WD 03/ 039783 PCT/ US02/ 34895 -1 | NTERNALLY COCLED PUNCH BACKGROUND OF THE
| NVENTION 1. Field of the Invention: The present invention relates

gener al | ywoospsetshes useful in formng cans 5 from cups aad/ysaz/sisesl arly
for two piece can formng, and nore specifically to such punches that are
internally cooled. 2. Brief Description of the Related Art: Form ng

machi nes are used to formthe bodies of netal containers. A shallow netal
cup is driven through a set of annular formng dies by a punch to 10 form
the nore el ongate body of the can, e.g. in a known draw ng and ironing
process. An exanple of a conventional can form ng machine is shown in U S.
Patent No. 4,173,882 issued to Lee, Jr. on Novenber 13, 1979, the entire
di scl osure of which is incorporated herein” By ref erence. A separate punch
typically is renovably secured on the | eading end of a 15 reciprocating
ramin a drawi ng and ironing nachi ne. The punch provides an inner mandrel
on which the can is shaped, draiNTERNALIY@EIOBED RUNEsEes t hrough
successive dies. The tenperature of the punch should be controll ed agai nst
the heat generated in the punch by repeated frictional contact between the
punch, the insigda (}Rb Ihﬂ%ﬁgpiggyﬁggidies past which the punch
noves. 20 In con T OIT, ernally applied cooling fluids
mai ntain operational tenperature conditions. In some can form ng

appl i cati ons, homever is desirable to exclude the conventional use of
external cooling fﬁﬁuﬁgldiﬂéﬁmégﬂernal cooling fluids may contaninate the

cont ai ner surfaces wh n u ost-formmti cl.eani n
processes that are Cogﬁ%‘ gyggé{gqn\;e'ﬂ 10n rél &N éeneraﬂ % puncrhes ide iff fotming &ans

5 from cups and particularly for two piece can forming, and more specifically to

such punches that are internally cooled.

2. Brief Description of the Related Art:

Forming machines are used to form the bodies of metal containers. A
shallow metal cup is driven through a set of annular forming dies by a punch to

10 form the more elongate body of the can, e.g. in a known drawing and ironing
process. An example of a conventional can forming machine is shown in U.S.
Patent No. 4,173,882 issued to Lee, Jr. on November 13, 1979, the entire
disclosure of which is incorporated herein by reference.

A separate punch typically is removably secured on the leading end of a

15 reciprocating ram in a drawing and ironing machine. The punch provides an
inner mandrel on which the can is shaped, drawn, and ironed as it passes through
successive dies. The temperature of the punch should be controlled against the
heat generated in the punch by repeated frictional contact between the punch, the
inside of the can body, and the dies past which the punch moves.

20 In conventional can formation, externally applied cooling fluids maintain
operational temperature conditions. In some can forming applications, however,
it is desirable to exclude the conventional use of external cooling fluids. The
external cooling fluids may contaminate the container surfaces which would then
require post-formation cleaning processes that are costly and may be

25 environmentally undesirable.



25 environnmental | y undesirable. WO 03/039783 PCT/ US02/ 34895 -2 Prior
arrangenents internally cool a punch. US. Pat. No. 4,502,313 to Phalin et
al ., di scwovem3eassi ngl e cool ant inlet passage and a si ngl ecrashassodut | et
passage which allow a coolant liquid to flow through a spiral groove

adj acent the interior of the punch. U S. Pat. No. 5,6687,604 to Robbins,

U S Pat. Nos. 5 5,233,912 and 5,048,592 to Mueller, and U S. Pat. No.
5,678,442 to Chba et al. disclose cooling fluid supply and di scharge tubes
t hrough central conduits. U 'S. Pat. No. 6,035,688 to Nagao et al. utilizes
a single, continuous passage to supply coolant. The prior art systens are
di sadvant ageous because they do not mnimze <circunferential direction

t enperature gradientstbfh&mu&ﬁﬁnmaMEﬂmﬁyd@ﬂmqmnaiOMHﬁémt1&)uﬁbﬂdﬂmntooling
of the punch. SUMVARY OF THE | NVENTI ON The present invention overcones

