Linear drive with a moving mass-reduced and laterally guided passive
unit The invention at hand relates to a linear drive with a fixed active unit
containing coil bodies to generate an alterable magnet flow; with a
passive unit; a bearing unit permitting a low friction movement between
the active and passive units; and with a control unit by means of which the
magnet flow can be controlled. Nowadays, linear drives (also called linear
motors) that operate in accordance with the electromagnetic principle
similar to rotatory motors are utilized in the most varied fields of
engineering. One advantage of such linear drives is, among other things,
the fact that forcer generating as well as framing functions can be
integrated in a few structural units. In the case of linear drives, the active
unit as well as the pggsive HRik Ravhs heneves.glemgnt. In order to
achieve high speeds and glreat gcceleratétsnsrllv\évnh low expenditures of
force, it must generally be e moved mass. From
the German published patent application DE 32 08 380 A 1, a linear drive
is known in which permanent magnets and electromagnets are contained
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magnet flow can be conirolled.

Nowadays, linear drives {also cailed linear motors} that operate in accordance with the
electromagnetic principle similar to rotatory motors are utilized in the most varied fields of
engineering. One advantage of such linear drives is, among other things, the fact that force-
generating as well as framing functions can be integrated in a few structural units. In the case of
linear drives, the active unit as well as the passive unit may be the moved element. In order to
achieve high speeds and great acceleration with: low expenditures of force, it must generally be

attermnpted to reduce the moved mass,

From the German published patent application DE 32 08 380 A 1, a linear drive ts known in which
permanent magnets and electromagnets are contained in the active unit to generate  controliabie
magnet flow. The passive unit consists of a soft iron strip equipped with so-calied pole teeth. In
that printed text, the general principle of function of such linear motors is described in detail so

that it may be assumed that



experts are familiar with the mode of operation of linear motors. The cited
printed text also provides an indication that in general there is the
possibility of using the passive unit as the moved element while the active
unit forms the stator. However, in these cases, high masses must be
moved, allowing only minor accelerations. That is to say that the soft iron
strips serving as passive units may not be designed arbitrarily thin since
they must provide an adequate cross section of material for the magnetic
flow generated by the active unit. Otherwise, the magnetic flow density
will drop, with the resulting drive forces therefore being low. In US
4,563,602 a linear motor is describedas well that may be designed as a
one-phase synchronous machine as well as a multi-phase synchronous
machine, in this context it must be pointed out that it is irrelevant for the
invention atfiandiwhatndmberefiecusféntaphases Thecaativeradmnitisso
opetaigdwithandiwhatspecificooniobandfegulalion methods areussed;
fo Ee%'én?%‘[%‘%ﬁeaéé N, O IESRegtivaly, Eéw%ﬂeéﬁ%rt &5 %ﬁ%‘f('n%%@g £rom the

aforementioned American patent specifications It is also known that the
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described that employs the functional principle of a permanent magnet

activated fwo- phase reluctance multi-phase motor in hybrid engineering.
AR far LA HIRUTS TS ERGVE URlithe BonReffiédthe one-phase

synchronous machine as well as a muiti-phase synchronous machine. In this context it must be
pointed out that it is irrelevant for the invention at hand what number of current phases the active
unit is operated with and what specific control and regulation methods are used for an
optimization or, respectively, for an increase in precision. From the aforementioned American
patent specifications it is aiso known that the active unit and the passive unit may by coupled via
an air suspension. Such air suspensions are frequently utilized in linear drives since they

drasticalty reduce friction losses,

In the magazine “antriebstechnik™ [drive engineering] 33 {1994} No. 7, page 68, a precision direct
drive is described that employs the functional principle of a permanent magnet activated two-
phase reluctance multi-phase motor in hybrid engineering. As far as the structure of the active

unit is concerned, the



-3 contents of this printed text is incorporated here into this disclosure to
avoid any repetitions. A general representation of the structural design
and of the mode of operation of electromagnetic multiphase motors is
shown in E. Kallenbach's "Geratetechnische Antriebe" [device-engineering
drives] ISBN 3-446-15872-3, in particular in chapter 23.2. In view of the
disclosure of the mode of operation of the linear motors involved in this
invention, the experts are referred to this source as well. DE 196 43 518
A | shows a linear drive with a moved passive unit which for
mass-reducing purposes consists of a light construction base body with a
magnetizable soft iron plate attached o it. While a mass reduction of the
passive unit may be achieved with this arrangement while simultaneously
maintaining sufficient stability of the passive unit, the plate mostly made of
seftudranmaterialanust stilhave a-minimel tigkness inRragrdepravide
the required cross section to conduct the magnet flow. From 7P 56 117
572, a linear drive with a movable passive part in the form of a toothed
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ofthg-mevable RassVE ML Fhemagnet.cicuil ggneraledingachcasa.dby
the parts of the active unit is closed in the passive element. Therefore, a
not insignificant cross section of the passive unit must be made available
in dependence of the drive force required in each case.
DE 196 43 518 A 1 shows a linear drive with a moved passive unit which for mass-reducing
purposes consists of a light construction base body with 2 magnetizable soft iron plate attached 1o
it. While a mass reduction of the passive unit may be achieved with this arrangement while
simultanecusly maintaining sufficient stability of the passive unit, the plate mostly made of soft

iron material must siifl have a minimal thickness in order to provide the required cross section to

conduct the magnet flow.

