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Design of Active Magnetic Bearing Controller System Based
on F2812

Dai Dahai, Xu Longxiang, Wan Xia

(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China)

Abstract: A five-degree freedom active magnetic bearing controller is designed based on
the TMS320F2812 DSP chip which is presently developed by TI Company , with fully
parallel incomplete differential PID control algorithm adopted, and the software is writ-
ten in embedded C language and assembly language. Debugging shows that controller
adjusts parameters expediently, works more stably and more reliably, operates precision
highly, and is easier to realize all kinds of control tactics. A preferable experiment flat is
also supplied for further study of more advanced digital control algorithm and service be-
havior of the magnetic bearing.

Key words:active magnetic bearing (AMB) ; controller; digital signal processor (DSP);
TMS320F2812

0 oo

0000 Active Magnetic Bearing[T]
U AMBID OUOUODDmMOOODODmWoOOOO
godobooooobbooooobood
gobooboomoobmoom oo
gobooooooobooooboooboo

ooomooomooooooy,
ooooOo AMBOODOOODODOODO
gbobooobooooboboooboboooboogon
gobooobooboboooboooogon
goboooboooboooboobogon
gobooobooobooobobobogoon
gboobobooboooooooobooboooon



do0oooooooobooooooooo
go0oooooooobooooooooo
Joddooooooooooooooooo
goooooooooo ccubbOOOOO
ooo"™o000oo0o0o0oogoooooooo
000000000 Texas Instruments [
goooo tThrooboobbooogooo
00 TMS320F28120 0000 F281200 0O 0O
000 cpUOOOODDOOODOO PIDOO
O000oooooooooooooao

1 0doobooogo

010 500000000000000

IR AR

RS-é.’:ZC

A/D
SH ™ s(p3

ﬁ?ﬁf?g
B#m X tms320r2812 || eirrse b
- HiLE s Fby
L HED
%

01 s 0000000000000O0OO0O

gobooboooboobooog psp OO
gboooobooooo A/bbO0oboooboon
gooo pspO000DOODOOOOOOOO
ODb/A0D00O0DOODOODOODO0OO
ggoooooobooboobobooooooo

2 Jooboooboon

2.1 DSPOOOO

0000 cpPUOD TIDODODOOODO
00000000000 DSPOOOF2812,
0000000000000 bsPOO0OODO
000000000000000000000
000000000000 0000 3200
O DSPO0OOOOOOOOOOOOOOO
000 TMS320F2407A 0O 25 nsO 0007,
F28120 00 6.67 ns™? OO0 F28120 CO
000000000000000000000

2.2 D/AODDOO

p/A0000D0O0D0O0O0O0O00 120
DAC81300000000 5 ,s00000D0
+1lovOO0O0O0O000O00O0O0O00O0O00
0000 Fegl2000000000 500
00000000000 50 DACS13M OO
oooQg-—-5vV~+5V, DAC813 0ODOODO
0O CPLDODO MAX7064 0D ODDDOODOO
000000000 20 F2812.MAX7064S O
DACg13O0 00000

ooooooono 20000

* DA_PORTx=Vin[x] o

da_run(Q) g

000000000000000000
0000 100000000000 1000
00000000000000000 xO00
00o0o0oooon
2.3 000000

F2812 0000MO0O DSPMOOODO
00o00oo0Odo/ooooooono cpUuDOO
000000000000000000000
1s00000000000000000 (4,
O TI0O 20000000 DSPOOODOOOO
000 F28120000000000 300
000000000000

000 TPS75533 O TPS76801 OO OO
00000 Low Dropout 00 O LDO) OO
00000 ENODOOOO FB/PGOODOOO
TPS75533 0 FB/PGO O O TPS76801 O EN
OO0O0OCTPS75533 00 3.3V O 120 ps O
00 TPS76801 OO ODOLCTPS76801 0000
0000 +1.9VDODO F281200000
0oooooo

3 guboooboodan

ribOO0O0OO0OO0OO0OOO0OO0OO0COO0OOO0OOnn
gboboobooooboooboooboboooo
gobobooboooobooooobooooboooao
OO0 PIDODOOOOCOOOOOOOOOOOO
gobobooboooobooooobooooboooao
00000000000 0ooooO®™go 40
ooooodob pibO00000OO0O0OO0O0DOOO



CPLD T #i#&N

+5V

L
L

EN FB/PG

+5V

OouUT
OUT)

1820 30.1Q
WFB/FGE £

TPS75533

o

3

K,
P U,

Kp U

T,S

K, T,S Uy

0

4

14T,§

Uy

TPS76801

F28120000000

T,S+1
aT, S+1

oooooooo pipO0OOO

K
K
‘IE 45V
TDI TCK TMS TDO
MAX7064S
iR DA, DA, DA; DA, DA XFER
XZCSOANDI tt e
A18 - 40 "_! I l '
XRIW LLM‘ SBLISBLDAC, ., , . LLMSB LISB LDAC
WR R
woa | 7% DACSI3 1000 DACSI13
F2812 Bro Bro
Vegrour +15v t Verour +15V
500Q | Vrerne " ﬁ 5000 Vrermy h :5
v, V.
VOUT VOUT
D15 - D0 Dy—Dy DII—D()* 0
— —+
B5)); 4] s
O 2 F2812.MAX7064S 0O DAC8130 0000
. K»p KyTpS T.S+1
G.(s)y = (K — ) .
. =Kt TS5t 17,5 " aT5 +1
INPUT +19V
IN  OUT INPUT )]

O0CK, 000D O0O0CK,/(T,SO00000O0
T, 000000000 ;K,TpS/(1+T,810
O0oooog (T.S+1)/(eT.S+1)00
gobdoooooboobooobooobooooobooao
gobooooobooobooooooooao
gobooobooobooobobooobooooooao
0000000000000 ooUoooOn
OooO0oO0OoOooO0O pIDOOOO
ubooobooooboobdDb 60000
rpm 0000000 C0OOOOOOOOOO 2
kH2 M OOOO0OO 10 kHzO0ODO F2812 O
OO0 10 A/bOO0000DOODOODOC0On
OO0 s50kHz200000000000000OC
oooboboooooon0 1zeo@moooDOO
0 20,s000 F28120 cOODOOOOOO
0 8%~9%0%“mM cooooooooon



oo0ooooooooooooboooooooD
ooooo cOoboboooooboooooan
ooo0oOoO0o0o0b0 s0b0000000oDaOn
ooo1000b00bbO0oobbo0obDbo

ek

| muosnaomt |

i

JEPID{% i
BRI

!

