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Abstract: A controller design based on PI control and data—driven model—free adaptive control (MFAC) is
proposed to deal with the problem of gas turbine speed control. The established model above the idle speed of gas
turbine is taken as the research object, based on the optimal PI controller parameters tuned by genetic algorithm,
the integration of the traditional PI controller is similarly replaced with the compact form dynamic linearization
(CFDL) model—free adaptive controller, which makes the controller have the advantage of tuning of internal pa-

rameters online and shows better dynamic control performance. The simulation results show that the designed con-
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troller based on the combination of PI and model—free adaptive control has faster peak time and regulating time

than the optimal PI controller tuned by genetic algorithm offline during speed adjustment, what’s more, the con-

troller can also improve the control effect adaptively for a kind of performance degradation model. The quality of

control is improved further with the controller design based on PI control, which has industrial application pros-

pects, with the adaptive process improving the robustness.
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1 3]

SRR ML ) 2 Ge W B Al AR 2 78 2 s A
AIEE PR SEOR A e Al BT IR E ML AE R — T
P, AR B P 5t fr o — B0 &, A2 ) 8 e MG 28
K s MU ) AR S8 K R/ S, BE A oy B 3k 47 o = o] e
0 22 A BR A £ 47 ] B 485 4 Min—Max 6 £ Z5 9 41 Al
TE BB HE 5T b, BE A 2 ) FE B0 A % TR ]
FIE A5 Tl 1 FG A — 28 5 9 47 1] 530 12 48 5 MR R AL
RO EE A AHOCHIE T e o TR T o 32 4
[l et A K HG Al O 4 [l e i 5, ol b o AR R AL
) 9 i R S8 B A% 0 T R 8 & 28 3L %) PL(Proportional
integral) #& il . FLH TR AS HL I 3 F 2 M A AR
PR TO0T % 5E 1 iy PLSEOR — & i@ I T4
PLEY BT A TARARZS , Br RS2 B op fdf A B9 2 6 7 46 45
VAL E 1 PLAZ ]

25 Wi (1) PID ( Proportional integral derivative ) 4 ffl
i 2R B, SO T MW T L B A A
T 90% UL Ry W R GE . B R, 5 S RO E OH I
P A R BE AL S BAR T R OE 28 Wl Z-N
(Ziegler-Nichols ) 55 % 58 2 BB € Jr L R AP 5T o HLXT
PAE CAT HY4%Fh PID BB T 5, 3 200 B T 4 25 4
FEMSHCEEM AN SN SRR E. —FSA
g5, /& B g O By, Hoh Tl st R
AE A0 22 Ak, 47 ) % i 8 300 9 B 5 TS 1 JR BRAE T
FL 3 I I8 8 S 80n] 2 o e TR A PR

JCAE T 3 R A 1) S — R AR G 6 170 B dls
e B T4 i A4 B0 0 H B Sl i O vk o O AR
HH — > 25 i B9 3 25 4 A 2R R A — i 2 it
AR 2tk R g0 . BAKE 3 170 Bl F e 2 Al 5 ks
A Bl A L A AR Y v i £8 i T RS LS B &
IR

JCAETY 3 A ) ) A A B A AR E PR A
BRI % 22 1 SRR W SR AE LR AR B e R, H R
AT R A5 4 5 B TR AT R 1 e 2 )
U R RERLD SR R ks S e AR
Z e b BB ST o i S O E O T A E ST, R

[l

R A% A MFAC T AT LLUAH 8L PID 45 44 E 47 4 56
PR VORI R L S R Y R E Yk e LS
B FH v, R TN 2 B e s R R TR AR R
S A S A T S B . HE , — O T R R
FL R T A 1 3 Ny A Bk 2 S B0 A I
AT HEE TR — A~ 4580 00 TFF 5 0 52 ) A 1 i B — B
i I 33 0 B A e B A Tl Al 5 55 — T i, Tl
FH B 2 T 48 25 0 3 A9 P I 1 80 1T A 18 0 1 % 18 bk
i X G2 4 T 1) P B AR Ab R SR AT R B .

