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Design of decoupling method of temperature control system for coal-fired reheating furnace

SHI Tao, HE Fengyou
(School of Electrical and Power Engineering, China University of
Mining and Technology, Xuzhou 221008, China)

Abstract: In view of problems of wasting too much fuel, serious pollution of coal-fired reheating
furnace caused by difficult temperature control, a heating system model of coal-fired reheating furnace with
multi-temperature zones was established. A feedforward decoupling control method based on PID control
algorithm was proposed. The method uses feedforward decoupling control to realize decoupling for
coupling parts of each heating channel, which can reduce the time required for the heating system to reach
steady state, and uses PID control algorithm to optimize control parameters of the heating system, which
can make temperature of the heating system rapidly rise and remain stability in a short time. The
simulation and experimental results show that the method can greatly improve temperature control speed,
and can achieve stable control accuracy in a shorter response time, which avoids fuel wasting and improves
heating rate.

Key words: coal-fired reheating furnace; heating system with multi-temperature zone; temperature

control; feedforward decoupling; PID control
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two-dimensional system

R DRAIE R B8 FT LA L A R A AR G 5 A

A
MWy (s) +my Dy ()W, (s) = 0 (3)
Hrpe
X _7W21(5)
Dz](.s) — WZZ(S) (4)
X __le(S)
D]g(.\) - Wn(s) (5)

3 33— (5) Ay 4 4 F RN R A
[433]



. 102 - 5 g3

2018 % 44 %

1 7W12(S>
Wll (\)
D(s) = (6)
7W2](S) 1
sz(s)
A 2, AR 4 X () — 30 (6) TSR A5 = 4k &R 48 /9 i
5 A2 5 A 4 R
[ 1 7W12(S> 7W13(5)7
Wll (5) Wll (S)
N 7W21(S) 7W25(5)
b =1"w,© ! woo| P
WL WL .
W, (s) Wi (9

AUAUR HE G B 23 HEAT M AR AS BE T 2 AR AR 4
A R IINER 2R 8 v i o 5K DR Dy T A A A A
F ot 2 BP0 P X R O 3k L RE DR AR R S T
I3 X T AR GE B4R 2 Hean b sk E] L A
A A A5 O B R OR A SO BT L gk AT PID $ il
e oK Xk 22 T DX ARt R R G i 2 Bt AT oA
FI A0 it b T fi o BB RAS: 21 28 48 P i B R
I FLwsl /N 8 (R G ] DUARE B it

3 HIGMBAENATERE

K H Matlab #1 ¢ Simulink 20 44 % = 35 X i $4
W =Y R G AT L, AR Had AR b i
Xof AN [) 388 T 28 7 AN [) £ i A R ASE DL A 2R 8 1 AN [
Tk D) Ui B O < 5 1 3 AR TR XL 7 T X
NG E REARRY 0. 7555 2 BRI iy A 25
JEN 0,955 3lIE NI AL ERN 1.0, K
22 T PID 5 il 5 vk 10 15t A 185 45 1 O vk 10 i
SR 28 IBCERL £ 317 £t Ak A 12 ) D7 122 5 PID 54
T3 R 5 = 4 R 40 1 3 5l A 1 O R O e L 3 1 dE
ik 2P 2 s, A 2 g SR 2R T
PTD 47 ] 530 12 4 i 454 e 85 42 o) D7 ¥ 7T LA T 64 it
B GRHL L TR R] I AR AR B A FE A I PR AR R ] Y

FE B I B B b iR S i BT R A
K 9t s #4775 2R A5 005X Fh 1 48 , OF 8 5
il A WL T PID 45 il 55 3% B0 i 05 A A% 12 1 07 3%
RIS G IR XM RS .

TEH A 52 56 25 PR A2 L RS sh i ol T A
[ 2 o] 5 vk S e i 11 o et e 81 3 ok . AL 3
AL LA 0T R TE RS TS 1 il X2 3
T TE R 5, Ak T PTD 42 1 55 92 14 iy 15t gk R 42 o D7 12
FEART LA Z T, MAEZ 3 FE TR 2 Wi
rh L T PTD 42 ) 530k A 7 5 fige RS 42 1 vk 1)

— REf R HITE

- - - AU RRR R
-------- PID &4l 5%
—-—- 5T PID F Sk i AU AR R Tl Oy vk
1.4
12
1.0
=08
=06 P
04t -7

0.2/,
1000 2000 3000 4000 5000 6000 7000
B 1] /ms
(a) 5 1 3@ I8
— RESRG G EIEIE
- - - RIS S v
------- PID #4752
s T PID F il 53 1 AT R AR AR F 161 5 v
sl 1.0 e
= -

