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Vi brati on- Assi sted Machining Field of the Invention 5 Thi§"i nvent lon
relates to apparatus for ultrasonic vibrations-assisted machi ning and

refers particularly, though not exclusively to apparatus for ultrasonic

vi bration- @gpigetBshsspchi ning of nmetals such as steel and .0l st eel .
Background of the Invention 10 | f Utrasonic vibrati on-gm%gﬁ%?ﬁ?i ni ng

has several inportant advantages. One inportant advantage flows fromthe
friction reducing action, which arises when the > cutting edge or point of
the tool separates fromthe work during each vibration cycle and which

I ntroduces an ultra actl | action 15 all ows
transm ssi on of cooIi Ei:ﬂapaftlfs%gglﬂg% wgg}‘gﬁgsﬂfl%ﬁﬂ%c%WQpi eace area. The
gooling fluid nay be air. Normnal machl ning has an accuracy of greater than

Sm and uses or ¢Hidido¥thenwehiiéh tools. Utrasonic vibration-assisted
machi ni ng was i ntroduced 1n the 1960s to 20 provi de advantages over nor nal

machi ni ng. The expected advant ages have not been realized, however, as it
di d not i ncseadaistin@htidni réiaten @rapparpuOILe ulsaohid Vb ratibiihisted Na8fingaid | N

1 ci . DU n B
cpeed. 26" si noctisapriafnd thdof hof BAARENT PG To ABBPUE SR Ter ¢ ne
demands of f algFyieted m@m&ﬁme@&tseeh Ftgeband smindesssepld t ool bit is the only

tool bit that can be wused to generate an optical mrror surface finish.

However, a di arg% tool ﬁh vE rcl’not be used on steel due to the strong
cheni cal reactiGi 8?'0\%8 “M°ond and the steel. The chenical reaction

gzaﬁfes_ grapBiti zation of the dianond. 30 Wth prior art systens, the
vidy ation hor n Uifasehia WbRBlombssisWa nidchihing had S&veRPintosar®facidAiges. One

Q:\} important advantage fiows from the friction reducing action, which arises when the
cutting edge or point of the tool separates from the work during each vibration
cycle and which introduces an ultrasonic pumping action. This pumping action

15  allows transmission of cooling fluids to all areas of the workpie'ace area. The
cooling fiuid may be air.

Normal machining has an accuracy of greater than 5pm and uses ordinary machine
tools. Ultrasonic vibration-assisted machining was introduced in the 1960s to
20  provide advarntages over normal machining. The expected advantages have not
been realized, however, as it did not increase tool life nor improve surface finish.

Also, cutting efficiency is fow as the cutting speed must be less than the vibration
speed.

- - 25  Since 1980, ultra-precision machining was developed to meet the demands of
' fabricating complicated optics. A diamond too! bit is the only toot bit that can be
used to generate an optical mirror surface finish. However, a diamond tool bit
cannot be used on steel due to the strong chemical reaction between the diamond

and the steel. The chemical reaction causes graphitization of the diamond.

- 30
With prior art systems, the vibration horn is clamped at two static node points of the
vibration wave as shown in Figure 1. The diamond tool bit is mounted on the free
* end of the vibration horn. To achieve a mirror surface finish, the induced tateral
vibration of the horn in the radial direction must be significantly reduced.

For the prior ari method of the vibration horn with two static claiming points, there
is some distance from the lower static node point to the fres end where the tool bit



vibration wave as shown in Figure 1.--The di anond-tool-bit is nmounted on the
free end of the vibration horn. To ‘achi'eve a mirror siurface finish, the -
i nduced lateral vibration of the horn in the radial direction nust he
significantly reduced. 35 For the prior art method of the vibration horn

With two stgdg ng points, there is sone distance f t he | ower
static node po?r?f[é)oti’ig@[ he free end where the tool bit WO 20%%?%9%@@@00260

PCT/ SG2004/ 000260 $I 2 is nounted. In such a case, the point at the free
end has reduced stiffness in the |lateral/radial direction and | ateral
vibration in the lateral/radial direction can easily be induced. 5 To

I ncrease the lateral stiffness, the dianeter rﬁ I ncreased and,
in turn, the pBWMAHMEE IRuch A e4sacthm pRIntAL H}eatfere&ﬁdb P%Fﬁar“’ ess frige

i ncreased. Ther lafecilfeadial diction\ant &didralsiitzatioafin thb eaierpipradial tdirectios dan@asiigsed.

