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MATHEMATICAL MODEL OF ACTIVE MAGNETIC - BEARINGS/

SWITCH RELAY/PD CONTROLLER

Present on abroad has a research and development in the application of active
magnetic - bearings system. As comparison the working between a general bearings
system with a magnetic - bearings system will find that the magnetic - bearings
system had a useful. It was the contact of mechanism between the bearings. The
magnetic bearings can be used to reduce the vibration of the shaft caused by the
imbalance. However, due to the control of magnetic - bearings system were complex
and difficult. As a result, the magnetic bearing’s control system in active type was
expensive. And it was not very widespread. Especially in Thailand, it will be possible
the active magnetic - bearings will play a vital role in the industry in the future.
Therefore, this work presented the analysis and controlled the vibration of the shaft,
using a 4 pole for the same active. By estimation the mathematical model as 2" Order
system with a phase compensate and using PD controller in order to describe the

dynamic response and reduce the vibration of the shaft.
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S°+20w,s+ w,




12

: w1 1) ¥ 3 J o v o

FaanduorsToun laduilandua1e TouveassUUSUA LA D (Second Order System)
a A A o 1 < Js a o ~

MINBUNANTBUIINNTZIADT UV NS85 Tulind 1FUaNNITN (2.16) HANITABUAUDY

ﬂlﬂﬂi%ﬂﬂﬁﬁﬂWUgﬂﬁﬁ’J ﬁf]

X(t) = K, |G(jo)|sin(ewt — ) (2.16)
Tagfi

X =F,|G(jo) (2.17)

d o 1 4 I ] o a 9 1 a
%1ﬂﬁﬁﬂ%uﬂ1818u(215)Lﬁ@ﬂﬂiﬁ@Qiﬂgﬂ%@ﬂ%iﬂlﬂl%ﬂ%ﬂl&ﬁﬁu%iﬁ(RmﬂPaﬁﬂ%ﬂ

1 a . @ 1 [ [ Y
HAZEIUIUANN (Imaginary Part; Im) YaaWenFua1e loudinanasoni laan

KIL- (! ,)’]

) il )T 2 @l T 19
1oy

O =T T BT 1
fufuvinavesladudieTonvesszunie

IG(jo)| = JRe? (@) + Im?(w) (2.20)
wld

IG(jw)|= K 2.21)

JIL-(@/ @,)*F +[2{ (] o,)]



13

{ { g
u,amgmwﬁﬁzﬂ%ﬂu”lﬂ (Phase Shift) ‘Uf’)\‘]L’f)"l“l/l“l’!ﬂﬁ%f’)waﬂﬁﬁﬂﬂﬁu@\iﬂlﬂﬂﬁzﬂﬂ ﬁf)

g=tan™ (%} (2.22)
I 0N
_ -1 2é/(a)/a)n)
¢ =tan L—l—(a)/ a)n)2] (2.23)
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(IFe/:uFeAFe )C+(|A/,UAAA)

Magnetic Flux (3.7
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Flux Density (3.8

n.i
§ (IFe:uAAA/:uFeAFe)-'_IA
o ni
a IFe+(IAluFeAFe/:uAAA)

Magnetomotive Force 3.9)
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LA
H,=—% H. = 0 Magnetomotive Force (3.12)
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=2
k, =4k, = (3.24)
XO

Tawisen K, Ao Displacement Stiffness Lag k. fD Current Stiffness
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FaAUMIAIVANNUFIU (Governing Equation) o5 UeNgAnIsuNadIalumsndouiveunal
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M, =10, - 1,0,Q +1,0Q, (3.29)
Tagh 1,1 uazl,  felumudinesydn (Principle Moment of Inertia)
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dM, =16,-Ql 6, =b(F,-F,)-a(F,-F,)-dF,
> M, =10, +Ql1 0, =a(F,-F,)-b(F,-F,)+dF,
usaifiosnina liiauga (Unbalance Force) 611maaﬁﬁﬁﬂﬁlﬁﬂmm‘lﬁﬁu@aﬁu
F,. =m,eQ’ cos(Qt + &)

2 -
F,, =Mm,eQ”sin(Qt +6)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)
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Fs_F7 =—CX1—k)(1 (3.39)

F—F=-cy,—ky, (3.40)
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X:bx1+ax2 :bx1+ax2

