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H. Control for Typical Industrial Processes

Tan Wen and Liu Jizhen
(Department of Power Engineering, North China Electric Power University  Baoding,071003,P.R. China)

Abstract; H,, controllers are designed for typical processes using loop-shaping H,, approach. The results indicate that the
structure of the H, controllers for those plants can be expressed in the usual control structure, e. g. , PID + filter, thus can be eas-
ily realized in practice. Furthermore, we obtain the direct relation between the parameters of the H,, controllers and process con-
stants, thus we can use the parametrization to set up an H,, controller without design. Simulations show that the H,, controller
we obtained has good performance even for processes with large delay, and is robust against the variation of process constants.

Key words; H,, control; typical industrial processes; loop-shaping; PID structure

1 5|5 (Introduction)

M Zames 18 tH Fi He, J7 45 ff o T8 4 4 g A (1)
L3k, B et 2 H4E BB B & B H
Rt Bz BN BN —R AR EBES T8,
H,, 75 873 26 JLAE R i i B DL, LR TEM
2SR J5 W (B anSCHR(3]) , 1EAE — M ) 3o 72 428 1)
PAARZ L REFER, TSN T .

1) H, BB S &g i Hl ik B R A
L BAEMAAR. FIn, H, 25 % F BN R
¥okis et mR e min, MM ERER L
RIS BEMAS I TRARER.

2) RE H, FEEAERS A KEHER [HH
o — R R TFER & . X TR S E E
TR T 2 B AL 9 — 2R 3 B (I — B I B SE XS 4
H,, B ¥ K S O TR B s nASUAS (R} T 2 3% i it
WA PID BHEEHEIE.

3) H, EHl s , R4 SR 3, L%
HEBWBIHE SR EAL AR,

A, A Tl 3 #2 4 i o B H, 3, 70

x b RSN HITE RS TERME .
AXT 19748 6 A 4 BUIKH] . 1998 4£ 2 A 20 H W E Bk 75 .

AR 37 o A i DA L 18 B

fEEAEXT b4 Ho B 7794 J5 K 3L McFarlane
and Glover #2 i F) 55 % R JE H., B3+ kY it /2
P R L KA W . AR SCE A X M R T o AR A
AR BERIY He R+ B 178, B TR E
AR 3 ] o O P B ET B L AR SO A SRR I, ) A
Tk, H,, ¥ 28 BB % 0L %l 4549 (40 PID +
TR ARG , R O SE A R TC R ME 4 Bl b, A AR
MBS H BHBS RS I B EBMEE R
R,EMSBELRABEI+ 078 FEFEN, A X
15 H, 35 %1 2% X K Bt 2 XF 52 A AR 47 B0 2 i 3% 51
Xt i R B R AL I A BTt R
2 IREERLT H.. &1t 75 i% (Loop shapping He

. approach)

McFarlane and Glover $2 i 49 ¥4 ¢ U H,, ¥
Bt E BT,

1) FBEIE , AT RS ¢ Z&FREBR.

TEREBOE Y BAMES W, BUSAMESR W),
HRELEHNNE G = W,6W, ZHREWLRE—&



5 W Tolb 3 e H, 6 683

Ak
2) Ho i, M ZEEEHNE 6, #T70F

Hw?%%:

(I +GK)™!

K(I + GK)™!

-1 0
I3 = _1n
T Kestabilizing

(I+6K)'6 ]
K(I+ GK)'G

2.1)
PEAD €y SEBR B — AR s T K O 2R
BETH H, B4, S5 AT R4 R AT R
BARA, TSR BT Ha 4 2 44 P 75
RGP AT RE B ¢ AT 0.2,
3) B K& BRI BB R N
K = W,KW,.

ML 5 BT LR th, 07 8 B B
5t , BDIF IR AT AR M B . PI3F R R 1
A8 1 P R4 R AT ARAB BV, 80, 5
BT ARAET, TR FF SIS 25 ; U0 B MR
(B0, FT /T SR 6 28 5 7 B 5 28 G 0
B T A T ST IR o, BURM P
IOV W, W, b W, T3 AR v B
IE(ALIGN) B RCH R A MR HE, T W, BURT 81
DI £ 2% 14 581595048 25 LA 5 0 04 0 254 0
2 I, 8 S BR b 2 3K R G A B B A
it

T 2 5 = 5 LB R R B
BB AR . B 458 — 5 1 H G5 1) BT LA A
By mr e e 4 R E T4
T2 0 S T 22 (28 8, DR (map) 6428 X
FHRAERE).