Furt her nore, th&ﬂﬂﬁ% gtlonal tenperature of the device increases due to -
the | arger power, na i s easily damaged due to the higher tenperature.

Al so, lateral (or radlal) vi bration danages 10 the tool bit. it al so causes
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radi al vibratiops are e or xcessive
tool wear, 2 outicH Jheoueastg brafon ferais e ol Dtereye: BRI BEC°n cel
pl ati ng or coat overpllosiza ofiothk papparatub el oinereasedhi riurigermbren thd Sodesddionad at | ng
optical nold i nl%ﬁlbérﬁtuf'eoﬁt maedévlﬁb EEﬁéréééQsAl gk db Qge Urgd| ool CaeP Q:S(éﬁsﬂy However

such net hods have many di sadvant ages re not ca

manuf act uri ng nifmaged Wet‘ﬁ“ﬁlh@'?erdﬁm%?t}'ﬁet Wsas'a‘feﬁi("hia{‘,"ﬁ@I"'bfaé'ﬂ'gga’l‘?)geﬁ| ft off
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éisg)ﬁct there i soh@ibdRdsd BRI HimbRor Heb@PAMG. Vi bration. assisted
ma

i ning, the apparatus conprising: an ultrasonic transducer for
generating ultrasonic waves in a vibration horn; a first clanp on the
vi brati on hor n.To prevent excessive tool wear, a two stage process has been proposed using

electroless nickel plating or coating on a workpiece before machining when
15  {abricating optical mold inserts for the injection molding of piastic lenses. However
such methods have many disadvaniages. Also, they are not capable of

manufacturing moulds with high durability as the nickel tends to lift off the steel
workpiece.

20  Summary of the Invention

According to a first aspect there is provided an apparatus for ultrasonic vibration-
assisted machining, the apparatus comprising: an ultrasonic transducer for
i generating ultrasonic waves in a vibration horn; a first clamp on the vibration horn
' 25 at a static node of the ultrasonic waves; and a second clamp between the first
clamp and a lowermost end of the vibration horn. The second clamp comprises a
linear bearing for reducing vibration of the vibration horn in a direction {aterally of
the vibration horn, and allowing vibration of the vibration horn in the direction of a
longitudinal axiatl of the vibration horn.
30
The linear bearing may be axially spaced from the first clamp by less than half a
wavelength of the ultrasonic waves.

According to a second aspect there is provided apparatus for ultrasonic vibration-
35 assisted machining, the apparatus comprising: an ultrasonic transducer for
generating uttrasonic waves in a vibration horn; a first clamp on the vibration horn
at a static node of the ultrasonic waves; and a second clamp between the first

PSR



25 at a static node of the-ultrasonic waves; -and a second clanp between the
first clanp and a | owernost end of the vibration horn.” The second clanp .
conprises a .linear bearing for reducing vibration of the vibration horn in
a direction laterally of the vibration horn, and allow ng vibration of the
vi bration h%(Pz(;O@mEﬁgl direction of a |I|ongitudinal axial of the vibration
horn. 30.The 1inear bearing may be axially spaced from t hePFTSER004{04RE0 py

|l ess than half a wavelength of the ultrasonic waves. According to a second
aspect there is provided apparatus for ultrasonic vibration- 35 assisted
machi ni ng, the apparatus conprising: an ultrasonic transducer for

generating ultrasonic ves in a vihration horn;,_a first cla t he

vi bration horn cﬁppé‘"g\lgg?‘?’?fmﬂsg(f@dd# P'I‘Eh‘gbrf‘llfc'f’r ThniNE RGO ?’a'gﬂg“Pﬁ’gg'écond
cl anp between t sgackd ¥am the\DsORGG A5 NN RET A SSAEGHOE BRODIrasBnic wavgs. and a
| ower nost end of the vibration horn. The second clanp is axially spaced
fromthe first clanp by Iess than half a wavel ength of the ultrasonic
waves. The secdhIseepathpampynay SAHPIsSe iepf hessipg i dedyring Whrationg @f theg

vi Br ati ons hoj t heﬁﬁowm it dvBctloRdlerhlly dﬁ]pﬁ'i wtﬁatoh_cngrd @'_tdeélﬁh'lny vib_fatibﬂﬂﬁf

vi bration horn and.al.l ow ng.vibratio . the vi tion horn in the
direction of a MEVGTRGRImA i delion s Braefipd sl A RRB8hono s aspect s,
the second clanp nmay be generally U shaped and nay conprise an upper

