2250459 A BORING TOOL The present invention relates to a boring tool. 5
For exanple, the invention relates to a boring tool for a finish maching

operation on through bores, which tool can be rotated at ver)z.ZSbirggls
and X£F perform the machining operation with ultra precision. In
this »espect, the current state of the-r4¢ for ultra precision requirenents

does not permt positive or negative deviations relative to a
pre-established nom nal dinmension either for components or for mcronetric

pre- setting to exceed 1 micron. 15§§§§ﬁ%ﬁb-§ﬁags of devices for tool
pre-setting are known and w dely used. wever, in general these have an
operating mechanismacting.directly on the tool shank. This does not

provi de enough acd gsvedért finfemeidn NES1&EEs 26b aitﬁoflm? sedodEf{actory in
that it does not provide consistent pre-setting repeatability. The known
devi ces are not provided with means to elim nate backl ash. The deficiencies
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i nconveni ences. According to the present invention there is provided a
boring tool having a substantially cylindrical body having 35 a first

bore therein, andm €el®NFedHiect OPeie Eutrent state Ul ctwtant So£face of
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negative deviations relative to a pre-established nominal
dimension either for components or for micrometric pre-
setting to exceed 1 micron.
15
Several types of devices for tool pre-setting are
known and widely used. However, in general these have an
operating mechanism acting directly on the tool shank.
This does not provide enough accuracy for fine settings and
20 is not satisfactory in that it does not provide consistent
pre-setting repeatability. The known devices are not

provided with means to eliminate backlash.

W, The deficiencies of conventional pre-setting devices
25 do not allow a very precise and fine micrometric setting
(within the micron magnitude) of the cutting tool relative
to the workpiece, and make the finish machining operation
of high precision bores difficult and slow.

30 It is an object of the present invention to provide a
boring tool which reduces such inconveniences.

According to the present invention there is provided a
boring tool having a'substantially cylindrical body having

35 a first bore therein, and a second bore opening in the
circumferential surface of said body and intercepting said



carrying a tool tip novably received within said second bore, a rotatable
control knob carried by said body for enabling the position of the tool
shank in said second bore 5 to be set, and noving neans in said first
bore for noving said tool shank, said noving nmeans being coupled to said
control knob and being arranged to mmwve said tool shank in said bore ind
response to rotation of said control knob, and further conprising backl ash
suppressi on neans for 10 suppr essi ng backl ash of said tool shank, said
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Preferably, said resilient neans conprise a first threaded stud threaded
into saiSPRREASSIERMeanE aghingen said tool shank to bias the u

tool shank in a direction substantially along the second
bore generally inwardly of the circumferential surface of

said body.
15
With an embodiment of the invention the control knob
actuates the tool shank indirectly in a sequence of
subsequent steps or phases, as is explained below.
20 Furthermore, the tool edge can be pre-set with ultra
high accuracy by way of the ultra-precision sub-micron
boring tool control knob thereby eliminating the need for
any additional pre-setting as is required when using state
of the art boring tool devices. o/
25 . : : _
Preferably, the tool edge position of a rotatable tool
is preset, the pre-set dimension being the distance between -
the most distant or farthest point on the tool edge and the
geometric axis of rotation around which the tool revolves.
30 S
In an embodiment, said backlash suppression means ’
comprises resilient means housed in a tool shank bore _
extending within said tool shank. ‘
35 Preferably, said resilient means comprise a first

threaded stud threaded into said tool shank bore and urged



-3- in adirection inwardly of the circunferential surface of said body by
means of ‘a spring. For exanple, said spring is received in said tool shank
bore and has a first end acting on said first threaded stud and a second
end acting 5 on a second threaded stud, said second threaded stud being
thregded into a further bore which exteBds in said body and intercepts said
tool shank bore. In an alternative enbodi nent, said backlash 10

suppressi on neans conprises a plunger slidably received within a bore

extendi ng gepcaanlivedxish YnWardly 5% ¢nkoeirslidtbrentid1PsurddceC e Vi NY
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adj ust nent dntercepdsi spdA &prolhshepkehOTB-stud within 25 said axial bore

adj usts the position of the plunger. In a preferred enbodi nent, said noving

means conprises a rotatible m ronetgiﬁ screM/exigngin al ong said first
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15 Preferably; said moving means carries teeth or
indentations for engagement with corresponding teeth or
indentations carried by said tool shank whereby said tool
shank is movable by said moving means, and wherein said
engagement means of the plunger comprise teeth or

20 indentations carried by said plunger for engagement with
the teeth or indentations carried by said moving means.
For example, a threaded stud is.engaged.within said axial
bore of said tool shank in abutment with said plunger such

K,z that adjustment of the position of the threaded stud within

25 said axial bore adjusts the position of the piunger.

In a preferred embodiment, said moving means comprises

a rotatable micrometric screw extending along said first
bore, said micrometric screw being connected to said

30 control knob at or near one end of the screw such that

' rotation of the control knob rotates the screw, and
transmission means located within said first bore, said
transmission means having an axial bore therethrough
through which said micrometric screw extends, said screw

35 being coupled to said transmission means such that rotation
of the screw moves said transmission means, and said



-4- transm ssion neans being coupled to said tool shank. Preferably, said
transm ssi on nmeans conprises a toothed segnent arranged to be reciprocated
by rotation of 5 said mcronetric screw, and wherein teeth of said

t oot hed segment engage with corresponding teeth on said tool shank. In ong
enbodi nent for suppressing backl ash-get ween the tool shank and the toot ked
segnent a novenent denultiplier 10 mechani smis provided conprising teeth
or indentations arranged Iongitudinally |n a secant plane to the toothed

segnent gnéﬂgg ﬂa Egﬁgl 8 rggiaxkgo fshggktoothed segnent,

sai d te |ons |ve y engageabl e 1n backl ash free
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to the segment and inclined relative to the geometric axis of the
toothed segment, said teeth or indentations being - -
selectively engageable in a backlash free manner on
15 corresponding teeth or indentations provided in the secant
plane of the tool shank. '

Preferably, a bushing is retained within said first
bore, said bushing having an internal thread with which = -
20 said transmission means is engaged. '

In an embodiment of a boring tool of the invention all
contact surfaces of all the co-operating parts are under a
. metal to metal contact condition to set (to accomplish and o

25 establish) the tool edge position. In this position the
tool edge is at its farthest point from its geometric axis
of rotation. The metal to metal contact between the
sliding surfaces positively ensures that the displacement.
of the parts is always exempt from lost motion, backlash

30 and/or other deviations. This is a necessary condition for
ultra-precision pre-setting and to ensure consistent ultra-
fidelity of pre-setting repeatability within ultra-
precision standards. '

