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1

The invention described herein may be manu-
factured and used by or for Government for gov-
ernmental purposes, without the payment {o us
of any royalty thereon. |

This invention relates to a control switch for
a series of solenoid-operated valves and may have
a variety of uses, such, for example, as controlling
the flow from a series of fuel tanks on an air-

craft. o ‘

An object of the invention is to:provide, in a
device of this character, electrically energized
valve-opening means which first utiliZes ample

10

electrical energy for operating the valve to its

open position, then reduces the applied energy to

the minimum required for holding the valve open.
" Another object is to provide, in combination
with a series of electrically operated valves of the
kxind mentioned, a selective switch mechanism
particularly-applicable to their operation in the
manner indicated. _ o

- Other objects and advantages will become evi-
dent as the invention is described in greater de-

tail reference being had to the diagrams and

drawings wherein:
Fig. 1 is an axial section through one of the sole-

noid valves showing the double winding.
| Fig. 2 is an axial section through the multiple

- switch used in connection with g series of the sole-
noid valves shown in Fig. 1, the section. being
taken through the rotating and several of the
‘movable contact members at 2—2 of Fig. 3.
Fig. 3 is a transverse section through the switch

taken at 3—3 of Fig. 2, showing a snap action

means of novel construction.

Fig. 4 is a schematic illustration of the switch
“arranged for connection to a series of the sole-
noid valves to be operated, the wiring diagram,
showing the connections, being included.

Fig. 5 shows a simplified, though somewhat less
effective, arrangement of the switch and valves.

Like reference characters have reference to
‘like parts throughout the several drawings and
diagrams. -

Referring more particularly to Fig. 1, a valve
body 10 has a hub 12 for a fluid inlet opening (4,
and a hub {6 for a fluid outlet opening 8. A
valve disk 20 is concentric with the outlet open-
ing 18 and rests on a valve seat member 22 which
is preferably press-fitted into a recessed portion
of the hub 16. |

Attached to the upper side of the valve body
18 by screws 24 is a solenoid spool which comprises
a lower head 26, an upper head 28, and a connect-
~ ing tube 30, these three main parts of the spool

being preferably press-fitted together, the upper

18
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head into the tube and the lower head over it.
The tube 30 should preferably be made of non-
magnetic material to break the continuity of the
magnetic circuit.

Attached to the upper side of the valve disk 28
by a screw 32 is a solenoid core 34. Core 24 is
freely slidable in the tube 30 of the solenoid
spool. A diaphragm gasket 36 is held clamped
at its outer edge between the body 180 and the
spool head 26, and at its inner edge between the
solenoid core 34 and the valve disk 20. An annu-
Iar bead 38 around the outer edge of the gasket is
held under compression in a suitably shaped
groove in the top surface of the body 10, while
another annular bead 40 is held under compres-
sion in a suitable groove in the lower face of the
core 34. |

A spring 42 has its lower end nested in an open-
ing in the core 34 and its upper end resting against

80 the lower end of a pipe plug 44 which is screwed

pressure~tight into the upper head 28 of the sole-
noid spool. A small hole 46 extends upwardly
through the screw 32 and through the core 34, so
that the suction pressure in the outlet opening

28 18 and in the space 48 above the core is equalized.
- In this way the pump suction will not materially

augment the valve closing effort of the spring 42.

A fine wire coil 50 is first wound on the solenoid
spool, then a coarse wire coil 52 is wound upon
the coil 50. A flexible cable 54 extends from the
coil 50, and a cable 56 from the coil 52. A hous-

- ing %8 enshrouds the coil, its lower open end be-

ing held to the lower spool head 26 by screws 60,
and its upper end being closed in to form the

33 hub 62 to which a flanged member 64 is fastened

40 duit (not shown).

45

50

by small screws 66. The member 64 is threaded
as at 68 at the upper end for connection to an elec-
tric cable conduit, the cables 54 and §6 being
brought out through the member 64 into the con-
The inner ends of both coils
may be grounded to & single screw 10 in the lower
spool head 26. The complete solenoid valve may
be broadly designated by the numeral 715.

