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[57] ABSTRACT

A valve including rotor means of which position 1s
rotatably fixed within tubular flowpassage means; rotat-
ing magnetic field generating means fixedly positioned
around said rotor means; first screw means which are
rotated coaxially with the rotor means together with
the latter; second screw means which engage the first
screw means and are movable in an axial direction of
the screw without being rotated for itself by the rota-
tion of the first screw means; valve body means con-
nected to the second screw means; and valve seat means
in engagement with the valve body means, whereby the
rotor means are rotated by the action of the rotating
magnetic field generated by the rotating magnetic field
generating means, said rotation causes the second screw
means t0 be moved in an axial direction of the screw,
and said movement is transmitted to the valve body to
adjust a degree of opening and closing of the valve.

11 Claims, 4 Drawing Sheets
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1
VALVE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

FIELD OF THE INVENTION

This invention relates to a valve. More specifically,
the present invention relates to a valve in which a valve
body is operated by a turning force produced by means
of an electromagnetic force, and relates to a valve 1n
which a valve body is not mechanically operated by an
external source via a sliding seal portion provided
therein, such as a gland packing and mechanical seal.

OBJECT OF THE INVENTION

It is an object of this invention to provide a valve in
which little or no structure exists outside the tubular
passage or pipeline or if such structure exists, it is de-
signed as small as possible, and a valve in which a valve
body is powerfully operated utilizing a screw mecha-
nism.

The actuator for a valve requires a considerable space
in a piping system assembly.

In the case where the equipment and piping systems
need to be assembled as compactly as possible, the space
occupied by the actuator for the valve is desired to be
reduced as small as possible.

Not only opening and closing a flow passage, but
also, an accurate flow-rate adjusting function is re-
quired for the valve. This invention well meets this

requirement.

EXPLANATION OF THE INVENTION

The present invention has been achieved as a result of
the earnest studies made by the inventors in order to
achieve the aforesaid object. More specifically, the
present invention provides a valve including rotor
means of which positon is rotatably fixed within tubular
flow passage means; rotating magnetic field generating
means fixedly positioned around said rotor means; first
screw means which are rotated coaxially with the rotor
means together with the latter; second screw means
which engage the first screw means and are movable in
axial direction of the screw without being rotated itself
by the rotation of the first screw means; valve body
means connected to the second screw means; and valve
seat means for engagement with the valve body means,
whereby the rotor means are rotated by the action of
the rotating magnetic field generated by the rotating
magnetic field generating means, said rotation causes
the second screw means to be moved in an axial direc-
tion of the screw, and said movement is transmitted to
the valve body to adjust the degree of opening and
closing of the valve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 6 respectively show a longitudinal sec-
tional view of embodiments of valves according to this
invention; and FI1G. 7 is a schematic view for explaining
one example of an electric motor 13 shown in FIG. 6. In
these figures, the arrows indicated by the bold lines
show the flow direction of the fluid.

The tubular flow passage of the valve according to
the present invention may have an outside diameter
which is the same as that of the tubular passage to be
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connected as if the external appearance thereof 1s a part
of the tubular passage of a piping system, or it has an
outside diameter slightly larger than that of the tubular
passage, or is freely selected to be smaller than the
outside diameter or slightly larger than that of the tubu-
lar passage.

One or more rotors or electric motors by which the
valve body is actuated to control the degree of opening
of the valve are installed in the tubular flow passage. If
a plurality of such rotors or motors are provided, they
are normally coaxially provided.

The rotor is located in the tubular flow passage re-
sulting in that the rotor itself obstructs the flow of fluid.
In order to minimize the aforesaid obstruction, the rotor
is provided with fluid-passing portions as large as possi-
ble and as many as possible to allow the fluid to pass
through.

Likewise, also in the case where the motor 1s fixed in
the tubular flow passage, it is naturally necessary to
make larger the cross-sectional projected area through
which the fluid passes, by selecting a motor which al-
lows to make smaller the cross sectional projected area
of both of the motor and a fixing element to fix the
motor in the tubular flow passage which area obstructs
the flow of the fluid.

