«» UK Patent Application ., GB .« 2 178 805 A

(43) Application published 18 Feb 1987

(21) Application No 8519460 (1) INTCL*
F16C 17/26 17/02 32/06
(22) Date of filing 2 Aug 1985
(52) Domestic classification (Edition I}:
F2A 301 6E2 D05
(71) Applicant U1S 2145 F2A
Rank Taylor Hobson Limited,

(56) Documents cited

{Incorporated in United Kingdom), None
2 New StarRoad, Leicester LE47JQ (58) Field of search
F2A
(72) Inventor Selected US specifications from IPC sub-class F16C
Anthony Bruce Barnaby

(74) Agentand/or Address for Service
Beresford & Co, 2-5 Warwick Court, High Holborn,
London WC1R5DJ

(54) Abearing structure

(57) Abearing structure, preferably for supporting arotary table (4) in metrological apparatus inciudes both ajournal
bearing and a thrust bearing. The journal bearing is made up of three spaced dry pads contained in a recess (32), one of
which is radially adjustable, and the thrust bearing comprises first and second air bearings (62,68). The axis of rotation
ofthe bearing is vertical, and the lower of the air bearings is less stiff than the upperone.
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SPECIFICATION
Bearing structures

5 Thisinvention relatesto bearing structures and is
particularly but not exclusively applicable to bearing
structures for rotary workpiece supporttables in met-
rological apparatus, such as rate tables, angular
measuring systems and apparatus forthe measure-
ment of profile errors including roundness, straight-
ness and surface texture.

Thereis aneed fora precision bearing, forexample
for the rotary workpiece support table in metrological
apparatus, which is capable of supporting a relatively
high load, is stiff in the sense of substantially prevent-
ing radial, axial and angular displacements ofthe

-member supported by the bearings, provides low
friction so thatthe member is freely rotatable and
provides vibration damping. Various forms of bear-
ing have been proposed in metrological apparatus in
the past. For example in one bearing structure which
has been in commerical production, the vertically
disposed shaft of a workpiece supporttable has been
supported at its bottom end by a hemispherical dry

25 thrustbearing and nearitsupper end by ajournal

comprising dry pads engaging the cylindrical surface

of the shaft. This dry bearing structure suffers from
the problem that it has only a low [oad bearing capac-
ity and that the shaft has to be longer than is desirable

30 to providethe required accuracy.

Oil hydrostatic bearings have also been proposed.
In one example of such a bearing, oil is continuously
pumped into the space between conical surfaces pro-
vided on the shaft and a surrounding stationary sup-

35 portmember. Although this type of bearing is cap-

able of supporting high loads, itis extremely expen-
sive asit requires a considerable amount of ancilliary
equipment such as pump, areservoir for the oil and
associated piping.

40  Also, air bearings have been used but these are

unstable so thatin metrological apparatus high con-

ing errors would be introduced particularly if the load
is offset relative to the axis of rotation of the work-
piece supporttable.

In one preferred aspect of the presentinvention,
thereis provided a composite bearing in which first
and second members are supported for relative rota-
tion, a bearing of afirsttype being provided to con-
strain said members against axial movementand a
50 bearing of a second type being provided to constrain
said members against radial movement. In a prefer-
red embodiment, the bearing of the first type is an air
bearing and the bearing ofthe second typeisadry
friction bearing.

In the preferred embodiment of the invention, there
is provided a bearing structure comprising air bear-
ing means constraining first and second relatively
rotatable members against axial movementand a
bearing of a different type constraining said members
60 against radial movement.

Inafurther alternative aspect of the presentinven-
tion, there is provided a composite bearing compris-
ing first and second relatively rotatable members
having radially extending bearing surfaces and cylin-

65 drical bearing surfaces with dry friction bearing
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means acting betwen the cylindrical surfaces and air
bearing means acting between the axial surfaces.

With the preferred embodiment of the invention, a
bearing structure having low friction, high stiffness, a
high level of stability and a high level of vibration
damping may be provided atrelatively low cost.

Theinvention is described further by way of exam-
ple with reference to the accompanying drawingsin
which:

Figure 1is a diagrammatic perspective view ofa
metrological apparatus in which the invention may
be embodied;

Figure 2is a cross-sectional view of a bearing struc-
ture incorporated in the apparatus of claim 1, in
accordance with a preferred embodiment ofthe in-
vention;

Figure 3is a section on the line Ili-lll, but with
various parts omitted;

Figure 4is a perspective view of part of the appar-
atus of Figures 2 and 3;

Figure 5is asection, similarto Figure 2, butshow-
ing parts of the apparatus, including an electric
motor, in more detail; and

Figure 6illustrates part of the winding of the motor
shownin Figure 5.

