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METHOD AND APPARATUS FOR REDUCI NG THE MOUTH OF A TUBULAR BODY Thl&‘g Co SOL"
i nvention relates to a method and apparatus for reducing the nmouth of a

t ubul ar. body and nore particutarly but e exclusively to the formation of

-a shoyl der and neck on a container body. 5 Cans for soft drinks are
provided-with a shoul der .neck and flange of dianeter |ess than that of the
rest of the can body in order ‘to reduce the di aneter of the mouth so that a
smal Y er, . andMETHOD! aND ARPARMTUSAFOR REDWMCING M3 MOMWTH OFcA CFHBUBAR nmay be
used. Aerosol containers 10 are.alsoBEB whi ch have a shoul der portion
termnating in an aperture to recei ve—ttre standardi sed 1" di aneter valve
¢up. In Known di e necking-operations, such as are described in U S. pat ent

1698999 (Hot her salph); sOlinWedt idn Rl1atesd’ 4l a Mt adld dbbar8ech @oe is
only able to fgrnta limted annug a Itu&agguctlon in the dianete
a

tubul ar bodyFBRESERTe e BAUERT &ﬁnnﬂﬁ¥|§?4m@55§tgﬁraicﬁiﬁﬁgﬁle
are di scusseduitn nHtSean.txeritvei%&a? %heS&mdmra)on af hecishgualient aRdlnm
(0.122") on a s%eel bod n3s: %pgl ") dia. at a first die and | esser
reductions af®§ b?gqﬁe é t* greater reductions can be achi eved by
a conbi nat Bon of Qadsefnechndg pman&gsatslmumeddbﬁ.atmblh sbouldgroperati on

as is di SCUSEEQK' angr thlla?&ep%tfe'atza%Q%%S&e%waantt be Eﬁseﬁéstyoteor

bot h di e necking an form ng apparatus incurs considerabl e capital

expense. | n the €abePadyniiRg oxfersdPeF2RuUSH TR diAReLteropdsEhet BEREBe of

~ultrasonic ¥bbeahitOB @hatilerf! laadorthdrefbeeawestpetzheau.aduﬁtuanoarocess
In US patent 32 12 (Bo apparatus 5% des |b<§F é@?lch bot h ug and

23
die 30 are V?EF&& FoRR - &ﬁ%& 6748 g ﬁBEtaénFﬁ t ube
rawn bdtaeenatlse Rhognamwt idhehaweba sbdmd@@n mcttameteermangdiegclalns

d
relate to a TR Oy r%cs%acts@ e

del i beratel y“és
valve cup.

" In known d1e necklng operatlons, such as are
_descrlbed in U.S. patent 1698999 (Hothersall) or U.S. Patent
4527412 (Stoffel et al), each die is only able to form a
limited amount of reduction in the diameter of the tubular-
body presented to it. Typical reductions in diameter at
each die are discussed in U.S. Patent 3995572'(Saunders).as
being about 3.1lmm (0.122") on a steel body 38.1lmm (1{5“)'
dia. at a first die'and lesser reductions at subsequent
dies. Whilst greater reductions can be achieved by a
combination of a die necking process followed by a roll

Y forming operation as is discussed in British patent 2083382
(Metal Box) the necessity for both die necking and roll
forming apparatus incurs con51derab1e capltal expense.

In the tube drawing art several authors ‘have proposed"'
the use of ultrasonic v1brat10n of the plug or die to
assist the reduction process.' In U.S patent 3212312
(Boyd), apparatus is described in which both plug and die

' 30are vibrated in a'directicn'along the axis of the tube as
the tube is drawn between the plug and die to be reduced
in diameter. Boyd's claims releée to a drawbench in which
a selected phase relationship is deliberately established



cacinl fon at- the plug and at the die. Brltlsh patent
_1379234 (Damson & Sansone) al so describes a draw bench in‘which both plug
and die are vibrated axially and concl udes that optlnuntperfornance i's
achieved in 5 certain cases when the phase angle between the plug and q:p
~.vibrations is neither 0 nor [err] but isasonmewhere between the two, the~
‘val ue’ depending on several  factor’s: "British pat ent 1389214 (Sansone et al)
descri bes -apparatus for: drawi ng a €i‘rcul-ar--netal ‘blank into a cup.- | OThe = *
appar.at us cmetweas theli e;bvapimnha’antha plmgtkartﬁ)lderthérhheil e and bl ank

hol der are n u |
~vi brations |C£n) ?ﬁfélgdgé lggb 815 %gaggé?%%&dnlwﬁ%&qa nﬁ as r
t he punch enixaw berchii én ‘!15101'1 bmsp-}#g oangrdiefarp mmﬁegmlaﬂgyt rates -

that benefitapd é&%‘f@&'eértﬁétoap@imﬁﬁe?éﬁ@fﬁ%beV&Q{léJ&i vmr kpi ece and
di e can be: achi eved b trasonjic vib ion of the die hut does t teach

 tool arramyetRhtIIRFREGPF WROT F%%a??%%ﬁ WILF RETHEDH P ti on of
~a tubul ar Zomndyvsutatﬂcna tannbbdherlu°amonr1$mﬁebuﬂtfﬁ)ﬁdﬁ&ﬂﬁ&ﬁdﬂEERlNG

RESEARCH Vol g 54 | ed | n S ntai ners
-usi ng UItraé%%tﬂeen t%%rgﬁuk F@éd%éic %Fégﬁgéééé%? dﬁg&ﬁ'%%c o A ,
cylindrical contaBnetlﬁbdpaﬂth1H3&ﬂ%l@r($ansemhuﬂ£jaAﬂzﬂeﬁhnahysnce of

soveral - di o5t 6026 SETEGE ABPARInk Oy dELEB 8 ShO 01006 Rl G oh an

aerosol val ve cu e cri appar at us conprlses short
'cyI|ndr|czﬂo?#%gaﬁﬂﬁéﬁﬁﬂslﬁ?BPHF%eﬁh?cﬂﬂﬂasatPHQEht#%ﬁt Rlank dpldegaced

arfung it Ito Tﬁ@t@ﬂeréﬁd%lahﬁrﬁél@élﬁ afletdﬂ&uﬁié@tedgﬁ:d]%tﬁ a¥dfaguied t hat dt he
cylindrica S_not ause_t o]s ot orte
Chternal |y dRFRRASRERE pRECH, PRESHE radlal CPHRATTPY A % BEERRALGT

a first aspétzlamknboldteentooasplsmdleswmmﬁoﬂw ebjlﬁmk@s lté\ecmmmhsect [ OV
of a terntnaén£@g§|99e3§1gf a tubul ar body, said nethod conprising the '

. steps of
_ 15 This prior art of draw benches illustrates that

benefit of reduced friction at the interface between the
workpiece and die can be achieved by ultrasonic vibration
'of the die but does not teach tool arrangements suitable
for localised deformation of one end portion of a tubular
20body such as a can body. In an article in SOViET
. ENGINEERING RESEARCH.Vbl.3 No.1l2 pages 54.55 titled
"Upsetting of Aerosol containers using Ultrasound";
apparatus is depicted and described in which a
. eylindrical container body 45mm diameter is reduced by a
25 sequence of several dies to 26.5mm diameter to define a o
shoulder and neck to which an aerosol valve cup may be
crimped. The apparatus comprises a short cylindrical plug
entered into die which has three transducers equispéced
around it to induce radial wvibrations in the'die. We have
30 found that the cylindrical plug is not ideal because the
tubular body is not supported internally dur1ng the early
part of the deformation process. '
Accordingly in a first aspect this invention provides
a method reducihg the cross-section of a terminal portion
350f a tubular body, said method comprising the stéps of
providing an external die which defines a work surface

therein of like Shape to the exterior of the reduced



provi ding an external die which defines a work surface therein of I|ike
shape to the exterior of ‘the reduced -3- cross-section to be produced,
‘providing a. plug having a work surface thereon of |ike shape to the
inte-'ri_'-,.'_o’,r of the reduced cross-section to be produced; |ocating the plug
withinthe die to define therebetween a pags gap having 5 the shape of the
r.edu_ced/cross-sect Lon to be produced and a radial w dth substantially equal
to the thickness of the tubul-ar body; entering the termnal portion of the
t ubul ar. body idtoss+eeqiien gap; be e cdueesd anmoossidimaus ipihd Mavding tao
vibrate in a radi.al t r 8z SPIY - Yo kO Mhil e the m nal
portion is pro'gérué]gs?ﬁ\;%_yc%e?]gér]rnéééfito ?Jﬁ%ﬂeghga%a?%gﬁchtggépa%e&éﬁplor# ?hseecond
aspect ‘this imeduted erossdeectinpurtn ke frrodugkds rpaatdng dde $deig on of

a term nal porg{onidfeie laPe!l 66 AOh S Alrk AW £ PaNd Yapd 1avikey -
-external die_which defines a convergent work surface therei'n of |ike shape

to the exterPdr@rshare (of the redRced £X988r 198 Lo iR R Produged; agd;i ng

a work surfgceatfmaon width keulsdiggier il I cequi Eri@remd tHieKmbL E ahess
section to be E)

r.oduced; ans_to hold.the plug in axial 20 align t With
the die during "?té‘?i;?’f O%E"ti%'ht%%”l%_t %nt%)%ﬂtﬁ]zf%odﬁ é’ﬁdﬁ%e:g? R 1AKe
pl ug within tHeodly einto detie rpass pgegy: gapl ofimibEn ek lgaranisdng the die
substantial |y h GETT ' SS Of i L1 S |
section neans %ﬁ?ﬁ%%‘h‘gﬁt%r m naﬁai]ﬁ)lf(l)c?étklL .oqr?o tlﬁ'etﬁﬂgstﬁtg?%%bcg%@nt o the
pass gap betQednlcthe terminal Perfiornatt RrPIRRsEively defarped foate in
a radi al node @le adhathd &S OFhE l;gg?g%py while the termnal portion is -

0)

progressi.vely reduced to the ghaaspe t he pass

In a secon pect this frverton provides

- apparatus for reducing the cross-section of a terminal
portion of a tubular body said apparatus comprising an
15 external die which defines a convergent work surface _
therein of like shape to the exterior of the reduced cross
section to be produced: a plug having a work surface
thereon of like shape to the interior of the reduced cross
~ section to be produced; means to'hold the plug in axial
' 20 alignment with the die during relative motion as between
the plug and die to centre the plug within the die to
define a pass gap of shape and gap width substantially
equal to that shape and thickness of the'reduced cross
_ section means to enter the terminal portion of the tubular
" 25 bbdy into the'pass_gap betwéenlthe plug and die and means
' to cause the die to vibrate in a radial mode at an
ult:asonic frequency while the terminal portion is
progréssively reduéed to the shape'of'the pass éap.