FreRH, (e
E 2 TS G
I

]
| medmine |

HRTE) T A

| sAPDERLRER |
L

05 0O0Oooo0

OCA/DOOCPIDOOOOODODOOOOOO
0mooooo 14 ,s000000 5000
O0DO00D0oo0OoO0og s0kHz OO0OO
60000 r/min00000000O0CDOODO
ooboooboooboooboboooboooo
oooooooooooobobobobooon
Oooooo0 pipOO0OO0OOOCOCDOODO
0t

4 O0oooo

06000000000 15000 r/min O
oobooobooOooobooooboooboo
ododoooooooooo robobooaon
oobooobooooboooobobooooboooao
oooooooooooo 10ymboo00O0O
ooooobOoooooooboooobooono
ooooobooobooobobooooboooo
oobooobooobooobooooboooo
oboooooooooooobooooboooo
goboobooooboooobooooboooao
goboboobooobooooobooooboooo
gogbooObOooooobooboooa

TekizfT | | B3 Tekizf [aK/1.:¥ 4
r‘a T Al 120m A1 60.0mA
i ; @198 ® -1.76A
. [ | Al 287 H2 Ja: 287 H
Xé @ £.33kHz o it
hi
MER
Ch2 Py
295V
CRIT A T Y W A T 7 A
RS .
TekizfT) | — [5k/1:%4 Tek; Hak:3, ¥4
 ANBAE RS T i TIAL S00mA A: 360mA
: : H @ -2.56 A > -2.22A
H la: 2s7m2 1a:
S Y% ®: 8.23kHz s s’.?%&’z
ghooda g ht R4 h
b ¥ ~2.20 : : s
T Pt BT IR = L S C L R A L
SR O RLA UGS SRR AN Ch2 iy S FUPAT TR DU L, S YOR SR SO0 T
S b=tk ' ' 2.\?\!' frobeit ﬁ?j%ﬁﬁ Freer et Ctz“x?ﬁ
U P S SR i - fuRES
z 2 S S
i 100 A R YO8V b0my A A 2 3R A

15 000 r/min(250 HAOOOOOOOOODOODO



Te}('k;:if:f:
Y

h’J OO A Cha T,

0 7 15000 r/min(250 HD O OO DO OO

gooogo

{1] Schweiter G,Bleuler H, Traxler A. Active Magnetic

2]

[3]

{41

(5]

(8]

(73

Bearings-Basics, Properties and Application of Active
Magnetic Bearings, ETH, Switzerland, 1994,

Chan Hew Wai C. Vibration Control of a Large Turbo-
generator by Electromagnetic Dampers, Proceedings of
2th International Symposium on Magnetic Bearings,
1990.

Kanemitsu Y. Ohsawa M. Watanabe K. Real Time Bal-
ancing of a Flexible Rotor Supported by Magnetic Bear-
ing, Proceedings of 2th International Symposium on
Magnetic Bearings, 1990.

TI. TMS320F2812 Data Sheet (SPRS174)[M]. Texas
Instruments, 2003,

oooooo . 0ooo0oo0ob0c0o.0000bo0oooooo
1993.150-166.

OO0 .00 LrF2407ADSP ODO0DOODOOODOODOO
OO0 [DJO0000000000OCRoo4.
goo.000000000 [(pJDomooooog
0 0O gd2002.



Joogdotdoogodgogn .

EEEVELKRA, KEAV L, AL EF T

(1. 0000000 200072; 2. 000000000 226007; 3. O0OO0OOOOOOO 213002

000000000000000000000000000 TMS320F2407 DSP 00O0O0O0O0OOO
0ooooooooooooonooooooooonooooooooooooooooooooan
Jo0oo0oooD ooooooooooooboooooood
00000o0oDoO0o0o0oOoooomsp@O0oomonoon

Study on Control System of Motorized Spindle
Supported with AMB for Milling Machine

Wu Guoging" ?, Zhang Gang', Zhang Jiansheng''®, Wu Minggui' , Wang Xiping'

(1. Shanghai University, Shanghai 200072, China; 2. Nantong University, Nantong 226007, China;
3. Changzhou Institute of Engineering, Changzhou 213003, China )

Abstract: The paper introduces an electrical control system of motorized spindle suppor-
ted with AMB for milling machine. The electrical control system integrates the control
of AMB and motor making use of DSP TMS320F2407. The power amplifier of AMB use
switching amplifier and motor speed adjusting use an intelligent power module (IPM).
The running experiment shows that the electrical control system meets the control re-
quirement of the high-speed milling motorized spindle.

Key words: motorized spindle supported with AMB; control system; digital signal pro-

cessor; power amplifier; frequency conversion regulation
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Low Power Loss Controler Research
for Magretic Bearing Flywheel

Zhang Kai', Zhang Xiaozhang', Zhao Lei*, Zhao Hong bin!

(1. Engineering Physics Department of Tsinghua University, Beijing 100084, China
2. INET, Tsinghua University, Beijing 100084, China)

Abstract: It is important to decrease power loss of flywheel systems supported by active
magnétic bearings in space or power storage applications. Low power loss methods are
suitable to solve such a problem. The basic idea of the method discussed in the paper is
that control force design and magnetic force construction are divided into two parts in
AMB controller design, the control force is calculated with linear control theories, then
a nonlinear method is used to produce control currents to construct the final magnetic
force, the bias currents in the coils of the magnets is obviously decreased, and the power
loss of the AMBs is reduced. The simulations and the experiments both show that the
low power loss control method can make the flywheel stable at high rotational speeds
and decrease the power loss of the system. The study is very valuable for the application
of the flywheel suspended by AMBs.

Key words:magnetic bearing; flywheel; low power
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Data fusion of the multisensors of Magnetic Bearings

Ku Shaoping, Hu Yefa, Zhou Zude

(The Key Laboratory of Digital Manufacturing of Hubei Province,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: The data model of the sensors of magnetic bearings is built according to the a-
nalysis of the characteristics of the data of the sensors of magnetic bearings. It is presen-
ted to use variance analysis to test the mean of the data of the multisensors of magnetic
bearings. It is then presented to apply the range analysis of T distributing in the mean
test of the data of the multi-sensors of magnetic bearings, since variance analysis needs
much calculation. It is proposed to adopt Cochran’s maximum variance method in the
variance test of the data of the multi-sensors of magnetic bearings. The analysis and test
way of a single sensor is also discussed. All the proposed data fusion methods are useful
to the state detection and fault diagnosis of magnetic bearings.

