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ABSTRACT OF THE DISCLOSURE

A non-impact solencid in which the path of the planger
is extended beyond the coil end by means of a hollow
magnetic cap which terminates one end of the non-mag-
netic plunger guide. When the coil is energized, the
plunger attains a magnetic “null” position without impact-
ing the end cap. This null position is attained by balance
of the magnetic forces interconnecting the plunger with
the end cap and a substantially large washer of magaetic
material positioned encircling the open ead of the plunger
guide,

et A et

The invention relates to electromagnetic actuaters and
especially to those equipped for enmergization from an
alternating current source.

Electromagnetic actuators adapted for energization
from alternating current sources, in general, comprise an
energizing electromagnetic coil mounted encircling a
sleeve or tube of non-magnetic material in which a plunger
is slidably disposed for guided movement along the coil
axis. The plunger is usually biased by a spring toward
a normally unactuated position. A magnetic circuit path
is provided for the flux generated by the coil by a mag-
netic frame upon which the ceil is mounted. The path is
such as to cause the flux to magnetically couple the
plunger, under conditions where the coil is energized, o
actuate the plunger against its spring bias along the coil
axis. The magunetic frame includes a pole piece terminating
one end of the guide sleeve of the plunger. The pole piece
acts as an end stop which the plunger strikes when it is
actuated. To prevent “drop-out” of the plunger and also
“chatter” of the plunger against the pole piece during
variations of the flux (due to the inherent cycling of the
alternating current source) a shading ring is provided en-
circling the depending pole piece within the guide sleeve.
This shading ring acts as a “shorted” turn in which in-
diced current flow creates sufficient fiux to maintain the
plunger in its actuated position. ageinst the pole piece
preventing “drop-out” and “chatter.” Such actuators, be-
cause of the necessity that the plunger strike the pole piece,
are noisy.

In certain applications of electromagnetic actuators it is
desirable that their operation be compietely noiseless. In
other applications, although some operating noise may be
tolerated, what may be termed “quiet” operation is de-
sirable.

It is, therefore, an object of the invention to provide an
electromagnetic actuator adapted for energization from an
alternating current source, which actuator is readily adapt-
able to various applications, and yet is of simple construc-
tion, reliable in operation, and may be economically
manufactured and maintained.

It is another object to provide such an electromagnetic
actuator which is noiseless.

It is yet another object to provide such an electromag-
netic actuator which, while not completely noiseless, is of
substantially quiet operation being free of the noise due
to impact of the plunger against a stop and of “hum”
type noise. .

Still another object is to provide such an actuator which
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may be readily and simply assembled and disassembled
into any one of three desired constructions, that is, the
completely noiseless, the quiet, or the impact type actuator.

The invention involves providing for noiseless opera-
tion an electromagnetic actuator with two rectifiers con-
nected in the circuit of its energizing coil, one to. provide
half-wave rectified direct current for energizing the coil,
and the other connected directly across the coil to pro-
vide a current path which tends to maintain the flux field
generated by the coil during variations of the applied
current. The plunger and magnetic circuit are constructed
such that the plunger is actuated to a “null” position
where the net magretic forces acting upon it balance the
biasing force of its spring to maintain the plunger in such
position so long as the coil remains energized. The plunger
is brought and maintained in this actuated position with-
out impact against a stop, and maintained there without
noise which may be termed “hum.” One end of the plung-
er is stepped or necked down slightly to conform to the
configuration of a magnetic ead cap closing one end of
the guide sleeve in which the plunger is disposed to pro-
vide a fixed air pap between the plunger and the magnetic
end cap, when the plunger is in its actuated position. This
fixed air gap prevents the plunger being maintained
actuated after its energizing coil is disconnected from
the alternating current source. .

To provide a “quiet” operating actuator, the fore-
going described actuator is modified by omitting the
rectifier shunting the coil and substituting therefor a rela-
tively large shading ring of copper, encircling the end
cap terminating the guide sleeve. The shading ring acts
as a shorted turn and is of sufficient mass that currents
induced therein by the collapse of the generated flux field
produce sufficient flux during the blocked half-cycle of
the applied power to maintain the plunger magnetically
coupled in its “null” position and minimizing A.C. “hum.”
This construction requires no impact of the plunger against
a stop and maintains the plunger in an actuated position
by balancing the magnetic forces acting 6n the plunger
against the force of the biasing spring.

