WD 03/039780 PCT/ US02/ 34896 -1 | NTERNALLY COCOLED TOOL PACK BACKGROUND OF
THE INVENTION 1. Field of the Invention: The present invention rel ates
gener al | ywoosmagrseranuf act uri ng t ool pack 5 assenblies thacThaew3gpaw ng
and ironing dies for reformng a cup into a container body, and nore
specifically to such a tool pack assenbly that is internally cooled. 2.
Brief Description of the Related Art: Can formng dies are used to fonn the
bodi es of metal cans or containers. 10 The description herein is
particularly concerned with forming two piece netal containers. A shallow
metal cup is driven into the dies by a punrdh to formthe body of the can.
The dies generally are provided in tool packs in which a series of
progressively narrower die nibs are arranged to progressively draw and iron
the nmetal cup into a contain%gTEﬁkﬁﬁﬁﬁpgfkﬁb saRpepags t hi ckness. An
exanpl e of a 15 conventional Set ol draw ng g ironing dies in a tool pack
is showmmn in U S. Patent No. 4,173, 882 |ssued to Lee, Jr. on Novenber 13,
1979, the entire dlsclosure of which is |ncorporated herein by reference.
Each die is incl2elGROGNDQELSS INW ONpdul e. Die tool packs used in
commer ci al can manuf acturing conventlonally use 20 cooling fluids applied
to the exterior of the die pack to naintain or reduce operational
tenperatures of 1t lEcdidgshe hderiit ai n can formi ng applications, however, it
is desirable to avoid the use of external cooling fluids. For exanple,
external cooling fl uilds piespnicioreniionmalpies eprerelbriogianarany fachaiog ool waeic h
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container body, and more specifically to such a tool pack assembly that is
internally cooled.

2. Brief Description of the Related Art:

Can forming dies are used to form the bodies of metal cans or containers.
10 The description herein is particularly concerned with forming two piece metal
containers. A shallow metal cup is driven into the dies by a punch to form the
body of the can. The dies generally are provided in tool packs in which a series
of progressively narrower die nibs are arranged to progressively draw and iron the
metal cup into a container of the desired shape and thickness. An example of a
15 conventional set of drawing and ironing dies in a tool pack is shown in U.S.
Patent No. 4,173,882 issued to Lee, Jr. on November 13, 1979, the entire
disciosure of which is incorporated herein by reference. Each die is included in a
respective die module.
Die tool packs used in commercial can manufacturing conventionally use
20 cooling fluids applied to the exterior of the die pack to maintain or reduce
operational temperatures of the dies. In certain can forming applications,
however, it is desirable to avoid the use of external cooling fluids. For example,
external cooling fluids may contaminate the container surfaces, which requires

costly and environmentally undesirable post-formation cleaning processes.



WD 03/ 039780 PCT/ US02/ 34896 -2 SUMVARY OF THE | NVENTI ON The present

i nvention overcones the di sadvantages of the prior art, such as those

not ed abowe,03k03978¢ ovi di ng an internally cool ed nodul ar di @Crasb2/psek
assenbly that does not require the use of cooling fluid applied to the
exterior of 5 the tool pack. Instead, the tenperature of the tool pack is
controlled by forcing a fluid, particdaltarly a liquid, with desirabl e heat
transfer properties around the die nibs through special die cavities and
heat is transferred by conduction. The external tenperature of each die
nib can be nonitored continuously at the respective die nodule, and the
fluid mediumtenperature can be adjusted 10 automatically to nmaintain
accept abl e di e tSEVRIARVIGE THERVENTEONredi umis supplied to the tool pack
by a tenperature control wunit, and is delivered to the die nodules by a
series of pipes, fittihs@scsentiiavensiorvercemgs thedbsapvantageswk themrionan. 6kt i ng

arouna the. out ero oot Bed SpO VR ol th roclplbUdoRt A Y RoPReE T

in each die is Gkdegtb Batdddsalot deqBiydtmRtusE 6aboolin fidbipticdas the@xtdriok 6f and
outlet ports to distribute the fluid nediumuniformy around each die nib.
The multi M e fl dheitophpask. dustcaduithe dempreaiiggrofithe tookyankds pontedlleg by fonetgassur es

