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joints aligned with at |east 50one of the sharp corners. . )
20  are particularly high when considered relative to a standard die casting material such

as aluminum, which can be cast at approximately 1200 degrees F (648.89 degrees C).
As a result of the deep grooves and sharp curves, manufacturing the dies out of

materials suitable for extreme heat casting can also be prohibitively expensive.
25 SUMMARY OF THE INVENTION

A die casting assembly according to an exemplary embodiment of this

disclosure, among other possible things includes a cavity defined by a plurality of

dies, the cavity includes at least one sharp corner, each of the dies including a

30  plurality of die segments, each of the die segments contacting at least one other of the
plurality of die segments, and a first die segment joint between at least two of the die

segments, the die segment joint is aligned with the sharp corner.



In a further enbodi nent of the foregoing die casting assenbly, at
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In a further empodi . " I.€1; i Y t
| east one of 18R tﬁe p Efgﬁfb?{hgﬁe gi Bgﬁgo@g%ne(ﬂfﬁt%lg@&g%giseagQ’Bgtrlf ?Sgloflf/
coat ed vi asharppanhkerdeaphiraity ofistarp pdraswn vapor deposition process.

In a further enpodinent of the foregoing die casting assenbly, at

| east one of t @ i "ﬁ?égwéﬁ@@% OfiicniosraEt® fis EIE peFmbly, tiflidifgea
via a pair ; ' i ol : i f
'he for egd ne Bl o BeFERERt B SALNOE e &2 Pufal SRR IR ka?

i s mai rft ai orecbfitie ghagi ¢aroers.i n a housing at | east partially surrounding

hepinal L1y o ChesB OB ol e TS Sgh
i ncl udes e YIISKESF GO'EESAH A BAY LA Ak LcARnBEERA!

and each of the connectors is interfaced with a corresponding
connect or Whsnaa vapet depositigngirecesegment . In a further enbodi nent

of the foregoi di e.cast.i ass I a.joj.nt connecti first die
Segront and s SBcbiing: S RdnaN ot Conreeile e EriRg esmbll ofgetioge o
accor digng the phiragyesdia s¥gBeON AERAst QartidllyScodicdCHifaUsRk RATRAGLOH REr
25 possible things includes a plurality of die segnents, each of the
di e segnentlestebyiPet denngition precgst one ot her of the plurality of die
segnents, and p i [ &.cavi fine he di ts, th
partial die ca\‘PJ/‘Ilntaf/‘fuitrt h‘% %ng!éo?ng&tlotgé%etdﬁaé&glngn@? f)éstt:lgig %%Sr%fn%gsggf {r};g%i N Fé)?
segnent | ohstdidedgnedts BimbieAgiedtingositioh g it eieSegaaiSef dpp@s@i&pring
segnent joint is aligned with the sharp corner. 30ln a further
embodi mentfedireshe foregoing die, at |east one sharp corner includes
at le two shar : . :

cor ne?l?{ are al ihlglne &\f}m&t gotdnﬁ%gso? tthoén@?%%len%gg% ?r%lrt#gjcc)‘gosle%?y’ 3068 one Ioﬁ
further enthodicngments it haiftanedm pgitibndn adtoukiegat lcastepantiiallytsardueding
segnent jo'%nt i.ncludes a corner spaced apart fromthe die cavity.
In a furthef PEEHEUCHESCERIthe foregoi ng die, each of the plurality

of die segnent sy $ AGHRS LMB6LRENOLE ﬂae%}é‘ggh@ diS&h& s&ﬁﬁlp} aclll SiURe Of
steel, superalloy, 5 refractory netal and ceramc raterial.

plurality of die segments includes a connector corresponding to each contacting die

a

20  segment, and each of the connectors is interfaced with a corresponding connector of a
contacting die segment.
In a further embodiment of the foregoing die casting assembly, a joint
connecting a first die segment and a second die segment comprises a sharp corner.
A die according to an exemplary embodiment of this disclosure, among other
25 possible things includes a plurality of die segments, each of the die segments
contacting at least one other of the plurality of die segments, and a partial die cavity
defined by the die segments, the partial die cavity includes at least one sharp corner,
a first die segment joint between at least two of the die segments, the die segment
joint is aligned with the sharp corner.
30 In a further embodiment of the foregoing die, at least one sharp corner
includes at least two sharp corners, and at least one half of the sharp comers are

aligned with at least one die segment joint.



In a further enbodi nent of the foregoing die, each of the plurality
~ of die segnents is at |least partially coated via a pack cenentation
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each of the connectors is interfaced with a correspondmg connector of a contacting
die segment.