To provide the impact type actuator, the first described
actuator is modified by removing both rectifiers from the
coil circuit and by providing a pole piece and encircling
shading ring of copper within the guide sleeve at the
capped end, against which pole piece the plunger strikes
and is maintained by the shading ring.

Featurcs and advantages of the invention may be seen
from the above, from the following descriptions of the
preferred embodiments when considered in conjunction
with the drawing in which, like numeral designations refer
to like parts in different figures, and from the appended
claims.

In the preferred embodiment, the electromagnetic
actuator will be shown as operating a valve for controlling
the flow of a fluid through a portal, it being understood
nevertheless, that the invention is not so limited, and the
actuator may be used in other similar arrangements
requiring solenoid type actuation.

In the drawing:

FIGURE 1 is a simplified diagrammatic cross-sectional
view, in front elevation, of an electromagnetically actuated
valve, embodying the invention and showing the electro-
magnetic actuator assembled for “noiseless” operation;

FIGURE 2 is a top view on a smaller scale of the elec-
tromagnetically actuated valve of FIG. 1;

FIGURE 3 is a simplified schematic diagram of the
electrical circuit of the electromagnetic actuator of FIG. 1;

FIGURE 4 is a fragmentary, cross-sectional view of
the upper portion of an electromagnetic actuator similar
to that of FIG. 1 but modified for “quiet” operation; and
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FIGURE 5 is a fragmentary, cross-sectional visw simi-
lar to that of FIG. 4, showing the elcctromognetic actu-
ator of FIG. 1 modificd for operation as an impact type.

Referring to FIGS. 1, 2, and 3, in general, the elcctio-
magnetic actuator 18 of the valve comprises an energiz-
ing coil assembly, generaily designated 32, a cylindrical
plunger 14 of magnetic material slidably disposed for
longitudinal movement in a guide tube 16 of non-magaetic
matcrial, and a magnetic frame assembly, generally desig-
nated 18, housing coil assembly 32 and tube 16.

The lower end of plunger 34 is provided with a necked
down vortion 29 to which the upper porticn of a valve
head 22 is attached by means of pin 24 extending through
pin receiving apertures coaxially aligned in plunger por-
tion 26 and valve head 22. Pin 24 is held in place by a
retainer ring 26 disposed in peripheral groove 28 formed
in valve head 22.

Valve head 22 is provided at its lower end with a cir-
cular disc-like portion 38. A resilient valve member 32,
such as rubber, is bonded to the bottem surface of valve
head portion 3§ for seating engagement with an annular
scat 36 interconnecting inlet fluid passageway 38 to out-
let passageway 49 defined in valve body 42 to control
fluid flow therethrough.

A conical compression spring 46 encircles the lower
portion of plunger 14 with ope end against the upper
surface of valve head 22 and with its other end under
compression against the inside surface 5¢ of an iaverted
cup-like portion 52 of magnetic frame assembly 18.
Spring 46 biases plunger 14 in the position shown in solid
outline in FIG. 1, biasing valve head portion 32 againsi
valve seat 3¢ closing the portal between fluid passageways
38 and 46.

Coil assembly 12 includes a coil 69 wound on a spool
62 and two rectifiers 64, 66 intercounected in the coil
energizing circuit as shown in FIG. 3. Coil 62 may be
energized from any suitable alternating current socurce
over input leads €8, 76 of the coil circuit. Rectifier 64
is connected bztween innut lead 68 and one end of coil
60 to provide half-wave rectification of the applied alter-
nating current voltage. The sccond rectifier 66 directly
shunts coil 6@ with its cathode connected to the junction
of the cathode of rectifier ¢4 with the end of coil 64.
Rectifier 66 tends to oppose the decay of the fiux field of
coil 69, under conditions where the coil is de-energized
on the alternate half-cycles of the applied current which
are blocked by rectifier 4. Rectificrs 64 and 66 are taped
onto spool 62 (FIG. 1) with ceil 6¢; input leads &8, 70
passing through an eyelet 74 provided in frame asscmbly
18 for connection to an energizing source.