341
a+b L 341
a+b L
g =h Y N~V (3.43)
a+b L
P :XZ_Xl_XZ_Xl (3‘44)

Y a+b L
110 L = a+bunuanumsi (3.36) — (3.44) asluaumsi (3.32) - (3.35) uay
dmuald o =al Q/IL, a, =bl Q/IL,
7 =(bd/1)=(1Ym), y,=(ad/l)+(1/m),

B=(0°/1)+(ym). B, =(ab/1)—(1m) uaz B, =(a*/1)+(y/m)
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% +CB¥ +a ( Yi— Y, ) +KBx +K Byx =k B,

) (3.45)
+y,M,eQ" cos(Qt +6)
X —CBX—a, (Y1 - YZ)_ kB, x, —K Bx=kBj, (3.46)
— 7,m,eQ’ cos(Qt + 6) '
YI+CIBSS/1+(Z1(X2_X1)+kﬂ3yl+kyﬂ2y2 :_kiﬂziy (3.47)
+y,m,eQ’sin(Qt +6) — g '
Y2 _CﬂZY1_a2(X2_Xl)_kﬂzyl_kyﬂlyZ :kiﬂziy (3.48)
—7,m,eQ’sin(Qt+6)—g '
Faerunsa lugUuuumms ng fail
1 0 0 0} X ¢, 0 o -—-ofX%
0 1 0 0% % -5, 0 -a a | X%
0 01 0|y o o ¢ 0 ||y
0 00 1]y, a, =—a, —¢f, 0]y,
kB, kpB, O 0 x
4
. kg, -k 0 0 X, (3.49)
0 0 kB KB |wn
0 0 _kﬂz _kyﬂl Y,
—ki 5, 0 V2 0 0
_ ki By 0 I, 4 -7 0 || m,eQ’cos(Qt) N 0
o0 kB, 0 7 || meQ?sint) | |-1 J
0 ki, 0 - -1

A =< = 1 A [l I Y o A
NFUNITN (3.61) "]Nﬁ"lll"lﬁﬂlsuﬂulﬂW1$Gluaﬁuﬂl@ﬂllﬂﬁﬂllﬂlﬁﬁﬂ]lﬂﬂﬂ'ﬁllﬂ']'i‘l/l (3.50)

4 3 y
Lﬁi’)mi’)llsll’ﬂﬂ dX2 uay dy2 T UNBTINVDILTITUNIY (Disturbance Forces) U9IN3I3¢UU
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] 3 @ . 1
Usgnould1d uselianga (Unbalance Forces) 115391011110 (Gravity Forces) 1159721

9
(Coupling Forces) tazt59 1915 1n1) (Gyroscopic Forces) UDININANIG X Lag y

o i e Gl e
Tagi

dx, = —y,m,eQ? cos(Qt + ) +c X +a, ¥, +KBX —a, Y, (3.51)

dy, =—y,m,eQ*sin(Qt + ) —a, % +cB,Y, +KBX —a,Y, — g (3.52)
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gﬂﬁ 5.4 PCI Serial Card IFOUADHIUE Y Serial Crossover Cable

1azU05A RAPCON

A59N 5.1 UAAITI8aIDIAAN ] YOI RAPCON Board (RAPCON Real — Time Rapid Control

Prototyping Platform for MATLAB/SIMULINK)

Meaning

Magnitude

Unit

Power Supply (Minimum Current)

6—15(0.15)

VDC (A)

Analog Input A0 — A7 Analog 12 Bit

Capture Input CO — C1 Digital 16 Bit

Digital Input DO_d0 — D0 _d0 Digital

Encoder Input EO — E1 Digital 16 Bit

Frequency Output FO — F1 Digital 16 Bit

Analog Output BO — B1 Analog 12 Bit

Digital Output GO_g0 — G0_d7 Digital

Pulse Output HO — H1 Digital 16 Bit

Filtered Pulse Output LO — L1 Analog

H — Bridge Output PO — P1 Digital

0 — Supply Voltage, 5 A

Voltage Regulator Output 5(0.25) V(A)
Ground GND 0 Vv
Sampling Rage Upto15.2 kHz
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Fonauuziitlumsl¥ RAPCON Board Antndoyariindyldan manuan v.
1. Expansion Slot for Serial Card
2. Serial Crossover Cable
3. Matlab R2007b %3 01303 5gan1iiil Simulink