Considering the cases in which the rotor is rotating
and is at rest, the fluid passing portion provided in the
rotor, i.e. a cutout hole or the like which allows the
fluid to pass through it, may be normally designed so as
to allow the fluid to pass through the portion in the
same direction as the fluid flow through the tubular
passage of the valve, or it may be designed so as to
allow the fluid to pass through the portion in a direction

s inclined with respect to the the direction of the flmd
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flow through the tubular passage of the valve as re-
quired.

The shape of the cross-sectional area of the fluid
passing portion is naturally selected taking into consid-
eration the mechanical strength of the rotor.

In the gap between the outer periphery of the rotor
and the inner wall surface of the tubular flow passage, a
longitudinal slot portion may be provided on the outer
periphery of the rotor or on the inner wall surface of the
tubular flow passage to reduce the flow resistance of the
fluid at a portion where the rotor is installed. This
means for reducing the flow resistance may be used also
for the aforesaid fluid passing portion.

Rotors of any desired number, of such as one or
more, are secured to one and the same rotational shaft,
and likewise, for the motor, the desired number of ro-
tors and stators are juxtaposed, to produce the turning
force as required.

A combination of a rotor and rotating magnetic field
generating means or an electric motor, both of which
constitute a pulse motor, or A.C. servo motor consti-
tutes a preferred valve body driving power source.

A combination of a rotor and a rotating magnetic
field generating means, and an electric motor may be
hereinafter collectively called “‘a motor assembly in the
present invention”.

A rotational shaft of a rotor or a motor may have a
mechanical or electric brake system attached thereto to
stop the rotation thereof as needed.

A rotational shaft of a rotor or a motor and a valve
function composed of a valve body and a valve seat may
be positioned in the center of the tubular flow-passage
or may be positioned eccentrically.
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Where a rotor is used for a large-size valve, the angle
of a rotational shaft having the first screw means with
respect to the direction of flow of the fluid is selected
according to the position of the rotating magnetic field
generating source or rotating magnetic field generating
means for driving the rotor, and to the direction chang-
ing mechanism adopted for the fluid. Similarly, the
direction of the rotational shaft having first screw
means of the motor can be inclined at a suitable angle
with respect to the direction of flow of the fluid.

The rotor or motor may be positioned at the up-
stream, downstream or both sides with respect to a
valve body and a valve seat of a valve according to this
invention.

In the case where the rotor or motor is positioned at
both sides, the upstream and downstream rotors or the
like work together to actuate the valve body.

To locate the rotor in the tubular flow passage of the
fluid, more than one fixing element for the rotor hearing
means are provided on the inner wall of the tubular
flow passage. These may be roller bearings or shding
bearings.

On the other hand, as another rotor bearing means, in
the case where the tubular flow passage is small in diam-
eter or where as desired, more than one bearing track
for bearing the outer periphery of the rotor to allow the
rotor to rotate are provided on the inner wall surface of
the tubular flow passage. For the contact between the
outer periphery of the rotor and the bearing track, the
roller bearing may be employed; and where the surface
of the bearing track or the like is covered with a high
polymer material which can have a surface having a
low coefficient of friction, or where the fluid passing
through the valve has a lubricating ability, the sliding
bearing by which the surface of the outer peniphery and

the surface of the bearing track slide on each other may

be employed.

A desired number of rotating magnetic field generat-
ing sources for driving the rotor are provided within
the tubular flow passage, on the inner wall surface, in
the wall constituting the tubular flow passage or on the
outer surface of said wall.

The magnetic field generating source is covered so as
to have the required resistances such as corrosion resis-
tance, heat resistance, erosion resistance, wear resis-
tance, etc. It may be fixed within the tubular flow pas-
sage or on the inner wall surface or may be embedded
into the wall; further, the source may be provided exter-
nally of or within the wall of the tubular flow passage
with a magnetic field generating capacity enough to
impart the required turning force to the rotor.

The provision of the rotational magnetic field pro-
ducing means externilly of the wall of the flow passage
or into the wall is preferable in that there is no need of
taking the corrosion, erosion, or wear of said means
caused by the fluid into consideration. The former is
preferable as being simple in construction.

Where the magnetic field generating means is embed-
ded into the wall of the tubular flow passage or pro-
vided externally of the wall of the tubular flow passage,
a cooling function element may be attached thereto as
needed.

Partitioning wall material used to form a pipeline or a
tubular flow passage is suitably selected among nor-
mally used metal materials, non-metal matenals, that is,
high polymer material, ceramics material and the like.