From JP 56 117 572, a linear drive with a movable passive part in the form of a toothed plate has
been known. The movable passive part moves within & fixed active unit with two opposed
running surfaces that have a circular pitch. The teeth of the active run‘niﬁg surfaces are arranged
opposite the teeth of the movabie passive unit. The magnet circuit generated in each case by the
parts of the active unit is closed in the passive element. Therefore, a not insignificant cross section

-of the passive unit must be made available in dependence of the drive force required in each case.



-4- JP 2000 004 575 contains a linear actuating drive with a linear drive
and a rotation drive. Excitation of the inductors of the linear drive leads to
a translation motion of the drive shaft. The rotation of the drive shaft is
caused by the rotation drive which is located at the end of the shaft below
the rotation drive. The drive shaft is freely movable in relation to the
rotation drive in an axial direction to the effect that the rotation drive is not
moved along in the case of a translation movement. A linear drive with a
moved mass-reduced passive unit is explained in WO 03/041245 Al. For
an efficient mass reduction, the passive unit merely consists of a thin
toothed plate on which magnetically tonductive teeth alternate with
magnetically non-conductive teeth. In order to make a sufficiently great
magnetic flow possible in spite of that, an active unit with a toothed active
running suEteds provide deaaianappoesiie iside of thedpassive dhit while
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toothi@gdeplatad $mbvalily tsupportédvbétweentiielactive:aniteahdutive fixed
reflipsglgment and can be moved at high acceleration rates due to its low
mass. In addition, for a precise positioning of the toothed plate, a lateral
guidance mechanism is required for which in this printed text lateral
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magnetically conductive teeth alternate with magnetically non-conductive teeth. In order to make
a sufficiently great magnetic flow possible in spite of that, an active unit with a toothed active
running surface is provided on an opposite side of the passive unit while on the other side of the
passive unit a reflux element is arranged that provides the yoke for the magnetic fiow. The
magnetically conductive teeth of the toothed plate are flowed through by the magnetic flow but do
not need to provide the yoke cross section for the magnetic flow. The toothed plate is movably
supported between the active unit and the fixed reflux element and can be moved at high
acceleration rates due to its low mass. In addition, for a precise positioning of the toothed plate, a
lateral guidance mechanism is required for which in this printed text jateral guidance magnets are
prévided that interact with a row of auxiliary teeth arranged laterally on the toothed plate.

Howeves, it has turned out that such a lateral guidance



However, it has turned out that such a lateral guidance guidance
mechanism brings several disadvantages with it. On the one hand, the
overall size of the entire linear drive increases due to the required space
for the lateral guidance magnets and the row of auxiliary teeth. The
overall weight of the linear drive rises to the effect that it is hardly suited
for use in automatization units. On the other hand, the accuracy during
positioning achievable by means of the magnetic lateral guidance is
limited. Hysteresis effects occur that reduce the reproducibility. In
addition, the magnetically acting lateral guidance is relatively susceptible
vis- a-vis torques and transversal forcés that may act on the toothed plate.
The objective of the invention at hand is therefore to provide an improved
linear drive that, with minimal mass of the passive unit and high
genérabledrveforoesermakésdaeyenvinorerediu cethaoldrath stiugtu rathe
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Thedateral Quidance.plate.isfastened.atan.angle«preferably essentially
standing vertically on the toothed plate, and engages in a guiding gap

that extends in the reflux element along the entire length of movement.
The objective of the invention at hand is therefors To provide an improved linear drive that, with

minimal mass of the passive unit and high generable drive forces, makes an even more reduced
cverall structural size and a more stable lateral guidance possible than is known from the state of

the art,
This objective is met by the Iinear drive in accordance with claim 1.

An important aspect of the invention at hand is to be seen in the fact that the lateral gunidance of
the toothed plate functioning as passive unit is achieved with the aid of 2 lateral guidance plate
which is run in the structural space that is required for the reflux element anyway, The lateral
guidance plate is fastened at an angle, preferably essentially standing vertically on the toothed
plate, and engages in a guiding gap that exiends in the refiux element along the entire length of

movement.



