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The present invention relates to solenoid arrangements.

Many solencid arrangements are known, whi
rangements, have associated with them various dificui-
ties. For example, two of the most prevalent difficuities
experienced with solenoid arrangements are: 20
] (1) the sticking of the core when the clectromagnet
1s energized; and

(2) the random nature of the operation of many of
these solenoid arrangements.

It is therefore an object of this invention to provide a 95
solenoid arangement which avoids the previously men-
tioned disadvantage of sticking of the core whan the
electromagnet is energized.

It is another object of the present inveation to pro-
vide a solenoid arrangemen: which operates censistently 3p
and without difficulty.

It is yet another object of this invention {o provids a
solenoid arrangement which operates efficiently and yet
which is simple to manufacture.

An additional object of this invention is to provide a 35
solenoid arrangement wherein the movable core may
be easily energized by a minimum magnetic field strengih.

With the above objects in view the present invent
mainly consists of a solenoid arrangement comrprising
an elongated tubular magnet coil adapted to be excited 40
by an external current source, a hollow guidance tuie
arranged in the tubular magnet coil coaxially therewish
and adjacent to the inner wall thereof, the hollow guid-
ance tube being formed with an annular recess in the
outer wall thereof so thai in the region of the annular
recess the wall thickness of the hollow guidance tube is
substantially reduced, the annular recess being spaced
from one end of the hollow guidance tube, a magnetiza-
ble cylindrical core member arranged slidably in the
tubular guidance tube with one end of the core mem-
ber located in the region of the annuler recess in the
guidance tube, and the core member extending in di-
rection toward the one end of the guidance tu
spring means permanently tending tc slide the magnetiz
able cylindrical core member outwardly through the ons
end of the hollow guidance tube.

The novel features which are considered as chars
istic for the invention are set forth in particiar
appended claim. The invention itseif, however,
to its construction and its method of cpera
with additional objects and advantages the
best understood frem the following descri
specific embodiments when read in connection
accompanying drawings, in which:

Fig. 1 is a secticnal visw of a solenocid
in an unenergized condition; and

Fig. 2 is a sectional view of the same soclencid
rangement in an energized condition.

Referring now to the drawing, a tubular magns
magnet housing 1 is shown inside which an elec
net coil 2 is arranged. The magnet coil 2 is adapt
to be connmected to an external cuirent sourcs (not
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shown). Within the magnet coil there is arranged a
hollow guidance tube 3, this tube being permanently
fixed to the magnet coil housing 1. Arranged within the
tubular guidance tube 3, is a slidable core 4. A spring
5 permanently urges the magnetizable core 4 into a
rest positicn thereof,

Fig. 1 illnstrates the unbiassed condition of the spring
1 the magnet ceil is not energized.

Tig. 2 on the otker hand shows the energized condi-
ion, wherein with the attraction of the core 4, the spring
5 becomes biassed.

The guidance tube is provided with an annular recess
6 in the region of the end portion of the magnetizable
core ¢ and bounded in axial direction by twe annular
This recess is preferably dimensioned so that

—

The length

the recess is determined by the length of the desired
stroke of the core so that in the positions of Figs. 1
and 2, the end face of the core is located within trans-
verse planes passing through the amnular end faces of
recess &.

Figs. 1 and 2 illustrate the operation of the solenoid
arrangemesn{ in conjunction with a valve 6’. As is clear-
ly shown, the inlet 7 is isolated from the outlet 8 when
the magnet coil 2 is not energized. Fig. 2, on the other
hand, iilusirates the inlet 7 in communication with the
cutlet 8§, whereby a liquid or a gas may readily flow
there between.

It is of course understood that the solenoid arrange-
ment need not be used with the valve arrangement
shown. It may equally well be used for other purposes,
Examples of some other possible applications of this
sclenoid arrangement are:

(1) Arrangements involving the operation of a switch,
such as a reiay switch.

(2) Bell arrangements involving the ringing of a bell,
in which case the cere acts as a hammer or

(3) Any other arrangement requiring
means,

in corder to aveid a transverse magnetic field com-
ponent a non-magnetizable plate 11 is used, which plate
will space the core 4 frem the stop & in the energized
condition of the coil 2. It is of course obvious that the
stop & may be changed in form and need not be placed
as shown, but may be arranged and suitably placed at
the opposite end of the guidance tube so that when the core
4 is moved upon energization of the electromagnet 2, the
flange 9 of the core 4 will buit against the stop. Al-
though a spring has been shown in this arrangement for
returning the core io its rest position when the magnet
ceil is not energilzed, such spring is not absclutely neces-
sary since int soms cases it may bz pessible to return the
core to ifs rest pesiiion by means of its own weight.