35 Embodiments of the present invention will hereinafter
be described, by way of example, with reference to the



-5- acconpanying drawi ngs, in which:- Figurel 1 shows a | ongitudinal view of
a sub-m-cron boring tool of the present invention for use for finishing 5
t hrough bores, Figure 2 shows a |ongitudinal section of the boring tool

takeﬁaalong the line A-A of Figure 1, 10 Figure 3 shows a cross
sectidon of the boring tool taken on thegdne B-B of Figure 2, Figure 4
shows a cross section simlar to that of Figure 3 but illustrating an

alternative enbodi nent of a 15 boring tool Figure 4a is a cross section

taken on i - [ QE% , Fiqure 4b is an enlarged detail of
t he arrangeﬁgﬁt&@ﬁo idlggl |5’31rn 4, ie?nd“ﬁi%’re 4c is an enlarged detail of

tthe arrangenent illustrated in Figure 4b and showing the reactions of parts

25 thereof duripignad Usidiis al Mg idEha M AW i dBis-icron
sub-m cron Borlggktool of EQF present” 1 nvention which is provided with a
rfoti on r edulPRG PRl OF dherRTesete ARVEIION TRk hER SABELINESRG i ng

of two Boot thtongtmbairesihi ch teeth have converging flanks. The boring tool
has a micronmetric screw which is useful for -tool pre-setting, and is
preferably used to finish the machining of through bores. 35 The
boring tool illudfilgured 2 shRiwgreedongidwlingl sectiiammaf dhe hatinglri cal

mai n body 1@ebir Yakad Qq_d'tg;t ;{:]rﬂé)rli e A (gﬁ]%ég%l rst bore 1 extends.

The first bore 1 is steppe ong the | engt ody 10 where a toothed
segnent 20 is |odged. A micrometric screw 30 arranged on a conmon geonetric

axi s wiph sai d t ¢aigued LERWs A dros Fection of the boring tool
U taken on the line B-B of Figure 2,

Figure 4 shows a cross section similar to that of
Figure 3 but illustrating an alternative embodiment of a
15 boring tool, :

Figure 4a is a cross section taken on line C-C of
Figure 4,

20 - Figure 4b is an enlarged detail of the arrangement
shown in Figure 4, and

Figure 4c is an enlarged detail of the arrangement
K,/ illustrated in Figure 4b and showing the reactions of parts
25 thereof during adjustment. . -;
The Figures show embodiments of a sub-micron boring
tool of the present invention which is provided with a
motion reduding mechanism or motion demultiplier mechanism
30 consisting of two toothed segments which teeth have
converging flanks. The boring tool has a micrometric screw
which is useful for tool pre-setting, and is preferably
used to finish the machining of through bores.

35 The boring tool illustrated in Figures 1 to 3 has a
substantially cylindrical main body 10 through the interior



5 received wwthin said first bore 1. The mcronetric screw 30 is provided
with a threaded external section 31 at one of its ends which extends

t hrough an axial bore in the toothed segnent 20. The threaded section 31 of
the mcrometric screw 30 engages with a thread 21 provided 10 i nternal’ y

of a bushing 24. This bushing 24 iggreceived within an extension 25 of?

hol | ow stud 26, said extension 25 belng fixed at one of its ends to the

t oot hed segnment 20 at a thread 20a of the toothed segnment 20. The bushing

24 is retagined by t hol | ow st ud 26 its fixed extension 15 25. The
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at a thread 20a of the toothed segment 20. The bushing 24

is retained by the hollow stud 26 and its fixed extension

15 25.

The micrometric screw 30 is supported by rings 40 and

42 which are spaced by a Spacer ring 41. A rotation

control knob 43 .is supported on the micrometric screw 30
20 close to its other end opposite to its threaded external

section 31. A locknut 44 provided with a fastening stud

44a and a pad 44b is threaded on a thread 32 provided

externally on the other end of the micrometric screw 30. A

locating ring 13 is lodged at the end of the cylindrical "/
25 body 10 and is covered by protection 14.

From Figure 3, it can be seen that the cylindrical
body 10 has a second'boré 2 which opens in the
circumferential surface of the body 10 and intercepts the

30 first bore 1. In the illustrated embodiment, the bore 2
'~ extends substantially perpendicular to said first bore 1.
However, it is possible for the bore 2 to be inclined or
oblique relative to the geometric axis of the dylindrical
body 10. A tool shank 50 carrying a tool 51 is received
35 within said second bore 2. The tool 51 is held in position
by tightening a screw 55 acting on a clamp 55°'.



to corresponding fenmal e tapered sections 25a and 26a 5 provided
respectively internally of the extension 25 and the holl ow stud 26. The
bushing 24 is also provided with slotted sections 24b whi ch extend
IonthudinaIIy of its body fromboth ends and are nmutual ly interposed such
that @he slots starting fromone end deyaot extend through to 10 the
other end of the bushi ng 24. Backl ash elim nation between the thread of

m crometric screw 30 and the internal thread 21 within the bushing 24 is
acconpl i shed by tightening -the hollow stud 26. Wen the 15 stud 26 is
rotated within an internal thread provided in the extension 25, wth which
Pt is engaged, tA8 éﬁu&hQaniesEégurne2bu§hengu§h199tRéenst9§°Véd§ﬂe
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is accomplished by tightening the hollow stud 26. When the

15 stud 26 is rotated within an internal thread provided in
the extension 25, with which it is engaged, the stud 26
presses the bushing 24 between the female tapered sections
25a and 26a. The male tapered section 24a of the bushing,
in co-operation with slotted sections 24b act on the

20 bushing to impose a contraction, thereby causing an elastic
decrease in the outside diameter of the bushing 24. There
is a consequent decrease in the diameter of the internal
thread 21 of the bushing which tightens on the thread of

N\ the micrometric screw 30 until it eliminates entirely the
25 backlash between said threads, whilst still allowing the

micrometric screw to be smoothly rotated.

A pin 27 is fixed in the extension 25 to extend
radially and its free end is fitted in one of the slotted
30 sections 24b of the bushing 24. The pin 27 prevents
rotation of the bushing 24 relative to the extension 25.

The first bore 1 of the cylindrical body 10 opens into

a larger diameter longitudinal bore 3 in which the support
35 rings 40 and 42 and their spacer ring 41 are received
without clearance. These rings 40 to 42 constitute a
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the rings and are threaded in a wall of the body 10 5 defining
the length of the bore 3. In this way, the rings 40 and 42 act as a radi al
for the micronetric screw 30 at an internediate portion. In the
radi al direction, this support bearing 10 supports w thout clearance a .
portion 33 of the micronmetric screw 30 in the bore of the ring 40. In the

rection the support bearing torms a thrust bearing in that

adjoining faces of the rings 40 and 42, spaced by spacer ring 41, retain a

collar 35 of the mcronetric screw 15
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that adjoining faces of the rings 40 and 42, spaced by

spacer ring 41, retain a collar 35 of the micrometric screw

30 interposed between sections 33 and 34 thereof. Thus,
any axial play of the micrometric screw 30 is also
suppressed. '

At its end external to the cylindrical body 10, the
micrometric screw 30 has a tapered seat 36 whose diameter
converges (reduces) towards the outer end of the
micrometric screw 30. The knob 43 encloses and is rigidly
connected to the tapered seat 36 of the screw 30 to permit
its radial and axial positioning. The positioning is
assured through tightening of the locknut 44, which in its

turn is securely fastened or locked on the thread 32 of the

micrometric screw 30 by way of the stud 44a and the pad
44b. This pad 44b is made of brass or any other material
of less hardness so that it can ensure proper locking
without damaging fillets of the thread 32.