-6- The guidance gap is preferably arranged centrally in the reflux element
while the lateral guidance plate runs in one plane with the symmetry axis
of the toothed plate. This makes it possible to achieve symmetric force
conditions with regard to the drive forces as well as to the required lateral
guidance forces. In the case of modified embodiments, several guidance
gaps running parallel may be provided in the reflux element into which
parallel arranged lateral guidance plates engage, each of which is
attached to the toothed plate. This may be advantageous in particular
when the depth of the guidance gap must be kept low so that only short
lateral guidance plates can be inserted. It is particularly advantageous if
the guidance of the lateral guidance plate is formed by a secondary air
bearing created in the guiding gap. An uncomplicated overall construction
ofrtheuilineaggrivve:fesitsrim particuidy whe rthepassiveiel ermieati gadsee
syRRAMer with iheaidifan.airy bearing betueandhenactive.uniiand the
reflux element, However, as & mait E&L%&iﬂ%i dle, gther, Known bearing.
desi ns'are usable as well. In a preferred embodiment, a matenal
nESEFd9%Attached to or, respectively, integrated into the lateral
guidance plate that extends in the direction of motion that serves to
detereinetheqpositiendahdhe passivedni FheappUiRNaRSensaliBaa
bg.aliached.o e Lelx.LleMERILE 1908, rame At e AIVEF Qe i
CXRMRIS, k! elic of optical meaguing RINCIRIeS Y8 e I &,
manner that 1s’Known' per se

guidance gap must be kept low so that only short lateral guidance plates can be inserted,

it is particularly advantageous if the guidance of the lateral guidance plate is formed by a
secondary air bearing created in the guiding gap. An uncomplicated overall construction of the
linear drive results in particular when the passive element is also supported with the aid of an air
bearing between the active unit and the reflux element. However, as a matter of principle, other

known bearing designs are usable as well.,

In a preferred embodiment, a material measure is attached io or, respectively, integrated into the
lateral guidance plate that extends in the direction of motion that serves to determine the position
of the passive unit. The appurtenant sensor may be attached to the reflux element or to the frame
of the drive. For example, magnetic or optical measuring principles may be used in a manner that

is known per se,



7- To generate the drive force, the magnet flow generated by the active
unit runs through the magnetically conductive teeth of the toothed plate in
the same manner as in the case of linear motors that are known per se.
However, the magnet circuit is not (or at least not completely) closed
immediately in the moved part of the passive unit, i.e. in the movably
mounted toothed plate. Instead, after running through the individual teeth,
the magnetic flow enters the fixed reflux element which in magnetic
respect forms the passive unit together with the moved toothed plate. The
material cross section effective with regard to the magnetic flow is
increased by the fixed reflux element. Therefore, the movably mounted
toothed plate may be made very thin, thereby making a drastic mass
reduction possible. In accordance with an advantageous embodiment, the
fixeg-se b elemeantisiformed bysaseftorn tackwhichhasadpassive
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In accordance with an advantageous embodiment, the fixed reflux element is formed by a soft-iron
block which has a passive runming surface which lies parallel across from the active running
surface of the active element. The toothed plate moves between these two parallel running

surfaces when the magnetic fields generated in the active unit are suitably altered.

In a modified embodiment of the linear drive in accordance with the invention, the passive runining

surface also has a circular pitch that corresponds to the circular pitch of the active running surface.

Another modified embodiment is characterized by the fact that the fixed reflux element is formed
by a second fixed active unit with a second active surface. Thus, there is one active running

element on either



_Qg_ side of the moved toothed plate which makes it possible to provide
great drive forces in spite of the largely reduced mass of the moved
toothed plate. Since the second active running surface also provides a
magnetically conductive area, there is no interruption of the magnet circuit
even though the individual teeth of the toothed plate are not directly
connected by magnetically conductive areas. In an altered embodiment of
the linear unit, the single or several lateral guidance plates do not only
extend into the reflux element but through it all the way to an opposite
toothed plate which on its part forms a passive unit for an opposite active
unit. The two toothed plates and the lateral guidance plates running
between them have a double-T cross section in this embodiment. Even if
arranging the guiding gap in a passive reflux element turns out to be
acvarithgeous duésdtrithelessreomplicatédconstuetiodintegrating the
guigiRg-gagdnionthe dixed-aciivecibitiaay fie- suitadle wadenaesiainfce alsc
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aéﬁ% unlt and, on the other hand, in the reflux element. Wlth the use of
two opposite active units, the individual coil bodies of the active units may
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on its part forms a passive unit for an opposite active unit.  The two toothed plates and the lateral

suidance plates running between them have a double-T cross section in this embodiment.

Even if arranging the guiding gap in a passive reflux element tarns out to be advantageous due to
the less complicated construction, integrating the guiding gap into the fixed active unit may be
suitable under certain operational conditions. In another modified embodiment, it is also possible
to attach one lateral gwdance plate on sach of the two running surfaces, which plates are guided in

guiding gaps that, on the hand, run in the active unit and, on the other hand, in the reflux element.

