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Abstract: Density of dense medium is a key factor for the quality of coal preparation products. Unfortunately, the
dense medium coal preparation (DMCP) process has time varying and strongly nonlinear characteristics, which make it
more difficult to adjust the density of dense medium online according to the current operation condition. To tackle this
issue, this paper proposes a model-data hybrid driven adaptive operational feedback control approach for DMCP process.
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order linear model and nonlinear unmodeled dynamics term. For the linear model, a model-driven adaptive PI controller
is developed by combining PI control method with one-step optimal control. A data-driven virtual unmodeled dynamics
compensator is proposed based on a random vector function link network. The stability of closed-loop system is analyzed,
and comparative simulations are conducted on MATLAB and Unity3D based virtual reality simulation platform to verify
the effectiveness of proposed method.
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A o7 ik = 4t K U7 B & SR H Unity3D,
MATLAB 5SQL Server73 5| SEHL 1 AT ML R 75 | 4241
SR wE SR E E R DhRe. AT AL EoR W B4R,
HER I Unity3DSEIL 1 H A Jode AR 7 1 72 = 4 kg 41
7 30 J S92 i RAOR B T AR, 48 FH Active X35 £F
BOR, W07 LI B A7 E FH SQL Server T K 4L
R A SCHR H R S H R S IR B I O Y is
AT I 7R FIMATLAB - /&, 4 UG iE
Unity3DJAIAS J5 IMATLAB, 3k 1M 38 2 T i 8 e i
$%(open database connectivity, ODBC)$i R MSQL Se-
rver$idE e R AL SE I R, BUTRERIEE, B
PR A, SCI =4k R 07 B HOE AL B EAER
) 72 SIS 42 1) A8 R AE P AR 7 ST DL 4 i
i 77 2 o 2.7, AT FHMATLABASQL Server#(
o e RS R AT SRt o A, AR SO B s A6 R
BIR A JE—Mhse iy

K4 LT ECT 6 A

Fig. 4 Interface of virtual simulation platform

5.2 EHIZRSHETH

1T A SCHTI 9 IR 5 AR v A T R FE T
DATE R P B[] PN R L 18 s A, PRI AR S 45 L5
U5 AR TE RN T E A RV VR P T R R B A
JEFF). 5 BB S 422 S PR Tl B e St 72,
HRBWR1PIR.

P EA RS FERE AR IR A) . B Ko FER
GraRh 2% S A BN 17.6%, 2.5%, 1.59%, 12.6%40
HATERYEAL AL EE, BT S B h S oM B S~
Fs:

A(z71) =1—1.8522"1 +0.868272,
B(z7') = —0.05439 + 0.054542~".

MR 03739 R (75), SR 5 E iR A 0K
EhiaAT RSN
{ G(z7') = —34.0504 + 21.18042 ",

(75)

K1) 1 (76)
4 = .
—0.05439 + 0.05454z1

X FRVELN, J# i S48 77 VA5 0, 2R Z2 1 5L
— SO TR B A i BB, [ A 22 4 Tt )
=y
k1 Nt A2 3) A AR X A3
Table 1 Model parameters of the dense medium coal
preparation progress

5 LACIERSEE X
Qmb 0.500 m3/s
Qm 0.495 m>/s
Viab 0.16 m?

Ve 0.38 m>
Vcor 2 m3

o 2

8 0.97

v 0.98

Ko, Ku 0.22m?/ s

Koc  [2.00,3.90,1.50,8.901 X 10~ 4 m3/ (kg - 5)
Kue  [0.77,3.90,0.30,8.90] X 10~ 4 m®/ (kg - 5)

Kom 4.80X107* m?/ (kg - s)
Kum 3.90X10~* m?/ (kg - s)
pe [2.00,1.92,1.00,1.10] X 10% m?
oo 3.50X10%kg/m>
pmm 2.85X103kg/m>
Cw 2X10"4 m?/(h - Pa)
AP 100 kPa

53 SEIRBFR

R T B UEAR SCHE H 5 ) 7 VR A 5, AR SCEF
AR 5 W B AE AR RN P B W o S Y B P O,
KR TT 1 S G P HI 7 A T 0 BT FESEs.

1) K5y BRI ] S

WB &AL TAE RAWIUE AR, U7 5 R
60 min. Jy 56 UF 45 i) &% (1) PR PR R 14 RE, 40 il 7E 2R
0 min, 20 minF140 minf 2§ 28 ¥ 15 7K 43 16 B 224, DA
U0 UE 75 i) 2% BR R 2 1) ) OR. (B AR R, S IR =
Wore B N8 kgfs, TS Fr Tk E A Bk St i #2
IR W, AT B R 2, DRIl B
B W N T [-1, 1] ke/sHIBENLEL SN, A5 FLEh
WK 5-7HR.