di sadvant ages of Pb?‘lilb‘?t Ay fhsvlﬁﬁf‘érarﬁmakz/coo(%%lﬂéat pestneRerd pyingleserianhguttst ui d,

and particularly t, anged
fluid transfer tB% t‘ghl(rég |a Iafogg%angﬂ%%p%%gmk@éa@&d%&%%{eﬂ esn%:ﬁ%eto a
circunferenti al Qhélﬁbﬂﬁifﬂ@edpmﬁnUS IPeat.INY. 8[480160% s RabBin®fU Sheat. Nugich that is
di sposed on and over the end reglon of the raminside the punch. The

i nternal | y5cool eé; 2}3&19&21 agdaH4pSP2 ﬁ%WH@B @%Ul%(?abﬁ\loe§{6g8ﬂé2 teQbba el

fluids. The extern unch .ca be noni, t
cont | nuously, o, isehye tPEERAL heRet (s S RSBV ER s U ¢ ne
tenperature of tipgr Noub®35/888 t?Nagsed @l utiigesRikiedle, cBREnEIS paRatd t@gouf)ﬂﬂz

medi um t enper at ure can be adj usted automatically to maintain accepta
punch t enper at ur egelao dihierpgiof mmmtcmmrg msaéva@mgpw@@cweéhqyedm@ﬁ aunmze

?82;: (r)llg ;J er gugRdf:llljiéurp%}:ﬁntlﬁﬁ(alée[ctlon tem per Hr%cg?a&gnrté) w?tﬁmathg %{m %rsld 80 not prov1de

10 uniform cooling of the punch.

SUMMARY OF THE INVENTION

The present invention overcomes disadvantages of prior art internally
cooled punches by supplying fluid, and particularly liquid coolant, through a
plurality of annularly arranged fluid transfer tubes to radially arranged ports.

15 Each port feeds into a circumferential channel adjacent the interior surface of the
punch that is disposed on and over the end region of the ram inside the punch.
The internally cooled punch does not require the use of external cooling fluids.
The external temperature of the punch can be monitored continuously, e.g. by
direct contact with the punch or by monitoring the temperature of the fluid that

20 cooled the punch, and the cooling fluid medium temperature can be adjusted
automatically to maintain acceptable punch temperatures.

Cooling fluid medium is supplied by a temperature control unit and is
delivered to the punch through a series of tubes running through the ram. Inlet
tubes direct cooling medium toward the distal or leading end of the ram and the

25 punch there. Outlet tubes located more proximally or rearward return the cooling
medium out of the punch. Multiple parallel inlet and outlet tubes are spaced

circumferentially and symmetrically around the periphery of the punch, with inlet



tubes direct cooling nediumtoward the distal or |eading end of the ram and
the 25 punch there. Qutlet tubes located nore proximally or rearward return
t he cool iwg o3meddszim out of the punch. Miltiple parallel i mcatusaznshsott | et
tubes are spaced circunferentially and symmetrically around the periphery
of the punch, with inlet WD 03/039783 PCT/ US02/34895 -3 and outl et tubes
alternating to distribute the fluid nedrd uniformy around the inner
surface of the punch. The multiple fluid inlet and outlet design with
symmetrical porting hel ps assure that the punch tenperature renains
constant, mnimzing circunferential tenperature gradients. 5 Preferably,
the fluid transfer tubes are constructed frommaterials with |ow thernal
transfer propert beBoitet Hibek alterathigab distdngé de flod hdediavaliforafy drbend then

i nside the punch, Mnimzing heat transfer between the fluid medium and the
rain is desirabl BgbsHEicaPhs PaBehyr Brcenpitipielnid anlet angrpalet desienigiéh t he

i ni mi 26 ram 10 ArRtareroe AREHEE Benkiht PR b AR AR 1 °

t her mal gradi ent s;ihithitiAg clrewhfep@yiatiefiperaturt Badicams. adversely altering punch
alignment. Porting between the transfer tubes is circunferentially