Inverted cup portion 52 of magaetic frame assembly
18 supports a circular washer 78 of magnetic material
which is atiached thereto, as for example, by means of
welding. Guide tube 16 extends through aligned holes
defined centrally in member 52 and washer 78, and is
provided at its bottom with a turned out rim 164 nesting
within cup member 52 and aitached thereto. A cap 85
of magnetic material is secured to the upper end of
non-magnetic tube I5 by any convenient manaer such
as by brazing. Cap 88 is bored out, extending the guide
tube for plunger 14 beyond the upper end of coil spool
62 and terminating it.

A cover 82 of magnetic material and hollow cylin-
drical shape closed at the upper end forms part of mag-
netic frame assembly 18, Cover 82 is of relatively thin
walled construction and has defined in its top wall a
centrally located hois through which a portion &%a of
cap 88 protrudes, when the cover is placed over coil
assembly 12. The bottom of cover 82 is formed into an
outwardly extending flange 82a which rests over a similar
flange 5Za of cup member 52. The upper portion &83a of
cap 89 is provided with external threads for cooperation
with a nut 84 to secure cover 82 in place. Cap 89, cover
82, cup member 52, and washer 78 together comprise
magnetic field assembly 18 of electromaguetic actuator
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18, providing a predetermined magnetic circuit path. for
the flux ficld generatsd by current flow threugh coil 69.

With actuator 18 assembled and valve head 22 attached
to plunger 4, as shown in FIG. 1, actustor 1% is bolted
to valve body 42 by means of fasteners 26 threaded into
the valve body; fasteners 99 extending through aligned
holes in flanges 52a and 82a. Spring 4% biases valve head
22 into seating engagement with seat 3%, preventing finid
fiow through the valve.

It may be noted that the lower inner surface of cap
&5 is reamed out for a short distance at 8§ fo reccive
the upper end of non-magnetic tube 16 and provides a
smooth tubunlar guide surface for plunger 14 into cap
89 at the junction of the tube and cap. Plunger 14 is
of length calculated to extend only a certain distance into
magnctic cap 89 under conditions where coil 69 is ener-
gized. This actuated position of plunger 34 is indicated
by the broken-line outline in FIG. 1 of the upper portion
i4a of plunger 14 and a part of valve head 22 shown
lifted off of valve seat 38. The botiom of plunger %4
in such actuated condition is raised to substantially the
level of washer 78. The upper porticn 14a of plunger
14 is necked down or stepped to provide a fixed air gap
radially bztween plunger 214 and cap 88. This prevents
the occurrence of sufficient residual magnetic attraction
between plunger 14 and cap 80 as to interfere appreciably
with the return of the plunger fo unactuated condition,
after coil 60 is de-energized, thereby avoiding what may
be termed “magnetic hang-up” of the plunger.

If desired, a pertion of plunger 14 may be necked down
{not shown) intermediate its ends to minimize its weight.
However, the two end portions of plunger 14 must closely
follow the interior wall surface of the guide tube for
proper guiding and magnetic coupling of the plunger.

Assume that ceil &0 is energized through rectifier 64
from an alternating current source connected to leads 68,
78. The flux field generated by current flow through coil 66
each unblocked half-cycle of the applied current is chan-
neled by magnetic frame assembly 18 to magnetically
couple plunger 14, actuating it towards its “open valve”
position, shown in broken-line outline in FIG. 1. This lifts
valve head 22 off seat 38, permiiting fluid flow between
inlet and outlet passegeways 38, £8. Magnetic flux flows
through the magnetic path provided by washer 78, cup
member 52, cylindrical cover 82, cap 89, across the air
gap between cap 88 and the upper end 14a of plunger 14,
through plunger 14, and from the bottom end of the
plunger across the air gap to washer 78. This magnetic
coupling urges plunger 14 upward to a position where the
net resultant of the magnetic forces urging plunger 34 up-
ward are balanced by the forces of spring 46 biasing the
plunger downward. Plunger 14 comes to a stop at some
distance from the closed end of cap 82, as shown in

roken-line outline. This balanced position is due to the
sclection of the plunger length in relation to the position
of cap 89 and washer 78. The length is such that the mag-
netic forces coupling the bottom and top portions of
plunger 14 to the magnetic frame assembly 18 are sub-
stantially balanced when plunger 14 spans the distance
between cap 80 and washer 78; spring 46 being selected
with a spring force merely sufficient to return plunger 14
to unactuated position. Plunger 14 is, thus, magnetically
balanced in actuated position at some distance from the
closed end of its guide tube. This prevents plunger 24 from
striking the closed end cap 89, providing actuation of
valve 22 without “impact” noise.