With the use of two opposite active units, the individual coil bodies of the active units may be
activated independentiy of each other or be electrically interconnecied to the effect that they form

one uniform



coil body that is activated by the control unit. It is particularly
advantageous if the moved toothed plate consists of a non-magnetically
conductive carrier plate in which the magnetically conductive teeth are
attached. The required high precision of the positioning of the individual
teeth can be achieved in this way. The carrier plate, for example, is made
of ceramic. with numerous equally distanced parallel running recesses
being provided into which soft iron strips are placed. The magnetically
conductive teeth may also be produced through other technologies, e.g.
through galvanic processes or other coating methods. In a modified
embodiment, the toothed plate consists of a magnetically conductible
carrier plate in which the individual tooth gaps are recessed as clear
spaces between the teeth. In order to provide an even surface of the
toothedplate, avhvich is @idvantageious with the use of an air bearing, the
tooth gaps are filled with a magnetically non-conductive material (e.qg.
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In a medified embodiment, the toothed plate consists of a magnetically conductible carrier plate in
which the individual tooth gaps are recessed as clear spaces between the teeth. In order to provide
an even surface of the toothed plate, which is advantageous with the use of an air bearing, the
tooth gaps are filled with a magnetically non-conductive material (e.g. synthetic resin) and

subsequently ground smooth.

To the extent that the demands on mass reduction of the moved toothed plate are not too great, the
‘moved tooth piate may also have a reftux segment that connects the individaal teeth of the toothed
- plate in conductive fashion. This reflux segment may be formed, for example, by a soft iron foil

that is asranged on the side of the toothed plate facing the fixed refiux element. In this case the

fixed refiux element and the reflux segment being moved together with it jointly provide the

desired cross section to conduct the



magnetic flow-through. The shape and size of the tooted plate can be
adapted to each case of application. In this context it is particularly
advantageous if attachment segments are provided on the toothed plate
that protrude laterally beyond the active unit and/or the reflux elements so
that a carrying unit, for example a tool carrier, may be attached to it. Such
attachment segments may be arranges alternately or simultaneously on
the lateral guidance plate as well to the effect that they protrude from the
guiding gap on the side opposite the toothed plate and can again be used
as attaching points for a carrier unit. In a particularly preferred
embodiment, a rotatory actor or minidture motor is attached to the carrier
unit. The rotational axis of the miniature motor may lie in one plane with
the moved passive unit so that a rotational movement around one rotation
axirrEfibe-feaiPed at the end of the carrier unit that lies parallel to the
motion axis of the passive unit. Particularly advantageous are toothed
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particularly well suited as bearing unit for the finear drive In
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carrier unit

In g particuiariy preferred embodiment, a rofatory actor or miniature motor is attachied to the
carrier unit. The rotaticnal axis of the miniature motor may g in one plane with the moved
passive unit 5o that a rotational moevement around one rotation axis de be reafized at the end of

the carrier unit that lies parallel to the motion axis of the passive unit.

Particularty advantageous are foothed plates having a thickness of between 0.4 mm to 3 mm. An
optimal design is achieved if the thickness of the individual teeth of the toothed plate and thus the
thickness of the toothed plate is approximately equal o the width of those teeth. In relevant tests,
toothed plates could be utilized successfully that had a total weight of only 10 g. Forces of up to

15 N were realized with such foothed plates whereby an outstanding force / mass ratio is achisved.



accordance with the invention. The air nozzles required therefor may be
attached to the active unit and in the reflux element so that the toothed
plate is guided on an air cushion on both sides. The linear drive in
accordance with the invention can of course be realized with other guiding
and bearing elements, for example if the toothed plate is mounted in a
colil rail or in a dovetail guiding mechanism. Additional advantages and
continued developments will result from the following description of
preferred embodiments of the invention, with references being made to
the drawing. Shown are in: Figure 1 a partially cut lateral view of a state
of the art linear drive, with an enlarged detailed representation; Figure 2 a
simplified cross sectional view, of an initial embodiment of a linear drive in
accordance with the invention; Figure 3 a simplified view of a longitudinal
cut ofztitirré abcarive feemnzFiguratipulafigyriesdited sirhptifie dnvitwhofigear drive in
longitisdie akeuohanembadiment with asensebtipsy FHeguwed @ siaphfia:
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mechanism,

Additional advantages and continued developments will result from the following description of
preferred embodiments of the invention, with references being made to the drawing. Shown are

in:

Figure 1 a partially cut lateral view of a state of the art linear drive, with an enlarged

detailed representation;

Figure 2 a simplified cross sectional view of an initial embodiment of a linear drive in

accordance with the invention;

Figure 3 & simplified view of a tongitudinal eut of a linear drive from Figure 2;
Figure 4 a simpiified view of a Jongitudinal cut of an embodiment with a sensor tip;
Figure 5 a simplified lateral view of a lateral guiding plate with a miniature motor

aftached to the latier.



invention conform to this known drive, the description of the principle of
the operating mode will be brief. The linear drive has an active unit |
which contains several coil bodies 2. The coil bodies 2 consist of
packetized soft iron cores that. are provided with an electrical coil 4 (see
Figure 3) to generate an alterable magnetic field. The electrical coils are
activated by a control unit (not shown) in order to design the resulting
magnetic flow in such a way that drive forces will be generated. With
regard to the mode of operation of such a linear drive, reference is made
to the state of the art indicated in the introduction to the description. The
coil bodies have an active running Sufface 5 on their side turned outward
which in turn has a circular pitch that is flowed through by the magnetic
flow. The circular pitch consists of teeth and tooth gaps, with the tooth
gapsUstalty ety it ey e rskfieacdiie Aoniscontl EivabaratErisich
ovdeniomgreate arcevemactiveirmaning Bultaeedbvinthe embodiment
showi.thedineandrivefudhermoiehasa thin mavakly: moysteddeeibes
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toothed late 10 and then enters the reflex element | 1 made of a soft iron
maafen arpaﬁtl wate n the introduction to the description,

The coil bodies have an active running surface 5 on their side turned ocutward which in turn has a
circular pitch that is flowed through by the magnetic flow. The circular piich consists of teeth and
tooth gaps, with the tooth gaps usually being filled with a magnetically non-conduciive material in

order to create an even active running surface 5.

