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urged from the inside 2

into driving contact with
the driven member by
one or more hydrostatic
pads. The driven member
is a tube (26) and the
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skewed annular roller is

in frictional engagement

with the borc_of the AR
In a typical use,

the tube is fixed to the 18

carriage of a machine tool

and is aligned with the

machine axis. Oil for the

AAMRTTLLRTLOOZR Y L‘.\.\‘ ¥ SN
e ——————
TGN IOV TSI 'l”

hydrostatic pad(s) acting on the roller is supplied through the drive bar along the axis thereof. At its trailing end, the drive bar totatnonally
drives a skewed roller assembly in which the annular roller is incorporated, the remote forward end of the drive bar being driven in
rotation, as by an electric motor. Axial movement of the driven member is principally determined by the angle of skew of the roller so
that if this angle is made very small, similarly small precise axial movements of the driven member of as little as 1 nm (nanometre) or
less can be readily achieved, per revolution of the drive bar. This permlts a high speed drive motor and in turn velocity feed back control.

pany ,,’A - h [_:
\\\‘\\\//// 78N

ey

III”III’IIIIII’IIA




hydrostatically nmounted about axes inclined relative to that of the driven
menber . The arrangenent is conplex, and requires that all the rollers
are notinted at precisely the same inclination or helix angle if conflicting
drive forces, I%ﬁgiggmto an unpredi ctabl e advance: of the dri vyEmiesie are
to be avoided. AP and ot her prior art arrangenents are also

di sadvantageous in that the rollers.rotate around the outside of the driven
menber . The I nvention According to the invention, there is provided a
twist roller friction drive conprising a rotating drive bar which drives in
rotation roller nmeans the axis of rotation of which is inclined relative to
the axis of a rotationally fixed driven menmber with which the roller neans
engages, Wwher eiBittles i n@wissda: Yd HiMeses a singl e annul ar
roller urged fromthe inside |nto driving contact with the driven nember by
one or nore hydro%FﬁtHc E z Ereferably the driven nenber is a tube and
t he skewed ann S R tional engagenent with the bore of the
tube. The tube is preferably a steel tube, with a hardened and ground bore.
In a typical Usgjd RGvienReohSréixess b t R&riGA ldcddenOkriction drives.

Prior Art

From the prior art is known a twist action friction drive in
which a roller means, driven in rotation about an axis inclined
to that of a driven member, comprises three rollers all
hydrostatically mounted about axes inclined relative to that
of the driven member. The arrangement is complex, and
requires that all the rollers are mounted at precisely the same
inclination or helix angle if conflicting drive forces, leading
to an unpredictable advance of the driven member, are to be
avoided. This and other prior art arrangements are also
disadvantageous in that the rollers rotate around the outside

of the driven member.

The'Invgntion

According to the invention, there is provided a twist roller
friction drive comprising a rotating drive bar which drives in
rotation roller means the axis of rotation of which is inclined
relative to the axis of a rotationally fixed driven member with
which the roller means engages, wherein the inclined roller
means comprises a single annular roller urged from the inside
into driving contact with the driven member by one or more

hydrostatic pads.

Preferably the driven member is a tube and the skewed annular
roller is in frictional engagement with the bore of the tube.
The tube is preferably a steel tube, with a hardened and ground
bore. In a typical use, the tube is fixed to the carriage of
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2 a machine tool, aligned with the machi ne axis. Ol for the hydrostatic
pads acting on the roller is preferably supplied through the drive bar

al dng the axi . Such drive bar preferably conprises | i ca
~tube. At itiwﬁpgﬁﬁ@%g end, the drive bar rotationally driv5§w§¥%bg&éd
‘roller assenbly in which the annular roller,is incorporated, the renote
“forward end of the drive bar being driven in rotation, as by an electric

notor.  The rgtakbRife |dodl,i @Agnkar watd end pichirge diife bar is _
preferably | ocated, albeit indirectly, by hydrostatic bearings. The oi
supply for these bearings therefore constitutes a conveni ent source from
whi ch 0il for the hydrostatic pads acting on the roller is preferably

supplied through the drive bar along the axis thereof. Such
drive bar preferably comprises a cylindrical tube.

At its trailing end, the drive bar rotatiocnally drives a skewed
roller assembly in which the annular roller is incorporated,
the remote forward end of the drive bar being driven in
rotation, as by an electric motor. The rotationally driven,
forward end of the drive bar is preferably located, albeit
indirectly, by hydrostatic bearings. The oil supply for these
bearings therefore constitutes a convenient source from which
oil may be supplied along the central axis of 'the drive bar to
the skewed roller assembly, via suitable restictors.