4. RAPCON Hardware 1oy Software ﬁ@ﬂ%ﬂ’ﬂ%ﬂ?ﬂ 1.5 L?‘Juﬁ’u"lﬂ
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Y Y . Y o o
Molulasadad199o9 Relay vz1)5znon lareuaada (Coil) 1 g0 uaznidusa (Contactor)
Falunvhdude 190 vzsznoulddre vilrdudauuuilndtla (Normally Close; NC.)
é a ,;‘ 1 [ 1 =\ Y o % a A
Faluan1izdnd VIUILADDYNUYITIN (Common) HIoNINFUAAUUVUNAITIA (Normally
Y 1
Open; NO.) ¥1H3¢@ 81917 UU15 33 (Common) 1BYARIANLTIAUANATON HIBNTLILA
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517 5.5 1aaIN15 Switch ON/OFF @108 Relay
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53 MsMIUANLAz UdYy K1 RABCON Board
Tun13aIuauEandnn1s 91981z 19 H - Bridges Output Block #1314 Block
‘ﬁ Lélﬂ'f’t'] 4§ ©® RABCON Board 1 U Real — Time Windows Target 1 14 ] v ﬁ'ty U1 Digital
11UV 16 Bit/Channel 1ag% Channel P0 94 P1 11@a2 Channel 918 Voltage & SE%QLLG]' 099 Supply
Voltage, 5 A o 12 Digital ﬁﬂ'wagj“lug 1/ PWM (Pulse Width Modulated) ttsiag H— Bridges
1d71u152n0U MOSFET Bridge 81315091 1904 5 A 811%aave9 H - Bridges §n15n504
A6 Lowpass Filter 3174 Output aunsmidenyszand 19 Amplifiers U Linear Tnoit/den
doyey19 Digital 13U Analog 1a e Voltage ANAT 0N H - Bridges YuruIvaaduius iy

Duty — Cycle U84 Input Ao
V. = (20 1)V, (5.1

Taoi w=35/f =57 1ile f Ao Fundamental Frequency Y04 PWM 88321319 449.8291 Hz

=2 = = ' ! < A 1
D4 11515625 Hzuag 7 A9 AU ¥9u9 H - Bridges 0oty 2 TnualasiiGoulunisas
Y

Ty auaail

+V,, uzV,,
V,, ®12u=V,, 0<u<V,, Normal (5.2)
-V, u<0
+V,, u=+v,,
V., 1 U, -V, <u<+V,, Shifted (5.3)
-V, us-V,

7 Fundamental Frequency = 10,000 Hz, Supply Voltage, Vs =+ 12V il D & 171 Value
= = = T [ A = v o ' A
A9 w/Vs 1Agl318a21D8ATDIAINIT ] AIN1T19N 5.2 FILTAIANNANWUTVDIAT Value Ner
dygruoonlunaaz Tvue uazudaslaozuniun151¥euaA0Y09 MatLab/Simulink 1)

RABCON Board Gl,uﬂﬁi’jaumﬁmuﬂymalﬁjf‘fu Power Amplifier (Magnetic Bearing) ﬁ’ﬂg‘ﬂ‘ﬁ 5.6
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MatLab/Simulink | RABCON Board
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» ! PO A @—O H 1
u s HO [————> Voltage across
! P0_ B @—O
! duty-cycle 3
1
1

v
=

517 5.6 uaaslaezunuMsF¥eUABYDI MatLab/Simulink 71) RABCON Board

El,umi%jﬂuﬂﬁﬁ”iyﬂlﬂmiﬁjﬁﬂ Power Amplifier (Magnetic Bearing)

{ Y o A o @ @
fl]’]ﬂ@’li'Nﬁ 5.2 "llgll@ﬂ'J']llﬁllwu‘ﬁGlUﬂ']iﬂ'JL]JﬂllLlﬁ\iﬂu"l]’]ﬂﬂgﬂ')UﬂNﬂu RABCON

4 9 Y v A [ < @ ¥
Board Wiailoul¥nuszuuuusauimianaatl

V., =12.23V,, —0.013 (5.4)

