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2,995,029
METHOD AND APPARATUS FOR DETERMINING
THE FLUIDITY OF MOLTEN METAL
David V. Ragone, Ann Arbor, Mich., assignor to Harry
W. Dietert Co., Detroit, Mlch., a carpﬁratlon of Mich-

igan
Filed July 15, 1957, Ser. No. 671,961
8 Claims., (Cl. 73—54)

The present invention relates to a method and apparatus
for determining the fluidity of molten metal. The fluidity
of molten metal is a factor which enters into a metal
casting and particularly the design of molds, and especial-
ly, molds for producing thin walled castings. It is ob-
viously necessary to determine how far a particular molten
metal can be expected to flow in the mold from a gate
before solidification so as to determine the proper num-
ber and spacing of gates.

The present invention enables a quick and accurate
determination of the fluidity of a particular molten metal
or alloy and this can be used to provide the proper num-
ber and spacing of gates or it may serve as an indication
that for a given mold, fluidity must be increased by in-
creasing temperature, if permissible, or by adding an in-
gredient to the alloy to increase its fluidity at a given
temperature

It is an object of the present invention to provide a
method and apparatus for determining the fluidity of
molten metal.

it 1s a further object of the present invention to pro-
vide a method and apparatus for determining fluidity of
molten metal employing a tube having one end insertable
in molten metal and the other end applied to a reduced
pressure or partial vacuum for drawing molten metal into
the tube by differential pressure for a distance limited by
solidification of the metal. |

More specifically, it 1s an object of the present inven-
tion to provide a method and apparatus for determining
fluidity of molten metal as described in the preceding para-
graph, which is characterized by the sudden and abrupt
application of the reduced pressure or partial vacuum to
the tube to effect an extremely rapid movement of the
metal into the tube.

Other objects and features of the invention will be-

come apparent as the description proceeds, especially
when taken in conjunction with the accor
g, illustrating a preferred embodiz
tion, wherein:

FIGURE 1 1s a perspective view of the fluidity tester
with the tube broken away.

FIGURE 2 is an elevational view -of the tube and
coupling partly in section.

The apparatus demg}: ed for determlmng the ﬂuldlty
of molten metal comprises a vacuum tank 10 of cylindri-
cal form having flat end closure plates 12 and 14 which
also constitute a support for the structure. A hand op-
erated vacuum pump 16 is provided having an operating
plunger 18 by means of which the pump may be operated
to evacuate the tank 10. The pump is provided with
an inlet check valve 20 and an outlet check valve 22.
Connected to the inlet check valve is a passage 24 having
a branch passage 26 leading to the interior of the tank
10. A bleed passage 28 is connected to the passage 24
and is provided with a manually controlled bleed valve 30.
A pressure gauge 32 is provided connected to the in-
terior of the tank 19 by a passage 34. Also connected
to the interior of the tank 16 is a passage 36 including
as a portion thereof a resilient tube 38. The tube may
be of rubber or other resilient material having sufficient
resilience to spring to open position as soon as rel

ent of the inven-

cased.
Associated with the tube is a pincher indicated generally
at 40 comprising a bracket 42 having a foot portion 44

panying draw-
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against which the resilient tube 38 rests. Above the re-
silient tube 38 is a pincher element 46 carried at the lower
end of a vertically movable rod 48 surrounded by a com-
pression spring 5¢. The upper portion of the rod 48
passes through an opening in a support block 51 which
i1s welded or otherwise secured to the outer surface of the
plate 12 and carries at its upper end a head 52. Manual-
ly operable means are provided for effecting abrupt appli-
cation of reduced pressure or vacuum and this com-
prises a lever 54 pivoted as indicated at 56 to a supporting
yoke 58 and having a bifurcated end portion 69 engaged
below the head 52 of the rod 48. The lever 54 includes
an elongated handle 62, downward movement of which
moves the pincher element 46 upwardly against the force
of the spring 50. The passage 36 connects to a T 64
and between the T 64 and a T 66 provided in the con-
nection to the pressure gauge 32 there is located a solid
cylindrical body 68. Connected to the T 64 is a tube 70
the outer end of which is threaded as indicated at 72 in
FIGURE 2, and carries a coupling 74 and sealing gasket
76 for supporting the inner end of the testing tube 78
therein.

The tube 78 may be formed of metal or a transparent
heat resistant material such for example as Pyrex. The
outer end of the tube 78 1s curved as indicated at 80
so that its outer end may be disposed downwardly while

- the major portion of its length may be disposed horizontal-
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ly. In order to maintain the apparatus in horizontal
position so as to eliminate or minimize the effects of
gravity on the flow of molten metal, the apparatus may
be provided with a level indicated at 82.

In general terms the fluidity of the molten metal is
determined by the distance which the molten metal flows
into the outer open end of the tube 78 when the end
of the tube is immersed in the liquid and a predeter—
mined constant reduced pressure or partial vacuum is
applied abruptly to the inner end of the tube. | '

A number of different factors determine the distance
which molten metal will flow into the tube before its
flow is arrested by solidification.  In the first place the
essential controlling factor is fluidity of the material,
which in turn is determined by the composition thereof
and by its temperature. In the second place, the degree
of vacuum applied to the tube will control the flow. The
internal diameter of the tube is critical in determining the
distance of flow. Any turbulence of flow as might be
induced by an abrupt bend in the tube would have an
effect on the distance of flow.

