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Dual-rate Intelligent Switching Control for Mixed Separation

Thickening Process

WANG Lin-Yan! LI Jian! JIA Yao! CHAI Tian-You' 2

Abstract The mixed separation thickening process (MSTP) of hematite beneficiation is a strong nonlinear cascade
process with the frequency of underflow slurry pump as the input, the slurry flow-rate as the inner loop output and the
concentration as the outer loop output. During its operation, some large and frequent random disturbances generated from
the flotation middling and sewage will continuously cause dynamic changes of slurry concentration and slurry flow-rate,
which will cause failure of controller integration. The influence between the outer and inner loops will deteriorate the
dynamic performance of the controlled system and even cause resonance. To deal with the problem, lifting technique
to introduce the dynamic characteristics of the inner closed-loop control system into the outer dynamic model of slurry
concentration. We put forward a double-rate intelligent switching control algorithm for MSTP combined with one-step
optimal PI control, unmodeled dynamics compensation control and fuzzy switching control. An MSTP dynamic model is
established using the master model with mechanism and compensation model with neural network. Simulation experiment

on the hardware-in-the-loop simulation system of MSTP proves the effectiveness of our method.
Key words Mixed separation thickening process (MSTP), dual-rate switching control, unmodeled dynamics compensa-
tion, one-step optimal PI control
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Fig.1 The mixed separation thickening process
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Fig.2 The dual-rate intelligent switching control structure for MSTP
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TEPEAE RIS EL Ruo TN kuor s/ _Tfefif, Bl
[ koo o | = b0 0 %
b2, + b2, B
baobar

baobas
b30 + b3
K Jury 8RR Rk PE goo g W
(1—2z"HA(z"")+
2 Ng2o + g1z )B(z7Y)
i3t (44), (54) izt (56) 7
H— A P16
(1= 2"y, (T) =
(920 + 92127") [Yarer — y2(T)] —
(k‘vgo + k’vglz )(1 — Z_l)’l)(T ) (59)
2) BOMIHERE A 15 M
225 SCHR [15—17) ML BRd B0, $2 i
BOE B AMERE, AR 5 iR, BRIk E
AR ER R ZE eo(T) AR E W R ES IR ZE e (T) #5

WML SRR U, (ROROBTHERE . AR LR i
IR Ag2,, (T) 41

(57)

) # 2l >1 (58)
T2 AR M
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compensation algorithm

a) ey (T) Fl ex(T) HHI1L

MERBREMZEZN ER o = (Yimax —
Yimin)/2 FRTW HHCEMZER EIR B = (Yomax —
Yomin)/2, e1(T) Fl eo(T) WAL F4350 0 K1 F
K, Ky =n/a, Ky =n/B, n BTk E
B n =6, MIBHIEMzR A E(T) F1 Eo(T) 4351
H

><€1

= (Ki
<y1max Y1 min % 61(T)>

<K2 X 62

< y2 max y? min X €2 (T) >

Horr, () FoRBUEIZH.
£ E\(T) 1 Ex(T) 4 H etk b dsr 7 A
TEE, BN (NB)., i (NM). fizh (NS).
% (ZE). i/ (PS). iIEH (PM). IEK (PB). i
£ EL(T) 1 Eo(T) WK RECH X =L RE
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Fig.6 The membership function of £1(T) and E»(T)

W Eyy(T) F Eyy(T), sk @7k 1 f
FHKAMER T, (i = 1,2,3.4) 1) 49 ZBBIHERE
FEN. @i Ey(T) = 5, Ex(T) = =3, En(T) BT
PM, Ew(T) J&T PB, Exy(T) )T NS, Exn(T)
JET NM, N 1 af DA

i) If £11(T) is PM and E>1(T) is NS then U; is PM

ii) If E11(T") is PM and E22(T) is NM then U, is PM

iii) If E1o(T) is PB and Ey(T) is NS then Us is PM

iv) If E12(T) is PB and F2(T) is NM then U4 is PB

F 1 RRH R AMER U, B2

Table 1  Pulp flow-rate set compensation U;
fuzzy rule table
0, By

NB NM NS ZE PS PM PB

NB ZE PS rs PM PM PB PB
NM NS ZE PS rPS PM PM PB
NS NS NS ZE ZE PS PM PM
E,;, ZE NM NS NS ZE PS PS PM
pPS NM NM NS ZE ZE PS PS
PM NB NM NM NS NS ZE PS
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Fig.7 The membership function of U;

Aylsp( ) = K, U(T) (60)
Hr, K, HILBIHET, UT) FRxh
4
> Uin(Us)
U(r) = = (61)
;N(Ui)
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w(Ur) = min{p(Er1), p(Eor)}
,U(UZ) = min{M(E11)> :U(EQQ)} (62)
p(Us) = min{p(E1s), u(Eor) }

p(Us) = min{u(E2), p(Eaa)}

SR TR U AL AL A P AR A I B A A ] H
(3), B3R Ayl (T) + Ayt (T) <0, T BE
HH

ylSp(T) = ylSp(T 1)+ Ay%sp(T) + Ay%sp(T)
(63)