Key words: magnetic bearings; multisensors; data fusion
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Design and Experiment Study of Magnetic
Suspended Momentum Wheel

Wu Gang, Liu Kun, Zhang Yulin, Guan Yugqiu, Xiao Kai
(College of Aerospace and Material Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Aimed at the engineering application of magnetic suspended momentum wheel
(MSMW) for space vehicle attitude control system, the study phase which includes
structure design, magnetic circuit calculation and optimization, control system design
and control method study and MSMW experiment research were analyzed extensively.
Some problems in the application were discovered through test. The subsystem research
should be carried out from the experiment status to improve the MSMW performance.
The development of MSMW was summarized. The study in the paper benefit the mag-
netic bearing application.

Key words: magnetic suspended momentum wheel; structure design; control system; ex-

periment research
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A New Model Reference Adaptive Control Law
and Its Application in Magnetic Suspended Momentum Wheel

Wu Gang,Liu Kun,Zhang Yulin,Guan Yugqiu, Xiao Kai
(College of Aerospace and Material Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Aimed at the model reference adaptive control (MRAC) of feedback control
system, a new adaptive control law based on the local parameters optimization was pro-
posed. The adaptive control law only adjusted the parameters of controller to compen-
sate disturb of dynamic system, which was more practical than traditional MIT law.
With the control method on the magnetic suspended momentum wheel, the MRAC PID
controller was designed, which performance is better than PID controller. The new
adaptive control law can apply to general feedback control system and is carried out in
engineering conveniently.

Key words: feedback control system; MRAC; MIT law; magnetic suspended momentum
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Application of DSP in Active Magnetic Bearing-Rotor
Test Rig Control for the HTR-10GT

Yu Huan, Shi Lei, Zhao Lei, Yu Suyuan
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084 ,China)

Abstract: The HTR-10GT is designed by the Institute of Nuclear and New Energy Tech-
nology (INET) of Tsinghua University in China to study the 10MW high temperature
gas-cooled test modular reactor coupled with direct gas-turbine cycle. In this project,
active magnetic bearing (AMB) is exclusively chosen to support the turbomachine rotors
in the power conversion unit because of its numerous advantages over the conventional
bearing.

In order to achieve better performance and dependability and to meet the require-
ment of high-speed and real-time processing, a DSP based digital controller, TI floating-
point DSP product TMS320VC33 is selected to construct the control system in the Ac-
tive Magnetic Bearing-Rotor Test Rig. A kind of PID controller is designed and dis-
cretized by the help of MATLAB simulation. The control program is written into the
DSP controller through the host computer. After a series of experiment and debugging,
we have successfully realized the five-degrees-of-freedom suspending, and have proved
the performance of the AMB system via experiments.

Key words: High temperature gas-cooled reactor; AMB; DSP; controller
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Investigations of the Rotor Passing Through the
Critical Speeds Supported by Active Magnetic Bearing

Gu Huidong',Zhao Lei’, Yu Suyuan®,Zhao Hongbin'

(1. Department of Engineering Physics, Tsinghua University, Beijing 100084 ,China;
2. INET, Tsinghua University, Beijing 100084 ,China)

Abstract:In order to accumulate the experience of the helium rotor supported by active
magnetic bearing (AMB) passing through the critical speeds, which is in high tempera-
ture air cooled reactor, a test rig named AMB—P is built up. It carries out some system
modal analysis, system identification and controller design. In the actual experiment,
the rotor can not only pass through the two flexible critical speeds, but also run at the
critical speed stably. It solves the theory research problem how the rotor passes through
the critical speeds. It is very meaningful for this project.

Key words: active magnetic bearing; modal analysis;rotor dynamic balance;critical speed
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An Analysis Method for Magnetic Route
in Active Magnetic Bearing

Chu Yunling, Wang Xiping, Tang Hui, Wang Lei, Qian Jing
(Research Institute of Bearings, Shanghai University, Shanghai 200072, China)

Abstract: Based on the Kirchhoff’s laws and Ohm’s law ,the magnetic field is analogous
to an electric circuit . One working condition of magnetic flux in magnetic thrust bearing
systems is selected as a calculation sample, which magnetic flux and force are calculated
according to the principle of circuits with serial and parallel connections. Magnetic flux
and force in magnetic thrust bearing systems are analyzed using a finite element method.
Comparing these two results, it can be confirm that the result obtained using the equiva-
lent circuit method agree with that the FEM. Thus the applicability of the equivalent
circuit method in designing the entire structure of magnetic bearing is verified.

Key words: magnetic thrust bearing ; magnetic filed analysis; FEM; equivalent circuit
method
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Magnetic Field Measurement in Research of Magnetic
Levitated Hard Disk Drive

Hu Yefa, Ding Guoping, Zhou Zude
(School of Mechanical and Electrical Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract; This paper researches on the magnetic field distribution of radial magnetic
bearings in Magnetic Levitated Hard Disk Drive (MLHDD) with theory analysis and
practical measurement. The theory analysis of the magnetic field distribution of radial
magnetic bearings is based on electromagnetic basic theory, and the Finite Element
Method is used to calculate the magnetic field distribution. A Hall Gauss meter is used
to measure the magnetic field distribution. The calculation result and measurement re-
sult are compared and analyzed to get the real magnetic field distribution of radial mag-
netic bearings in MLHDD, which can provide some guide to the research and develop-
ment of MLHDD.

Key words: Magnetic Levitated Hard Disk Drive (MLHDD) ; magnetic bearing; magnet-
ic fields; Finite Element method (FEM); Hall Gauss meter

ooboooOoooooooobobooooobo
ooboooO0ooooooooboboooooo
goooooooobooooooog ooboboooooooooobboooobo

g O

*0000O0O00D0D0O000D0000 50375113 000000000000 <o03121),



oo0oooooooboooooooooooo
0ddoooooooooooooboooo
gdoboooobooobbooooooooo
oogo
odooooooooooooooon
ooooooooooooooooooooo
Jddoooboooooobooboobobooo
goooooooooooooooooo
goooooooooooooooooao
oofdooooooboooooooooooo
ooooodooooooooooooooao
ooodoooooooooooooooao
goooboooooobooooooooo
ogpoooood
odoobooooooooooooon
godoboooooooboooooooooan
odoboooooooboooooooooao
0ddoooboooooooooobooon
godoooooooobooooooooao
oo0o0O0ooooooooo®oooao
OFY0000000M. A. Pichet 0000
oodoboooooooboooooooooao
O00000000M®, Andrew Kenny O O O
goooooooooooooooooo
0O e,
odooooooooooooooon
Odo0oooooooboooooooooao
Odo0oooooooboooooooooo
goooonooooboooooogoo
dooooooooboooooooooo
godobooobooooboooooboooao
gooooooooooooooooooon
0000000 ooooOooOooan e,
gdoooooooooooonoogn
doooooooobooooooogooo
doo0odoooobooooooooaa
do0ooooboooooooooooaa
do00oooboooboooooooboaa
go0oooooooooooooooano
dooodooooooooogooaa
doooooooobooooooooaa
ddooooooobooooooooaa