Tao1iA1 Gain Y03 Power Amplifier N 12.23

[ oA I 4 @ ]
aauuaesn 141y Analog Voltage 112 1% Voltage Divider tWoaausisunouilou

o 9 J ] 9 ~ v A 1 ) A A U 9 @
YYIUVIUDIANIUAN WhuaeuneuIamenin Gain Mvinzaumelglumsiounau
1uﬂ1i@@ﬂllﬂﬂi$ﬂﬂﬂ’)°ﬂﬂh
% g9 & g 4 4 : o .
a9y Analog Input Block %3 1111 Block Nt¥ 017D RABCON Board N Real — Time
Windows Target Tu 3 IETGE ﬁ’ﬂlu Y1 Analog !l U U 12 Bit/Channel T@ @1 Channel AO— A7

E4
[ (3 v A

. o
Fail 2 Tvwe Taelicou lumsiudyauasi

5
V. =iu, 0<ux<b5 Unipolar (5.5)
0
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+5, u=5,
V., ®j2u-5 0<u<5, Bipolar (5.6)
-5, u<o
M3 5.2 nrasanuduiusvem Value fidedyanaeenluusas Trua
Shifted Mode Normal Mode
Load Load
Value Calculate | Unload Calculate | Unload
A% I A% I
% V) V) V)
V) (A) V) (A)

-1.0 -12.000 | -12.240 | 10.460 | -3.736

-0.9 -10.800 | -11.050 | -9.500 | -3.393

-0.8 -9.600 -9.860 | -8.510 | -3.039

-0.7 -8.400 -8.640 | -7.490 | -2.675

-0.6 -7.200 -7.420 | -6.450 | -2.304

-0.5 -6.000 -6.200 | -5.410 | -1.932 | -12.000 | -12.240 | 10.660 | -3.807
-0.4 -4.800 -4.980 | -4.380 | -1.564

-0.3 -3.600 -3.782 | -3.350 | -1.196

-0.2 -2.400 -2.562 | -2.281 | -0.815

-0.1 -1.200 -1.349 | -1.212 | -0.433

0.0 0.000 -0.127 | -0.127 | -0.045

0.1 1.200 1.088 | 0.971 | 0.347 -9.600 -9.850 | -8.660 | -3.093
0.2 2.400 2.307 | 2.048 | 0.731 -7.200 -7.420 | -6.550 | -2.339
0.3 3.600 3.538 | 3.130 | 1.118 -4.800 -4.970 | -4.410 | -1.575
0.4 4.800 4800 | 4.240 | 1.514 -2.400 -2.559 | -2.307 | -0.824
0.5 6.000 6.030 | 5.290 | 1.889 0.000 -0.127 | -0.127 | -0.045
0.6 7.200 7.250 | 6.340 | 2.264 2.400 2305 | 2.041 | 0.729
0.7 8.400 8.480 | 7.370 | 2.632 4.800 4.800 | 4.210 | 1.504
0.8 9.600 9.720 | 8.400 | 3.000 7.200 7.250 | 6.380 | 2.279
0.9 10.800 10.970 | 9.410 | 3.361 9.600 9.720 | 8.550 | 3.054

1.0 12.000 12.240 | 10.420 | 3.721 12.000 12.240 | 10.600 | 3.786




80

o o 4 J . 1Y § a I a
MR 1da1uduWuF 524319 Displacement 71 Voltage 131991521 14713 w1 ardu

Aa9AY¥ (0 - 3.5 mm Y30 £1.75 mm) A31d
V,, =1.8177x—3.4976

Tagh Gain Y99 Sensor 19111 1.8177 V/imm an1izaugavzaosniuauld x nag y iauniny
1 = Jd [ { 4 ' [
1.75 mm HaAIAImI 1M esa1e q a9a135199 5.3 Taeli laezunsunisidondevesdynn
J o [ 1w Jd
51979 MatLab/Simulink 1) RABCON Board Tun135uaidqa s iniesuiso iy Voltage

Divider A317 5.7

RABCON Board I MatLab/Simulink
1
1
A0 !
u O @ : A0 > Voltage
!
1
1
1

517 5.7 uaadlaoznsuATFOUADYDI MatLab/Simulink /1 RABCON Board

QU

[ 1o g
Gl,uﬂ155‘]Jﬂ’]ﬁ‘igﬂ]u']mﬁnﬂl°]fulcﬁf]iw1u Voltage Divider

M13199 5.3 HAAIAIININADT AT ) VoI UIEDS

Position Sensors (Inductive Proximity Switches Analog Output)