With reference to Figure 1, the metrological appar-
atus, which is particularly for measuring roundness,
comprises a bench 2 within which is a chassis struc-
ture (not shown) supporting a turntable 4 by means of
abearing to be described in detail with reference to
Figures 2to 5. The turntable 4 is for supporting a
workpiece whose surface is to be measured. A col-
umn 6is also supported on the chassis structure
adjacentthe turntable 4. A carriage 8 is mounted on
the column 6 for vertical movement and supports a
transducer {not shown), which may for example be
inductive, to which a stylus 10 is connected. in opera-
tion of the apparatus shown in Figure 1, aworkpiece
is mounted on the turntable 4 so that it may be ro-
tated, by rotation of the turntable 4, relative to the
stylus 10 which is positioned in contact with the work-
piece surface to be measured. Alternatively, anon-
contact transducer may be employed. The apparatus
also includes signal processing means (not shown)
for processing the signal output by the transducerin
orderto provide information as to the characteristics,
such as the roundness, ofthe workpiece.

The bearing structure upon which the turntable 4is
mounted is shown in section in Figure 2. itcomprises
arotor 12 supported for rotation about a vertical axis
by a stator 14 which is fixed relative to the chassis of
the apparatus indicated diagrammatically at 16. The
rotor 12 comprises a spindle 18 and upper and lower
discs 20, 22 secured to the spindle 18 by bolts 24 and
26 (only one each of which is shown in Figure 2},

The stator comprises a member 28, whichis also
shown in Figures 3 and 4, having a cylindrical bore 30
in which the spindle 18 is located. An annular recess
32isformed in the bore 30 nearto the upper end and
contains three dry friction bearing elements 34, 36
and 38 which are made of a low friction plastics mate-
rial, such as an acetal copolymer with a PTFE fillerand
which engage an annular shoulder40formed onthe
spindle 18, to constrain the spindle against radial
movement. The elements 34, 36 and 38 are disposed
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atequiangularly spaced positons and are secured in
place by bolts 42. The element 38includes two thin
portions 38a which permit the central portion 38b to
move radially. An adjusting screw 44 and compress-
5 ionspring 46 are arranged inthe member 28 for
adjusting the force with which the centre portion 38b
ofthe element 38 is pressed against the spindle 18.
The elements 34, 36 and 38 accurately define the
radial position ofthe spindle 18 whilst permitting the

10 spindie 18to rotate relative to the member 28.

The stator 14 includes a further member48 which is
secured to and surrounds the lower portion of the
member 28. An annular air supply channel 50 is de-
fined between the members 28 and 48 and is con-

15 nectedto anairsupply line 52 through a radial bore 54
formed inthe member 48. The channel 50 is con-
nected to the space 56 between the upper, radially
extending surface ofthe member 28 and the lower,
radially extending surface of the disc 20 through blind

20 radial bores 58 and upwardly directed bores 60
formed inthe member 28 to form an air bearing inthe
radially extending space between the upper surface
ofthe member 28 and the lower surface of the disc 20.
Flow restrictors 62 are provided in the bores 60.

25 Downwardly directed bores 64 communicating with
the blind bores 58 are also formed in the member 28
to provide an air bearing in the radially extending gap
66 between the lower radial surface of the member 28
and the upper surface of the disc 22. The bores 64

30 contain flow restrictors 68 and are positioned slightly
radially inwardly relative to the bore 60 so that the
stiffness of the air bearing in the space 66 islessthan
thatinthe space 56. The width of the spaces 56 and 66
is preferably in the range 10-15 microns, for example

35 12 microns, sothat the air bearings effectively and
stably constrain the rotor 12 against axial movement
relative to the stator 28. The lower bearing prevents
vertical vibration of the rotor.

Theairin the gaps 56 and 66 may move both radial-

40 ly inwardly and radially outwardly. The air which
moves radially inwardly is exhausted through pas-
sages 70 which extend radially through the spindle 18
to an annular space 72 formed between the inside
surface of the spindle 18 and an exhaust block 74

45 mounted inside the spindle 18. The space 72 iscon-
nected to an exhaust 76, which includes a silencer, by
a passage 78 in the block 74.

Aninflatable clamp 80 mounted on a structure 82
which is secured to the members 28 and 48 surrounds

50 thedisc20 and may beinflated by supplying fluid,
such as air, to it through passages 84 to clamp the
rotor 12 relative to the siator 14.

