#1455 6 ¥H S5 M Vol. 14,No. 6
1997 £ 12 A CONTROL THEORY AND APPLICATIONS Dec. ,1997

ZaEfEtEREERRREESPHER"
ERT ELE 2 4

(EWREVME FIRERMAPRE « L1,200072)

BE . ASCRUR T B2 S BT IE th BAR BB AR IE U7 B 0 R R R R AT B SRR E
MRS ARBARREAFENLRRARREARAREN ETERE, AR ENEARBRE
78 AT AT LA AR B ER T R R 4 B A% B BT IR TR EL th R R 4 S R R P B S AR B R
EwK— A,

KB BBMHMARRLS; REXT; BPD; S REE B5HEER

1 5l B
MA#GHEY TSR TR S RE -FLEMRCR T Bk, & THEH AR
BT LR BRI T — RS, MEBMAN SRR BERFEREREARAR
EME,MEBEARLR LRI BENRE . BHBEREANEEARTZ - HHEESRA
MR EERSTHERERAEBT LAY, BRI 2AREMEHE, WMEERXPNEXRSE, A
A8 2R 45 K Hb T4 3F 35 B U AY kBB 45 AR , 2 BT 55 W RE B R 2R G 0 JBT AR DR Y [ L. 9 4% 6
FRWEE., SRR BB B A REEE RITHFEEAFEHE R T BB HN LR
965 BB A 30F 5 o 0 R R . 4T AR SRR AE 7 R, B A Routh 4R B — B A BV R K
T B AL XA TR R RIS ECUE R EW. B R G BB e, RS
WRWHESE. — R XRPE LR ES FHREARESSH AWK R IFEL T HITH. W
HEHMARENARERERPUNCEE - TRENARERE XRRGEAFEARARE
PR BT, AN BHEBBEBRBEMETFSRBENRET AR AL E, R HEBER
TR TR A AR Bl B ik, X R G AT B A S R AR AL IE B O B, 0 AR G045 1 2% 4% 2 R BRI )
BIS DT M R B U R, AT E B M T — AN T BOR SR U8 B XL 1 B SR A
BB R R G, B F H A 60mm, B 6kg, LI H 35000rpm.
2 HBHHARZNEZELEIRR
Bt A ERMRRRETRFHRR TR M E RN TIE. AR,
HUBAHERENREMERER SR, MEEFHPEAME RBREHEEREN
2t fp oy R
S
dz?
K, m BX M T — RN FRE;C M C, 405 b B R R 98504058 NI B 2R 0R1  0
RIERAYGe NETEZAME LR B. BN T s WERER; . MERTFTETGZXEH
BE 7 %t BT — AR B ANTR .
ERP RN
ms’X (s) = C, X (s) — Col () + F.(5). ’ 2
A X(s) = Llxz@®], I.()=L[(®)], F.(s)=L[f.(®].

= Cux —Cy, + f,. ¢

» FPEMHZEAEETHENEERRRESKAEMA.
AXF 1996 £ 1 A 8 HUKH. 1996 4 10 A 3 BB &% #H.



838 EHER®SNHA 14 %

B G e R ROY Ge (O, MR L BRI R oy - %
Gt W P 35 1% 335 o BONE 1B, G P B 15 3 R K " ms? — C;
G = o=y & Coay 3
1 1A R e A — A TR A, BT R Cs fm—f 6
BRARERG, LAMUE YW IER A NG, REA R Bl R L R B
R A 18 R EVER

RE TAE. MR8 A5 R AR G0 0 0 B 45 1R 7T 50, 98 e 8% o g
AL o) A o 350, BISR A PD A T A . O TOIH BR R AR 22 8 B R A PID 9 5 A Bk
3 ERgmBAERNHER
FEBET — P2 A SR, 6 R 4R I K B Y A R AR R D B A vE L X OR R R
AR R BB 7 SR AR AR TR SR A PO 40 A S O AR A N B S A R AR AR
3.1 EpEmBUIERR
AENBESHRENERESER - MMAGSH . ZAERERNMHEESHARZN
AR S B R e DA L B R R N A R BRI RE . WS T AR AR AT DL 4 Ok R
A BLZHEARERE e Rn. Mle, RARRWBENBRER S e, BERFRAREIRER
Wi, RARGEHBSMEEIRZRE. MBERFNIEESRAMEEA X,
3.2 HE@BEIER
B 2 A AR AR o S AR AR AR, X B R AT e A AR R L TE R BOR R R
T FR) L B SHE AR T A4 P
D HREHE o,, FRM A ¢, EFHATE] 2, %
2) MAEFWMEE, RHAERW A BEXN AL § R TR B NE o, RER.
E OCERBERAERLPTHRAEERE, B TXETRARI B —RERE, Bt
HAERE LB R EE. LRPIRIERE U TFEMUER:
24 ) ; _ 3
Al T e
B 383 A B %o IO B B T Ty 1 OB R R 0 T R O i AR ST R R a0 4 AT
4 REHNARBIARRIERE
BB 115 2 G880 T 35 1% 3 BR 4L
CzGC(S)
ms? — C,’

