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3,158,930
o CIRCUIT CASTING APPARATUS
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borough, Ontario, Canada, a corporation of
Canada
Filed May 23, 1961, Ser. No. 111,999
4 Claims., (CL 22—-71)

This invention reiates to the casting of electrical cir-
cuits on suitable boards and more particularly to appa-
ratus for casting electrical circuits directly onto a suit-
able base.

In recent years, there has been a tremendous develop-
ment in the field of printed circuits. Many methods and
much apparatus have been devised for producing these
circuit arrangements. Even so, there are many problems
encountered in this work. This inveation eliminates a
number of problems encountered in the field of cast cir-
cuitry. . For example, the use of feed runners to feed the
molten metal from the reservoir to the circuit board has
been eliminated, the molten metal being fed directly from
a chamber beneath the die plate up through the die plate
into the circuit formation contained therein. In other
words, the job turns out to be a single operation which
obviously is quite advantageous.

In view of the above, it is an cbject of this invention
to provide die-casting apparatus which will cast a circuit
directly upon a suitable base.

It is another object of this invention to provide a die-
casting arrangement in which the necessity of using gates
and associated feeders to carry thé molten metal to the
die plate and therethrough is eliminated.

It is a still further object to provide a die plate for the
die-casting machine of the above objects which has feed
passages closely spaced along the circuit forming channel
throughout its entire length, thus affording rapid delivery
of molten metal to the desired area.

The above and other objects and advantages will be-
come apparent in view of the following detailed descrip-
tion and drawings, showing by way of example, preferred
embodiments of this invention and wherein:

FIGURE 1 is a perspective view partly in action show-
ing the over-all arrangement of the apparatus of this
invention;

FIGURE 2 is a vertical cross-sectional view somewhat
similar to FIGURE 1 and showing the same type of die
plate in cross-section; and -

FIGURE 3 is an elevation view showing two examples
of securing electric elements to the cast circuif unit.
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Referring to FIGURE 1, which. illustrates a machine

employing a hot chamber, die-casting system medified to
produce the cast circuit of this invention, the die-casting
machine 10 comprises a supporting frame 12 having an
upper aperture which-receives the stationary base 14 of
the machine 10. An insulating shell 16 fits over the bot-
tom portion of the base to reduce heat loss.. The base 14
is a casting having a large molten metal reservoir 18 and
a somewhat smaller molten metal reservoir 28. Disposed
between these two reservoirs is a pressure cylinder 22
connected to reservoir 18 by channel 24 and to reservoir
298 by passageway 26. A plunger 28 is reciprocably car-
ried in the cylinder and through plunger rod 38 which is

reciprocaied to pump - molten metal from reservoir 18.

into and through the reservoir 28. The plunger 28 may
be operated by any conventional means. A hydraulic
arrangement for actuating such a plunger is disclosed in
_U.S. Patent No. 2,072,864.
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The base 14 is heated by means of electric resistance

cotls 32 disposed throughont the base.
A die plate 34 fits down on top of the base i4 and
covers the molten metal reservoir 28 so that the molten

70

2

metal may be forced therethrough to form the cast circuit
on a suitable circuit board. A platen 36 is hingedly
mounted on the frame 12 by means of hinge pin 38 and
supports 48, only one of which is shown. The platen 36
carries the circuit board 42 onto which the circuit is to
be cast. This board may be held on the platen by means
of side clamps 44 which position the-board for proper
registéring. contact with the upper face of the die plate
when the platen is brought down thereon.

The arrangement shown in FIGURE 2 is quite similar
to that of FIGURE 1 except that the platen 58 in this
case is raised and lowered by suitable reciprocating pow-
ered means, which is not shown as it is of conventional
nature. ‘It will also be observed that the cross-section
of FIGURZE 2 is at right angle to that of FIGURE 1 so-
that additional details of this type of die plate will ‘be
shown. - ]