O
O
U
U

OOooooogogaog

oooooo
1 dddooouoobboobooo

goooboobdao

oo00d0d0ooO0oDOOoDOOooooDbOoo
00o0oooooOooOooooooooao
0o0o0o0oo0ooooooooooon
oo
(LODOD0OO0OODODOOoDOOoODbOOobOoo
000D00o0ooooooobooooooo
oono
(ubobooobooooooooogo
(p00oooooboooo
1.1 JOoooooo
oooooooooooooooognoa
0o000o0ooOooooOoDOoODODODODODOO
oooooooOooooooOooOOoOOoOOOO
oo1000000000oboooobooo
0gd000O0O0DOOoUODOOOOODoDODO
OO0DO0oDOoODODODODODOO0OOODOOO0OO0
O000D00ODODODODO0OOODOOO0O0
O0000D0oO0oOO0oooooooooooog
Oo0o0oDoODoDOoOOoO0000 2mmO000O
0000 2210000 o.5AMO000O
0. 25 mm,

1]

17
’ §

AL
\
\Y
Y

L

01 OoooOoOOoooooooo

ooboboooobooboooobobooooo
oooboobooobooboooooooooobooo
ooo0O0oooobo0oooooboboooon



-J000obobbobo0oooooobon
oobooobooobobooooooon
g

-0o00bobobooooooooobo
B-HOOOOOOOO4Oodod

-J000bb00o0oooobooo
oooboooboboooboboooobon

oooogoooooooooogooon xy

googooo
gboobobooboobooboobooboob

gooobobooooobbooooobbon

oooobooooobbboogng B-H O
obobOooboboooboboobooboon
OOo0O0O0O0O0O0oO0oDOooO0oOoD 2288 00
o179 onn
1.2 00O
1.2,1 ODOOOOOODOO
ooooooooooooooobooo
gbobobooboboobobboobooao
goboboooboobooooboboooooo
gobooboooboboobobobobon
oogoogd
oobooooob AO0DOO0OO0OO0OD0OO
gobooobbooan

A o A A
B——VXA—ayz EPoe) Q)]

0000000000000 JOOOO
0AD0O0 .000000000000 J,0
A,00 XYODOOCy,0 A,000 =,y 00
000 HDO0O0O0O0O00000000000
OOo00O00D0OoOoOoOoon

P?A; | FA
z =24 T
VZiA; EP] ayz ;Jz (2)

0Mmz200000000000O0O0O0O0O
obobOooboboooboboobooboon
gobbooobooboooobboooaooo
gooogad
1.2.2 O0O00ODODOOOOOO

gooooobooboooobooobooon
oooboboO0o0o0o0obo0o0 eO0B0OD0OO
or.

goooboobobooboobooon

gobooooboooooboboooboboobobooao
gbogboobooooboboooooboo
goboooooooboooooboooooo
goboooooooboooooooooo
gooboobooobooooboooboao
Az=0.
gbobobbooboboboobon
gobooooobooooobobboooooon
oobooooobooooobobboooooo
gboboobooboobooobobooboaoon
gobobooboboobooobobobon
goooboboooobboboooooobobo
gobooooooooooobboooooon
oobooooobooooobobboooooo
oo Js.=NI/s,N UO0OO0OO0ODOOODOOOO
oocsgooooooon
1.2.3 00OO0OOODOODODODODO
goboooooooogooooooo
oobooooobooooobobboooooo
goooooooon

A, | ITA
{Q’ Ty =l

dy
P:A2=Azo

1.2.4 [0O0O
gbooboobooboboobooobon
gbodbboobooboobooobooboooboo
gbdboobooboboooboooood
0000D0D0o0D0oo0ooDooDOoobooooooo
gbobooooooobooboboboboo
ooboboobobobooobboooboboboobooo
gboboobooboobooboboboooboo
gbdboobooboooooboooooog
0000000 0oo0OoooDOobooooooo
00O0D0D0OOo0oDoooDoDOooDOoooOooo
oobobobobooooobbooobobobobobo
gbodbboooobooboboobuoboboooboo
gbodbooboobooboooboooooog
000b0o0ooDoooDoooobooooooo
00O0D0D0OO0oD0DOoooDooDooOoooOooo
gboboobooboooboobooboooboo
gbobboobooboobooboboboooboo
gbodboobooboooooooooooboo

1&))



ooooooooooooooooogo
goo
1.3 0ooo
gobooooooooooooooo
gooooobobooobbooobbooobo
gooooobobooobbooobooobo
gbobooooooboobooboobgoon
gbooooooobogbobooboobgooo
goboooboboboobboobobooobo
gobooobobobooobboobbooobo
0oooooooooobno 200000go
oooooooooooon

1 ABSTS 6.1

APR 20 2004
10:59:29
WODAL SOLUTION
STEP=1

sum =1

MEQNmEODAOD»
I
Y
-
3
E
a
&

*.002124

Magnetic Herd pisk Radial Semring

0oz OODODOOOOOOOOO0OO

2 uoobuobooboboon
oo

gobobooobbooobboooboboo
gobobooboboboobboobbooobo
goboboobbobooobboobbooobo
ooooooooo

gobbooobbooboboobobod
goboboooboboobboobooobo
goboooobboobboobbooobo
goobooobbooobboobooobo
oobooooooboobooboobobon
obooooooobobobooboobooDo
gobobooobboooboobbooobb
o0ooooDoDOooDOoooDooOooo®=mao
goboooobobooobboobooobo
gobobooobbooobbooobooobo

ooo0doooooooooooooooon
oo0od0oooODoODObOO0ObOO00000oooon
0o00ooooooooooooao
OO0D000O0O0 Lakeshore OO0 410 0O
oodooooooOOoDO00o0oooooon
godooooooOoDOo0oO0o0oooooon
00000 XHogzs OJDOOOODOODOOODO
0o0 X,Yy,ZzOOOOooOOoooooooo
0o0oooooooooooDooooo
2mm]1 00000000000 200000
cooooob sgbO@UDhooooooDo
0o0300@MOoOobbo0 4000