MR ENE 2 K PPy, B

(4)

0, = exp

Gi()(s) =

(5)

£3
Plz_ VC1/m9 P, = \/C1/77l. (6) g 2
Wk E B G B BB A S R AR AR B AR Pi@ Zbﬁé;mgm%m;z

wARBERPITE: S —HERFEIISHER, X

Z [BE AR H Ross-Warren 1.

4.1 FAEEBTSHRERUEERITSR
BHERBEWINE B RIERN o, Bl 2, MRS



6 2 S ) B2 90 7E o R B R R S A A A9 A 839

|lno, |

g lmel o, 3 s
vt + (Ino,)?
AR ES WA EREN
PA:“Cwn‘_l“jw,zvl_ ‘. (8)

I 2 TR G B R AR DL = — {0, — jo, V1 ).
M@*%E{Tﬁéﬁyxiﬁﬁﬁ L PP CEV R t2f ¢, B 6 AR Py KB J‘Kﬁbﬂﬁ TE P,

54’15~7J<:F”)2 P,B,3# % P,D %} /BP0 {1 F4r%k, B PaD ﬁ%(&%ﬁ?ﬁﬁ%%m Ja )

Lﬁ%ﬁﬁ:7k:|:%4§f’j%ﬂzimﬁ.Eﬁ%ffi\‘lﬂfﬂﬁfﬁl WE i Pa s, WAME A ¢M‘&J\jiﬂ:2,
B R RN, BT LA B AE R 2, AR IE IR R LR T 25 3R I BT A P R AR IE 3R R AR
4.2 TRoss-Warren & IEHIH B

EFARER,BETREHAE A SAMRTEE K (P
|Ps+ Pi||Pa— Pi||Pa +P\

K, (Py) = P, T+ 7] (9
WESWBERERMY o= K(PD 5T (10)
e R R E RIS & AR, WA LA Ross-Warren 3%, Hgd 40 F .

BERG S S RIEIR R e » BHR R IEE M8 A & R, WA
N 1 eC an
Pj “PA_J!'Z]'!—tPA—{—PII‘PA_Pllm,
4 o eC,

XEE, P Z, B A AR B AT B B 3 R LA R R R
4.3 FWHKEFERLER

X 2 FE 3 BT, AN B R A AL R AR
B BT % R R S 48 AR B9 Ross-Warren 35 %
5 BG & EH —ABRE &4, B

A — 4. a3 P - Z; P, 0 P;
AR ERE T Pad A DL B, 8 E . B 3 M Ross-Warren B IE B E
ME%J T R G103 A TR FE A% A% M F — 5 BREFVHFRAME

R RSG, LELEMSRAE XN R AR RB N REWL BRE 7. M2 FA
$R—MREERRIT S HKNEEWEH T RERNFTHERE C2RRWRAREHNSH
2 TS
4.4 WEMEXNEEREERORE

VR R B2 B PR AR X T AU IR, X RO B A W AR AR A R R TR A SR R

HERBE R Gy (s) = A, 11::;7:" (14)