symmetricaP, wth al Peaferablyndeifiyidtransiry téhes lee copsirpated frommnateraly &ithny

circunferenti al radients that.cquld transfer t di stort
the ramor the sLor a%{g%%#{ at%ﬁ%gB’E?RS A mﬁlglzs?y r%aﬁqre},qsgeﬁ? giea’_f a(r?le(%}g? fa% i nl et
and outl et port sindideftRs plnehdNinirh{2iHseheht@arfsted betwddh dhd Miit dsHdalrh ¥nd thet he
inner surface of the punch around the outside of the ram The transfer

tubes al so sur r otantisalesisgde it maiméam acpurasofluidtheat ansfer botwvesn theafleld meditm

fl [ trippi t ai f. t h. h. Oh t d
acvant ages of t e pPESER EHE A B K o) S SRR R e

fol I owi ng1descri pfsicRiorPfud W3&hdri4e BlalRAts MU e LRt th@mbEradients in the ram

may distort the ram, adversely altering punch alignment.

bt

Porting between the transfer tubes is circumferentially symmetrical, with
alternating inlet and outlet ports, to minimize any circumferential temperature
gradients that could transfer to and distort the ram or the surface of the punch.

15 The symmetrically alternating inlet and outlet ports uniformly distribute the fluid
medium radially to the inner surface of the punch around the outside of the ram.
The transfer tubes also surround a separate central port for air flow and aids that
flow in stripping the container from the punch.

Other features and advantages of the present invention will become

20 apparent from the following description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an elevational cross section of an internally cooled punch
assembly according to the present invention.
25 Fig. 2 is an elevational cross section of the punch assembly of Fig. 1 and
illustrating cooling fluid medium pathways flowing into the assembly.

Fig. 3 is a cross sectional plan view detailing an inlet manifold of the



acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an

el evational cross section of an internally cool ed punch assenbly according
to the prweeat3d’syention. 25 Fig. 2 is an el evational cro®sTaS02/84805 of t he
punch assenbly of Fig. 1 and illustrating cooling fluid medi um pat hways
flowng into the assenbly. Fig. 3 is a ¢ross sectional plan view detailing
an inlet manifold of the WD 03/039783 PCT/ US02/ 34895 -4- punch assenbly of
Fig. 1. Fig. 4 is an enlarged view of the distal end of the punch assenbly

shown in Fig. 2 and illustrating the supply of fluid cooling nedium Fig.
5 1is a cross section show ng the proxinmal end of the punch assenbly 5 of
Fig. 1 and illustrating fluid flow to the punch according to the present

invention. Fig. puncha&sanblyofFactli on of the punch assenbly of Fig. 1
showi ng fluid cooling, nedium di scharge Iﬂgt hways. Fi(%ﬁ 7 1S a cross
sectional plan view dEigiip Al crArest viedt ofthe distil gnépf thspunalpassembly shewe b y

of Fig. 1. Fig. ﬁ]glﬁa%(%m?m%{sr?trﬁ%t%bg%ggiffﬁﬁd%lc)g{l@la'?‘sc of a punch assenbly

as shown in Fig. i'ng I'ng me arge fromthe

punch. DETAI LED DESCRIF15Gha Qrosé\sddabir EiRiakg 550k MENEnd6f thopund NbEMIbIN 15
Fig. 1 shows an internally cooled punch assenbly 2 according to the
present inventi offFig. &mepsddlustatingfiudfloar tedbepwnop dependingds the pressnpr ocabl e

ram4 which is ?n%h’t?onﬁi onal ly reciprocated through a series of dies (not
shown) of a '

