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Research on control model of graterotary kiln thermal system
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Abstract: The thermal system of iron ore pellet grate—rotary kiln process characterizes complex control object, long
and lagging adjustment process and mutual coupling of various thermal parameters, as a result, the process cannot
effectively predict the changing trend of each thermal parameter during regulation and control process, while the
adjustment does not meet expectations. In order to solve these problems, based on the production data of pelletizing
process in an iron and steel enterprise, the methods of data mining and correlation analysis are used to deeply study
the correlation between gratevotary kiln hot air circulation system, and the relevant mathematical model is
constructed. The results show that the significance between the burner parameters of the rotary kiln head ( jet volume,
combustion-supporting flow) and the temperature of the kiln head and kiln tail and the thermal parameters of the
grate—rotary kiln hot air circulation system are all 0. 000, the correlation coefficient is basically above 0. 900, and the
regression model constructed between the parameters has a small error, which has been verified by on-site production,
among which the error of the regression equation K5 =858. 534 +0. 027X, +0. 030X, +0. 027X, and K, =337.735 +
0.047X, +0.068X, +0. 124X, set up among the the temperature of the kiln head and kiln tail and blast furnace gas
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consumption X, ,Coke oven gas consumption X, and combustion-supporting flow X; are only 4. 9% and 2. 4% , which

can be used as a prediction model for field thermal parameters.

Key words: grate—rotary kiln; thermal system; parameter control; regression model
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Fig. 2 Data processing and analysis process

HIPEL 2 AIRD: 5, SRARAHSE (A SOk
PRAE SRR A 7= ok R E R O R R, S
TERESEAL [l 7 FPR ¥ AL 45 B 1) R B8 XL
FAL A TR RAE A5, TR I A P 42 2 SR AR S I
AORRRHE R 5 BERA 2 min RE—K) ;. AR5,
R w2, K3 e AT IES I, EAER
B F T AEA i ok BB A= 75 M IE 251 23 A
R FGETE oA O s, TR A I M TE 25 43 1 S
HEAT RS0 M7 7 2 B LRI RN A48 L X T ok 4
HZE S i B i SRR 5, TEREA ST
IIHT R A G R P AR SCRE T AR T kA 2 Ao
Al Kolmogorov-Smirnov #5546 Fll Shapiro-Wilk #;56;
S IESTER RS, AR w A AR, i
FA W B RET AL BCF AR, A SR 2 A 2 X
PIASECPS DL B AT R B AT A M Y 2 i T R
Fromtir, iR A 22 e R 7 ELA A DG

EANTZARAHC R IR . B AR AH OC 2 H0at
Se M ARG R O RU(E, 5 SO X A2 Y
P77 25 SR EZFRIORT, H p s, HAEVER
[-1,1], Yoo MAXHAMEGE T 1, RIW
AR B AH OCHR By 3 P S A
Z IR AR A . T 7 22 23 A A 2R B Y
MR, H Sig (&R, HAEBUNR IR
AL, /T 0.050 [ HE AR E AT LA Z 17
e, RHIZIThA ik i g T2 S5 16
AR, WS SR A2 e me, £
JCERAE TS 0 B ] A4 78 DR 28 i i R 7 i 2
[F) 4 O 28 Hh AR 2 A e R R AY T R R LAY
e F RS WU BOE 1 8 35 MK R AT LU A,
b3 A IOL NG 'S SN - B s S (1 | = Fus
e, DAAA R 2 A AL T e de o

220 2 181 U3 3 B 9 0 %00 A 1 L 5K
(1"

Yy =By +Bi% + %, +B5%; + & (1)
Hrf: B, FaR#IE: B~ By By Fan il H &
B e Rk

Z2 RN [0 A 75 AR A5CR A 36 T e o L ¢
PR ZHECFIWLIN 2 50 1] 1) 22 5 0 1 1 e 22 57 1)
Z TN 1A AT T e B 5 B
2 HiR5THE
2.1 EFRMKIE

MG A e 2R AT IE S TR SR
SRR 1 PR

BlEA S SRR
ORI I B (o] 2 2 A R B T AR o,
TR FEAR BB n > 2 000, 52521 LA
Kolmogorov-Smirnov [A45 55 A 1, Ho i 35 PR AR i
R, BBEVE B IR M IEZS 73 A, — AL 0. 050
PR AR

13 1 # Kolmogorov-Smirnov {2 (1 45 5 n]
e AR R BOR BB E R EOLT, [l
N R AR R A R XU Y
BEVERE R, HIkF] T 0.200, [F] WAL
[0l 2 2 R ER VR HIL =R AL 4% B il B2 1 i 25 ke
S HE R, LA BE SR LA T B R R A A



