
V0146N05(19945)

調 査  報  告

SEISAN_KENKYU   279

UDC 621 318:681.58

磁気浮上機構へのデジタル制御の応用
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Background: The Laser-Guided Linear Slide at l ls

This experiment consists of a magnetically levitated linear

slider with six active control channels, four for levitation

and two for lateral guidance, all of course contact-free. The

sensor system is a new and original inventionl),2).

For a conventional active magnetic levitation a sensor

(usually eddy current or capacitive) measures the air-gap

between track and slider. This makes precision of the linear

movement largely dependent on the accuracy of the sensor

target.

In our system vertical and lateral displacements are

measured with respect to laser beams pointing in parallel

direction to the track frorn the front. The system basically

uses corner cubes on the slider which is thus entirely passive

and needs no power source. Measurement is done with

three four-segment photosensors fixed to the stator, near

the laser source. Five of the six kinematic degrees of

freedom of the slider are detected, the sixth being the

movement along the track.

A system of assigning control channels to the many

magnets had to be found. The current system needs 16

power amplifiers independent of the length of the track, it is
possible to reduce this number.

Furthermore, analog electronics was developed, consist-

ing mainly of signal processing for the sensors and of the

power amplifiers. Finally our model in Tokyo was equipped

with a fairly complex fully coupled multi-channel analog

controller and with electronics for switching the magnets

according to the position of the slider along the track.
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Digital Control for the Laser‐Guided Linear S‖ de

A n a l o g  6 o n t r o l i s  n o t  o p t i m d  f o r  t h i s  s y s t c m . T u n i n g  O f a t

least a dozen or more feedback coeffidcntsis delicate as the

magnctic bearing system is highly unstable opcn loop.

Furhcrmore it would bc desirable to compensatc for any

ilnperfection in the optical aligncments and thc mechanical

setup.Such cffects are easlily detected by thc very sensitivc

(0.l miCrOmeter ordcr)lascr photOdiodcs and can thuぎrin

principle be compensatcd. This would make a relatively

coarse setup possiЫe.For mstance,non― pardthty of● e

optical beams,offset errors,non― symllletry and variati6ns

of thc actuators along the tracks can be fully compensatcd

by a clcver digital control.

A visitor at our Lab,P■of.Sinha forn■the Univcrsity of

Rcading(England), prOposcd to in宙 te somconc from

Tokyo to come for about two months to his lab and to

realize a Transputer bascd digital control.Transputers arc

powcrful inicroprocessors、vith a special architecturc highly

suited for parallel applications. They includc scrial links

( 2‐w i r c  c o n n e c t i o n s ) w i t h  d e d i c a t e d  o n c h i p  c o m m u n i c a t i o n

hardware and software thus achieving a more efficient

opcration ibr parallel processes than e.g.signal proccssOrS.

I was intcrcsted in comparing them with signal processorsin

an actual application.

There was thc possibility to cover the travel and living

cxpenses by the Miyoshi Foundationo So we built a

completc laser guidcd lincar inagnctic suspension systenl at

the Kawakatsu Lab(Fig.1),WhiCh l took to London in my

suitcasc,including 16 channel amplifier and sensor electro‐

n i c s . I  w a s  s u r p r i s e d ( a n d  d i S a p p o i n t e d ) t O  S C C , t h a t  l  w a s

not hcld up at thc airport security checks with so much
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"suspicious" equipment.

Building a Transputer Controller for the Linear Slide.

The Univesity of Reading is located in a marvelous park
――― ――
 llaVi五『bё10ngёd to a British Lord in tlle 18th ccntury.The

campus includes dornlitories,ponds,and forests with rarc

spccics of trccs.Itis only an hourfrom London by train,40

minutcs form Oxford and a 2 hour bicycle's ridc from

Windsor castle.

The work on thc Transputer controllcr was carried out

with the grcat help of Petcr Ⅳloerk fronl the Universty of

Miskolc(Hungary)who waS Staying atthe Reading Lab for

one ycar.Thc outline of the controllcr is shown in Fig.2.

The plant has 5 input channels and 8 output channels(fOur

in vertical dircction and four in horizontal direction).Asthe

carrier movcs along the track,the output control channcls

are switOhed to the appropriatc amplifer channcls This is

donc by assigning the 8 control channcls to the appropriatc

amplificr channcls over analog switchcs.

The control can bc distributed among the T225 Transpu‐

ter(integer arithmeticl on the extcrnal control board and

the foating―point T800 Transputer on a card in thc host PC.

After assembly the boards had to be dcbuggcd with a

logic analyzer. Thcre wcre surprisingly few problcms for

boards of such complexity and they all worked in a very

short tilne.

In thc last few days the software was written.After some

not so simple dcbugging(no hclp frOm the manuals!),timcr

intcrrupt and multichanncl capabilities were added and thc

spccd could be improved to levcls comparablc with DSP

systcms(abOut 25 microseconds pcr channclfor a 2nd‐order

control). Finally, the controllcr could bc testcd for one

F i g  l
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Fig 2  Transputer controller for the linear magnetic

suspcnsion system

dcgree of frccdom.

Assessment of the transputer system

The control progralll in its present fronl is a success

although, duc to lack of time,it has not operated for all

channels.Its pcrformance fully lnccts our high expectations

Thc plcasant surprise was that itis possible to rcalizc such a

controllcr(8‐channcl fL11ly coupled with sampling rates in

the 100‐microsecond order)in Such a short timc.It is

possible to run the 2nd― order contrbl with linlitcd cross

coupling on the T225 alone,i.,.WithOutthc T800 PC‐ card

This makes thc system cxtrёmely attractivc in price and

dcveloplnent cffort, compared to a DSP― based systcm.

Thc problems start whcn going On iOm this point:As

soon as the control algorithlll becomes morc complex,

requiring cithcr higher order or floating‐point,thc total cost

is again comparable to a DSP system.

Sincc the Transputer systcm is strongcst in parallel

operation mode,it is highly depcndcnt,to what extent thc

control task allows parallel processing.Although the linear

slider is parallclizable to a certain extcnt, it is still quite

manageable by a single signal processor, as demonstatcd

subscquently. Thercfore thc conclusion would be that for

this particular application, both Transputer and DSP arc

about equal. For an application requiring more paral101

proccssing than this, c.g. for certain tasks in robotics

control,Transputers will have an cdge due to their scrid

links and clever hardware design.

There、vas onc inore problem with the Transputcr system.

Thc soft、varc,although including some beautiful basic ideas

for parallel proceSSing and data exchangc, is not enough

user friendly. Free choice of softwarc is not supported as
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well as with signal processors. The manuals are poor.

A signal processor control of comparable cost to the
'1800-T225 Transputer system has then been realized for the

linear slide.
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a system operation in vacuum.

The direct comparison of DSP and Transputer on an

actual control plant has been most valuable for our further

research in advanced rnechatronics.

Oonclus ion

Hardware and software of a Transputer-based multi-

channel controller have been realizedin the relatively short

time of just five weeks. It has been demonstrated that under

certain circumstances (low order controller) the perform-

ance of a Transputer controller is about equal to a signal
processor system of comparable cost and that the transputer

controller can be applied to this particular system.

Control of the laser guided linear slide can be parallelized

to some extent, but it is clearly not an application where the

transputer will be superior. Finally a signal processor system

was applied for the control of this system. It allows easy

compensation of manufacturing tolerances. The result is a

system which can achieve position accuracy down to the

limit of sensor accuracy, i.e. in the 0.1 micrometer order for
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