EREHI W
20154 4 H

EHE®RS5 R
Control Theory & Applications

Vol. 32 No. 4
Apr. 2015

DOI: 10.7641/CTA.2015.40433

b H 2 B HLH o S #ill 8% S HURr RAL devt

WEEMET, X523
(PRFE TP K2 B TAE2ERE, 1T YRR 110870)

FE: MR AREE 2 BB ESH EEUE T HUE ST 3R, B BT BB IR B s . 61 5T R a2
KHEE LN E T BEREAR, EHEF N EERS TR T EE B &SI AT I MR, 3%
T F U AR I Hoo B BRI 8S, DMRAE RGO IXERH 2 M B RIS, B T O SRR E L B3
MBEERSH ST PHPRAS 2 AR 3 S H B0 2 1E 44 20 3R (I Riccati N2 3R, 44 H Hoo B il 28 1
MrRIE T, X Hloo 128 1l 5% HF AR B2 328 438 1) TR s, SR L SCRRE 50325 IR SE R 34T SR, RS AEMATLABIRBE T X
Vb RGEHAT O BT 55, 15 B SE 00 R I B P Bk BB R K B & LRSI R R R LR RTE BRI B
s, TR % IR I AT AT MR ot

KRR ML E L L, BT, BURERAL; Riccati R,

FE S S: TP273 SCHERFRIRTD: A

Magnetic levitation linear motor H-infinity robust controller design and
optimization of ant colony algorithm

LAN Yi-peng!, LIU Yu-fei
(School of Electrical Engineering, Shenyang University of Technology, Shenyang Liaoning 110870, China)

Abstract: Magnetic levitation permanent magnet linear motor has the characteristics of magnetic suspension and direct
drive, and in the structure of the motor the mechanical transmission of the intermediate links is cancelled. For the existence
of parameters perturbation and outstanding external disturbance in the process of magnetic levitation and direct drive
running which due to suspension height is different, H-infinity robust controller based on ant colony algorithm is designed
to ensure that the system has good robustness to these uncertainties. Establish the state space model of the magnetic
levitation permanent magnet linear motor contains parameter perturbation and external disturbance. Riccati inequality that
does not need to satisfy the regularity condition is deduced, and the analytical expression of robust H-infinity controller is
given. For difficulties in selecting weighted matrix of H-infinity controller, using ant colony algorithm for optimization.
Finally, simulation of control system is studied in the matlab environment, the simulation result shows that the performance
of maglev linear motor control system based on ant colony algorithm is obviously improved than before, illustrates the

feasibility and effectiveness of the method.

Key words: maglev magnet linear motor; robust control; ant colony optimization; Riccati inequality
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RBEHPEHIRRN IS, B Z &N
R EF ISR (BANE G F T 450 e R 1 ]
B, e, RSB N n i AR AL A 1R K
PRI

WS 5. (ant colony algorithm) A& — Fh JE T Ff
)5 K27 AR AL R G WU SEVE A0 538 R o BRI
PEB B 1S101 7R3 R BY, -1 I AR IR AR R 15 R
RAWTREE B 5 450, TEUMERT B, 1R A% 2 R 8
R B ERACR, TIP3 A2 H o BT RE R INASURE R

L5 ERTIR, A SO — b T SURE SR
HE&REIHIH B RS a5t B S RTK
WEE 2 B S EER S MM TP HPIRS 2 R,
BETTHES B HL B i 12 2% A AR AT RIA 3. X nAUE
MR G ST S0, B e R REHATIIR
W
2 WhEEKEE BRI, BB R SRR

VI (H-infinity robust controller design for

magnetic levitation linear motor)
2.1 FEFEIR (Mathematical model)

Wb K i B A BBV HE AR m I s
VR R AT USRI B B, B RE B BT R AR R
G, R MUFE AR . BT B (AL E) XU IR R
Gt FEa T i B — € Ja, W Y RAK FE R R
FEHES].

