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2-105 2-DOF PERMANENT MAGLEV ‘SYSTEM WITH LQR CONTROLLER
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this system is considercd with linear control theory, Finally,

the priﬁciple of Susp‘ensioﬁ System

duced. Sccondly, an experimental dévice based on the principle s introduced. Thirdly, the feasibility of
LOR controller is introduced to control this system, o ' :
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L. . Introduction . :
Magnetic suspension System that confrols attractive forces by
adjusting the air gap has been developed @, The foature of this
suspension mechanism is use of permanent magnets and linear
actuators. To control supporting forces, the system adjusts air gab
lengths by permanent magnet movements, ‘There were some 1DOF
developments of this suspension mechanjsm @9, .
In this paper, we study the 2 DOF ‘Suspension system that
: imnipulate the object in the vertical plane, as a one step of multi-DOF
micromanipulation. The principle of suépension system is 'explain'ed
and a 2 DOF system is introducéd. Some experimental results are
shown, ' '

2, Principle of suspension System
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Figure 1. Outline of suspension mechanism
~ Asuspension _sjstcm with a permanent magnet and linear actuator
' Is proposed as shown in Fig.1. A ferromagnetic body is suspended by
means of an atiractive force from a permanent ‘magnet positioned
above. The magnet is.driven by an actuator. The direction of levitatim;

s vertical, and the magnet and the abject move only in' this direction,
The equilibriom position s - determined b

¥ 2 balance between the
gravity force and the magnet force, ' S

3. 2 DOF suspension system
31 Ex en sefup

Figure 2, Photograph of tﬁe Profotype of suspénsiqn system ,
A photograph of a prototype 2 DOF suspension system is shown
in Fig. 2. There are three voice coil actaators which drive permanent

 magnets. The actuators are installed to semicircle rail and directions of

the magnet movements can be adjusted bye the installed position. The
stspended object i an iron ball, and i manipulated by the movements
of the three magnots, The movernents of the magnets _élnd the iron ball
are sensed by the gap sensors and the photo sensor, respectively.

‘32 Modeling and theoretic analysis of system

. As shown in Fig. 2, it is considered that the motions of the iron

ball and the magnets divide into the vertical and the horizontal
directidn movement, It is consumed that two métions,are individual

cach other. The analysis of vértical motion has been already

invwﬁgaléd O, Here, the horizontal motions which inivolve the

motions of an iron ball and two permanent magnets driven by actuators

are mainly investigated.
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Figure 3. The modal of horizontal motion )
Fig. 3. shows the modal of horizontal motion of system. As can be seen,

the symbols which are used in the following study are,
zy dmplaccmcnt of the iron ball,
2%y dlsplaccments of the feft and right permanent magnets
my: mass of the iron ball,
m, im,: mass of the magnets, )
f,f,»-generating forces of the. left and right actuatots,
[ Sz attractive forces between the ball and the magnet,
dydy: 168t and right side ais gap lengths about the ball,
Fon Kozt the coefﬁclcnts of magnetic fields.
The displacements and forces are considered positive whcn they
act in the right side direction. And it is consumed that the friction of the
guide ‘of the actuator and viscosity of the air are negligible. The
equations of the motion of the suspended object and the magnets are

moZg = fnz = fm1 . S 4]
mZ; = -5 - kz + for +far. @
myZ, =—E2, —kyzp ~ f, m2 +f

where foy=kni/d; ,fmz—huz’dz
After lineatization, the horizontal mouons can be expresscd by the

following state space model: ‘
kmdxibu . @
y=cx SR

In the model of Flg.3 the magucts are mdependcnt and f;; and f5
are the systcm mpuls Iff;; is not equal to f,; and 71, is not equal to nz,

"then the system has two inputs, ie. this system is two forces input

sysiem.

x=(20 Zg % 7 Zy zz)

Rankc' -Ac' (A)c

0 l knll . kmz 0 . - kml 0 l __km_z ]
3 -
modm mndoz h ' 01 32
i .0 o0 1]
0 kml - & - K - & 0 0
A s m - omdy m '
0 1] -1 0 0 -0
0 . kmz 0 0 __.‘-!':_2 - -kmz _kz
Mty m mdy m
\_D 0 0 0 1 ]

0% 0 000

c=|0 0 0100
0 0000 1)

‘Where the rank of controllability matrix
Ranklp 4b- A% A% 4% A%) =6, is full rank, so
the system is controllable. At the meanwhile, the rank of the
observability matrix
Uye @ye @ye| -6,
is full rank also, so the system is observable

3.3 Controller dwgn _

There many ways to design’ a oontro]ler such as Hz, H and LQR
feedback oontrol methods etc. Hcrc we choice thc I_QR control law to
design the controller of this systcm.

In this system, due to the plant is controllable and cbservable, by

means of LOR control law -lf[xrgx + u” Ru ]d¢ » When
200 '

we keep Q and R positive and constant, using MATLAB, we can et
feedback gain easily, Under such condition, the stability of system need

not considered.

4. Conclusion

Aiming noncontact mmmmampulanon, a 2 DOF m.agnctxca]ly
suspended system has been’ mvestlgatcd The followmg are
conclusions of this paper. 2 DOF prototype suspension system has
been made. To make a model of thc' system, the controllability and

'obsewablhty have been analyzed with linear control theory, As the

result of the analysm, it has been found that the system is oontrol]able
and observable, By means of LOR contro} 1w to design the oontmllcr,
the systcm is stable.
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