70 B OIX a8 A1
®1 BBHESHERE AL = B AR B Y 3 M e/ D 0,150 Al
Table 1 Normality test of data 0. 120, fﬂ%ﬁ%‘f&"ﬁi@?j{? 0.050. HI, fF
p—_— zf @m%m&mMﬂ AREN T ESHBEIRNTFE B0/, BAK
U geit mhE @ WG L, AT IRl AR R
ﬁ‘k}ﬂiﬁ‘i’%ﬁ/(m”-h") X, 0.072 4000 0.200%* 2.2 *ﬁ*'ﬁﬁ*ﬁ'
SRR/ (b ™) Xy 0.074 4000 0.200% AR S AL — [ 5 5 RO B 22 46 11 KU
BYRMLILR /(mh™) X 0.039 4000 0.200* BEAR, IR AT 1 X T 2 BOSORIEATE
%ﬁﬁngﬁ . 0.037 4000 0.200% PRI, SR NER 2 s
R 2 AIH:: = REMNLIR T S50 (8] 1 SEPR
AR T 6 0is 4000 0130 KT AN TR KT 0,010, 0]
BESHLIER— BN ER G, 0.038 4000 0.200% %Kl@jﬂ%gﬁmﬂﬂ{%ﬁkﬁﬁm“i’ L
LR /C 3 SRFVATSBEEAZ ARG R H
BESHHLITER — BN ES G, 0.041 4000 0.200% éﬁé\iﬁiiﬁii}iﬁ'ﬁiﬁﬁﬂi*ﬁ?é%%ﬂ:?ﬁh\*ﬁ
L/ C ‘ B, RS S G 7 75 Sk s R R E
WA B /C K, 0.042 4000 0.200% A7 LRE SR —BUNARIRE . 7%
LA A SR /°C K 0.027 4000 0.200% 7 R U L S S A B R B RS AIL
B —BOWAIREE/C R, 0.030 4000 0.200% A — B B i KT B R R
% TBUEASIEE/C Ry 0.042 4000 0.200% B R 5 A L KT R B XA R
e ZBUE R /C Ry 0.142 4000 0.120 HESEHLT A — B R 5 R L B
AR M R a £ R JE 45 =R LI XU 2R 2 48 P ot B S 50 [ 1Y

ik e IR EE R ERAF , ALEASHBAE 0. 900 L) I
x2 ELEEMHEXMESN
Table 2 Correlation analysis among variables
35 $5b7 K, K, c, R, G,

X, J ORI I R BN 0.937 % * 0.929 % * 0.736 % * 0.793 % * 0.637 % *
Sig 18 0. 000 0. 000 0. 000 0. 000 0. 000

X, &S Y XY 0.930 * * 0.929 % * 0. 806 * * 0. 840 % * 0. 699 * *
Sig 18 0. 000 0. 000 0. 000 0. 000 0. 000

X, BRI R B 0.976 % * 0.952 % * 0. 848 % % 0.835*% % 0. 645 % *
’ Sig 18 0. 000 0. 000 0. 000 0. 000 0. 000

, J2 IR bR O R 0.904 % * 0.963 x * 0.989 % * 0.849 % % 0.714 % *
Sig 18 0. 000 0. 000 0. 000 0. 000 0. 000

R, J ORI I R BN 0.953 % * 0. 867 % * 0. 840 % % 1. 000 * % 0.718 % *
Sig 4 0. 000 0. 000 0. 000 0. 000 0. 000

, F2 IR b R ER 0.875 % * 0.893 % * 0.912% % 0.969 * % 0.810 % *
Sig i 0. 000 0. 000 0. 000 0. 000 0. 000

R, 2 IR AME S R B 0.673 % * 0. 679 % * 0. 635 % * 0.729 % * 0.971 % *
Sig fH 0. 000 0. 000 0. 000 0. 000 0. 000

Vs o ARF W FEPE/NT 0. 01 S5l AR BE B 5+ AR BN T 0..05 GO A% -
L, =R ENLARRIAIS R G rh A8 Z 7]
G52 W) 1Y) 5 G AR ek, HL e R AR AR B 40

HL— 101 7 4 T 2 ] e 1 2 M0 2 1) 9 52 )
K



2023 4E45 1 1]

AR, S GEEAL— IR T RGPS 71

2.3 ZuLEEEASHR

R R XU A fi 728 vh 4R T 2850 T 19 5% 1)
KR, Bk T ] B A A DN L 1 A
some L BT DL DA 0GR R R K s kil K
MR, EPERE X B E X,
ERBLIL I X, s R 543 5 2045 2 50 [l )E 4y
Mr, S55an3 3 fron. k3 A

(1) [ RBR B A g P I A 7
FEXT I ) Sig {EFE M 0.000 < 0.050, 3% 156 B M
FEAR T E Ay R A

(2) [IHFRE K, F K, BRI R ¢ R 8 R
39k 0.975 F10. 988, X it B A A1 9 77 FEAY
PRI AR S5 (0] 7 2 o U B R 2 S L) Rk A AR
THARBERY 5 A 97. 5% F1098. 8% , i HL Il I 45
TG 2R 8 R Bz 1, Da A [m1 05 07 R A4 40
G AR -

(3) A rpE R E X BRI
X, FER AL B Xy 45 P 09 J0 5 A SR R/
T0.050, ¥mEVERT, FrDOHEAS R EL
A W77 R A= 2) AR 3) Frwe

K, =858.534 +0. 027X, +0. 030X, +0. 027X,

(2)

K, =337.735 +0. 047X, +0. 068X, +0. 124X,

(3)

Krf: K mlzaa R, C: Ko bl a

AR, Co X, NEPEAE, m'/h X, N

P, m'hy X, W BMRKWLF R, m’ /h.
*3 SR4HEARRNSGTE

Table 3 Statistics of multiple linear regression models
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Fig. 3 Regression residuals of temperature at the tail of rotary kiln
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Fig. 4 Regression residuals of temperature at the head of rotary kiln
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Fig. 5 Simulation results of the regression model for
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Fig. 6 Simulation results of regression model for each

section of rotary kiln
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Fig. 7 Simulation results of regression model for

each section of ring cooler
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