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Dynamically decoupling control algorithm of temperature DPSin
lar ge-scale vertical quench furnace
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Abstract: Since large-scale vertical quench furnace is voluminous, whose working condition is a typically complex
process with distributed parameter, nonlinear, multi-inputs/multi-outputs, close coupled variables, etc, dynamically
decoupling control algorithm of temperature distributed parameter system in the furnace was presented, by which the
whole system was decoupled to several subsystems and the implementation of controller was simplified. With finite
difference approximation, the space and time step size was solved to ensure the convergency of finite difference
approximation. After decoupling, the subsystems were controlled with self-learning PID control algorithm. The results
show that the temperature control precision and homogeneity are improved; the overshoot and process in temperature
rising period are reduced simultaneity. The uniformity of axial temperature distribution increases from —6—6 C to
—2—2 °C; the rising period decreases from 40 min to 25 min, and the overshoot decrease from 15 'C to 7 C.
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Fig.1 Structure diagram of the quench furnace

PTTAE, AR TR P Al e il B AT
12 EAXIZ

VK TP A A = KR vy i P R G ) A e T2
PAEPET 2. VEJOMBPAE S 8P (R S A AN B4R,
TERC LR A SEAR TR A . ARG B B R, T4
H, KA o REANRE A KRN T A A
AR R, 5 ) —SEni A A S REVA R 1T 2 M 40 & 411
SRIE s MEAR, VR BE IR T A o0 2 AR AL
WL, A5 U0 B LR BE A i, Ak
Gl WMOHRKE. 3RS Ry UmctERe, K
FR RS S A SR S RN R, B a i
P D R 5 A ek PSS A N vy R KR PRE TR AR VR B3
FENAR 2, DRI, R KBRS ST QR Kb BRI B2 4 AT 2205
PR TR BEAR T AR = 2K

2 WAHEBIBIR%IEIR

RIUNE AT KA AT SRR GBS

ix(z H=a ix(z H+a ix(z )+ azu(z,t) (1)
o g T g T

BN AP RL AN O R 1 AR R e S )

0x(z,t)
Rl SLLE] '
aZ z=0
(2)
0x(z,1t) o
oz |, °
WILEFAEN  x(2,0) =X,

Hrpe Loha: z AR, 0<z<L; x(z, )Nili
FEs u(z, noh ¥, FonmAToth AN a),
ay Fl ay I 5P EL A RIS

FESEBR TR I, A S8 R g A il A R
ANPE ARSI, W e A SRR G AL
ITHBRYEEYT, AT, TRPRZR
A PR 22 A S A BR Y@ P, 5 B 8 2 ks X
(IR RS KR4, 22 AR, DAk 1
ZEN], BITRERANE, EE RS . foe
AARIGEM o 25 KW I FEAN 532 S0 BE RS B AT K
11 HA5 38 5 A e T RSSO A K

FRAE 7 IS PRIs AT &80, 5 X BRI E 52 4040
DX B MR, 152 AR AR A DX Bl 5 1) 5% M A 6T A
N KT RIS AR IR, GRS S R A
S, AN IEAHAR AR SR R . SRR Ui



EXE] i3

AR AT A PR YR T, JE(I)E ) B i
Iy B ZE o A, — B B T B L ZE
ARH o
MBI 225y
2
az_zx(ziat)_

A—Rr 2255

x(zl lat) 2x(znt)+x(zl+l’t)
hz

ix(zi,t)z x(zm,t)—x(zi,l,t) .

0z 2h

>N m 55

Ao, h=%, Sy, A 1 49
ST, RE, SRR,

dx(ziat)_ al

a h2

a

G

. i=1,2, - o B I IR, HAEIL S

L{wjiﬁhfﬁ(z) ﬁfcrﬂﬂﬁl‘?ﬁ]\i_ﬁﬂ 1 MK, &
zy=~h, z,,=L+h,

) (Zz+l!t) x(Zz’t)+

3

- ﬁ)x(zi,l,t) +ayu(z,t),

ox(z,t)|  x(z,0)—x(z_y,1)
oz |Z=0 - 2h
8x(z,t)| ~ X(Z4158) = X(2,, 4, 0)
oz | - B 2h ’

>

“)

5] x(z,0)=x(z_,0) 3 X(Zyy1,0) = X(2,,,1) « FFE

M7 AARARG), % x(z_y,0) M x(z2,40,0) TS

dx(ZO’t)
dr

2a
(1
h?

) ( 1,1)—h—x(20,1)+

61314(2,2‘) >

dx(zi7t) _ ( a
de K
a4y

_) (Zl+1 7t)

x(z 1)+

——)x(zl 1) +azu(z,t), (%)
i=12,---,m—1;

dx(z,,,t) _ 2aq 2a,
—y —h—zx(zm,t) + (h_z)x(z’"_l’

aSM(Z:t)O

1)+

Hrpre SRELE X, =x(z,,0) » MAZE W, =u(z;,0),

ARy, = (zp,0), z=ixh, RETTREREH 5
FEw] Uik

(6)

