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Intelligent mill-load control for pulverizing system in
alumina sintering process

ZHANG Li-yan, CHAI Tian-you
(Key Laboratory of Process Industry Automation of Ministry of Education, Northeastern University, Shenyang Liaoning 110004)

Abstract: The pulverizing system in alumina sintering process uses the air with residual heat produced by cooling
clinker as the hot air to dry the coal powder. When the temperature of hot air is low and varies frequently, it may cause an
overload condition for the pulverizing system, leading to operational faults of “coal blockage” and even the termination of
the mill operation and the operation of mill-load controller. To deal with this problem, we propose a rule-based reasoning
switching mechanism which switches between the PI controller for normal load and the controller for overload . This
method has been applied successfully to a pulverizing system for alumna sintering process, in which the pulverizing system
is controlled to generate the maximal output power when the temperature of hot air is low and varies frequently, thus,

avoiding the fault of “coal blockage” .

Key words: mill load; switching control; overload control; pulverizing system; alumina sintering process

1 5|E (Introduction)

T E AR E A, (HAS T AR RE L
i FLBR. (e S A AR P 4t ek R v T v A SR TR
FERE G ORL R R R P AR A A Bl AR, B8 B
MU VS Ry R 4. B BE AL 0 T3 i
R 2R L BRAR R A AT T AR X, B
MU H T Bk T BE AL Gy P 42 g, DR1 gkt i 42 1
HUGART, A AL T2 T8 e I Sy Bl iy, LA
RUATRE R A, e S Ak AR e 5 1L R bR 2R G s )
iIPS

SCHRLLIER G K 3 R 1Ry R4, #2748
B AR 92 1) vk ST BT BB L 2 s (BB L 67 A7 1) —
FORTT ) B VL SE R B HLN 1471 (1 Al il A
. SCHRI2178 3k 43 47 B ML 22 R R S HL H 3 2545 5
P HL A A7 K1 40 SRy 3AN X 1], K A5 RAPID 4 il A 1
AR A ThIAR 45 5, K B AL 7 428 11 7F 5 1) 9

WeRE H 3 2009—05—11 5 e ks H 3H: 2010—01-05.

. SCRRIB1IR L 22 A5 5 4l B L S r, IR 45
3 Tl I A5 5 Gl B A B L S IR DG, S T
VML Ay RSB 2 1 g k.
SCHRIA1R L 22 s S B3 A7 5 BRI 2
A D9 BEE HLAAART, I SR 32 B A 42 1 ) 7 3 s o
U A ks BEALHS LR « B A7 i AR 42 1
VR A U AR 42 1 A ) 2. SCRRISIAE BB HL 6y
FBRANTI BRZ AL R I PI  45 JREAE A3 B 55 R BB 0 5
{8, IR ST R 5T 0738 IR
Pl H AR, $2 m R GUIsAT A E e h k.
IR AR SRR T TR A, BAOXGHR E
R, AL YT R B R RE PR AL E L 4
FERE 0 B N, SR E 3R 7R SEBNS S (1.
TR 2 A T AN A D0, 0 K B SR
(R B BOH I AN TR Re o A RER N SRRt AN TR A
BENBE AR BUR AR AN, 3l BV FLVe 20 2k}

FELIHH: E K “973” w-RI¥ BhIH H (2009CB320601); “1117 5% TRE% BhI H (B08015); 5 “863” t1-kiI%: Wi H (2007AA041405).



1472 2 T I AR

07 %

7= AR TRy 2R G 1 AR B A AE 150°~400° 2
) 3% Bl HL 5 0 4k T-300° LA R PRI AS. SRl H B
B4 AT T4 0, R T4 TF, de oK PR A H #4032
e IR E, AL H 13 5 i A ARG 5 8 B0 T A%
1k..

Y 2 ORI BE T R A A B AL 1O B T v
AR BEMUAT SRR I A AR A, BB AR ey (RS D B
T, A A B e L, B RGN, A
PEWLAE RGN, 30 B8 H IR i A7 R s S (B
BLse K HE o6 N () BE LA IR 1), tH ) R B, 4
L “Hpups” (ki 2 1 ZEEE L) M.

DAL LG AT PR 0K 28 48 4 ol V2 AR FH 21
AR RS R RS, H v e R e g ik 2
TPk RGEAL T N T PRES. B T34 DxE DA R IS
TEf A A T A XL B2 5 AR A R O DA R A o 25 I o
WA RG I m, kb, LR Y
FRORR BE BRI, BE ML 07 BRA, 56 BB AL 47 far 3
A ] e LI ST o0, . 1 XL R T
INF, BEHLH 7 3G A4S BE AL A7 fr 98D, 3 B AL )

AR

D425 1) o Ak 3 B 255 1 AR A 1 2 2% b
RERE A s i 7 v 600 SR 101%6 0 T AR
BON S Ve RGN — B 0 — N IREE T 2 T
2 P2 ) o A i g, JERE R g i N 3
B BN NAEA T AT E (4, s T
AR LT (R N AR

WGP i) 55 35 0 JU) 4 HE s R AR 45 B, 7 gar 0
PN S A F s Lol R s DA &5 A4 1 T B
BE TR DA B ) D B, B AT P A%, “ 45
SV S o R TP S o I B i1 e
) gt 2L RS ) PR AL A7 A R e A ) vk, ORI B T
b akeai i B dR R 4.
2 Ky ik 2 ¥ 3R (Process description of pul-

verizing system)

S B [P A 7 oy ok R i P 1 s, R e DR A
A AN BN 3RS BREAL L AR 23 B 24 L A R AR
A B HEXUBIL [0 75 B Ve HLA k.