As is shown in Figure 1, the external periphery of the

rotation control knob 43 at its rim adjacent to the
cylindrical body 10 is engraved with a scale 43a. The
scale 43a is graduated with engraved eguidistant lines to
provide means for indicating the displacemeht of the tool



adj acent to the graduated scale 43a. 5 The tapered coupling between
the micronetric screw 30 and the knob 43, that is, the coupling of the knob
43 in the tapered seat 36, enables the graduated scale 43a to be
selectively zeroed or reset relative to the index 43b to establish a
certai n edge position of the tool 51 r€3ative 10 to the geonetric centre
of the cylindrical body 10 so that the zero of the graduated scale 43a
coincides with the index 43b. After zeroing or resetting, the rotation
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once said knob 43 |s oI|dI connected to the m cronetric screw 30.
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knob 43 by dwnhmatmtméegm@m@eNrseamrmSO inits turn. The threaded
section 31 20 of the screw 30 engages in the internal thread 21 of the
‘bushing 24, and the rotation of the screw 30 thereby causes axial sliding
of the3oothed sEhgretap@ied| cogpling fbetwednrthd micrdmetyicnscreul 300dy
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manner ot YdetdLHASHMEWs set in the tapered seat 36 by way of the
lock nut 44, once said knob 43 is solidly connected to the
15 micrometric screw 30.

Returning to Figure 2, it can be seen that rotating-
the rotation control knob 43 by hand rotates the
micrometric screw 30 in its turn. ' The threaded section 31.

20 of the screw 30 engages in the internal thread 21 of the
bushing 24, and the rotation of the screw 30 thereby causes
axial sliding of the toothed segment 20 along the first
bore 1 of the cylindrical body 10. The movement of the

o toothed segment 20 may be selectively in either of the

25 directions indicated by arrows X and Y, depending upon the

direction of rotation of the knob 43.

It can be seen from Figures 2 and 3 that with axial

sliding of the toothed segment 20 relative to the

30 cylindrical body 10, the tool shank 50 is displaced
radiélly by way of a motion demultiplier mechanism, defined
by indentation 22, in approximately rack fashion. The
indentation 22 is provided externally of the toothed
segment 20 in a plane secant to its cylindrical body, and

35 the indentation 22 is longitudinally indented and at a
slight inclination.a relative to its geometric axis. The



backl ash with corresponding teeth 52 provided in a secant plane of the
cylindrical body of the tool shank 50. 5 As can be seen from Fi gures
1 and 2, in order to cause an increnent in the depth of cut, that is, to

di spl ace the tool shank 50 radially, the control knob 43 is rotated by hand
in the direction of arrow | so that-ggu eaded section 31 of the screw 30 %
causes axi al displacenent of the toothed 10 segnent 20 in the direction
of arrow X. The indentation 22 of the segment 20, being slightly inclined

d i | i LD h f |45k 0...Lhereb
i ol dESBERC R RES Ui Alaei manes, YeRanIY Bk ol A it ca
body 10 backiesh with coryesponding teeth 52 proviided imaeneecamt hdrawal - -
of the toaehnana?k th@ r??’lrig]tndﬁcallt 5&?-3@%@%1“ shidqudisgection of arrow W

is made DBy turning con knob 43 ifi the direction of arrow R As is shown
in Figure.3, to assure accurate 20 di spl acenent and to guarantee a stable *

Dot e b g e & ooy SAUSS sh of
resilien ckl as i, or, s e i s prqvi,ded to suppress hacklash o
said t coPPSARGEEReRE, 15, Hhe enth oF cur, thak 18 5o Abeplace’ b1 odged
i n a hol €&obl shankd&0 radiallyt,hdheocontiralk kndb 4Gndsenvbtataddygpri ng 61
acts on lsnger d d edl el i trance of

t he hol e Ed q‘%hé:%(%t I?g'frre%rﬁtoo %%ea%{?r%?#gg 1%‘&%%’%&#&%4’) a stud
63 t hreadddof thecsexew 30 aaises) axiali ddsplacemendy lofhdhie: dloakhad 10.

Theipnd Gagmeht! 20 3% thil §IREtIECHES arPon] AP ARidathtattiidh (2 t 0Ol
shank 50 into the hole %%§.The sFrln_:Gl,acts Qn the stud 62 and reacts at

the end 8fathe seomenty 1¥pdncddned,and ilfy GlAS& to the
tool shagontacthwilth dhecdideth &2 f @doll shank 59, thereby Sduge

- SirTace SRRl gup IR 0 HRLFA03, SRRl BOria JRLEHIAR. TR hank
cylindrical body 10 in the direction of arrow Z. 1In a

15 similar manner, wifhdrawal of the tool shank 50, that is,
its displacement in the direction of arrow-w'is made by
turning control knob 43 in the direction of arrow R.

As is shown in Figu:e_a, to assure accurate

20 displacement and to guarantee a stable position of the tool
shank 50 relative to the cylindrical body 10, a resilient
backlash eliminator system 60 is provided to supptess
backlash of said tool shank. This backlash suppression
system 60 has a spring 61 lodged in a hole 53 provided in o/

25 the tool shank 50. One end of the spring 61 acts on an
inner end of a stud 62 threadedly received in the entrance
of the hole 53. The other end of the spring 61 acts on an
end 63a of a stud 63 threadedly received in a hole 4
provided in the cylindrical body 10. The end 63a of the

30 stud 63 extends through an opening 54 in the tool shank 50
into the hole 53. The spring 61 acts on the stud 62 and _
reacts at the end 63a of the stud 63, and thereby applies a
biassing force to the tool shank 50 in the direction of
arrow W, that is, in a direction generally along the second

35 bore 2 inwardly of the circuﬁferential surface of the body
and in the direction of withdrawal of the tool shank.