that all of the die nib nper at ur e enmsi.-n, sybstantially. unifo nd al so
i 1 zes. t enper tiPa PP B il SFRUS s L Sperfel ol s ent
four 20 inlet pedtfrcABH sHR] dRidahRics BAY héat & arRf@il B§Eontitdiiohnirae and
outlet ports alternating at 45 apart. But the nunber and pl acenents of

ports can be al teatesehl tenpetainesd eadpdicinfti eanthsrmenitored eontionousdy atrtegyui r ement s.
O her features and advant ages, of e.present inventjon will beco
apparent fromt ﬁ%SpF%f‘feo(ﬁf ﬂ%ﬁﬂl&aﬁ tgﬁ ﬂﬁ@ﬁ‘@?‘?} 0 (PG ?\c%l?ee?(ﬁu#@nfhe

10 automatically to maintain acceptable die temperatures.

The fluid medium is supplied to the tool pack by a temperature control
unit, and is delivered to the die modules by a series of pipes, fittings, and hoses.
Fluid medium flows through porting in each module and its die where the fluid is
directed circumferentially around the outer surface of the die nibs. Preferably,

15 multiple porting in each die is circumferentially symmetrical, with alternating
inlet and outlet ports to distribute the fluid medium uniformly around each die
nib. The multiple fluid inlet and outlet design with symmetrical porting assures
that all of the die nib temperatures remain substantially uniform, and also
minimizes temperature gradients around the die. In a preferred embodiment, four

20 inlet ports and four outlet ports are provided with inlet and outlet ports alternating
at 45° apart. But the number and placements of ports can be altered to address
specific temperature control requirements.

Other features and advantages of the present invention will become
apparent from the following detailed description which refers to the

25 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an axial cross section of an internally cooled modular tool pack



25 acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an
axial cross section of an internally cool ed nodul ar tool pack WO 03/039780
PCT/ US02/\8089839788 assenbly according to the present invemCIrarso2/sge 2 is
the axial cross section of Fig. 1 showing fluid cooling nmedium pathways
flowng into the assenbly. Fig. 3 is the axial cross section of Fig. 1
showi ng fluid cooling nmedium 5 pathways flow ng out of the assenbly. Fig.
4 is a transverse cross section of a drawing and ironing die show ng
cooling fluid pathways in the die according to the present invention. Fig.
51is a cut away view of the drawi ng and ironing die taken along the |ine
V-V of Fig. 4. 10 DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE | NVENTI ON

Fig. 1 shows an assentblnatdoydiogel e praselutliaventior. t ool pack assenbly 2
according to the present jinvention in an axial cross section, The_ assenbly
i ncl udes three annul drgd} s the@itlesoss seqionphdig 1 showag fdxd coolia mediiacent

nodul es separat %%ﬁ%sﬁ%g’?‘ié@%‘%ﬁ%m&gﬂ%@ The first die nodule 4 includes an

annul ar 15 redr W a first annular ironing die nib

16. The next die nodukes R thd&disldessseGRAVTEFi@NNEhbRIng M@dicoglind @ediutm 18.
The final die nodule 8 includes annular die nibs 20 and 22. Die nibs 14,
16, 18, 20 and pathveays flesting ¢yt of thesassamldy. 15, 17, 19, 21, and 23,

respectively. Referri lsqg to Figs. 2- each, of . t he .di e. nodul.es 4, 6,
ind 8 has al | east  F0%his ASrdseRessArcio etdrig B i,
cool i ng medi um MbRRY MAdtgablveays inteldiendomitd ®tthOprebént diventbi.| | zed, the
ports preferably are arranged alternately and

Fig. 5 is a cut away view of the drawing and ironing die taken along the

line V-V of Fig. 4 .