Meaning Symbol Magnitude Unit
Operating Voltage (3-wire) 18-30 vVDC
Current Consumption <25 mA
Sensitivity 1 V/mm
Output voltage (Voltage Divider) Ugp 0-5 A\
Output range (Voltage Divider) Xsp 0-5 mm

Sensor gain Kk 1.8177 V/mm

sen
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. M31¥1Usunsu Simulink Parameter Estimation
4 1
1. Import Data 91An15NAa 04 1311 Work Space ¥83 1151053 MATLAB ualu
MIEAIiI0E19Ms 1¥uszadsuuuiansvesszuuIae 1y Simulink Taofviuadauls
1 o { o T d
naza1vesdnlsvesszuuagldTasdoyan ldvinnissuTldsunsulSeuaniudoya
o A o Y o IS I . .
MAMINaaed Ay 0.1 Teemvualvdyauldnyuziiu Sine Wave 11ag Cosine Wave
Fallvmaminuteunagai 181N naaelin1nin1s1ei n.1 f1nuanT Sampling 111U
A o 9 = )
0.002 sec tiosuTsunsudoyanisnouduosgnuaaInai Scope tazaz Iadoyalu

Work Space ﬁjﬂg‘ﬂﬁ n.2

1 ] a o ) ¥
Gni']\iﬁ n.1 Llﬁﬂ\?‘ﬂ’lllallwaﬂ@ﬂqﬁﬁuqqq@ﬁqﬂﬂqﬂﬂqﬁﬂﬂaaq

ANUI521501 (RPM) NAN x (m) NANN y (m)
100 0.0004978 0.0005879
200 0.0004887 0.0006154
300 0.0005437 0.0006846

Es

File Edit View Simulstion Format Tools Help

DEESE & 9craf e JEEDE: | REBE

ey i R e e

Sine Waved Gain1s Scopeb Sine Wave17 Gaing Scopetd

Sine Wavel1 Gain29 Scopetl Sine Wavel3 Gainl1 Scopel3

Sine Waveb Gain'4 Scoped Sine Wave13 GainT Scopeld

Ready 125% oded

JUN .1 uwuaImMIasaeunagamsauly Simulink
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4\ Workspace - - = | B |
File Edit View Graphics Debug Desktop Window Help N
ﬂ m {E Eﬁ E% Stack:| Base @ Select data to plot -

Marne Value Min Max

Bﬂ tout <1000:1 double> 30020 5
E xmaxl «2501x2 double> -4978... 5
E xmaxd «2501x2 double> -4,B85.. 5

BH xmaxd «2501x2 double» -5437.. 5

H ymaxl <2501:2 double= -5879.. 5

HH ymax2 <2501:2 doublex -6.152... 5

Bﬂ ymax3 «2501x2 double> -6.846.. 5

507 n.2 upunmdeyanmsaouausalu Work Space

9 o ) % A Y o {
2. afnuiiaesvesszuu lagsivuadulsuaz iz uduueadulsvoandoans
Y T @ [ { < 9 o g’; y
T Tsunsuilszanamaants asgiin n.3 #eliTaseaiumiounuduaoui 1

) Y
mMurualv

i Ka? A k c
Transfer function = G . (S) = — > e @, =, |— uog {=——
' S°+2w,S+ o] m M, @

n

(U + D)@’ cos(m,t) —> G, (5) /> Xegt (1)

Rotor

“]Jﬁ 1.3 LHUNNTZ U AUeese UULT]EJTJL“I/HI?W]’E]i

c.,m U Hag Uy ?'f?l!?‘i"IW"liWﬁm%J%sUi’NLLﬁﬂi‘]Jﬂ’J“L!

est » est »

& Y A
Fnamslszananine k

a < A A = o = o A
TNITUININANNLIITOUAD N 100 RPM g U DlOOxﬂu D LLﬂZiHWWH@Q!ﬂﬂ’Jﬂuﬂ 200
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W SMag2 r‘ L™ F=REEE )