Clamp. and the | haciBiseBRA, A bhELARAI o RCIIPD AELUPER ijdoipRsr 10
radially Le adPhiepRsbeBmpet lyey B5ing 4 ispdiale oo, besvfe® KB CBRT cf anp
pay be renpovabl glampdnditie leseadianp. ndhenpepsd clampandtieriowerceldmmpoRry be radiallyf i r st

éJ TP may be 1 epgualidreRineds the ndf bidigg.nOUNt i ng bl ock. The nounting 15
bl ock may be renovably and adjustably nounted on a tool post. The tool post

ma onprise: an upper portion, a |lower portion, a gap between the upper
portion and t h&h¢ semend g marbe ramovaliy and pdjestabhgmermtdthiniagmounting laetkust i ng

the gap. The first clamp may be removably attached to the mounting block. The mounting
15  block may be removably and adjustably mounted on a toc! post. The too! post may
comprise: an upper portion, a lower portion, a gap between the upper portion and

the lower portion, and an adjusting mechanism for adjusting the gap.

The apparatus may further comprise a tool bit releasably secured to the vibration
20 horn at the fowermost end thereof.

Brief Description of the Drawings

In order that the present invention may be fully understood and readily put into

25  practical effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the description being with
reference to the accompanying illustrative drawings in which:

Figure 1 is a schematic side view of a prior art apparatus;
30  Figure 2 is a schematic side view of the preferred embodiment;
' Figure 3 is a perspective view of the preferred embodiment; and
Figure 4 is a horizontal cross sectional view of a preferred form of linear bearing.

Detailed Description of the Preferred Embodiment

To refer to Figure 1, there is shown a prior art apparatus 8. Here, there i5 an
ultrasound fransducer 10 with a vibration horn 12, These are mounted 1o &



The apparatus may further conpri-se a-tool bit releasably secured to.-the
vibration 20 horn at the lowernost end thereof. Brief Description of the
Drawi ngs In order that the present invention may be fully understood and
readily put into 25 practical effect, there shall now be described by way
of non-1im tg@hi |l e only preferred enbodi nents of the present
i nventi on, t‘ﬁg%@ﬁé@?ﬁg{)i on being wWith reference to the acd&§hF&R(d4/go260
illustrative drawings in which: Figure 14is a schematic side view of a
prior art apparatus; 30 Figure 2 is a schematic side view of the preferred
enbodi nent; Figure 3 is a perspective view of the preferred enbodi nent;
and Figure 4 is a horizontal cross sectional view of a preferred form of
|i near beari ng. mopingiblogly 14CacunpeiRiangmi6and lower giera - Ehe teotbd @P isehithe3s To
refer | t o Figu (rj e tlolmerrﬁddwém bf3Ihs ba_atmnhorah@ﬁ HOr TRE httrﬁdéﬁﬁ& %déat_lrc%r 10°@fcBucek her te ijst
an ultrasoun ransduce Wi i hratjon horn . These are nmounted to
a WO 2006/ 02259§°‘53'FF§©{?§3138’0?¥9@8'2-%%#PF Kgvas 1P medmye ?U}B@%‘fe Bl amp 16
and | ower cl anp ulir@soulith&ansdoder B0t ar@Gat iosl Lt 20 th enaximizsatheromtreraerd oiotboithite
vi bration hogn . r r ' ' ves 22
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r
at, for exanple, 40 . The waves have maxi num ) trasound
transducer 10, Mialhpoyement. fheyvibsgiop fomelRiisseswed panausinhblack Wrbvugesr bit 5
20. To hol d t hechmprigtahd oweoeiami 28.i Claphati 18 aedodated it Stfhhode pamt2ad radi al
(or lateral) Y t hee Vi J . ' o [ i ng bl ock
14 by upper clrrgorrgﬂ’%{hg%gl 1lé)j\}/{\ljféérar1 ggdrl}glﬂl'g\gﬁ%ﬂiépné %3%?68%3{?03} ép‘oggg?%% at
static node poi Hewees that means theredsiaharendy f garcheiwsaen dwenoiampilfesad elhithg wit h
tgh‘g operati o oR0! Tk adldws GHivantetian@ive ko odoliradt 1068 BN 20, Lhe Lwarfied ViltaiaNt |y a
gap}