The boring tool described above may be coupled directly to the main spindle
of a machine and/or it may be coupl'ed to a shank extension 70 for machining
deep hol es; 5 such shank extension being coupled to the machine spindle. As
S |nd|cated in Figures 1 and 2, when the tool is coupled to the shank

ext &asi on 70, the coupling end of t he .gyld ndrical body 10 is provided with
a recessed section 10 having a threaded portion 5 and a centring portion
6. Thus, the cylindrical body 10 is fixed in shank extension 70 by screw ng
the threaded portion 5 to a corresponding internally threaded portion 71 of
sai d shank 15 extension 70, the screw ng tightness being obtained by
resting the extr@he barang? toblt Hescribedesbone bay7beosoupriede 7 defi ned

in this endg c I gals D N r fraet Ihggpqmg of
t he Cy|lndrlgg?&€§¥¥¥é Qﬁé ﬁ%in %9¥8§88c§?t% ?ﬁghgagneﬁg£§gn§?on
assured by gPeRisflo °fPt§hﬁthﬁ§t§§ﬁﬂppn§°p§PFlBﬁcbinﬁggféeﬁpthBﬁEbntr|c

with the gegiBhr shafki 8x@bnsionCheing’ teaplBadyoléhei Magdhifer epAadlidlg bore
provided in the interior of the shank extension 70 which is also perfectly

concentric with 25 the geonetric axis of the shank extension 70. The
extrene face 72 A fikeinlldchted dasFdgur8si 3 ahdt 2¢dwhent theetbodned s ace 7

whi ch ext endguBied kholheddilotud BxtlRsLanoTbULAR! cAYES 1L LA ¥ i ca

body 10. 30 en nac eep ores oring to
mai nt ai ned syiindmicalr bodyi 1O ﬂ-e prrovided witbnenrecessed: sertiomanged

concenjpi C hAvifg bf eAreéaded pfoit1BhCEOBRA BCcBA2IngOpoFRiBA L. POSSI bl e
to rest the borifg tool heé machine tail stock This totally

el iym, nat es over hang and 35 further ensures r|g|d|ty in the tool which is
an rnportant con@hhsqnther c@tlae;u&ﬁealrmahynn.ogis £ixéd- 1ihveRhanken equi pped
with alive oS ntrg 98 stocﬁ
ens on y screwing the. threaded portion 5 to a
corresponding internally threaded portion 71 of said shank
15 extension 70, the screwing tightness being obtained by
- resting the extreme face 72 of the shank extension 70 on a

face 7 defined in this end of the cylindrical body 10.

Centring and perfect alignment of the cylindrical body
20 10 with respect to the shank extension 70 is assured by
precision fitting the centring portion 6, perfectly
concentric with the geometric axis of the cylindrical body
10, in a corresponding bore provided in the interior of the
_ - shank extension 70 which is also perfectly concentric with
25 the geometric axis of the shénk extension 70. The extreme
face 72 of the shank extension 70 is abutted on the extreme
face 7 which extends at a right angle to the longitudinal
axis of the cylindrical body 10.

30 When machining deep bores, and when the boring tool is
maintained stationary relative to the feed movement, a seat
37 arranged concentric in the free end of the micrometric
screw 30, makes it possible to rest the boring tool on the
machine tailstock 73. This totally eliminates overhang and

35 further ensures rigidity in the tool which is an important
condition for precision machining.



73 may cause slight resistance due to friction at the cone of the seat 37
and thus tend to rotate the mcronetric 5 screw 30 relative to the
cylindrical body 10. This could accidentally change the pre-set radial

di stance G--EG GF' - EG during machining. To avoid accidental alteration
of the pre-set distance GF-EG GF -EG. the control knob 43 is provi ded ¥
with a ratchet indent 43c in its face adjoining 10 the extrene face of
the cylindrical body 10. The teeth 43c are coupled to a ratchet indent 13a
provi ded on the face of a | oaded spring locating ring 13 which is received
in a sliding manner at the end of the cylindrical body 10. The ring 13 is
pressed agai nEvenheheant egetippedentitita Qiveageoatre; theddhidstonks 15, and.

retained | of e ring 13
rel ati ve o ﬁl u%é gﬁﬁgﬁtt e?i%%@'%%ﬂ]g%%t %re conkz%%f’gﬁ(%toéb% | s‘,;rlr%ot at ed
manual | yo£t maezseatr S7c load MR!P@nt’tem@c tios rarteser shet adcromediget h t her eof ,
whi g hayerawngochedaridle 't Wiidl cy1ai1eany 8bay40.n HAlideald on of the

teeth top, act in_the ratched I ndent 13a; whic has teeth wth a

not ched BFGF#PBtWAQW'Hh%%E§ dhe Prese ﬁapﬁé dpﬁ§@PPGF GFB% @Fcth top,

?Ed t[\)e Esmgdaiint 1ﬁlabhi<i|ii$i§[ acae Iﬁdi@a@di%eaehtanlafltaﬁatt&r?%ﬁlbfg Flh ggre 2)
er eby sconnecti.n ra che

i ndents %3¢ RR§-BSE 3: %e% eé%ﬁ, ik Hﬂ& e 5‘5’(?3’1 &S any

mul ti pI epnbvidbd mirtihe @ ctfatd:hetsdmm:f 43e igr d.dt:atfad:a«aﬂjmi&ﬁmg it can be

assy 13_9 ?ttr %n ftalé‘?e rc&t Cé?\%ddgriq. he s,l Rpcou Pedtte Q£ uent

atcg 8 max| mum r adi 'SP acenen rota 1 on contro knob

43 is haﬁteoﬁomeﬁum miaticheds indents13e p@auim\muhmfmeamt | i
g: e}: |h§| gﬁaﬂaahaa S0 Jdcatinl ¢4y 130 whieh d8"rReeived iy &l tra
sliding manner at the end of the cylindrical body 10. -~ The
ring 13 is pressed against the ratchet indent 43c by way of
15 loaded springs 15, and retained radially by way of a pin 16
which prevents rotation of the ring 13 relative to the
cylindrical body 10.

When the control knob 43 is rotated manually, the

20 ratched indent 43c is also rotated. The teeth thereof,
which have a notched profile with flanks converging in the
direction of the teeth top, act in the ratched indent 13a,
which also has teeth with a notched profile with flanks
converging in the direction of the teeth top, and the ring '\

25 13 is displaced in the direction of arrow 13b (Figure 2)
thereby disconnecting the ratched indents 43¢ and 13a. As
the ratched indents 43c and 13a have a number of teeth,
which may be double, or any multiple of, the number of
divisions of the graduated scale 43a, it can be assured

30 that when the ratched indents are again coupled to .
subsequent ratched indents, the maximum radial displacement
of rotation control knob 43 is half or any sub-multiple of
the value read between two adjacent lines of the graduated
scale 43a. '

35

The boring tool can be used for ultra precision



-13- machi ning where an extrenely |ow | evel of vibration during operation
is required. Furthernore, the systemmy be operated at very high speeds.
The cylindrical body 10 is therefore provided with a bal ancing systemto
bal ance the 5 rotating masses as is shown in Figure 3. The bal ancing
syst'emis conprised of two bl ocks 80 apd-81 |lodged in a slot 8 provided at
the mddle of the cylindrical body 10 and positioned in a secant plane
extending parallel relative to the geonetric axis of the bore 2. The bl ocks