Fig. 6 is a cross section of the punch assembly of Fig. 1 showing fluid
cooling medium discharge pathways.
Fig. 7 is a cross sectional plan view detailing an outlet manifold of the
10 punch assembly of Fig. 1.
Fig. 8 is an enlarged view of the distal end of a punch assembly as shown

in Fig. 2 and illustrating cooling media discharge from the punch.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION
15 Fig. 1 shows an internally cooled punch assembly 2 according to the
present invention in cross section. The assembly includes a reciprocable ram 4
which is conventionally reciprocated through a series of dies (not shown) of a
container forming tool assembly (not shown). Such a tool assembly may be seen
in a copending application entitled “INTERNALLY COOLED TOOL PACK”
20 and filed herewith. The distal, outer or leading end region of the ram is of
narrowed external diameter. A punch 6 is removably disposed on the narrowed
distal end region of the ram.
As seen in Figs. 1 and 5, a plurality of fluid transfer inlet tubes 8 for
supplying fluid cooling medium and a plurality of fluid transfer outer tubes 10 for
25 discharging the cooling medium are formed within the ram 4, annularly in a
circumferential, symmetrical arrangement, with tubes 8 and 10 alternating. A

manifold 12 for connection to a temperature control unit 13 is provided on a



container formng tool assenbly (not shown). Such a tool assenbly maybe
seen in a copending application entitled "I NTERNALLY COOLED TOOL PACK" 20
and fil edwbasmsi8h. The distal, outer or |eading end regi ®aTAfSOL/Bu89% am i s
of narrowed external dianeter. A punch 6 is renovably disposed on the
narrowed distal end region of the ranlsAs seen in Figs. 1 and 5, a
plurality of fluid transfer inlet tubes-8 for supplying fluid cooling
medium and a plurality of fluid transfer outer tubes 10 for 25 discharging
the cooling nmediumare formed within the ram4, annularly in a
circunferential, symretrical arrangenent, with tubes 8 and 10 al ternating.
A mnifold 12 for connection to a tenperature control unit 13 is provided

on a WO 03/ 03978 3rd3akal U4 3HE Binch-a9sepibdy ki orRbéls €f attlbgt prehthaasesBl y and
connects to at |east one of the tubes 8 and/or 10. Figs. 2-5 show the
supply of fluid @élorAB mediumto the punch. Figure 2 illustrates flow of

cool ing nmedium from a {£.] ui diyum t enperat.ure contraol uni 5 13 _of
conventional design (I'—Pifl%q.‘ b%)Sqﬁ%_ﬁ’ttﬁe5‘6-?3%@“@8??5%%&%%%?1&“ ZP?W%Zram
4 toward the di stighst@bd fRVOGIoNhE AN EbAra 1818 S%edurA SeriRMird3ondbl @6 1N
Fig. 4. The inlet portion 14 of manifold 12 is shown in Fig. 3. Wen the

inl et portidon 14 13iof caweantipnaltdesige (Migsi)ahtoemdnlet pertion of inagifedddi2untof tamw
(ol ly outvard Lromhes, & Arough radl sl bt do Le S tamel
AR i N e R
cl earance or chasmeirlyh8therdisthladnidythie kbelirghmadiumuildvet rapiatly odvad ifohhigbes
channel 18 to an outlet 22 of the manifold 12. The cooling nmediumfl ows
rearward or pr OXiSﬁg{qLth 5qtcgﬁg)ort 16 to a channel or clearance 18 extending along the inner or
10 bore surface of the punch 6.
Figs. 6-8 show the discharge of the cooling medium from the punch. Fig.
6 illustrates the flow of cooling medium from the proximal end of the clearance
or channel 18, radially through an outlet port 20 exiting channel 18 to an outlet 22
of the manifold 12. The cooling medium flows rearward or proximally along
15 outlet transfer tube 10, with the direction of outlet flow indicated by the arrows in
Fig. 8.
Fig. 5 shows that the respective pluralities of inlet 8 and outlet tubes 10
are provided in ram 4 in an alternating annular arrangement. Similarly, inlet ports
16 and outlet ports 20 to fluid channel 18 are provided in a symmetrical, annular
20 arrangement to distribute the cooling medium uniformly to the inner surface of
the punch. The clearance or channel 18 may comprise a series of individual
partially circumferential passages or channels or a single circumferential channel
around the inside of the punch with spaced supports for the punch located in that
clearance. Since the respective inlet 8 and outlet 10 tubes are circumferentially
25 offset, either the clearance is circumferentially large enough and/or the inlet and
outlet ports 16 and 20 are angled such that medium will flow inside the punch as

described.