RF T RAMEA R E R e AR RS He> LA REERERTHMBERE. AT AEMW
WA RSN ER HEATERANRENEES FEAES, AN T P 8E,




840 EH BB S NA 14 %

B P, = e BB 2= R BT IR SR B AR A 0 WA SR

JE R B M IR ave. MR AR, R IMAME T R & R AR BT
K A AR B R AL B E

4.5 —NEH
AN E XER AR 1S A1 —HEeREmAHH XL
B R R I I AR A m C, C,

o, <5%, t<<0.002s.
W F SR PaWALE N
Py =—Lw, + jo, V1T — & =— 1499 £ ;1530.
WOR % R E A A AR A AR IE 36 B B AR R AL

4. 5kg 4.21X10°N/m 1579N/A

BRTE A ELEBSMERERN ., 5 o
=5, M
K, = 4.68 X 10°, A c .
K,(Py) = 4.70 X 10°, / / 77.4°
A= 128, 5%, | 560N 3.8 T
P; Dz Py 0 P,
e B 3 0 % 0 B A S o A
ARSASRERES T, RAMFRER BREFRHHBRAMCE
HHEM T '
B SHE 4 RIBRGE Pa SR FFIRIE 25 Ko
K, =1.069 X 107,
XA EF T HRERNER Ac N
Ac = 6940, 5 P, T
MO TE BR Y B A% 5% o B 128.5° c
et = 6910 30w 7 X
5 54 T 51 O 53 5O 7, 2P 0 P
Gy (s) = 9042 1+ 7.55 X 107" B5 LtREAREEFNREFTHIRAMLE

1+ 1.75 X 107%’
BT IR RGO R AR B — AW R R, FLAR R RN

1+Ts 1+ 10s
1+aT{S— 1+3OS

S = 3,7 |Pa—T:| &~ |Ps— oT,|. # G.(s) BB AN R 5L 345 F8 An 0 i A K (U
it i 5 R AR AR ev N ey =3 X 5=15, e, = oo.

e, =co WH RLN BB AME SR BABRMRERT v = 1559 U ARSHERA
1rad/s B, B G0 B0 B A BR BB R 2% essy <C 0. O6rad,, BPARNHIRZA S 6% » 3% A B A5 Bl Y %
5% R BN

G, (s) =

1+ 7.55 X 107%s 1+ 10s

G, — .
c(s) = 90420 * T 707% T T + 30s°

4.6 ZRERS5HH
% ERAFRITET MR AHERBEETREZT, K2 PAMT —ARRREENT




6 3 22 9 ) B 00 0 o A R R R 9 ) R A B 841

BRTHENBIRESHSERLHEANNE TUESR, BELMLBREAY S, BETE
REANRERESHHN 5 FHE—A K8 IE L — A 500
22 HYARAAEMNAREEAIT B TR

BB Ac T,(F) $CED T:(F) a 5 ()
(EEHEBEISITEME  6.94X10°  9.09X107* 75. 54 - — 700
(R-WBOHEBITEME  2.71X100  7.55X107* 76. 60 10 3 900

SIS R AE 2. 38X 10 0.0114 87.12 1. 98 2.52 280
5 #xRiE

ARSI T R R R B G R 0 O M RE R AR R HL B A BB B R SO
(N A EERNSSEREEEEN TS, CARE M ERL MASXERN RSN TR
A B9 A IE T ¥ » U AT G0 e T 0 2R G0 1 RE AR G M 2k B U S HAR. X PR O iR R R AR B
Bt 75 ik, BU A B A 8 P AR B E A K B E X LR s THEe b
A 4 S AR 5k R R R G, TE BT A R R AT AR R A

s % % ow
1 EHF. HEMARENSHRIT SMARR. AL ZHEAEE IR, HE,1994
2 Hisatani, M.. Identification and optimization of active magnetic bearing systems using measured Nyquist diagrams. In:
G Schweitzer. Proc. of the 1st Int. Symp. on Magnetic Bearings, Switzerland, 1988,273—280
W5, 0 1B BT, 0l S Sl 0 T RS R R R BB B AT ALK S WK, 1988, (3):8—16
XU SCRE. 1%y R B R 4R B, MR, 1990, (2):11 ‘
AP IRA. B EEEI SR, B B AR R, 1991
BB, BRI (B, U R TR AR AL, 1991
A GTH’, KK B @?ﬁﬁ@iﬁ%ﬁﬁ. o E B Tolk AR AR, 1979

~ fer} w = w

An Application of Classical Control Theory
on Active Magnetic Bearing System

WANG Xiping, CHUI Weidong and LIU Ling

(School of Mechanical and Electronical Engineering, Research Institute

of Bearings, Shanghai University * Shanghai, 200072,PRC)

Abstract: The design process is recounted in this paper that the active character of the rotor system sur-
ported by active magnetic bearings (AMBs) is adjusted with the root locus in classical control theory. One of
the key cases of unstability for the bearing-rotor system is that there is a right pole in complex plane. And
using the method can not only solve the problems in the design process on the system stability, but also con-
cern the provement for the picture adjustment method in classical control theory.
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