15.0 T T T T

- B

R 14.5 fripoiimink -~ fE5PL
> ‘,‘f — A7k
o 140 o
&K : ‘

X 135t W s }

fl
13.0

0 S(I)() 1060 15I00 ZOIOO 25I00 30I00 35I()O
t/s
Kl 5 Koy iy s
Fig. 5 The curve of percentage of ash y
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S : Fisthl T8 4 B R, Fihl i A T R e SePLAS i
2 s . T W A R ) AU £1231.85 %
= 1530 — KT 201.74kg/m®, JK 53 ¥4 75 MLA% % H1 0.1186 % B %2
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Fig. 6 The curve of medium density u
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Fig. 7 The estimation error of unmodeled dynamics A9
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N, READLAR AR B A5 52 25 0 A e M 3 o il LR R
PR B A5 AR B A G P I . 4 B SR AE 5l AE
20 min 140 mine§CAR I, 2K 3 BRI i 26 A BE /NI R %
AT R ST, HERERSOR B4

Bl 6 9458 A ST T7 1 MiAE G P il 77 1245 381 1)
S 0T B T R A ) it 28, ] LU 7E 20 min A
40 minf ZI 2K 53 BRSO I, AR SCHRE SRS I E A
J R VR B AR G BN, 1 T A A A 23 70 9 5
6 kg/m?, H 7E40 minZ J& 2840 N ~F 2%, T 1% 42PI
HE N EN PSR LIRS EOR, HIGZ&HA K
JE SN XA GPIHENI IR E kp M ki 2805
B FEAPUEAT EE, T RS — H 2 2N A0 R
A BT, E JFE B AR 4 1R 2 e T 48 o) 8 R A 2
A 2 B B A AR ST v AT DL ad i B ) A 5
R AR ARG SRS E I BOR.

K798 HRVELNAti v AR @A SN &5 0 5 SEfro
(] F) Al TH iR 22 AD. W LUF Y, FE K 3 1 S8 A O3 1
R TAE p R AR, RVFLNX AR @A Al i
BT BORIWZE, BAE LA WG, d o S 45
TR ZE W 48X 9N £)0.06 % LA, AR BH K H
RVFLNZE L READAR A B A Al T AL 27 STl B2 PR,

FER BN, DRAE 2 G RGE 121, R 2R s K 73 1)
ERERVERE.

22 RIS SR
Table 2 The performance evaluation of ash tracking

control experiment

BN B

— BIFEE BIFREE 7)263\#]771‘&
WIER  WEhBEBR RE %
(kg-m™%)  (kg-m~?)

ATE 1528~1549 201.74 0.0557

B4PI  1531~1554 231.85 0.1186

2) Ko RR eSS,

TE SE BRI B A FUE B FE RS IR 23 1 2R AE
TE T T AR 0 i O ke ol A e S R 2R
JE, TE RGBT I Al AR FEAE. Rk, fE—5E 1)
AT PAEEAE S, RG22 R M T B A Tk
R R EE Nk, ARSCEE K IHEE N 14 %, I
TSI o B A JR G2 R T R P AR A R 5 R R 5 1S (i
BISHT ), FJ& Ak 4y et i 18 ] SIL 6. 428 i R0 R P 9—
117,

12 T T T T T T T
2 10
2
= 8
= 6
i
= 4
S‘r_\‘ 2 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
t/s
Kl 8 LM Wore SERRAZ L HIZL
Fig. 8 The curve of actual coal feed rate Wore
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i’i M W N
X | ) /
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Fig. 9 The curve of actual percentage of ash y
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Fig. 10 The curve of actual medium density u
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Fig. 11 The estimation error of unmodeled dynamics Av

TESEBREE B T-3.4 ~ 10 kg/s 2 IA] KIE EE MR S Y
LR, Bt 2 nr DUE B, R ARSI 7% G
(IR 53 A 55/ NV T P e 3, R840 R4 22 10,0264 %
/N 220.0095%, WIFR3FT 7. BLAb, M F 1% GeP1is
il AR SCT VT R B TR A T R 5 U 0 1) R AR el
55.77F% £47.82 kg/m?, H#EAK T % T 5kg/m?. i ¥
SR FH AR SC 4 ) ik aT LA FE 20 1 2 A T 0K 3 K 43
(i B b, SEILRRARAR = B S 3@ AL = ReR I H
.

K 3 ROARRIZH KR 0 e T
Table 3 The performance evaluation of ash stability
control experiment

BEAR BEAR
. BERWERE BEWEE KoY
73 [ v
BOIE s wonmea w%w
(kg-m™%)  (kg-m™?)
ATTiE - 1538~1548 47.82 0.0095
fE4PL 1538~1553 55.77 0.0264

HY B IR SCS I 7E AT DA Y, SRAIA SCHR A EL Ay
J I R Y B B VR R AN AT S A ) T V%,
R DAE TP RNE BN T, A S s i 5
SRR RN, I R R A PSR LT
(E SRS 2 73 S R AB RS R BRER, B DR 7T 5 267
6 4k

ARSI i A BRI i B, B R S
K E A S R AR R 1R A, Ky — 2 it

b S PIE HIAH4E i, RVFLN 5/ ME g Al 45 &, $2
W7l TR A A S P ) B A T H I
RO A ER Bh A kM B A R L 3E LIS AT SO il
J7 1 M FoRa e M A RIS . 76K o) W SR A AR AL AN A
VOB E O T, 7 E AN TR AR = e
W ECT- & PR TSR I, e R DU H,
A5 FH AR SC G IEANMUAT DA BR R K 70 1R A (1 AR 4L,
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