Tl 7K B BB F BBk 4 2R Gt OB AR R ik
A
(dv K. 1

o = clam gt F),

diq Ry n,m¥; 1

-4 _ TS, — 1
TR A A A U
ds

a7

Hr: GHF TR, FahimiB sy 71, FiA 4 bl
T, v FEBEE, sSAN T, RoBHF I, 7
AR, m AEEL, LA, ¢RI, W Ak AR
Tt , m, AR B, K ok PR REY, g, i 500
KB ERER. 4

x =[xy T2 3

T

Ty = lq, Ty = fo vdt.
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]Ta Ty = Uv
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npm; _& T+
I (I+A(2)) L(1+A2(t)) 0
I 1 0 0
[0 1

2
T+aye)| v+ [0 | w @
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0 0 Vs VP
y=uz,

y AN RGN, VRN R S, wh BRI A1),
Ay(t), As(t)r 7l 8 A w2 M2 B a0 =
max A;(t), 0o = max Ay(t), 03 = max Az(t). bk
XEER

t=(A+AA)x + Byw + (By + AB)u,
z = Ciax + Dyou, 3)
y=uwx,
Horb: SR
[AA AB]| =EX[F, F), 4)

CyMD o R AR BHE B, Oy = diag{\/q1, /@&,
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2.2 H, B HE#H 88 7 (Design of H-infinity ro-
bust controller)

BTt N Bt
u= Kz, (5)
fi:
1) WFRRGEATIE;
2) WRH PRI | T (5) |0 < 1.
RS SRR () FF 5 2]
t = (Ay + AAy)z + Biw,
{z = Cjx, ©
Hrp:
A= A+ ByK, AA, = EXF,
Fx=F,+ KK, C, =C, + DK, (7
WV H. B REHEI

HTZW(S)HOOZHCK(SI_Ak_AAK)ilBlu < 1. (8)
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ARPESCRR[11], WIAFAEE 24 (1 IERE R R P, 515
P(Ay + AAg) + (A + AAL)TP +
PBBfP+C,;Cx <0 )
XTI Y € QAL
TEIEMEZAEDL[Cy Dio] = [0 INZRF, /511
Riccati NS LA N i fl a1k 3, TR IEN
ZAt, BTE R 5 T ) R AT i) LA 2 A iR 1) )
i, XA RAFAEIRZE, T AN BA — R, 72 B4
RUeb i N 32 2 R JF B 2Rk ) B P AR AR 2
WA IEMZAEIS 5, Sk, s d— B oL T i
Riccati NEF LR AR N Flas AT Ik .
EE1 XN THENFEEXNZREME), FER
S RBHE RS KA IERE P, R O)X TER
12 € QHESLIFR 7 LB RAFERR Be > 0,
15 RiccatifnEE R,

ATP+ PA+ P(BBT + e 'EEM)P+CICy +
eFYF, — (PBy + eF'F, + CTDy,)(DY, D1y +
eFy F,) ' (ByP+¢eF) F,+D},C;) <0  (10)
A IEE A, W B (3)— (5) 4RI I ER R 48 A e,
Hil R H o BRI REHENI(8), AHRAZ RIS A
K =
—(DL,Dyy+e BT R) (B P+eF F,+DLC)).
(1
iE D BEE CEXORAR©), BITE
ATP + PA+ (B:K)"P + PB.K + PB,BI P +
(Ci + D12 K)"(Ch + DioK) + [E Y (Fu +
F,K)|"P + PIEY (F, + F,K)] < 0.
MRSk (121077 1221, 19
ATP+ PA+ KY(ByP+cF'F, + DL,C)) +
(PBy +eF'F, + CI'Dyy)K + KY (D, D1y +
el FR)K + P(B,Bf +¢ 'EE")P +
CrC,+¢eF!'F, <0.
75 B P RIS 0 k25

(12)

13)

(PBQ + 8F§.Fb + Crerm)(DlTQDlg + EFEFb)il'

(BIP +cF'F, + DLCY),
L ESLES
ATP+ PA+ P(BBT + e 'EEM)P+CICy +
eF!'F, + N'(D},Dy; + eF F,)N — (PB, +
eF'F, + O Dy,) (DY, Dy, + eFYF) 71

(By P +eF'F, + D},Cy) <0, (14)

Hr
N=K + (D},Dis +cF F) "
(By P+ ¢FF, + D},C).
LN =0, fFEIFEHIRE A
K =
—(DLDyy+eFF) (B P+eF F,+DLC)).

2) R RRAFLEE 2 e > OffRiccati A5
RA0)ENFRIEEM P, HigEEH8s K1), fH=
(10)FIESE

K+ (D},Dyy + eF) F) (B, P+
eRF,+ DLC) =0

!

AP+ PA+ P(BB" 4+ ¢ 'EE")P — (PB, +
eF'F, + C) D1o)(D{,D15 4+ cF ) ' (By P+
eF) F,+ D,C,)+ C{C, +eF,F, + [K +
(DYyDys +eFF) Y(By P+ceFF, +

DO (DD + ey Fy)THE 4 (DD +
eFF,) "N (By P +¢eFF, + DI,C)] <0,

B (1)L, B 2(13)5 X (12) AL, BrEA(9) ik

7. ARFERiccati N 5 Ho MEREFRFR SN IE, AT 40

K@ BAL, FrUARON FERMN Y € QKL
UEEE.