File Edit View Simulation Format Tools Help

D& Ed& = P =k | Nomnal - EHe B

(Use+Dne y{100°2°pir80 "2

~(200°2°pi/B0}2

Sine Wave1

J*(200°2°pi/6O}2

Sine Waved

(Uy+Dy1y(100*2*pirg0}"2

Sine Waved

E’—p (Uy+Dy2)(200°2*pi/B0}"2

Sine Wave2

(3" 300" 2 pi/80 "

Sine Waveb

Ready 100% ode5

JUN 0.4 uwuaIMMITaeIsTUUHEUI Y Simulink
o .. Y o a o = 1 . o dy
MYuA Initial 1HAUWITUW0INaz3zanma1 Tu Command Windrow @41l
>> Ux=0.02; Uy=0.02; c=10; M=1; k=20000;

>> Dx1=0.02; Dy1=0.02; Dx2=0.02; Dy2=0.02; Dx3=0.02; Dy3=0.02
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Y
3. 11l@ Parameter Estimation Laﬂﬂ tools => Parameter estimation ﬂzﬂimgwﬂ'wmaﬁ

e
=
=
5

d -
B Control and Estimation Tocls Manager Tow >

File View Help

a0 S | E

. Workspace Task settings
1M Project - SMag2 Tre
> g)
[F] Transient Data Subject:

- [ variables Pt

& Estimation

g validation Company:

Description:

Meodel: SIMag2

Open Model | [ Update Task |

Select the nodes below to configure and run estimations.

319 0.5 uwuAIMIAAIA19UBI Control and Estimation Tools Manager

4. Click 1aen Transient Data => New

-
W/ Control and Estimation Tools Manager.

EEEE N E g

File View Help

i Workspace Transient data sets
B--ﬂ Project - SIMag2
N P i
£+ Estimation Task ame roperties
f =-{[7 Transient Data Meuw Data y
- [1] Mew Data
L Variables
& Estimation i
g Validation
[ Description:

Delete Edit...

~New Data node has been adde Tansient Data. &
Transient data sets are stored in this folder. Press 'New' to create a new data set
L — = =

5U7 n.6 umUMNLEAINTIA19UBINIIABN New Data

5. Click . New Data =>QOutput Data => Import (WOLAeN xmaxl D4 xmax3 LAY
= . 2 g 1
ymax1 94 ymax3 Uag Time Fuilu Array 1ullﬂﬁlliﬂﬂlﬂﬁﬂﬂm
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18| Control and Estimation Tools Manager

File

View Help

=03 W E

fl

Lk Workspace
- Praject - SIMag2
El

stimation Task
Transient Data

i [ Variables
=& Estimation
i By Mew Estimation
=02 Views
|z Default View
g Validation

. b

[ Input Data| Output Dsta | State Data
Assign data to blocks
Block Name Data Time/ Ts Weight Length
SIMag2/Outs I
Channel -1 | xrnasd (1,2) | xrnasd (1) [ 1 [ 2501/2501
SIMag2/0ut3
Channel -1 | xmaxd(n2) | xmax2(,l) | 1 [ 2501/2501
SIMag2/Outt
Channel -1 | xmax3(;,2) [ xmacl) | 1 [ 2501/2501
SIMag2/Out6
Channel -1 | ymanl(2) | ymad (1) | 1 [ 2501/2501
SIMag2/Out2
Channel -1 | yman2(z,2) | ymax2(:,1) [ 1 [ 2501,/2501
SIMag2/Outd
Channel -1 | ymad(:,2) | ymax3(:; 1) [ 1 [ 2501/2501
Import.. | [ Pre-process.. |[ Plotbata |[  Clearan |

Estimation completed,

Select the tabbed panels to configure the transient data set.