~ .



-4- Various enbodinents will now be described by way of exanple and with
reference to the acconpanying-drawings in which:- Fig.la is part sectioned
side view of a known 5 aerosol can and valve cup: Fig.lb is a like view of
a known extruded al umi ni um aerosol can having a shoul der and neck of :} .
‘reduced dianeter; Fig. 1c is a like vi&# of a welded aerosol can having 10
body/r educed-in- draneter “at a ‘shoul der and neck supporting an i nwar dl.y

directed curl; Fg:kd-is.a. like view o ed.can an_ou rdly ”
‘directed curl; V§r2°“§ §m8°gdP§H§F|812}dgof5g$|gﬁFSFggﬁégﬁ%tﬁiys tabl e

for making ehambdéyanﬁ Wigh. rbﬁeaadcectoFtbeSacsoapaayin@n@ﬂbnxm@sVMEM/of a
drawn and ek ohl rroned beverage can body during formation of a shoul der and *

neck by a -die and a col | apsi-bl e mandrel ; 20 "Fig.4 is a sectioned side
“view of a meldedFﬂabéﬁaﬂsbdéftdﬁFFﬁgOPGﬂnﬁﬂﬂGnV6¢Wa°§héuk%@?nand neck by a

di e and rq;aggbgahecganghglNaﬁbgscﬁbl) (6) shows diagramatically the
apparatus of Fig.4

variou es in the formati f _the shoul der 25
and neck: Fig:6afig ébHéPaﬁlédi gPFHngé 8 § 8°V?eﬁfgfu§5$a?§?ﬂ§n%%ﬁry|ng
~out this steprEsng@&h ‘hiivingbai shaulldee whdwnetktbf sedacedus of Fig.6(a)
in the openg4 qg@e ?n from which the necked can is renoved; 30 Fig.7a
shows di agr aiat | I'y an optional second necking operation; Fig.7b is a
si de view of app@igt.de fisr acddkei vdewuoLt peweilded geresgl7qath§pﬂmg|s a

side vi ew®pol raaa%at Y QiamelefPadSal bRbuddsr §hE-: zackssapﬁ&@iﬁged view
of plug and 8 during _
: an 1nwardly dlrected curl; :
Fig.ld is a like view of a welded can hav;ng an
oﬁtwardly directed curl;. _ _ : S o
Fig.2 is a dlagramatlc side | ' '
15 view of apparatus _
suitable for maklng the body of Flgs. 1b and 1lec;
_ Fig.3 is a sectioned side view of a drawn and wall
- ironed beverage can body during formation of a shoulder
and neck by a die and a collapsible mandrel;
20 Fig.4 is a sectioned side view of a welded tubular
| body during formation of a shoulder and neck by a die and
retractable mandrel; .
'Figs.S(l)-(G) shows diagramatically the apparatus of
Fig.4 at various stages in the formation of the shoulder
25 and neck:' : . | . : -
‘Fig.6a is a detailed sectioned side view of apparatus ~/
carrying out thls step Fig.5(6):; :
- Fig.6b is a like view of the apparatus of Fig. 6(a) in
the open p051t10n from which the necked can is removed:
30 Fig. .7a shows dlagramatlcally an optional second
necking operation; _
Fig.7b is a side view of apparatus for carrylng out
the steps of Fig.7a;
Fig. 7¢c is a s1de'view of the apparatus of Fig.7b
35 after use; _
Fig.7d is a detalled view of plug and die during

_second necking operation;



second -necki ng operati on; -5- Fig.7e is a sectioned side view of the
plug and die of Fig.7b open; Fig.7f is a like view of the plug and die
details during the second operation; 5 Fig.8 is a diagramatic
representation of the nodes of radial vibration that may be applied to the
di e; ﬁ'b 9 depicts finite elenent analysis of the ultrasonically vibrated
di e; Fld 10 shows diagramatically the mechanisns of 10 friction reduction
by uftrasonic vibration of die ,  Fig.ll is.conparative graphs of force to
drive the 45nm di aneter can body.into‘the-gass gap v final reduced neck
dianeter; Fi.g.12 is a sectional side view®f tuned ring support 15 for a
die vibrated radially; Fig.13.is a sectioned side view of a ring support
for a die vibrated both axi,al |y and, radial | Xg 14 is a sect:ioned_ side
[

view of |arge area Bi8-2Rdig€ ppBeFtioped si &11‘3 ?f the Ry A Sik view
of a die havingfarigusboepanpcal wall angled for coupling to a transducer;

cupport a dier i g 99t 4o Ecft P SnedvaPuctt TERR or it AT ettt
beari ng suppordungng the; sébgnd8epesahienctioned side el evation and Fig. 18b
is a plan view of aF@?EBangsSHpaf)at]Sfé‘ﬁ%gfé a&ééréé‘@ﬂ?@é*;of'&f 1&hd Snodes
sectioned side view o | trasonic assi sted cur appar at us;
, of radial vibration that may be applied to the die;
F1g.9 depicts finite element analys1s of the
ultrasdnicaliy vibrated die;
Fig.l0 shows diagramatically the mechanisms of
W] 10 frlctlon reduction by ultrasonic vibration of d1e :
Fig.ll is comparative graphs of force to drive the
45mm diameter can body into the pass gap v final reduced
neck diameter; - ' o
_ | Fig.1l2 is a sect10na1 side view of tuned ring'supporf
- _15 for a d1e vibrated radially:; -
' Fig.13 is a sectioned side view of a ring support for -
'a die vibrated both axially and radially:
Fig.1l4 is a sectioned side view of large aréa die and
support; _ - )
20 Fig.1l5 is a sectioned side view of a die having a
frustoconiocal wall angled for coupling to a transducer;
Fig.l6 is a sectioned side view of a large area fluid
bearing for a die support a die;
Fig.l17 is a sectioned side view of an annular flu1d
25 bearing supportlng a die:;
Flg 18a is a sectioned side elevation and
Flg.leb is a plan view of a die and support
aerostatic support: ' o
Fig.1l9 is a sectioned side view of ultrasonically
30 assisted durling apparatus; |



INTFrg. 1a & KNown tinplate aerosol can.comprises a tubular body 1 having a
sol dered or wel ded side seam 2. A donegbottom end 3 is attached to one ..
"end__(/)f ‘the tubular body 1 by means of- a double seam4. A "cone top" 5is 5
attached to the other end of the tubular body by means of a doubl e sean;6:

The "cone top" 5 Ie0Mid S5 4 Khdwel iiifRs1alt & R SRS Erdad compilidelk wal | -

vl 1§ noar o PAREE Y b (1 (AR, TS thdeceten duri A7 1o

The curl 7 ideomedofhidtarbr cerrdckiise atttachaethday brle' atidarad ahevahvalawp. 8

‘depicted ab ‘e 1L 94 ddis rmy%] urmi i, erosql C 9is
ext ruded fr%\r’%ﬁgtg ﬁ&e%%éu aar%lsc é(;f a u?%'ni lf‘m tﬂognge c‘::?/’ i nar?(%al tube 10

cl osed at oR&tashesd, thehmathiniand of the Tbuwlsen hady by mednsedfby a
plurality of @cduialsdaAfur] mhdliord @b 0% &t s e Q%Ei%ﬁe&é@l?h -
supports a shortﬂcﬂyl i ndrj cal q'gfﬁl%‘ %e'neck 1S turned outwards { adieto
create the SSRMMRASPHdectdF e &F 19 i the PafYneds SPBRLRREL I ng of
thg _Yal vg gu}r Smmf "'ctpi:;i—ahnv' ' e:iistingZ&lﬁ'cg:cjgc tHowhuix a?aQngw-e?all!.bavi ngha
t ubul ar . bo ' r 0 ect.anaul ar n | a ing the
blank to a %é&%fel aﬁ‘(r}c?riﬁgf n’{%gg %ﬂlncraﬁc_c:aot?\et %Sgu%t-?s %"}d}ésr% r@%ﬁé’%fi §-“ﬁ§| *2.  As’
depi ct ed, 10 Thensumdnd dis tprefiled 4o ebe D& khe s3andagdkdld dhaametet| anged

to receive a0YE@Edtd YuENtex fdniit tihd aecked in [ower end of the
t ubul ar bodyaby a c‘i%tj_bl e s%am 4 which is flush with the body. The top end

of the tinplate tibfliE Bodfndda®er ity n fa5Ps2k53M dedS17 by the

et Hod aboutexteudedeem ked " A% dullfY Eilsc Wi alfdfigsoRdeboadef i ne an

i fi | ve the standard val 8 depicted above. W - of
i 0. 1o st anfY SaRAF LG VR 10 SRRA AL iR SR B3 600 JORCHR, AR can of

Fig.| b bdSadde The dper erskdm iredustedliogt raigplnzraliygy e lexteksatli npl ate

body i's abogkdﬂéi Bl YPLe il Hadud féh%’hl‘%’efé &%d_wﬂﬁchhﬁugﬂ&tks
about 25mm dianeter to recelve tife plug-portion of the valve cup...
: . - @ short cylindrical neck. The neck is turned outwards by a
die to create the outwardly directed curl 13 of Fig.lb in
readinéss.fbr fitting of the valve cup 8 depicted above it.
20 _ '
Fig.lc_sﬁowé_an aerosol can having a tﬁbular'body 14
 formed from a rectangular blank of tinplate by folding the
blank to a tube and joining the contiguous edges by means
of a weld 2. As depicted, a lower end of the tubular body .
25 has been necked in and flanged'to receive a domed bottom

end 3 fixed to the necked in lower end of the tubular body

by a double seam 4 which is flush with the body. The top W,

end of the tinplate tubular body has been necked in to a
shoulder 17 by the method about to be described and an

30 internal curl 18 formed to define an orifice to receive
the Standard valve cup 8 depicted above. When the can of
Fig.lc stands upon a surface it resembles the more costly
aluminium can of Fig.lb bécause the double seam is not
obstrusive. Typically the tinplate boﬁy is about 45 mm

35 diameter and the orifice defined by the curl is about 25mm

' diameter to receive the plug portion of the valve cup.



