An i nmproved casting -appar at us. 2165474 The use of a nelt-out neta
core of conplex Shape to provide a detailed internal configuration to a
subsequent |y, froul ded part of plastics material is an area of devel oping
technology especially in 5 the autonobile industry. Such cores are

of a low nelting point alloy and are remqued from the noul ded conponent by
nelting. The prinme requirenent for these netallic cores is that they should
provi de accurate dinmensional forms, 10 as well as predeterm ned %3;65%74

fini§hes The netal s from\uﬁ(ﬂﬁﬁg&ﬁgﬁ@ﬁ@&lggnapgaga@Qshave sol i
tenpera- tures in the range -e+—35—+to6—0tifr—thore—are—a—nunber of

est abl i shed net hods of casting.such alloys, ranging fromsinply pouring the
15 liquid nmetal into a suitable.netallic or non-netallic nould, either by
hand or mechanical ly, tThewfe & angeldf-oudr netalpcoreuré dompiex to

i ntroduce the netaipddy 0(:6 n@rcmdéi £ Adtladh 13X AN adf cwﬁlfieueaemn

centrifugal rubber nDuI casting, |low pressure gravity die-"20 casting,
q{&%

hi gh pressure diecH#t? RfRARA |mﬂqu§dc§§F*nanBFHGHiCFoPaFﬁEiﬁ}esent
application it hasweaan éﬁmcbmmwmpw&ddmmme ekpkbtaduygi | ghl e

t echni ques pro 'defh&@&t %I n;saqﬁsctzfxdc rsq% %g_e%hggrgch%les&cg 25 of

di mensi onal tol erance, ernal "porosity or -
cavitation. Wile kmemlt#rgg &p-’mﬁ reali oy rmdctargectepporsdcésoa §bed surface

finish, there is Ehléﬂaiﬁ’l%dﬁbr{g}{@%yt Ynél'l-.itﬂge castings which is
unacceptable I n the aboye-nentioned cores The Objiit of the
invention is t o enabl e ¥RRyPrime requirement for these metallic cores

is that they should provide accurate dimensional forms,

10 as well as predetermined surface finishes. The metals
from which such cores can be made have solidus tempera-
tures in the range of 35 to 300°C,

There are a number of established methods of
casting such alloys, ranging from simply pouring the

15 1liquid metal into a suitable metallic or non-metallic
mould, either by hand or mechanically, through a range
of various pressufe devices to introduce the metal into
the mould cavity, examples of which are centrifugal
rubber mould casting, low pressure gravity die-

20 casting, high pressure diecasting,and the Durville
casting method.

\_ : For the preseht application it has been found by
experience that none of the available techniques
Provides castings with spegific required characteristics

25 of dimensional toleraﬂce, surface finish and lack of
internal porosity.or cavitation. While diecasting
as normally practised produces a good surface finish,
there is a tendency to porosity in the castings which
is unacceptable in the above-mentioned cores.

30 The object of the invention is to enable low
melting point alloys with solidus temperatures in
the range 35 - 300°C to be accurately and reproduce-
ably cast.
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melting point alloys with solidus tenperatures in the range 35 - [err] to
‘be accurately and reproduce- ably cast. -2- According to this invention «
an & paratus for producing a casting froma | ow nelting point al i oy haV|ng
§ w dus tenperature in the range of 35 to 300C, conprises a die, a“tank
capabl e of containing the netal 5 to be cast in a nolten condition, a
cyli'nder positioned so it can be imersed in the netal in the tank and
having at one end an inlet to enable it to fill with the netal and at the
other end an outlet comunicating with the die, a piston in the cylinder, .
an outlet valve 10 controlling said outlet and a control systen1operable
to inpart to the piston, in SUCcessive'bEbFating cycles, a prelimnary
stroke starting froman initial position and sufficient for it to close the