Ahousing 86 (Figures 2 and 5) secured to the bot-
tom of the stator 14 contains a DC electric motor. The

55 motor comprises an annular magnet 88 fixed in the
housing 86 and comprising alternately arranged
north and south poles, a shaft 90 which is secured by
bolts 92 to the disc 22 of the rotor 12, and an insulating
disc 94 having conductors 96 formed thereonin the

60 manner of a printed circuit, which conductors 96 con-
stitute the windings of the motor. The shape ofthe
conductors 96 can be seenin Figure 6. The disc 94 is
clamped tightly between insulating rings 98 by
means of a spigot 100 which is secured to the shaft 90

65 by bolts 102 so thatthe disc 94 is fixed relative tothe
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shaft 90. Power may be supplied to the winding 96 by
brushes 104 fixed inside the housing 86. Thus, the
motor shaft 90 forms an extension of the spindle 18
which may therefore be directly driven by the motér.
Preferably, the motoris arranged to rotate at between
0.03and 10 rpm.

Airseals 106 are provided between various parts of
the rotor and stator. A centring ring 108 is provided
between the disc 20 and the spindle 18 and afurther
centring ring 110 is provided between the shaft 90
and disc 22. A multicore electric cable 112 extend
through the centre ofthe rotor 12 and the motor shaft
90 for supplying power and control sighals to the
turntable 4 for centring and levelling the turntable by
means (not shown). Power and signals are supplied
tothe cable 112 viaaslip ring arrangement {not
shown) which cooperates with the lower end of the
motor shaft 90.

The structure described with reference to Figures 2
to 6 of the drawings is relatively inexpensive, is cap-
able of supporting a high load, is stable and well
damped and the direct motor drive ensures thatun-
wanted vibrations, such as may arise when a belt
drive are used, are avoided.

Various modifications are possible within the
scope of the invention. For example, althoughinthe
preferred embodiment, the bearing is mounted to
provide for rotation about a vertical axis, it could be
arranged at a different attitude, such as to provide
rotation about a horizontal axis. Although the dry
friction bearings have been provided so thatthey act
between aninner surface of the stator and an outer
surface of the rotor, the bearing could be redesigned
within the scope of the invention so that the dry bear-
ings act between an outer surface of the statorand an
inner surface of the rotor.

Further, although in the embodimentillustrated the
air bearings have been formed between radially ex-
tending plane surfaces, it would be possible within
the scope of the invention to form the air bearings
between conical surfaces.

Although in the embodiment the air bearings actas
thrust bearings and the dry friction bearing is a jour-
nal, the embodiment being foran applicationin
which high thrust forces but low raidal forces will be
encountered, the invention may be appliedtoan
arrangement in which low thrust forces buthigh ra-
dial forces may be encountered, in which case the air
bearing is preferably formed as ajournal and the dry
friction bearing as a thrust bearing.

CLAIMS

1. Abearing structure comprising firstand
second members supported for rotation relative to
each other by first bearing means for constraining
said members against relative radial movement and
second bearing means for constraining said mem-
bers against relative axial movement, one of said
bearing means being a dry friction bearing and the
other being an air bearing.

2. Astructure according to claim 1, wherein the air
bearing constrains said members againstrelative
axial movement and the dry friction bearing con-
strains said members against relative radial move-
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ment.

3. Astructure according to claim 2, wherein said
air bearing acts between radially extending plane sur-
faces of said members.

5 4. Astructureaccordingto claim2or3,including
firstand second air bearings one of which constrains
said members against relative axial movementinone
direction and the other of which constrains them
against relative axial movementin the opposite direc-

10 tion.

5. Astructure according to claim4, whereinthe
stiffness of one of said air bearings is less than that of
the other.

6. Astructure accordingtoany ofclaims2tob,

15 mounted with the axis of rotation vertical.

7. Astructure according to claim 6 asdependent
upon claim 5, wherein the stiffer of said air bearingsis
uppermost.

8. Astructureaccordingtoanyofclaim2to7,in

20 whichthedry friction bearing comprises three bear-
ing elements atangularly spaced apart positions.

9. Astructure according to claim 8, whereintwo
said elements are fixed and the third is radially adjust-
able.

25 10. Astructure according to any preceding claim,
including an exhaust means including a silencer for
exhausting air from said air bearing means.

11. Astructure according to any preceding claim
including an electric motor having a shaft directly

30 coupledto one of said members for rotating said
member relative to the other member.

12. Astructure accordingto claim 11, whereinthe
windings of said motor comprise conductors formed
as a printed circuit on an insulating disc, said disc

35 being securedto the shaft ofthe motor.

13. Abearing structure substantially as herein de-
scribed with reference to Figures 2to 4 of the accom-
panying drawings.

14. Abearingin combination with a motorsub-

40 stantially as herein described with reference to Fi-
gures 2to 6 ofthe accompanying drawings.

15. A metrological apparatus including aturnt-
able mounted on a bearing structure according to any
preceding claim.
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