Fluid transfers tubes 8 and 10 are formed of materials with low thermal



15 outlet transfer tube 10, with the direction of outlet flow indicated by
the arrows in Fig. 8 Fig. 5 show that the respective pluralities of
inlet 8 awo 03089763 tubes 10 are provided in ram4 in an ZCTArSNAB48PT)
annul ar arrangenent. Simlarly, inlet ports 16 and outlet ports 20 to
fluid channel 18 are provided in a synn%trical, annul ar 20 arrangenent to
distribute the cooling nmediumuniform y“ to the inner surface of the punch.
The cl earance or channel 18 nmay conprise a series of individual partially
circunferential passages or channels or a single circunferential channel
around the inside of the punch with spaced supports for the punch | ocated
in that clearance. Since the respective inlet 8 and outlet 10 tubes are

ci rcunferenti al | yra2Fergirbpaties wirhighizt heatelaskaba®ebrbthe iffuidimkainanirdahé y

| arge enough and/or the inlet and outlet ports 16 and 20 are _angl ed such
that medi um wi | | "FRdamarapgaceratefling mediim mded derppaaturesiagd ¢ miipsieiem t ubes

8 and 10 are for terialsc-wth: Low thermal 039783 ..

PCT/ US02/ 34895 IRy B b SpLFel h%egnﬁli & F%QI}%V%%[%F% &t ween
the fluid medi unwaom BdRivefsatd miahtdTRing i raddfits@betht rath d THE einkBrathfeRlr
tenperatures and to mnimze ram distortion due to circunferential thernal

gradi ents. 5Such thsarmeb cepledibeedluidungling and deded anifomininmaintdimg t he

strai ght ness of the r.am t enper.at yr.e of the r i s cooled by the
fluid medium and 28I Fﬁﬁpﬁr@? tﬁ%ﬂ‘ﬂginﬁatyaaﬁ‘?? be?ﬂ?%%ﬂt“’r?@?ﬂle Em’rfﬁfer nor e,
the fluid may al seisic heab@nd Qaas. _nrﬁi@ﬁla?%mdeéifyd to ENARRELE tiRImMB&Bhf¢on
startup. This may be desired to m'nimze thermal expansion effects and

i nprove the drawefiepts andimimgvethd deavwingpiomingeandoéipnieg prdoesses. nt ai n a corr ect
tenperature level, the tenperature of the, punch 10 be copti nuqusl
noni tored by a ther mﬁ@ﬁ%ﬁqﬁtﬁ%@rﬁp@mﬁﬁﬁ et‘ﬁehg?%ﬁepﬁe e 6PHhe'ptinch ha

10 be continuously monitored by a thermometer probe 23 communicating with the

punch 6 near the distal end thereof, e.g. at the exterior or at the interior of the
punch, at the exterior of the ram or monitoring the temperature of the liquid in the
clearance 18.
A separate central port 24 disposed axially in ram 4 is used for air flow to
15 aid in stripping the formed container from the punch.

Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses
will become apparent to those skilled in the art. Therefore, the present invention
is to be limited not by the specific disclosure herein, but only by the appended

20 claims.



punch 6 near the distal end thereof, e.g. at the exterior or at the
interior of the punch, at the exterior of the ramor nonitoring the

t enmper at W@ 0303478 liquid in the clearance 18. A separat @Crarsvz/aisoport 24
di sposed axially inram4 is used for air flowto 15 aid in stripping the
formed container fromthe punch. Al though the present invention has been
described in relation to particular enbodiments thereof, nany other
variations and nodifications and other uses wl| becone apparent to those
skilled in the art. Therefore, the present invention is to be |limted not
by the specific disclosure herein, but only by the appended 20 cl ainms. WO
03/039783 PCT/ US02/ 34895 -7- WHAT IS CLAIMED IS: 1. A punch assenbly for