From a consideration of the above description
of the solenoid valve 75 shown in Fig. 1, it will be
obvious that, by application of sufficient electrical
energy to the solenoid coils, the solenoid core 34
will rise and lift the valve disk 20 with it. It
should be observed, however, that when the valve
disk 20 is on the seat 22, it is being held thereon
not only by the spring 42 but additionally by
whatever pressure may be present in the inlet
opening 14. Since the sum of these two pressures
is considerable, a solenoid coil of relatively large

88 lifting capacity is required to raise the valve disk
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from the seat, but after it is so raised a solenoid

coil of relatively small lfting capacity will hold

the valve disk in the open position. |
It is for this reason that the two coils 52 and
80 are provided, the coil 52 being of sufficient ca-

pacity to lift the valve to open position, and the.

coil B8 being of that capacity only which is re-
quired for maintaining the valve in open position
once it has been opened. For convenience in fur-
ther description, the coarse wire coil §2 may here-
inafter be referred to as the lifting coil, while the
fine wire coil 50 may be called the holding cofl.
Such an arrangement in a solenoid valve is, of

course, fully effective only when used in combina-.

tion with some sort of electric switch which will
direct the large volume of current tc the lifting
coil 52 of the solenoid for that fraction of a second

only which is required to open the valve, then will

cut off the current flowing through the lifting coft
§2 and direct it through the holding coil 58 to
hold the valve open. | | o

Such an arrangement contributes largely to the
success of the device, since the valve, once opened,
must be held open for an extended period of time,
and if the lifting coil were maintained in opera-
tion for such extended period it would not only
result in excessive heating but would consume an
excessive amount of current. | |

The valve structure shown has, as one of its
important applications, the remote control of the
contents of a series of fuel tanks of an aircraft
by providing each tank with one of the valves,
then successively connecting first one, then an-
other, of the tanks to the fuel line by selectively
operating the valves electrically. Accordingly,
the embodiment shown to illustrate the invention
may conveniently comprise six tanks, each hav-
mg, at its outlet, one of the valves 15 illustrated
and described with reference to Fig. 1, the six
valves being used in combination with B sextuple
switch for directing current, one at a time, to the
selected one of the six valves, with means in the
switch for momentarily energizing the lifting coil,
then permanently energizing the holding coil of
the valve selected. |

The sextuple switch, shown in Figs. 2 and 3,
has a frame which comprises a front member 12
and g rear member 74, both of insulatine material
and neid axially spaced apart by a series of posts

i5, 73, 30 and 82. The front member 12 (see salso !

oy

2ig. <), on its forward face, carries the indicia
01 1the several switeh positions 1 to 6, while the
rear 14 carries the series of terminals,

IOy

one ierminal 3 for bringing the power-supply line .

into the swiizh, and the remainder for directing
current io the twelve coils which operate the six
valves, terminals iL to 6L being employed for
directing current to the lifting coils, and | to 6
for directing current to the holding coils. For
. convenience, the members 12 and 14 may respec-
tively be called the dial and the terminal board.

Supported on the posts 16 through 82, inter-
mediate the dial and terminal hoard, are two dij-
~electric contact-carrying disks 84 and 86 Disk
84 is located immediately in back of the dial T2,
while disk 86 is spaced somewhat forward of the
terminal board 74. Disks 84 and 86, respectively,
carry .centrally disposed power-supply contact
disks S each encircled by g concentric row of
twelve insulated!y spaced contacts which are con-
nected to the terminals, which in turn are con-
nected to the solenoid coils of the switches. The
lifting coil contacts are numbered 1L, 2L, 3L, ete.,
and the holding coil contacts {, 2, 3, ete,

A shaft 8§ has its front and rear bearings at

2,444,471
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- the brushes
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the centers respectively of the dial 712 and disk 86
and is rotatable to its several positions by a
pointer knob 90. A dielectric hub 92 is fastened
to the shaft between the disks 84 and 88. At its

forward end, this hub carries the brush 84 whicéh
bridges electrically from the power-supply con-

tact disk S to any one of the contacts of the cir-
cular row on the dielectric disk 84 to which it may
be turned when the shaft is rotated by the pointer
knob 90. At its rearward end, the hub carries g
brush 86 which is angularly spaced 180° from the
brush 84. This second brush 9§ bridges from the
central power-supply contact disk S to one after
the other of the contacts of the circular row on
the dielectric disk 86 as the shaft is rotated.