In a further embodiment of the foregoing die, the sharp corner is a corner
having an angle of less than or equal to 110 degrees.

20 A method according to an exemplary embodiment of this disclosure, among
other possible things includes the step of replacing the damaged die segment with a
new die segment having a substantially identical geometry to an original geometry of
the damage die segment further comprises removing only the damaged die segment
from a die containing the damaged die casting segment.

25 In a further embodiment of the foregoing die, the step of replacing the
damaged die segment with a new die segment having a substantially identical
geometry to an original geometry of the damage die segment further comprises
removing only the damaged die segment from a die containing the damaged die
casting segment.

30 These and other features of the present invention can be best understood from

the following specification and drawings, the following of which is a brief

description.



Fi ghre 2 schematically illustrates an exanple part geonetry and an
‘ejector die half of an exanple die cavity block. 5Figure 3

schematically illustrates a cross section of a first exanple die
cavity bl ock. Fl Fss‘dcﬁ a Cross
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iIlustratesavatygdodr al di e casting assenbly 10. Two dies 32, 34 are
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ej ector d|§v§ﬁ hegt 20 is referred to as a parting line. The cover
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an 30ejgctor pin plate. The ejector pin plate drives all of the
ejector pins at the sanme tine and with the sane force, thereby

~preventing damageDETAIDEDIDESCRIPTPONIOF AN EMBODIMENT
Figure 1 schematically illustrates a general die casting assembly 10. Two
dies 32, 34 are used in die casting. One die 34 is a cover die and the other die 32
is an ejector die. The location where the cover die 34 and the ejector die 32 meet
20  is referred to as a parting line. The cover die 34 contains a sprue 40. The sprue 40
allows molten metal to flow into the dies 32, 34 filling a cavity defined by the
cover die 34 and the ejector die 32. The ejector die 32 contains ejector pins for
ejecting the die cast part from the ejector die 32. The cover die 34 is secured to a
stationary, or front, plate of the die casting assembly 10, while the ejector die 32 is
25  attached to a movable plate.
The dies 32, 34 are designed such that the finished casting (the die cast part)
will slide off the die cover half 34 and stay in the die ejector half 32 as the dies 32,
34 are opened. The ejector pins located in the ejector half of the die casting
assembly 10 eject the die cast part from the die ejector 32 and are driven by an
30 ejector pin plate. The ejector pin plate drives all of the ejector pins at the same

time and with the same force, thereby preventing damage to the die cast part.



Fi éure 2 schematically illustrates an exanple part 110 and a
- correspondi ng exanple die 120 for one half of a die cavity bl ock,
such as is used in the die casting assembly 10 illustrated in Figure
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In addition to the sharp corners 140, the part 110 imports deep, narrow
grooves 150 in the dies 120. The deep, narrow grooves 150 are difficult and
expensive to machine. In addition, it is difficult to coat the deep narrow grooves

25  with a process, such as pack cementation or plasma vapor deposition, that aids the
wear and oxidation resistance of the die.

Figure 3 schematically illustrates an example segmented die assembly 200,
where each of the dies 202, 204 is composed of multiple die segments 210. Each
of the dies 202, 204 contact the other die 210 along a parting line 216, and define a

30  die cavity 220 between the dies 202, 204. The die cavity 220 is in the geometric



In order to reduce the hi gh thermal stresses placed on the sharp
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segmer?0s 6GitBievmgrtapbaneflashy Mgmjmtion affeate connection features 632,
630 have the added benefit of including a sharp corner in the g0| nt

line 612, ther eWyhriefeAcsitpgigurasAiang 4alipmesiomel pwitinle dieneements 0,
descri bed ﬁt@oé’ﬁ%w each of the dies 202, 204, 302, 304 to be partially replaced as the die
segments 210, 310, 330 wear out. When any given die ségment 210, 310, 330
wears out, the die segment 210, 310, 330 is removed from the die assembly 200,
25 300, and replaced with an identical new dié segment 210, 310, 330. Thus, using '
the segmented dies 202, 204, 302, 304 increases the longevity of each die 202,
204, 302, 304 and reduces the lifetime costs associated with high temperature dies.
In practical applications, a retention feature is used to maintain each of the
die segments of a segmented die in contact with each other. Figure 5 schematically
30  1illustrates a first example assembly for maintaining each die segment 410 in contact

with the adjacent die segments in a segmented die 402, 404 for a die casting



Al ternate configurations conmbining two or nore of the above
-illustrated exanples can simlarly be-utilized depending on the
design constraints and specific 25 geonetries of a particul ar die
casting asse s fur unde st ood t of t bov
doscr | bea Bonaeh: stk ol EBe? of Sind DRtinR RopBenbiti 008 fogsa
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this invention has been disclosed, a worKer of ordinary skill in this
art woul d segueghi e dlowg faorer haesn43?.odl|“h‘ei loading fisrces d32] apmied byi thhispringpe

