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This invertion has to do with improvements in
solenoids adapted to operate any of the varicus types and
kinds of devices e.g. mechanical or électrical, responsive
to solenoid actuaticn, and is directed particularly to im-
provements in solencid construction which may insure to
high performance factors approaching infallibility, con-
tinuéd proper operation of the solenoid notwithstanding
the development of defects that would normally prevent
such performance.

Such assurance becomes of great necessity and im-
portance where the performance of space object, mechani-
cal or electrical devices or control systems may depend
upon proper continued cperability of a single solenoid,
failure of which may nullify undertakings of great mag-
nitude and expense. Accordingly, my general object is to
insure against such failures by novel solencid construc-
tion characterized by its capacityto accept partial impair-
ment and yet remain fully operative for if§ intended pur-
poses. “ o

Structurally, the invention contemplates provision of a
direct succession of a plurality, at least three, of coils
abeut a magnetic metallic core operable to actuate a mag-
netic plunger against a particular work load or resistance.
Preferably, the ccils have essentially the same core mag-
netizing capacity at corresponding applied voltage, and
electrical current is supplied to the coils so that all are
simultaneously energized and each independently of the
others, so that upon failure cf one for any reason, the
others will remain effective. Thus by placement cf all the
coils in energizing relation to the core:and by design of
the coil capacities and their number in relation to the
work load, less than all the coils, e.g. in the event of
failure of one, can fully satisfy the plunger load require-
ments. In this manner, assured performance of the
solenoid as a whole may be brought to approach practical
certainty.

The invention has varicus additicnal features and ob-
jects, all of which will be more readily and fully under-
stood from the following detailed description of an illus-
trative embodiment shown by the accompanying drawing,
in" which:

FIG. 1 is a vertical elevation taken through a preferred
solenoid assembly embodiment;

FIG. 2 is a fragmentary vertical elevation of the em-
bodiment seen in FIG. 1 during energization of the
solenoid coils;

FIG. 3 is an end elevation, partly broken away, taken
on line 3—3 of FIG. 1; and

FIG. 4 is a schematic perspective showing of the
solenoid coils, insulator structure therefor and connector
means for simultaneously electrically energizing the coils
in parallel relation.

Referring first to FIGS. 1-3, the solenoid assembly 10
may be considered to comprise magnetizable means in-
cliuding a plunger 11 movable alcng the axis designated at
12.. Merely for purposes of illustration, the plunger is
shown as connected at 13 to a load 14, which may for
example comprise a valve part having a duct 15 brought
into flow passing communication with ducting 16 when
the plinger 11 mcves into the position shown in FIG. 2.
Ducting 16 is formed in valve body 17 to which flow
lines are ccnnected at 18 and 19.

The magnetizable metallic means may also include a

core such as is designated at 20, and toward which the
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plunger 11 is displaceable, the core and plunger typically
having closely spaced terminals 21 and 22. The latter may
be tapered as shown to provide for more uniform puil
or loading exertion as the plunger moves toward the core,
the narrow gap between the terminals 21 and 22 being
indicated at 23. In this regard, a return spring 24 may
be housed within the plunger and core recesses 25 and
26 in such manner as to return the plunger to the position
shcwn in FIG. 1 when the solenoid is not electrically
energized.

The assembly also includes a direct succession of a
plurality of coaxial independently conductive coils sur-
rounding the plunger and core, typical coils of this nature
being indicated at 27. They are similar in size in order
that they may have the same core magnetizing capacity
at corresponding voltage applied to each coil, whereby
each coil contributes approximately the same amount of
flux to the core and to the plunger operating the work.
While four..co'ls are shown, it will be understeod. that
at least three should be used in order that the diminution
of total flux passing through the core and plunger as a
result of inoperaticn of one coil may not be excessive.
The coils are helically wound with insulated wire, with a
number of turns to provide the desired solenoid pull
exerted by the plunger.

The assembly as illustrated also includes electrical in-
sulator structure separating the coils from each othér and
also from the core and plunger iron or magnetizable
metal. Typically, the insulator structure comprises sepa-
rate annular receptacles 28 for the coils and stacked end
to end in axial succession with receptacle end flanges 29
and 30 in abutting contact. The receptacles may typically
comprise a molded resinous material such as the fluoro-
carbon tetrafluoroethylene capable of maintaining its de-
sirable physical and electrical insulative properties at
relatively high temperature.

The assembly 10 may also be considered to include
a magnetizable metallic tubular jacket enclosing the coils
and insulator structure. As illustrated, the jacket includes
the tubular part 31 having an end flange 32 extending in
close annular proximity to the core at 33. The jacket may
also be considered to include the illustrated end cap for
part 31, and which extends in close proximity to the
plunger 11 at 34. Accordingly, a substantially continuous
flux path is provided with the flux passing from the core
20 to jacket flange 32, then along the jacket part 31 to
the cap and.then to the plunger. From the latter the flux
then passes to the core across the gap 23. A non-magnetic
ring 35 is provided to surround the plunger between the
cap and the core 20 in order that flux may not be short
circuited around the plunger.

