Apparatus for Utrasonic Vibration-Assisted Machining Field of the

I nvention This invention relates to apparatus for ultrasonic

vi br at i onsoaseiebed machining and refers particularly, wPboosghonmbozeo
exclusively to apparatus for ultrasonic vibrationassisted nachi ning of
metal s such as steel and stainless stkel. Background of the Invention

U trasonic vibration-assisted machining has several inportant advantages.
One inportant advantage flows fromthe friction reducing action, which

ari ses when the Cphpgdratds &5t URrddonie Vittatich-Aédided Machisiagar at es from the work
during each vibration cycle and which introduces an ultrasonic punping
action. This punping action allows transm ssion of cooling fluids to al
areas of theFienrdfthedaeantianea. The cooling fluid may be air. Normal
PBCPIHIEE has an accgracy of greater than 5mm and uses ordinary machi ne

ool s. trasoni c vibration-assisted nmachining was . injroduced.in the 1
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not f beenf _rea}iae%nimy%ugrasotiéxcldiivbl;nm appacateate uttaednid vibratioter | nprove
surface finigh, - | .Gl kS the cutting speed nust
be | ess thanaFﬁgéb%%Pg y%ﬁ“@%é%&%a%FEQEMﬁgggkgﬁﬁgfé-precisiongnaghining was
devel oped to neet the demands of fabricating conplicated optics. A di anond
tool bit is Bm?gmnuotmllmk&ﬂioﬁ hat can be used to generate an opti cal
mrror sagface i ni sh. However, a dianond tool bit cannot be used on steel
due to t strong chem cal reaction between the dianpbnd and the steel. The
cheni cal r eabtrasanicosuation-agvigierhmachining ks ssreralHereriaghefyantassst nOBfi or art
systens, t hejmpoRin hivaRta§eNdws! fonfthametsh raducing@ctidnaivhich asdewpei thes of t he

vibration mgﬁingsedgg %\llmpoiintnothLg Vgo?sgﬁaraTeqefroqA %D\Déik tdBﬁHg QJCL ﬁb?atigpunt ed on the

free
cycle and which introduces an ultrasonic pumping action. This pumping action

15 allows transmission of cooling fluids to all areas of the workpieace area. The

cooling fluid may be air.

Normal machining has an accuracy of greater than 5um and uses ordinary machine
tools. Ultrasonic vibration-assisted machining was introduced in the 1960s to
20 provide advantages 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 low 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 tool bit is the only tool 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 too! bit is mounted on the free
end of the vibration horn. To achieve a mirror surface finish, the induced lateral
vibration of the horn in the radial direction must be significantly reduced.

35

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



end of the vibration horn. To achieve a mrror surface finish, the induced
| ateral vibration of the horn in the radial direction nust be significantly
reduced. wonoteu22pei or art nethod of the vibration hornpeiris20mmosiat i
claim ng points, there is some distance fromthe |ower static node point to
the free end where the tool bitis nmoufted. 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. To
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, ower of the ultrasonic vibration . | S50 i ncreased.
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oper ati onal bvempeasedt ure of the device increases due to the |arger power,

an(cji_ [ is)eajsibly _damaged due to the higher tenperature. Also, lateral (or
radial) vibration damages the tool hit. It also .causes deeper cuts and
t her ef or 51 oeinctpass the Jatesgsifiiess. thefiameter gf the mﬁ‘t'ﬁpﬁrleasfegcfpg’{)" "brations are
normal Iy of trHeepowederthehitrdsonic vibsation @esaétoris aispshoreased olereiarne, tha t wo st age
process Nas Beeh REEPASGE USACICHIRLERS Plrelod! Ml Bibrlonf0al i NG ON a

wor kpi ece befor & machi ni ng n fabricating optical nold inserts for the

i nj ection nolempsttuse oblthes dpice ERgaes ‘I"I@\A}é’vgﬁe g@@h PAEH 3RS $1808Y many

g' sagvﬁnz ageaaTﬁJea@pe fl?h?é’hi@feeteﬁ@‘éraﬁm)ahéceIatﬁralmmmatfialmnnationgaur@gsbds with high
urability a ni ten ' ; Lemen Summary of