scope of t i nvention. r reason the 30follo cl ai s
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i nventin. ng assenbly conprising: 5a cavity
defi nedsobyS éﬂB l??‘@ﬁ (%1€‘s%r§eéﬁ§i§fd said cavity including at |east one

sharp corner; eRefbrrivfg s@w b Highse 6@l aleirige armhgsngdnt for @bintlidng the die
segnents, each of said die segrrents contacting at |east one other of

said plur aqegtrynf@fS 1@iie certagtevitiseachmther is schematically iflpgtetedd la the grasmle
L oL 0ot vl 4 85 oh U9 B Ch, S SRR S R e
assenbly of3cl &l Brde eXIEFI6I, LS @iedseéhlehﬁaﬁb ﬁ@%r@s@ﬁtﬂvﬁﬁﬁ@ﬁé tlglﬁ ﬁttln%
plurality of sharp corners. 153.The die casting assenbly of claim
furt hel0 commsingi53. dnpither kamylenfthelde segments 510 can be maintained within the
housing 530 using a die segment retention feature built into the housing 530.
Referring now to Figure 7, an alternate arrangement for maintaining the
position of die segments 610 within a segmented die 602, 604 is illustrated. Each
of the segmented dies 610 includes a connection feature 630 at a joint line 612.
15  The connection features interface with a corresponding connection feature 632 on
an adjacent die segment 610. In a practical application, each of the die segments
610 of a given die 602, 604 are interfaced prior to installation in the die casting
assembly 10 (illustrated in Figure 1). Similarly, the die 602, 604 is fully removed
from the die casting assembly 10 when one of the die segments 610 is replaced.
20  The joint line connection features 632, 630 have the added benefit of including a
sharp corner in the joint line 612, thereby minimizing flashing along the joint line
612 as described above.
Alternate configurations combining two or more of the above illustrated
examples can similarly be utilized depending on the design constraints and specific
25  geometrics of a particular die casting assembly. It is further understood that any of
the above described concepts can be used alone or in combinatfon with any or all of
the other above described concepts. Although an embodiment of this invention has
been disclosed, a worker of ordinary skill in this art would recognize that certain
modifications would come within the scope of this invention. For that reason, the
30 following claims should be studied to determiine the true scope and content of this

invention.



segnent joints, each of said die segnent joints aligned with at | east
-one of said sharp Corners. 4. The die casting assenbly of claim1,
wherein at | east one of said plurality of 20die segnents is
constructed of a material selected froma group of a steel,

superal l oy, refractory netal and ceram c nmaterial. 5. The die
casting assenbly of claim1, wherei GLAIMSast  one of said plurality
of die segnents is at least partially coated via a pack cenentation
or plasma laporAZideposg assemblyrcompsising: 6. The die casting assenbly of
claim wherein at | east. one of said die segments. is maintained in
bost 110h 1 sai ey SRR apRaH o pise: i Gty wpvdind B 84T oo hathe
di e castingmgsenbly of claiml, wherein at |east one of said die
segnents is nmaintained in position in a housing at |east partially
surroundi ng sai@chlairsaid dies dfclddiogsae gheality. of di8. seFmentdj eachast saig die
assenbly of cl aim wherein each of .said. pluyrality of die segments
i ncl udes a* ﬁtéc??’it?a%aligesaﬁto ioﬁbertof)Saégghg?:lﬁﬁf)gg]teisﬁ%mgfq% agggrrent,
and each of saigficeanesdefiesit josnti B¥@EIAR Q6 08 s£0TdE SRS Svherein
connector of a contacting 5die segnent. 9. The die casting assenbly
of cl ailm 1saidyhe segurend jqinf 1p elignsd et saithshar ¢arser. di e segment and a
second di e segnent conprises a sharp corner. 1010. A di e conpri sing:
a plurality of die segnents, each of said die segnents contacting at
| east one Dt herTlafdis @asding lasealbly yf clhindi ewbagiiBaidsit @8tone sharp @rmer is
partial die cavity defined by said die segnents, wherein said parti al
di e cavi t y? PIHEIGHShat 408288 one sharp corner:

15 3. The die casting assembly of claim 2, further comprising a plurality of die
segment joints, each of said die segment joints aligned with at least one of said sharp

comers.

4. The die casting assembly of claim 1, wherein at least one of said plurality of
20  die segments is constructed of a material selected from a group of a steel, superalloy,

refractory metal and ceramic material.