Where the rotating magnetic field generating device
is provided externally of the tubular passage partition-
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ing wall or in the same, that is, where the tubular flow
passage wall is interposed between the magnetic field
generating source for actuating the valve and the rotor,
material for the partitioning wall to form a tubular flow
passage is desirably a material having a magnetic per-
meability as large as possible.

The position of the magnetic field generating source
is determined according to the direction of the rotation
axis of the rotor positioned in the tubular flow passage.

One or more valve bodies are coupled through shd-
ing screws, ball screws or the like to the rotor itself, the
rotational shaft of the same, the rotational shaft of the
motor or the rotational shaft mechanically coupled to
the rotational shaft of the rotor.

The valve body is rectilinearly displaced by the rota-
tion of the rotor itself or the rotational shaft of the rotor
or the like through the sliding screw or ball screw, or
actuated by the forward and backward moving shaft of
a transmission mechanism connected to the rotor.

In the case where the torque of the rotor or motor 1s
small, or where the displacement of the valve body with
respect to the degree of rotation of the rotor or motor is
reduced to enhance the ability for fine adjustment of
flow rate, the transmission mechanism with various
gears and other turning force transmission mechanical
elements is coupled to the rotational shaft of the rotor
or motor so that the rotational shaft or the forward and
backward moving shaft for driving the valve body may
be actuated. On the other hand, the motor assembly in
the present invention may be constituted by a step mo-
tor.

The valve of the present invention may be any of
normal globe valve, needle valve, sluice valve, cage
valve, etc.

One or more valve seats which engage with the valve
body or allow the valve body to fit in to constitute a
valve are provided in the tubular flow passage.

The valve seat is provided in the tubular flow passage
of the fluid or at the end of the tubular flowpassage
according to the feature of the action of the valve body.

According to the present invention, the valve body
may be disposed in such a manner that, to open the
valve, the valve body is disengaged from the valve seat
located at one end or both ends of the tubular flowpas-
sage of the valve and shifted outwardly of the tubular
flow passage of the valve.

The axis common to a valve and its valve seat may
not be on a same straight line which is the axis of rota-
tion shaft of the motor or the like, and the plane of the
valve seat opening may not be perpendicular to the flow
direction of the fluid through the tubular passage of the
valve of the present invention, because the valve body
can be moved forward or backward by transmitting the
rotation of the rotating shaft of the rotor or motor,
through a universal joint, flexible shaft, or transmission
mechanism utilized between the rotating shaft and the
valve body, to a valve body side end rotating rod with
external thread which engage with bore of the valve
body having sliding screw or ball screw of internal
thread or with worm wheel connected to the valve
body.

In order to adapt the flow characteristics (degree of
valve opening vs. flow rate) of the valve related to the
size, shape or others of the valve body and the valve
seat to the desired flow regulation characteristics of a
flow passage system in which the valve 1s used, the
number of poles of the magnetic field generating source,
and mechanical and geometrical structural shape of the
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same may be varied. The position and magnitude of
voltage and current applied to each of the magnetic
field producing sources may be varied corresponding to
the waveform and frequency of voltage and current
applied and to the geometrical position of each mag-
netic field generating source whereby the rotational
speed and turning force of the rotor or the like may be
varied.

To control the operating condition of the valve body
as required, the voltage and current applied to the mag-
netic field generating source may be any of the pulse
voltage and current, AC and DC.

The rotor means rotated by the rotating magnetic
field generated by the rotating magnetic field generat-
ing means may be of a magnetic material represented by
pieces of iron or magnets, or a conductive material such
as metal which internally generates an eddy current by
means of an external magnetic field. The type which
encases a conductive member such as a metal member
constituting a coil to which voltage and current are not
applied may be employed. .

For detection of the rotational speed and the number
of rotations of the rotor to detect the position of the
valve body, a pick-up coil, a photo-electric switch, Hall
element, Hall integrated circuit, magnetic reluctance
element, Wiegant effective element, or magnetic tran-
sistor may be used. To detect the position itself of the
valve body including the case when the valve 1s totally
opened and totally closed, differential transformer, re-
solver, encoder, limit switch, reed switch, piezo-electric
switch, photo-electric switch, torque switch or the like
may be used.