the I nverbi oMo AR St 8sas pebidy bt Bad blbrekPloRbCRlautp skl fn_JOTELY

for ul t r asonSuch/aterabradiehiéhsations e nermaty #fithROIIeTRE bpar at us conpri sing: an

ultrasoni c transducer for generating ultrasonic waves in a vibration horn;

a first clang on the vibration hor ' rasonic
waves; and g‘} . PLYRY rEshe °é’f \v/\'/gaerha{%ﬁets?s? 2{0%%%3?%%g§%9%pf’%\§e#h%st end of
t he vi brati oelettmiess fitkel pletinandr evaling avoAPYdririage gbefore machining when
15  fabricating optical mold inserts for the injection molding of plastic lenses. However
such methods have many disadvantages. 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
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 laterally of
the vibration horn, and allowing vibration of the vibration horn in the direction of a
longitudinal axial 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 ultrasonic 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



| i near bearing for reducing vibration of the vibration horn in a direction
laterally of the vibration horn, and allow ng vibration of the vibration
horn in twe 2déweedoron of a | ongitudinal axial of the vilpcatsicasswoszso The

| i near bearing may be axially spaced fromthe first clanp by |l ess than half
a wavel ength of the ultrasonic waves. 3Accor di ng to a second aspect there is
provi ded apparatus for ultrasonic vibrationassisted machining, the
apparatus conprising: an ultrasonic transducer for generating ultrasonic
waves in a Vicahptdmara lbaemiosBerid éfsthe ebatipn bornt ke sedonéickeop ihexidlyat a static

node of the ullrasonic g lgm b Q\ RarP i rbgav(élle ARL Wesnik Ravdsi st cl anp and
fifle VKR it
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t he nounting e noun bl ock may be renpvably and adj ustabl
mount ed on aaﬂwﬁﬁb'ﬁ&%"vet?ﬁé"l"%%eﬂﬁgt may conprise: an upper portion, ya
| ower portion, a gap between the upper portion and the |ower portion, and
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15  block may be removably and adjustably mounted on a tool post. The tool 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 lowermost 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

35
To refer to Figure 1, there is shown a prior art apparatus 8. Here, there is an
ultrasound transducer 10 with a vibration horn 12. These are mounted to a



In order that the present invention may be fully understood and readily put
into practical effect, there shall now be described by way of

non- | i m twoizves/exanpl e only preferred enbodi nents of thecprseaentoizyention,
the description being with reference to the acconmpanying illustrative

drawi ngs in which: Figure 1 is a schetmtic side view of a prior art
apparatus; Figure 2 is a schematic side view of the preferred embodi nent;
Figure 3 is a perspective view of the preferred enmbodinent; and Figure 4 is
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there i s sholaweanast enstofdhg vitygiinn hom, Sﬁ‘q-féqvae ou?‘ilté?ns’d&cge]; g6n p{?ﬁ% rF;gggLﬁdl
transducer 16ountiwaves 22idtrfartexampléy@0rkKHE2 Tha waes havyeemaowim @oplitedezatount i ng
bl ock 14 by gmgﬁhfnﬁ %c%p1@‘%qd Iaplwrblt%qma%gnze-m@mt)%enbbftto@ @iti s at the

| ower nbst en ti'on horn 12. The ul trasound trans ucer 10
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e o ko0 1P 2l &er 'R LA 16,08 8L @A Barlnddd pihaes, and 0

prevent unwafFER’ (7 eral) mbvenent, the vibration horn 12 is
secured to misualtowntyein| t9ciknctian Wh%ﬁé?”eﬁi‘gaf‘f’ﬂh te 8H?{atl‘°6v\grt°ﬁ'l bih$0-18. O anps
16, 18 are | peaéved ik m‘éér%tth&e ROHRreRy Mgep badwelen ladlel clamp heamd toolfbiinct i on
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ween | ower tool bit 20 Thi s
al | ows unwanbeiug indiced hy Yibratiraderm @ t ool b| t 20 the unwant ed vi bration
bei ng i nduced by vi bratlon horn 12. To now refer to Figure 2 and 3, there