As illustrated in FIGURE 2, the base 70 has a passage-
way 72 leading to molten metal reservoir 74. -The die
plate 76 fits down on and over the reserveir's upper
cpening. - Platen 5 carries circuit board 78 on-its lower
face 51 when it is held in position by a plurality of clamp
assemblies 53. Each clamp assembly 53 comprises a
clamp 835 pivotally mounted by pin 57 supported in the
platen 508. The clamp is pivoted about pin 57 by means
of rod 59 secured to the outer extremity of the clamp.
This rod 39 is actuated. by - suitable means in timed
sequence with the other mechanisms of the die-casting
machine. The platen has a hollow portion 89 in which iz
reciprocably positioned a rod and head assembly 52. - The
head member 84 of this assembly is secured to a core
cairier 86 mounting a ph}rahty of rod-like cores 88 which
extend down through openings $0 in the platen to coop-

‘erate with the circuit board to form various projections

of cast material as desired. Reciprecation of the rod
and head assembly 32 serves to insert the cores 9¢ into
proper position with respect to the circuit board 78. As
illustrated in FIGURE 1, the rod and head assembly 52
is reciprocated by a hydraulically operated piston 61 ac-
tuated by fluid alternately introduced through ports 63
and €5 of cylinder ¢7.

By referring to the die plates shown in FIGURES 1
and 2 and numbered 34 and 76, respectively, the impor-
tant features thereof will become more apparent. The
upper facé of each die plate contains the spe cific con-
figuration of the circuit to be formed thereby in the form
of channels 21 adapted to receive the molten metal. Cone
shaped feed passages 92 are cut in the die plate in closely
spaced relation along the circuit outline provided on the
upper face thereof, The feed passages $2 are formed so
that they converge toward the upper face of the die
plats and terminate as openings 93 in the chanmel con-
figuration on the upper face of the die plate. The open-
ing 93 at the top of the cone-shaped passages is quite
small, yet sufficient to allow the molten metal to proceed
therethrongh rapidly into the channels 91.

In addition, it may be desirable to cast projections or
protrusions on the circuit board in order to provide means
for securing electronic components to the circuit board.
Projection 96 is formed by a hole in the circuit board 76
and a hole in the die plate registering with the hole in ‘the

-board. A core member 98 having a reduced end portion

189 fits down in a hole in the platen so that the lower end
of the larger portion of the core is flush with the upper

face of the circuit board 78, thus allowing the portion of

reduced diameter to extend down through the hole in the
circuit board and into the hole in the die plate where it
rests against-the bottom wall of said hole.- Thus, when
melten metal is introduced into the die plate openings, a
protrusion or projection such as 96 is formed such that a
portion will extend beyond the surface of the circuit board

E 76 with a hole therethrough,



o 2. S ,
The projection may be made-to extend from the other
side of the circuit board as illustrated by projection 1§6.

It should be noted-that in this arrangement the same type-

of core is used, however, it is Taised so that the lower
‘end of the reduced portion will rest on the die plate re-
cessed portion' and -thus, the portion that is reduced will

extend upwardly. into the hole in the platen 59, thereby-

allewing molten metal to proceed upwardly therein until
it hits the lower face of the larger core portion. -The
hole in the platen in- which the core fits may have ‘a
slight draft, thereby producing ‘a- projection convergmg
prardly to a slight degree.

It is also possible to cast a circuif on both sides of the
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circuit board 76 as-indicated by numeéral 119 by merely -

recessing the -lower face of the platen 58 and cutting a-1

hole in the circuit board 'to .connect a recessed portion
in the die plate with the recess in the platen face: -

The advantages of the above features will be readily .

apparent to one skilled in this art. .These advantages
are further illustrated in FIGURE 3 showing “electronic
elements being fastened: to the circuit board. Electronic
element 112 with leads £13, 114 positioned within pro-
jections 115 is held in place and heat applying members
118 are brought against the free end of the pro;ecflons
to cause same to melt and form a solid joint securing the
leads 113 and 114 to the cast circuit.
ment is shown in the other half of FIGURE 3 wherein

the projections face npwardly and the electronic member

is secured: to the underside of the circuit board.
It is believed that the.operation of this apparatus is
- ‘now -quite clear, however,- a brief .descrivtion follows:

The base 14 will be heated to the temperature of the
molten metal while-the platen 36 will be comparatively
The platen can be heated to any desired tempera-'

cool.
ture, if necessary, to assist the flow of metal when casting
‘a circuit on both sides of the board.  The die plate 34

havmg the-desired circuit con’iguraﬁon is placed in posi~ -
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The same arrange- .
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and method superior in speed and simplicity to other
‘apparatus used for -this -work. The speed of such a
casting operation is quite impressive when the matter
of economies of opérational equipment is considered.
What is claimed as new and desired to be secured by
Letters Patent is:. )
1. Apparatus for direct casting of metal onto a board
to form 'a cast circuit unit, said apparatus comprising a

-pair “of  spaced molten metal containing reservoirs, a

pressire. -cylinder interposed between ~said reservoirs,
passage means connecting each reservoir to the pressure
cylinder, a plunger reciprocably carried in said cylinder
to pump molten metal from' one Teservoir to and out the

-other, one of said reservoirs having-an open face, a die

plate positioned -on.the reservoir having the open face
so-as to seal same, the effective’ area -of the died plate
being generally co-extensive with open face of said reser-
voir, heating .means: for ‘maintaining the reservoirs, the
pressure cylinder, the passage means connecting each
reservoir. with the pressure c¢ylinder . and-die plate at a
temperature - to retain the molfen metal in said molten
condition, the die plate having channels on its upper face

‘defining -the circuit-to be cast therein. and feed passages

in the lower face extending upwardly into the channels in
the upper face of said die plate, the lower face of said
die plate-being positioned. immediately adjacent the level

. of molten metal in the respective reservoir so-that the
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_tion onthe base 14.and the circuit board 42 is clamped.:-
" onto the platen -36. -Molten mietal in reservoir 18 is -

maintained at such’a level that-the level of moiten metal
- in reservoir 20 will touch or come very close to'the bottom
of the die plate 34. With everythincr in position, as

E ‘ebove, the platen is brought down in position causing

the circuit board 42 to fit-down flush against the die

plate, then the core pins are inserted, whereupon plunger:
28 starts its downward stroke, first- shutting: off flow of

molten ‘metal from reservoir 18 through channel 24 and
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molten metal flows. directly from the reservoir through

the die plate, and a'platen-assembly mounted for move-

ment to and away from the upper face of the die plate,
said platen being adapted to carry-a-board-on its lower
face so that when'the platen-is moved toward the upper

:face of the die plate the board will engage and register
with- the die plate.

2. The invention as descnbed in claxm 1 and includ-
ing core members passing ‘through- the platen and into
engagement with ‘the: die: plate: so- that projections will
be produced around: these cores to provide means for re-
ceiving ‘the leads of: components adapted to be, attached
to the -cast- circuit.

3. ‘The invention as descnbed in claim 1 and wherein

“the feed passages are.cone-shaped and converge upwardly

“'toward the channels in the upper face of the die plate.
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4, ‘The invention as described in claim 3 and wherein

“the feed. passages-are closely spaced to assure rapid,

even and full flow to the channels in the upper ‘face of

- the die plate.-

then forcing the molten metal up into the reservoir 29:.

and through the die plate feed passages 92 into the chan-
nels 81 which form the desired-cast circuit:
The .molten metal sets instantaneously upon being in-
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jected. - The platen is then lifted, taking with it the circuit
board which is held against the platen by virtue Vof_th'a :

fact that the cast metal has.“shrunk on the core pins.

With the platen lifted, the core pins are refracted, thus

releasing the. circuit board: “The fingers 44 which are’

1used to hold the board to the platen prior to casting,-are
also- withdrawn after m]ectlon of the metal.

and the-cycle is complete.
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After this® ’

the. cast  circuit board unit is removed from th\, platen A60'

There are many. advantages in the above apparatusw

and method of producmg cast ¢ircuits. One of the main

features or aavantages is the casting of the circuit in-a

single rapid operation without employing gates and feed
runners.

In this .invention, the molten metal is -intro--

R
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duced directly from-the reservoir 28 up through' feed. .

passages 92 into circuit forming channels $1in the upper
face of the die plate..-

In other words, there is no flow.
through gates or long feeders, whlch makes thls apparatus B

1,441,885
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