- 7 The formation of the shoulder 17 and a neck of reduced dianeter (e.g
31mm) in one ultrasonicall'y assisted die necking operation, in contrast to __
‘the several operations used in the prior=art, will be described. The 31mm 5
di aneéter, neck is then formed radially inwards by a curling die to forman
|nmardly di rected curl 18 defining a nmouth tg receive the 1" aerosol cup 8
down above. FFBel §o5makdcn RE| §Be aBPViderciad BRAy21macki af| sedveedhat

shown in Fig. &Qaﬁ@tbkk¢epérBimﬁbelﬂeBﬁ&edleiaBBﬁ1§§ﬂEylgsQ§§£e@UE?Sr5 i e.
bottom 3, botto he curl 16 is

e
out wardl y dlrﬁﬁggﬁn§o°?ﬁ§thﬂ5 cb? Eﬂﬁér?§toﬁPsFBE Fﬁgeﬁﬁﬁ GRBT IR PR S nay
ffom any corrusedelprtuacprtorbarpackéﬂllhet&escambeﬂbt|wnethhmmthe

A s T o A

"neck" or I Ni ng sur
has to be def@iﬁe§°fﬁ@ﬁm45nnﬁﬂﬂﬁéﬁ%?eﬂlaeﬂhe@ocgrldlﬁnéeéiniﬁg & meytlnd

reformed out wapdk¥ckevehenguth §Q§@§°1T@§prgdag&hogbgggnl45 mmto a neck of
31 mMm convenlentlé&8 38 in one 20 g?trasonlca %Ra35|sted di e, t hen
)]

be followed by a s r 8HANE | Bnvetdef a8 oaR nEeR Ped¥n @it%ﬁﬁhﬂa h&Ril der
portion and ner&toshdWm4innFig.)ladsaneike parvs| arbeddrscedbpy tiné edaméet h

ref erence 19,7 1g,.2.i r ay ILn_which the upper_half 25
shows a tuéﬁlgégﬁoggmgéggf e? ?8$QL# g'g$$Fﬁ8msﬁgﬁ?dgf iydﬁnge 2% hort
cylindrical neekd18.whHoWeversubheqgoent| {6cis| edtwvardbyi déreteedoseh of the
can. The '0“B€h96|EthcEk9e3%§h9¥Bo$9§1&HbHﬁérc Hd¥né éﬂth#a§tf¥ém

position before formn e_shoul 17 d_30 neck ; 3 2 shows
that the appa?ﬁYu€°EBﬁﬁFY§eEr8ﬂu%RtE?nBF Breked &hlﬁhedﬁ¥?ne At +¥Pver gent

worik surface eﬂathenelshaﬁlaekepsbﬁpretp7ahexeahesleﬁreﬁefhenfsdum@dc&ﬁosS '
Sec 0”.t°1?et8r895589t ghglugnZZ hav&gg grmgéﬁtéuéeglnlng surface of

the curl. This means the tubular wall has to be deformed
from 45 mm diameter down to 1" diameter (25.4 mm) and
reformed outwardly to the  curl shape. The reduction from

45 mm to a neck of 31 mm, conveniently done in one

20 ult:asonicaliy assisted die, may then be followed by a -
seconad. reduction of the 31 mm neck to an extended shoulder
portion and neck of 25.4 mm.(l“) diameter ‘as will_be
described later with reference to Flg 7a.

Fig.2 is a splx; drawing in which the upper half
25 shows a -tubular bodyll4 after formation of the shoulder 17
_ '~ and a short cylindrical neck 19 which is subsequently
— curled to define the mouth of the can.
| The lower half of Fig.2 shows the tubular body 14 in
. the start position before forming of the shoulder 17 and
- 30 neck 19. Fig. 2 éhows that the apparatus comprises an

exte:ﬁal die 20 which defines a convergentlwork surface 21
therein of like shape to the exterior of the'reduced cross
section to be produced; a plug 22 having a work surface 23 -
thereon of like shape to the interior of the reduced cross

35 section to be produced; means (best seen in Fig.6) to hold



Ot 01 fo the interior of the reduced Cross 35 section to be
produced means (best seen in Fig.6) to hold -8- the plug in axial

~alignrent with the die during relative-fbtion as between the plug and die -

to centre the plug 22 mnthln the die 20 to define a pass gap of shapedaﬁdd
gap width s t tlaII o that shape and thickness of 5 the reduse
Cross. S&ctT g%% gj‘ é% 2lignment & thhe dii suning ireladiide

t ubul ar bod?'°1=4qnnm Trect weess tgwp pleigiaed die RdIG QA AN & By And 2 |
transducer agtgqgnegg g eVl + D 33%R 26 12 ca%%EbEQ% die 20 toﬁﬁmalg;elgn

a radi al nDde at -an_ul trasonlc fre unﬁb? WSS

progressi vely Fédﬁegﬁtﬁétﬂﬁélyhﬁﬂ@a@ftph¢h335$h@¥‘ and (thdckawes i 1 of

Fi g. 2. t he sceReskeadcad k:&o%'%o r ion,n readiness to
pugh the cy |ndr|czfphu P%fgﬁeﬁe %gé%%hgg (ﬁ§J§ §°plpﬁf§£'l 50e5 and

die 20. In tRE®APA §FF°Bf°¢|§hE ftHPudass: d1341n$odehecpeésdgepng

advance toweetiweehettieep2lgsQ2t bad Hhe hﬁr”hﬁa|aeQ§a9%dhE £Cykindrical tube
i s pushed bghhRER: ' d|e 20. The

-0f 1 |Led. wor k,_ surface
dilemma is {o av0|39§x§é§é|%§ POFR: BN 5P F€§P§t§H8edﬂG R8r sPny¥ibyasene
.divergence BRit3ar3diadi mpdenas hooplofasonder drequenciyneniabl cHet al bet ween

th I 82 I ni l1ng,. The risk of
fr?cflggél ?ﬁfgégageggﬁgﬁgﬁeiﬁeggsééégé92§§§c ﬁgg 94 vitBr 5Ren§heRe Bfe 20 in

a radi al mott®RASFeFRPring to Fig.2 it will be seen that a plezoelectrlc

transducer 25 isSImotiéelowes. Hahﬁr6f2ﬁ1&h209h30E§ Q?héade%$ % %ra”Sfor”Er'
e hol der 8 I nes have

;8r§1g$rLPB§gﬁ+ §g§%%%§?§zp$?d%§@ﬁce? ?%a?h%eﬂFetanﬂuﬁh the| be not ed t hat
there is 61qﬁkkﬁ¢¢tmalhEuhenl4ezmﬁottKECbssQOgap between the plug 22 -
15 and die 20. : , _ g
In the upper.half of Fig.2 the erosshead 24 |
is depicted during advance towards the die 20 so that the
terminal end-of_the cylihdrical tube is pushed between the
profiled work surface of piug'22 and die 20. The dilemma is
to avoid excessive frictional iesistance to forming by some
divergence but also maintain a hoop of constraint on the
wall metal between the plug 22 and die 20 at all times to
prevent wrinkling. _
The risk of frictional forces becoming excessive is
" overcome by vibrating the die 20 in a radial mode ahd
referring to Fig.2 it w111 be seen that a piezoelectric
transducer 25 is coupled via .a horn 26 whlch acts as a W,
velocity transformer to a peripheral surface of a die holder
27. Dashed lines W show the wave form of v1brat1on from the
transducer to the die and it will ‘be noted that there is a
node N at the centre of the die 20.



-9- The distribution of anplitude across the die is such that a fair
proportion of the anplitude of the wave/vibration Wis active at the
profiled work surface 21 of the die 20 which is held in position by the die
~hol der.” Wi |l st one 5 could use higher harnnnlcs or one and a half

wavel ths across the die holder the halt? Wavel ength efficiently provides
the preferred use of the energy. In order that the uItrasonlc vibration is

not danped by e upt i used_ to he die hold 2 a t ubul ar

Tount o 9g ) < TR SPREEABE S8 ok ol bie D00 e Hie e e (.
di e holder 27 anfaihepuvopertion o theeamptﬁt@@et@éithémwakﬁﬂvmbdauman show
t-hat the. nmountipng | Ig@gf fe
alternatively F% 3%?% eé){:g{: ‘tah %@fi]%éft%@ﬁ wave h m)cg‘éj t&?éﬂnot ed(b),
in which an anﬂhhﬁbelﬁsheh@rg$sE@SbE1?%ebﬁlEhﬁdﬂﬁ% Qﬁd%ﬁmieﬂhhﬁﬁﬁ apgde at
a fixing poi gt goand aséeﬁe e AORSr B6H V€ No ¥ h&x@“&&@ KU e lelythd S

achleved by cl a 29 of t.he ubula nti 28 at. the md
poi nt- al ong th%gggﬁ tﬁhﬁfafﬁghg RF ofh ?mﬁﬁ&% éﬁ%%j@ﬁ@ﬁtybf t he
die by one endpnbvlaesnﬂﬂetpngfeﬂ?uﬁfﬁamgmfZeheSeﬁE&gyJn a recess in the

frame portion 30 byrg SLAGP! (Rl e S ilislole PALLSA LD ISy A,

portion. Wil st clanplng a a md poi easy
- to understand P#iathecnavating wsedsemafix nchetdiry l’mhiﬁiedzbt aa*mbd’é-airt is

ot 10 ach 5aRELAG) 2601 OHEHEIE TR oRATGE MBI udiihd GRQRANT

nDuntlng shown_in Fig-2. However, it Is of_course desirable that the

nounti ng 30 belPF?n?yrE?%ﬂf)e%F‘ﬁh% R YIRY ¢ L candhEhe ather ks
receives thrusgrée0m NOEid@r thdei tige ddishedV 1inds shvlertHay anfe twddintinyg

logsen it and 20, spQj L, Qg 01 L100 f o081 8258 BBiotea (a) or
- - alternatively in a preferred three quarter wavelength mode
15 denoted(b), in which an antinode is energised at the die
holder 27 and a first node at a fixing point, and a second
node between the die and mounting. This is achieved
by'clamping of a flange 29 of the tubular mounting 28 at
the mid point along the length of the tubular mounting,
20 and engagement of the die by one end of the mouhting.

The flange 29 is held in a recess in the frame
portion 30 by a clamping ring 31 which is bolted to the
frame portion. |

Whilst clamplng at a mid point as shown in Fig.2

25 hakes it easy to understand what we mean by a resonant
— mounting clamped at a node it is not, in fact, essential
to provide the right hand half of the resonant mounting
shown in Fig.2. ' : |

However, it is of course de51rable that the mounting

30 be firmly clamped at a node otherwise the flxlng, which
receives thrust from the work being done, will be under
forces that may loosen it and so spoil definition of the
pass gap.