I s shown apparat us 28 a o] ref erre th [
tool post 30 'AZOVIgeELP ‘ﬁb’gr 6%%% ﬁrep's g og\%a?mg% r%gﬁ,d.n;gg gapegg .
t her ebet ween prefaediginbatimeny Kereshed@is@riod pesh @ haming %‘H’@P?’ PepicX0 28%8wn) i s used
to adj ust;s JaRwaPpdsP 38 4R L Gap 36 tRPDBIREMS AR 8djuSting&nob 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.
In this way clamping ring 42 holds the vibration horn 68. Between static node 46
25  and maximum amplitude 48 at tool bit 50 is a linear 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 m'ounting block 62. Mounting block 62 is removably 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



correctly aligned and positioned. An ultrasound transducer 40 is provided
with a vibration horn 68. The ultrasound transducer 40 produces vibration
waves 44 wo bésmzasepal direction of vibration horn 68. TireTwazem odékoar e at
their maxi mum anplitude 98 at ultrasound transducer 40 and at tool bit 50
nmounted at the | owernost end of vi brafi on horn 68. The waves 44 have a
single static node 46. At static node 46 is provided a clanping ring 42. In
this way clanmping ring 42 holds the vibration horn 68. Between static node

ﬁga?inggmg; i g‘lﬂf@a@mrihgyﬂelnﬁﬁs wdy thﬂ%ighbfer@ﬂbrbﬁonaﬂ vibragarr hdoees cangpe52. Li near
: ( ows vibrati in the direction of the |ongitudinal axis of
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_ , for exa _se,ani far kel [ Wt hin
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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 58) is
20 preferably adjacent the tool bit 50. However, it may be at any location on horn 68.
Therefore, vibration horn 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 to 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.



preferably of a netal such as, for exanple, steel and are held in body 74
in the manner of a snap fit. Balls 76 project beyond inner 78 and outer 80
sur f aces wb 2bewlp2394. The gap 72 all ows cl anps 56, 58 toprirgiceen/nomegcasi ng 7
1 and thus increase the clanping by body 74 on vibration horn 68. In this
way the vibration horn 68 may be of rduced axial length as the distance
bet ween static node points 24 is renoved. Al so, the axial distance between
the clanping by clanp 42 and linear bearing 52 is preferably | ess than half

th)e wavel ePgtFnrgféfrng,Vtﬁ§ pr@éucti%’ehﬁe bf)tlwlrumm@ paTehdtheried dlat toredidey | ower cl anp
58) is preferably ,adjacent t 0 it, 50 L at any
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reduced di anet @rto &80 iinesdaesbasoexpedensed.e t he rel ati vely hi gh structural
strength of prior art vibration horn 12. For exanple, the |ower clanp 58

may be in the range 3 to 15 nmfromtool bit 50 ref er.abl nm By having
the vi brafi od hﬁUP’%P'B‘EF B3V ReRS AP 5ize, RHLPr sl"(fﬁ@fer??er Hﬁ'ﬁ 4§Pms'ﬂgla?{"§t%9raadi us, the

power requi r @@héirequiricy aadiomnal lengthy schuloeing the aay rbsulty eNorkpiece Sizeiss r educes
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may be at 40oKmspy svitableryeateriahsaet ah QhBraMAlRi dasay 995 I PRY r°'%%e range 0 to
24mm  pr ef er aRlnesestbd), Mdgnetizdnp eamiesgsted, mivtirgibdling steplaargietfaths.  The cutting
speed may _be less than 10 neters per mnute, with a depth of cut and
f eedr at e Bei ng less than 10 mcroneters and 10 nmicroneter per revol ution,
respect i vel y Whilste these drag| beerdidgscribethdnr #i§d &e9oingp Agssripie ' §Edi n t he range
0.1 to 0. 2MMemBbRbntdiBMthé prRsedt MuntiBg ithaIC bé tratdrstapddy thase skillddiimireh wi t h an
Ra<8nm Furtherpore, the praoductive ||f o0l hi. : engt hened
due to reducé‘ﬁ’gg‘fj%gé‘ﬁf’?cg"ggﬁ?’?gf"? (s n‘?agéﬁoggf) géﬁ‘?'{t?cg{é?rgt"?lgé%g{jga)gg%&t J()arrrper ature.
| ncr eases i n comstrhiction may bé madsr withgutdgpBIm fionyiae PIgesiE IMYEMAN-ex per i enced.