At the skewed roller assembly, drillings are preferably
provided to supply oil to the bore and end faces of the roller,
so that it is fully floating hydrostatically. Further
drillings may supply o0il to four equiangularly spaced
hydrostatic pads which urge the skewed roller assembly radially
so that the roller is in frictional driving engagement with the
driven tube. 0il seeping from the roller assembly is
preferably returned to a sump at the driven end of the drive
bar, conveniently via the interior of an extensible tube (which .
may be corrugated for this purpose or of a telescoping design),
which is secured between the forward end of the driven tube and
a housing at the forward end of the drive bar wherein drillings
are provided to supply oil to the hydrostatic bearings which
locate a rotating assembly carrying the forward end of the

drive bar.

In the arrangement according to the invention, the axial
movement of the driven member is principally determined by the
angle of skew of the roller. Thus, if this angle is made very
small, small precise axial movements of say 1 nm (nanometre)
or less of the driven member can readily be achieved per



oil may be supplied along the central axis of the drive bar to the skewed
roll er assenbly, via suitable restictors. At the skewed roller assenbly,
drllllngs are preferably provided to supply oil to the bore and end faces
of *the roller, % it is fully floating hydrostatically qﬁﬁher
drillings may supply oIl to four equiangularly spaced hydrosta¥|c pads

whi ch urge the skewed roller assenbly radially so that the roller is in
frictional driving engagenent with the driven tube. Ol seeping from

the roller asser@évoi@urefneseram Wrickusaed 4@ c%n@%?ﬁdatféﬁ%xﬂfnki@” @Qx@fﬂ
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i nvention, the axial novenment of the driven nenber is principally

deter i ned by t ﬁ!ﬁ;ﬁl@% éffyﬁﬁgdfﬂlﬁ:é oller. Thus, if this angle is nade
very small, smalT precrse axlial novements of say 1 nn1(nanonetre) or |ess
of the driven nenber can readily be achi eved per

A practical example of twist action friction drive is now
described by way of example with reference to the accompanying

drawings, in which:-
Figure 1 shows the complete drive in axial cross section;

Figures 2 and 3 are axial cross sections, in different planes,
through the skewed roller assembly; and

Figure 4 is a transverse cross section through the skewed

roller assembly.

The twist action friction drive shown in Figure 1 comprises,
on the left, a driving head 10 wherein an assembly 12 within
a housing 14 is able to be driven in rotation by an electric
motor 16 in order to impart a rotational drive to the forward
end of a drive bar 18 in the form of a cylinder having a
central axial passage 19. The construction of the driving head
10 is not of importance in the present invention except for the
hydrostatic bearings 20 used in the rotating assembly 12. An
0il return passage to the sump is indicated at 22.

The invention is essentially concerned with the skewed roller
assembly 24 shown on the right-hand side of Figure 1, and also
in Figures 2 to 4. The purpose of this skewed roller assembly
is to drive an outer tube 26, which in practice is fixed to the
carriage of a machine tool, with a precisely controlled linear,

axial movement.
The skewed roller assembly is carried by a central shaft 28
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3 revolution of the drive bar, as conpared, for exanple, to axial
novenerts of the order of 150 mm per revolution with a capstan drive, and

10°to 15 mmin the case of a hydrostatic nut drive. It foll t
relatively hi JYOX2% 4rive notor can be .enployed, which i58§@$§gﬁgﬁéous

for velocity feedback control. Descri pti pn of Enbodi nent A practi cal
exanple of twist action friction drive is now described by way of exanple
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the conplete dyrjve .in.axial,crgoss Sect|on; . ) )
18 with its axis at a sma angle of inclination to that of the
drive bar. Fixed to the shaft 28 to rotate concentrically
therewith about the skewed axis is the annular roller assembly,
formed as inner and outer parts 30, 32. The skewed outer part
32 is urged by four hydrostatic pads 34 (see Figures 2 and 4)
to bear against the interior of the outer tube 26 at points
around a helical path, whereby the outer tube is frictionally
driven with a linear axial movement as the roller assembly

rotates.

Figure 3 shows, in particular, that oil is also supplied, as
indicated at 36, to the axial face and the end faces of the
roller assembly 30, 32, so that the assembly is fully floating,
hydrostatically. 0il pressure at the roller assembly,
including that of the hydrostatic pads 34, is controlled by
restrictors 38 in the central axial passage in the drive bar
18. '

0il seeping to the outside of the roller assembly 30, 32 and
tending to f£ill the driven tube ahead of and to the rear of the
roller assembly, is conveniently returned to the driving head
10, where the oil return passage 22 is located, via the inside
of a corrugated and axially extensible tube 40 fixed between
the forward end of the driven tube 26 and the housing of the

driving head.