1 1 1 1 1L 1 J
1000 2000 3000 4000 5000 6000 7000
B} 1 /ms

(b) 4 2 i

— REg R G T i

- - - WS R T

-------- PID ##75i%

—— 2T PID SIS I TSR RS vk

1.5

1 1 1 1 J
2000 4000 6 000 8000 10000
i ] /ms

(c) %5 3 il
B2 ORIl 7 6 0 A5 SR % He i 4k
Fig. 2 Simulation results comparison curve of

different control methods
b £ nT LA 3 BB HIE 3 . O n] LAAE S8 3T 2R Y B
PR E) YR A2 B JFOIRAS .l Tl L T PID 45
BRI BRI U iR R 2 1 7 12 A Ak B R 8 I N B
B, I BETE 55 4 IR R A2 IR .

4 BIRARREIEGIAEZE SN

T A T PID 45 i 553 B0 i 05 A A 4
J7 R RERG 1K B WU 1 P By 2R AT T SRS
B o S50 SR A B 2y ey A A Tl R 2 28K
ZARRERA W R GG 57 b B I A 2
o 22 XS0 R o i i BT AR BT 4 R
LabView 84 5 %4l sk A3H 8 0L, &% J5 Hl Matlab
He o 4 5 il 25 DA £ rb A5 21 R DO A A9
BS R, EHCRFEBIR D 10 Hz,

H T S 58 K i S G 2 HARAE T B



2018 % 5 FoFG A R I RO IR R AR ) R RS 7 k0T « 103 -
-------- PID 1773 GBJ2510
075 - - - TRy vk
————— BT PID ¥ LA BT RS R 7 v
()| S rr—— AN TP ~220 V
i o LEDO e 1330 pF
= o6s- . E*& H 1330 uF
1 1 1 1 1 1 1 1 J *30 V %EE% ﬁlﬁ
%4500 5000 5500 6000 6500 7000 7500 8000 § 500 9000 5 = 4
iR /ms 18V REE
. Nz
(a) %5 1 388 4
47 uF== 15V =
+5V K
18- ™ ?mVﬁEﬁ
v B e R
O R
— RERRGIE T )
14k PID &5k 500 Q MeTeL
E - - - BT ST
=L - BT PID $HISVE M AT ARSI ) 77 v

1.2F

1 1 1 1 1 1 1 J
5500 6000 6500 7000 7500 8000 8500 9000 9500

B 1] /ms
(b) 4 2 @ i#
........ PID #4757
1.1 - - - BRI T
o | 3T PID ol H N B
1.0 PSR RS
[

0.9 1 1L 1 1 J
6000 6500 7000 7500 8 000 8500
I 1] /ms

(o) #5 3383l
K3 ds sl JE B9 A [ 42 ) O7 ¥ 07 B4 AR %k L it £
Fig. 3 Simulation results comparison curve of different
control methods after adding disturbance
X A K it 2 ABORH i Ak 3
A AL AR 0. 001 Hzfl — B B 45 3K 5 g

B4 22 DX S 30 i B4 4 v it
Fig. 4 Circuit of experimental heating

unit of multi-temperature
JB A R ST 30 BSCHT 2 AT U0 Ak B i i Ak 3RS B S g
AR & 5 s,

1 1 1 1 1 J
0 2000 4000 6 000 8000 10000 12000
i 1) /ms

K5 DB Ab BRI B9 52 56 B s
Fig. 5 Experimental data after filtering
5 JIr 7 4 108 R 503 w4 BRIV S o 4 2R 8 ) )
Mgk . AR (D 315307 1 B 52 G0 B 0 552 46 il 2%
PEAT AL A5 B Z R X L S HUn T

0. 09 1305y 0:028 a0y 0011 a0
893y 1 1P 1300 grsTryexp(m 1800 g Try exp (1709
0.01 a0y 0:05 o is0sy . 9:051 o 1800s
W =1 g5, 1P 100 gegrpexp 1909 g mrpexp (18009 (8)
0.23 L lgos) 0122 qen 0048 o0
1323, 1P 1909 om Ty exp (1609 g Ty exp (= 1209

TERFFIEA 4 E R BLT » SR AT PID 4% 4
AT P T 5T A R 2 1) 05 ok AR G MR AT AR L o

L 6 Frs

1.5

-------- B, - - - K - R
]
0.5¢i
i
i
0 2 000 4000 6 000 8 000 10000
I ] /ms
Bl 6 SR HIEEF PID ¥ i 55 1 i 115 5% e b 4 ol O 95 19
N L S

Fig. 6 Output curve of three-dimensional system using
feedforward decoupling control method based on

PID control algorithm
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