BUEHEIH
20004 2 H

63\ 6 BB T
2T CONTROL THEORY AND APPLICATIONS

Vol.17,No. 1
Feb. ,2000

HHS : 1000 - 8152(2000101 - 0065 - 04

—HMERMALEN A ERAESTENRHER"

pas w18 Az Y630

o —
(BTl X ¥ 6 B MR K, 710072)

BE: 2T MR E RN FERY FDIEHR R Y B SRS EEAT R A B EEN
HERAAR THERTHERKRES T IRLMMNBH S RERRENENATERERE T 7 #E
RERHSAESRHAKRETHTTHRAAT. FREREY, FRITHABFRUNEREENRERAER

W BEHE B AT AKRANE RSB
XA FAMRE: ﬁ;:?_-?: FAHEIPID ] ; (LB R

TRRERIAT: A

A Nonlinear PID Control Method with Optimal Correction Function
and Its Application in Torpedo Trajectory Control System
DUAN Fuhai, ZHANG Weiguo and HE Changan
{ Northwestern Polytechnical University* Xi'an, 710072, P.R. China)

Abstract: A design method on nonlinear PID contreller with optimal comection function is presenied. By choosing parame-
ters off - line and optimizing correction function on-line, an excellent controller can be designed which is liable to realize in en-
gineering. Using this method, a nonlinear PID control system is designed for a torpedo with serious nonlinearity, and simulation
studies are conducted under different initial conditions. The results show that the designed nonlinear torpedo trajectory control
system not only possesses better dynamic and static properties, but also has strong adaptability to the changes of initial condi-

tions.
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1 51 % (Introduction)

ME A S RAKE, B 1L3PELHIE, 5
AREARE TR H, wH BH R LT
B AEDABEEHORLS. —ERTAEMNT
HLERT AR GE FERESEL TR, ERE
B IR R A A BT R TR EEAKG,
th T R OB, R MR, X IR E
R E , WA AR AR e SRR
AR SR T, i a B AKSES
BERaEAKREGOER, HHBELHEERR
SEHERERE FREMT.

SCER VR T — F R IE R A
EEEMEWT S, BRERASHBERI RN
FE, ISR e S A%, BT
AL MR AR EME TR L SRR R
WERSRESERENS S TN TESRAEEYE,
6 AR 04 TF 6 2 B R A ) B A B b

R T B BETENERNYREREEZRS5#
BEREH EREWENEAREEESYNES
AR AR T —F A R E R IF L
PID BB R AN MENBESRERINK,
X IE R R R AL, T e R iR
B LR ST SR B R 88 R B8R BT AR R LT BR
REMBSRE TERAR, X RFRAER
#TEREH, MR AMBEGNELEARE
BENE RAEAFALEERENERE PD &
SR FRAREBATERERE R TRER
BHME HERARAKKGETHS T REHABH
R PAFBEHARES RRTAFXSRHHKX
FHIBR. .
2 HREBERSAIELRN PID R
¥+ 7 3% (Design method of nonlinear PID
controller with optimal correction function)
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2.1 3E£k1% PID 4% ¥4 38 5585 (Structure of nonlinear
PID controller)
BRRRED (1) RETER 1), FS

E = Ke(1), (1)
EC = K,e(1), (2)

MR E BRSO BHETERN
U= fPE+(1-gIEC. (3)
AR, K AR, K, A R BT ERK
B =B+ K |IEE|"|.,,‘ (4)

KB, M I E 1= 0FMBERT.0< 5 <0.5,
Pos B LiKH—HEHEO< K < (1-5).(3)
AR THRZEADBHFEERZMBETI
WEMMIE. RS ERBAESNE PD 5
BATEEME 1 R,

B=Fytky leE‘
- mex

J’J: &2 )de =min

| R E RMAIEREPIDE %
Fig. 1 Nonlinear PID controller with optimal comection
function
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KAWBEN FLREEZ e SUZHEMEMREES
HEPDEHE: I THRAZNBESRE, BEAR
WK, + Ki/sJq RE e HiEHu ZHEMEMBERE
—FrIELR{E PID Hef e
2.2 EHWE S YK (Optimization of the con-
troller parameters}

1 FimMBEHPE K, K. K AKETS
B MBEERE s PXEZ MK 88 mER
LRAATHAIE ARG -2 SEHaAE.
B 5 R LR TR X S
B {H.

FHAR S B 1L, TR e SR A X R A
FU4r (ITAEME Jo ¥ A b eR B, B

I= J;: | e(t) t dt = min. (5)

K, JFTARERBIMN A HRSERE K
b BRI R R R B R AL
VAT G SRR AR A K, FTRIEEH R
GEEwMEBREBE S AMESEFEENEE
M.

HEAERI RS B, RITRA MAE

EREERTENSRSE L. LK FK BHIFE,
A BRI AR B S W R RN, R R B E
WA SR BE, AR E — SRR RE, &%
BUMREHBSRN WS K =0 ERIFKEH
—H AT R, TR KA, BT
BE BETEEOTHE, BT IELH.

HEERY 3, RIVEH MAEKIREL AW
BEHIH KM GAITSHFHE. EIRALR
g, DR T AREH:

05 R=<050g K< (1-5)

At el g FREIER -+ REXRE
YR EERMLMARTHE RBERLFRERS
RUZERECFTERE, A XRABERERET
kB LR 3 HETIE.