- 10- -Wien The" shoul der and neck have been corrpl etely forrred by the
appar at us of Fig.2 the plug 22 is fully retracted (to the left in Fig.2) to
pernit renoval of the cylindrical body 14a having a shoul der and neck of -
reduced 5 dianeter at one end. The benel®Pt of the apparatus of Fig.2 i%: .
that” i's able to reduce a 45nm di aneter cylindrical body to a 31mm n?tk
in a SI ngle -operati-en:-~This.i1s: rougnqona 30% r educti on whjich by

conventional di VBRRKERE FROR IR e unPRe BeeneSRPPI&k,es. Fig.3° °
shows how tf@n@éxpatsptuseoépfagaeumf bm@dzptnd phugorn s shwuiger and neck

on a beverage_can. Th ans, aLe €o 211 di anete nd -

reduced at ?ﬁr%%ﬁfg g %‘?5%3% %% %h %o P Tef %lﬁ%‘ﬁ?’%ﬂg‘}% %f mnium -

15 tear opecybmdemialmlgodue 14atwimgt¢|eaho¢hd5rgamdanemitIaﬁsrénleceriindrel

33 is. deplc&f.gm nggg condition in which it defines, with the
I-nterior Sur die SS I nto V\/mchatermnal mar gi_ n of
the sidewal | 35 of 'Elh?ie%% efht 9k €h gﬂgﬁrﬁﬁﬁs REdEige2f isntBREniE dM or

~tinplate, hasldecem pedibes by45mmudhamebéatey36ndeicam Bodyheol at agfal
~bottomwal | 37 of the can n‘ggetlon of the sho%hjgler 38 %and neck 39 the

mandrel 37 PEK ot dhsEPEHRY ﬂ%‘% r plate 3% THIY &1 3% pernit renoval -
of the neclqesawuoﬂ'hmtmlbﬁgcmxbéntimnﬁbe féckiyeg would Sepes at e

oper atlo‘,.r?J G{Eél?fp%‘pe% ié)aé celye &%gn end fixabl-e by doubl e seani ng.

wi Il be “un he di anmeter of the cylindrical tube 14 is
progressively retiged ?el%P"!?nelW‘br'Fh%fam'de? af Big hewiy e RdnRted the

- metal will w@ngod® B0sHA LN and fndewass Qa@e@éré‘fés&ﬁm Mild dangised, the
net al WI.|| try to elrﬁ]g?eé&e b‘#ﬁntx)eres ed b #tlonaal f orces of the
i nterfaces briAnLtiT a PRy THHTIChIR T S AfRFRlie
profile 21,targbé (58 mm) so that a relatlvely small aluminium A
15 tear open can end may be fitted to them.

In Fig.3 a collapsible mandfel 33 is depicted in the
expanded cbndition_in which it defines, with the interior
surface of the die 34 a pass gap into which a‘terﬁinal_
margin of the sidewéil 35 of a drawn and wall ironed can, made

20 from aiuminium or tinplate, has been pushed by a pusher
plate 36 acting on the integral bottom wall 37 of the can.
On completion of the shoulder 38 and neck 39 the mandrel
" 37 is collapsed and the pusher plate 36 retracted to
permit removal of the necked can. _The neck 39 will then
25 be flanged in a separate operation in readiness to receive
a can end fixable by double'seaming. | N U

It will be understood that as the diameter of the
cylindrical tube 14 is progressively reduced to the form
of shoulder 17 and neck 19 depicted the metal will want to

30 thicken. If a pass gap of constant width is used,the
metal will try to elongate but be resisted by the
frictional forces of the lnterfaces between the external
surface of the cylindrical tube and die profile 21, and
internal surface of the tube and plug'profile 23. -



I nternal surface of the tube and plug profile 23. We have di scovered
that it is advantageous to profile the plug and die to define a pass gap
that. starts with a width substantially egquaal to the wall thickness of tube
fed *ﬂblt and increases in width (typically by about 15%of 5 original wall
thlckness) to permt sonme thickening. The gap is chosen as a conprom se, -
| ar gest mherUephaaeidgsmawexedamgem.émdlse@mﬂaq}ag@qmstepipkofhleknhss
where pleati CGUIS 3 11NGrEaSI t wW_at ekl e

Blanger sot Pagd; aease Far@deldel 4 Bkl o Hiiel Sramisc USSR aokddep
shows .a nodi tﬁ@ﬁ#ﬁdﬂYtﬁﬂuﬂﬂugoaﬁbedWéléft %sKZeSSIHfFﬁng thé pPug 42

i 5 supportedjgnaad QRereaded’ inl wideh 48ypiehiag %&a%bbue R88Sogap, defined
4 and exterlor e of the plug

by 15 the interiqr surface of, &he di.e

a5, Thi (1 alT priganalovati shiskness)ntoREsBiE sone,ehpekapanFet aFREy | | nder
and Wi geﬂs_ agaphdsnehbsien ascancodprontibieckenilaggest wiilbga pméaemag [ nkpafss
gap w t IS rtl \'/ SII’ er an nec (0] '
reduced di ane grta %ﬂh c%i'la %g gnghgé Egﬁ%#&%& tﬁd§%§83ﬁ1ﬂg Typlcally
the weld 46 péea&nmdoasuasrongsaeaapngem @dlow magerPriAthickeading: k]

wel d made 0”AQQBagﬁhﬂ§e§°E@tQXngoUQ?QEECtﬁe bapéu% vastekbslbglggﬁglds

made by | aser wel g al so benefit fromth appar at us. 5(1) to
5(6) show H! RYMBARE &FFy the steps fromcylinder to necked cylinder and

assi st under st andFag.af shbasmar acaefRkdc@bea bifdthebpR)g andl 6(b) which show
the tools actually used to reduce a 45 nmm di aneter wel ded 30cyl i nder of

decorated ti bFate (e.g.white external coating) to an aerosol can body :
havi ng a shoofd®igadd ndvk Fi§ .dntHeapbtigr 420 rnsceuppoatstandaadldiigdi anet er.

valyg Cup.  roq or plunger 43. Notice that the pass gap, defined by

15 the interior surface of the die 44 and exterior'sgrface
of the plug 42, initialiy has a width equal to thickness t
of the welded metal cylinder and widens at the neck to
accommodate thickening t+. :This increase in pass gap
width is particularly desirable when forming a shoulder

20 and neck of reduced diaméte: on a cylinder 45 having a
welded side seam 46. Typically the weld 46 is formed as a
forged lap weld (e.g. the "WIMA" [trademark] weld made on
apparatué sold by Soudronic A.G). 'However, the butt welds
made by laser welding may also benefi;'from this

Zsapparatus._

Pzgs. 5(1) to 5(6) show dlagramatlcally ‘the steps
from cylinder to necked cylinder and assist understanding
of the more complicated Figs. 6(a) and 6(b) which show the
tools actually used to reduce a 45 mm diameter welded

30 cylinder of decorated tinplate (e.g. wh1te external
coating) to an aerosol can body having a shoulder and neck
25 mm diameter to receive a standard 1" diameter valve
cup.

- .



e

profiles in the
'bogy fromthe no
the_ 5 die. A cyI
die.

t he cylrndrrcar

'pass gap. The -en

a plug 42 I s shown. in t he retracted position with its work
crosshead 24 at a di stance of about the | ength of a can .

uth of - the die 20. Noticeg the ejector 46 to the right of ~-:
i ndriccal body 45 has béerf1ocated between the crossheaﬁ}and
- tn- Frg 5(2) the plunger/plug has been advanced through

TS S0 AN of) L85 Bloddaplue Andaligadeline the,

. ejector 46. prorslmxg:rsrve)tu h@a:%hmm%mmm tarqashieadn@dend of the
cylindrical QiaParddy & MHAAS THAN dRfi sk by &m%@%@me t\rtta' 'meutttte leg E

20 is vibrated at an ul trasonic frequency in.th e ran

" in a radi al ofktged

-been retragigac.!

i, 29 g Netice fhe (&i89keR M d:?&ﬁ Eﬁ@@r"-/ ﬁlfué'rh$2 have
@2\6y1d ridie W Bodw 4 thah Bd e Il otat ode Be tivaehhendi e. I n

Fig.5(5) the_.e J(§H%%§‘4 %ﬁﬂgushed t he new y. 20f ornmed neck out of die to
e%ﬂﬁ

permt. rennﬁﬁ
t he apparatus. F

Y 47, having a shoulder 17 and neck 19, from
iIgn @ig). @) eshpo pisingeinl Uiy Glasabdent adiviehced seen that a

Cuppor ted on R 48 YO Ky R RIS RRER R LT Ea e

necked bodyPl3a%e

zﬁS‘rS’arddﬁJéq %é’d’gﬁ {RRS%@@Re Iheauiendafased@if henecki ng.

I'n Fig. 6(apgdigy arrzoaaatws QM kv Ritd QL UHY iSRctod @620 mounted in a die |
~hol der 27 which is %géy 9E$ected for'€4z |on at ultrasonic a
frequency, to a 5@ ) SEARERPSY ﬁﬁqﬁﬁat€,§ﬁﬁ§oPPe4§n
novabl e tovmfd&hand:ya.\nmylrfrm Heedydiimt20;thee [Pdassgegapt deftineld bgr punahes in
3 profiled Qg A2 URNA SHd'" A 2% WY Abddted'st B FRHLEhiEN MYdravtic

cylinder (not shown
frequency 1n the range 15 K HZ to 40 K HZ in a radial : \UJ

smode.

been

In Fig.5(4) the erdsshead'24 and plunger/plug 42 have
retracted leaving the newly formed shoulder and neck

1n the die.

In Fig. 5(5) the ejector 46 has pushed the newly

Zoformed neck out of die to permit removal of the cylinder

47, having a shoulder 17 and neck 19, from the apparatus.

that
from
25the

apparatus is'ready_to receive a tubular body for necking.

die 2

Fig.6(a) corresponds to Fig.5(6) 'and it will be seen
a necked cylindrical body 47 is about to be removed

an arcuate member 48 supported on a rod 49 rooted in
crosshead 24. After removal of the necked body, the

In Fig.6(a) the apparatus can be seen to comprise a
0 mounted in a die holder 27 which is operably

connected for vibration at ultrasonic fregquency, to a

3ohorn
towar

26; a crosshead 24, with arcuate support 48, movable
ds and away from the die 20:; a plunger 43 which

terminates in a profiled plug 42 movable into and out of

the die by means of an hydraulic cylinder (not shown); and

an ej
350f th

ector pad 46 which, when in use, abuts the end face .
e plug 42 and is movable within the die 20 by means

of air. pressure  to eject a necked can body and is

retracted by spring pressure.



an ejector pad 46 which, when in use, abuts the end face 350f the plug 42
and is novable within the die 20 by neans of air- pressure-to eject a
necked can body and is retracted by spring pressure. - 13- The plunger,
crosshead die and ejector are held in axial alignment by colums, one of
whi ch § denoted "50", and cross plates on§3of which is denoted "51", shown *-
in Fig8b. 5 Referrlng to Fig. 6(b) it Wil be seen that the pIunger 43
‘has been noved to hold the plug 42 in the die 20 to define the pass gap.