0s OJOoooOoooooo

04 OOOOCOCOOOOCOODOOOOOO

040000000000 0000O0OO
goboboooboobooooboboooo
goboobooooobooobboboooo
goboobooooobooooboooooo
gobboooooobobooooobooooo
oooobooobobooobobooooooo



ooooboooooooooooooobon
oog
gooooooooooooboboooog
oooobooooooooooooboobon
ooooboooooooooooobooboo
sgooooobooboboobooooon
ooooboooooooooooooobon
ooooboooogoooooooobooboo
gboooooobooogoon

— HREER
o—o L5 R {E
—o THRMIR{E

B E B/ Gs

1 1

2 3 4 5
SEFREAR

=
~

05 O0000O0O0O0O0O0O0O00O000000

3 00

ooooooOoo0ooooooboooog
ooooboooogooooooooboobon
ooooboooooooooooooboooo
oooboboooooooooooobooboo
gooobooooooobooooooobon
ooooboooooooobooooooobon

ooboobOoooooooobbooobo
oooooOOoooooo0oobbooooon
oobooooooooobobobooooobo
oobooooobooboooboooboooboo
oooooooo

ooooo

[1] Zhilichev Y. Analysis of a Magnetic Bearing Pair with a
Permanent Magnet Excitation[]]. IEEE Transactions on
magnetics, 2000, vol. 36(5) :3690-3692.

[2] Ming-Hsiu Li, Alan B. Palazzolo, Andrew Kenny, et
al. Fault-Tolerant Homopolar Magnetic Bearings[]].
IEEE Transactions on magnetics, 2004, vol. 40 (5);
3308-3318.

[31 Matti Antila, Erkki Lantto, Antero Arkkio. Determina-
tion of Forces and Linearized Parameters of Radial Ac-
tive Magnetic Bearings by Finite Element Technique[J].
IEEE Transactions on magnetics, 1998, Vol. 34(3) :684-
694.

ooooooo0oooo,, 0oboooooooooo

(4]
U0. 00000000 2002, 21(6) :888-889.

(5] Pichot M A, Kajs ] P, Murphy BR, et al. Active Mag-
netic Bearings for Energy Storage Systems for Combat
Vehicles[J]. IEEE Transactions on magnetics, 2001,
vol. 37(1):318-323.

[6] Andrew Kenny, Alan B. Palazzolo. Comparison of the
Dynamic Response of Radial and Tangential Magnetic
Flux Thrust Bearings[]J]. IEEE/ASME Transactions on
mechatronics, 2002, Vol. 7(1):61-66.

[7] Mary E, Kasarda F. The measurement and characteriza-
tion of power losses in high speed magnetic bearings
[D]. Virginia: University of Virginia, 1997.

[ DOOODO.ODO0OO0ODOODOODOOOOOO([M]. O
ODOo0O0O0O0000O199s,



Jootdgobtdobtdgobotdgn

LE DL XA LT

000000000000 00000000O00DOO0O0DOO0O0ODDO0 210016)

oooooooooooobooocoooOooOoobooooOOoobOOoboOoooOOooOoOobooooDoon
oobooooooooboooboooboooooboboobooooOOobobOOobooooOOoboobOboOoooOOoon
goooboooooooooOob0oO0oooOooooOooooooooooooooooooogoooan
oooboooooooooOob0oO0o0ooOooOoOoO0Ob0Ob00o0oOooOoOoO0ob0oOooooooooooooooaon
ooooooooocoooooo
oobomobooooooOocmoocomooomooomooano

Analysis of modeling bearingless switched reluctance motors
with two-phase excitation

Cao Xin, Deng Zhiquan , Yang Gang, Wang Xiaolin

(Aero-Power Sci-Tech Center, College of Automation Engineering, Nanjing University of

Aeronautics& Astronautics, Nanjing 210016, China)

Abstract: In view of limitations of mathematical model only suited for the single-phase
excitation mode in bearingless switched reluctance motors (BSRM), a novel mathemati-
cal model of BSRM with one or two-phase excitation is proposed. The inductance matrix
was constructed based on the magnetic equivalent circuits of two-phase excitation. And
new mathematical formulations of radial forces and magnetic torques were derived. The
operating area of BSRM can be expanded to a great extent. The capability of bearing ra-
dial force is enhanced greatly. Computer simulations verify the validity and the fine
characteristics of the new mathematical model.

Key words: bearingless switched reluctance motor; Mathematical model; two-phase exci-

tation; operating area; simulation validation
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Identification of the Open-loop Dynamics of a High-Precision
Magnetically-Suspended Table

Xu Zonghai,Gao Lin, Li Lichuan
(School of Electrical Engineering, Xi”an Jiaotong University, Xi’an 710049, China)

Abstract; For the table being suspended, the eddy current existing in it could result in
the design complex of controller. Furthermore, it will be difficult to make the controller
obtained have satisfying control precision. This paper analyzes the differences between
the theoretical model and the real dynamics characteristics for an actual magnetically-
suspended table system. A transfer function model with the same order as the theoreti-
cal model is set up. The better dynamic characteristic curves of magnetically-suspended
system are fitted without more zeros added in. The parameters of the transfer function
model are achieved through on-line identification. Based on this transfer function model,
we design a new controller. The experiment results confirm the validity of the transfer
function model we selected.

Key words:magnetic suspension; on-line identification; eddy current; precision stage
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Study on Identification of The AMB System With Virtual Instrument

He Hangyu, Gu Huidong, Shi Lei, Zhao Lei, Zhang Liangju

(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract : It is essential to know every part of the AMB very clearly to make the designed

controller of AMB more reliable and system identification is a very good method to do it.
The AMB identification system under designing is based on NI LabVIEW, D/A and
A/D board. It is convenient to check the property, observe system ,build model ,diag-

nose system fault and evaluate property of the controller of the AMB,

Key words: AMB; control; system identification
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A Novel Algorithm of Motor Flux Estimation

Wang Yu, Deng Zhiquan, Wang Xiaolin
(Aero-tech Power Supply Center, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; This paper presents a novel motor flux estimation arithmetic. It was made up
of a low-pass filter and a coordinate transformation . The lcut-off frequencies of the low-
pass filter are set to the synchronous frequency of induction motor. This arithmetic can
effectively eliminate the direct current bias and original phase problem and also can’t im-
port range and phase error in the flux, Simulation and experiment results have verified
the effectiveness of the new arithmetic,

