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I.1 SIMULINK implementation
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Figure I.1 SIMULINK realization for the SOC controller synthesis.
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1.2 1280mm wide slabs results

1.2.1 Tabled results

Table .1 1280mm wide slab design values for the proportional gains £; ;.
inlu inll in2u in2l in3u in31 indu in4l
604 1810 474.3 1110 1100 1323 900 1052
in5u in51 in6u in6l in7u in71 in8u in8l
1800 1566 835.6 1398 993.5 1286 9419 2234
oulu oull ouZu ou2l oulu ou3l oudu oudl
585.6 1344 389.7 1159 827.4 ; 1168 899.8 2046
ouSu ousl oubu ou6l ou7u ou7l ouBu ou8l
793.9 107.6  NA NA 517.2 8989 6634 1066
nllu nlll nl2u ni2l nrliu nrll nr2u nr2l
551.2 4649 342 480.5 2936 5206 610 520.5
Table .2 1280mm wide slab design values for the integral gains k; ».
inlu inll in2u in2l in3u in31 indu in4l
37.25 82.45 19.61 2362 57.36 14.62 4099 7.655
in5Su in5l1 in6u inél in7u in7l in8u in8l
158.8  20.26 3403 2885 57.63 4183 5276 6633
oulu oull ouZu ou?l ou3u ou3l oudu oudl
24,03  46.29 24,18 4276 342 22.58 41,59 62.11
ousu ousl oubu ou6l ou7u ou7l ou8u ou8l
39,72 0.2084 NA NA 23.95 25.61 24.33 28.09
nilu nlll nl2u nl2l nrlu nrll nr2u nr2l
9.197 10.08 9.873 12.43 11.51 18.52 15.03 17.07
Table I.3  1280mm wide slab SMSMSE for each controller in the loop.

inlu inll in2u in2l in3u in3l indu in4l
5404 4902 4.8 6.061 4,781 15 4.611 10.27
inSu in3l in6u inél in7u in71 in8u in8l
4.842 8.315 4836 6332 4.63 7.138  4.897 11.73
oulu oull ouZu ou2l oulu ou3l oudu oudl
4.625 4654 5122 4597 4728 5.764  5.667 6.291
ousu ouSl oubu ou6l ou7u ou7l ou8u oudl
5.243 5.505 NA NA 6.663 6475 8.052 6.337
nllu nlll nl2u nl21 nrlu nrll nr2u nr2l
4668 6424 10.37 7.812 8258 9.03 4,601 5.357
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Table 1.4 1280mm wide slab MSE for each output using the ou2l controller.
inlu inll in2u in2] in3u in3l indu indl
7.168 1.439 2,123 13.01 1.291 49.41 07046 191.3
inSu in51 in6u in6l in7u in7l in8u in8l
07297  41.19 1.281  12.87 08113 12.04 2732 17.51
oulu oull ouZu ou2l ou3u ou3l oudu oudl
1.06 09161  8.004 0.001855 1.063 10.79  6.871 5.764
ousu ousl oubu oubl ou’u ou7l oudu ousl
5.139 3.402 NA NA 20.02 1598  28.15 13.42
nllu nlll nl2u nl2l nrlu nrll nr2u nr2l
0.7659 39.29 107.5 51.53 66.2 47.57 0.9056 12.98
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1.2.2 Time-domain results
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Figure .2 Thermocouple temperature outputs for 1280mm wide slabs when thermocouple

ou?2l is used in a feedback configuration.
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Figure 1.3 Thermocouple temperature errors for 1280mm wide slabs when thermocouple

ou2l is used in a feedback configuration.
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Figure 1.4 Control signal for 1280mm wide slabs when thermocouple ou?2l is used in a

feedback configuration.

1000

500

du, /dt [mm/min?]

|
w
o
o

-1000

-1500
0

6
tfsl x10°

Figure I.5 Slab accellaration for 1280mm wide slabs when thermocouple ou2l is used in a

feedback configuration.

Electrical, Electronic and Computer Engineering 219



Appendix | SOC
.3 1575mm wide slabs results
I.3.1 Tabled results
Table .5 1575mm wide slab design values for the proportional gains i s
inlu inll in2u in2l in3u in3l indu in4l
485.1 728.3 386.4 1196 360 627.6  607.5  8.394e+004
inSu in51 in6u in6l in7u in71 in8u in8l
375 830 598.7 5593 429.8 1069 5304  528.1
oulu oull ou2u ou2l ou3u ou3l oudu oudl
1003 1975 394.1 603.9 6325 1014 637.2 3.086e+004
ousu ou3l oubu oubl ouTu ou7l oudu oudl
5146 4706 NA NA 483.6 7295 667.6  556.1
nllu nlll nl2u nl2l nrlu nril nr2u nr2l
1238 9763 5007 1084 876.6 4954 1019 802.9
Table 1.6  1575mm wide slab design values for the integral gains kis.
inlu inll in2u in2l in3u in3l indu indl
21.15 15.39 193 39.76 1486 2405 2201 2163
inSu in5l1 in6u in6l in7u in7l in8u in8l
8776 25.1 19.64 1664 1202 3198 1679 17.39
oulu oull ouu ou2l ou3u ou3l oudu oudl
33.26  32.69 13.91 9.388 2096 23,07 22,58 756.5
ousu ousl oubu oubl ou7u ou7l oudu oudl
14.31 109.1 NA NA 21.94 19.12 214 13.43
nllu nlll nl2u nl2l nriu nrll nr2u nr2l
58.2 27.59 1743 5092 2511 14.24  21.96 14.14
Table 1.7  1575mm wide slab SMSMSE for each controller in the loop.
inlu inll in2u in2l in3u in3] indu indl
5.871 9.941 6386 8455 5699 7.68 5.66 453.4
inSu in5l1 in6u in6l in7u in71 in8u in8l
59 6.118 5669 3778 5846 11.05 7.078 8.108
oulu oull ou2u ou2l oulu ou3l oudu oudl
10.23 16.01 5.822 7288 5722 10.21 5.695 2209
ousSu ousl oubu oubl ou7u ou7l ou8u ousl
5.622 11.34 NA NA 6.43 5.887 5.823 8.741
nllu nlll nl2u nl2] nrlu nrll nr2u nr2l
12.711 1237 8734 9054 8284 50954 14,52 12.49
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Table .8 1575mm wide slab MSE for each output using the ou5u controller.
inlu inll in2u in2l in3u in3l indu indl
7.774 60.98 20.7 16.56 2993 20.08 3.049  50.05
inSu in5l1 inéu inél in7u in7l in8u in8l
4.656 3.397- 228 4345 6.3 3746 2071 3292
oulu oull ou2u ou2| ou3u ou3l oudu ou4l
29.06 6592 4463 3295 4705 42356 4637 6752
ouSu oudl oubu ou6l ouTu ou7l oudu ou8l
0.02098 1022 NA NA 17.94 1.404 4795 5245
nllu nlll nl2u ni2l nrlu nrll nr2u nr2l
39.54 90.94 113.7 3632 3748 12.09 7599 122.9
Electrical, Electronic and Computer Engineering 281