The crosshead 2feh giuhﬁﬂ a@)f@ﬂﬁﬁ@aﬁodﬁ?ﬂsEnah@JEEEQEHQrEdﬁéléf if axial
cylindrical can_ho to the_pass gap as _energ ﬁ &ron1t e horn 26 excites
r

0 the die to 9FBB&F§ntan F&&P&PswnﬂéeanaWh&F gofierotedqueficy #Rdt he

range 15 K HZ t@o48 KlHEesVénpr ofewhiiehuie dehbegaensy"begusan 2R and 22 K
HZ to obtain n§X|n§g|anplitude of vibration at the working surface of the
die 20 for- any Hod&n power setting and avoid excessive 15 audi bl e noi se.

Hi gher frequehci es 8eferbiagi 6o, Féggb (B0 KtHEipdrbet seen that theller die

but at Tnor casgdubigsk 8 BaboKeEd pBlAg|edeRbIACLRe"BAS 85 YhDERL! 8les

wi |l be discus erence to ar ger di e t
20t he ener gy n39d§9 §6f9PBr§PG PPSEaBPPoth@hefséPéﬁbeﬁél%Q bﬁﬁa??enln t he

appar at us of Fagv@hceawebd shUEﬁeoiehamﬁbabagé5oBﬂhdbﬁﬂEﬁef18@§ &aen nmoved
into the pass Ea deflne

g _and die to create ul de u ting a
oyl ndr ool - neDRRY1 TP thALpBr 5 9AP3a%, FRREEY! SAOB. CBS HPLRee, XETHEs
pl unger/ pl ugigl8he2die abouubtatbelnearaadédlahbde ahi ah uhe:egenior 46\M||

be 1111 ed bY At oBGEARY InuBfle’ rAnBlo18"kPRE! L8NaB2 kst Nowgl BELEL, Sgal hat

t he piston noves I €] ec ect e sha can bo%y and.
conpress an ej aseop ﬁgggpgngprbggwggn 20 and 22 K HZ to obtaln maximum

- amplitude of vibration at the working surface of the die
20 for any chosen power setting and avoid excessive

15audible noise.

' Higher frequencies of vibration, e.g. 40 K HZ permit
use of .a smaller die but at increased risk of straying
into undesirable modes of vibration as will be discussed
by reference to Fig.8. The lérger the die the higher is

~20the energy needed to vibrate it (all other factors being
'equal)} In the apparatus of Fig.6b a welded tube of
tinplate 45 mm diameter has been moved into the pass gap
defined by plug and die to create a shoulder supportihg a

_ cylindrical neck 31 mm diameter ( a 30% rediction on
\_ 2sdiameter). The plunger/plug 43/42 is about to be
retracted after which the ejector 46 will be lifted by air
pressure under a piston pértion 52 of the ejector so that
the piston moves in the ejector housing 53 to éject the
shaped can body and compress an ejector return spring 54.
300nce the can is ejected, the air pressure is abated and

the return spring 54 urges the ejector 46 to retracﬁ to
the position shown in Fig.6(a). The travel of the ejector
is limited by the piston stroke. A screw 55 protrudes
through the side wall of the ejector housing into a slot

3556 in the side wall of the ejector to act as a retainer as
shown in Fig.6(a) only.



’ 30“ C S Cted the air pressure s abated and the return
spring 54 urges the eJector 46 to retract to the position shown in
Frg\g(a) The travel of the ejector is<4i4mted by the piston stroke. A
screw 55 protrudes through the side wall of the ejector housing into a-siaqt
3556 in the side wall of the ejector to act as a retainer as shown in
“Fi g. 6(a) only” = Thergan- 4, PRFRCER o dthe PREAIFHM b Bigs da Figs. 6a,
6b i s then"mas e @a%é@@%@ﬂ:rfd&hi idie aﬂwa{eﬁ% ﬁea‘dyre ¥ €305 €T 1

of the neck e the f rm._of .an |n drrect curI 18 defi1ning
“the nouth (fé eﬁﬁ%‘é Smagh 5 a‘?P e 1c. The
can is corrpll@thtactdﬂay aﬁ:tradmtcm:fl al&aaidﬁmrning | thel houy t((zB Walnim may be
attached by g u GAR A, Fiern trveI ! b
necked in as@%epr ct ed | n%@ 2 qsteh%‘ I nwg'r dﬁllq‘ ol d&a s@%’rﬁ %’a

obtrusive wi#én cpenlwéeﬁaamtaammna af fradw@ttidm r'@ddc.t i Ghe ibotdicanet er
belygnd 30% wad 1 ady rbed,attttaeuaecwr&te%:dsaloﬂor&@&iﬁiédt d?qafl'@.\ le

ul trasonic Si i further, r.e n a
socond ol t+ Seah BY pleREmRiodiy WY e St ¥ ;hemec

necessary tdcssppdthtatt hmsrimulad@lynwo&aled ,sefa’ rt%drmt Q:bftlrh%tlv'ée@ﬁéiﬂ

operati onyg | Rg 2 seguent ration and .this support is achieved by
nmeans of a gﬁ%fggedgxfg%g %hrcﬁu%%%rghnds t he second operation plug as

wi || be describedfunireducsiionsndo diameger beyvond/f30%2@re reRefiered,ng to the

sequence. of rapehakkond +22qWn bQthQeaalhthélrsQeuiﬁ %QQE l&y A necked.
cylinder 47 is . fed_into_the space hetween a crossh ea second-

 operation dpEsgEted nﬁ°§é€6hGPGEéFaPPoﬁam @ﬁgéPrGZeénJeguFﬁéuﬁarﬁg 25
~support sl eseeofid acttaaeemeemyt akstile edealertt ity b@e%téznandw%h%awrmrb

sl eeve 6315e@g§ggsltt %ecessary to support the shoulder mater:.al,
formed by a flrst necklng operation, durlng any subseauent
operation and this support is achieved by means of a
profiled sleeve which surrounds the second operation piug
as will be described with reference to Figs. 7a to 7f.
20 Referring to the sequence of operations shown in |
Fig.7a it will be seen that:
l. A necked cylinder 47 is fed into the space between
a crosshead 60 and a second operation die 61;
2. A secdnd:opefation plunger 62 and surrounding
a5 : support sleeve 63 advance to enter the necked
| ' - eylinder 47 and the support sleeve 63 engages the
. shoulder 17 of the necked cylinder and a plug U
_portion 64 of the end of the plunger passes |
through the neck 19 to be located centrally in
the die 61 to define a pass gap and abut an
e:ector 65.



shoul der 17 of the necked cylinder and a plug portion 64 of the end of the
pl unger passes through the neck 19 to bejlsacated centrally in the die 61 to..
defipe a pass gap and abut an ejector .65. 3. The crosshead 60 and
|nternal support sl eeve 63 then advance together to drive the necked
portldﬁ’bf the cylinder 47 into the pass gap to forma second operation
ngck 66 of reduceq diane orted on_a second shoulggr

t

portion .67 which SF@ﬁageFﬁt8°tﬁ8 ﬁ&&Fé@ R SrEeaT ys}ﬁgvf

necking operation. Fihendadnanseanogetbeneticadsiyesitheoneckethposapport,
plug and die during Beogh@Seyitfaer 49 1A28 %@SéﬁggdgaMm% Bl 49, and

support sleeve are then retracte aV|ng the ne nec and
shoul der 67 in the dPEcERd gPeyptippcies §§ Pﬁeﬁeéﬁﬁaﬁcésaﬂstkﬁmck out the

tw ce necke§ cyli nder, éfor't@&%nt Qe escggge ]‘%1 t he die and

crosshead in readi ne °F 67 it ﬁcq'etract ed from
the die and the proc 8§ FE&By% 8 §P8P9§ Hrm?ﬁe ¥: &pe £irste are
.carried out in the-appekahgsopbaHM1bn Flgig.7h sﬁowslanantEbméhEaapparatus

is simlar 20to the f g nd h a first end
plate 51 and a secong8 SQBH g ﬁe §u ggf% pﬁﬁ Ia?é §% éﬁggggrst end
pl ate 51 supports thBreﬁﬁeﬁﬁﬁ hou5|ng 53 a d|e ‘support 68 and a die 61 in

a die hol dep 71. Ihewﬁeceaaseﬁéaalabﬁuﬁgeivgma t,Sadl ahﬁpsyklaﬂeévzo
25whi ch noves the plunger 62 toward ron1t e The pillars

50 support a crosshe@fS7shen| ReEFacHs tﬁ&aﬁFéEgébe6EeVéYn§ﬁ£P§§ 3e<K pl ug
64 havi ng an externasspaﬂﬁlbhoﬁmddefsmeznnthetheedse a second operation -

pass gap to defing thg.sD3pe.qL £8dvfed 3A0MhASE 28YKkASEK S0¢ tRePS
N\ _ | twice necked cylinder 68 into the space between
15 the die énd]crbsshead in readiness for removal.
6. The ejector is then retracted from the die and the
process is ready to start again.
The steps 1 to 6 are carried out in the apparatus
shown in Figs. 7b, 7c. 1In Fig.7b the apparatus is similar
20to the apparatus of Figs. 6a and 6b in that it has a first
end plate 51 and a second end plate held apart by
pillars 50. The flrst end plate 51 supports the ejector
housing 53, a die support 68 and a_die 61 .in a die holder
71. The second end plate 69 supports an air cylinder 70
25 which moves the plunger 62 towards and away from the die
61. The pillars 50 support a crosshead 72. In Fig.7b the
_piunger 62 terminates at a plug'64 having an external
profile to define with the die a second operation pass gap
to define the shape of reduced shoulder and neck end to be
30 produced. The plunger 62 is surrounded by a support
sleeve 63 having one end adapted to £it against the
interior surface of the shoulder of a cylinder 47 necked

by the first operation.