bet ween lO‘AﬁEiBﬂna%,d%ﬁigﬁﬁo&l%%14“t 10 20. This all ows unwant ed npotion

to ‘occur at too unwant ed vi bration

To now refer to Figure 2 and 3, there is shown apparatus 28 according to a
prefetred embodiment. Here, there is a tool post 30 having an upper post 3¢ and a
15  lower post 34 with a gap 36 therebetween. An adjusting knob 38 on a threaded

shaft (not shown} is used to adjust gap 36 to enable the apparatus 28 to be
correctly aligned and positioned.

An ultrasound transducer 40 is provided with a vibration horn 68. The ultrasound
20  transducer 40 produces vibration waves 44 in the axial direction of vibration horn
68. The waves 44 are at their maximum amplitude 98 at ultrasound transducer 40
and at tool bit 50 mounted at the lowermost end of vibration horn 68. The waves
44 have a single static node 46. At static node 46 is provided a clamping ring 42.
AT in this way clamping ring 42 holds the vibration horn 68. Between static node 46
25 and maxdimum amplitude 48 at tool bit 50 is a finear bearing 52. Linear bearing 52
allows vibration in the direction of the longitudinal axis of vibration horn 68, but
minimizes vibration in the radial (or lateral) direction of vibration horn 68,

Linear bearing 52 is attached to mounting block 62 by a U-shaped bearing
30  mounting 54 that has an upper clamp 56 and a lower clamp 58 joined by an
intermediate portion 60, Intermediate portion 60 is removably and adjustably

mounted to mounting block 62. Mounting block 62 is remaovably and adjustably
mounted to tool post 30,

35  Upper clamp 56 and lower clamp 60 each is split, and each has a gap 64. A
tightening screw 66 is used to control the clamping force by clamps 56, 58 on



bei ng i nduced by vibration horn 12.- To now refer to Fr gure 2 and 3 ther:e_'- T

i s shown apparatus 28 according to a preferred enbodinent. Here, there is
a tool post 30 having an upper post 30 and a 15 | ower post 34 with a gap
36 therebetween. An adjusting knob 38 on a threaded shaft (not shown) is
used to adj yg g g@q};ﬁg ,t0 enable the apparatus 28 to be correctl alrf? ned
and positione n ul trasound transducer 40 is provided w PRIAGHAPUREG,
-horn 68. The ultrasound 20 transducer 40 produces vibration waves 44 in
the axial direction of vibration horn 68. The waves 44 are at their

maxi mum anpl i tude 98 at ul trasound transducer 40 and at tool bit 50
nounted at the | owernost_end of vi 44 have a

ves
single static nioRRr Bgring$2. dp isway H@d@d‘ﬂ@m?@' "ﬁﬂ’%\?[‘ BEﬂE@“‘Eﬂ ORGP ng 42.
In this way cl aspjustes, andg@niidlediol ds the vi bration horn 68. Between static
node 46 25 and maxi num anplitude 48 at tool bit 50 is a |inear bearing 52.
Linear bearing 52 allows vibration in the direction of the | ongitudinal
axi s of vibrati dhe linsehbegang G2unay beiohpmy knewn oensiruatipr pudhras leeexamitieathe (or

| at e{ al ) g: r@ﬁt ilrﬁ%r%ariﬁ%_b(ﬁ@ﬁﬂ QR “ROGELBGCHSE “&.@ﬁab{&eﬁﬁﬂnﬁ@wﬁaécﬁnd’dﬁe@Ched to
nounti ng oC S a nunt.iL.n al has an upper
CPamn 58 ond s Comal o, BB uSRoSBS it oPRtE srErteweah BN ).

| nt er medi at e poFiguen4.6@ has anemwa@rqg dhitadj gapt7@bthgreinrpling edbingo/Onidunt i ng -

bl ock 62. Mount Neﬁé(mét%r éu’éh E?W&Vé@wlea&%raékd#%t;ﬁ&baébr WQ&W&I?%&O t ool
post 30. 35 Upp er cla 56 and | ower and each has