X=A4X +BU,
Y =CX,

+ RIUNE KIS 2 AT S EUR GE ) A iR A 535
Hre X =[xg,x,1"s Y =[yoo 0l s
U [uo, s, u m]T H
Al A2 0 e 0
Ay A, A :
A=| 0 0
: Ay A, As
0 0 4, 4
B, 0 C 0
B = C =
0 B, 0 C
gy 2w 4
h* h* h*  2h
2a a a
A4=_h_21; S:h_;"l'i: Blza3: Clzlo
REZATIRYEIET 5 2 RS T i SR %

E’Jﬁiﬁr i BT BT, A3 B PRAIE A PRYEE
ISP 23 ) A R (g ) R T s AL 1) 25 A

3 WSk

N T I LT IR R x(z;,0) & 15 WSk T Ji A
W TTREE x(z,0) » 5B Buler JHVERTISTA) ¢ HIAAC ©

RE x(z;,,) (=12,

. a a k
/‘\(\%,‘ﬁj\Jt,{:k‘[, I"=h—;T, l=ﬁri ):Hxl

) AGEIZES T REA

xé‘“ =2rx1k +(1—2r)x(])C +u(l)‘,

= DxE =20+ =DxE L+ uF ()

xﬁ,ﬂ =(1- Zr)xf; + 2rx:;_1 + u,lf, o
5 R AT A AN -
X" = Ax* + U, (8)
Ko
[1-2r  2r 0 0 |
r—=1 1=-2r r+l
A=| 0 0

: r=1 1-2r r+l

| 0 0 2r  1-2r|




536 KR AR

138 %

FRa@) A 1, Ml 1 5, BUr =0,
W1 AN TR BRI = ef, 0<i<m},
B2 R R 2.

KRS F={xf, 0<i<m), & XWHK
[ | = masxilxk 1y - 2435 cks s T REAT L 5
BENTET 0, HAVNTEET 1 W, nTELuFEm
e gOR A, e < ).

||A||=m?x{2|aik
k

o
g1

g 2

}’Tﬁﬂﬁﬁ%ﬁmﬁﬁﬁﬁﬁﬁ

>0, h>0, a;,>0, a,>0, a;>0.
A E KRR LAL:

1-2r=0,

2r=0,

r—1=0,

r+1>=0,

i 2, ArES H SR O)MZEN LR

€)

2
p<2i, <
a, 2a,
SIE 1 YfE L FMERT 2 o, R L),
gl l4]=1- (10)
iE AR lay)|+apy| =1-2r+2r =1,

@i+ |ai |+ |a | = =D+ Q=2+ ¢+ D) =1,

|am’m_1|+|amjm|=2r+l—2r=1 o

LAY FiE
FRA@®)WF T, A

%ﬂ@l%%#%&ﬁ,ﬁ‘

k+1
X

<4 || -

k+1
X

<|x*| .
[
I 2 h AR 1 AR 2, SRR

%ﬁ@mmuﬁwﬂ <WW,W%ﬁ%EO

k+l1
X

B B 1 G| FE 2 A5 5)5E R 1,

" 2
FE1 YA A 0<h< 2L 1 0<:
a,

2
<§—N,%£ﬁ%&ﬁo

a

M 2 b TERE o3 AT SRR I iy m A X BLdt

AP AL S D KA EER, AR SRS
[Fi I 45 S I TRD A (R IR L B2 A S BT M A2 1)
A

4 DEHSHURFNSHERBIZEES

O

KRB AP KR 2 X BT, hrpy #uvk
SHRER SR Bz i IR G S
BRAFH, B TEE T SHAL XA ER PID $Eifil o0l
P LA B 22 20 B AR 4 i S5 8 TGl A2 PRLE R
Vi) 55 FR1 P 2l 1) A v 220 0 e AR A ) s R R 22
K, WSROI, BORIPEHIR E A s, B
B A IR A, SR ERR, AR
TSR BRI AR SO A A SRR BB A AR
h AL T RGHATEES], A f 28 10 sz Ik
B, K A% EE Bt S5, amifiig .
DAt PRV R R B D SR B0 A, MR S Bras AT T,
o] B ARG PR ) R BT AE S A, DUAMEE S Bl AN
DRI 2ol B s THDRE TE TR 5 o o0 A SRR I I S0k
J BEAE B N ] 2 B
4.1 fRFBRERERISKEL

M (6) T AR BIPIR A T FE

{X:AX+BU, a1

Y =CX,
R X B I w(e, 2,) HRELRE x,
X R xpy VB o ABRBOIRAS S5 2R A

K, K, 0 -« 0
K, K, K :
K= 0 . . .0
: K, K, K
0 - 0 K, K

I PR R S AR 22 ) R«

X =(A-BK)X + BU, 12)
Y =CX.,
Ref
A-BK =
Al _BIKI A2 _BIKZ

A, -BK, A, -BK, As—BK;

Ay —BK; A, —-BK, As—BK;
AZ _BIKZ Al _BlKl

IRZS 23 R J5 R g B F B 1R A1 «



EXE] Ja B, A KBS ORI T S BUR G ShARE RIHE 537
. (1)
i FETE W
K L —) ik
54 —
iE -
i e e R T——
17 K Ko Ky 0
B2 A A A G A % 3 PIDI 4 RIZAE A
Fig.2 Schematic diagram of self-learning PID control algorithm for decoupling in distributed parameter system
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