30pr oquced.” The pl unger 62 is surrounded by a support sleeve 63 having one
end adapted to fit against the interior surface of the shoul der of a
cylinder 47 necked by the first operation. The support sleeve 63 is a
sliding fit upon the plunger 62 so that it may be retracted through th€ .
crosshead 72 with the plunger as shown +¥6Fig.7a-f to pernit feeding i ™ of~ -
a cyl i nder-47; -and- advanced through 5 the crosshead for -locking to the. '
crosshead at the pesition shown in Fig.7b for subsequent transport with the °
crosshead to drivehe %‘}/H’H"Pﬂé}l’ers%%‘f%oﬁrgoﬁfﬁoatﬁbl%ﬁftﬂ HYy wenH® that as

the neck of ghengeefesed enat nﬂerméli wtﬁéﬁréé\@e@a&&&ﬁh tdige i nternal -

~ support 10sl eeve 63@ 'é% p; %rtl n g efor sho.ul f e{event *
col | apse as THREBRL N KR 7t VF9 nt o the
die. Fig.7c okt df eed bogt imabfya rmy\liﬂmezsup'pprandslammxcféﬂ nehrdaegH at ched

to the crossfgad, 50, PESY € de tré &83dl di¥in The
a"?%hl %%dﬂ{

plate is drlvenln poSi n y an air 0 one
side of the Qh%hﬁadl"lgdlh o¥ aamwwangrmp% Valfé'olfé’ml d system nmay

be used if desbdsfead o /dr SHOVE éf‘lﬁf‘dé’f'tﬁ&?e&ﬂ reiftdrgndfamne form of
20t he support sl eeve _?‘i and Iun er 62.. The er 62 has a threaded

recess 74 at one &t £ RnRe | r*@'&%lﬂ edhe actuating
air cyli ndercif()xnd%r tAtI‘B athefseﬂdetjr&ss)lgtcp%e S1r&téﬂ(&nechdppdﬂ"ie |O| unger by

por 1) on_ 76 E30s ST cfe SPROT g s PreRSBisd hABIg 1T
repl aced whesoWapse Eﬁ@h@mssm&\@o cchxis i cthen ¢wiligideni naI bore 77

whi ch” housesyanSidd v d By MU ED i1se G essed between a | edge 79 of the
pl unger porf?ongggénd a %ﬁy 80_on the s|eeve. 30 - The plug 64 is

connected to an aﬁ'*gtﬂﬂ’l%@r’s ditagfagatically how the support sleeve g
63 may be latched to the crosshead 60 by a plate 72 having

15a keyhole shaped aperture. The plate is driven into
latching position by an air cylinder mounted to
one side of the crosshead. Other latching means such as a
‘solenoid system may be used if desired.
Fig.7e shows in detail the structure of one form of
. 20the support sleeve 63 and plunger 62. The plunger 62 has a
‘threaded recess 74 at one end to receive a connecting rod
reaching to the actuating air cylinder 70. At the other
'~ end the plug 64 is attached to the plunger by a cap head
~ screw. The support sleeve 63 comprises a profiled
25shoulder portion 76 which is screwed onto the plunger
portion so that it can be replaced when worn. The support
sleeve 63 defines a longitudinal bore 77 which houses a
spring 78 which is compressed between a ledge 79 of the
plunger portion and a ledge 80 on the sleeve.
30 . The plug 64 is connected to an air cylinder . dlrectly.
- Sleeve 63 is connected through a spring which normally
holds sleeve "up”, but allows overtravel of plug. When a
can first enters the die, the plug must be in place but
the sleeve is held "down" (locked to crosshead) so.
35compressing the spring.



Sl eeve 63 is connected through a spring which normally hol ds sl eeve "up",
but allows overtravet of plug. Wien a can first enters the die, the plug
must be in place but the sleeve is held "down" (|ocked to crosshead). so.
"3scosapressing the spring. -17- Fig.8 sh a few of the possible nodes
of vrBFﬁtlon that an annul ar di e may adopf “When excited by a transducer.
Frg 8a shows the preferred fundanental radial node of vibration me prefer

to use because the wijratbaRwali 3 SKGNLY dha! bbBdiBtehguad bEeyheaofol hat

any stiction effects rictional forces i Te are evenl
Fi g.8b shows athpts@nhanpyarE AdGemaHi adops Hhéés?ﬁabtedbbtaﬂse nodes N of

raadi al notion QEhﬁ%d&Eer'OdFQ Bélﬁﬁbhx QﬁaoﬁeéfBQfea'Qﬁﬁd&ﬂeﬂf&ylﬁﬁaiﬁl
benefi ci al reduc ion._in grlc |on in th%gdle at these points. This npde nmay

" be suppressed B¢ SpBFyV ratipn, W REPESF £O: He8i BRERPEEAFRS 8ﬁ5€%%ﬂ°n
positions A abfdsBesenllgr disteibheedi arotuad @hewdiehsbhehaddany devdtopon 15

Fi g. 8c shows a ' s Gl | po e are not
hel pful and di F??%ﬁfg? ?gﬁgggggpa{éln%’gt %gﬁéggh dqﬁgrﬁg%%gga‘%@é%
because their fba§e8nacies tertd to be close to fundanmental. Fig. 8d shoms a

third harnonic nodegijg . obi ghowb*an2d9st 2Ad848hE- mble OWHEENT 5 MRi Ntai N the
vibration in the fundanenta node our. dies are dinensioned sp that the

fundament al noHBAPEiRaPLE BegangeRpdse NnhefnRaRbAl cROtEPy ArisR Rt a finite
el enent anal ysasaabteicaliysoppbspdr postnidhe. téhproeieabhy bénéﬁﬂ@iand in

e one UG T EE S SRTTA. Bnel afy BESpRbSE BBENES! Mnie

: mode may be suppressed by applylng a transducer at both

" dlametrlcally opposed 9031t10ns A and B at 90° to the
dlameter on which the nodes develop.

15 Fig.8c shows a second harmonlc in which four nodes
develop which are not helpful and difficult to abate.
First and third harmonlcs are problems because their
frequencies tend to be close to fundamental.

Fig.8d shows a third harmonic node in which 31x nodes_

20 develop. o _

In ordef to maintain the vibration in the fundamental
mode our dies are dimensioned so that the fundamental
mode is'not.close to any of the harmonics.

Fig.9 shows a f1n1te element analysis of our first

25 operation die. '

— The assembly is modelled in 2-dimensions using
| axisymmetric elements, i.e. the plot shows the

crosshatched areas in a cross-section of the assembly.
The centreline is along ‘the Y axis.

. 30 The die 20 is forced into motlon by radial forces on
its outside surface (horizontal arrows). A thin tubular
mounting 28 is fixed to lower surface of the die and held
on a flange 29 as'already desqribed with reference to
Fig.2. The flange provides a link between the vibrating

35die 20 and the stationary machine. | '



The gentram T&7al ong the Y axis. 30 The die 20 is forced into notion
by r-adial forces on its outside surface-{@orizontal arrows). A thin tubular
nmouQting 28 is fixed to-lower. surface of the die and held on a flange 29 as
“already described with reference ta Fig.2. The flange provides a l'ink -~
 between 't he Thiebmimgi B di e Pésdaht het S20it k2 aand nBehiforeford)e v@}l,iﬂt‘!'ﬁg

| hi.s .
i hongn 1 PR ALy HIREIREE SRR AE Qeddlivaliedieney

eeti-vel > frequ fdde of .
vi bration ofigid d@ite Jawl uecmm dﬂthsm@lablmdmcbﬁahhnamm @fin b5
the tubul ar spepRard sRadded Maide didChdifl fn fg&l%%tugn %301 ved
di rection of _vibration obtains. The tub sup orts

serve to rFaFHlealtr‘l’bc“r?@’Hl%‘RRRTc"erﬁ%*@"% t§1tt pl‘lfbctlﬂimﬁfr tdlet @& hr ust of
‘the work | oadpperct rd rnescsbzed hel deaosicd S Rvidrd ®iod bdb%talz.%% at the

f di arro Fig. :
ggglng: Eg \%ny :/v(ea t&?’ o Sy ‘%ﬁ‘p"&ﬁm%# gn’rﬁ'a Vi’dlé\iﬂa“& %FF&? &R |s sel f
expl anat or y majipn tig M(el)dlrﬁarcmmtmmam ofhe fplug;i csmjp@br&ectmre 15
bet ween a dbﬁr@ﬁ”%@é&f&%ﬁ@ﬁé@dﬁlﬂﬁ”ﬂ £ AlreS J t%et\%%

vi brated in an axial -direction paral to the surface ™0 ece

the maxi MOVHEFR&IOR &t Khe MQuwiting phddis % SURERE b @ltodhey of wor kpi ece
mot i on thenpbbetrlealnatalr\temea ocifry K@ the fri Ctlon) will reverse 20 for

Gt faces can' be. 20 afods aﬁi@?ﬁhéa«%@rﬁ‘éﬁ“ﬁ &4 3 %rater PuzcBaer e di o
and mnrkplecsdlaﬂoﬂqmadtudhtdud(Aeﬂsekﬂuexpnénuharymay SFFarﬁgalsoure?ﬁglng
of & 1 ubricant oan Ba%;A0 Q)R el KGR AL T S3lctoR Beckdiy 0
normal t d5t RBt¥ErRage 43 Pnéf\ﬁolakpﬁ‘?(;d'@lecﬁﬂé' is depicted as arises o/
when the die is vibrated in an axial dlrectlon parallel to
the surface of the workplece. If the maximum velocity of:
vibration is greater than the veloczty of workpiece motion
then the relative veloczty (and the friction) will reverse

20 for part of the_y1bratlon cycle. )

' Fig.10(2 ) shows how_periodic separation of surfaces
can be achieved by vibration normal to the interface
between die and workpiece. For part of the cycle the
surfaces may separate so reducing friction to zero._

25 Fig.10( .3:) shows diagrammatically how "pumping" of a
lubricant can be achieved by vibration of the die in a =
dlrectlon normal to the surface of the workplece. The
vibrations help to distribute the lubricant evenly over
the surface and prevent breakdown of the lubricant £ilm at

30 points of high stress.