produci ng a cont MBET ISGDAMEDIIS:ving a form dable cup through a ring type
i a ram having. proxinmal and distal

di e neans, the punch assenbly conpri sing:
ends; a punch di sposef)IL g\@m’%{ﬁﬁse’éﬁ EW%FP@%}C’BE acRBtapghPOBHY FiBH2havi ng an
5 internal surfage;: if ; : rOxi ~anm an
annul ar array of{tz)g]imrdgldl}Irfz.{‘aée%1 é%oﬂgl??%%gg%%giéé %Ie%]%gﬂ%rﬁqé%ﬂ?% %@g?%tr?}#e}%r%m for
suppl yi ng cool i ng fl uachniaftingpfoxanaltdne disealichéd;d t oward the distal end of
the ram and 10 a plurality of radial inlet ports fromthe inlet tubes to
the internal surface 2Pp#ichdisnossd owgr theedistalornd nd theanu the wnchbaying érnal
surface ofgthe p (hliﬁl ik, nnul ar array of circunferentially spaced fluid
outlet tubes in e ram Tor renoving cooling medium

a manifold connected to the proximal end of the ram;

an annular array of circumferentially spaced fluid inlet tubes in the ram
for supplying cooling fluid medium from the manifold toward the distal end of
the ram; and
10 a plurality of radial inlet ports from the inlet tubes to the internal surface
for supplying the cooling medium to the internal surface of the punch;
an annular array of circumferentially spaced fluid outlet tubes in the ram
for removing cooling medium;
a plurality of radial outlet ports from the internal surface, and spaced from
15 the inlet ports along the length of the ram for transferring cooling medium from

the internal surface of the punch to the outlet tubes.

2. The punch assembly of claim 1, wherein the inlet ports are more distal
and the outlet ports are more proximal along the ram, with the internal surface

defining a clearance between each inlet port and at least one outlet port.

3. The punch assembly of claim 1, wherein the annular arrays of inlet

tubes and outlet tubes are arranged with the inlet and outlet tubes alternating.

4. The punch assembly of claim 3, wherein the inlet and outlet tubes are

parallel.



a plurality of radial outlet ports fromthe internal surface, and spaced
from 15 the inlet ports along the length of the ramfor transferring

cool i ng nwoinesd8dmM the internal surface of the punch toPChaSorsdses tubes.
2. The punch assenbly of claim1, wherein the inlet ports are nore distal
and the outlet ports are nore proxinal ong the ram wth the internal
surface defining a clearance between €dth inlet port and at |east one
outlet port. 3. The punch assenbly of claim1, wherein the annul ar arrays
of inlet tubes and outlet tubes are arranged with the inlet and outl et
tubes alternating. 4. The punch assenbly of claim 3, wherein the inlet and
outlet tubes are parallel. WD 03/039783 PCT/ US02/ 34895 -8 5. The punch
assenbly of claim 1, vhelTae puiidheaspaniisipohelaina 1 pwheskeiithe pintth a8 d prddmaliéddet
ports are near the proximal end of the punch. 6. The punch assenbly of
claim1, further 3085 ewlehgods wemerrdhe poximalend of thepwwchor air flow to aid
in stripping the container fromthe punch. 7. The punch assenbly of claim
1, further conprising a tenperature control unit for supplying the cooling
medi uminto the manif . dTheSpunthassethdtiofadsenh|fyrtiad cemptiting a ceitidlpoFt in the
conprising neans for. nonitoring the external tenperature of the punch for
control ling the da8iPher llawdp aid netnmping the sontgineriemgheptndissenbl y of cl ai m
1, wherein the transfer tubes are constructed frommaterials having | ow
thermal transfer properties.

7. The punch assembly of claim 1, further comprising a temperature

control unit for supplying the cooling medium into the manifold.

8. The punch assembly of claim 7, further comprising means for
monitoring the external temperature of the punch for controlling the cooling

medium temperature.

9. The punch assembly of claim 1, wherein the transfer tubes arée

constructed from materials having low thermal transfer properties.