10 DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
Fig. 1 shows an internally cooled modular die tool pack assembly 2
according to the present invention in an axial cross section. The assembly
includes three annular die modules 4, 6, and 8 in sequence, with adjacent modules
separated by spacers 10 and 12. The first die module 4 includes an annular
15 redraw die nib 14 followed by a first annular ironing die nib 16. The next die
module 6 includes a second annular ironing die nib 18. The final die module 8
includes annular die nibs 20 and 22. Die nibs 14, 16, 18, 20, and 22 are held in
die cases 15,17, 19, 21, and 23, respectively.
Referring also to Figs. 2-5, each of the die modules 4, 6, and 8 has at least
20 one inlet port and at least one outlet port for cooling medium. When multiple
inlet and outlet ports are utilized, the ports preferably are arranged alternately and
symmetrically around each die module.
Referring more specifically to Fig. 2, the first die module 4 is provided
with an inlet port 24, the second module 6 is provided with inlet port 26, and the
25 third module 8 has inlet ports 28 and 30. Similarly, as shown in Fig. 3, die
module 4 is provided with an outlet port 34, module 6 is provided with outlet port

36, and module 8 has outlet ports 38 and 40, from which cooling medium exits



symretrically around each die nodule. Referring nore specifically to Fig.

2, the first die nodule 4 is provided wth an inlet port 24, the second
nodul e 6 We oprssreded with inlet port 26, and the 25 thiraCrocsol/a88 has
inlet ports 28 and 30. Simlarly, as shown in Fig. 3, die nodule 4 is
provided with an outlet port 34, nodule 6 is provided with outlet port 36,
and nodul e 8 has outlet ports 38 and 40, from which cooling nmediumexits WO
03/ 039780 PCT/ US02/ 34896 -4- the tool pack assenbly. Fluid cooling nmedium
provi ded by a conventional tenperature control wunit 39 flows through
conduits 43 (Fig. 1) into the die nodules through the inlet ports as shown
by the directional arrows 41 of Fig. 2. Passages nachined into 5 each die
modul e and t hr ouighiobhpackasesntdir ect the cooling nmediumto channels 42, 44,
46, 48, and 50 formed in outer walls of die nibs 14, 16, 18, 20, and 22
respectively. The tedfeidgenlies mediumoprovided by capyensigpiliegnpeaiuEe ¢awdol at e of

flow to each conduiits43. . and inlet .poftat (4: . I I .
tenperature at eug%:q#gc%%v&sut?]fo%h& On(ilﬁ%idél (g% 6@%}‘53&%6%%%88@%?%&%%? ﬁlenlgct her
condui ts and i nlRtts ROERGwWI By AeERRBRSIAl Br@RS4LofPicoh. PARadRMRRRRIRS at the
various di e nodul es, since each nodule nmay be subject to a different

respective heat chdadic mdéduds arsl thowighthaepspraditachthieycooliig maditiar tervhratiels42ar ound
cach dle. 1he colLpaedlUntLovs, ouL ol Lhedle, iofbenps ghvn b (he
chamel s 1 iy Ehgpqgct b e rodsily ouer surface of cach of he
dr awi ng and ironi ng. Theremaédaure tdrerot anit 39 gnayedintral boplateirag odiflouwntd catte di e
nibs absorbs he%%ngl?i’g 43(;: ggcli isnlét ?)grtcglit 21 212([13 tlfe(%esr;ggst?\;eqcierrr]lpearaMe at each conduit and
10 inlet port independently of the other conduits and inlet ports to accommodate and
control the temperatures at the various die modules, since each module may be
subject to a different respective heat load. After circulating partially
circumferentially around each die, the cooling medium flows out of the die
modules as shown by the directional arrows 43 of Fig. 3.
15 Thus, cooling medium flows through the channels in direct contact with a
radially outer surface of each of the die nibs, drawing off heat that is generated in
the die nibs during can drawing and ironing. Generally, the cooling medium
passing around the die nibs absorbs heat and cools the die nib to maintain a
desired temperature in each die nib. The fluid may also be heated to warm the die
20 nibs, for example at machine startup. This may be desirable to minimize thermal
expansion effects and improve the drawing, ironing and can stripping processes.
Referring to Figs. 4 and 5, die nib 16 and die case 17 are shown to
illustrate the symmetrically spaced inlets and outlets for providing cooling media
to die nib 16. Cooling medium enters case inlets 52, 54, 56, and 58, flows
25 radially in through case 17, and circumferentially along channel 44 formed
around one quarter of the outer circumference of die 17. Cooling medium exits