' The periodic separation of Fig.10(2 ) and more
particularly the'pumping action of Fig.10( 37) are thought
to be most useful in our efforts to reduce the
diameter of tubular components of thin wall

35 thickness. Hence we choose a fundamental radial

- mode for maximum geometrically normal vibration.



vi brations help to distribute the |ubricant evenly over the surface and
prevent breakdown of ‘the l'ubricant film ati80 points of high stress. The ~.
periadic separation of Fig.10(2 ) and nore particularly t'he punping action
‘of Fi*gel0( 3) are thought to be nost useful in our efforts to reduce the

di anet er of tubul arFk&)n’bbrﬁ@nwe grhplishioff bied IFoB&e tihi Kk megsirediefore We choose a
fyndanental r €a f r I o] N | on. - -19--
Fg. 11 shows GeasrtRgra, 88 HLOVIRARETEL LAE hieR bTes DREAUEC
cylinder to thgr%%k eizeborssotbedfomepﬁe@a}rsﬁomtbeetf@lt:weasmqm red

wi t hout ultraseﬂbﬁauaﬁaahen aaghgrephsﬁsmssbﬁ&sfbbeef9&&@&@&1%&0 when
50l t rasoni ¢ # gatron %ﬁv éed in,a radial _direction by a
magnet ostri ct1¥ t??%ﬂ%ﬁﬁcgrbﬁ?tipﬁ pBukHZz FBMEBB%‘eglh?I%uriﬁﬁﬁﬁits are
achi eved usi ngd:preéﬂﬁbﬂCbYI a hagmeﬂuseriscaivél keah s@acencyt b5l Kwwer

power . ed n s of Fig. 9 that die and

suppor t are tr%éY%ﬁ %ga gg%gr %#%gtﬁ? egﬁkéh%ﬁﬁ ?ﬁhtfzﬁﬁﬁﬁiﬁﬂ?rr. They
may be, in reapiegoelestnitetransducers &tglikesfiveguencye B’ Vidwerted with
a node in the gepbre and antinodes at its periphery so that a 15

substanti al proportlon of ‘anplitude js active at the working surface 83
defining a plss gaplasWitl| PpcnQkath 17 ohhenandhysisef| Bigth thafeii’ ed

al ongsi de the. &w s®§m|ﬁe3tw&d8£sa$)u§§n§h€ @ltmcame Cammﬂcﬁes ih
first thin walled p rt| 85 abutting a second %h ck er wal | ed %Hﬂ{ ular
h% ti

“portion 86 ext TaThixlﬁﬁﬁe T £ FONF EREE PR n® WBHHERE
portion, and a nourﬂ'xmgl!lsh@ressarrdmrﬁﬂ ngxbhatedrmitlmrahmdmeem tdhen and

thick walled tubul %?§ %ﬁ J%F’tQtnl&@JééplgﬂgyyaéopEHQtQ¥ is tuned for

radi al vrbratron So t ration ree
' - 15 substantial proportion of amplitude is active at the

working surface'aa_defining a pass gap as will be seen
from the half wavelength W depicted alongside the die.
" A tubular support 84 abuts the die, and comprises_a first
.thin walled portion 85 abutting a second thicker walled
20 tubular portlon 86 extending in axial alignment £rom the
thin walled tubular portlon, and a mounting flange
surrounding the junction between thin and thick walled
tubular portioe. The thin walled tubular portion is tuned
for radial vibration so that the vibratien received
- 25 induces ‘a longltudlnal vibration in the thin walled
portlon in which the amplitude is attenuated so that the
‘support has an antinode at the die and a node at the
mounting £lange. _ '
Fig.13 shows a die 88 integral with a hollow support
30 89. The die 88 has an internal work surface 90 shaped to
define the exterior of a cylindrical workpiece to a
shoulder and neck when the die cooperates with a plug
having a complementary profile.



Bk i it SO s#-ﬂa| V|brat|on in the th|n malled portlon i n which the

' anplltude IS attenuated so that the SUE% t has an antinode at the die and
a node at the nounting flange. Fig.13 S a die 88 integral with a hollow

support 30 89. The die 88 has an internal work surface 90 shaped to def“ﬂe

the exter|0§h§fsapg¥&kn@5 %@Hﬁ@%r%pEQQQtt%diéﬂﬁwl e%o@%ﬂcgggﬁ QE%R th& die

‘cooper ates—W hav a conplementary profi € support
conpri ses - adiersadpe#tﬁedlgs ééﬁﬁééy mg\mﬁﬁtﬁﬂﬂ?hﬂﬂjQQgﬁenéﬁﬁglen|aIIy as

. its annul ar rgg@EasS et ho%e&%HCP’érftgo% secend Ry %193 4%RN0 B em
da}r?d

cylindrical formwhich.is axial d e die and has a_bore |ess.
‘5 t han that"BFcPhésfPF§Flﬂ€iF#& neahéaéihQQﬁ BoPPFSn%eﬁéet an
~annul ar fl5aegen98hatr bEurhe Fiestuppetionq pehdrte fiitisgah@ se@dalli ne. In

cooper at | onPRF ERCHSC I ST o P BREn RS B seadPerRRn i Bkl 16
whi | e aX|aIt9 paauesdfumbmst¢0nadanched€'A'IWashapMassdthhsoﬁghmthé second
portion. ??égrglsﬁﬁﬁﬁ%ﬁth%%%poEQ'%a%nUﬂﬂ'|us¢h? 3pd o PEQQEELBBY be used

to neck a c when provi a suitable work surface as shown, and
cooperat|ng"&FPhaacyiﬁnéGﬁﬁPéniﬁpﬁpy SPuGTAY & CARFToBsar EBRs, PpABFI ded

the die ix whlsmat ashaadyalxhuudeaowsrataeh @endtled "Ri"Iwdd applsed die 94
havi ng a Iaﬁg gngb such .as ngﬁPbe necessary for reducing the dianmeter
of the nout APHPUGRLEDEr 8§5°BENPPFEAPPT1 di ameter to 204 or 206 dia. The
20di e i s suppWet rdvky dd scolverad $bpporth9§ whmehrﬁi dhanpad stuppoméde as
already desgLibggd. uolBeKCheckns RyRRGRL: Ghlh HivllRadlgnngde N as will

be seen from1he wavef-orm above th e energy induced in the
support by g%étgbée|yovgr§urﬁgppeas shown, and cooperating with a

15 compl émentary plug as already descr1bed, prov1ded the die
is vibrated radially denoted B not axially.
Fig.l4 shows a die 94 having a large diameter such
‘'as may be necessary fdr'reducing the diameter of the mouth
_lof'a beverage can from 211 diameter to 204 or 206 dia. The
20 die is supported by a. tubular support 95 which is clamped
at a node as already described. However, the support
joins the die at a node N, as will be seen from the
.waveform above fhe die, so that the enefgy induced in the
support by the die is very little.
25 This is achieved by vibrating the d1e with a node at
- the centre but making it big enough to contain a node
- within its periphery as will be clear from the waveform .
depicted above the die.” This die may be tuned to the
‘£irst harmonic resonance in a radial mode as shown in
30 Fig.l4. The fundamental may be audible to unsociable
levels of n01se.

\_/,



25 ~. This is achi eved by vibrating the die with-a node at the centre but

making it big enough ‘to contain a node wi fiin its periphery as will be
clear fromthe waveform depi cted above the die. This die may be tuned to
t he. Tgst harnonic resonance in a radial node as shown in 3CFig.14. The

fundanental may bepdidi Dl hdiis WSPLe 28 ehd PSS Sa CErii Sonica _?%%t{fhg- 15

shows .a die 96 having a frustoconical outer surface 97 onto |
ultrasoni c viBHEITh A5 RSP PG| FReY BItERIORIGS AR 2 Bkon 1Y may dsly
descri bed, t}t&plﬁiﬁed Sy dret @itbduednVes A mslca Btedde. IS P&, (i AL D
proportion of, the,

| itude . i | abl t, the interi Ki f
Dl due to tHE | TATTTERT off AR AOIRAOrERT SPITEAT Ot 1 brati o
this die w §lprhportionhanh the anplitide ais avaikhble &t |¥ssdamntdegroae, sone
axial vibratigiythe od TB0E EET 9 %nd ™ Indbi P Sthe De applied to
ternale an ch as '

this die to alterna] s{ray nodes of vibratLon sucl _har noni cs or
twisting. Fi fiteehan oh apREIREIR okdnibratamppdmis ielivd dupport and
die without reeoIFEe Bk ANPidia Divibtd &ille & Al {eadly1dnngyd 'd_%eé.n
Fig.16 the die 100 is supported 15 by a tubéjl ar su(ggzort 101 whic as a
base plate 10PMR SFEAL ARFAEATS | A SHSRAE (§EARIGHESE % daYr e
tubul ar suppaddsirdd, Bscapplbied X thikedion €d Wk elmid terayy tduvraygh a
plurality of Ras |t SHES 4 'p.ﬁ'. ring plate 105
to spread bet vveeersléﬁé %%%e&%%%p%dq{?e%rl ngcgspl a eé. elt}%g'par atus of
Fig.17 works in a Bigil@rshanmen talternabiveinpars i swepent dheuidie
di stribution Q{FKSHGe ¥ dik- W oW | Adcdi8add N R B ik dif aMesl
pressurised fluid ener gf thrpqu aﬁg{urall Qf passages 108 to 25 support.
thergie 109. %é%ﬂiﬂ SPH IR L amtP 1 Iy it ?gl%%dlseds%ﬁ%tﬂdexi bl e
seal 110. T¥iwy reeatubdlar support 101 which has a base plate 102 of '
' area substantially 1arger than the diameter of the tubular
support. The base plate 102 rides on fluid delivered
through a plurality of passages 103 into an annular
recess 104 in a bearing platé 105 to spread between the
20 base plate and bearing plate.
The apparatus of Fig.l7 works in a similar manner to
that of Fig.l6 but has an annular distribution passage 106
in the annular bearing plafe 107 from which pressurised
fluid emerges_througﬂ-a plurality of passages 108 to
25 support the die 109. The periphery of die and bearing
~ "pPlate is sealed by a flexible seal 110. This means to
N/ support the die relies on the £fluid support pe:mittihg
vibration of the die without consuming the energy of
vibration. . _ o _

30 Figs 182 and 18b depict a die 111 supported
aerostatically in a housing 112 having a tubular side wall 113
and a basal wall 114. The side wall 113 defines with the '
cylindrical wall of the die 111 an annular cavity into
which compressed air is introduced to provide a radial

35 support.



support theé die relies on the fluid support permitting vibration of the die
wi t hout consuming the energy of vibration. 30 Fi'gs 18a and 18b deplct
“a die 111 supported aerostatically in a2Rousing 112 having a tubul ar. S|de
| 113 and a basal wall- 114. -The side wall 113 defines with the

.cylrndrical _wall of t e 111 ul ar cavity |n o which co ed* alr
i s |ntroducgﬁetBaﬁ?092dég§ F&Gl&&g3§nguﬁ§8Fﬁses inyst eTﬁésﬁésﬁagf fi% di e
111 -and rec#sfisei-a-theikgsdhteawhithdcbmpredsiidnaia taviayrbdteedhtsh *
conpr essed [O e pRQLt e I nst the working | oad.
Referring. t%ué?6§&8g£ QE% gﬁgggﬁgegﬁetﬁé ilﬁ 18 é 5 wall 113 of the -
housing is cut’ a&ayeralpso¢pd§13ed§§s ﬂ&rWalﬂraﬁséeeerthetntBQSS;®ereach

into opergb&slsn%gens@t thel BolBEndi 45 cluf: dwal’ 6 Bre¢cepdatsansdrser 116
-may al so be used | st _the i.nvenfion has been desCribed wth 10 reference

to an-aer osdl tEaRsdHAeR Be¥ar dde GQnrePth&9t9e°Bﬁ§PPéG eRIAFGReRBbul ar
~articles neWetRftHuclilke nufaldesigldaa setbgdt teanpdpesr allernayveies goods
~which have a sjmlar need for reduction of the dianeter of one end. In .