Finally, the solenoid assembly includes connector means
for simultaneously electrically energizing all of the coils
and for effecting coil electrical connection in parallel rela-
tion, each coil typically being energized independently of
the others. As illustrated, the connector means comprises
separate conductors such as are indicated at 36 extending
from each of the coils for electrical connection with com-
mon terminals 37 and 38 at one end of the core. Also sep-
arate conductors 39 are shown extending from each of
the coils for electrical connection with common terminals
40 and 41 at the same end of the core. Conductors or leads
36 connect to the outside of the coils and extend between
the coils and the jacket part 31 to the bussing connector
42 interconnecting the terminals 37 and 38. Similarly,
conductors or leads 39 run from the inside wires of the
coils and between the coils and jacket to the bussing con-
nector 43 joining the common terminals 40 and 41. Ac-
cordingly, not only are the coils connected in parallel
relation, but also the positive side of each coil is con-
nected to two positive terminals, as for example 37 and
38, and the negative side of each coil is connected to
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two negative terminals 40 and 41, the recited polarities
being reversible. Therefore, should either of terminals
37 and 38 fail, the other will operate to energize the coils
and the same is true should either of terminals 40 and
41 fail. This is in addition to the provision for continued
and independent operation or energization of the remain-
ing coils should any of them fail, whereby the operation
of the solenoid to retract the plunger is made, for all
practical purposes, substantially infallible,

It should also be noted from the drawings that the
bussing connectors 42 and 43 have insulation coverings
44 and 45 respectively which pass through openings 46
and 47 formed in the end portion of the solenoid core
20, this construction affording great protection to these
connectors. In addition, the connection of the bussing
connectors 42 and 43 to the terminal pins at the locations
48, 49, 50 and 51 is protected by recessing thereof with-
in the core end portion at 52, the latter recess being in-
sulatively lined at 53, 54 and 55, and capped at 56. The
numeral 57 designates a gap between pins 37 and 40,
there being a similar gap 57a between pins 38 and 41.

A typical solenoid assembly constructed as shown has
an overall diameter of 1.3 inches, each coil has 1725
turns of No. 37 insulated wire, and with 11 watts power
input at 24 volts DC will produce a plunger pull of be-
tween 3 and 20 pounds, and when the dimensions are
interrelated in the proportions indicated by the drawings
the pull will be approximately 12 pounds., -

Iclaim:

1. A solenoid assembly comprising a magnetic metal-
lic core, a direct succession of a plurality of coaxial in-
dependently conductive coils surrounding said core, con-
nector means for simultaneously electrically energizing
all of said coils and each independently of the others,
said connector means comprising separate conductors
extending from common terminals at one end of the core
to connections with each of the coils, and a magnetic
metallic plunger within the electromagnetic field of said
core and coils and displaceable axially thereof in response
to energization of all or less than all of said coils.

2. A solenoid assembly according to claim 1, in which
said coils have essentially the same core magnetizing
capacity at corresponding applied voltage.

3. A solenoid assembly according to claim 1, in which
said coils are enclosed in a magnetic metallic tubular
jacket.

4. A solenoid assembly according to claim 3, in which
said separate conductors extend between the coils and
said jacket.

5. A solenoid assembly according to claim 1, in which
said coils are at least three in number and have essen-
tially the same core magnetizing capacity at correspond-
ing applied voltage.

o

10

15

20

25

30

40

5

o

s

6. A solenoid assembly according to claim 1, in which
said coils or one less than all the coils when electnca]ly
energized will displace said plunger against a load re-
sistance of from about 3 to 20 pounds. 2

7. A solenoid assembly according ‘to claim 6, in whu;h
said coils are four in number and have essentlally the
same core magnetizing capacity at correspondmgly ap-
plied voltage.

8. A solenoid assembly according to claim 1, m com-
bination with work means actuable by said plunger against
resistance within the range of about 3 to 20 pounds, and
in which all or one less than all of the coils when elec-
trically energized at corresponding voltage will serve to
displace the plunger against said resistance.

9. The combination of claim 8, in which said coils are
at least three in number and have essentially the same
core magnetizing capacity at correspondmgly applied
voltage.

16. .A solenoid assembly comprising magnetizable me-
tallic means including a plunger, a direct succession of
a plurality of generally coaxial independently conductive
coils surrounding said magnetizable means, and connec-
tor means for simultaneously electrically energizing all
of said coils and for effecting coil electrical connection
in parallel relation, said connector means comprising sep-
arate conductors extending from common terminals at
one end of the magnetizable means to connections with
each of the coils, the plunger being within the electro-
magnetic field of said coils and displaceable generally
axially thereof in response to energization of all or less
than all of said coils.

11. The solenoid assembly of cla'm 10 including an-
nular electrical insulator structure separating the coils
from each other and from said magnetizable means, a
magnetizable metallic tubular jacket inclosing said coils
and insulator structure and extending in close proximity
to said magnetizable means at opposite ends of said suc-
cession of coils, and said magnetizable means including
a core toward which the plunger is displaceable, the core
and plunger having closely spaced terminals.
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