10 80 angaths %ﬁ:@ﬁ%{)@%ﬁ(‘gvﬁﬁé&%ﬁf .f‘éi:comﬂéi‘ﬁf %’ibfh{é%&kadffﬁfn' ng

screws 83 are recel ement, positioning

subsequent oPeRatHoRy ¥ Femuineds WW@«] tha sysken ‘Eﬁﬁ’l% a
bal anci ng @wﬁﬁém a'tE\kié”rﬁ h@@h éﬁeé@sﬁOtTﬁé Icﬁﬁnﬁaﬂbw oy 20 4t hi s

bal anci ng S vi ded alternative enb dlnent
Shown | n°FiepRREEech, PRI it th 4 e SaRe g | AR O it aRse

| nccﬁr p&r at aotating wessehay i shmcam Rigpirte B\ arthe slameiag|y at a
ri ght 20 am st , P oy i des
space for s?cggjiw njgs t:ﬂﬁnézg %%#\ﬁ%hb%%ﬁw 9]{&%%? onto t he tool
shank 50 asliat shawovided ar cthed middle ﬁ@%@ﬂimi@ apead¥cl@how an
~alternativeep rgncg ébéﬁﬁt gﬁgﬂegfgnéiﬁ?fﬂg&é{lgfchlnlng of

t hr ough bores In I s enbodi nent, as shown 1.n re 4b, backl ash

Suppr essi oﬁ%@c‘ﬂé@l $9,cthe gepmetris d%‘F’@ﬁecPfr the PRt 4red TR RIRSES  and |

the taeth By aﬁfd)vanl@ke rpiéﬁdé@'wﬁﬂ@r&&fbaté@ oﬁammoswlmwcm a

positive ner by havi t he teet and nder f rce
one_ggai ng&nats}@'&%r é/revﬁ éﬁ.%’-‘%rﬁ?ﬁﬁ t9.p n‘fr}é %f%jé%
preci si on paositteibradmny séndlammsequem: al:'aé;temlr@ ofirthe delbcks esmaam; | n the

or 35 i nainit B KA00 8 JSFLITE DR p Hpelby foll 1Y thimgn ot

shank 50' &t ishqpat r@ll\mtxmth n Fm A dthi bajtancing system
15 may also be provided in the alternative embodiment shown in
Figure 4 and described below. '

The cylindrical body 10 also incorporates in its
periphery in a secant position and substantially‘at a right
20 angle to the second bore 2, a rounded slot 9 which provides
space for receiving the screw 55 which clamps the tool tip
51 onto the tool shank 50 as is shown in Figures 1 and 3.

o .. Figures 4, 4a, 4b and 4c show an alternative

25 embodiment of a boring tool for the finish machining of
through bores. In this embodiment, and as shown in Figure
4b, backlash suppression between the teeth 22, provided in
the toothed segment 20, and the teeth 52' provided in the
tool shank 50', is also accomplished in a positive manner

30 Dby having the teeth 22 and 52' interact under force one
against the other. In this embodiment, an indented
plunger 90 is precision mounted and slidable in axial bore
53' provided internally in the body of the tool shank 50°'.
The indented plunger 90 is provided with teeth or

35 indentations 91 in the same plane as the teeth 52' of the
tool shank 50' and engaging the teeth or indentations 22 of



-14- the toothed segnent 20. Backl ash elim nation between the teeth,
schematically illustrated in Figure 4b, is acconplished by adjusting a stud
92, which is threaded in an internal thread provided 5 in the tool shank
50', such that the adjustnent of the stud 92 displaces the indented plunger
90 relative to the tool shank 50" inyghe direction of arrow 93. This causks
flanks 94 of the teeth 52' of the tool shank 50" to abut flanks 22a of the
teeth 22 of the toothed segnment 20, and 10 simlarly flanks 95 of the

teeth 91 e ugger 90 are caused to abut flanks 22b of the
teeth 22t§% %ﬁét#%%tﬁggﬂeak 5 t'20; Once the adjustnent has been nade by

way of the staaczsashgglguinn&donhbetusen thenkeethe pohematdcaddyact under
a metal 19)a8t2bteaNdh! FAGurk@ndr 13N4ERBAR1LSNbE! BY) KajulRafly BACK] ash but

still enabl es snooth oot segnent t ool shank
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e stu s it i i O r eby
e o a8 a B Eachb che, 1rcbnteh Bindoet" 50" FRLseive, thndne: Hobt oo o
arrow 25shafB. 50Thénb¢up dﬂreb&ibnobfshanbw593.|sTh&srehpsesnuﬂEnﬂﬂnusly
forced obapusnefle! febif!Sh ! Bel ipkbBS! LBnk"9he7ke"aBucaZaRIAla, { hal
s, in the opposite direc MOVEenen unger and inits
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theggwo EﬁﬁiiangaEiaﬁﬁs 9% b% QBBO%éh%thEESE'Qﬂé iﬁﬁeh%@ﬁrph t hat

is, teeth 52' of "tool shank 50' and teeth 91 of plun 90, act

respect|99 BEgoSeused, tos abut flanks,24p of the teeth 22 of the W
toothed segment 20. : o :

Once the adjustment has been made by way of the stud
15 92 so that the teeth flanks are put into contact under a
metal to metal condition, the arrangement is totally free
of backlash but still enables smooth sliding of the toothed
segment 20 and the tool shank 50'. The stud 92 may then be
locked by tightening the lock stud 96.
20 , : _ o _ _
As illustrated in Figures 4, 4a and 4b, and as already
explained, rotation of the stud 92 moves it in theé interior
of the shank 50', and it thereby pushes the indented
plunger 90 forcing it to travel in the direction of arrow o/
25 03. The body of the tool shank 50' is thereby
simultaneously. forced or pushed to travel in the direction
indicated by arrow 93a, that is, in the opposite direction
to the movement of the plunger 90 and in its withdrawal
direction. : .
30
As shown in Figure 4b, the relative movement of the
two parts 90 and 50' is in opposite directions and their
teeth, that is, teeth 52' of tool shank 50' and teeth 91 of
plunger 90, act on respective opposed flanks 22a and 22b of
35 teeth 22 of the toothed segment 20. The profiles of the
teeth flanks are not paraliel but are convergent flanks.



