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Description

Field of The Invention

[0001] This invention relates to machine tools and, in
particular, to tool carriages which carry and position a
tool (s) for use with respect to a workpiece, and to work-
piece carriages which carry and position a workpiece(s)
with respect to the tool so that work can be performed
on the workpiece (s) : and, more especially, to the mount-
ing of such carriages to the support structure of the ma-
chine tool therefore and the drives for effecting move-
ment of such carriages with respect to their respective
support structure and, when appropriate, to each other.

Background Of The Invention

[0002] Machining processes typically require a work-
piece, such as a camshaft, to be mounted between a
headstock and a tailstock each carried by a workpiece
carriage disposed for linear movement along ways, slides
or tracks carried by the bed of a machine tool. The work-
piece is usually carried by the headstock and tailstock
for rotational movement about an axis of rotation passing
through at least a part of the workpiece. The worktool for
such machining processes, which may be a grinding
wheel for example, is also mounted to or carried by a
carriage which is also disposed for linear movement
along ways, slides or tracks carried by the bed of the
machine tool. A grinding wheel worktool would be carried
by its tool carriage for rotation about its axis of rotation.
[0003] The linear movement required for such carriag-
es is usually such that the carriages are moved from
home position in a first direction, possibly in increments,
and then returned in the opposite direction to or towards
the home position, possibly in increments also. Itis com-
monplace to accomplish such linear carriage motion
through conventional mechanisms such as ball screws,
linear motors, or similar devices. Some worktool carriag-
es are, in turn, mounted upon another carriage so that
the worktool can be moved in directions parallel to the
workpiece as well as in directions perpendicular to the
workpiece.

[0004] Relative movement between such carriages
and their respective supporting ways, slideways, tracks
or the like also requires the use of bearings or bearing
surfaces on or between the carriage and its supporting
structure. The incorporation of such bearings and/or
bearing surfaces, however, more often then not may also
permit the carriage to twist and turn in horizontal and
vertical and rotational manner with respect to its mount-
ing on the machine tool; especially in reaction to forces
developed when the tool is in contact with the workpiece.
Twisting and turning of the carriage and the workpiece
carried by the carriage with respect to the worktool often
results in improperly machined and unacceptable work-
pieces.

[0005] The stiffer the bearing arrangement between
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the carriage and its support structure the better the ma-
chining. It has been proposed to increase the stiffness
of relatively movable machine tool components by utiliz-
ing hydrostatic type bearings between relatively moving
surfaces thereof. However, hydrostatic bearing design
quite often requires the creation of secondary surfaces
in a plane or planes parallel to the intended bearing sur-
faces and the application of hydrostatic fluid to those sec-
ondary surfaces to generate fluid pressure in directions
opposite to that of the fluid pressure between the intend-
ed bearing surfaces in order to obtain an effective hydro-
static bearing arrangement and maintain an optimal gap
spacing between the primary bearing surfaces. The cre-
ation of those secondary surfaces and the provision of
passageways to provide hydrostatic fluid thereto not only
results in design problems for the machine components
but also may unduly and unacceptably increase the cost
of machining the component.

[0006] It has also been proposed to utilize linear elec-
tromagnetic type drives (i.e., linear motors) to effect
movement of the machine tool carriages on these re-
spective slides, slideways or tracks. However, some such
linear motors generate considerable attractive forces be-
tween their coil assemblies and magnetic plates and
therefore require heavy duty bearing arrangements in
order to function properly and effectively.

[0007] US- A-4 985 651 discloses a positioning table
including a pair of parallel rails defining an axis of motion.
The moveable assembly includes linear motors disposed
for motion along the rails.

SUMMARY OF THE PRESENT INVENTION

[0008] Itis an object of the present invention to provide
an improved combined drive and support for a machine
tool by which a part thereof can be supported and driven
along a linear path to facilitate the machining of work-
pieces.

[0009] The invention, in its various aspects, is as set
out in the accompanying claims.

[0010] According to one aspect of the present inven-
tion, a combined drive and support, as aforesaid, com-
prises: a linear slideway having a magnetic track along
which a carriage will move in one direction or the other
when a moving magnetic field is generated by an elec-
tromagnet assembly mounted in the carriage, depending
upon the direction of movement of the generated mag-
netic field, and first hydrostatic bearing means acting be-
tweenthe carriage and the slideway (or between the elec-
tromagnet assembly and the track or any combination
thereof) are effected and facilitated by the attractive force
between the electromagnet and the track.

[0011] In a preferred arrangement, the slideway also
includes rigid elongate flanges or rails running parallel to
the slideway, or track, and presenting spaced apart ver-
tical faces which cooperate with opposed spaced vertical
faces of a housing part, or extensions thereto, to increas-
es the stiffness of the bearing arrangement to limit the
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tendency of the carriage to tilt relative to the line of motion
defined by the slideway. Second hydrostatic bearing
means may be provided to advantage between the said
opposed vertical faces.

[0012] In another embodiment of the invention addi-
tional hydrostatic bearing means may be provided acting
in the same sense as the force of attraction between the
electromagnet and the track. This additional hydrostatic
bearing may be constructed by way of hydrostatic pads
situated in appropriate elongate flat faces formed on or
in extensions to or additional parts secured to the extend-
ing frame, the slideway, or a rigid machine part to which
the slideway is attached or of which the slideway forms
a part such as a machine bed.

[0013] The fluid pressure in the additional hydrostatic
bearing means is preferably made at least in part de-
pendent upon the pressure in the first hydrostatic bearing
means, so as to provide a stabilizing effect.