the die module through outlets 60, 62, 64, and 66. Plugs 68, 70, 72, and 74 seal
off the machined outer ends of inlets 52, 54, 56, and 58, respectively. Only one



desired tenperature in each die nib. The fluid may al so be heated to warm
the die 20 nibs, for exanple at nachine startup. This may be desirable to
m ni m ze wWbaBnsd780 expansi on effects and i nprove the draw mgT/USopsiseg and
can stripping processes. Referring to Figs. 4 and 5, die nib 16 and die
case 17 are shown to illustrate the sy trically spaced inlets and outlets
for providing cooling nmedia to die nib’16. Cooling nmediumenters case
inlets 52, 54, 56, and 58, flows 25 radially in through case 17, and
circunferentially along channel 44 formed around one quarter of the outer
circunference of die 17. Cooling nmediumexits the die nodul e through
outlets 60, 62, 64, and 66. Plugs 68, 70, 72, and 74 seal off the nmachined
outer ends of i dagtageDd?codihg hédivarftbndhletri@sqpeaifarehtjally@ bythalieckids to

03/ 039780 PCT/ US02/ 34896 -5 passage of cooling nmediumfrom.inlet 52

ci rcunferenti al |8ntiets o lwﬂklét&tﬁ%gth @hergnlefseand ogtiets der that die medblered. The
other inlets and _oqutlets.f t die no k ry, I

manner. As a res‘%hr]ratn,gecglﬁ1 tlhﬁggentlé %%W%h?saa&g%{gg r%ﬁ nt%)iatta?’gttﬁlé;%ggc P"‘hgag%lr% ?{ge De
ni bs 14, 18, 20,apand ]ﬁ@nWSQ4998)|2©garhN223ar§b%lb@byafsfr@immﬁﬂ%enﬁgnt5f
symmetrically spaced inlets and outlets. Advant ageously, the symmetrical
spaci ng of St he cwsunétricalysspaerd inletd andgutlpisovi des for even cooling of the

di e nibs, thereby insuyring tha je nib .t eratures remgj n uni fgrm and
mi ni i zing circunfer e%fl}’aéﬁ%_‘gte%%%gi&? W@netafglgggﬂ?%.Of ﬁ@aseeﬂﬂg?sr?é‘a Otugﬁﬁger ature
of each die nib G300 ¥RVEL BSilg oftHetBE nidY, theecb e RENRE thadigBasur ement
thernoneters 80 at each nodule or by nonitoring the tenperature of the

exi ting cool i ng egemmresrethajrewpérat, andemadnichgemntsnicsentibeemperdbiras

necessary. Althou the_present . invention_has heen described in relation to
a particul ar en@g&eﬂténtﬁ? eyt fenH’&Fﬁ';‘ertoﬁg?j‘\fg? Pﬁ’tqaﬂrs?g I%%toﬁ‘?ﬂldﬁliﬂ?eéié’ i ons

and ot her 1 temperature measurement thermometers 80 at each module or by monitoring the
temperature of the exiting cooling medium, and temperature adjustments can be
made as necessary.
Although the present invention has been described in relation to a
particular embodiment thereof, many other variations and modifications and other
15 uses will become apparent to those skilled in the art. It is preferred, therefore,
that the present invention be limited not by the specific disclosure herein, but

only by the appended claims.