35 teeth 22 of the toothed segnent 20. The profiles of the teeth flanks
are not parallel but are convergent fl anks. -15- The teeth may have a
triangular prismatic shape, the shape of an involute, a shape in which the
flanks are of unequal profiles, or any other shape in which the thickness
of t'he teeth decreases as the profil e apfroaches the converging 5 |ine at
the top of the teeth. Their profiles cause the withdrawal or retraction of
the toothed segnent 20 in the direction indicated by arrow 100 and the

101 and" 1027Pe SeRRR, B Have,d Rsshended britmprle, habel a0 BitRS e
parts 90 anaf5en daviolutes & shapeodnopbdsiht dheo flapks aget ik wiequal
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20 and 50 manner 1 n appropriate bores
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the Cyib”drkﬁi’%‘aw)bﬁl%f 33 %%Eﬁﬂ“'gﬁhahﬁetsb?'isspﬁmfhiodi'r"éd%iﬁiﬁd ei t her

by the I nclined teet eaction e ct o unger 90 on the
toql_shank 98posife to t ofc apdackHion, of tﬁgﬁh oheéknt 20 and
the tool shgagmadt Q@,reached under a nmetal to netal sliding condition,
with zero clearance and zero interference, a

As can be seen in Figure 4, the parts 20 and 50' are
15 lodged in a slidable manner in appropriate bores provided
in the cylindrical body 10, and the plunger 90 is lodged,
also in a slidable manner, in the axial bore 53' of the
tool shank 50'. The withdrawal movements will cease when
all clearances have been suppressed. These clearances are -
20 Dbetween the inclined teeth, and also on one side between
the toothed segment 20 and the cylindrical body 10 and on
the other side between the plunger 90 and the tool shank
_ 50' against which the plunger 90 is pushed by the effect of
Y the inclined teeth. The clearances which are suppressed
25 also include clearances between the shank 50' and the
cylindrical body 10, against which the tool shank 50' is
pushed either by the inclined teeth or by the reaction
effect of the plunger 90 on the tool shank 50'.

30 When a displacement of the toothed segment 20 and the
tool shank 50' is reached under a metal to metal sliding
condition, with zero clearance and zero interference, a
condition of absolute prevention of angular displacement of
the toothed segment 20 relative to the cylindrical body 10

35 is established. ' In this respect, the bearing contact in
opposite flanks 22a and 22b of the teeth of the toothed



condition of absolute prevention of angul ar displacenent of the toothed

segnent 20 relative to the cylindrical body 10 35 Is established. In
this respect, the bearing contact in opposite flanks 22a and 22b of the
teeth of the toothed -16- segnent 20 in its external portion formw h

the centre (axis) B of the mcronetrj ? screw 30 rectangul ar triangles A
and DBC as illustrated in Figure 4c. In points A and D of the hypotenuses
AB and DB the teeth of the toothed 5 segnent 20 ar e in contact netal to

nmet al (o] d F, of corres ond| t ee of the | unger 90
and the %Wegﬁi%f’agd‘ Avgex Q%SP réﬁ.ﬁ"h e%t T¥%e t oot hed
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the slidiveglaghank G0the THid pdwventd arp arful &y ridvenant hes tlegnent 20

thin 2 b t t ot,al | f kI h
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and 34 prevent axi a sald mcronetric screw 30. Fur [more, the
toothed segm t 20 has a flat plane cut secant exten ing

parallel to the axis of said toothed segment 20 which bears
15 on a flat and parallel plane on the tool shank 50' and on
the plunger 90. - :

Looking at Figures 2, 3 and 4b, the sliding action of
the tool shank 50, 50' and of the toothed segment 20 within
20 the bores 2 and 1, respectively is totally free from
backlash or play. Simiiarly, the sliding .action is also
totally free from any backlash between the flanks of the
teeth 22, 52 or 22, 52' and 91. The rotation of the
micrometric screw 30 is totally free from backlash at the o/
25 internal thread 21, and totally free from axial backlash
since the adjacent faces of rings 40 and 42 that are spaced
by the spacer ring 41 retain the collar 35 of the
micrometric screw 30 between the portions 33 and 34 prevent
axial play of said micrometric screw 30. Furthermore, the
30 components of the system can be engaged to ensure that the
pre-set radial distance GF-EG, as shown in Figure 4, is
precisely maintained to within a micron. In ensuring that
the displacement of all moving parts is free from backlash
it can be ensured that stability is provided to the
35 position of the edge of the tool 51 such that the GF-EG
radial distance from the tool edge farthest point to the.



30 conponents of the system can be engaged to ensure that the pre-set
radi al distance G-EG as shown in ‘Figure 4, is precisely maintained to
within a mcron. |In ensuring that the displacenent of all noving parts is
free\{ronlbacklash it can be ensured that stability is provided to the 35
posﬁklon of the edge of the tool 51 supp.that the G- EG radi al distance
fromthe tool edge farthest point to the -17- geonetric axis of the
cylindrical body 10 is guaranteed to within a mcron [err] Thus, in a

revol ution I oG Si r e i1 | It i5\el i a
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of the mcronetgjc screw 3Q,can be mathematically,represented by a quotient
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obtained from one completed turn of the knob 43. The

consequent rotation of the micrometric screw 30 can be
‘mathematically represented by a quotient QI which is

i5 defined as being the ratio between the pitch thread in
millimetres of the micrometric screw 30 and the number of
divisions or lines on the graduated scale 43a of the knob
43. The quotient QI represents an initial stage of the

. displacement of the toothed segment 20. Whilst this

20 initial displacement is taking place in the toothed segment
20, it imposes a displacement on the tool shank 50, 50' in
a manner such that the final displacement of the tool shank
50, 50' is only a fraction of the initial displacément of .

o the toothed segment 20, as explained below.
25 - o
Suppose, for example, that the micrometric screw 30

has a 0.5mm pitch and is connected to a knob 43 having a
scale 43a with 50 divisions (lines). This will enable
readings at 0.01lmm, that is, one hundredth of a millimetre

30 of each division (line) in relation to the displacement
imposed on the toothed segment 20. Thus, QI is 0.5/50 =
‘0.01lmm/line.

The second effect can be mathematically represented by
35 the quotient QII, which is the ratio between the amount of
~displacement of the toothed segment 20 and the amount of
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call ed beRAUSE Idxd fdESEGDE. 61'F0 /6608 W 128 4271 SENtmde L, SYsbem tha
' radial displacement of the tool tip 51 is as many times
smaller than the displacement of the toothed segment 20, as
15 is the resolution ratio. |

This means that by varying the angle a according to
the mathematical ratio that connects it to other
parameters, any resolution ratio can be obtained. That is,

20 a given amount of displacement of the toothed segment 20
causes a radial displacement to the tool shank 50, 50' of
greater or lesser magnitude than the displacement of the
toothed segment 20 according to the value of the angle a.

25 The resolution ratio is so called because it
represents the resolution refinement of the system, that
is, the ratio between the variation that can be obtained in
the distance GF-EG and the displacement variation of the
toothed segment 20. It should be noted that the resolution

30 refinement is'nothing but the demultiplying ratio.

A third and final effect is the proper radial
displacement caused to the tool shank 50, 50', and to the
tool tip 51 as a result of the rotation of the graduated

35 knob 43 and consequently, of the micrometric screw 30.
This third effect is an association of the two previously
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) onty’ LIS EEnal k1318 faRE1§ONS! dered that a maxi mum

1. change and/or aiteration in the position of the
geometric axis;

2. tool wear; and

3. change made by an operator or other external means to
the graduated scale 43a by way of through knob rotation.