[0014] The additional hydrostatic bearing means may
alternatively be located between the electromagnet as-
sembly and the carriage, so that when in use, the .former
is hydrostatically isolated from the carriage and the car-
riage is itself hydrostatically isolated from the slideway.
[0015] Where the weight of the carriage assembly (in-
cluding any tool or workpiece mounted thereon) is con-
siderable, and where the attractive force between the
electromagnetassembly and the track is sufficiently great
(and acts in the same sense as the weight component
of the housing etc.), the additional hydrostatic bearing
means may not be required or may only be needed to
provide a damping force to reduce instability during op-
eration, such as caused by varying machining forces,
which because of the air gap provided between the elec-
tromagnet assembly and the track can permit vibration
ofthe carriage assembly to occur, relative to the slideway/
track.

[0016] Inyetanother alternative arrangement an elec-
tromagnetic assembly may be selected, having upper
and lower parallel driving faces, each of which will, when
located relative to a magnetic track, produce linear move-
ment of the assembly relative to the track, and the elec-
tromagnet assembly may be mounted in the carriage so
as to be fully floating between the slideway track, and a
second similar (but shorter) track, which is mounted par-
allel to the first track, within the carriage and is secured
to the carriage. By constraining the electromagnet as-
sembly within the carriage so as to be incapable of rela-
tive fore and aft movement but to be capable of limited
relative movement perpendicular to the fore and aft
movement of the carriage to the extent permitted by air
gaps between the slideway track on the one hand, and
the carriage on the other hand, so the netelectromagnetic
force acting on the carriage will be in a fore or aft direction
thereby effecting the desired linear movement.

[0017] Preferably the force between the assembly and
the carriage track is opposite in sense to that between
the assembly and the slideway track, and has inverse
magnitude versus gap-size characteristics, so as to in-
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troduce electromagnetic damping of any vibration intro-
duced due to machining or other forces.

[0018] The invention envisages the combination of hy-
drostatic damping and electromagnetic damping if de-
sired, by the use of both when required.

[0019] The invention also lies in a machine tool com-
prising a stationary base and at least one slidable mem-
ber (carriage) movable linearly relative to the base by a
combined support and drive means as aforesaid.
[0020] The accompanying drawings show a slideway
for a machine tool part which is to be moved along the
slideway and which incorporates a linear electromagnet-
ic drive, such as might be supplied by Indramat GmbH,
and hydrostatic bearing, between the slideway and mov-
able machine tool part, the operation of which is facilitated
and effected by the attractive forces produced between
the electromagnetic drive parts, and further modifications
incorporating additional hydrostatic bearings to increase
stiffness and/or introduce damping and/or isolation of
component parts. The linear motors can also be of the
type supplied by Anorad Corporation or NSK USA.
[0021] It is an advantage to utilize a linear motor as
aforesaid in a carriage and slideway assembly of a ma-
chine tool in which hydrostatic bearings are required to
increase the stiffness of the carriage and slideway as-
sembly, since by doing so the need for conventional hy-
drostatic bearing pads which are otherwise needed to
oppose primary bearing pads may be obviated or re-
duced to the need for damping pads only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The foregoing and other objects and attributes
of the present invention will be described with respect to
the following drawings in which:

FIG. 1 is a schematic side elevational view of a ma-
chine tool of the type which could incorporate the
present invention;

FIG. 2 is a side elevational view of a tool carriage,
incorporating the drive and bearing arrangement of
the instant invention, carried by the slideway of a
machine tool such as one of the type schematically
shown in FIG. 1;

FIG. 3 is a sectional view taken along line 3-3 of FIG.
2, enlarged to better show details of the drive bearing
arrangement of the instant invention;

FIG. 4 is a plan view of the underside of the tool
carriage of FIGS. 2 and 3.

FIG. 5is aschematic sectional view of a conventional
hydrostatic bearing arrangement of the type utilized
for tool carriages and/or work carriages of machine
tools; and
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FIG. 6 is a schematic perspective view of a linear
motor of the type incorporated into the instant inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0023] Referring to FIG. 1, there is generally shown a
machine tool in the form of a grinding machine 10 having
a bed or base 12 which, in turn, carries a workpiece car-
riage 14 carried by the base 12 to move in the direction
of arrows X-X along a set of spaced track guides or slide-
ways 16 provided on an upper surface of bed 12 in con-
ventional construction and manner. A headstock (not
shown) and a tailstock 18, both of conventional construc-
tion, are carried by workpiece carriage 14 to mount ther-
ebetween a workpiece 20 for coaction with a grinding
wheel 30 and to rotate workpiece 20 while being ground
by the grinding wheel 30. Workpiece 20 in this instance
is a camshaft mounting a plurality of cams 32.

[0024] Grinding wheel 30 is rotatively carried by a
wheelhead 40 also disposed on machine base 12, and
is driven by belt 42 powered from a motor 44 also carried
by wheelhead 40. Wheelhead 40 includes a carriage 50
slideably disposed to move in the directions of arrows Y-
Y along guides, tracks or slideways 52 carried on another
upper surface of base or bed 12. Tracks or slideways 52
are also of conventional construction and are disposed
atop base 12 in conventional manner to guide and facil-
itate the movement of tool carriage 50 and grinding wheel
30 in the directions of arrows Y-Y to effect and facilitate
grinding of cams 32 on workpiece 20. In some machine
tool configurations an undercarriage 56 would mount
slideways 52 to facilitate movement of the grinding wheel
30 towards and away from the workpiece 20 and would
itself be mounted for movement along a similar set of
tracks or guideways 60 carried by machine bed 12 but
so that undercarriage 56 is disposed to move in the di-
rection of arrows X-X to position grinding wheel 20 for
coaction with other segments of workpiece 20.