LV Sen

SIEAL

i
Z{ PR
B
e r A3 FRT
BEHLA i MWDEQ R,
=
— i N
E @ L ‘(é'\ﬂl«[‘J /P'T\ )\Dﬁ}j—ipin
0\ i @) ~ HLIUEP,,
O -\‘ @ ;':l:;' m} ZIJE‘LET(I)
bowetaeiern N R0
L k2 A 7% A
P!
g - R
“ R AL
o w14t T ORI fles
ol 114
z= b R

K1 HkRE L ZmkE

Fig. 1 The flow chart of the coal pulverizing process
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Fig. 6 The ball mill of pulverizing system for alumna

sintering process

B RESHOERE W T

1) 480 190 00 w14 A A A9 T TR B S (E ymin =
62, Apmax = 1.96.

2 I I PR ST PHE I 28 2 80N by, = 0.45,
ki = 0.07.

A 45 A 2 BN R 4 s,

F4 SEAH TR BAK
Table 4 The limit value selection of rule
antecedents for overload controller

Ap(L1) Ap(L2) Ap(L3) «
1.96 2.05 2.11 2




11

RS AR R AR R ST ML G T e A

1477

5.2 FEHIRSE (Application result)
W V) e RGN T BRI A
(] 4 2 Ky a2, PR TR0 I8 49 il 3 7 1 4R AR B
Vi () A, R GEAL T 1E 5 T oA 47 far 100
BATI, B y(t) BEHLE TR ET(¢). 45
il (t) AR FY.

BI78 1EH T 00T, 244 #Oi B2V (8) 28 40 1,

K FIPIG o 2 1 4% 132 A7 Hh 8. 7 AE /e, b, c,

dRbIEAT Tt Rs5p7s. MESHIE 7] LLE 21 B
SR AL VA, () 22 A 2, HL shya ek, R H

AN RAY)

PITBEVEPT i 35 BEAS A B oy () R B BEE (Hysp.-

A5 KA RFPHzH69EAT LA
Table 5 The operation condition using the PI
control under the normal condition

AL RO s, F R FE A rialhf [1)202.8°CT
151 Bl SIS [11278.6°C, K FH 47 Aar I il 2% 2 11 25
Bry(t), M35 1 (t) 58 0, 115 B A7 O 2 1
I, BEMLZE IS Ap(t) A 1.82 kPal¥ il £1/1.962 kPa. it
iR Pl | S I Rt DO i T IR A B S i
DU B () o A 5 2R Cs. B Ap(E) R EL, B L
Aab T A A58 vy T Lo, AR 4R A 2 42 T I, gl R
HAut) = 0. B B ZE— 2R, 75 sichf
JEHLZ R Ap(t) = 2.051 kPa, B EEHLAL T 1 fr 1R
fen O, R R A R U, R Au(t) = —2.
H T T8 e/ 45 0, B BL B A R, T Al B
BLZE s 02.047 kPa, B BLAL Tt far By L. 7E
Helt BENLZ IEAp(t) = 1.956 kPa, I IS B b1
PN ST IR 00, F 303 21 47 i PLAES i 25

\ o i T LB 6B 4T L)
W y()/Db  T()/°C  Vi(t)/°C  u(t)/Hz A6 ALRAT I GEAT LI
Table 6 The operation condition under
a:(12:00)  63.4 51.8 262.7 31.2 dic load
b:(12:24) 644 53.8 358.9 30.8 concition overoa
¢:(12:32) 609 54.6 308.9 30.1 W y(t)/Db  Ap(t)/kPa V4, (t)/°C  wu(t)/Hz
d:(12:41)  63.1 52.5 241.9 28.8 a:(14:30) 656 1.82 202.8 29.6
i \ N : e b:(15:00)  60.1 1.962 278.6 343
P18y 2 il e TH N, Pl B AR AL gs00) 612 2,051 2759 343
Ak T3 A ey TG, SR R 3 TR0 HE B A o A e d:(15:27)  59.3 2.047 281.1 26.3
2 1l 2% 1) AT ih 4. B8 AE ria, b, ¢, d, ebIB AT e:(15:33) 618 1.956 279.9 263
ur) yo T Yo VO
50.01- 150.0f 100.0 ] 150.0 ] 600.0
400F 125-05 80.0F u(t) 20 11250 35000
F1000F [ __.LJA ) 3100.0 3 4000
300F | 600F //___\\__w_%————\ 1
P TS0 fpe————— — —————3750 33000
200F E 400F W, T L W etiedite] ]
E 500F h \ 2 1500 3200.0
L C F Yy ] ]
100F 50F 200F| 3 ' 4250 41000
0'0 -_ 0'0:_ 0'0 __I ||||||||| Lo aa a0 Lo aa 11 Lo aa 114 Loy aa a4 Lo aaaaaay 1aa a1 Loy a s ] _:OO _: 0'0
11:48:20 12:00:50 12:13:20 12:25:50 12:38:20 12:50:50 13:03:20 13:15:50 13:28:20
K7 LGP HIgs 1817 ih 2k
Fig. 7 The running curve using PI controller
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Fig. 8 The running curve of overload controller based on rule reasoning
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