Fi gs. 19a ang® 18%° 3pparatus for deformng a 15 cylindrical neck 66 to an
out wardly dlrectﬂulbatltheoapvesssoa tae beenhdesayikhedawhthar groove 121
which debphregeLbengx! bl Bh SuELEE Abn' BRACH bevlRAGLCLagP AN 50

support and drjve e.cy rica I nto e ann roove; <and neans
to vibrate 3pRLYPd FR anYotyPHéari artpargs Bpdeoofhdugki eopetak FREK as

- indicated bysajfevgadiohNpkpesliid FhenkEEkrogodasURheckIREdesgction is

progr ess) vel YuSEe! oBed. 35.t Reaneeoh ol Lhsha) Ihg Lc B SOy ey, can be
In Figs.l19a and 19b apparatus, for deforming a _ -~
15‘chihdrical neck 66 to an outwardly directed curl,
comprises a die 120 having an annular groove 121 which
‘defines the exterior surface of the curl; mandrel means
122 to support and drive the cylindrical neck into the
annular groove, ‘and means to vibrate the die 1n a
20 direction parallel to the axis of the neck as 1nd1cated by
arrow “"A" in Fig 19b. The curl of arcuate cross section
is progre551vely developed as the neck is driven into the
groove as can be seen in Fig.l9Db.
Referring to Fig.l19a the die is supported on a horn
25 123 which is axially aligned and operably connected to a
transducer 124 which is preferably piezoelectric 2nd

capable of generating a first harmonic mode having a \/

- frequency between 18 and 25 KhZ:; a preferred value being
20 KhZ to 22 KhZ. The horn 123 and horn support plate 125
30 are suspended by rods 126 from a plate 127 which is in
' turn supported by pillars lZS-whiCh'pass through and
support a crosshead 129 slidable upon them.
The crosshead 129 supports a pusher plate 130 and a
mandrel 122 which is movable through the crosshead 129 and
35 pusher plate 130 to axially align a can body 131 with the
axis of the die 120 and pusher plate 130. During a '
curling operation, a shoulder portion 67 of the can 131 is



25,123 which is axially aligned and operably connected to a transducer 124
-mhlch is preferably-piezoel ectric and capabl e of generating a first

har noni ¢ node having a frequency between 18 and 25 KhZ; a preferred val ue
being 20 KhZ .to 22 KhZ. The horn 123 and horn support plate 125 30 are .
suspeﬁﬁ%d by rods 126 froma plate 127 wmiédr is in turn supported by -
plllars 128 which pass t hrough and support a crosshead 129 slldable upon
t'hem® The crosshead 9 suppo ts usher .pl at n 22 whi ch
5 movabl e t AR 20 Rty 1358 B e 4B 0 £Pe, Rang? #3020 anflal | )
align a can baﬂwaﬁﬁbdmsd1ﬂmh& ZhesS nelckt pordiienl 36 aadppshbarlﬂhatehéSO
During a curIi hoyl der rt| e _cap 1
supported on. g |%I%r gr'o%grr :i()z;ig: q‘ S %gndrlglla %%ZQBO a \S}aﬁgeghg? at the
neck portion @@alg dis Pig -iL%0 The dnnuﬂarvgbﬁewsdlém oh midadie 120 as
shown on an g@ﬁ@ﬁ%ﬁ.c@tea' rfr'acﬂaela% ¥h90dtt% b9 ¥hb',at edntinaBgaxi al

direction at”a freque Conti nued advance_of the pusher

pl ate 130 and 3d¥@&<8 %yfh(?aé’é‘éé‘elrhé’lﬁé?@k 139 pad.gapazed }ZEUFPEﬂeFoﬂE‘ﬁe
formof an ounskdlty de ecmpiletelly theded roFithelFarml bfi anbehtwaedlyhat
t he applicati of .ul ni ¢ 10vi, .lon,to the curling die reduces
frictional fo%@'eCte#iéﬁii %& P%f?lgd ?8 recei ve the neck nade by the
apparatus of Fig. GMyLSbbellsmadotha&atthet appliwatdop ofrsdtedsonit of
Fig.lc if deﬁwgﬁ}atlon.%% tHe BT 1hg Fié QP@S Q&aE@qgﬁhgngQEeg so
cross-sectid a termnal portion o sa

Conpr|S|ng that a die pro iled to recelve the neck made by t
' apparatus of Fig.6 may be used to create the inwardly

Y, . directed curl of Fig.lc if desired.



Cr‘oss-se
- thereon
produced;
gap-havi

6Tfﬁ?9p?8§|d|ng an- ext er nal dre'uhich'defrnes a conver gent work
surface therein of |like shape to the 5 exterior of the reduced

ction to be produced; providingg-pl.ug havrﬂ@'a—ﬁﬁrﬁ_gur?aée

of like shape to the interior of the red to 5@
| ocating the plug within the d| eto defm T\M‘mammra pas )
L

benproduced and a

nyoizMstape—of the reduced 10 cross-sect

" radi al wi dfh-substantial |y equal: to the thickness of the tubular body; -

entering
-sinmul tan
ultra-so
def or ned

the terminal portion of the tubular body into the pass gap; and
eodsl y damsthpd heofdreducingitheacrossnsectianiafl aneteindl an

o1 eanhide 4 N denRdp! SOLd ST REAgiARTLLe

to the ass

wher ei n thé‘hc%tﬁﬂeé’rs IRFd PRy i ing %‘bc@"mﬁ’g %?-Q)d{hr’(ﬁh Wefingsd asi de wal |
drawn or eﬂdﬂv&@édtom&mﬁfé&@r&hem of Amas hapRCc@d dheg to claim1l

wherein the tubular b IS nder made meldrng 0S edges of a
r ect angul AP ° és)c%%ﬁ ﬁ%%eé £TOSST ﬁ‘r%‘f abiasl é’%t“tf gny ‘precedi ng
cl ai m wher @novidEing @ iplue lhvingyd avozk: |gmim1e vihidr eloime offl Adkley neans - of

Or s N SHid %ﬂéeﬁ%xdséf é}ké‘%’ﬁ&%% ﬁc;foo:st(f 1e K g pENr ust of

a 25supp
t he body -

ent er |ng t he pass I ng to any. precedrng

-

¥

Ing t cIa|n11

cl ai m wher @rrmqwdgu;imacuns t%lmlr“‘hr’rﬂmfﬁ thel-die ta defipes length. 6.

A et hod
vibratio
accordin

“term na

ARG Y Wek Y ;msas:egagwgucdﬁi WerMdpd B el rz@au@@ay of

nat the die.s mnt nge 5 kkt tqQ 40 kHz. A nmethod
° F5°(ﬁsa|5rﬁ°§1%é:r%r "l‘gecﬂre’rﬂ'f%/ %frﬁﬂlﬁﬁat“ﬁl&‘il‘r s at t he range 20
to 30 kHz. subst:&rtl&lly /H@mmtus s tleiblaiess (die thieotabadalri bodef; a

Uity e VU A nLO P sh WP Uhbular body into the

pass gap; and simultaneously causing the die to vibrate in
a radial mode at an ultra-sonic frequency while the
15terminal portion is'progressively deformed to the shape of

- the pass gap. : |
2. A method accordxng to claim 1 whereln the tubular
body is a can body having a_bottom wall and side wall
drawn or extruded from a metal blank.

203. A method according to claim 1 wherein the tubular
body is a cylinder made by welding opposed edges of a
rectangular blank of sheet metal. '

4. A method according to any preceding claim wherein the
die is held in axial alignment with the plug by means of a

25 support'‘which is itself held at a node to resist the
working thrust of the body entering the pass gap.

5. A method according to any preceding claim wherein the

. support is tﬁbular and held mid-way along its length.

6. A method according to any precéding claim wherein the

30frequency of vibration at the die is within a range of 15

kHz to 40 kHz. =
7. A method according to claim 6, wherein the frequency
of vibration is at the range 20 to 30 kHz.
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9. Apparatus according to claim 8, wherein the
'~ convergent work surface comprises a first annulus of
 arcuate cross-section leeding to an inflection portion
20which connects with a substantially cylindrical portion.’
10. Apparatus eceording to claim 9, wherein the plug has
a work surface of complementary shape to the convergent
work surface of the die and. when centred therein, defines
with the work surface of the die a pass gap of width
--zsprogre551vely increasing along its length to a width
greater than the thickness of the tubular body to-
accommodate thickening at the newly formed neck.
11. Apparatus according to any one of claims 8 to 10,
wherein the die is held in axial alignment with the plug.
30by a tuned euppor: means which is held at a mode.
12. Apparatus according to claim 11, wherein the support
means is tubular and held'midway_along its length.
13. Apparatus according to claim 12, wherein the support
means is a plurality of rods each rod being held midway '
3salong its length. |
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. 17. A method of making a can body'ﬁheréin the necked

10 component, made by any of claims 1 tof7, ié supported on a
mandrel and driven towards a curling die having an_annuiar

curling groove so that a neck portion of the component is

' progressively curled yhile ultrasonic vibration is applied 2

to the die.

18. Apparatus as claimed in any one of'clains 8-14 further
comprising means. for deforming a cylindrical neck of a
tubular body to an dutwardly directed curl) said deforming -
means comprising a die having an annular groove therein of
arcuate cross section, a mandrel means to support and drive
the cylindrical neck into the annular groove, and means to
vibrate the die at an ultrasonic frequency, in a direction
parallel to the axis of the neck.