In the embodiment shown, the linear drive furthermore has a thin movably mounted toothed plate
10 and a fixed reflux element 1 1. The iocothed plate 14 and the passive reflux element 11 together
form the passive element of the linear drive refative to the magnetic flow. The course of the
generated magnetic flow is shown in the detailed enlargement contained in Figure 1 by single lines
12, The magnetic flow originates from the teeth of the active running surface 5, penetrates the

magnetically conductive teetl 13



closes the magnetic circuit. In order to reduce any eddying currents in the
reflux element 11, it may be made as a sheet metal construction
(composed of individual metal sheets) in a manner that is known per se.
In the embodiment shown in Figure 1, the reflux element | 1 has teeth as
well that form a passive running surface 14. In other embodiments, the
passive running surface 14 may also be designed as a plane surface
since the circular pitch necessary for the generation of the drive forces is
mandatory only in the toothed plate 10. The toothed plate 10 is therefore
movably mounted between the active unit | and the reflux element 11,
with the mounting being formed by séVeral air nozzles 15 that provide an
air bearing for the toothed plate 10. Depending on the actuating method
chosen, the electrical coiling 4 may course through two soft iron cores
lying next to each other or it can in each case be attached to an
independentisoftirant:eosad: Mheraoilingee chniguermentioneafirstisch

S@Qé’é’ﬂhé%%ﬁmﬂkﬁn"]nttk%été%dﬁ’e‘e% &Hy]m%ml&ﬁ%’ﬂh@ thed %QQMPPQ” of
the description.. In modified embodim th?ﬁ vgou aso be passible to
in

nd h
connect the coiling A With & partiar coring that s atachied to an additona

ciliBayeIstated in a second active unit (not shown). In this case, this
second active unit replaces the reflux element 11 and is positioned on the
other. sitle ofthatenthedplaterkOemidibikawises itavaulha pessibla:to.

m%%%%téﬁﬂfﬁléé ?-P rl@ %&textQﬁa%gl%glqg%gga@geqﬁ%\{% lsjlﬁﬁlcvél Iltp r}xg}?also be designed
as a plane surface since the circular pitch necessary for the generation of the drive forces is

mandatory only in the toothed plate 16

The toothed plate 10 is therefore movably mounted between the active unit | and the reflux
elerent 11, with the mouniing being formed by several air nozzles 15 that provide an air bearing

for the toothed plate 10,

Depending on the actuating method chosen, the electrical coiling 4 may course through two soft
iron cores lying next to each other or it can in each case be attached to an independent soft iron
core 3. The coiling technique mentioned first is shown, for example, in the state of the art
mentioned in the introduction of the description. In modified embodiments, it would also be
possible to connect the coiling 4 with a partial cofling that is attached to an additional coil body
located in & second active unit (not shown). In this case, this second active unit replaces the refiux

eiement 11 and is positioned on the other side of the wothed plate 10.



reflux element or, respectively, a section thereof" via an iron yoke. The
magnetic circuit would continue to run through the teeth of the toothed
plate as desired. However, with this arrangement it would be possible to
generate greater drive forces per area of the toothed plate, if necessary.
The toothed plate 10 consists, for example, of a carrier plate 20 which has
a multitude of recesses in which the individual teeth 13 are arranged. In
this case, the carrier plate 20 is made of a magnetically non-conductive
material, for example ceramic. But it would also be possible to make the
toothed plate 10 of a soft iron material, with the individual teeth 13 being
magnetically connected with each other on the side turned away from the
active unit | by means of a thin plate or, respectively, foil that forms a
reflux segment. This reflux segment would then interact with the reflux
element 11, with regard to which the teeth on the passive running surface
14 can be dispensed with. Figure 2 shows a simplified cross sectional
vielytcalliviet Witos e Sooareriets sonctiee nendon. hT et aikretitithat
eleMetitswith. thesande, fuastiomasilvthe thiveoshomniashdgtie:d: axald
us,@ﬁtmtb%M@@J%@%ﬁ@dwmomgﬁ@mmg&n@%M@ab@ﬁsmlé Aecishe:
Peculiany ol fhe Invention can be. seen in the of% ct gt g‘tt%te gdfo the
movmg tobthed pciéte there is a lateral gui ing plate tha tis essenﬂaﬁ"y
vertical to the toothed plate. The lateral guiding plate 30 runs in a guiding
gape3bthwhiel i thieismibodiment Shewrris positionedrin ahelgyfmnietrssses
plareief thedafiux elemest-1dbhe laterabguiciogrplate30 isqueferably
m@%ﬁc@&sr@%%qmmem@ﬁ fﬁ?@kggg,ﬁbeé#am@t%&% $la SSRRPiGhereby

