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Design of pole placement control system based on fuzzy model
in the multivariable cement grinding process
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Abstract

Cament grinding process iz well-known to require a high energy consumption. In this
paper, we introduce the control systemn based on fuzzy model into a multivariable closed
grinding circuit. The grinding process considered here i characterized by its dynamics in
relation to the changes of the operating variables and the mill grinding characteristics.
The aim was to ensure that the system shows stability as well az good control qual-
ity against the process dynamics variation induced by the mill grinding characteristics
change. The authors have already constructed the simplified model baged on population
balance model for the control purpose. The system equations were approximated by
tuzzy models. The variation of coefficient &, of the proposed simplified model was taken
into account in the fuzzy partition. Nonlinear state feedback controller was cormputed
on the basiz of the so—called pole placement method. The results have been compared
with conventional controls, showing that the transient characteristics could be improved
by thiz method. Furthermore, the matrix, which satisfies the stable conditions, was ob-
tained by Tanaka’s method with the help of MATLAB and the control systems could
maintain plant stability against the mill grinding characteristics change.

Key Words | fuzzy model, pole placement, closed grinding circuit, multivariable contrel,
nonlinear control
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Cut—size =z [pm]:

12588624431 2218 11 785.53.028101409];

Table 1  Simulation conditions

Mean residence time T =20 [mmin]

Elevator transpotation time L =3 [min]

Number of divisions, tank =12, 1=4 [-], [-]

Mill size [D*L] 3.9x11 [t

Feed rate 0.87 [m® /min]

Particle size density 2 2,750 [kg/m?]

Bulk density 20 : 1,130 [kg/m?]

Feed size fractions  # [pm] : [ 9536 4748 2384 1192 508 208 149 74.5 37.2 186 0.2 4.7 |;

Feed size distribution  x [%] - | [ 100 92.27 84.25 71.60 57.57 44.22 32.81 23.72 16.86 11.80 8.20 569 ]
[

Separation characteristics

Zu[-]:

[ 10860 0.742 0.591 0.471 0.358 0.264 0.187 0.120 0.089 0.061 0.043

0.031 0.025 0.022 |;

selection function :

.S.i = ko(ﬂ??‘/.’l’:i)ﬂ's

kO = f(w:\am)

ry=2(1) ns=04

Separation characteristics :

D) = J*., —ep(~ L jdu

vy =logx, o =logo,

2 =dy =47 [pm]

Severance to underflow :

Diz)=(1-6Dz)+ 5
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{(Pole placement method on fuzzy model)
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OFERHIEETE Y 7 F MATLAB Ic X Y EBHEL 7=
(23) CBEL 270 TS Lo—flErT.

T, TR (A) PO YR v ZiFH, (B)
3R TR L EETRIOFE ((19) &), 2
LT, (C) i (20) RO EHEHBIZ B 3177 qq i
LOFEAT M VOHHFPRLTIOS. TOXIIL,
REFEOBHVEETH S A v FITFORME
HoOThREET IO S LML > TERTET
HEBFHNOM YD, MATLAB #&ZEEERICANE
B RRETES.

FORR, SEMNTICRTEENHTY PYRR
HICHETE, CONROEEHDEBL FEEED
RS e,

GGi=AAI4+ BB« FFi; GG = GG,
PP = Sym(’ [Pia ) Pio; p?}Pil} "Piga oy

P%);

tQ = —14# [lzeros(l, @lzeros(1, 8), ..., 101];
gq= GG" % PP % GG — PP;

i =0

fori=1:10for j=1i:10,ii=1ii+1;
www = gymapoly(qql(l, 1)), mAA(L ) = Aiple(www);

(23)
()

end, end
ImAA = inv(mAA);
tP = ImAA % tQ;

PPP = [tP(1), ., tP(10%tP{2), ., tP(19);, ..., tP(55)];

131.8
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48.92
10.38
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0.002
0.000
0.000
0.000
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124.4
48.08
10.48
1.165
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0.002
0.001
0.000
0.000

48.92
4898
28.80
4475
0.499
0.031
0.001
0.000
0.000
0.000
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10.48
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0.001
0.000
0.000
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0.002
0.002
0.001
0.002
0.000
0.000
4.000
0.000
0.000
0.000
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