S
gap 64. A ti ghWﬁ'?!"rf@s ¢l pvingrical b‘tf%’gd ] gﬁ'ﬁtbﬁier’BtF‘taP E‘F‘éﬁ‘r‘pﬂ W{ja'f%? ce by
- 3rrps 56, 98 obali062ThEeydiRBED BodyCT i<GEIERAUY 000240 materinin@he bdlledé areg 52. I n
thi’s way the r agre?elre/\tilﬁtﬂ? ﬁgtﬁtvéum al 'f&}rbx%plg' Qéé?tah&’ '&reh é!&‘ wpgbd?‘?ﬁ i fhe

adj usted, and c ear beari nown

corstruct i on suBRNaY of F@Pa%fﬂaﬁﬁ'fsg 6 prjgct bﬁ"‘?’%d'@?ﬁ 75@&? i°HE?' ﬁ&a@rﬁ%ﬁ
" KUGELBUCHSE" avwady 2b| Thdé papmvHakuws cleepsras, 6gitedighten on casing 71 and thus

increase the clamping by body 74 on vibration horn 68.

Q

15
In this way the vibration horn 68 may be of reduced axial length as the distance
between static node points 24 is removed. Also, the axial distance between the
clamping by clamp 42 and linear bearing 52 is preferably less than half the
wavelength of waves 44. The lowermost clamping location (by lower clamp 5B} is
20  preferably adjacent the tool bit 50. However, it may be at any location on horn 68.
Therefore, vibration hom 68 may be made with a reduced diameter as it does not
require the relatively high structural strength of prior art vibration horn 12. For
example, the lower clamp 58 may be in the range 3 to 15 mm from tool bit 50,
preferably 10mm. By having the vibration horn 68 of shorter axial length, and of
25  smaller radius, the power required for ultrasound transducer 40 can be reduced.
This reduces heat generation at tool bit 50. Also, it enables the apparatus fo be
‘used with high precision machines.

By way of example, ultrasound transducer 40 may be at 40 KHz and the vibration
30  amplitude may vary within the range 0 to 24um, preferably 2 to 4um, depending on
the cutting parameters. The cutting speed may be less than 10 meters per minute,
with a depth of cut and feedrate being less than 10 micrometers and 10
micrometer per revolution, respectively. The lateral/radial, and random, vibration
may be in the range 0.1 to 0.2um. Steel may therefore be machined to a mirror
- © 35 finish with an Ra<8nm.



Corp of denview, 11linoi's; USA Such a | i near bearlng 52 is schenatlcally
shown in Figure 4. | has an outer casing 70 with a gap 72 theréin. The
casing 70 is normally of a netal such as, for exanple, steel, and is
preferably relatively thin. Wthin casing is a cylindrical body 74 in
which are r unted a plurality of 10 balls 76. The cylindrica
body 74 is g&ggg?g%ngof plastics material. The balls 76 aﬁ%@gé%éfQW%ﬂ1y of
a netal such as, for exanple, steel andgre held in body 74 in the rmanner
of a snap fit. Balls 76 project beyond inner 78 .and -outer 80 surfaces of
body 74. The gap 72 all ows clanps 56, 58 to lighten on casing 71 and thus

i ncrease the cl nV| ratlon hor nthls way the
vi bration horn %ﬁf'fﬁ'g’%ﬁ'&ﬁo%@a’ﬁé@ Q'It 59 BRY OR ‘%{Qﬁleﬂg}g‘?espé 4 pet ween
stati c node poigrphit@formation anavesdlt oﬂhsm,dudebeenmermhedlr&teamanlmt Meide t he

cl anpi ng by cl 2 is preferably less than half the
wavel engt h of mg%ﬁq%%h%%\%r E'l'erag?dgrrpl ng | ocation (by |ower clanp 58)
is 20 preferably adjacent the tool bit 50. However, it nay be at any

| ocation on shommeﬁ&rkp.ewafaefberoeany\eubr Bt i @.zéhogreatén&hﬁmyom inBidQetdi 4 h a
reduced di anet as.it does "}H?’ﬂ' % e rel atlveky h structural
strength of pri eéfr?q‘\?f'%’r%ﬂd(%r? i NG me A HTod! t"YfH 'SRt anp 58
may be in the rdemgdo 80pnp inSliameler have teew bblgia bedachined e Mriglidops meyte By

having the vi br@tdn?rkuli'eﬁféq n'@@engif s@hoést dr é(éinﬁle b!ﬁggtd‘assafﬂp léﬂ§e32§te%fra| ler
radi us, the power re%w re trasound transd can reduced.

