8138
0.002 10.8618 | 3.4402 1.8150 0.002 10.5861 | 3.2224 1.9964
0.003 10.3844 | 3.1705 1.4230 0.003 10.2369 | 2.9766 1.5843
0.004 10.0645 | 2.9079 1.1793 0.004 9.9608 2.8182 1.3248
0.003 Q.QOS 9.7970 | 2.8553 1.0159 0.008 0.005 9.6697 2.6940 1.1389
0.006 9.4323 2.7666 0.8890 o 0.006 9.3900 2.6299 1.0019
0.007 9.3169 2.6979 0.8052 0.007 9.2613 2.5803 0.9071
0.008 9.2093 26137 | 0.7305 0.008 9.1642 2.5111 0.8232
0.009 9.0102 2.5799 0.6737 0.009 9.0486 2.4222 0.7512
0.01 8.8877 2.5148 0.6219 0.01 8.8698 2.3879 0.6943
0.001 11.4543 | 3.9001 2.6455 0.001 11.1028 | 3.6486 2.8498
0.002 10.7878 | 3.3999 1.8566 0.002 10.5691 | 3.1927 2.0341
0.003 10.3742 | 3.1242 1.4589 0.003 10.1969 | 2.9534 1.6136
0.004 10.0356 | 2.9670 1.2172 0.004 9.8920 2.7788 1.3395
0.004 0.005 9.7593 2.8355 1.0458 0.009 0.005 9.6968 2.6824 1.1647
0.006 9.5333 2.7219 0.9150 ' 0.006 9.4767 2.6109 1.0312
0.007 9.3043 2.6639 0.8231 0.007 9.2416 2.5348 0.9198
0.008 9.1938 2.5944 0.7477 0.008 9.1376 2.4730 | 0.8396
0.009 8.9779 2.5055 0.6782 0.009 9.0099 2.4091 0.7681
0.01 8.8955 2.4878 0.6376 0.01 8.9117 2.3458 0.7075
0.001 11.4086 | 3.8382 2.6912 0.001 11.0606 | 3.5961 2.8790
0.002 10.7267 | 3.3314 1.8854 0.002 10.5310 | 3.1541 2.0634
0.003 10.3257 | 3.0901 1.4957 0.003 10.1304 | 2.8935 1.6239
0.004 9.9984 2.9227 1.2431 0.004 9.8960 2.7826 1.3779
0.005 0.005 9.7711 2.7990 1.0711 0.01 0.005 9.5710 2.6360 1.1696
0.006 9.5304 2.7222 0.9488 ' 0.006 9.4693 2.5584 1.0449
0.007 9.2922 2.6510 0.8457 0.007 9.2589 2.4959 0.9379
0.008 9.1911 2.5754 0.7715 0.008 9.1470 2.4732 0.8609
0.009 9.0372 2.5124 0.7070 0.009 9.0074 2.3791 0.7792
0.01 8.8891 2.740 0.6552 0.01 8.8667 2.3435 0.7238
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Fig.9 Step responses to disturbance input
for various weighting factors w, and w,
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Fig.10 Comparison of performance indices
for various weighting factors w, and w,
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Table 6 PID gains tuned
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Fig.11 Comparison of responses to disturbance input
for OPT-d and PMM-d (0%)
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Table 7 Performance indices for
disturbance suppression characteristics

ISE ISC ISTC
OPT-d 0.0324 1.8840 2.0901
PMM-d(0%) 0.0464 1.4779 3.8814

k, k; k,
OPT-d 9.2229 2.6475 0.6824
PMM-d(0%) 6.853 1.973 1.700

- SLELINHI R

Table 6 IZ/R$ PID 4 v # W<, I-.PD AT
MELIRIEEZ R L 72D A5 Fig. 11 (@), (b) TH b,
FORIEBEEZ R L7-D% Table 7 TH 5,

ISE {2 PMM-d(0%)D 2 fEFEEE & %2 o TV 5 25,
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Fig.12 Comparison of responses to reference input
for OPT-d and PMM-d(0%)

Table 8 Performance indices for
reference tracking characteristics

ISE ISC ISTC
OPT-d 1,7122 14.2936 | 13.1189
PMM-d(0%) 2.0263 10.0617 5.7141

Fig.12 £ V), OPT-d {Z PMM-d(0%) |2t~ e
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Table 9 PID gains optimized

L, k, k, kg
1 9.2229 | 2.6475 | 0.6824
2 6.1366 | 1.1367 | 2.1260
3 4.4969 | 0.6865 | 3.3802
4 3.5440 | 0.4757 | 4.2693
5 2.9218 | 0.3551 | 4.9068
6 2.5638 | 0.2789 | 5.4423
7 2.1589 | 0.2348 | 5.7689
8 1.9530 | 0.1819 | 5.8546
9 1.7488 | 0.1612 | 6.2844
10 | 1.5734 | 0.1480 | 6.4561

BH E2T, BHR K

10

1 2 3 4 5 6 7 8 9 10
deadtimeLp

Fig.13 PID gains versus deadtime L,

Fig.13 XV, Te72BER) Lp XL k,, k; iZRAL,
kg IXHEMMEMIZH 5,

HH kA% Table 10 1ZRd, Fiz, L77ER
Ly x4 35HHBI %0/ 57 % Fig. 14 (a)~(OITR
R

Table 10 Performance indices for
disturbance suppression characteristics

L, ISE ISC ISTC

1 0.0324 1.8840 2.0901
2 0.1328 3.7107 4.4011
3 0.3063 5.0086 8.9387
4 0.5562 6.1653 14.3606
5 0.8848 7.2512 19.8791
6 1.2859 8.6236 26.0859
7 1.7663 9.3671 30.6284
8 2.3404 10.3840 31.9349
9 2.9160 11.3726 39.8074
10 3.5840 12.3495 43.4681

%

1 2 3 4 5 6 7 8 9 10
deadtimeLp

(a) ISE
10 /
5
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deadtime Lp
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Fig.14 Performance indices versus deadtime L,
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Table 11 PID gains tuned
k, k; kq
6.853 1.973 1.700
G 0.540 1.503
2.035 0.261 1.311
1.436 0.159 1.124
1.079 0.110 0.942
0.842 0.082 0.764
0.674 0.065 0.590
0.549 0.053 0.419
0.452 0.044 0.251
10 0.375 0.038 0.087

o

Ol ||l lu|sw|to| =]

1 2 3 4 5 6 7 8 9 10
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Fig.15 PID gains versus deadtime L,
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Table 12 Performance indices for
disturbance suppression characteristics

L, ISE ISC ISTC
1 0.05 1.48 3.80
2 0.32 2.82 2.72
3 0.94 4.27 1.93
4 1.93 5.90 1.40
5 3.26 7.73 0.98
6 4.93 9.79 0.64
7 6.89 12.06 0.39
8 9.16 14.55 0.21
9 11.60 17.19 0.09
10 14.23 19.97 0.03
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