No other condition makes it possible to change the
distance GF-EG within ultra precision standards, since the
maximum permitted axial motion of the micrometric screw,
and the maximum permitted backlash between the thread of
said screw and the thread of its nut, results in negligible
deviation of the tool edge relative to its rotational
geometric axis. '

Furthermore, it should be- considered that a maximum
backlash of 0.002mm between the collar 35 of the
micrometric screw 30 and its rings 40, 41, 42 can be
reduced by utilising the elastic property of the materials
from which the rings 40, 41, 42 are made, which when
submitted to compression through the proper tightening of
the screws 45, said maximum 0.002mm backlash can be
progressively reduced to very minute amounts in the order



30 backl ash of 0.002mm between the collar 35 of the micronetric screw 30
and its rings 40, 41, 42 can be reduced by utilising the elastic property
of the materials fromwhich the rings 40, 41, 42 are made, whi ch when
submitted to conpression through the proper tightening of 35 the screws;
45, sai d maxi mum 0. 002mm backl ash cay be progressively reduced to very s
m nute anmounts in the order - 20- o? 0. 0001lmm tendi ng towards zero. As is
expl ai ned above, the maxi num perm tted backl ash of 0.002nmin the screw
collar can he reduced to _of the 5 order of 0.0001nm (one tenth of a mcron)
t hr ough ©fe G1QAYmm, tRRAANG KPYATAS Z8%Rf or mati on of the rings 40, 41, 42
Furthernore, the maxi num perm tted backlash or play between the thread of
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described and i]lustrated, it w e understood that structural changes

: micron). Thus, a boring tool as illustrated and described

meets the requirements imposed by the definition of ultra-

15 precision class or precision degree as it is accepted and
understood within the present state of the art. It is also
important to point out that the effect produced by the
peculiar elastic deformation of materials to which rings
40, 41, 42 can be submitted, has been foreseen, duly

20 considered and theoretically analysed at the conception
(design) stage and then evidenced by laboratory tests, and
that the research carried out has positively confirmed the

validity of what was foreseen and previously considered.

25 Although a specific construction of a sub-micron
boring tool and pre-setting system has been described and
illustrated, it will be understood that structural changes
can be made to the embodiments illustrated within the scope
of the claims of the present application.



can be made to the embodiments illustrated within the scope of the clains

of the present application. 30 -21- CLAIMS 1. A bor | '
substantially cylindrical body having a first bore thene”mmammulmﬁm
boré~opening in 5 the circunferential surface of said body ahd 4 ntfer éepting
saitr=tirst bore, said boring tool conpfdxstng a tool shank for carrying a
tool tip novably received within said second bore, a rotatable control knob
carried by said body for enabling the position of the tool shank in said
second bore 10 to be set, and novingcpRa@g in said first bore for noving
said tool shank, said noving nmeans being coupled to said control knob and
being arranged to nove said tool shank in said bore in response to rotation

(ﬂ; sai d conygol knabriaadtbmt harvmgnar ls&b&gahtihnayhcwﬁmaon paggns for
suppr e SI

backl ash . t hank
means acti ng® ﬁggasg ?%%F Hﬁﬁk%gﬁ %ﬁﬁ%sPﬁ Po%%agﬁga é§4%%_e§%hon
subst anbi al theatdrgunifereatdad bumiagenefabbﬁdlbwdydhpdoﬁnwbscepting

cirounfer enti gy SYELAChook SHdPR1rg hon cAubBiBiAG Bleckn GhALIEC |1

Claim1, whérern-sai suppres on neans () es reS|I|ent nmeans
housed in afovocasnxﬁngborsooitaﬁm mgvabﬂUiwegaiuedovﬁtgﬁan@a#ﬂsseQ9nd A

boring tool pggeC! @l %%akabﬁ?eab@n%ro%wcaéﬂeaew isalla HARS ffiﬁ"m“ se a
first threaded §tud threaded into said tool sh %b
di rection |ﬁRﬁP&F?QthFhB°@FFEGPfSﬁéﬁPFaF°9&rF 5?3 &é%qﬁﬁlﬂﬁﬂﬁ of

a spring. 3fo4be sbéthoanddmovingmednd H¥d saldCfdiret3 botee fairn moaiithg
. said tool shank, said moving means being coupled to said -
~ control knob and being arranged to move said tool shank in
said bore in response to rotation of said control knob, and
further comprising backlash suppression means for
15 suppressing backlash of said tool shank, said backlash
suppression means acting on said tool shank to bias the
tool shank in é direction substantially along the second
bore generally inwardly of the circumferential surface of
said body. ' .
20 . _ _ _
2. A boring tool as claimed in Claim 1, wherein said.
backlash suppression means comprises resilient means housed
in a tool shank bore extending within said tool shank.

25 3. A boring tool as claimed in Claim 2, wherein said
resilient means comprise a first threaded stud threaded
into said tool shank bore and urged in a direction inwardly
of the circumferential surface of said body by means of a
spring.

30 _ _ _

* 4. A boring tool as claimed in Claim 3, wherein said
spring is received in said tool shank bore and has a first
end acting on said first threaded stud and a second end
acting on a second threaded stud, said second threaded stud

35 being threaded into a further bore which extends in said
body and intercepts said tool shank bore: '



spring is received in said tool shank bore #nd has a first end acting on
said first threaded stud and a second end a t hreaded st ud,
said second threaded stud 35 being threadiﬂ“m"u"‘mum{muﬂ bore which
extends in said body and intercepts said tool* shank bbr&. * -22- 5. A
boring tool as clainmed in Caiml, werein said backlash suppression meas
conprises a plunger slidably received within a bore extending generally
axially within said tool shank, said plunger carrying engagenent neans for
5 engagenent ,with _.sai Vin ns. 4 &. A bor.ing.tool., as clained in
Caimb5, %\I\,her \'Nh’oﬂ'ﬂ? ﬂiﬂ%&%w %%gl[aé& oM METRIR A3s 1 or
engagenebeckilashc suppnessiiony nearish compricses & iplungear rsleddabylyaid 10 -
tool sha b 14q, T %&ﬁ' . I i BN and
wherein ggFgg'g%gaé’grren’?‘ réé;ﬂr?sf%; : ég%&%ger é()%& [ s?g‘j{gei\eﬁtﬂq%r ‘I'mdent ati ons
carri ed Bpidaiteodl shank [ Gaishplgngen cannying engagement eansitfons

carrsed angageheMy WIXHRHIY mbvihg meAn¥ring tool as claimed in daimb5
or Claim®6, wherein a threaded stud is engaged with said axial bore of said

tool shank in abutnent with said plunger such that adjustnent of the
posi tionéQf t aeborrieryahall Wk \Wlidimed dird QAhim & aherdin ahidts the

& ai m CWREVAPE mReR s on, Koot o wrin bl B el “Cor o
ext endi nyiZhocgrrespandisyg eedth o dndentatHions: carriet by smidg
conpgct e@o%:&t %ﬂhﬁ’n}&%ﬁ%m};%@%o@l n01s Siibatid ;iﬁr SRV such that

rotation o e cont b rotates the screw,-and tr SmM SSI on neans

| ocat ed MPVANG S@ans, and ghereimiseid angagenent means IQfithean axial )

bor e t hepahgedeonpralsd) tdet oxiihdEra R ©a¥¥i¥8 by said
plunger for engagement with the teeth or indentations
carried by said moving means. |

15 :

7. A boring tocl as claimed in Claim 5 or Claim 6,

wherein a threaded stud is engaged with said axial bore of

said tool shank in abutment with said plunger such that

adjustment of the position of the threaded stud within_said

20 axial bore adjusts the .position of the plunger.