Th| s reduces heMn'gss I?Fhﬂag?fat'éi‘bvet%‘(‘W'estf’lsfeekﬁ“’”'ﬂf'gff?m'“qSt%fﬂpé%%fiﬂe appar at us
usedlowi t h hi gh precision nmachines. By way of exanple, ultrasound

tr 5)1 sducer 40 Wilsp eth@rE ﬂQs Kiden a?&cﬁlﬂa‘a Y tlﬁ@ti’o%mago d@sgﬁ;lﬂloh udRriRy vary

within the range the cuttin
par anet er s. Th% *men'g %B@éﬁg V“‘l‘?@"q“e‘é§""tt1"?é’ﬂdﬁrﬁt°?r€Pé@s‘gﬁ?"e%"hﬁfe W tg
a depth of cut testdolbgechnedraedibatrgarly asdatibirao niddifications imedetails of tkabighCor

i Cr OMet er per doRRkhthirR ve!RBEAhAY Bbobrind R bRlifehlibAdia. . and random
vibration may be in the range O. St'eel may therefore be

machi ned to®a nirror



35 finish with an Ra<8nm WD 2006/ 022592 PCT/ S&004/000260 6 Furthernore, - .
the productive life of tool bit 50 may be | engthened due to reduced -
graphite formation as a result of the reduced tenperature. Increases in

tool bit life of up to 600 tines have been experienced. 5 The workpi ece

may be of awyw mogenstut for sizes greater than 40mmin di%ﬂﬁ%ﬁﬁm@mm&kﬂher
frequency and/or a lengthy machining tinme, may result. Wrkpiece sizes

down to 10min dianmeter have been able o be nachi ned. Wrkpi eces may be

of any suitable material such as, for exanple: glass, glass for |enses,
steel, stainless steel, magnetizable stainless steel, noulding/tooling
steel, and so forth. 10 Wil .ribed in the foregoing
description preferred enbodiEléT Pﬁé ghe Egnvention, it will be
under stood by -those skilled in the technology concerned that many

vari ations or deichatiqgﬁr&nmg%hﬂ | s of design or construction may be

made w t hout degarting fronlthg resent invention. 15 WO 2006/ 022592
RCT/ SG2004/ 000280 7 LI ST/¥ge04g E%F@N@E NUVERALS 8 - prior art apparatus 10

- ultrasound triansducer BbrdtBnhorvi bration horn 14 - nmounting block 16 -
clipper clanp 48 - lover,al:gea0 - tool bit 10 22 - waves

16 - clipper clamp
18 - lower clamp
20 - ool bit
Pas 10 22 - waves
) } 24 - static node points
{ “'} 26 - maximum amplitude locations
28 - apparatus of embodiment
a0 - too! post
15 32 - upper part of 30
34 - lower part of 30
36 - gap between 32 & 34
38 - adjusting knob
40 - ultrasound transducer
20 42 - clamping at static node
44 - waves
46 - static node _
48 - maximum amplitude
f ?a 50 - 100l bit
p y 25 B2 - linear bearing
54 - bearing mounting (U-shaped)
56 - upper clamp
58 - lower clamp
60 - intermediate portion
30 62 - mounting block
64 - gap in 56, 58
66 - tightening screw
' 68 - vibration horn
_ 70 - casing
35 72 - gap in 70
74 - body

76 - balis.



24 - static node points 26 - naxinun1anpljtude~rocations"28wwwappafafus56f ff'

enbodi ment 30 - tool post 15 32 - upper part of 30 34 - lower part of 30
36 - gap between 32 & 34 38 - adjusting knob 40 - ultrasound transducer

20 42 - clanmping at static node 44 - waves 46 - static node 48 - maxi num
anplitude & bit 25 52 - li-near bearing 54 - beay] untin

(U- shaped) 5690-06!3%8% clanp 58 - lower clanp 60 - inter ﬁ‘ﬁﬁ’%ﬁ%@?%ﬁ 30
62 - mounting block 64 - gap in 56, 58 &6 - tightening screw 68 -

vi bration horn 70 - casing 35 72 - gap in 70 74 - body 76, balls WO
2006/ 022592 PCT/ S&2004/ 000260