Figures 2 and 3 are axial cross sections, in different planes, through the
skewed roller assenbly; and Figure 4 is a transverse cross section
tErough the skewed roller assenbly. The twi st action friction drive
shown in Figur ri ses on the left, a driving head 10 pBgERé018A
assenbly 12 mnsﬂ&gﬁﬁ%?ﬁmnwlng 14 is able to be driven in rotation by an
electric notor 16 in order to inpart a rotakional drive to the forward

end of a drive bar 18 in the formof a cylinger having a central axi al
passage 19. The construction of the driving head 10 is not of inportance

in the present jnvention except for the hydrostatic bearings 20 used in
the rotating a;ggﬁ%¥§ 12. An oil return passage to the sunp is indicated
at 22. The invention is essentially concerned with the skewed roller
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mnth a preC|selyxnsnwhx#h(mﬁIunwéaned aglatlwevtmm#he axis of a rotatlonally
fixed driven member which is engaged by the roller means,

wherein the inclined roller means comprises a single annular
roller and means for urging it into driving contact with the
driven member comprises at least one hydrostatic pad means
operable from inside the annular roller.

2. A friction drive as claimed in Claim 1 wherein the driven
member is a tube and the annular roller frictionally engages
the internal bore of the tube.

3. A friction drive as claimed in Claim 2 wherein the tube is

of steel.

4. A friction drive as claimed in Claim 3 wherein the bore of
the tube is hardened and ground.

5. A frictiop drive as claimed in Claim 1 wherein the driven
member is fixed to or comprises an integral part of the
carriage of a machine tool and is aligned with the machine

axis.

6. A friction drive as claimed in Claim 1 wherein oil for the
hydrostatic pad means acting on the roller is supplied through
the drive bar along the axis thereof.

7. A friction drive as claimed in Claim 6 wherein the drive

bar comprises a cylindrical tube.

8. A friction drive as claimed in Claim 7 wherein at its
trailing end, the drive bar rotationally drives a skewed roller
assembly in which the annular roller is incorporated, and the

* [ L M S *



The skewed roller assenbly is carried by a central shaft 28 WO
98/ 10206 . PCT/ GB97/ 01174
4 fixed to and extending fromthe trailing end of the drive bar 18 with

its axis at a_snmall _gngle of inclination to that of the driv I xed
to the shaft Q‘éo%o?"gt ate concentrically therew th about theﬁlcsﬂg\iﬁgglggi S is

the annular roller assenbly, forned as inn and outer parts 30, 32. The
skewed outer part 32 is urged by four hydrostatic pads 34 (see Figures 2
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particular, that oil is also supplied, as indicated at 36, to the axial
face and the epd fgcesigtidhedrive as claimed in Claim 8 wherein the oil

supply for the hydrostatic bearings constitutes a source from
which oil is supplied along the central axis of the drive bar
to the skewed roller assembly.

10. A friction drive as claimed in Claim 9 wherein the oil is
supplied to the skewed roller assembly via a restrictor.

11. A friction drive as claimed in Claim 10 wherein at the
skewed roller assembly, drillings are provided to supply oil
to the bore and end faces of the roller, so that it is fully
floating hydrostatically.

12. A friction drive as claimed in Claim 11 wherein further
drillings supply oil to four equiangularly spaced hydrostatic
pads which urge the skewed roller assembly radially so that the
roller is in frictional driving'engagement with the driven

tube.

13. A friction drive as claimed in claim 12 wherein oil
seeping from the roller assembly is returned to a sump at the
driven end of the drive bar, via the interior of an extensible
tube, which is secured between the forward end of the driven
tube and a housing at the forward end of the drive bar, wherein
drillings are provided to supply oil to the hydrostatic
bearings which locate a rotating assembly carrying the forward
end of the drive bar.

14. A friction drive as claimed in Claim 13 wherein the
extensible tube is corrugated or telescopic.

15. A friction drive as claimed in Claim 1 wherein the axial
movement of the driven member is principally determined by the
angle of skew of the roller.
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roll er assenbly 30, 32, so that the assenbly’isifully fl oating,
hydrostatically. Ol pressure at the roller assenbly, including that
of the hydrostatic pads 34, is controlled by restrictors 38 in the central

axi‘al passage i i ve bar 18. G| seeping to the outsi¢§?ﬁ

rol | er assenblyag%?ﬁggeand tending to fill the driven tube ahea J?%gﬁa4to
the rear of the roller assenbly, is conveniently returned to the driving
head 10, where the oil return passage 22 is located, via the inside of a
corrugated and ag.al lay fextebsn dfivdile 4Qafimead ihetieen 1deHeredar dhenskeh

the driven tube 26 .and_t olS] of the driving head. WO 98/ 10206
bor Qaoy 0117y e1dds' ey LRl Te. 5

17. A friction drive as claimed in Claim 16 wherein small

precise axial movements of the driven member of the order of
1 nm (nanometre) are achieved per revolution of the drive bar

18. A friction drive as claimed in Claim 15 wherein a high
speed drive motor is employed, with velocity feedback control.