[0025] Suitable and conventional controls 62, prefer-
ably CNC controls are provided to control the movement
of carriages 14, 40 and 56, as well as motor 44, rotation
of workpiece 20, and other functions of machine 10.
[0026] Workhead 140, shown in FIGS. 2-4, incorporat-
ing the present invention, rotatively mounts a grinding
wheel 130 for coaction with a workpiece (not shown) that
is itself relatively mounted between a headstock and a
tailstock by a workpiece carriage in a manner similar to
that described above for workpiece 20. Work carriage
150 of workhead 140 is positioned above and for coaction
with a pair of spaced rails 152, shown in FIG. 2, of a work
carriage slideway 160, shown in FIGS. 2 and 3, suitably
and conventionally carried by a machine bed 162, shown
in FIG. 2, to facilitate movement of work carriage 150 in
the directions of arrows X-X. A primary drive means or
electromagnet coil assembly 170, shown in FIGs. 2 and
3, is carried by carriage 150 so as to face but be spaced
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from a secondary drive means or permanent magnet
plate or set of plates 172 disposed on top of the slideway
160 between rails 152 thereof and extending the length
of the slideway 160. The permanent magnet plates 172
form a magnetic track which may also be an induction
track, or which may be formed from electromagnets prop-
erly charged to coact with the primary 170. Primary drive
means 170 and secondary drive means 172 thus form
and provide a linear motor 174 for wheelhead 140 and
wheel or tool carriage 150. Similar linear motors may also
be provided for an undercarriage if one is provided for
wheel carriage 150 and for the work carriage. The linear
motor may otherwise be of conventional construction,
conventionally powered and controlled to provide the re-
quired movements for the tool carriage, undercarriage
and/or work carriage.

[0027] A schematic of a conventional linear motor is
shown in FIG. 6, wherein a primary drive means 180 is
housed within a carriage 182 so as to face and coact with
a secondary drive means 184 disposed between spaced
rails 186 of a slideway 188.

[0028] Tool carriages, undercarriages, work carriages
and the like require bearing arrangements between the
carriage, such as carriage 150, and the slideway, such
as the slideway 160. A comparatively stiff bearing is pro-
vided between carriage 150 and slideway 160 by forming
hydrostatic bearings 200 between the surfaces of rails
152 and surfaces 202 of carriage 150. A plurality of hy-
drostatic pads 210, shown in FIGS. 3 and 4, are formed
in surfaces 202 of carriage 150 proximate each corner
thereof. Pads 210 are elongated as shown more clearly
in FIG. 4 and are of an appropriate and relatively shallow
depth for hydrostatic purposes. It should be noted that
pads 210a are of a greater elongation than the other pads
210 to provide extra fluid support for grinding wheel 130
at that location on workhead 140.

[0029] An opening or port 230 opens into each pad
210, 210a and extends therefrom into fluid passageways
232 and 234, shown in FIG. 3, which terminate respec-
tively at couplings 236 of a size and configuration to ac-
cept fluid conduits 238, the other ends of which are con-
nected to a source of hydrostatic fluid such as a manifold,
pump or reservoir (not shown) of conventional construc-
tion and operation. Suitable and conventional controls
are provided to develop and maintain a fluid pressure
appropriate for relatively stiff hydrostatic bearings.
[0030] Pads210,210acorrespond topads 310, shown
in FIG. 5, of a part A of the schematic conventional hy-
drostatic bearing arrangement of FIG. 5 which is provided
to better understand the instant invention in comparison
to conventional hydrostatic bearing arrangements. Fluid
passageways 312 extend from pads 310 to another fluid
passageway 314 which receives hydrostatic fluid at en-
tries 316 from a suitable source of fluid appropriate for
hydrostatic bearing uses and under suitable pressures
and controls. Fluid from pads 310 forms a hydrostatic
bearing between facing surfaces 320 of part A and 322
of part B so that part A can be moved in the direction of
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arrows X-X with respect to part B (i.e. into and out of the
figure). The greater the fluid pressure the stiffer the hy-
drostatic bearing.

[0031] The hydrostatic bearing pads 310 may be iso-
lated from the fluid passageways 312 and 314 by con-
ventional restrictors (not shown) to prevent the system
from locking up.

[0032] Hydrostatic bearings, however, must be pre-
loaded to - maintain an appropriate gap spacing between
the opposed bearing surfaces. If the gap is too narrow
the bearing will not function properly and if the gap is too
large the fluid will simply pour out and the bearing will
lose its stiffness. In conventional hydrostatic bearings a
"pre-load" is provided by fabricating a set of "pre-load"
surfaces 330, 332 with fluid pads 334 formed in the sur-
face 330. Fluid passageways 336, 338 direct the hydro-
static fluid to "pre-load" pads 334. The fluid pressure pro-
vided by pads 310 act against surfaces 322 of part B and
the reactive forces generated thereby act to separate
parts A and B, but if part B is fixedly disposed then those
forces will tend to move part A away from part B, modified
to a slight degree by the weight of part A. The "pre-load"
forces generated by fluid pressure acting against surfac-
es 332 of part B, on the other hand, generate reactive
forces between surfaces 330, 332 which tend to draw
part A towards part B. A controlled "pre-load" can thus
provide an effective control for the gap spacing between
the bearing surfaces of a hydrostatic bearing.

[0033] Utilization of conventional hydrostatic bearings
thus requires designing the moving part to provide for
"pre-load" surfaces, hydrostatic fluid pads and passage-
ways as well as the expense of machining those surfaces,
pads and passageways into the moving part.

[0034] Conventional linear motors, such as the one
shown in FIG. 6 and linear motor 174 of the instant in-
vention, may generate strong attractive forces between
the primary drive means and the secondary drive means.
Thus, by the selection of the appropriate linear motor,
one that so generates a strong attractive force between
the primary and the secondary, the instant invention pro-
vides its own "pre-load" for the hydrostatic bearings and
eliminates the requirement for "pre-load" surfaces, hy-
drostatic pads, passageways and fluid for those "pre-
load" pads and passageways.