3) FEIHE R DAL

R ET CIF (Hi$g) then (Z518)” By
D O] iR 4% H AR A JEE R S Tk ) R B
2 eo(T) FRZEAAE Aes(T), K |ex(T)] < € 5
lea(T)| > e H ea(T)Aeo(T) < 0 B, BKE ea(T)
EHPRERIN; 24 |ex(T)| > ¢ H ea(T)Aex(T) > 0
B, BIRE eo(T) 7T K24 W] G 1 320  H pr
T, RO B e, o, BRE(E e fsk
B .
2.2.2 REERFTIMERE PIITH=R
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PT =445, B (15) Ak (18) 153
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Fig.8 Hardware platform for hardware-in-loop simulation of MSTP
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KL N k= 1s, SNRMREEREERIN T = 15s.
T KT (T) BN

r(T) = q(T)p1(T) =

Tr 1
320 + 5.0 sign [sin <47T + 5)] . T <30

Tr 1
320 + 30.0 sign [Sin (f + )] T >30

5
(64)
VKT o (T) BT
72(T) = q2(T)pa(T) =

Tr 1
18 4+ 0.5 sign [sin (I + 5)] . T <40

18 + 1.5 sign [Sin (T + ;)] , T >40
(65)
3.2 IEHISRSHIEE
FEd HAR (1) ~ (3)

31 < yo(T) < 35 (66)
340 < y; (k) < 420 (67)
[y (k) —y1(k—1)] <25 (68)

MRAEI (66) X (67) B E IEFA HAK LRI Z
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ZEZAH N y1rer = (420 + 340) /2 = 380.

ARSI S S8e WNIE PL#EERIZ: 2 E0h
= (16) 1%, gio = 9.0839, g11 = —6.6684, ky19 =
12.077; 13 (57) #fi g SMFR AT — TR B RS S M

BEHISEC kyoo = 25.2722, kyoy = 4.3453; —#H
i PLIEHIZE g0 = —18.5, 9o = 8; BRI
B AR B B o — (35— 31)/2 = 2, Ky —
6/2 =3, = (420 — 340)/2 = 40, K, = 6/40, K,
=1,0=20,ec=1.7. SNFRFEREIW N 15s. KA
FELE AR IR K PLIEGIZ S8, kb
=10, ki = 3; REERIA 128724,

SCHER (8] MRS 8: NI PLIERISECR A
SARIFEFFENSEG I8 — L5l PL 5§ =
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P28 2805 A SR RR VA il 48 S ok R].
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interference 71 and ro

18.771 m® /h; JEMA WH EAALR Ay, #d X 6] 5%
KAE A 4.578 m® /h; 15 4 NI H vk B i 3t X
] £t %t R AR R 2.703 %, JEEFA I oA X [a) 4
Xt SRR 421.589 m® /h; IS HLE AR L R
1o X ) 4 % BARAIA 114.120m3 /hy SR AR SCH

F 2 SRIATCE N 7 V-5 SR (8] 42 il J ¥4 il I I
WAL yo WHE I EHPERET R (%)
Table 2 Control performance assessment of USD y2

with the proposed method and the method in [8] (%)

Y2 AT DX ) e A I X [ £k A
AL 0.0 0.0
SCHk (8] 0.880 2.703

3 ORMAR Sy -5 SCHR [8] 4y ik Al i
WAL v MR R MERE R R (m® /h)

Table 3

(with the proposed method and the method in [8] (m®/h)

Control performance assessment of USF y;

v e X B A e K 4% BB
M 2~4 B[ AE H, R SCHER (8] #5H Jrv&
HEAT B 0 BN, TR B vy A XK I S K MR X 00 00
S 0.880 %; JEWMA K E vi M XA i KAE A ik [8) 18.771 421.589
A%
40.0 '}
1 muacnm
38.0 Y3 max o -
- - & i { T R IR E p,
36,04 IRA Fom B v Y, i

34.0

3204

-------------------------------------------------------------------

------------------------------------

FCIREHRBISERRE v,

SRH SO [8] & vk

Y,

R R R S E {y

_______________

V2 e

JRIH RRESEME v,

2 min

IR PSR 3,

0:00 20:02:00 20:04:00 20:06:00

20:08:00 20:10:00 20:12:00 20:14:00 ]t

() JRIH U BE H AR LFRME v max « HAR THRME Y2 min« HIRME y2op FISEEE y2 LR

(a) The slurry concentration limit value y2 max and Y2 min, target value ya.,, actual value ys



2

il

EHRA S R e T R N R e V) e

341

Ay, K(m?/h)

=

.o

S0 TTTTTT I e T
T 5o b TAR 81

—_l T o = —

460
K1 e

407 3 RIS R R,

&ﬁﬁ%%ﬁHﬁﬁH{

4207

4009

380 l
3604

3401

320
460

.
4401

4201
4001
380

360 18

| G . Bl
T S by,

340 fil

320

\/

— T ——— T —— T
0:00 20:02:00 20:04:00 20:06:00 20:08:00 20:10:00 20:12:00 20:14:00 ¢

(b) JEFH HRE B AR LIRE Y1 max« B FHRE y1min . HAME y1sp MFERE y1

(b) The slurry flow-rate limit value ¥1 max and Y1 min, target value y1s,, actual value y;

35.0 f—RAELABIIE - R AR B SR Ay,
IR S e {“W“ — T

— IR HORE

e

T - Lt e

0:00 20:02:00 20:04.00 20:06:00

: o - ——— ——— =

20:08:00 20:10:00 20:12:00 20:14:00 TT
(o) R HR AR Ay,

(c) The changing rate of slurry flow-rate Ay,



342 H 3l 1k

% 444

|
RAATNT 5 |
|
|

|
R R
, ¥
|
|

u /Hz
wn
S
=3

40.0 -
35.0 4 ‘
30.0

25.0 1

; ‘ i
20.0 | | |
0:00 20:02:00 20:04:00 20:06:00

20:08:00

Al
20:14:00 ﬁ

L T
20:10:00 20:12:00

(d) R AR u 2R
(d) The frequency of slurry pump

BT SRS SCHR R A D7 R SR I SR (8] il 7 vk g ray ok Eeas A il 26
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Table 4

the proposed method and the method in [8] (m®/h)

Control performance assessment of Ay; with
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