AR SCAE I 35t e B3 A 0 A A0 PLAZS Tl i X R
ML 2 B LD b A RN R AT R o A o Y SRR
5T PLA MFAC il 2% 2 808 2 VA, 2 1 — Fb PI
Pl 55 JC AR AL 1A A AR A A 0 A g it i
o S BT AR A3 B B IOk 205 AR O AL [ 3 N
il (CFDL-MFAC) () A AL , 25 X P14 il 5 H i FH
G3 IR HEAT MEFA CAHBLZS 1 1 2 48, 1 4557 00 925 1 2%
A8 75 2 A 38 I 8 5 N 78 240, T T 00 28 4k 1Y 1
A A 1 Sh A R o O 7E X X OB 0 4 1 2k
TEHEAT /N S8 B0 475 B0 56 I 42 1) 8028 9 JE el o 6P AR
ALY NS 4 J L b AR 2 v AR A A A K HL R A B
RUPEAT T ik — 25 0 6 H A BB IE .

2 BEEEEEPISH

B e — R R AL B BB A BOR i 4
B R B R AR Ve 2 A8 B, 22 H AR Y R BT 16 1)
RS B LA ST R A SR EE PR A B L
R Sy A o) X G2, SR P 28 B8 A - R 5 1 3R AR
SRAGFRAF LRI o 5 R J5 3CH J7 (8 X e g A £ il
i T U8 R e N Bl A R R O R TR, PLAE ] 2 2 0K
SE I AR 6 TR AR LR 4 LA b B — A e A
B0 A2 e Y g 50 A M RE A A oR L U T
i S B e 5 ) B A R 92 e (1) P T Y B

]=fll|e(t)\2dz

O HE— 2 PR AIE SRR 253 3 R A A A AR R
17 (Elitist preserve) [ 38 & S 0E X #EAT S 408 2 . 1R
B — DAY P S B0 B 3 9 3 ARy L g e

(1)

210006-2



a3k HETW

BT P15 0 R ) 3 N A ] 25 B4R SRS LI T ) vk

2022 4F

Ja R B R HOR ST X N ST e S
Hro PLYE ] 4% B2 R S5 MR AR N 18] 1 BT

> Genetic
algorithm

T T
KK

Speed_desire  Error Oy
+ PI controller Plant

Speed

Fig.1 Structure diagram of tuning PI controller based on

genetic algorithm

AR EEREMEASHOE BT

(DR . AT E B2, 55k
R ARH T RN PIZHSHHEZ
Jei  FE G TRUAG S FE P AT BE AL AR AR . AR B H
B M=100.

(2)BEPEERAE o X BEAS S R R AT 35 I B 58, fiff
FHAS VA R 1) P12 5007 FH 31045 il 4 R0 < BLASE 78
VAT A o 38 N B oR B R M BB A8 b J T T
%, HARE B R e A0 0 Ok B AR AN AR

(3) 28 X HAE . 28 XHE=R P R 0.99, B4R R H
B BIL 36 A5 11 S5 0E 28 S5 i

(A S, BRMEP, BN, KA
S S S AR R

o3 BEFE I SRR AE Lt R AR R EZ IR
A BT —ARAN A, I B R B A N R e AR R
A3 B LG A 32 47 100 1%, A TR =k, IO R
fift o AR IE R BE AR AL AN P 2 BE R, BT LA AE SR 20
AR 2 A BERGE B B E 48 TR e, i 20~ 100 1% 5 72
HhRRE AR I BE 1 I8 sl DR Ol SR T AR I AR A R
Fo 8 R AV A 1 R A A

AN, Sk KR U M e PR 3 g L Ak g
PLZ B0 B W A AR R 43 ) Al 28 — AR Bl AL A=
FlRE o e O AR B9 PLS B e Jm — AR B b 19 B 1

1.6x10°"

1.2x107" L
@2 —=— Group 1
g —e— Group 2
i 8.0x10-12 | —a— Group 3
g
O

4.0x10712 |

0

0 20 40 60 80 100
Generations

Fig.2 Group fitness change with generations
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Table 1 Changes of dynamic performance

Parameter First generation Last generation
J 8.5533x10° 2.7410x10°
Peak time/s 2.8200 2.7200
Regulating time/s 3.8700 2.9500
Overshoot/s 0.0039 0.0021
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Fig. 9 Response curves of T}, p,, T, with different

controllers near rated speed
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controllers near rated speed based on performance
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