Key words: motor flux estimation; coordinate transformation; new estimation arithme-

tic; induction motor
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Application of Differential Transformer Displacement Sensors

in Active Magnetic Bearings

Jin Chaowu, Xu Longxiang, Zhou Jin

(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; The application of a new differential transformer radial displacement sensor is

researched for Active Magnetic Bearing(AMB) in this thesis. The linearity of the sensor

is 1. 13%, sensitivity is 22. 41 mV/um in the measuring range of — 0. 35 mm ~

+0. 35 mm, and the cut-off frequency up to 800 Hz, and the sensor can apply in AMB

in theory. A radial test-bed of AMB with two degrees of freedom is designed and manu-

factured for realizing practical capability of the sensor,and it is testing. A test-bed of

AMB with five degree of freedom is designed,in which all radial sensors are differential

transformer displacement sensors while the axial sensors are eddy current sensors.

Key words: contact-less; displacement sensor; differential transformer; radial; active

magnetic bearing
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The Study on the Method of Self-Sensing of Magnetic Bearing
using the Principle of Differential Transformer

Fan Donghao, Xu Longxiang, Wang Jun

(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Using the principle of differential transformer, a method of self-sensing rotor

position of magnetic bearing is studied in this paper. By this way , no special displace-

ment sensors are used. The bias magnetic field of the bias coil driven by PWM (Pulse

Width Modulated) signal,results in the induced signal of the control coil. The terminal

voltage of the control coil is detected by the resonance circuit. Then the signal contai-

ning the information of rotor displacement is obtained , from which we can get the DC

voltage signal proportional to the rotor displacement through demodulating circuit and

low pass circuit. This DC signal is put into a PID controller to get the control signal of

the rotor displacement. Finally the emulational experiment proves the feasibility of this

method.

Key words: magnetic bearing; self-sensing; differential transformer
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The Study of Two Inductance Displacement
Sensor For AMB System

Zhao Jingjing, Zhou Yan, Shi Zhengang, Zha Meisheng, Zhao Lei
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract; The inductance displacement sensor for AMB system is studied in this paper.
Two schemes are designed for the inductance displacement sensor, such as sync— de-
modulation circuit and diode rectifier circuit. Some tests are carried out and some experi-
mental results describing the static characteristics of the sensor are presented here. The
experiment result proves the feasibility of these methods in the static characteristics.

Key words:active magnetic bearing;inductance displacement sensor;sync-demodulation;

diode rectifier circuit
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Analysis on experiment of non-contact inductive displacement
sensor of magnetic bearing basing on chip AD598

Zhou Yan, Zhao Jingjing, Shi Zhengang, Zha Meisheng, Sun Zhuo
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract; This paper is introducing the operating principle of inductive displacement sen-
sor in magnetic bearing, and giving the signal processing circuit of half-bridge operation
with differential demodulation chip AD598. According to the result of sensor’s static
experiment, it proves that the half-bridge operation is suit for the sensor’s detection.

Key words: Inductive displacement sensor; differential demodulation; half-bridge operation
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The Research on the Mutual Compensation PWM
in Controllers of AMB

Zhang Jiansheng" 2, Zhang Gang ', Wu Guoqing®,
Wang Chunlan’, Dong Luning', Wang Xiping '

(1. Shanghai University, Shanghai 200072, China; 2. Changzhou Institiute of Engineering, Changzhou 213003,
China; 3. Nantong University, Nantong 226007, China)

Abstract; The performance of mutual compensation PWM is superior to general differen-
tial PWM no matter what in hardware and symmetry. There are six all-function PWM
and six ordinary PWM in TMS320F240 of DSP product. It is very convenient to control
the five freedom motorized spindle with differential output. This paper briefly intro-
duces the principle of output control of mutual compensation PWM and the main control
circuit of the system of the AMB in motorized spindle. Using the mutual compensation
PWM is very convenient in the debugging of controller. It is full of promise to turn
AMB system into free debugging.

Key words: DSP; PWM; motorized spindle supported with AMBs; switching power am-
plifier
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The Theory Research on the Non-linear Dynamics
for the System of Rotor Supported with AMB

Wang Chunlan, Zhang Gang, Zhang Jiansheng, Li Songsheng, Cheng Gao, Wang Xiping
(Research Institute of Bearing, Shanghai University, Shanghai 200072, China)

Abstract; This paper aims at the non-linear dynamics theory research for the rotor sys-
tem supported with AMB. At first, the author lets the PD control approximately take
the place of the PID through math method. Then on this basics imports a rotor system
supported by a pair of AMBs as his object, at the same time builds four non—linear e-
quations which include four degrees. Finally handles it with MMS (Many Measures
Method) to study its direct resonance. The result indicates that which the parameters
the frequency response functions have a close relation with are not the tune s but some
others contacting to bearings and rotor system themselves,

Key words: active magnetic bearing (AMB) ; non-linear dynamics; MMS; frequency re-

sponse
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Analysis of Vibration Modes for the System of Working Platform
Supported with AMG in Application of Machine Tool

Zhang Gang', Wu Guogqing"?,Li Songsheng' , Wang Chunlan', Wu Jianfeng', Wang Xiping'
(1. Shanghai University, shanghai, 200072, China; 2. Nantong Institute of Technology, Nantong 226007, China)

Abstract: A coupled electromechanical dynamic model for the system of working platform
supported with active magnetic guide (AMG) in application of machine tool is set up ac-
cording to special stiffness and damp of magnetic suspension system and vibration spe-
cialty of the working platform in machine tool. Analysis of coupled electromechanical
dynamic performance of the system of working platform supported with AMG is carried
out with different groups of control parameters. The outcomes show that the coupled e-
lectromechanical dynamic performance of the system,such as intrinsic vibration frequen-
cy, vibration mode and so on can be improved by adjusting the control parameters. This
research offers a theoretical support for ultra-high-speed and ultra-precise machine
working platform design including the structure of platform, design of electromagnet,
and setting the control parameters.

Key words: active magnetic guide (AMG); working platform in machine tool; coupled e-

lectromechanical dynamics
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Study on On-line Dynamic Balance for AMB Rotors

Bai Jingang',Zhao Lei’, Zhang Xiaozhang!