The rotor or motor of the valve according to the
present invention may be secured to the desired position
in the tubular flowpassage for operation, and the dis-
tance from the valve body and the valve seat is selected
as required. A flexible rotational shaft and its bearing
means may be used to transmit a turning force of the
rotationa! shaft of the rotor or the like to allow the
presence of a bend of a flowpassage as far as the valve
body and the valve seat.

Where plural sets of valve bodies and valve seats are
provided in one valve of this invention, a branch dis-
charging opening may be provided in a flowpassage
between each set of valve body and valve seat so that a
multi-direction (more than three directions) valve may
be formed.

To allow the valve of this invention to possess the
check valve function, a valve body and a valve seat for
the check valve may be provided at a suitable position
in the valve.

While normally the tubular flowpassage in the pres-
ent invention for the fluid has a circular cross section, it
is to be noted in the valve of this invention that as
needed, the tubular flowpassage for the fluid may not be
circular, but may be oval, triangle, square, or in other
polygon form in cross section, particularly when the
rotating magnetic field generating means is disposed in
the space within the tubular flowpassage.

A hollow annular body encasing a fluid therein may
be provided on the valve seat and fluid pressure within
the annulr body being detected and controlled to make
smooth the access and contact of the valve body to the
valve seat when the valve is closed to enhance the seal-
ing properties after the contact.

A labyrinth function portion may be provided on
either or both of the valve body and valve seat for the
purpose of enhancing the tightness of the seal, etc.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1 to 6 respectively show schematic longitudi-
nal sectional views of embodiments of valve valve ac-
cording to the present invention.

FI1G. 1 shows a first embodiment in which this inven-
tion is applied to a needle valve.

A group of coils 2 for generating a rotating magnetic
field are disposed so as to surround a portion of the
outside of a valve housing 1 of having a tubular flow
passage of circular cross section.

A rotor 4 is supported and positioned by means of
two fixing elements 3 within the tubular flowpassage
and it is rotated according to the direction, voltage,
frequency and waveform of current supplied to the
group of coils 2, for adjustment of the opening degree of
the needle valve. The external thread portion 6 posi-
tioned on one end of a shaft § of the rotor 4 provides
first screw means which is engaged with the internal
thread portion 8 of a valve body 7 to constitute a shiding
second screw thread means of the valve.

On rotation of the rotor 4 the sliding screw thread
portion 8 functions together with a guide plate 9 which
is secured to the housing 1 in order to allow the valve
body 7 to move linearly while preventing rotation of
the valve body 7, to make the valve body 7 engage or
disengage from a valve seat 10.

FIG. 2 shows a second example of a needle valve
which is operated when the rotor 4 is rotated with rotor
being supported by bearing balls which roll on a bearing
track portion 11 of the inner surface of the housing 1,
without being supported by the fixing elements 3. FIG.
3 shows a valve of the type in which the valve is
mounted on a dam wall or the like and is suitable for use
as a water discharging valve, wherein a valve seat 10 is
located at the end of a tubular flowpassage, and when
the valve is open, the valve body 7 extends outwardly
of the tubular flowpassage of the valve. FIG. 4 shows a
third example of a needle valve in which an internally
threaded rotor 4 is threadedly engaged with an actuat-
ing or propelling shaft of a valve body 7 which shaft is
externally threaded.

FIG. 5 shows an example of a sluice valve comprising
two valve seats 10, and a valve body 7 having two
function portions. Also in the FIGS. 4 and 5 examples,
the rotation of the valve body 7 is prevented by suitable
means similarly to FIG. 1 and the like.

FIGS. 6 and 7 show a fourth example of a needle
valve of the type in which a set of a group of coils 2 and
a rotor 4 is provided as one unit of an electric motor 13
within a tubular flowpassage. A passage 12 bored
through a fixing element 303 of the motor may be used
both for electric wiring and for introducing and dis-
charging a cooling medium for the motor.

This motor 13 may house therein the construction
illustrated with FIG. 1, for example, as will be under-
stood from FIG. 7, thereby eliminating the provision of
a sliding sealing portion.

An annular space 202 which houses therein a group
of coils 2 for producing a rotating magnetic field 1s
communicated with the exterior of a wall 1 through a
passage 12 while a space within a cylindncal casing 101
is communicated with a flowpassage inside the wall 1
but not communicated with the exterior of the wall 1.