SOC

Appendix I

I[.3.2 Time-domain results
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FigureI.6 Thermocouple temperature outputs for 1575mm wide slabs when thermocouple

oudu is used in a feedback configuration.
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Figure 1.7 Thermocouple temperature errors for 1575mm wide slabs when thermocouple

ouSu is used in a feedback configuration.
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Figure 1.8 Control signal for 1575mm wide slabs when thermocouple ouSu is used in a

feedback configuration.
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Figure 1.9 Slab accellaration for 1575mm wide slabs when thermocouple ou5u is used in

a feedback configuration.
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J.1 SIMULINK implementation
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- 1 1 1 .
Pl MEJJT.7 1yl x=AXBU 38 j
ErTEE— b =
——a | ML 1 1 ﬂ To Workspace
| e lz_p!Demuxi ML2T
I ) | . CS e =
Disturbance .6 [ p X= Ax+Bu | 38 l
inputs | [uitz) - 1 y = Cx+Du lj

Lyl - WT2T

¥ = Ax+Bu | !
y = Cx+Du

State-Space

= 3 | owm
Desirlu—F Switen ’d—!_blen o ] ﬁ“’_ actual_output
Qutput Decider T’l udeI: | / 1 HdIGS To Workspaced
1] MATLAE \4 38 Derivative  Gain Tws
v 1| Function |
Twil decider —‘ 1. Subscript | denctes offsel,
2. "d" denotes devialion value
3. ML denctes mould level
4. WT denotes waler lemperature

5. CS denotes casting speed
6. INP is ML and WT dislurbances as in practice

Figure J.1 SIMULINK realization for the WCC controller synthesis. Note that a fast unity

gain filter with a time constant of 1 second has been added to break the algebraic loop in
SIMULINK.
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J.2 1280mm wide slab results

J.2.1 Tabled results

Table J.1 1280mm wide slab MSE for each output using WCC.
inlu inll in2u in2l in3u in3] indu in4l
17:330 52375 18.75 10.06 8.153 29.1 9.471 127.9
inSu in5l in6u in6l in7u in71 in8u in8l
ST 26:520 1 8.622:. B3BL 8975 1233 1079 2135
oulu oull ou2u ou2l ou3u ou3l oudu ou4l
17.48 7.38 2367 6235 10460 "T.834 13.82 -4.713
oudu ousl oubu ou6l ouTu ou7l ouBu ou8l
13.01 2207 NA NA 31.37 26.06 39.27 22.88
nllu nltl nl2u nl2l nrlu nrll nr2u nr2]

1488 6534 126 70.13 821 57.04 17.64 2898

J.2.2 Time-domain results
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Figure J.2 Outputs for 1280mm wide slabs and the worst-case control configuration.
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Figure J.3 Errors for 1280mm wide slabs and the worst-case control configuration.
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Figure J.4 Control signal for 1280mm wide slabs and the worst-case control configuration.
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Figure J.5 Accellaration of the slab 1280mm wide slabs and the worst-case control con-

figuration.

J.3 1575mm wide slab results

J.3.1 Tabled results

Table J.2 1575mm wide slab MSE for each output using WCC.
inlu inll in2u in2l in3u in3l indu indl
8.082 8256 6.169 28359 5896 3721 6304 5029
inSu in5l in6u in6l in7u in7l in8u in8l
19.39 148 8723 4605 2082 4959 3357 4559
oulu oull ou2u ou2l ou3u ou3l oudu ou4l
3503 757 2003 © 6285 58l 5522 4244 6816
ousu ousl oubu ou6l ou7u ou7l ouBu oudl
8.365 122 NA NA 3574 1237 8909 83.52
nllu nlll nl2u nl2] nrlu nrll nr2u nr2l
28,27 68.63 7233 2267 175 1.09 5444 8732

J.3.2 Time-domain results
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Figure J.6 Output of the switching criterion of 1280mm wide slabs and the worst-case
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Figure J.7 Outputs for 1575mm wide slabs and the worst-case control configuration.
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Figure J.8 Errors for 1575mm wide slabs and the worst-case control configuration.
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Figure J.9 Control signal for 1575mm wide slabs and the worst-case control configuration.
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Figure J.10 Accellaration of the slab 1575mm wide slabs and the worst-case control con-

figuration.
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Figure J.11 Output of the switching criterion of 1575mm wide slabs and the worst-case

control configuration.
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