dlga ree tgg tt(Q) g alll% ?(? l'isaesoft IO %thrlg 3 %1 Sm mgmgua [ teeth 13 being magnetically

connected with each other on the side turned away from the active unit 1 by means of a thin plate
or, respectively, foil that forms a reflux segment. This reflux segment would then interact with the
reflux element 11, with regard to which the teeth on the passive running surface 14 can be

dispensed with,

Figure 2 shows a simplified cross sectional view of a Hinear drive in accordance with the invention.
To the extent that elements with the same function as in the érive shown in Figure 1 are used, they
were identified with the same reference numbers. A decisive peculiarity of the invention can be
seen in the fact that attached to the moving toothed plate, there is a lateral guiding plate that is
essentially vertical to the toothed plate. The lateral guiding plate 30 runs in a guiding gap 31
which in the embodiment shown is positioned in the symmetry plane of the reflux element 11,
The lateral guiding plate 30 is preferably made of the sarme maierial as the toothed plate 10, e.g.

ceramic, whereby different thermally caused expansions are aveided.



- 15 For a technological simplification, the reflux element 11 may be made
consisting of two parts, with the two parts being distanced from each
other during the assembly in such a way that the guiding gap 31 remains
between them. The guidance of the lateral guiding plate 30 in the guiding
gap 31 simultaneously effects the lateral guidance (relative to the motion
direction) of the moving toothed plate 10 due to the fixed connection
between the lateral guiding plate 30 and the toothed plate 10 which may
be achieved, for example, by means of welding or gluing. In the
embodiment shown in Figure 2, the guidance in the guiding gap 31 is
foamed by a secondary air bearing Which in turn is produced by air
nozzles 15. The lateral guiding plate 30 preferably has essentially the
same length as the toothed plate 10. The width of the lateral guiding plate
30 may also be generous since sufficient structural space is available in
therdegpthofdthe sirafliixeleme ritkhusHheresis & lasge-guidingsudage,
ayailafle.[oprovidedbelateral auidancs.of. the Joothed.Rlate 9, 4a.the
efjﬁe}&g1 ghgt 5[1@ accurac e01; }Qg motion of the toothed plate 10 becomes
VEry wfo%%enéen?o? the Ta{erally effective forces and momentums. Figure
3 shows a simplified view of a longitudinal cut of the linear drive shown in
Fitha i 2ndmsthviewEleaihe showsithiat dhiddateral! gunding plateB30akiends
essentiallyracressthe entitasepthiol) thedefiuxalemetllicl uth@the fixed
embediment.shown,the Jateral guiding: plate 30, D e oL CARIES B e,

material measure 32 that can be evaluated for a precise ascertainment of

thfgr 56a§ﬁaﬁi8hb%fnﬁ%nes of welding or gluing.
In the embodiment shown in Figare 2, the guidance in the guiding gap 31 is formed by &
secondary air bearing which in turn is produced by air nozzies 15, The lateral guiding plate 30
preferably has essentially the same length as the toothad plate 10. The width of the lateral guiding
plaie 30 may also be generous since sufficient structural space is available in the depth of the
reflux element. Thus, there is a large guiding surface available 1o provide the lateral guidance of
the toothed plate 10, to the effect that the accuracy of the motion of the toothed plate 10 becomes

very independent of the laterally effective forces and momentams,

Figure 3 shows a simplified view of a longitudinal cut of the linear drive shown in Figure 2, Thisg
view clearly shows that the lateral guiding plate 3¢ extends essentially across the entire depth of
the reflux element 11, In the embodiment shown, the lateral guiding plate 30 furthermore carries a

material measure 32 that can be evaluated for a precise ascertainment of the position of the



moving passive unit. In addition, two attachment segments 33 are formed
on the lateral guiding plate 30 that protrude from the reflux element I |
during the motion. Similar attachment segments 33 can also be found on
the toothed plate 10 (see Figure 2), with these attachment segments
protruding laterally beyond the reflux element and remaining accessible
during the motion as well. Figure 4 shows a cross sectional view of a
modified embodiment of the linear drive. In this case, the linear drive
serves the movement and positioning of a sensor needle 34 that is
attached to the attachment segments 33 via a carrier unit 35. Other tools
may be attached to the carrier unit 354%n lieu of the sensor needle 34. The
positioning of work pieces is also possible with the linear unit. In order to
maintain the advantages of the linear unit which, among other things,
result from the low weight of the moving passive unit, the carrier unit 35
shouid: bewenstructedias, ightanthstift-as-possibigaher exanyie) shruts
”]ﬁﬁ@s@ir&%ﬁ%&‘a fight.meftal CiE-rﬁéHit?Q %J}BE navhe sHachedfo & ements
atiachment segments 33 F'%%E‘%(? m‘% g" dified embodiment of the
latera UI ance pPaPe §8 e linear drive i etailed view."A'miniature
rrRS?BP@’(‘r (&t CREA B FRE S ELEITH B SBEETE TS B thisnates a10tgn iding -
plate 30 by means of the carrier unit 35 in lieu of the sensor needle. The
miniature motor 36 is therefore moved alone during a translatory