In determining the fluidity of any particular material,
a tube 78 is applied by the coupling 74 to the tube 70.
At least for any particular material or class of materials,
the tubes have uniform internal diameters which are ac-
curately controlled as to dimensions.  In general, internal
diameters of between three and ten millimeters will -be
employed and satisfatcory results have been obtained
employing tubing having an internal diameter of five
millimeters and an outside diameter of seven millimeters.

In order to avoid an abrupt change in direction of the
molten metal as it is drawn rapidly into the tube, it is
preferred to provide the arcuately curved end portion
thereof with a curvature having a radius of at least two
inches. Excellent results have been obtained in practice
when the radius of curvature is about four inches. |

The hand pump 16 is capable of evacuating the tank
10 to a vacuum of about 300 millimeters of mercury.
Excellent results have been obtained with the equipment
as so far described when an operatmg vacuum: of about
150 millimeters of mercury is developed and appiled to
the molten metal.

It is desirable to control the conditions under which
the equipment is operated so that the metal will flow
into the tube for a distance of between ten and twenty
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inches. This may be controlled for the particular metal
by a variation in the degree of vacuum applied to the
tank. This obviously may be controlled by first draw-
- ing a vacuum somewhat greater than required and re-
ducing the vacuum by bleeding air into the tank through
the bleed valve 30. It is contemplated that in use the
pressure gauge 32 may have indicia thereon indicating
the suitable operating vacuum to be applied to different
materials such for example as gray iron, white metal,
and the litke. By this means it is possible to ovtain ap-
proximately the same distance of flow intc the tube 78
for widely different materials. |

- In the case of a transparent tube, the distance of flow
will of course be readily apparent and the tubing may
be graduated with suitable indicia. In the event the
tube 1s a metal tube the distance of flow may be meas-
ured by inserting into the inner end of the tube a meas-
uring wire graduated inversely to show distance of flow.
- It 1s of course an essential feature of the inventiion to
provide for abrupt application of vacuum to the fube,
When this 1s done the molten metal flashes into the tube
and its flow is terminated by solidification in an eﬁtremely
short interval, normally a fraction of a second.

The dra_mng and the foregoing specification consti-
tute a description of the improved methed and apparatus
for determining the fluidity of molten metal in such full,
clear, concise and exact terms as to enable any person

skilled in the art to practice the invention, the scope of

which is indicated by the ~appended claims.

- What I claim as my invention is:

1. The method of determining the fluidity of molten
metal which comprises inserting one downturned end of
a tube in the molten metal, maintaining the major portion
of the tube substantially horizontal to eliminate the ef-
fect of gravity on flow, applying a known vacuum to the
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other end of the tube, drawing molten metal into the tube

until flow is stopped by solidification and observing the
distance of flow as a measure of fluidity.

- 2. The method of determining the fluidity of molien
metal which comprises inserting one downturned end of
a translucent fube in the molten metal, maintaining the
major portion of the tube substantially horizontal to
eliminate the effect of gravity on flow, applying 2 known
vacuum to the other end of the tube, drawing molien
metal into the tube until flow is stopped by solidification,
and observing the distance of flow as a measure of
fluidity. - |

3. A fluidity tester for molten metal comprising a tube
having a straight horizontal portion and a down turned
outer end, a source of reduced pressure, a quick-opening
valve for connecting the inner end of said tube to said

source, the outer end of said tube being insertable in the

molten metal to provide for flow of metal into the tube

induced by pressure differential to a point limited by
solidification thereof. |

4. A fluidity tester for molten metal comprising a tube
having a straight horizontal portion and a down turned
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ouier end, the down turned end being curved on a sub-
stantial radius, a source of reduced pressure, a quick-
opening valve for connecting the inner end of said fube
to said source, the outer end of said tube being insertable

- 1n the molten metal to provide for flow of metal mto

the tube induced by pressure differential to a point lim-
ited by solidification thereof.

5. A fluidity tester for molten metal comprising a tube
having a straight horizontal portion and a down turned
outer end, said tube being formed of translucent heat-
resistant material, a source of reduced pressure, a quick-
cpening valve for connecting the inner end of said tube
to said source, the outer end of said tube being in-
sertable in the the upper surface of a quantity of molten
metal directly to provide for flow of metal into the tube
induced by pressure differential to a point limited by
solidification thereof.

6. A fluidity tester comprising a vacuum tank, a pump
connected to said tank, a bleed valve connected to said
fank, a pressure gauge connected to said tank, a tube
having a straight portion adapted to be held in hori-
zontal position during testing and a down turned outer
end portion, a quick-opening valve connecting the inner
end of said tube to said tank, said quick-opening valve
comprising a resilient tube, a pincher for closing said
tube, and means for effecting abrupt release of said
pincher.

7. A fluidity fester for molten metal cnmpnsmg a
thin-walled opaque tube having a straight horizontal por-
tion and a down-turned outer end, a source of reduced
pressure, a quick-opening valve for connecting the Inner
end of said tube to said source, the outer end of said

- tube being insertable into the upper surface of molten

metal to provide for flow of metal directly into the tube
induced by pressure differential to a point limited by
solidification thereof.

8. A fluidity tester for molten metal comprising a single
continuous tube the major portion of which is straight
and horizontal, a relatively short outer end portion of
the tube extending downwardly, the entire downwardly
extending ocuter end portion of the tube being curved sub-
stantially uniformly at a substantial radius to minimize
resistance to flow, a source of reduced pressure, passage
means including a quick opening valve connecting the
inner end of said tube to said source, the end of the down-
wardly extending end portion of said fube being insertable
in molten metal to provide for a flow of metal in the
tube induced by the pressure differential between at-
mospheric pressure and the pressure of said source
to a point limited by solidification of the metal.
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