Rectifier 66 opposes decay of the flux field of coil 69
during blocked half-cycles of the applied current by pro-
viding a current path shunting the coil for current induced
in coil 68 by its collapsing flux field. The magnetic forces
coupling plunger 8 are, thus, maintained sufficiently dur-
ing “blocked” half-cycles to maintain plunger 14 in actu-
ated position and to effectively eliminate noise due to A.C.
“hum.”

As was previously stated, the upper end i4a of plunger
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14 is stepped or necked down to provide a fixed air gap
between end cap 80 and the plunger end. This fixed air gap
prevents magnetic “hang-up” of plunger 14, when coil 60
is disconnected from its energizing alternating current
source.

For applications where some noise may be tolerated
but “quiet” operation is desired, the electromagnetic actua-
tor and valve of FIG. 1 may be modified, as shown in
FIG. 4 and as follows: The shunting rectifier 66 is omitted
from coil assembly 12, only rectifier 64 being provided
in the coil circuit. With only this modification, it was dis-
covered experimentally that although plunger 14 is actu-
ated in guide tube 16 toward a magnetically balanced or
“null” position without impact against the closed end of
cap 89, variations inherent in the half-wave rectified cur-
rent fed to coil 60 by rectifier 64 tended to oscillate the
plunger, producing cbjectionable A.C. noise or “hum.”
A washer or shading ring 92 of electrically conductive
material, such as copper, and of relatively substantial mass
relative to the size of plunger 14 and coil €0 was provided
on top of coil 60 encircling cap 8J. Copper washer 92
selected in one tested embodiment of a diameter substan-
tially twice that of plunger 14 and of a thickness approxi-
mately one-half the radius of plunger 14. Washer 92 need
not be circular but may be rectangular. All that is required
is that it act as a “shorted turn” providing a shorted cur-
rent path in which enough current flow is induced by the
collapsing of the flux field of coil 60 during blocked half-
cycles of the applied current to provide sufficient flux mag-
netically coupling the upper end 14a of plunger 14 to cap
80 to maintain plunger 14 in its actuated position and
minimize A.C. “hum.”

If desired, a plunger biasing spring 94 may be disposed
in the upper end of the guide tube formed by non-magnetic
tube 16 and cap 80, and the conical spring 46, shown in
the embodiment of FIG. 1, discarded.

In operation the modified arrangement of FIG. 4 oper-
ates similar to that described for the embodiment of FIG.
1; rectifier 64 again acting to rectify the applied alternat-
ing current to half-wave direct current. Under such condi-
tions, shading ring or washer 92 functions as a shorted
turn providing sufficient flux during blocked half-cycles
of the applied power to maintain plunger 14 in its actuated
position against oscillation, thereby eliminating the objec-
tionable “hum.” This provides “quiet” operation of
electromagnetic actuator 16.

For modification of the electromagnetic actuator 18 of
FIG. 1 to operation which is neither noiseless nor quiet,
a pole assembly 926 (FIG. 5) may be pressed into the inside
of cap 89 and both rectifiers 64 and 66 omitted from the
coil assembly. Assembly 98 comprises a pole piece 98 of
magnetic material dimensioned to engage the upper end
surface of plunger 14 when the plunger is actuated to its
uppermost position shown in broken-line outline. Encir-
cling pole piece 98 is a small shading ring 168, preferably
of copper, in the form of a copper washer. Ring 189 func-
tions as a shorted turn to provide sufficient flux during
fluctuations of the magnetic flux field of coil 66 to main-
tain plunger 14 in its fully actuated position against the
end surface of depending pole piece 98. Ring 189 and pole
piece 98 are press-fit into an annular retainer 102, which
in turn is press-fit into cap 86. In this embodiment the
upper portion of plunger 14 is preferably of spherical
shape. This construction provides a conventional electro-
magnetic actuator in which coil 60 is energized directly
from an alternating current source, causing actuation of
plunger 14 upward against pole piece 98 with impact noise.

In summary, it can be seen that the subject electro-
magnetic actuators can be readily and economically manu-
factured from interchangeable parts which provide for
ease of assembly and disassembly of actuators for various
applications, requiring either noiseless actuators, quiet
ones, or where noise is not a factor.