mﬁyﬁg@%&@yég g 5@%59&? Jlgk@ Qiraq‘rllva?f é%‘ !&%%guﬁﬁm g@ {%¥ Ql%agd¥%ngﬁq case

examI[]:)Ie on the the mlglature motor 36 which Is thergfore linearly dlsplaceab1e
157 A POt E B S T SRS B5RE FIRE ?ﬁ?ﬁfa%?é“rﬁﬁ%?”ﬁ?ﬁv
pé%?ﬁ@h‘iﬁfg“% Satidgearrier un;t 35. Other tools may be attached 1o the carrier unit 35 In

lieu of the sensor needle 34, The positioning of work pieces is also possible with the linear unit.

In order to maintain the advantages of the linear unit which, among other things, result from the
jow weight of the moving passive unit, the carrier unit 35 should be constructed as light and stiff
as possibie. For example, siruts made of ceramic, light metal or carbon fiber may be atiached to

the attachment segments 33

Figure 5 shows a modified embodiment of the lateral guidance plate 30 of the linear drive in a
detailed view. A miniature motor 36 1s atfached to the attachment segment 33 of the lateral
guiding plate 30 by means of the carrier unit 35 in lien of the sensor needie. The miniature motor
36 is therefore moved along during a fransiatory movement caused by the linear drive. A hook 37

may be arrangad for example on the miniature motor 36 which is therefore linearly displacesble



solved by means of such a hook, in particular so-called Z-"P movements.
To this end, the linear drive in accordance with the invention may be
attached to a carrying arm moving in the X-Y plane. as is known, for
example, from automats for the equipment of printed circuit boards. Great
accuracies as well as high speeds and accelerations can be achieved with
it. - 1S- List of Reference Symbols | active unit 2 coil body 3 soft iron core
4 electrical coiling 5 active running surface 10 toothed plate i | reflux
element 12 magnetic flow 13 teeth of the toothed plate 14 passive
running surface 15 air nozzles 20 carrier plate 30 lateral guiding plate

- 17-

and rotatable around the rotation axis of the miniature motor. Many positioning tasks can be
solved by means of such a hook, in particular so-calied Z-¥ movements. To this end, the linear
drive in accordance with the invention may be attached to a carrying arm moving in the X-Y
plane, as is known, for exampie, from automats for the equipment of printed circuit boards. Great

accuracies as well as high speeds and accelerations can be achieved with it.



31 guiding gap 32 material measure 33 attachment segments; 34 sensor
needle 35 carrier unit 36 miniature motor 37 hook - 19- Patent Claims 1
Linear drive with a fixed active unit (1) with coil bodies (2) for the
generation of a controllable magnetic flow and an active running surface
(5) which has a circular pitch flowed through by the magnetic flow; a
fixed reflux element (11); a passive unit that is designed in the form of a
thin toothed plate (10) and mounted movably between the active running
surface (5) and the reflux element (11) and comprising the magnetically
conductive (13) and magnetically non-conductive tooth gaps in a manner
corresponding to the circular pitch of the active running surface (5) and its
alignment; and

List of Reference Svmbols

1 active unit

H

coil body

soft iron core

L5

4 electrical coiling

(9]

active running surface

10 toothed plate

il reflux element

12 magnetic flow

13 teeth of the toothed plate
14 passive running surface
15 air nozzies

20 carrier plaie

30 lateral guiding plate

31 guiding gap

32 material measure

33 attachment segments
34 sensor needle

35 carrier unit

36 miniature motor

37 hoolk



a bearing unit (15) that permits the relative motion between the active and
passive units; characterized by the fact that a lateral guiding plate (30) is
attached to the toothed plate (10) that extends at an angle to the plane of
the toothed plate (10) and into a guiding gap (31) where it is guided, with
the guiding gap (31) running in the reflux element (I 1) or in the active unit
(2). 2. Linear drive in accordance with Claim 1, characterized by the fact
that the lateral guiding plate runs essentially vertically to the toothed plate
(10) and that the guidance of the lateral guiding plate (30) is formed by a
secondary air bearing built up in the guiding gap (31), -20 3. Linear drive
in accordance with Claim 1 or 2. characterized by the fact that the lateral
guiding plate (30) carries a material measure (32) extending in the
direction of motion which is scanned to determine the position of the
passive unit by a sensor located on the reflux element (11). 4. Linear
divennCGanrdance with one of Claims | through 3, characterized by the
fact that the toothed plate (10) comprises a magnetically non-conductive
carrier plate, (20).with a multitude of equally spaced parallel running
recesses into which the conductive teeth (13) have been placed, and that
the thickheb&6f Hi& 08B Piatd pi85i6 LS EritaR e LR prrgntroliable
magnetic flow and an active running surface (5) which has a circular pitch flowed

through by the magnetic flow;