5. The die casting assembly of claim 1, wherein at least one of said plurality of
die segments is at least partially coated via a pack cementation or plasma vapor

25  deposition process.

6. The die casting assembly of claim 1, wherein at least one of said die segments

1s maintained in position in said die via a pair of opposing spring features.

30 7. The die casting assembly of claim 1, wherein at least one of said die segments
is maintained in position in a housing at least partially sﬁrrounding said plurality of

die segments.



15a first die segnment joint between at |east two of said die

*segnents, wherein said die segnent joint is aligned with said sharp
cor ner. 11. The die of claim 10, wherein said at | east one sharp
corner includes at |east two sharp corners, and wherein at |east one

hal f of satd sh 0 r i i t . i: -
cogment joint. THSRTLAGE LBEfoR) bAOGER"Y. \iherlR eolPOF LB IS ot g,
di e segnmentegnentstisichuded adesnator aorespoadaged eyohrdonfactmy gl sbgthedt, and

cavity. 2513, The die of claim 10, erein each of said plurality of
di e segn‘en?a§hiﬂr§1 S%‘gr@f’?‘i?é‘%fééﬁ @fergwﬁﬁ%hiaa@r@éw@fwweqwraofgq BRAAENS
st eel , §upg@gg$g&ﬁ_refractory metal and ceramic nmaterial. 14.
The die of clalm 10, wherein each of said plurality of die segnents
is at least 30 partially coated via a pack cenentation or plasna
vapor depositio rocess. 15. The_die of claim 10, wherei.n each of
said die si-g_rrenf%flfo e crsiha a1SHRAL Af pash i 8 S &dPigt dPRneyiing 3 Tk e
Opposi NG SRIGhdg 4RAt LG die 16Tt cBinBrifds aGhabpolRly. Wherein each of
said die segnents is naintained in position in a housing at |east
partially surrounding said plurality of die segnents. 517. The die of

cl ai m{’ld), mer ei,n.each of said plurality of die segnents includes a
connecthr thrr eSS SRR each contacting di e segment, and each of

sai d connect or sa pRirdly OF HRCREMBA( Neadh ©2 5418 IO Shn{tatCORRREhOEt Rhst@dne
contacting die segnent. 18. The die of claim10, wherein said sharp

corner is etheoyiserd Malivyplialie seggleatspindlol ess than or equal to 110

degrees. a partial die cavity defined by said die segments, wherein said partial die

cavity includes at least one sharp corner;
15 a first die segment joint between at least two of said die segments, wherein

said die segment joint is aligned with said sharp corner.

11.  The die of claim 10, wherein said at least one sharp corner includes at least
two sharp comners, and wherein at least one half of said sharp corners are aligned with

20  atleast one die segment joint.

12.  The die of claim 10, wherein at least one of said die segment joints includes a

corner spaced apart from said die cavity.

25 13.  The die of claim 10, wherein each of said plurality of die segments is
constructed of a material selected from a group of steel, superalloy, refractory metal

and ceramic material.

14.  The die of claim 10, wherein each of said plurality of die segments is at least

30  partially coated via a pack cementation or plasma vapor deposition process.

15.  The die of claim 10, wherein each of said die segments is maintained in

position in said die via a pair of opposing spring features.

10



19. A method of repairing a die casting assenbly conprising the steps
»of: identifying a damage die segnent in a die; and

repl aci ng said damaged die segnent with a new di e segnent having a
15substantially identical geonetry to an original geonetry of said
damage di e segnent. 20. The nmethod of claim 19, wherein said step of
repl aci ng Bai d Dadiged dign 8gmieteimicath af ma’vl/ de segmentens mvélwthimgd an

substanti al I i den i cal 0 0 _an or try of sa
dannge di CPlisaR e BPEERE SRS R FLeS TR R o O PG e Hged
die segnment froma die containing said damaged di e casting segnent.
5 17.  The die of claim 10, wherein each of said plurality of die segments includes a
connector corresponding to each contacting die segment, and each of said connectors

is interfaced with a corresponding connector of a contacting die segment.

18.  The die of claim 10, wherein said sharp corner is a corner having an angle of

10 less than or equal to 110 degrees.

19. A method of repairing a die casting assembly comprising the steps of:
identifying a damage die segment in a die; and
replacing said damaged die segment with a new die segment having a

15  substantially identical geometry to an original geometry of said damage die segment.

20.  The method of claim 19, wherein said step of replacing said damaged die
segment with a new die segment having a substantially identical geometry to an
original geometry of said damage die segment further comprises removing only said

20  damaged die segment from a die containing said damaged die casting segment.
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