3 JFeRit S & B 4 K42 (Description of non-
linear torpedo system)
3.1 A KiEsH5#E(The motion equation of torpedo)

KRG BIEREDNERRTATHRETE
i€ 323
V=(F +a15V+apsind+asVog-asw?}/a;,

w, = (aysVe + apgVo, + a7 V28y +
ay50088 + aggsind)/c; — c3 + (o35 Vo +
as Vo, + an V28, + axcosd)/cy +
(- ayuho, + aygVoa)/c; +
¢; + (agy Vo, + agal)/cs,
a =- (aisVa + axVw, + ap Vg +
ageosB)ay/V—a- (F + agh +
apsing + agVwg ~ agw?)/a/V +

(ay Ve, + anw? + anw, )/ ay/V,

8= w,,
x = Veos(d - a),
y = V-sin(f - a).

(6}
A, VAIEE 0 HHWHEE; « hH; 00
WA hx SRy HHE HARK, W
ais. o F, 9 HEH.
EREFBRAG) F,H V0l Ve W Vo,a §
REFRSEBE T .HUGEREER ™ EREKE.
3.2 RV (Propulsive force function)

F {0,
¢ = K- Kj' [1 _ e'(l"l]”:‘],
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K, FRENED ¢ RN, T 0%
HEEEE; KA DERERYG K AN RE
3.3 M5 E (Actuator equation)

T+ 8g+0'yp =Ky,
i‘:*, 5‘}{(0) =0 ':)‘H(O) = aﬂu: | 8}1“_. g 1P Ty
SRR R, K, ARSI R RS
3.4 BENK&EH(Initial conditions of torpedo)
Vy = 20.6m= st ~ 35m+s7l; @) = - 30° ~ - 35%;
ay =05 wg =03 29 =03 vy =0,
3.5 #EHIEHR( Control specifications)

EIATHAKEKSET . HFREMy, = - Tm,
WER y0 > - 40m, BMRK RIFHERK - 40m; [
P E R R ¢, < 65(BIREHER 95% ).

4 BERBEHRGGI 55E (Design of
torpedo depth control system and simulation)
4.1 ¥EASMBENustrations and assumptions)

1) Bt I T R YU AR

2) ATHEATNS ST EEHARNR
ST EA - TEA-HERHERFT (¢ - s +
DAT-s+1) 3B =100,T = 0.0,

3) EROITREET M & F A KB I Gt
(1.3 BENEHER, NEHAFRHAaEE T #
P -ERE.

4) A PREEHH N 0.01s.

5) BEAFAEMTART R ARETREES,
AERERNEZHEL .

4.2 E%iZit 515’ (Design of system and simula-
tion)

FUERLASE 2 WL I R Ry R PID
FERBROTHE, HEITHRANAFTRERIE
EEHS HERRAKEST RN aEE
BEERREHTHENR.

1) TERBRITREMBMAKESET . ®ila
BREEHS.

BEBRHEE y, = - Tm, A FTRBAKE
B Vo = 27m/s, IiHMA 6y = - 60°. LLIK Ridit
RE, MAFRITRELE WS KA ITAE 5, B
BET M hE, THEELE PDEMESK
| K, Koo Ky Kt = 125,40,0.37,0. 11 R A ITAE 8
IR, B R e R B LI, KR 8,
=0.2,K =042 k1)F8 = 0.4,k = 0.37. R4
TIRT R 2R LB 2 PR 4, R BB R 1 P RE4
Pl AR, BHAHEM (13 BFCTFTHD

~20.81m, HE B B AB KK MBS TR, HTFHR
FREMBE, aFHENTE0. ERAEEE
~25.03m, R B EEREH - Tm, W TR, A
T E N 4.37s. WAL T RE - BERKS sk,
AR, MBS et 2R (1. 3s) , B F e 5 B TELR A
¥ 2EMNBER BEAR A MBTRE.
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Fig. 2 Response curves in states 1~4
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Fig. 3 Response curves in states 5~ 8
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Fig. 4 Curve of time vs correction function 8
2) REREREMERNBSHEAE, EEMA
KEHTIHE.
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HLOERABAKRENR | FRE -8R, X
LREARETAHAFLRHAEHERE, KPRE 4
HEHRE BT EENENRS AT BE
R pIRERFM,EE I HARE T 9#T47
H.TEME HH TG EE B EENRET
BtiE g L B, AT R, EAREAKRE T, EH I

FiEt 6 E TR ORE BOCRRE WA E AR,
AREL - IT, B FUARKNARELSEER
EERENTE, A FREERITRES 4 K HH
gk EREs ~ 8T, TIPS/, FH
Bop RESSEIHRES 4R, BT HEEKX, ER
RIER K, AR AR

A1 FRRATHHESR
Table 1 Data in different initial states
b7 \ 2 3 4 s 6 7 8
Gpdeg -85 -85 - -60 -60 -52 - 40 -30
Vorm + 67 35 27 30 7 k2 » 35 kS
WIREHIER (R B2 E2t E2sr B2 @3k @3 EHid HId
EEE-7Tm) M1 ML M3 M4 R MBm2 MRl #Ms
BHAREE -1 -26.1 -25.1 -20.8 -23.0 -16.1 -153 -9.1
B/m
BAEEmM -86 -M6 -30.6 -25.0 -268 -197 -164 -1.2
WRE(B 531 5.25 520 4.37 467 4.43 4.43 3.53
95%)
M 2,8 3 %k 1 WA, B R B
ekt PID 32 #R B0 BRI Y IR R e UE %5 3Lk (References )

FEBHERSL, A RRMAKEET, BEREHN
B B AR R TR R E R g BT
THEI R G B AK KA TR ERAIE R
5 #53%#E (Conclusion)

BEEERGE-TERAFEELENNER
S, FRE v B ) o s L, B IR i A s
HE RN T R A A TR HEHE
B AXAEREE EARWELKEPDEMSTE
A ERMEEE TR EERE, TRITMAS
AFBFMSHESHE, AXaE A KRG TS,
RAZRAERE . Fi, 0 EREMELRS
PD £ A RIEBIFHFR T AENTHAKBIE
EWE RN EREE.
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