SRBR UG Ha 773 5 H 8978 (I SKS
FET, ST I8 “Puge” i) A b B AT
B

D) B B AR A T Tl B o R B AL
S5 o, 98 3 5 B B AR e D B

i) B2 A RS R,

5, BLIR A 7T B 4 00 T 6 % S0 A L
Bl R 2 R T b, RAMEE & ©
zaAREEREAB{" =P
%7[4]:

y =,

Emae = (1 + A, (¥YX))"12, (2.2)
Hh X, Y 53908 F HU4C 3K Riccati 77 2 ME— a8 F
L3k 1 E R

A™X + XA - XBB™X + C"C = 0, (2.3)
AY + YAT - YC"CY + BB" = 0. (2.4)

HK, Yih@RkEE, ReihEh i xR

j@[4]
{Qq =[Q(A + BB™X) + e;LYC"Clq + ;L YC"y,
u=B"Xg.
(2.5)
He Q= (1-¢;2)1+ YX.

B, 7 MR ETT R EE S5
A — R R, AR 18 H, I HI AR AR R, AT K
RIT BBt .

i) T3 ERS A EXR=ER SN H
B0, Bt RESE R ek

MEA ESF TR R B, 38 Y He B3t 8
BT T3 RS .

3 HAETER H. 2% (H, control for typical
processes)

AR5 5K 2 3 X A A AE | — B B SE &G A P
BrsE LR Toly o A8 R B3R B BB He B B #E47 3%
BTSRRI, R E B AMERR SR E Y, AT
BE HEFIBSHELBRERNEERXER.

3.1 iR id 32 (Pure-delay process)

A E BERERTERRRN . p(s) = e ™.
FA A B HITIR S S B, St R E
Pade BiF X FH R, B P(s) = (1 - %s)/(l + %s).
EATEUATIE .

SIB1 %W B B R e (L5 A A
X5 « Tk,

IE B AMESE R Z B/NRA S H SE B

[0 0 A/t

0 o BT A/r]’ Gamgll 2l
(3.1)
S UE B AR Riccati 2 (2.3) R (2.4) 2 ME—FaE

AR 7 E 5 R

(1 + 1) AL+ d) 22
X:[ A _T],Y= y 2;.
(3.2)
T2
[1+2,1+,12/2 —(A+/\2/2)1
"L aia EPLYE

(3.3)



684 A e

5 WHANS 2 B KM 5 r k. H(2.2) F e AP
HA

JREARATT AR H, BHISS S
aipt i ¢ MERREEE R, B 7L PRA HH aE E
BRHSHAATH/HTEH .

BARAMES XGRS 48 B S B B, Al (2.
S)FTAIH Ho, B b 3 il #8 vT 4k Oy — W KR, Hofg i3
BR B S R b R — AT R R

= K1+ zs/T
K(s) = §+TS/T21)’

Heh K, T, T, V5 A XM 5 Tk AR A Rt
POpAEATIELE = & I

A1 RHERAERE A BN B ) B A
Table 1

(3.4)

Controller parameters for pure-delay proc-
ess with different A

A € max K. T T2
: _1.0_ 0.490 0.560 2.0 6.343
1.5 0.429 0.475 2.0 8.873
2.0 0.383 0.414 2.0 11.661

T e ¢ H, T HI AR 45 H N ¢

m()_ 1 1
K(s) = K(l ) Tys + 1
(3.5)
v
AK, ik 1%
K, = k) 1 i Ty

AR PL+ AR L EGHHSHE X
R R R B0 B 4 R R, RS PO N O i e A
AR PLEEARX.

PLESHS B R AT R A Pade — By 36 /R 18 T 4l it
$E, R NGRS, AT L EZ M EXR
BAERTERE, M AR SRR R HRE . H
B B R R BT I E AR AR At AR, (BN S
BEHEMERN, — M RRE LY. SCER(8] 4 HT
T S AE AR R8T H, B mER TRk
énlb

B1R o = 1 BEURE A X E S B BRAR L
1 A B o o7 2 5 T 2 02 A B L B« (AR AR Y Y
R B 2R f R, 2 E RS B A, A BT HL
KEE(A = 2); A5 B XA K &M, A AT L
INSE(EL A = 1, o 454k 50% 2% BEAR 35 B 4T 1 i 45
PERE) ;IEHE TR A = 1.5.

& 5 N 16 4
12 " ¥
dl 2\</:“““-‘—*“
0.8} )
H 0.6
@
) 0.4}
1A=2
0.2 2:A=15
3: =1
0 1
4 6 8 10
i [E)/s
1 4t AR AR R RE A M BR 28 1 B o L
Fig. 1  Step response for pure-delay process
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Table 2 Controller parameters for first-order plus dead-

time process with different A
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Fig. 4 Step response for closed-loop system
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