¢ afixed reflux element (11

® & passive unit that is designed in the form of a thin toothed plate {10) and mounted
movahty between the active running surface (35) and the reflux element (11} and
comprising the magneticaliy conductive {13) and magnetically non-conductive tooth
gaps in a manner corresponding to the circular pitch of the active running surface (5)
and its alignment; and

¢ a bearing unit (15) that permits the relative moticn hetween the active and passive
units;

characterized by the fact that a lateral guiding plate (30) is attached to the toothed plate

(10} that extends at an angle to the plane of the toothed plate (1¢) and into a guiding gap
(31) where 1t is guided, with the guiding gap (31} running in the refiux element (11} or in

the active unit (1).

t2

Lingar drive in accordance with Claim 1, characterized by the fact that the lateral guiding

plate runs essentially vertically to the toothed plate (10} and that the guidance of the

lateral guiding piate (30 is formed by a secondary air bearing built up in the guiding gap
{31,



the width of the individual teeth (13). 5. Linear drive in accordance with
one of Claims | through 4, characterized by the fact that the bearing unit

- for the toothed plate (10) is formed by an air bearing. 6. Linear drive in
accordance with one of Claims | through 5, characterized by the fact that
the toothed plate (10) and/or the lateral guiding plate (30) have
attachment serpents (33) that protrude beyond the space occupied by the
reflux element (11). 7. Linear drive in accordance with Claim 6,
characterized by the fact that a carrier unit (35) is attached to the
attachment segments (33). _21- 8. Linear drive in accordance with one
Claim 7, characterized by the fact thaj,an actor or miniature motor (36) is
attached to the carrier unit (35) which makes the rotation of a tool (37)
around a rotational axis possible. 9. Linear drive in accordance with one of
Claims | through 8, characterized by the fact that the reflux element is
fotmed W@%@(‘f@ﬁd%@@&tﬁ%%ﬂ Whiietsizests i Betibel treimisinlg
surface withraptircBlarpiieh: towed through Hy-ihel agmeneuﬂ@w(andtmth
coil bodjigg:i aanerate;R.cRRLalaRie MAGNETHOW k0 LIRS IME IR, e
accordan%e Wlth ooggf Claims | through 9, characterized by the fact that
the carrier ﬁ]ate 2 d the lateral guiding plate are made of a

magnetically non- conductive material, in particular ceramic, plastic or
glass. Linear drive in accordance with one of Claims 1 through 3, characterized by the fact that

the toothed plate (1) comprises a2 magnetically non-conductive carrier plate (20) with a
muititude of equally spaced parallel running recesses into which the conductive teeth {13)
have been placed, and that the thickness of the toothed plate (10) is essentialiv equal to

the width of the individual teeth (13},

5. Linear drive in accordance with one of Claims 1 through 4, characterized by the fact that

the bearing unit for the toothed plate (10) is formed by an air bearing.

6. Linear drive in accordance with one of Claims 1 through 5, characterized by the fact that
' the toothed plate (10} and/or the lateral guiding plate (30} have attachment segments {33)

that protrade beyvond the space occcupied by the reflux etement (11).

7. Linear drive in accordance with Claim 6, characterized by the fact that a carrier unit (35

is attached 1o the attachment segments (33



11. Linear drive in accordance with one of Claims | through 10,
characterized by the fact that the toothed plate (10) has a thickness of 0.4
to 5 mm. 12. Linear drive in accordance with one of Claims 1 through 11.
characterized by the fact that the lateral guiding plate (30) essentially
extends across the entire length of the toothed plate (10) in the direction
of motion. 13. Linear drive in accordance with one of Claims | through 12,
characterized by the fact that the lateral guiding plate (30) extends
between two opposite toothed plates (10), with each of the opposite
toothed plates being allocated to nN079pposing active units.

11

1Z.

Linear drive in accordance with one Claim 7, characterized by the fact that an actor or

miniature motor (36) is attached to the carrier unit (33) which makes the rotation of a teol

{37) around a rotational axis possibie.

Linear drive in accordance with one of Claims 1 through 8, characterized by the fact that

the reflux element is formed by a second fixed active unit which has a second active
running surface with a circular pitch flowed through by the magnetic flow and with coil

bodies to generate a controliable magnet flow,

Linear drive in accordance with one of Claims 1 through 9, characterized by the fact that

the carrier plate (20} and the lateral guiding plate are made of a magnetically non-

conductive material, in particular ceramic, plastic or glass.

Linear drive in accordance with one of Claims 1 through 10, characterized by the fact that

the toothed plate (10) has a thickness of 0.4 to 5 mm.

Linear drive in accordance with one of Claims 1 through 11, characterized by the fact that

the lateral guiding plate (30) essentially extends across the entire length of the toothed

plate (10) in the direction of motion.

Linear drive in accordance with one of Claims 1 through 12, characterized by the fact that

the lateral guiding plate (30) extends between two opposite toothed plates (10), with each

of the opposite foothed plates being aliocated to two opposing active units.