A stator 200 makes the space 202 to be closed against

the flud.
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The example illustrated in FIG. 6 is an example in
which a rotating magnetic field generating source is
disposed in a space within the tubular flowpassage.

What 1s claimed is:

1. A valve comprising:

a valve housing having an interior surface defining an
elongated tubular flowpassage and a valve seat in
said flowpassage;

rotor means disposed 1n said flowpassage, bearing

track means provided on said intenior surface of 10

said valve housing, said bearing track means sup-
porting said rotor means for rotation in said flow
passage and fixing said rotor means against length-
wise movement in said flowpassage; magnetic field
generating means fixedly positioned around said
rotor means and capable of generating a rotating
magnetic field for rotating said rotor means; first
screw means coaxial with and connected to said
rotor means so that said rotor means and said first

screw means rotate together; valve body means 20

movable longitudinally in said flowpassage for
selectively sealingly engaging said valve seat, said
valve body means being held against rotation in
said flowpassage, and second screw means con-
nected to said valve body means and threadedly
engaging said first screw means whereby rotation
of said rotor is effective to move said valve body
means linearly toward or away from said valve seat
to adjust the degree of opening or closing of the
valve.

2. A valve according to claim 1, wherein said rotor
means has a coaxial shaft and said first screw means is an
external thread on said shaft, and said second screw
means iIs an internal thread on said valve body means.

3. A valve according to claim 1, wherein said mag-
netic field generating means is provided on the outer
surface of said valve housing.

4. A valve according to claim 1, wherein said first
screw means are internal threads on said rotor means
and said second screw means are external threads on a
shaft connected to said valve body means.

3. A valve comprising:

a valve housing having an interior surface defining an
elongated tubular flowpassage and a valve seat in said
flow passage defining aperture means in fluid flow
communication with said flowpassage;

rotor means disposed in said flowpassage, bearing track
means provided on said interior surface of said valve
housing, said bearing track means supporting said
rotor means for rotation in said flowpassage and fix-
ing said rotor means against lengthwise movement in
said flowpassage; magnetic field generating means
Sfixedly positioned around said rotor means and capa-
ble of generating a rotating magnetic field for rotating
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said rotor means, first threaded means coaxial with
and connected to said rotor means so that said rotor
means and said first threaded means rotate together;
valve body means movable longitudinally in said flow-
passage for selectively adjusting the degree of opening
and closing of said aperture means, said valve body
means being held against rotation in said flowpassage;
and second threaded means connected to said valve
body means and drivingly coupled to said first
threaded means whereby rotation of said rotor means
Is effective to move said valve body means linearly to
adjust the degree of opening or closing of the valve.

6. A valve according to claim 5, wherein said rotor means
has a coaxial shaft and said first threaded means is an
external thread on said shaft, and said second threaded
means is an internal thread on said valve body means.

7. A valve according to claim 5, wherein said first
threaded means comprise an internal thread on said rotor
means and said second threaded means comprise an exter-
nal thread on a shaft connected to said valve body means.

8. A magnetically actuated valve comprising:

a valve housing having an interior surface defining an
elongated flowpassage and having valve seat means
defining aperture means in fluid flow communication
with said flow passage;

valve body means linearly movable within said flow
passage for selectively opening and closing said aper-
ture means and adjusting the degree of opening or
closing of said aperture means;

a magnetically operable rotor in said flowpassage,

bearing track means on said interior surface of said valve
housing and supporting said rotor for rotation and
holding said rotor against lengthwise movement in
said valve housing;

magnetic field generating means located around said
rotor for inducing rotation of said rotor; and

a screw and nut arrangemen! disposed in said flow pas-
sage for converting rotational motion of said rotor into
linear movement of said valve body means.

9. A valve according to clatm 8, wherein said rotor has a
coaxial shaft having external thread means thereon defin-
ing said screw of said screw and nut arrangement, said
valve body means having internal thread means defining
said nut of said screw and nut arrangement.

10. A valve according to claim 8, wherein said magnetic
field generating means is located outside said valve hous-
Ing.

11. A valve according to claim 8, wherein said rotor has
internal thread means defining said nut of said screw and
nut arrangement, said valve body means having a coaxial
shaft having external thread means thereon defining said

screw of said screw and nut arrangement.
$ ’ * . L
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