I whi | h I J
ol ten et al 1 ACHECiRg Nt R Mt A, aDeE A iR fox PEPARGLBIon s he
outlet valve, ta]ecmltimg fxom rpakaw aneflirimge posintolad oy hawipgsaon to enabl e
it to deliver ézmtéﬁg%aﬁﬁ% vﬁ*év)e Inr# J_.,ft (351 t%g/ﬂgecf romt he

cylinder and thro out di e, .the gutlet valve
“remai hi ng open ?@“EF\-'&%‘P% QW%taaltﬂfﬂ‘ iRARaARlR eﬂfn&?’%atil'\‘l’-ﬁgt kbegmetakder

pressure fos a gerbe@dca®OUR 4 hﬁduﬁémtcdxﬁmﬂ:rdid, te0 dylindelte pdis@ tiohed
thereafter to cl os]e_:ttganoyé!f é/&: arp(h{ arn of q% Q:'hset %gnﬁcoa'nEiS initial
having at one end an inlet to enable it to fill with
the metal and at the other_end an outlet communicating
with the die, a piston in the oylinder, an outlet valve g_;
10 controlling said outlet and a control system operable
to impart to the piston, in successive operating
cycles, a preliminary stroke startlng from an initial
position and sufficient for it to close the inlet while
"the outlet valve is closed so as to enable it to
15 subject molten metal in the cylinder to
pre-pressurizatzon, thereafter to open the ocutlet
valve, thereafter to 1mpart a further stroke to the
piston to enable it to deliver molten metal at a flow
rate of 0.1 to 1 kg/sec from the cylinder and through
20 the outlet valve into the die, the outlet valve
remaining open to enable the metal to be maintained
within the die under pressure for a period longer than W/
that required to fill the die, and thereafter to close
' the outlet valve and return the piston to its initial
25 position in readiness for a further cycle of
operations. '

One embodiment of the invention is illustrated
diagrammatically in the accompanying diagrammatic
30 drawing.

It includes a tank 8 containing liquid metal and a .
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25 position in readiness for a further cycle of operations. One

eénbodi nent, of the invention is illustrated diagranmatically in the
acconpanylng di agrammatic 30 drawing. It includes a tank 8 containing
liquid nmetal and a - 2a - dispensing cylinder 11, having an inlet 10

liquid at its upper end and an outlet 16 at its |ower. end which is
connected to a | ock-off valve 12. The upper end of the cylinder 11 is
di sposed below the |l evel 8A 5 of liquid in the tank. Operating within
the dispensing cylinder 11 is a piston 9 connected to a piston -3- rod
arrying a stop bracket 6, which rod is actuated by a pneunatic or
hydr ulic cylinder 3. The cylinder 3 is aoyghle by neans of a toggle system
2 actuated by a pneumatic or hydraulic cylinder 1 5 and constrained to
nove vertically by a guide 5. The outlet 16 controlled by the valve is
connected to a noﬂnls@ehs;ngocyﬂléndarl &1, 1denﬁgvm'n c:l:nlduefm ef e niisndisghrent
of a casting cycl i r ht, .1 aden the
g cy %t gp%ér ﬁnﬁ QHE hn Qﬁ 1e€2 9¥3ﬁ§§

die 15 is to 10 be f| romthe side or ron1 e|OMl s fitted with a
vdl ve 14 for retahifh disggranssted ﬁPtﬂlﬁoFk‘oﬁﬁéﬁﬁlve 2- The upper

end of the cylinder 11 1s disposed below the level 8A
5 of liquid in the tank. Operating within the dlspen51ng
cylznder 11 is a piston 9 connected to a piston



provi ded the valve 14 is opened and cl osed sinmultaneous- l.y with the valyve.
12.- A mcroprocessor 17 is provided for effecting sequential operation
of “the cylinders 1,3 15 and the valves 12 and 14. Alternatively the
(nﬂééﬁers 1, 3 and the valves 12,14 nay be actuated by a pneumatic contro
systemincludi ng sol enoids. At the start of the casting cycle the valve 12
is closed. The microprocessor I7 firstcauses the 20 cylinder 1 to close
the toggle system2 and nove the piston 9 downwardly to an extent
sufficient to rodef, tPREFYIRG dr nitop brackel . oWhieh apd dger 11. This