W HAF LT IR BEREC I Do B BUR BT
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SR IX LR WU S T R e B A INASUREL R, A 425 1
REHIMERETETRIARIRAL.

3 WUBESVAERH S AR LA (SR (The
application of ant colony algorithm in con-
troller parameters optimization)

3.1 WUGHHEE(Ant colony algorithm)

WO S35 1) JEARRYS T A 22 8] A 7 3. 0
e A CESHE LB T e HEBNFEER FR
BRI () T A, (E a0 SR 55— Ry A2 %
AR Rz ERE B R A — AN,
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B AT BOR O 015151,

SR S T 5 X
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T(t+1) =1 —-prt) + 35 A, (16)

k=1
Ak Q:L%, L% >0,
J 0, LF <0,
A m R o015 B R AR R, BUEAE0R]
12218 Q1 M5 R IG ISR AL, B A — W E ArF
ST 55k R SR AS AR IR P A X 88k AR 5 | 3 B
IS, LS Zom AU H AR R B2 R
L;C = fmax - fminv (17)
%o BRI 5K TG £ B T S 88 4 ) X80 A AN
Wik kAT, LI NumIE UG, fr R
3.2 WURFHBSEIIH B B S S B
(Ant colony algorithm achieve optimization of
robust H-infinity controller parameters )

3.2.1 TP BRI TH(The design of the evaluation
function )

ANE RO SRR R HA A T 5, # R SRR
G — Ik REFRRIS BB, B AVP R Wt B
R B L BE. A TR A A B i . 5 S e
HRIZAERHRZE IR AE R VA i1 6

minJ = jooo tle(t)2dt. (18)
¥ EXEH, B
min J = T? f} ile(t)|?, (19)
=1

A TAEDEER, N R sS4
3.2.2 R4S EEEE K Bi(The rang formation
of optimil parameters)
TEBSE S, R AL S8 2T A~ IR R VG
Bl A< S0, dSCRF SRR 48 2RV 2 DR SR A e
HIZEAE A O, AR IAY R K,
a: [=Na (T+N)al,
gt [(1=A)g2 (14 N)gsl,
g2+ [(1=A)g2 (14 A)gol,
p:[(L=Xp (1+A)p],
HoA AR EHL AR DA SRR E S
B A LR, PR AT R B AR
3.2.3  #H4k(Initialization)
WA S BUETEE, W EBTHIG S,
T E VG ERIPIE A E BIREER 1, 7RSI HL

{ELYE B Y BEML= AR Y AR AR, A2 AT N — R
A EEHIERANMIA S, FARERE — A0, 1
WSETEAR IR A HEAT R R, ISR AL R &M
AN B UM, AR AR B R G TR, BE
WST— 4. REERERHTERER. BUFHE
PIFITH o 138 7 I A R B TR AN BRSO B
ENIES B G EE A E B ) ) e S
SMAERRZE, HETE PP R 2.
4 {iEMFF (Simulation research)
TEMATLABINE F, 45 WU S MmO Ke it
Riccati N4 2 I m SCA-g %8 A R B, T P &
HE BB simulink 7 EALRL, /45 H T-O0AL iR
ZEFRAEI 1), BT SK PP bR (B F) BB B0, 7RI
BRI A R, 1R R
BTG B 2 LA RS 4L
M =50kg, R, = 1.6878Q, L = 25.92 mH,
n, =3, ¥ = 0.1754 Wb, 7 = 33 mm, v = 1.

B RFEEZE0 mm~ 1.5 mm2 [ ZRALET, SEENLIET
SEFRIRATS 2 S E s B N
01 = 7.5%, 05 = 12.5%, 65 = 10%.

PALHT RECIBEREC, F1 D, ISATCE R

¢1 = 5.04, g = 595 % 10°, ¢35 = 6.243 % 10°,

p = 0.4093.
PALHTHE A KA

K =1[0.341 —441.0944 — 20.8626).

WHEEIEA RS ECh
W Em = 50, (F R RER R E1u=0.95 Q:=1.
IEARS0URF 2

¢ =6.3, ¢ =742.1%10°, ¢35 = 5.14 % 10°,

p =0.4.

KA E RIS K =[0.523 —449.045 —19.516)].
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Fig. 1 Optimization curve of parameter q;
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