As changes can be made in the above described con-
struction and many apparently different embodiments of
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this invention can be made without departing from the
scope thereof, it is intended that all matter contained in
the above description or shown om the accompanying
drawing be interpreted as illustrated only and not in a
limiting sense.

What is claimed:

1. An electromagnetic actuator energizable from an al-
ternating current source, comprising a plunger of mag-
netic material, a hollow tube of non-magnetic material
for slidably receiving said plunger and guiding its move-
ment along the longitudinal axis of said tube, an energiz-
ing coil encircling said tube, and a magnetic frame assem-
bly providing a predetermined magnetic path for flux gen-
erated by said coil, said assembly inciuding a first mem-

; ber of magnetic material substantially circumventing said

tube adjacent one end thereof, a cap of magnetic material
closing the other end of said tube, said cap being of hol-
low cylindrical shape open at one end to extend the tubu-
lar guide for said plunger a predetermined distance be-
yvond the adjacent end of said coil, and a second mem-
ber of magnetic material interconnecting said circumvent-
ing member and said cap member to provide a magnetic
flux path from said one tube end to said other, the mag-
netic circuit of which is completed across air gaps at said
tube ends to said plunger in said tubular guide causing
actuation of said plunger to a certain position under con-
ditions  where said coil is energized, said plunger being
of such longitudinal dimensions with respect to the longi-
tudinal dimension of said tubular guide such that said
plunger when in said certain actuated position extends
at least a certain minimum distance beyond said adjacent
end of said coil into said cylindrical cap.

2. An actuator as set forth in claim 1 wherein there is
provided a spring biasing said plunger against actuation
by said energizing coil, said spring exerting a force deter-
mined to balance the resultant magnetic force exerted on
said plunger by said coil when in said actuated position.

3. An actuator as set forth in claim 2 wherein a pole
piece protrudes into said tubular guide from said closed
end of said cylindrical cap placing its pole face in posi-
tion for engagement with the adjacent end face of said
plunger when the latter is in its said actuated position,
and wherein a shading ring of electrically conductive ma-
terial encircles said pole piece within said tubular guide
for providing sufficient magnetic flux to maintain said
plunger actuated during fluctuations of the coil generated
field in response to normal cyclical changes of the applied
alternating current energizing source.

4. The actuator as set forth ir claim 3 wherein said
shading ring is in the form of a washer of copper material.

5. The actuator of claim 3 wherein said pole piece and
shading ring are constructed for insertion in said cap and
retention therein through frictional engagement with adja-
cent surfaces.

6. An actuator as set forth in claim 2 wherein said sec-
ond member of said magnetic frame assembly is in the
form of a relatively thin walled housing fitting over said
coil and tubular guide and is provided with a stud receiv-
ing aperture formed coaxially with said cap, and wherein
sald cap is provided with fastener portion extending
through said aperture for removably securing said second
member to said tubular guide.

7. The actuator of claim 2 wherein rectifying means
are provided at the input of said energizing coil for con-

5 verting the applied alternating current to half-wave recti-

fied current.

8. An actuator as set forth in claim 7 wherein there
is provided a shading ring in the form of a washer encir-
cling said cap and contiguous thereto.

9. The actuator as set forth in claim 8 wherein said
washer is of a diameter substantially twice that of said
plunger.

10, The actuator of claim 9 wherein said washer is
of a thickness at least one-half the radius of said plunger.




3,378,732

7

11. The actuator of claim 10 wherein said washer is
of copper material.

12. The actuator of claim 7 wherein there is provided
a shorted turn of electrically conductive material encir-
cling said cap and dimensioned to provide an induced cur-
rent flow in response to collapsing of the coil generated
field during blocked half-cycles of the energizing current,
which current flow is of a magnitude and duration to
provide at least sufficient magnetic coupling of said plunger

end cap to eliminate effectively A.C. noise and maintain 10

the plunger in actuated position.

13. The actuator set forth in claim 2 wherein said bias-
ing spring is a coil type spring disposed in said tubular
guide between said closed end of said cap and said
plunger.

14. The actuator set forth in claim 7 wherein there is
provided a rectifier directly shunting said coil providing

<

8

a path for current generated in said coil by collapsing of
said coil flux fisld during blocked alternate half-cycles
of the applied current source, which cycles are blocked by
said half-wave rectifying means.
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