15



The wor kpi ece may be of any size, but for sizes greater than 40mmin

di aneter a higher frequency and/or a lengthy machining tinme may result.
Wor kpi eceweiza@s2e¢an to i Ommin di aneter have been abl ecrscGhensnmedsd ned.
Wor kpi eces may be of any suitable material such as, for exanple: glass,
glass for lenses, steel, stainless stéel, magnetizable stainless steel,
nmoul di ngLooling steel, and so forth. Wilst there has been described in the
foregoi ng description preferred enbodi nents of the present invention, it
wi || be understood by thoseqskor REcERENGERUMERAI®! 0gy concerned that many
variations or nodifications 1n details of design or construction may be
made w t hout departing fromthe present invention. LI ST OF REFERENCE
NUVERALS 8 psior art apmaedapmra@ ul trasound transducer 12 vibration horn
14 nmounting Bhock 16 c||DRGhd FdrdiRerl8 | Ower clanmp 20 tool bit 22 waves 24
static node points 26 nmaxi mum anplitude | ocations 28 apparatus of

enbodi menf 302t oot pos¥ir@NIRAEr part of 30 34 |ower part of 30 36 gap
bet ween 32 &134 38 adj msintingblsciob

16 - clipper clamp
18 - lower clamp
20 - tool bit

10 22 - waves
24 - static node points
26 - maximum amplitude locations
28 - apparatus of embodiment
30 - 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
50 - tool bit

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 - gapin70
74 - body

76 - balls



40 ul trasound transducer 42 clanping at static node 44 waves 46 static node
48 maxi mum anplitude 50 tool bit 52 linear bearing 54 bearing nounting

(U shapedyo200sapp®r cl anp 58 | ower clanp 60 internedi at ecpSGRIANER30
mounting block 64 gap in 56, 58 66 ti %ht ening screw 68 vibration horn 70
casing 72 gap in 70 74 body 76 balls78 - inner surface of 74 80 - outer
surface of 74THE CLAIMS 1. Apparatus for ultrasonic vibration-assisted
machi ni ng, the apparatus conprising: (a) an ultrasonic transducer for

generating ulfgrasani ¢ \Wpeesurthde gr7¥i bration horn; (b) a first clanp on the

vi bration horeg at a st%Ltlerur}ggeeof% t he



ultrasonic waves; and (c) a second clanp between the first clanp and a
| ower nost end of the vibration horn; wherein the second clanp conprises a
| i near bewoi2og/hes92r educi ng vi bration of the vibration rerscovsmostics ecti on
laterally of the vibration horn, and allow ng vibration of the vibration
horn in the direction of a longitudin@l axial of the vibration horn. 2.
Apparatus as clained in claiml1, wherein the linear bearing is axially
spaced fromthe first clanp by |less than half a wavel ength of the
ul trasoni ¢ WagugoLaiws Apparatus for ultrasonic vibration-assisted nmachining,
the apparatus conprising: (a) an ultrasonic transducer for generating
ultrasonic waves in a vibration horn; (b) a first cla on the vibration
horn at a static Wppieatod ferheltrasonicasibrtion-asaisied; mwir(ge;m%l apge'aye cl anp
between the first glamp and a [ owernost end of the vibration horn; wherein
XI

t he second cl anp 'S a %Ily spaced fromthe first cla by less th hal
wavel engt B of the @ ¢t ras¥hilraspaigdensdycer {gi,gensiatiag yl 'as(ﬂméivf'%as DCRIUGARIEIE