serves to effegbtRifed’ By Sallpiin P Plos | fhﬂmﬂdﬂCYﬂlﬂdy& @l i nder and -
t hus avoi ds any graTﬁtatlo i)Sﬁ%ge of t 25 into t die 153 at a latef
stage. The val ve 12*%€ tH S RPY %}fy MFEANS3 9% & to cause

netal to be di spshemd2i aut’ouah@d dbye al@f@umaaans aof ltyhhrulsita)rcyaimﬂteirl it he

stop brackgt 6 n Qg&f§ iqwg ate of netal
Is criti cag Fﬁa &%g?ﬁ%#r‘ ?oﬁ}&?et e val ve yléi’s f‘ﬁ&dl not ‘open until the
pi ston 9 has cI osedThﬁeODhl%t 16. comteobked b sthenwaker ¥s(| of nmetal once

the valve 12 'éoﬁﬁé&&éd'rw'Eaﬁoi’éﬁsm,est@xﬂié eshlet hﬁBz@Qiﬁ”ﬁhith metal to
be delivered a

The. vol une, of taI
ne o ea To heshre aEmRARESBRt IRE AT PO e S dite F AR stop 6 on
the rod 4. Aftbroughtpiatons€abing cangagément! s Wemvihel die 15 is to

10 be filled from the side or from below, it is fitted with
a valve 14 for retaining liquid metal within it. When
provided the valve 14 is opened.and closed simultaneous-
ly with the valve 12. A microprocessor 17 is provided
for effecting sequential operation of the cylinders 1,3

15 and the valves 12 and 14. Alternatively the cylinders 1,
3 and the valves 12,14 may be actuated by a pneumatic
control system including solenoids.

At the start of the casting cycle the valve 12
is closed. The microprocessor 17 firstcauses the

20 cylinder 1 to close the tolee system 2 and move the
piston 9 downwardly to an extent sufficient to cover the
liquid metal inlet 10 of the cylinder 11. This serves
to effect pre-pressurisation of liquid metal in the
cylinder and thus avoids any gravitational surge of metal

25 into the die 15 at a later stage. The valve 12 is then \‘j
opened z:»d the cylinder 3 is actuated to cause metal to
be dispensed into the die 15 by means of the piston 9
until the stop bracket 6 contacts a fixed stop bracket 7.

As the flow rate of metal is critical, it is

30 important that the valve 12 should not open until the
piston 9 has closed the inlet 10. This prevents any
free fall of metal once the valve 12 is opened.Typical
pressures exerted on the column of metal to be delivered
are 0.25 - 3.0 bar.

.
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5 < stroke, the valve 12 is held open for a dwell tine exceeding the tine
required for the delivery stroke of the piston 9, so maintaining the netal

in the die 15 'under pressure until solidification. The valve 12 then cl ose
and the piston 9 is 10 returned to its initial position in preparation for&¥
t he next casting cycle. The die 15 +&normally maintained in sealing
engagenent with the injection nechanismfor a tinme after the valve 12 has

cl osed, to ensure that the 15 still nolten inner portion of the casting
does:inot nelt its way oufThe volmwe\af liquithynekak deliiveredh toorkhecddes to

cast{a hollow core §gpeAR8CoR! @ Bbd{iLln Y 46 RUREAUYE tHNAHLES 6 on

moulding. In this case, the seal nay i mredi ately be broken to allow part of
the 20 nolten netal *P8 8PRi h- out of the casting. The stops 6 and 7 need not

necessarily be a singl e REedantkhal pieydited (hids neomp Reeedic tas @otniwairdy

swi tch and/ or el ect I C t | gpe. ) N . L 4th rough
passageway of t Re deﬁggzreéﬁﬁ ‘Z%%Afe{sjft égl\théa"\f@t enkfc? %%B tdﬁ%'ls (r?to € of
pi ston 9 and the cl esragdingt bhe vhine nequired |fomithendelivens shnokenoifl

the "knife edge" of thlepis¥aR- 88Cko he1f€LLNEG AnhdVth PO leH g g 5et al
Is released and there_is a g05|f|ve cut off wih no, dripping. 30 The

appar at us descri bedUREGTcBREEFIEE BRI L PAMIF 12 st i cs noul di ng
machi ne, the core netal Thetedlveet2ftkentdbopeasind st PgiBtun earsati on

o0 v e B pebiabe®eo! gl BXELULD MEAPDILS I Y Gl kg

casti ng next casting cycle.