19. A friction drive constructed, arranged and adapted to
operate substantially as herein described by way of example and
with reference to the accompanying drawings.
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Clainme 1. Atwist action roller friction drive conprising a rotatable
drive bar, roller neans driven in rotation thereby about an axis which is
inclined relative to the axis of a rotationally fixed driven nenber which

i s“engaged by t{@dgRblog" NMeans, wherein the inclined roller mMegaseH9)RYs S€s
a single annular roller and nmeans for urging it into driving contact wth

the driven nenber-- eepmus%s -at—| east one hydrostatic pad neans operabl e
R—Claim 1

frominside ean le‘g 2. Afrigtion drive as cl l —
wher ei n the EWEEE ®%a tube and th I&nnul ar roller ff Hgtshﬂf&l HAS BEEN |
i

friction drije as BERIADED i n

engages the | ~the tube.
Caim?2 V\/nerel of st eel . 4. A frgeat i On drive as clarmed—n
Claim 3 wherein the bore of the tube is hardened.and ground. 5. A
friction drive as claimed in Claim1 wherein th&Fdrive
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menber is fixed to or conprises an integral part of the carriage of a
machine tool and is aligned with the nachi ne axi s. 6. Afriction drive as
claiped in aim1l1 wherein oil for the hydrostatic pad nmeans acting on the
rofler is suppl iypglog/tpsugh the drive bar along the axis thereobererdroitha
friction-drive as clainmed in Claim6 wherein the drive bar conprises a
cylindrical tube. 8. Afriction drive as clained in Caim?7 wherein at
its trailing end, the drive bar rotationally drives a skewed roller
assenbly in which the annular roller is in(?),rporated, and the
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6 rempote forward end of the drive bar is driven-in rotation by drive neans
and is | ocated by hydrostatic bearings. 9. A friction drive as clained
in C.ai'm 8 wherein the oil supply for the hydrostatic bearings constitutes

a source from whi,oh @b s supplied along the central axis of ﬂcﬂ'fbﬂ?@’l% bar
med 1 n

to the skewed roll'er assenbly. 10. Afriction drive as clali alm 9
wherein the oil is supplied to the skewed roller assenbly via a restrictor.
11. Afriction drive as clained in Caim10 wherein at the skewed roller
assenbly, drillings are provided to supply oil to the bore and end faces of
the roller, so that it is fully floating hydrostatically. 12. Afriction
drive as clainmed in daim1ll wherein furtﬁhi drillings supply oil to four
equi angul arly spaced hydrostatic pads which ﬁrge the skewed roller assenbly

~radially so that the roller is in frictional driving engagenent wi.th the
S driven tube.
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13. A friction drive as claimed in claim12 wherein oil seeping fromthe
roller assenbly is returned to a sunp at the driven end of the drive bar,
via t.hé interior of an extensible tube, which is secured between the
forward end of ‘;Jggs,gﬁj,ﬁ/en tube and a housing at the forward epgreBoiéiers
drive bar, wherein drillings are provided to supply oil to the hydrostatic
bearings which |l ocate a rotating assenbly carrying the forward end of the
drive bar. 14. A friction drive as clainmed in Caim13 wherein the
extensi ble tube is corrugated or tel escopic. 15. Afriction drive as
claimed in Caim1l wherein the axial ~novenent of the driven nenber is
principally determ ned by the angl e of skdmy&f the roller.

SUBSTITUTE SHEET (RULE 26)
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7-.16.. Afriction drive as clainmed in Cai-m 15 wherein t ARG -

'very smal | . 17. A friction drivée as clained in daim mi%&c
preci se axi al novenents of the driven nenber of the orde jf 1 nm 1

(nanometre) are achieved per revolutign of the drive bar 14. A f?ICtIOF ;

drive as clained in daim15 V\/nereln /a gh speed drive or is enploye
with velocity feedback control. friction drive gonstructed;
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arranged and adapted to operate substantllally as herein
exanple and with reference to the acconpanying draw ngs.
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