[0035] Linear motor 174 of the instant invention has
thus been selected to provide an attractive force between
the primary 170, carried by tool carriage 150, and sec-
ondary drive means 172, fixedly carried by slideway 160,
which when augmented by the force from the weight of
the workhead 140, provides an appropriate and suitable
"pre-load" for hydrostatic bearings 200. In this instance,
linear motor 174 generates an attractive force of approx-
imately 7,000 Ibs. Linear motors which generate greater
or lesser attractive forces between their respective pri-
maries and secondaries may also be utilized depending
upon the required stiffness of the hydrostatic bearing(s).
Greater attractive forces permit greater fluid pressure for
hydrostatic bearings and thus stiffer hydrostatic bear-
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ings.

[0036] Additional hydrostatic bearings 300, shown in
FIG. 3, are provided between vertical surfaces 302 of
tool carriage 150 and vertical surfaces 304 of slideway
160. Hydrostatic pads 310, similar to pads 210 but not
necessarily of the same circumferential configuration are
formed in vertical surfaces 302 either at the respective
ends of the carriage 150 or so as to be distributed from
end to end thereof. Suitable hydrostatic fluid is provided
to pads 310 through ports and passageways 320 from
an appropriate supply of hydrostatic fluid under control
from suitable conventional hydrostatic fluid pumps and
controls. The hydrostatic fluids which exit bearings 200
and 300 drain into cavity 350 provided in slideway 162
and then drain therefrom through a conduit 352 into a
reservoir 360 which may be equipped with suitable and
appropriate circulating pumps and controls to maintain
the desired pressure for hydrostatic bearings 200 and
300. If desired attractive forces of the type described
above for bearings 200 may also be provided for either
or both hydrostatic bearings 300 to "pre-load" those bear-
ings.

[0037] Further hydrostatic pads (not shown) may be
provided for pads 210, 210a, for damping purposes with
respect to bearings 200, but arranged and positioned as
though utilized for "pre-load" purposes. Suitable fluid for
hydrostatic uses would be supplied to such damping
pads through suitably provided passageways. Moreover,
and if forces additional to the attractive forces of the linear
motor 174 are required, the further hydrostatic pads may
be utilized for "pre-load" purposes as well as or instead
of for damping purposes.

[0038] Having described the preferred embodiments
of the present invention, it is believed that other modifi-
cations, variations and changes will be suggested to
those skilled in the art in view of the description set forth
above. It is therefore to be understood that all such var-
iations, modifications and changes are believed to fall
within the scope of the present invention as defined in
the appended claims.

Claims

1. A carriage drive and mounting for a carriage (150)
and slideway (160), wherein said carriage (150) is
carried by said slideway (160) for movement along
said slideway between a first slideway location and
a second slideway location and various slideway lo-
cations therebetween, comprising:

(a) linear motor drive means (174) including a
primary drive means (170) and a secondary
drive means (172) one of which is carried by
said carriage and the other of which is carried
by said slideway;

(b) said carriage including a first hydrostatic
bearing surface (202) and said slideway includ-
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ing a second hydrostatic bearing surface (202);
(c) hydrostatic fluid means providing hydrostatic
fluid for said first hydrostatic bearing surface
(202) and said second hydrostatic bearing sur-
face (202);

(d) said first hydrostatic bearing surface and said
second hydrostatic bearing surface and said hy-
drostatic fluid means coacting to provide a hy-
drostatic bearing means between said carriage
and said slideway to facilitate movement of said
carriage; and

(e) said primary drive means (170) and said sec-
ondary drive means (172) of said linear motor
drive means (174) coacting to provide a prede-
termined attractive force of predetermined mag-
nitude and predetermined direction and which
facilitates functioning of said hydrostatic bearing
means.

A carriage drive and mounting as recited in claim 1,
wherein said primary drive means (170) is carried
by said carriage (150) and said secondary drive
means (172) is carried by said slideway (160).

A carriage drive and mounting as recited in claim 2,
wherein said secondary drive means (172) extends
from said first slideway location to said second slide-
way location.

A carriage drive and mounting as recited in claim 3,
wherein said secondary drive (172) means includes
a plurality of permanent magnet plates and said pri-
mary drive means includes an electromagnet.

A carriage drive and mounting as recited in claim 2,
wherein said first hydrostatic bearing surface (202)
includes a plurality of hydrostatic fluid pads (210).

A carriage drive and mounting as recited in claim 5,
wherein a pair of said plurality of hydrostatic fluid
pads (210) are disposed proximate each end of said
hydrostatic bearing surface (202).

A carriage drive and mounting as recited in claim 6,
wherein said first hydrostatic bearing surface in-
cludes a pair of spaced coplanar surfaces (202) pro-
vided on said carriage (150) for coaction with a cor-
responding pair of spaced coplanar surfaces (152)
provided on said slideway (160).

A carriage drive and mounting as recited in claim 7,
wherein said coplanar surfaces of said carriage and
said slideway are horizontally disposed. 1

A carriage drive and mounting as recited in claim 2,
wherein said predetermined direction of said prede-
termined attractive force is opposite to a direction of
a predetermined hydrostatic force of said hydrostatic
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

bearing means.

A carriage drive and mounting as recited in claim 9,
wherein said predetermined attractive force com-
prises a pre-load force for said hydrostatic bearing
means.

A carriage drive and mounting as recited in claim 10,
further comprising second hydrostatic bearing
means (300) acting in direction perpendicular to said
first hydrostatic bearing means (200).