15 uses wi Il beconme apparent to those skilled in the art. It is preferred,
therefore, that the present invention be [imted not by the specific
di scl osurwolensd7sg but only by the appended clains. WO 0BCOABTBNM896
PCT/ US02/ 34896 -6- WHAT IS CLAIMED IS: 1. A die nodule for a draw ng and
ironing assenbly, the nodul e conprisiqg: a die nib having an inner side
for contacting an object for drawing or” ironing the object, and the nib
having an outer side; 5 a case surrounding the die nib; a plurality of
inlets spaced around the case around the nib, the inlets for supplying
fluid cooling mediuminto the case; a plurality of outlets for cooling
medi um fl owi ng out of the case; and a respective fluid path between at
| east one of theWHAEIS GAdMEID [$ast one of 10 the outlets and at the
outer side of the nib for carrying the cooling nediumjn _direct contact
with the die nib. 2. thédﬂ?élqéﬁlwgléaélfaWé%@%llqm%@%S%mhlﬂﬂ@quaﬂ?j pat h
conprises a clegﬁﬁﬁﬁﬁ%getmeen the case and the die nib. 3. The die nodul e
of claim 2, whereéi ‘clearance is a circunferential channel formed on
the outer side of theadichiBhivingan ither dieforecitaetingf ancdtgéontdr, drawiaigeirn t he
inlets are spaced symmetrically around the case. 5. The di e nodul e of
claim 1, wher ei niremiag hetdbagos, sae shesyh deving sy enist pideal |y around the case. 6.
The die nogule of claimb mhenﬁﬁn t%e LBJets are spaced symetrically

g the die nib;

a case’surrount
a plurality of inlets spaced around the case around the nib, the inlets for
supplying fluid cooling medium into the case;
a plurality of outlets for cooling medium flowing out of the case; and
a respective fluid path between at least one of the inlets and at least one of
10 the outlets and at the outer side of the nib for carrying the cooling medium in

direct contact with the die nib.

2. The die module of claim 1, wherein the fluid path comprises a

clearance between the case and the die nib.

3. The die module of claim 2, wherein the clearance is a circumferential

channel formed on the outer side of the die nib.

4. The die module of claim 1, wherein the inlets are spaced symmetrically

around the case.

5. The die module of claim 1, wherein the outlets are spaced

symmetrically around the case.

6. The die module of claim 5, wherein the inlets are spaced symmetrically

around the case.



around the case. WD 03/039780 PCT/ US02/34896 -7 7. The die nodule of claim
6, wherein each inlet is connected by the respective path with one outl et
and each wetob/ogwsends over a respective part of the circecirasenssof the
nib. 8 A can formng die assenbly including a plurality of the die nodul es
of claim1l, wherein the nodules are arzayed in a linear sequence for
enabling a punch to pass through the réspective dies in the nodules in
sequence. 9. The assenbly of claim8, wherein each fluid path conprises a
cl earance between the case and the respective die nib. 10. The assenbly of
claim9, wherein the clearance is a circunferential channel formed on the
outer side of the die nib. 11. The assenbly of claim8, wherein the inlets
are spaced synmmet ri call The diconmdhlt beclaias®,. whe?ein Bheh mks énddmediéd by diem 8,
wherein the outlets are spaced symmetrically_ around the case. 13. The
assenmbly of cl ai FPPRSEHVGRARASTIH enfedytht didseagh patsxteads oy iratnervs payt ¢ftBeind

the case. 14. Thg ﬁﬁﬁ@ y im13, wherein each inlet is connected by
the respective pgt vvll[%lh 8ﬁge§tbﬁl et and each path extends over a

respective part of the «circunference of the nib.
8. A can forming die assembly including a plurality of the die modules of
claim 1, wherein the modules are arrayed in a linear sequence for enabling a

punch to pass through the respective dies in the modules in sequence.

9. The assembly of claim 8, wherein each fluid path comprises a

clearance between the case and the respective die nib.

10. The assembly of claim 9, wherein the clearance is a circumferential

channel formed on the outer side of the die nib.

11. The assembly of claim 8, wherein the inlets are spaced symmetrically

around the case.

12. The assembly of claim 8, wherein the outlets are spaced

symmetrically around the case.

13. The assembly of claim 12, wherein the inlets are spaced

symimetrically around the case.

14. The assembly of claim 13, wherein each inlet is connected by the
respective path with one outlet and each path extends over a respective part of the

circumiference of the nib.