The solennid arrangement operates as foliows:

Upon energizing the magnet coil 2, magnetic lines of
force 1 will begin to flow about the path shown in Fig. 1.
The illustrated lines of force in Fig. 1 is intended to in-
dicate the path of the lines of force initially and im-
mediately after the magnet coil 2 is energized. In the
reglon of the annular recess 6 the magnetic lines of force
stray outwardly of the guidance tube 3. The straying of
the magnetic lines of force in this region is due to the an-
nular recess 6 formed in the guidance tube 3 which re-
sults in the saturation of the reduced wall portion by the
magunetic lines of force passing therethrough, and for
this reason all the magnetic lines of force cannot entirely
pass through the reduced wall portion. As a result, part
of the flux path will be formed in the air gap defined by
the recess & and part of the path will include the magnet-
izable core 4 and the gap between the end face of the
core and the inner face of stop 8’. The magnetizable core
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as a consequence becomes magnetized and is attracted
toward the stop 8 which is likewise magnitized. Due
to the plate 11, which is made of a non-magnetizable
member having a high reluctance to the passage of the
magnetic lines of force, the magnetizable core 4 when at-
tracted will be spaced from the stop &’. This spacing
between the core 4 and the stop £ prevents a transverse
component of magnetic field thereby preventing any
sticking of the core.

Fig. 2 illustrates the core in a fully attracted position,
the core 4 being spaced by the non-me i

-

izable plate
11 from the stop &. In order to appreciate the operation
of the solenoid arrangement the magnetic lines of force
have again been illusirated, it becoming apparent that in
the fully attracted position of the core the magnetic lines
of force will take the path of least reluctance, and there-
fore pass almost entirely through the core member.

Due to the efficient operation of this arrangement
greater core movements can be used with a smailer m
netic field than in known arrangements, thus permitting
a reduction in the number of windings necessary for th
magnet coil and also the magnitude of the current source
which is used to excite the coil. The north aad scuth
poles have been marked to indicate the polarity of the
magnetic field, which of course depends on the direction
of current flow. It is to be understood that the mag-
netic lines of force 1@ bound the entire coil structure.
The magnetic lines of force in Figs. 1 and 2 are shown
passing through one section of the arrangement enly in
order to simplify the figures.

Tt will be understood that each of the elements de-
scribed above, or two or more together, may also find &
useful application in other types of solenoid arrangements
differing from the types described above.

While the invention has been illustrated and described
as embodied in a magnetic valve, it is not intended to be
limited to the details shown, since various meodifica-
tions and structural changes may be made without de-
parting in any way from the spirit of the present in-
vention.

Without further analysis, the foregoing will so fully re-
veal the gist of the present invention that others can by
applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics of the generic or specific aspects of this inven-
tion and, therefore, such adaptations should and are in-
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tended to be comprehended within the meaning and
range of equivalence of the following claim.

What is claimed as new and desired to be secured by
Ietiters Patent is:

A solenoid arrangement, comprising, in combination,
an elongated tubular magnet coil adapted to be energized
by an external current source; a magnetizable housing
including an outer tubular part surrounding said coil,
and two inner annular flanges at the ends of said coil,
2 magnetizable hollow guidance tube fixedly mounted in
said tubular magnet coil coaxial therewith and adjacent to
the inner wall thercof and abutting on said inner flanges
so that a closed path for a magnetic flux is formed by
said magnetizable housing and a part of said guidance
tube, said elongated guidance tube having an integral
ciosed end portion whereby a closed recess is formed

said guidance tubs being formed with an annular recess
in the outer wall of said guidance tube so that in the
region of said anmular recess the wall thickness of said
hollow guidance tube is substantially reduced, said an-
nular recess extending in a direction parallel to the axis
of said tube for a distance substantially less than the
length of seid {ube, said annular recess being bounded
by two annniar end faces, one of said end faces being
located substantially in a transverse plane passing through
said transverse inner face; and a magnetizable cylindrical
core arranged slidably in said recess of said guidance
tube, said magnet core having a transverse end face lo-
cated opposite said inner face, said magnet core being
axially movable between two positions and having in both
said vpositions said end face thereof located in trans-
verse planes passing through said annular recess so that
the magnetic flux in the region of reduced wall thickness
of said tube passes through the gap between said end face
and said inner face for moving said core toward said
eud portion when said magnet coil is energized.
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