A carriage drive and mounting as recited in claim 2,
wherein said carriage and said carriage drive are for
a tool carriage of a machine tool.

A carriage drive and mounting as recited in claim 12,
wherein said machine tool is a grinding machine.

A carriage drive and mounting as recited in claim 2,
wherein said carriage and said carriage drive are for
a workpiece carriage of a machine tool.

A carriage drive and mounting as recited in claim 14,
wherein said machine tool is a grinding machine.

A carriage drive and mounting as recited in claim 2,
wherein said carriage and carriage drive support a
tool carriage of a machine tool.

A carriage drive and mounting as recited in claim 16,
wherein said machine tool is a grinding machine.

A machine tool a carriage drive and mounting for a
carriage and slideway as claimed in any preceding
claim.

A method of mounting and driving a carriage on a
slideway wherein said carriage is to be moved be-
tween afirst slideway location and a second slideway
location and a plurality of slideway locations there-
between, comprising the steps of:

(a) providing a linear motor means (174) having
a primary drive means (170) and a secondary
drive means (172) [deletion(s)] which has an
attractive force between said primary drive
means and said secondary drive means to op-
erate between said carriage and said slideway;
(b) providing a hydrostatic bearing means (202)
between said carriage and said slideway; and
(c) utilizing said attractive force between said
primary drive means and said secondary drive
means of said linear motor to pre-load said hy-
drostatic bearing.

A method as recited in claim 19, comprising the fur-
ther step of carrying said primary drive means by
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said carriage and carrying said secondary drive
means by said slideway.

A method as recited in claim 20, further comprising
the step of providing said secondary drive means
extending from said first slideway location to said
second slideway location.

A method as recited in claim 21, further comprising
the steps of providing a plurality of permanent mag-
net plates as said secondary drive means and pro-
viding an electromagnet as said primary drive
means.

A method as recited in claim 21, further comprising
the step of providing a plurality of hydrostatic fluid
pads (210) in said first hydrostatic bearing surface.

A method as recited in claim 23, further comprising
the step of providing a pair of said plurality of hydro-
static fluid pads (210) proximate each end of said
hydrostatic bearing surface.

A method as recited in claim 24, further comprising
the steps of:

providing said first hydrostatic bearing surface
with a pair of spaced coplanar surfaces (202) on
said carriage; and

providing said slideway with a corresponding
pair of spaced coplanar surfaces (152) for coac-
tion with said pair of spaced coplanar surfaces
on said carriage.

A method as recited in claim 25, further comprising
the step of disposing said coplanar surfaces of said
carriage and said slideway horizontally.

A method as recited in claim 20, further comprising
the step of providing said predetermined direction of
said predetermined attractive force so as to be op-
posite a direction of a predetermined hydrostatic
force of said hydrostatic bearing means.

A method as recited in claim 27, further comprising
the steps of providing said predetermined attractive
force to comprise a pre-load force for said hydrostatic
bearing means.

A method as recited in claim 28, further comprising
the steps of providing a second hydrostatic bearing
means (300) acting in a direction perpendicular to
said first hydrostatic bearing means.

A method as recited in claim 20, further comprising
the steps of providing said carriage and said carriage
drive for a tool carriage of a machine tool.
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31. A method as recited in claim 30, wherein said ma-
chine tool is a grinding machine.

32. A method as recited in claim 20, further comprising
the step of supporting a tool carriage (150) of a ma-
chine tool with said carriage and carriage drive.

33. A method as recited in claim 19, wherein said ma-
chine tool is a grinding machine.

34. A method as recited in claim 20, further comprising
the step of providing a tool carriage of a machine
tool with said carriage and carriage drive.

35. A method as recited in claim 34, wherein said ma-
chine tool is a grinding machine.

Patentanspriiche

1. Schlittenantrieb und Befestigung flr einen Schlitten

(150) und eine Gleitbahn (160), wobei der Schlitten
(150) durch die Gleitbahn (160) zur Bewegung langs
der Gleitbahn zwischen einer ersten Gleitbahnstelle
und einer zweiten Gleitbahnstelle und verschiede-
nen Gleitbahnstellen dazwischen getragen wird, die
aufweisen:

(@) eine Linearmotor-Anstriebseinrichtung
(174), die eine primare Antriebseinrichtung
(170) und eine sekundare Antriebseinrichtung
(172) aufweist, von denen eine durch den Schlit-
ten getragen wird und die andere durch die Gleit-
bahn getragen wird;

(b) wobei der Schlitten eine erste hydrostatische
Lagerflache (202) aufweist und die Gleitbahn ei-
ne zweite hydrostatische Lagerflache (202) auf-
weist;

(c) eine hydrostatische Fluideinrichtung, die ein
hydrostatisches Fluid fur die erste hydrostati-
sche Lagerflache (202) und die zweite hydro-
statische Lagerflache (202) bereitstellt;

(d) wobei die erste hydrostatische Lagerflache
und die zweite hydrostatische Lagerflache und
die hydrostatische Fluideinrichtung zusammen-
wirken, um eine hydrostatische Lagereinrich-
tung (200) zwischen dem Schlitten und der Gleit-
bahn bereitzustellen, um die Bewegung des
Schlittens zu erleichtern; und

(e) wobei die primare Antriebseinrichtung (170)
und die sekundare Antriebseinrichtung (172)
der Linearmotor-Antriebseinrichtung (174) zu-
sammenwirken, um eine vorbestimmte anzie-
hende Kraft einer vorbestimmten GréRe und
vorbestimmten Richtung bereitzustellen, wel-
che die Funktion der hydrostatischen Lagerein-
richtung erleichtert.
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Schlittenantrieb und Befestigung nach Anspruch 1,
wobei die primére Antriebseinrichtung (170) durch
den Schlitten (150) getragen wird und die sekundare
Antriebseinrichtung (172) durch die Gleitbahn (160)
getragen wird.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei sich die sekundéare Antriebseinrichtung (172)
von der ersten Gleitbahnstelle zur zweiten Gleit-
bahnstelle erstreckt.

