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How MAGLEV Works?
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JbodyOboay = T = R(F1 — F3)

MH+F,+F;,—My,;=0
hiy = Hpoay + Rsin(Opoay)
hay = Hbody . RSin(ebody)

Fy = K(hyg — hy) + b(h%d N h1:u)
F, = K(hyq — hay) + b(haq — hay)

JbogieObogie =T = R(f1 — F1— f2 + F3)
meogie+f1+f2_F1_F2_mg:0
hig = Hbogie gt RSin(Hbogie)

hyq = Hbogie = RSin(Hbogie)

-
f1=f(h1d)*< 1): f2=f(h2d)*<
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Measure Inertia

Definition
% O% Selection : Face. Scaling.2. Partl.1

Result
Calculation mode : Exact
Type : Surface

Characteristics Center Of Gravity (G)
Area 4.185m2 Gx  20mm
Mass 4774 464kg Gy 2012.297mm
Surfacic mass  1140.955kg_m2 Gz 2749.294mm

Inertia / G | Inertia / O | Inertia /P | Inertia / Axis | Inertia / Axis System

[ Select Point

Px 20mm Py 2010.603mm Pz 1516.317mm
Inertia Matrix / P

loxP 18005.474kgxm2 IoyP 14226.444kgxm2 lozP  3779.03kgxm2
byP  Okgxm2 bzP  Okgxm2 IyzP  -20.43%kgxm2

d Keep measure [ only main bodies  Create geometry | Export | customize.. |

@ ok | @ cancel|
—




Real parameter
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Of0

EHE 7| - CUserswAdministratorwDesktopWeonstant+simulink_pwm#maglev_constant.m

maglev_constant.m +

cle: clear alls

m=35200:
hldes=8:
hz2des=8:
J=18005, 474+1000000;
R=1B50/2:

I_ref = 11695.2;
g = 9.81+1000;
kp = 1000;

ki = B0:

Y = 1600;

¥res = 0.001;

k. = BO0000;

b = 1000;
m_bogie = 14000;
m_body = 20200;

J_bogie = 18005, 474+1 000000/ 34+14;

J_body = 18005, 474+1000000,34+20;

filename= "Force_Data. xlse
#|Range_h = "B1:B151 " ;
2|1Range_F = "D1:0151 " ;

hvari = wlsread(filenamne,1,»|Range_h);
F_vari = #lsread(filename,1,x|Range_F);
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Simple Modeling




Modeling, Mesh
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Finer mesh VS Dense data

 Force calculation : 7§09l = EE 0| & oA
« 150 9| Sl| Al : Shorter time is better

« System S A =M™ : Finer is better

[ =116952 A, h =8mm 7|&

Extremely Fine 4s 62101 -23386
Extra Fine 3s 18645 -23471
Normal 1s 5217 -23397

« A= : Shorter time, small difference




| = [|O|E VS COMSOL

135 17577 17577 15728.664
14 17381 17381 15561783 o= COMSOL B4 Z}
145 17241 17241 15397.544
15 -17072] 17072 15235.891 b
155 17292 17292 1507677
16 47115 17115 14852013
165 16578 16578 14765518
17 -16806 16806 14614084
175 16662 16662 1446458
18 -16512| 16512 14317.359
185 16367 16367 14172374
15 16210 16210 1402858
195 16054 16084 13888534 o0
2 -15913| 15913 13750.392
205 -15796 15796 13613912
21 -15664| 15664 13479.455
215 15492 15452 13346.579
22 15352 15352 13216447  soom
225 -15233| 15233 13087.821
23 15131 15131 12961063
235 -14347| 14947 12836.138
24 14348 14348 1271301
245 14226 14226 12551645 -
25 14111 14111 12472011
255 13991 13991 12354073
26 13733 13783 122378 | \ —
265 -13740| 13740 1212316 \
27 13584 13584 12010125 oo \
275 13491 13451 118s8.662
28 -13372| 13372 11788.745 N
285 -13255| 13255 11680.343 >
23 -13147| 13147 1157343
295 13062 13062 11467877 e
F 12505 12505 1136396
505 12843 12843 11261351
31 111 -12737| 12737 11160126
315 1115 -12614 12614 110602 i
2 112 -12524] 12524 10%elvZe
325 1125 -12428 12429 64507
142 33 113 -12338 12338 68574
143 335 1135 -12235 12235 10673.805
144 34 114 -12138] 12138 1058048 -
145 345 1145 -12043 12043 10488276
146 35 115 -11932] 11832 97.272
147 355 1155 11243 11843
148 36 116 -11747 11747
148 365 1165 -11647 11647 .
150 37 117 -11582] 11582 10044847 2 . 3 f 7 s s 10 u =
151 375 1175 -11491 11491 99595412 Gap distance|mm]

153 ) COMSO 71484887
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Normal PI control

« Kp=1000000 , ki=5000




O| =PI control

. Kp=1000, ki=50
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S7%FT o2

« Random number generator 0| &

« Step H3} X| &







Kp = 200 Ki=50

Peak-Peak : 0.04

Kp=500 Ki=50

Peak-Peak : 0.014

Kp=1000 Ki=50

Peak-Peak : 0.004
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Kp = 1000 Ki=10 IR
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Long settling time _‘ | RERERE

Kp=1000 Ki=50

Proper settling time

W

Kp=1000 Ki=200 mi |
M\WHW“W#MHMKW.MW ~HM1

Short settling time : Overshoot v




Kio|| h= MO =3

Settling time2| ZA!
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. Why???

« X0 t-O| 0| X} : high frequency
« Spring-Damper®| Low-Pass Filter &<t
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- F§El0| Xt 238}= Force 2[2t0f Ot HIS

R £ 1

F(s) bs+k

magnitude
Py



Conclusion
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