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(A Design of Reference Model Following Fuzzy Control
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Abstract

In this paper, a design method of the boiler-turbine control system in the coal fired power plant is pro-
posed. We need to control electric output and drum pressure and water level in drum to guarantee stable
operation and save energy for generating electricity and decrease air pollution in the boiler-turbine
system. This boiler-turbine control system is composed of reference model part and model following part.
The multivariable boiler-turbine system is separated into 3 SISO(Single Input Single Output) systems ap-
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plying the concept of relative gain matrix. Each 3 reference models for separated boiler-turbine system

are composed of 1st order nominal plant and hysteresis integral control system and they make good dy-

namic response with no overshoot and fast rising time. Each fuzzy controller to follow as close as possible

to the response of each reference model is designed. The robustness and the good tracking property can be

achieved using SISO fuzzy controllers when there are modeling errors, disturbances and parameter pertur-

bations. The effectiveness of the proposed design method is verified through simulations.
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Table 1. Values of system matrix A in various opera-

ting points

B 2 Z SXHIMe AN 8 Bo| gt
Table2. Values of system matrix B in various opera-
ting points

107096} | 280%) | 3(90%) | 4(100%6) | 5 110%) | 6(120%) 1 7¢130%)

by | 09 09 09 09 09 09 09

bz {-02337}-0.2716| -0.31 | -0.349 | -0.3885 { -0.4285 | -0.4680

bis| 015 ] -015 1 -015 | -015 | -015 | -015 | -0.15

by| 0 0 0 0 0 0 0
b 19.4768 |11.0129|125732| 14.156 | 157576 | 17.3781 | 190156
by| O 0 0 0 0 0 0
ba| 0 0 0 0 0 0 0

b |-09784|-1.1181|-1.2579| ~1.389 |-15374 | -1.6772 | -1.8169

by | 16588 | 16583 | 16588 | 16588 | 16588 | 16388 | 16588
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Table3. Values of system matrix C in various opera-
ting points

1(7096) | 2(80%) | 3(9096) | 4(10096) 15(110%6) |6 120%) | 7(130%)

cu| 10 1.0 1.0 10 1.0 10 1.0

Ci2 0 0 0 0 0 0 0

ca| 0 0 0 0 0 0 0

Co1 0 0 0 0 0 0 0

cn| 10 1.0 1.0 10 1.0 1.0 1.0

| 0 0 0 0 0 0 0

ca {0009 |0.0082 0.0071 {0.0063 (0.0057 | 0.0052 | 0.0048

| 0 0 0 0 0 0 0

cxp (00045 |0.0045 10.0046 |0.0047 [0.0048 | 0.0049 | 0.0049

1{70%) | 2(8096)| 3(90%6) |4(10096) | 5(11096) | 6(120%) | 7(130%)
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Table4. Vaiues of system matrix D in various
operating points N

ay}~0.0017| -0.002 {-0.0022 | -0.0025 | -0.0028 | -0.0031 | -0.0034

1{7006) | 2(8096) | 3(9026) |4(100%) |5(110%6) |6(12096) | 7(130%)

a0 0 0 0 1.0 0 0

ag, 0 0 0 0 0 0 0

ax| 00372 | 00477 | 0.0385 | 0.06%4 | 0.0806 | 0.0918 | 0.1033

apl -01} -01] 01 | -01 -0.1 -0.1 -0.1

an 0 0 0 0 0 0 0

di| O 0 0 0 0 0 0
dpz| 0 0 0 0 0 0 0
dz| 0 0 0 0 0 0 0
dx| O 0 0 0 0 0 0
d»{ 0 0 0 0 0 0 0
dn| O 0 0 0 0 0 0

ag| ~0.004 | -0.0049| -0.0068{ -0.0067 | -0.0076 | -0.0085 | -0.0004

dy 02533 102533 | 0.2533 | 0.2533| 02533 | 0.2333| 0.2533

ap| 0 0 0 0 0 0 0

de [ 0358704099 | 04612 | 0512 | 05636| 06149 0.6661

ap| O 0 0 0 0 0 0

dg | 0014| 0014| 0014 | 0014 | 0014 | 0014 | 0014
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Fig. 2. A reference model using nonlinear element
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Fig. 3. The schematic understanding of compensation
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Table 5. Calculated SSGM for boiler-turbine system
360.0000 —139.6000 —60.000
SSGM, =[249.8400 44.6776 —41.6408}
0.2353 0.5072 32.7294

£ 6 2ede{—e{H] AIAHIO CHE AlAEl RGM
Table 6. Calculated RGM for boiler-turbine system

0.3198 0.6844 —0.0042
RGM:{O.6790 0.3156 0.0054}

0.0012 0.0000 0.9988
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Table 7. A table of control rule for pairing u, — ¥ with
the biggest element of steady-state gan

gads E 89 AATFHE HEHAh E 7oA

4T &89 HA ¥ss EF TRz AT

o W] FE 8olA HAWFE SN E A%

AL HZ Aol Qe A4l The) BAMSE A}

S84 AoIFHE7E YT Bolx)7] fRolet,

E 8 TMAMEHNOISHEO QLEUM JHE 2 8
IRz Ho{aE M2lst HHE w—y. us—ys
ol CHEH HMI{TEIE

Table8. A table of control rule for pairings wu,— ¥, us

—yy with other element except the biggest
element of steady-state gain matrix

E
CE NB NS z0 PS PB
PB NS PB PB
PS NS Z0 PS PS PS
70 NB NS Z0 PS PB
NS NS(} 1 NS NS 70 PS
NB NB NB PS

matrix
E -

CE NB| NM | NS 70 PS | PM | PB

PB NB | NM

PM NM | NM

PS NM | NM | NS 70 PM

ZO |NB| NM | NS Z0 PS | PM | PB

NS |NM 70 PS PM | PM

NM PM | PM

NB PM PB
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