Schlittenantrieb und Befestigung nach Anspruch 3,
wobei die sekundére Antriebseinrichtung (172) meh-
rere Permanentmagnetplatten aufweist und die pri-
mare Antriebseinrichtung einen Elektromagneten
aufweist.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei die erste hydrostatische Lagerflache (202)
mehrere hydrostatische Fluidpolster (210) aufweist.

Schlittenantrieb und Befestigung nach Anspruch 5,
wobei ein Paar der mehreren hydrostatischen Fluid-
polster (210) naheliegend jedes Endes der hydro-
statischen Lagerflache (202) angeordnet sind.

Schlittenantrieb und Befestigung nach Anspruch 6,
wobei die erste hydrostatische Lagerflache ein Paar
beabstandeter koplanarer Oberflachen (202) auf-
weist, die an dem Schlitten (150) zum Zusammen-
wirken mit einem entsprechenden Paar beabstan-
deter koplanarer Oberflachen (152) vorgesehen
sind, die an der Gleitbahn (160) vorgesehen sind.

Schlittenantrieb und Befestigung nach Anspruch 7,
wobei die koplanaren Oberflachen des Schlittens
und der Gleitbahn horizontal angeordnet sind.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei die vorbestimmte Richtung der vorbestimm-
ten anziehenden Kraft entgegengesetzt zu einer
Richtung einer vorbestimmten hydrostatischen Kraft
der hydrostatischen Lagereinrichtung ist.

Schlittenantrieb und Befestigung nach Anspruch 9,
wobei die vorbestimmte anziehende Kraft eine Vor-
belastungskraft fir die hydrostatische Lagereinrich-
tung aufweist.

Schlittenantrieb und Befestigung nach Anspruch 10,
die ferner eine zweite hydrostatische Lagereinrich-
tung (300) aufweisen, die in eine Richtung senkrecht
zur ersten hydrostatischen Lagereinrichtung (300)
wirkt.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei der Schlitten und der Schlittenantrieb fir einen
Werkzeugschlitten einer Werkzeugmaschine be-
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stimmt sind.

. Schlittenantrieb und Befestigung nach Anspruch 12,
wobei die Werkzeugmaschine eine Schleifmaschine
ist.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei der Schlitten und der Schlittenantrieb fiir einen
Werkstlckschlitten einer Werkzeugmaschine be-
stimmt sind.

Schlittenantrieb und Befestigung nach Anspruch 14,
wobei die Werkzeugmaschine eine Schleifmaschine
ist.

Schlittenantrieb und Befestigung nach Anspruch 2,
wobei der Schlitten und der Schlittenantrieb einen
Werkzeugschlitten einer Werkzeugmaschine unter-
stltzen.

Schlittenantrieb und Befestigung nach Anspruch 16,
wobei die Werkzeugmaschine eine Schleifmaschine
ist.

Werkzeugmaschine (10), die einen Schlittenantrieb
und eine Befestigung fiir einen Schlitten und eine
Gleitbahn nach einem der vorhergehenden Anspru-
che aufweist.

Verfahren zum Anbringen und Antreiben eines
Schlittens auf einer Gleitbahn, wobei der Schlitten
zwischen einer ersten Gleitbahnstelle und einer
zweiten Gleitbahnstelle und mehreren Gleitbahn-
stellen dazwischen bewegt werden soll, das die
Schritte aufweist:

(a) Bereitstellen einer Linearmotoreinrichtung
(174), die eine primare Antriebseinrichtung
(170) und eine sekundare Antriebseinrichtung
(172) aufweist und eine anziehende Kraft zwi-
schen der priméaren Antriebseinrichtung und der
sekundaren Antriebseinrichtung aufweist, so
dal} sie zwischen dem Schlitten und der Gleit-
bahn wirkt;

(b) Bereitstellen einer hydrostatischen Lage-
reinrichtung (202) zwischen dem Schlitten und
der Gleitbahn; und

(c) Nutzen der anziehenden Kraft zwischen der
primaren Antriebseinrichtung und der sekunda-
ren Antriebseinrichtung des Linearmotors, um
das hydrostatische Lager vorzubelasten.

. Verfahren nach Anspruch 19, das den weiteren
Schritt des Tragens der primaren Antriebseinrich-
tung durch den Schlitten und des Tragens der se-
kundaren Antriebseinrichtung durch die Gleitbahn
aufweist.



21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

15

Verfahren nach Anspruch 20, das ferner den Schritt
des Bereitstellens der sekundaren Antriebseinrich-
tung aufweist, die sich von der ersten Gleitbahnstelle
zur zweiten Gleitbahnstelle erstreckt.

Verfahren nach Anspruch 21, das ferner die Schritte
des Bereitstellens mehrerer Permanentmagnetplat-
ten als die sekundare Antriebseinrichtung und des
Bereitstellens eines Elektromagneten als die prima-
re Antriebseinrichtung aufweist.

Verfahren nach Anspruch 21, das ferner den Schritt
des Bereitstellens mehrerer hydrostatischer Fluid-
polster (210) in der ersten hydrostatischen Lagerfla-
che aufweist.

Verfahren nach Anspruch 23, das ferner den Schritt
des Bereitstellens eines Paares der mehreren hy-
drostatischen Fluidpolster (210) naheliegend zu je-
dem Ende der hydrostatische Lagerflache aufweist.