\~) The die 15 is normally maintained in sealing
engagement with the injection mechanism for a time
after the valve 12 has closed, to ensure that the

15 still molten inner portion of the casting does not
melt its way out. However, it may be required in
some cases to cast a hollow core for special conditions
of the subsequent plastiés moulding. In this case, the
seal may immediately be broken to allow part of the

20 molten metal to drain out of the casting.

The stops 6 and 7 need not necessarily be a
single mechanical device but may include a proximity
switch and/or electro optical technique.

A "swan-neck" 13B in the through passageway of the

\_/ | 25 nozzle 13 ensures that at the end of the stroke of
piston 9 and the c¢losing of the valve 12, the liquid
metal runs out until the "knife edge" of the "swan-neck”
is reached at which point no more metal is released and
there is a positive cut off with no dripping.

30 The apparatus described may constitute an adjunct
to a plastics moulding machine, the core metal melted
out after the plastics moulding operation being returned
to the tank 8, the level in which is maintained high
enough to cover the inlet 10.

35 In one example of use of the apparatus for casting
a core of a plastics automobile pump, the composiﬁion




a core of a plastics autonobile punp, the conposition =5- of the netal
in . the tank 8 was 56% tin, 3% antinonythe bal ance | ead, the tank was

mafiglai ned at a tenperature of 200- [err] and the die 15 at a tenperature
of - [err] The weight of each cast core was 0.6 kg. The duration 5of .the .
second and delivery stroke of thg pi ston 9 was 3 seconds and the dwell tine
after delivery and before closing of the valve 12 was 7-12 seconds. In

anot her exanpl e of use of the apparatus for casting a core of an autonobile

| nj ection manggotde f@chieinPtRe LAnkhg %ﬁ@ksg%“€§na S48kt {roRy | GYe Of

bi smuth and tyn, the tank was nai ntal ned at erature of 180C and the’
die at a tenp@?&?ﬁ?% teader the FﬂﬁkmﬁPﬁﬁ?aﬁﬂtééﬁ catiackPmPOERtYR kg, thE
duration of t8€ debrzsoycsan@kenafdibe1pi atoa fempsrabusecondsoangethe

of & core {or "H8orasBREOL parh, FRat BblvRanPrE KO omu FurbPRefTanc S
nunber of ﬁnjeéttbﬁ echndeagdlge&muepySsbngke gﬁethelpésugnd&swaSbed above
é?fgglgxfrdle3”QEESHd§EEﬁhN%h€UhﬁéEQO%ih& afe@thab?ivBey! Bh&! beEoRe
closing of the valve 12 was 7-12 seconds. _
In another example of use of the apparatus for
casting a core of an automobile injection manifold
.10 the metal in the tank 8 was a eutectic alloy of bismuth
and tin, the tank was maintained at a temperature of
180°C and the die at a temperature of 35°C, the weight U
of each cast core was 20 kg, the duration of the delivery
stroke of the piston 9 was 35 seconds and the dwell
15 time was 8 seconds.
It is useful in some cases, e.g. the casting of a
core for a plastics automobile intake manifold, to
use in the tank 8 a number of injection cylinders 11
and pistons 9 operating as described above to deliver
20 molten metal simultaneously, each to the inlet of a
different die.