78 - inner surface of 74
80 - outer surface of 74

i,



8 78 inner surface of 74 80 - outer surface of 74 5 WD 20061022592

PCT/ SG2004/ 000260 9 THE CLAIMS 1. Apparatus for ultrasonic S

vi bration-assi sted machini ng, the apparatus. conprisi.ng: 5. (a) an.
ul'trasoni c transducer for generating, ultrasonic waves ina" “vi brati on hom
(b) a first clanp.on the vibration homat a static node of the wultrasonic
waves; and (c) a second clanp between the first clanp and a | owernost end
of 10 the %*Q 6‘% orn; wherein the second clanp conprises a |inear
bearing for Ui g s 33 vibration of the vibration horn PAI/EGHABEZ66N
| aterally of the vibration horn, and albow ng vibration of the vibration
homin the direction of a l|ongitudinal axial of the vibration horn. 15 2.
Apparatus as clained in claim1, wherein the linear bearing is axially
spaced fromthe first clanp by Il ess than half a wavel ength of the
ultrasonic wavEHBECG-AMEHaratus as clained in claiml1 or claim2 , wherein
the second claimis generally- U shaped, and conprises an upper clanp, a

| ¢ danp, d t di ortjiopn bet | dth
ower cl a4 o I TG RE VPR TS ed maaR e TSP ol A

apd the | ower comprising: -
5 (a) an ultrasonic transducer for generating: ultrasonic waves in a
vibration horr; ‘ '
(b} a first clamp on the vibration horn at a static node of the
ultrasonic waves; and
© a second clamp between the first clamp and a fowermost end of
£ 10 the vibration homn; ' o
li"-: } wherein the second clamp. comprises a linear - bearing for reducing

i

‘} vibration of the vibration hom in a direction iaterail_y of the vibration horn,
and allowing vibration of the vibration hom in the direction of a

:fﬂfﬁ

longitudinal axial of the vibration horn.
15 '
2. Apparatus as claimed in claim 1, wherein the linear bearing is axially
spaced from the first clamp by less than half a wavelength of the ultrasonic

waves.

9. Apparatus as claimed in claim 1 or claim 2 , wherein the second
claim is generally U-shaped and comprises an upper clamp, a lower
ctamp, and an intermediate portion between the upper clamp and the
lower clamp. |

4. : Apparatus as, c!aimeq in claim 3, wherein the upper clamp and the tower
clamp are adjustable relative to the linear bearing.

L ~5, " Apparalus as claimed in ¢laim 3 or claim 4, wherein the second clamp is
removably and adjustably meunted in a mounting block.
30 , |
__-6, Apparatus as claimed in claim 5, wherein the first clamp is removably
~ aftached to the mounting block. -



clanp are adjustable relative to the linear bearing. Apparatus as cl ai ned
in claim3 or claim4, wherein the second clanp is renovably and

adj ustably nmounted in a nmounting block. 30 6. Apparatus as clained in
clainms, wherein the first clanp is renovably attached to the nounting

bl ock. Apparatus as clainmed in clains or claimb, wherein the nounting

bl ock is renovably and adj ustably nmounted in a tool post. 15 8. Apparatus
as claimed in clal 7, hE! 00 St GQBR rises;

portion; (b) a Iovver po%?ao‘% didl e‘;m Cla"ﬁ RA%ae'rH TS rrg%%'}'f'si" g’ﬁahﬁd t he
| ower portion; and 20femyab§rﬁnaejdweta ‘Mg‘oﬁﬁéﬁ‘am‘@hﬁ’qﬁbr adj usting the gap. Q
Appar at us a515t:Ia| med in any one of the clains t to $ further conprising a

oot he! casall 8o CRuaRilsla ddifod bl 1 AL Bl chlohPAELITS end

thereof. 25 10. Apparatus as cl any one 0 9, wherein
the static node is th& onl ya%ﬂp&fp%“‘ﬂbde between the ultrasonic transducer
and the | owernost endbf t helowbbpatadanon horn. 30

{c) a gap between the upper portion and the lower portion; and
20 {d) an adjusting mechanism for adjusting the gap.

) q Apparatus as claimed in any one of the claims 1 to 8, further comprising
a tool bit releasahly secured to the vibration horn at the lowermost end
thereof.

: IO- Apparatus as claimed in any one of claims 1 to 9, wherein the statié
node is {the only static node between the ultrasonic transducer and the

lowermost end of the vibration horn.

30