Verfahren nach Anspruch 24, das ferner die Schritte
aufweist:

Versehen der ersten hydrostatischen Lagerfla-
che mit einem Paar beabstandeter koplanarer
Oberflachen (202) auf dem Schlitten; und
Versehen der Gleitbahn mit einem entsprechen-
den Paar beabstandeter koplanarer Oberfla-
chen (152) zum Zusammenwirken mitdem Paar
beabstandeter koplanarer Oberflachen auf dem
Schlitten.

Verfahren nach Anspruch 25, das ferner den Schritt
des horizontalen Anordnens der koplanaren Ober-
flachen des Schlittens und der Gleitbahn aufweist.

Verfahren nach Anspruch 20, das ferner den Schritt
aufweist, die vorbestimmte Richtung der vorbe-
stimmten anziehenden Kraft so vorzusehen, dal sie
entgegengesetzt zu einer Richtung der vorbestimm-
ten hydrostatischen Kraft der hydrostatischen Lage-
reinrichtung ist.

Verfahren nach Anspruch 27, das ferner die Schritte
des Bereitstellens der vorbestimmten anziehenden
Kraft aufweist, die eine Vorbelastungskraft fir die
hydrostatische Lagereinrichtung aufweist.

Verfahren nach Anspruch 28, das ferner die Schritte
des Bereitstellens einer zweiten hydrostatischen La-
gereinrichtung (300) aufweist, die in eine Richtung
senkrecht zur ersten hydrostatischen Lagereinrich-
tung wirkt.

Verfahren nach Anspruch 20, das ferner die Schritte
des Bereitstellens des Schlittens und des Schlitten-
antriebs fir einen Werkzeugschlitten einer Werk-
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zeugmaschine aufweist.

Verfahren nach Anspruch 30, wobei die Werkzeug-
maschine eine Schleifmaschine ist.

Verfahren nach Anspruch 20, das ferner den Schritt
des Stitzens eines Werkzeugschlittens (150) einer
Werkzeugmaschine mit dem Schlitten und Schlitten-
antrieb aufweist.

Verfahren nach Anspruch 19, wobei die Werkzeug-
maschine eine Schleifmaschine ist.

Verfahren nach Anspruch 20, das ferner den Schritt
aufweist, einen Werkzeugschlitten einer Werkzeug-
maschine mit dem Schlitten und Schlittenantrieb zu
versehen.

Verfahren nach Anspruch 34, wobei die Werkzeug-
maschine eine Schleifmaschine ist.

Revendications

Entrainement pour chariot et un support pour chariot
(150) et une glissiére (160), dans laquelle ledit cha-
riot (150) est supporté par ladite glissiére (160), afin
de pouvoir se déplacer le long de ladite glissiére,
entre un premier emplacement de glissiére et un
deuxieme emplacement de glissiére et divers em-
placements de glissiéres situés entre ces deux, et
comprenant :

(a) undispositif d’entrainement de moteur linéai-
re (174) comprenant un dispositif d’entraine-
ment primaire (170) et un dispositif d’entraine-
ment secondaire (172) dont I'un est supporté
par ledit chariot et I'autre est supporté par ladite
glissiére ;

(b) ledit chariot comprenant une premiére sur-
face de palier hydrostatique (202) et ladite glis-
siére comprenant une seconde surface de palier
hydrostatique (202) ;

(c) un dispositif de fluide hydrostatique fournis-
santun fluide hydrostatique pour ladite premiére
surface de palier hydrostatique (202) et pour la-
dite seconde surface de palier hydrostatique
(202) ;

(d) ladite premiere surface de palier hydrostati-
que et ladite seconde surface de palier hydros-
tatique et ledit dispositif de fluide hydrostatique
co-agissant pour fournir un dispositif de palier
hydrostatique (200) entre ledit chariot et ladite
glissiere, afin de faciliter le mouvement dudit
chariot ; et

(e) ledit dispositif d’entrainement primaire (170)
et ledit dispositif d’entrainement secondaire
(172) dudit dispositif d’entrainement de moteur
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linéaire, co-agissant pour fournir une force d’at-
traction prédéterminée d’'une magnitude prédé-
terminée et d’une direction prédéterminée, pour
faciliter le fonctionnement dudit dispositif de pa-
lier hydrostatique.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 1, dans lesquels ledit dis-
positif d’entrainement primaire (170) est supporté
par ledit chariot (150) et ledit dispositif d’entraine-
ment secondaire (172) est supporté par ladite glis-
siére (160).

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ledit dis-
positif d’entrainement secondaire (172) se prolonge
depuis ledit premier emplacement de glissiére jus-
qu'au dit second emplacement de glissiere.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 3, dans lesquels ledit dis-
positif d’entrainement secondaire (172) comprend
plusieurs plaquettes d’aimants permanents et ledit
dispositif d’entrainement primaire comprend un
électro-aimant.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ladite
premiere surface de palier hydrostatique 202 com-
prend plusieurs patins fluides hydrostatiques (210).

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 5, dans lesquels deux
desdits patins fluides hydrostatiques (210) sont dis-
posés a proximité de chaque extrémité de ladite sur-
face de palier hydrostatique (202).

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 6, dans lesquels ladite
premiére surface de palier hydrostatique comprend
une paire de surfaces co-planaires espacées, pré-
vues sur ledit chariot (150) afin de co-agir avec la
paire de surfaces co-planaires espacées correspon-
dantes (322) situées sur ladite glissiére (160).

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 7, dans lesquels lesdites
surfaces co-planaires dudit chariot et ladite glissiére
sont disposées horizontalement.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ladite
direction prédéterminée de ladite force d’'attraction
prédéterminée se trouve a I'opposé de la direction
d’une force hydrostatique prédéterminée dudit dis-
positif de palier hydrostatique.