8. A boring tool as claimed in any preceding Claim,
wherein said moving means comprises a rotatable micrometric
screw extending along said first bore, said micrometric o’
25 screw being connected to said control knob at or near one '
end of the screw such that rotation of the control knob
rotates the screw, and transmission means located within -
said first bore, said transmission means having an axial
bore therethrough through which said micrometric screw
30 extends, said screw being coupled to said transmission
means such that rotation of the screw moves said
transmission means, and said transmission means being
coupled to said tool shank.

35 9. A boring tool as claimed in Claim 8, wherein said
transmission means comprises a toothed segment arranged to



30 ext ends, said screw being coupled to said tran ch t hat
rotation of the screw noves said transnission rreans miﬂmq!ﬂﬁﬁﬂ r'ﬂ ssi on
means being coupled to said tool shank. 35 9. ol ai med
in Gaim8, wherein said-transm ssion means conprlses a t oot hed segnent
arrarmged to -23- be reciprocated by23tation of said mcronetric screw,
and wherein teeth of said toothed segnent engage with corresponding teeth

on said tool shank. 5 10. A boring tool as clainmed in Claim9, wherein
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segment andcbpgespeddiagateethlOn shed! keogeehahkic axis of the toothed
segnent, said teeth or indentations being selectively engageably in a

backl ash free manner on correspondlng teeth or indentations provided in the
secant Pl ank0of Ahbordng tbeldkasltlaithed AnbCledm fpowheredhaitmed i n any of
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bore, said havi I Nt er na sald transm ssi on
means is engegegntzs moysmenﬂ ﬂemu&gipééarageghapﬁem {8 previded wherein

said ”‘Cro”@éﬁbfi§ih§W%b§tﬁr8¥'iﬁéeﬁthﬂi&n&hhﬁi eaolbhgﬂtﬁaihhalﬁnQn
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30  toot hefreegmanhers onxicorirgspbnddbge teethi prsindentatiobsr provided .

in the secant plane of the tool shank..

15 11. A boring tool as claimed in any of Claims 8 to 10,
further comprising a bushing retained within said first
bore, said bushing having an internal thread with which
said transmission means is engaged.

20 12. A boring'tool as claimed in Claim 11, wherein said
.micrometric screw is provided with a threaded portion at
its end remote from the control knob which extends through
the axial bore provided in the toothed segment and meshes

o with the internal thread provided in the bushing, and

25 wherein said bushing is received with an extension of a -
hollow stud, and the end of said hollow stud being
threadedly connected to said toothed segment.

13. A boring tool as claimed in Claim 12, wherein the
30 toothed segment is axially slidable within said first bore
® of said cylindrical body, sliding movement of said toothed
segment being caused by rotation of the control knob and
consequent rotation of the micrometric screw.

35 14. A boring tool as claimed in any of Claims 9 to 13,
wherein said backlash suppression means comprises a plunger



of said cylindrical body, sliding novenent of said toothed segnent being
caused by rotation of the control knob and Cﬂmm“mmllmmjﬂ n of the
m cronetric screw. 35 14. A boring tool a&il UlTRTERR] ¥ of Clains 9 to

13, wherein said backl ash suppressi on neans conpri ses a plunger -24-§:§
slidably received within a bore ext jng generally axially wthin said%#
tool shank and carrying teeth or indentations for engagenent with
corresponding teeth or indentations of said toothed segnent, and wherein

adj ust nen f.said 5 pl er..s b of _an ial _bore d wherei.n the
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radially outagrdl 1§S a3$§pnvene t of the_tool shank in t! gé%gposite
gt otk o
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P?ﬁrgi”ﬁiq.rfé%"%;é%%e%t o FeEsR B ihehsiidng %%L%%bé%‘?? R
in sai d thestobdr shapk, said adjusting stud beivgalockabdeCia rthes, wherein
saigofirgagggegdeéﬁgﬁgaﬁhpﬁgig%gigg %ylgkksgkgdgubstantially cylindrica

body and 15 stepp ave~a st portion with a dianeter which is |arger
than that of a second pQrtionz-whgréin the rings supporting the nicronetgL;
screw 3015.ar & bRAINGCEool WY ¢leimeld ihatlaimdlaTeutereddr Wovannt he

of the adjusting stud inwardly of the tool shank causes

movement of the plunger in the direction radially outwardly

15 and movement of the tool shank in the opposite direction
generally inwardly of the circumferential surface of said
body. _ _

16. A boring tool as claimed in any preceding Claim,

20 wherein said micrometric screw is held positively within
said first bore by one or more rings which are held in said
first bore and prevented from axial movement in said first
bore.

-

25 17. A boring tool as claimed in Claim 16, wherein said
first bore extends longitudinally of said substantially
cylindrical body and is stepped to have a first portion
with a diameter which is larger than that of a second
portion, wherein the rings supporting the micrometric screw

30 are received in said first, larger diameter, portion of the
stepped first bore and wherein screws extend through said
rings are fastened into a wall of said first portion to
positively hold said micrometric screw.

35 18. A boring tool as claimed in Claim 17, wherein at an
end external to the cylindrical body said micrometric screw



stepped first bore and wherein screws extend through said“FTﬁag‘aré
fastened into a wall of said first portion to poilmnmlmwwﬂ

mcrqonetric screw. 35 18. A boring tool as cl lﬁﬂ" wher ei n
at ap>end external to the cylindrical body said m*crémetrit Scréw - 25-
has “a=tapered seat whose di aneter convepges towards the external end of the

m cronetric screw, and wherein said control knob encloses and is rigidly
connected to said tapered seat. 5 19. A boring tool as claimed in any

precedi ng Cigldn gy %%Fe 83y e ?:ﬁé"@éfoéo Sté’v'?a:? ?Hé"
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mnth reference to éhe acconpanylng dr aw ngs.
seat.
5 _

19. A boring tool as claimed in any preceding Claim,

wherein said rotatable control knob has an external,

peripherally extending graduated scale thereon, and wherein

a reference index or point is provided on said cylindrical

10 body adjacent to said graduated scale.

20. A boring tool substantially as hereinbefore described
with reference to the accompanying drawings.