‘]Jﬁ n.7 LLNuﬂTWLLﬁﬂﬂﬁu']ﬂNﬂﬁLaﬂﬂﬂlf]iJﬁL"lﬂ

Eile View Help

&0 3 W E

Click Variables => Add => (a0n@u1)sNdoan13dszaan = OK

L. Workspace

=W Project - SIMag2
=) Estimation Task

[ Transient Data

Estimated Parameters

Estimated States

Selected parameters

Default setti

Name:

ngs

[ Variables
e[ Estimation
&-Cg Validation

W Select Parameters =
Select additional parameters to estimate
Name Size
L Rt
Al
14
Dyl A Y A 1d
Dyv2 o € __cilo 1d
1
NITADY 14
11710 1d
U 1
uy 1d
< 1d
k 1ad

Specify exprassion (2.9, s, 3(3),

b{2}):

-New Data node has been added to Transient Data.

ok || Cen.

| [_rep ][ 2epy |

7. Click Estimation => New (9213105 New Estimation ) 1a@4a331# n.9

Select the tab panels to configure your estimation parameters and states.

ﬂﬂ .8 LLNuﬂ']WLlﬁﬂﬁﬁu']ﬂ'lﬂﬂﬁm@ﬂﬂﬂuﬂ‘i

Ndoamsszim
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File View Help

, |

&0 6 W|E

i Workspace

=8 Project - SlMag2

] Estimation Task
&1 Transient Data

[ Variables

=[5 Estimation
- By Mew Estimation
[ Views

g validation

< n ] v

Estimations

Name Properties

Mew Estimation

Description:

Delete Edit...

- New Estimation node has been added to Estimation.

Estimation node.

ﬂﬁ n.9 LLN‘Llﬂ1WLLﬁﬂ\11’iH1ﬁNﬂ1iﬁiN New Estimation

8. Click New estimation => select all

Eile View Help

, |

< 1 | »

0|
L Workspace Data Sets | Parameters | States | Estimation|
=W Project - SIMag2 Data sets used for estimation Output data weights
3] Estimation Task — e
Transient Data Transientestimation .« Block Name  Length Weight
SIMag2/0uts
[ Variables REERE S5 Channel -1 | 2501/2501 1
=& Estimation New Data - SIMag2/Out3
- Hip New Estimation Channel-1 | 2501/2501 1
[2 Views SIMag2/0utl
Validation Channel-1 | 2501/2501 1
SIMag2/0uts
Channel-1 | 2501/2501 1
SIMag2/0Out2
Channel-1 | 2501/2501 1
SIMag2/0uts
Channel-1 | 2501/2501 1
Select All Clear All

-Mew Estimation node has been added to Estimation.

'ﬂﬁ N.10 Lmuﬂmuﬁﬂwmmqmim@ﬂmaua“lums Estimate

Select the tab panels to conﬁ;.]urezour estimation.
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9. Click Parameters => Click 1800 Estimate )n@au1ls a93if n.11 wag Click

Estimation => Estimation Option tiofvua oanosnulumsdszunamiduls aegli n.2

WA Control and Est

Eile

View Help

=0 d|@

i\ Workspace
- Project - SIMag2

I o m Variables
[ Estimation
B

g validation

< m

i) Estimation Task
U] Transient Data
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vl Yeyamunainues RABCON Board

1. INTRODUCTION

The RAPCON platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. It is fully integrated into Matlab/Simulink
and has a broad range of inputs and outputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The RAPCON platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the RAPCON platform has 8 x 12 bit analog inputs, 2 X 16 bit
capture inputs, 2 X 16 bit encoder inputs, 1 X 8 bit digital input, 2 x 12 bit analog outputs, 2 X 16 bit
frequency outputs, 2x 16 bit pulse outputs and 1 x 8 bit digital output. The board also contains 2 H-bridges
with 5 A capability to drive external heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
software of the RAPCON platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block, Digital Output Block and Pulse Output Block. The platform
achieves real-time operation with sampling rates up to 15.2 kHz.

The RAPCON platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated into Matlab to
achieve real-time operation in Matlab under Windows. The salient features of the RAPCON platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

« Power supply: 6 — 15 V, minimum 0.15 A, regulated

o Interface: 460800 baud, 8 bit data, no parity, 1 stop bit

¢ Analog inputs: A0—-A7, 0 — 5 V analog, 12 bit resolution
o Capture inputs: C0-C1, 0 — 5 V digital, 16 bit resolution
« Digital inputs: D0_d0-D0_d7, 0 — 5 V digital, 8 lines

o Encoder inputs: EO-E1, 0 — 5 V digital, 16 bit resolution

« Frequency outputs: FO-F1, 0 — 5 V digital, 16 bit resolution
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¢ Analog outputs: BO-B1, 0 — 5 V analog, 12 bit resolution