(1. Engineering Physics Department of Tshinghua University, Beijing 10084, China;
2. INET Tshinghua University, Beijing 10084, China)

Abstract: To reduce the vibration of the AMB suspended rotor, enhance the system sta-

bility and performance, on-line dynamic balance for AMB rotor is introduced in this pa-

per. Through study on dynamic balance theory, a viable on-line balance method for

AMB is mentioned. The hardware platform, signal acquire and process also be dis-

cussed. Then this method is applied to an AMB flywheel system. The balance result

shows that this method can reduce the rotor vibration effectively, easily performed, and

is a new way to balance the AMB suspended rotors.

Key words: active magnetic bearing; unbalanced vibration; on-line dynamic balance
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Application of Samcef Rotor Package on the Dynamic Analysis
of Rotor with Active Magnetic Bearing

Zhou Chuanyue, Qi Hongwei, Zong Keqgin

(1. Eastern Max Technology Corporation, Beijing 100081 . China;
2. Harbin Marine Bolier & Turbine Research Institute, Harbin 150036, China)

Abstract; This paper present the basic theory and method of SAMCEF Rotor software
package on the dynamic analysis of rotors with active magnetic bearing. The engineering
application examples are also given. The paper is organized in four sections. The first
one is devoted to a brief description of the system of equations and of the control forces.
The second part is related with numerical aspects associated with time integration of the
system of equations. The third section describes the implementation of nonlinear control
forces in SAMCEF Rotor. Finally, some simple examples as well as industrial applica-
tions are presented.

Key words: SAMCEF rotor; active magnetic bearing (AMB): rotor dynamics; finite ele-

ment analysis (FEA)
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Sensor C: saturation
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Study on Permanent Magnet Biased HMB of Single Freedom

Gao Sumei, Xu Longxiang, Ma Xizhi
(Department Mechanical Engineering, NUAA, Nanjing 210016, China)

Abstract; A new structure of single freedom permanent magnet biased HMB (hybrid
magnetic bearing)is designed. Working principle of this kind of HMB is introduced and
magnetic field modality is analyzed by finite element method. Suspension force equation,
motion equation and electrical winding equation are established. Control model with a
phase increase tache, transfer function of stability characteristic and dynamic character-
istic are derived based on PID control theory. Finally, come to conclusion that this
HMB has low power consumption and the increase of interior magnet motive of perma-
nent magnet can raise dynamic character and load capacity of HMB.

Key words: permanent magnet biased HMB (hybrid magnetic bearing); finite element
method; PID control
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Unbalance Compensation of Permanent Magnet Biased
Magnetic Bearing Based on Zero-current Criteria

Zhao Xusheng''?, Mei Lei', Deng Zhiquan', Wang Xiaolin®

(1. Nanjing University of Aero & Astronautics, Nanjing 210016, China;
2. Nanjing College of Chemical Technology, Nanjing 210035, China)

Abstract: The working principle of permanent magnet biased magnetic bearing (PMB) is
introduced, the mathematical model of single — degree of freedom is deduced. To solve
the problem of unbalance vibration of PMB, the recursive algorithm and the notch filter
are studied. The results of simulation indicate that the above two approaches can suc-
cessfully reduce or eliminate the synchronous component of the control currents and un-
balance vibration of the rotor system.

Key words: permanent magnet biased magnetic bearing; unbalance compensation; recur-

sive algorithm; Notch filter
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Structure Design and Research of Digital Control System on
Hybrid Magnetic Bearing in the Axial Direction

Zhu Huanggqiu, Jia Hongyun

(School of electrical and information engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: A novel axial hybrid magnetic bearingd HMB) is proposed. Based on configu-
ration and work principle of hybrid magnetic bearing in the axial direction, the principle

of producing suspension forces is elaborated; the flux path is calculated by using equiva-

lent magnetic circuit. The hardware of digital control system based on DSP
TMS320LF2407 ; including A/D and D/A converter, are discussed. The strategies of
PID and H., are adopted. And simulative waveforms of PID control and H.. control are
given out respectively. The results have shown that the two digital control strategies
can meet the requirements of a high—speed magnetic bearing system. But the controller
based on H.. theory has better stability and robustness than conventional PID control-

ler.

Key words: hybrid magnetic bearing 0 HMB)o digital controller; hardware; software;

H.. control
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Design of Robust Controller Based on H.. Theory for the Bearingless
Permanent Magnet Synchronous Motor

Meng Lingkong, Qiu Zhijian, Deng Zhiquan, Wang Xiaolin

(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract:In this paper, a H-infinity controller for an bearingless PMSM system is de-
signed, and the responses of the bearingless PMSM systemn under disturbance and sys-
tem parameters perturbation are investigated by simulation model. Simulation results
and the comparison with the effect of the PID controller show that the H-infinity con-
troller is able to ensure the system with strong robustness and excellent disturbance at-
tenuation performance,.

Key words: H.. robust control; mixed sensitivity; weighting function matrix; bearing-

less, Permanent Magnet
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Design Optimization of PM Bearing-less Slice Motor
Zhang Xiaolei', Xu Longxiang?, Zhou Jin?

(1. College of Automation Engineering , Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China )

Abstract: A new type of self-bearing motor is proposed in this article-Permanent magnet-
type bearing-less Slice Motor. The motor consists of two functions that use a stator in
common, One part is a general permanent magnet motor and the other is so-called active
magnetic bearing. Due to the short-span structure, only one active radial bearing is nee-
ded, while the other three spatial degrees of freedom are passively stable, The principle
and theoretical background of this motor is introduced at first. Second, the achieve-
ments of our laboratory in this field is given . Finally, the further design optimization of
the motor is discussed.

Key words: active magnetic bearing ; slice-type ; permanent magnet ; bearing-less mo-

tor; design optimization
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The Key Technology Research on Design High-speed
Bearingless Switched Reluctance Motor

Fan Dong, Deng Zhiquan, Wang Xiaolin

(Department of Electrical Engineering, College of Automation Engineering, Nanjing University of

Aeronautics & Astronautics, Nanjing 210016 ,China)

Abstract: The simplicity & compactness of Bearingless switched reluctance motors
(BSRM) suggests the possibility of high power and high speed motor. In this paper, the
authors deal with the key technology for design a high-speed BSRM : electromagnetic de-
sign; structural strength & stability design; rotor stress design; thermal design; mag-
netic material choice. For the serious problems of stress concentration, vibration and
acoustic noise in SRM, the optimal motor geome-tric to mitigate local stress concentra-
tion, vibration and acoustic noise, improve motor performance. These key technologies
are different from the design of a general SRM, and such technologies are very impor-
tant to apply at high speed for BSRM using suitable control strategy.