: : . I'n"claimS3,
wherein the second cl anpvigatigpmios:es a | i near bearing for reducing vibrations

of the vibration hgrn in i 66t iPthe dbalich hon @k & Betic/ hédeddsi d@ horn and
al l'owi ng vibrati on_&%f t he \r/s?lfragr%i %n“ﬁor%\rg?d?\‘ tarf'é diaﬁ ect'i on off g | ongi t udi nal
axis of the vibration hoviasosic wayassat us as claimed in claim1, claim2 or

claim4, wherein tg sec@setond clamp between the first clamp and a lowermost end of
10 the vibration horn;
wherein the second clamp comprises a linear bearing for reducing
vibration of the vibration horn in a direction laterally of the vibration horn,
and allowing vibration of the vibration horn in the direction of a
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.

20 3. Apparatus for ultrasonic vibration-assisted machining, the apparatus
comprising:
(a) an ultrasonic transducer for generating ultrasonic waves in a
vibration horn;
_ (b) a first clamp on the vibration horn at a static node of the
25 ultrasonic waves; and
(¢) a second clamp between the first clamp and a lowermost end of
the vibration horn;
wherein the second clamp is axially spaced from the first clamp by less
than half a wavelength of the ultrasonic waves.
30
4, Apparatus as claimed in claim 3, wherein the second clamp comprises a
linear bearing for reducing vibrations of the vibration horn in a direction
laterally of the vibration horn and allowing vibration of the vibration horn in
the direction of a longitudinal axis of the vibration horn.
35
5. Apparatus as claimed in claim 1, claim 2 or claim 4, wherein the second

claim is generally U-shaped and comprises an upper clamp, a lower



claimis generally U shaped and conprises an upper clanp, a |owerclanp, and
an internedi ate portion between the upper clanp and the | ower clanp. 6.
Appar at usweoe@bsyed i n claim5, wherein the upper clampcasd20amodever
clanmp are adjustable relative to the |inear bearing. 7. Apparatus as
clainmed in claim5 or claim6, wherei 89the second clanp is renovably and
adj ustably nounted in a nounting block. 8. Apparatus as clainmed in claim?7,
wherein the first clanmp is renovably attached to the nmounting bl ock. 9.

Apparatus as cl ai Mgghniph afd 8h Riefmediate | pHIBh Betwdbie Rl UppbhElamp WAl ithg bl ock is
renmovably and adj ustabfigrlnrmunt ed in a tool post. 10. Apparatus as clained

inclaim9, wherei 189 Bol post conprises: (a) a upper portion: (b) a
| ower portion; (c) a gap between the upper portion and the | ower portion;

and (d) an agj usti Q‘%}pﬁ?ﬁggg%;lﬁiﬁ?ea Qg_clf}%l#_%hér?ﬂ the Eppeidampldnd tAPRALAL US as

clained in any one al s urther conprising a tool bit

rel easabl y secur ed cle@parradiystblerelaiyeie,Ppinpar b438Ng- over most end t her eof . 12.
Apparatus as clained in any one of clains 1 to 11, wherein the static node

s the only sfatic fgdg, 0l MER W \Gaitt's'd BRANE Swikeihd Wectha SAfptd1e | Ower most
end of the vibratio orn.
removably and adjustably mounted in a mounting block.

10 8. Apparatus as claimed in claim 7, wherein the first clamp is removably

attached to the mounting block.

9. Apparatus as claimed in claim 7 or claim 8, wherein the mounting block is
removably and adjustably mounted in a tool post.
15 '
10. Apparatus as claimed in claim 9, wherein the tool post comprises:
(@) a upper portion;
(b) a lower portion;
(©) a gap between the upper portion and the lower portion; and
20 (d) an adjusting mechanism for adjusting the gap.

11. Apparatus as claimed in any one of the claims 1 to 10, further comprising
a tool bit releasably secured to the vibration horn at the lowermost end

thereof.
12. Apparatus as claimed in any one of claims 1 to 11, wherein the static

node is the only static node between the ultrasonic transducer and the

lowermost end of the vibration horn.

30