« Digital outputs: GO_g0-G0_g7, 0 — 5 V digital, 8 lines

o Pulse outputs: HO-H1, 0 — 5 V digital, 16 bit resolution

« Filtered pulse outputs: LO-L1, 0 — 5 V analog

o H-bridge outputs: PO-P1, 0—(supply voltage) V digital, 5 A

o Voltage regulator output: VDD, 5 V, 0.25 A, regulated power supply
e Ground: GND, 0 V

« Sampling rate: up to 15.2 kHz

1.2. Requirements

e PC with Windows XP or later and an expansion slot for a serial card

o Serial crossover (null modem) cable

o Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target
e RAPCON hardware (real-time control board) 1.5 or later

e RAPCON software 1.5 or later

« Power supply (regulated, 6 — 15 V and at least 0.15 A without any load)

1.3. Absolute Maximum Ratings

e Power supply voltage: minimum 3 V, maximum 16 V

« Each analog, digital, capture and encoder input: minimum —0.3 V, maximum +5.3 V

« Each analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

e Each filtered pulse output: minimum —25 mA, maximum +25 mA

o Each H-bridge output: minimum —5 A, maximum +5 A

« Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
minimum —200 mA, maximum +200 mA

« Voltage regulator output: maximum 0.5 A (total)

¢ Operating ambient temperature: minimum 10 °C, maximum 50 °C
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2. HARDWARE

The real-time control board is based on a dsPIC30F2012 digital signal controller. It has a total number
of 8 X 16 bit inputs and 8 x 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The board is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridges with 5 A drive capability are included on
the board to drive external actuators or loads. The functional block diagram of the board is shown in
Figure 1, where AQ—AT are the analog inputs, BO-B1 are the analog outputs, CO-C1 are the capture
inputs, DO_d0-D0_d7 are the digital inputs, EO—E1 are the encoder inputs, FO-F1 are the frequency
outputs, GO_g0—-G0_g7 are the digital outputs and HO-H1 are the pulse outputs; ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the input-
capture module, OCM represents the output-compare module, DIP represents the digital-input port, DOP
represents the digital-output port, QEM represents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs are the lowpass filters with outputs LO-L1 and HBs are the H-bridges
with outputs PO-P1; and pC is the central microcontroller, UART is the universal-asynchronous-receiver-

transmitter unit and PC is the host computer.

PC
el UART
A0 ~ | m o
: ADC DAC Bl
= | AN
CO — — F0
Cl1 ICM i i OCM Fi
e
D0_d0 — -~ G0_g0
; DIP I —L’ DOP :
D0.d7 —+ -+ G0.g7
E0 —| Lo 1o
__.| QEM PWM
E1l r—l—> H1

Figure 1. Functional block diagram of the board.

The layout of the board is shown in Figure 2. The inputs and outputs are connected to the board
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience. Access to the on-board 5 V, 0.25 A voltage regulator output is also provided for

external light power supply requirements.
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Abstract

This paper proposes a research concerning the compensate unbalance of the shaft with active
magnetic bearing, to reduce the vibration by adaptive PID controller with 2" order model reference
system. Under the stability of algorithm by means of Lyapunov's Stability Theory, to confirm
parameters of the control is stable. As a result, the control and vibration compensation by force of
active magnetic bearing to have the same amplitude and the opposite phase imbalance, the vibration
is reduced by 95 - 99%
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Parameter Symbol Value (unit)
Length of shaft [ 35cm
Diameter of shaft D 15 mm
Weight of disk m, 0.5kg
Weight of shaft m 042 kg
Stiffness of shaft k 5.5642x10° N/m
Circular Natural o, 10,000 rpm
frequency
Damping ratio ¢ 0.1
Young's Modulus

x E 200 GPa
(Stainless steel)

Eccentrically d 15 mm
Motor speed o 3500 rpm
(maximum)

< ' = - '
AN 2 Ll,ﬁﬂﬂﬂWW’]i’liJLﬂa‘SrLLUNLLNL‘Mgﬂ

Parameter Symbol Value (unit)
Nominal air gap X 5 mm
Initial current 7 5A
Cross-section area A 12x22 mm?>
Number of Coil N 1,000 rev
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