1..- . . +Apparatus.suitable for producing a casting froma netal alloy
Ravi.ng.a solidus tenperature in the range of 35 - [err], conprising a die,
a tank -capabl e of containing the netal to be cast in a nolten 5 condition,”
a.cyli-nder positioned so it can be inmmersed in the netal in the tank and
having at one end an inlet to enable it to fill wth the nmetal and at the
other end an outlet communicating with the die, a piston in the cylinder,
an outlet valve controlling said outlet 10 and a control system operable
to impart to the piston, in successive operating cycles, a prelimnary
strgke starting froman initial position and sufficient for it to close the
inl et while the outlet valve is closed SO a5 to enable it to subject nolten
metal in the cylinder 15 to pre-pressurization, thereafter to open the
outlet valve, thereafter to inpart a further stroke to the piston to enable
it to deliver noltEhAIMSal at a flowrate of 0.1 to 1 kg/sec fromthe
cylinder and through the outlet valve into the die, the outlet valve 20
rermai ni ng open to enable the nmetal to be maintained within the die under
pressure for a peried | onger APRaRatRE: suitable £9% produging & caskiag

thereafter to cljpserbh\?aouétel sdiyg ﬁalelixﬁ@]galrzébﬁ&@ieé@ému;es innithieal
position in readingss for a,furth ycle o opgr ations.

Appar at us accor di n§af‘8ecf’§i H‘%l, aﬁﬁ‘(’:ﬁc‘l'iﬁ%’f'%je’i”b%t% i lféq'tﬁﬁ]ﬁ &a%]\?e and
the die a nozzl e hefi pgn&aihingghheasetylt vy, be cast-ireck polhendi ng

5 condition, a cylinder positioned so it can be immersed
_ in the metal in the tank and having at one end an inlet
A ' to enable it to fill with the metal and at the other
' end an outlet communicating with the die, a piston in
the cylinder, an oﬁtlet valve controlling said outlet
10 and a control system operable to impart to the piston,'
in successive operating cycles, a preliminary stroke
starting from an initial position and sufficient for it
to close the inlet while the outlet valve is closed so
as to enable it to subject molten metal in the cylinder
15 to pre-pressurization, thereafter to open the outlet
valve, thereafter to impart a further stroke to the
piston to enable it to deliver molten metal at a flow
rate of 0.1 to 1 kg/sec from the cylinder and through
. the outlet valve into the die, the outlet valve
remaining open to enable the metal to be maintained
within the die under pressure for a period longer than
that required to £ill the die, and thereafter to close
the outlet valve and return the piston to its initial
position in readiness for a further cycle of
25 operations. '

2. Apparatus according to claim 1, which
includes between the outlet valve and the die a nozzle
having a through passageway, a swan-neck providing
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-7- positive cut-off of the flow of nolten netal through t.he nozzle.- 3. ‘-
Ap atus according to either of clains 1 and 5 2, wherein the die has an -
in%%@ val ve arranged to be opened and cl osed sinultaneously with the outl et
val of the cylinder. 4. Apparatus according to any one of the preceding

10 clains, conrpising first and second power actuators for respectively

I nparting to the piston its outlet-closing and netal delivery strokes, the
second power actuator being a power cylinder aligned with the piston and
novabl e bodily by the first power actuator to inpart 15 the delivery

stroke. 5. Apparatus according to claim4, wherein the first powefZ;
actuator is power cylinder connected t0'the'second power actuator by a ~
-toggle linkage. 20 6. . Apparatus according to claiml1, substantially

as described hergln WAN LELSEENSE £Re ' PEond S50 BV N bt i ough
the nozzle.

3. Apparatus according to either of claims 1 and

5 2, wherein the die has an inlet valve arranged to be
opened and closed siﬁultaneously with the outlet valve
of the cylinder.

4. Apparatus according to any one of the preceding \y}
10 claims, comrpising first and second power actuators for
respectively imparting to the piston its outlet-closing
and metal delivery strokes, the second power actuator
being a powér cylinder aligned with the piston and
movable bodily by the first powér actuator to impart
15 the delivery stroke.

5. Apparaﬁus according to claim 4, wherein the
. £irst power actuator is power cylinder connected to the
second power actuator by a toggle linkage.

20
6. : Apparatus according to claim 1, substantially ‘
as described herein with reference to the accompanying ./
. drawing.
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