10. Entrainement pour chariot et un support tels que dé-
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19.

crits dans la revendication 9, dans lesquels ladite
force d’attraction prédéterminée comprend une for-
ce de pré-charge pour ledit dispositif de palier hy-
drostatique.

Entrailnement pour chariot et un support tels que dé-
crits dans la revendication 10, comprenant en outre
un second dispositif de palier hydrostatique (300),
agissantdans un sens perpendiculaire au dit premier
dispositif de palier hydrostatique (200).

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ledit cha-
riot et ledit entrainement de chariot sont destinés a
un chariot porte-outils sur une machine-outil.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 12, dans lesquels ladite
machine est une affiteuse.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ledit cha-
riot et ledit entrainement pour chariot sont utilisés
pour la table d’'une machine-outil.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 14, dans lesquels ladite
machine-outil est une affiteuse.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 2, dans lesquels ledit cha-
riot et ledit entrainement pour chariot supportent la
table d’'une machine-outil.

Entrainement pour chariot et un support tels que dé-
crits dans la revendication 16, dans lesquels ladite
machine-outil est une afflteuse

Entrainement pour chariot et un support pour chariot
et glissiére tels que revendiqués dans n’importe la-
quelle des revendications précédentes.

Procédé de montage et d’entrainement d’un chariot
sur une glissiere dans lequel ledit chariot doit étre
déplacé entre un premier emplacement de glissiére
et un second emplacement de glissiére, et plusieurs
emplacements de glissiéres situés entre les deux,
comprenant les étapes suivantes :

(a) prévoir un dispositif de moteur linéaire (174)
doté d'un dispositif d’entrainement primaire
(170) et d'un dispositif d’entrainement secon-
daire (172), et présentant une force d’attraction
entre ledit primaire et ledit secondaire, pour opé-
rer entre ledit chariot et ladite glissiére ;

(b) prévoir un dispositif de palier hydrostatique
(202) entre ledit chariot et ladite glissiére ; et
(c) utiliser ladite force d’attraction entre ledit dis-
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positif d’entrainement primaire et ledit dispositif
d’entrainement secondaire dudit moteur linéaire
pour pré-charger ledit palier hydrostatique.

Procédé tel que décritdans larevendication 19, com-
prenant en outre I'étape de faire supporter ledit dis-
positif d’entrainement primaire par ledit chariot et de
faire supporter ledit dispositif d’entrainement secon-
daire par ladite glissiere.

Procédé tel que décritdans la revendication 20, com-
prenant également I'étape de fournir ledit dispositif
d’entrainement secondaire se prolongeant dudit pre-
mier emplacement de glissiére jusqu’au dit second
emplacement de glissiére.

Procédé tel que décritdans larevendication 21, com-
prenant également les étapes consistant a prévoir
plusieurs plaquettes d’aimants permanents en tant
que dispositif d’entrainement primaire et a prévoir
un électro-aimant en tant que dispositif d’entraine-
ment secondaire.

Procédé tel que décritdans larevendication 21, com-
prenant également I'étape consistant a fournir plu-
sieurs patins fluides hydrostatiques (210) dans ladite
premiére surface de palier hydrostatique.

Procédé tel que décritdans larevendication 23, com-
prenant encore I'étape consistant a fournir une paire
desdits plusieurs patins fluides hydrostatiques (210)
a proximité de chaque extrémité de ladite surface de
palier hydrostatique.

Procédé tel que décritdans larevendication 24, com-
prenant encore les étapes consistant a :

Doter ladite premiére surface de palier hydros-
tatique d’une paire de surfaces co-planaires es-
pacées (202) sur ledit chariot ; et a

Doter ledit chariot d’'une paire de surfaces co-
planaires correspondantes (152) afin de co-agir
avec ladite paire de surfaces co-planaires es-
pacées situées sur ledit chariot.

Procédé tel que décritdans larevendication 25, com-
prenant également I'’étape consistant a disposer les-
dites surfaces co-planaires dudit chariot et de ladite
glissiére horizontalement.

Procédé tel que décritdans larevendication 20, com-
prenant encore I'étape consistant a fournir ladite di-
rection prédéterminée de ladite force d’attraction
prédéterminée, de fagon a ce qu’elle soit dans la
direction opposée de celle de la force hydrostatique
prédéterminée dudit dispositif de palier hydrostati-
que.
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Procédé tel que décritdans larevendication 27, com-
prenant également les étapes consistant a fournir
ladite force d’attraction prédéterminée pour com-
prendre une force de pré-charge pour ledit dispositif
de palier hydrostatique.

Procédé tel que décritdans larevendication 28, com-
prenant encore les étapes consistant a fournir un
second dispositif de palier hydrostatique (300) agis-
sant dans une direction perpendiculaire au dit pre-
mier dispositif de palier hydrostatique.

Procédé tel que décritdans larevendication 20, com-
prenant également les étapes consistant a fournir
ledit chariot et ledit entrainement pour chariot pour
une table de machine-outil.

Procédé tel que décrit dans larevendication 30, dans
lequel ladite machine-outil est une affiteuse.

Procédé tel que décritdans larevendication 20, com-
prenant en outre I'étape consistant a supporter une
table (150) de machine-outil avec ledit chariot et I'en-
trainement pour chariot.

Procédé tel que décrit dans larevendication 19, dans
lequel ladite machine-outil est une afflteuse.

Procédé tel que décritdans larevendication 20, com-
prenant encore I'étape consistant a doter la table
d’'une machine-outil dudit chariot et dudit entraine-
ment pour chariot.

Procédé tel que décrit dans larevendication 34, dans
lequel ladite machine-outil est une afflteuse.
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