Key words: high-speed; bearingless; switched reluctance motor; design
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A Design of Large Angular Gimbaling Magnetic Suspension
Momentum Wheel

Liu Kan, Liu Kun

(College of Aerospace and Material Engineering, National University of Defense Technology , Changsha 410073, China)

Abstract: Now, flywheels system are elected as the actuators of attitude control system
with high precision for most spacecrafts. The magnetic suspension momentum wheel has
better performance than the conventional ball bearing momentum wheel, and one gimba-
ling magnetic suspension momentum wheel can perform three axes attitude stability and
control of spacecraft in high precision. The paper describes the structure of a gimbaling
magnetic suspension flywheel with outer rotor, which employs a spherical magnetic
bearing to support its flywheel rotor, and use moving magnet type linear DC motor to
turn the spin axis. The calculation expressions of electromagnetic support forces of the
spherical magnetic bearing, as well as the calculation expressions of turning moment for
the spin axis of flywheel rotor are presented.

Key words: magnetic suspension; gimbal momentum wheel; structure design
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Study of Safety and Reliability Design for Active Magnetic
Bearing - A survey -

Xu Yang, Zhao Lei, Yu Shuyuan, Gerhard Schweitzer
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: As a typical product of mechantronics, active magnetic bearing ( AMB for
short) for rotating machinery has been more and more widely known and used. At the
stage of spanning from research prototype to industrial series, AMB’s safety and relia-
bility become increasingly important beyond its functionality.

This paper gives a review on several existing approaches to solve the related safety
problem of AMB, such as software reliability, system redundancy, retainer bearings,
risk assessment, fault tolerant systems, etc. Finally, a new concept of smart machine,
as shown by Gerhard Schweitzer, is introduced to conceive novel ways of further impro-
ving safety and reliability of machinery with active magnetic bearing.

Key words: Magnetic Bearing; Safety; Reliability
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Design and Debugging of Magnetic Suspension Platform System

Zhang Ailin, Wang Xiping, Dong Luning , Qian Jing,
Tang Hui, Chu Yunling, Wang Lei, Wu Minggui

(Research Institute of Bearings, School of Electromechanical Engineering and Automation,

Shanghai University, Shanghai 200072, China)

Abstract; This paper describes the structure and principle of magnetic suspension plat-
form (MSP) system. Analysis of MSP system is based on five-degree of freedom mathe-
matics locomotion function. And single degree of freedom PID controller is used to anal-
ysis the system and played a base unit of the system control. During process of the test,
the problems of adjusting the hyperstatic force of the platform and uncoupling for each
degree freedom are solved, at the same time, the function of displacement changed with
the four-degree of freedom in vertical direction is established and validated. Finally,
some of experiment results on the MSP system are presented, it is showed that the MSP
can be used in the field of high-precision and high-speed machine tools.

Key words: magnetic suspension; PID control; hyperstatic force
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Analysis on Structure Designing of High-speed Motorized
Spindle Supported with AMB for CNC Milling Machine

Li Songsheng', Zhang Gang', Zhang Jiansheng' , Wang Chunlan', Yang Liuxin’®,
Yang Junyong?,Chen Xiaoyang'

(1. Shanghai University,Shanghai 200072,China; 2. Luoyang Bearing Research Institute, Luoyang 471039, China)

Abstract.In order to meet the high speed milling, a newly developed 160XDS50M high-
speed motorized spindle supported with AMB for CNC milling machine is presented in
this paper. Its structure and parameters are analyzed and some results are gotten.

Key words:active magnetic bearing (AMB); CNC milling machine; high-speed motor-

ized spindle; auxiliary bearing
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Classification Study of AMB-Based on
Rotor Dynamics and Control System

Zhao Lei', Li Xinsheng?, Yu Suyuan', Zhao-Hongbin?

(1. INET, Tsinghua University Beijing 100084, China;
2. Engineering Physics Department of Tsinghua University, Beijing 100084, China)

Abstract: Active Magnetic Bearing (AMB for short) is equivalent with a conventional
bearing on its function, Since it uses electromagnetism force given by the electronic
magnetic actuators to suspend rotor, AMB differs a lot form conventional bearing in de-
sign and operation stage. Moreover, the electromagnetism force of actuator driver and
control system is correlation with the suspended AMB rotor through rotor dynamics
effect. Therefore, a reasonable classification of AMB can make better currency design
for its control system, for optimizing the mechanical design based on rotor dynamics and
control system, and for AMBs’ standardization. This survey is a good fundamental
preparation for the future industrialization of AMB.

Key words: Magnetic bearing; Rotor dynamics; Control system
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Experimental Studies of a Compliant Multileaf Journal
Self-acting Air Bearing united with
Active Magnetic Bearing

Qiao Lei, Xu Longxiang, Ma Xizhi

(College of Mechanical &. Electrical Engineeting, Nanjing University of Aeronautics

and Astronautics, Nanjing, 210016, China)

Abstract: Based on the analysis of the functional mechanism and their own strongpoint
and shortcomings of the active magnetic bearing (AMB) and self-acting air bearing, this
paper studies a new kind of AMB-AB structure. The mechanical structure of the compli-
ant multileaf journal self-acting air bearing is designed and its feasibility is proved,
which shows the good effects of the proposal.

Key words: compliant multileaf journal self-acting air bearing; active magnetic bearing

(AMB); protective bearing; structural design; development of performance
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AMB Application on Artificial Heart-A Survey

Sha Honglei, Xu Yang, Shi Lei, Zhao Lei
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: AMB is a new research field in Artificial Heart. The AMB can fit for a lot of
key conditions of Artificial Heart and overcome the blood cellular damage incurred by
traditional bearing grind and the airproof of bearing. To improve the AMB application
research in the field of Artificial Heart of our country and avoid unnecessary wrong in
the research, this paper investigate detailed of the international AMB application re-
search in the field of Artificial Heart and analysis the actuality and the future of it ,sum-
marize several bright future research aspect, offer the reference for civil research of
AMB.

Key words:magnetic bearing; artificial heart; blood pump
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Application of Samcef Rotor Package on the Dynamic

Characteristics Analysis of Rotor

Zhou Chuanyue

(Eastern Max Technology Corporation, Beijing 100081, China)

Abstract: This paper present the main characteristics and analysis functions and analysis

model of SAMCEF Rotor software package. The engineering application examples of

Samcef Rotor package on the dynamic characteristics analysis of rotor are also given.
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