Midway between the dielectric disks 84 and 8§
Is a snap-action mechanism for quickly shifting
96 and 98 from the contact points
upon which they rest to the next. as indicated by
the spaces on the dial 72. This snap-action
mechanism comprises & cam (00 which, in the
Instant case, is an integral part of the hub 82 and
is formed midway of the length of the hub, hav-
ing six lobes 1082 separated by notches 104.

A frame (06 comprises two side plates 108
spaced by shoulder rivets 110 and has & roller 142
between the plates rotatable on a pin {4, One
end of the frame 1086 is hinged to the post 16, the
free end being swingable sbout the hinge to seat
the roller in any one of the notches {04 An ex-
tension spring {16 has one end fastened to a rivet
{10 at the free end of the frame, and the other
end anchored to the post 80, whereby the roller
1s yieldably held in the notch in which it is seated.
The sextuple switch may be broadly designated
by the numera] ('15.

Fig. 4 is a schematic illustration of the switch
shown in Figs, 2 and 3. the parts shown being
the pointer knob 90, sharft 88, dial 12 with indicia
1 to 6 for the severa] tanks controlied, terminal

- poard 14 with terminals { to 6 and {L to 8L to

60

which the coils of the solenoids are connected,
and dielectric disks 84 and 86 with power-supply
contact disks S and contacts | to § and {L to 8L
ior selectively directing current to the several
terminals. Brushes 94 and 96 are shown in that
position in which they connect contact disks S
t0 contacts {. It should be noted (1) that ter-
minal { on disk 34 is diametrically opposite ter-
minal ! on disk 86; (2) that corresponding ter-
minals on disk 84, disk 86, and board 14 are joined
by electrical conductors; and (3) that the ter-
minals on the disk B84 progress in the order
|—2I—2- 31,3, etc.. while those on the disk 88
progress 1n the order {—1L—~2—21.—3 etc. This
arrangement accomplishes a particular purpose
°nd constitutes one of the important features of
the invention, the operation of which is as
follows:

When the pointer knob 90 points to 1, &S seen
in Fig, 4, current will flow from the power supply
S of terminal board 714 through the conductor

~running to S of disk 86, across the brush 96 to

65

70

75

the contact | and through g conductor to 1 on
the terminal board 74 to which the coil 50 of the
valve 15 of tank [ (not shown), is connected,
whereby valve 15 of tank I is open.

If now, with the pointer knob 90, the switch

#15 is snapped to the position 2, current wil] flow

from the power supply S of terminal board T4
through the conductor running to S of disk 88,
across the brush 86 to the contact 2 and through
a conductor to 2 on the terminal board 14 to which
the coil 50 of the valve 15 of tank 2 (not shown)
is connected.
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But while the brushes 94 and 86 moved from
the contacts | to the contacts 2 on disks 84 and
86, they crossed and momentarily rested on inter-
mediate contacts 2L on disk 84 and iL on disk 86.
Electrification of the contact {1: on the disk 86
which energizes the lifting coil 52 for valve i, in
this case was neither useful nor harmful, since
valve { was already open, but electrification of
the contact 2L: on disk 84, which energized the
lifting coil 52 for valve 2, raised the valve 2 to
open position so that the holding coil 58 which is
energized through contact 2 may keep it open.

. The operation of the device in turning the
pointer knob 806 from 1 to 2 is repeated in turning
it from 2 to 3, 3 to 4, ete., angd in all these cases
.the electrification of the intermediate contacts
2L, 3L, etc., on disk 86 is neither useful nor harm-
ful, since they, in each case, energize lifting coils
62 for valves which are already open, but electri-
fication of the intermediate contacts on disk 84 in
each case energizes the lifting coils 52 of valves
‘which it is desired to open, and these coils lift
the valves so that the corresponding holding coils
00 may maintain them in the open position.

The foregoing described the operation of the
device in turning the pointer knob 80 clockwise,
but it sometimes becomes desirable to turn this
knob counterclockwise, as when turning from 1
to 6. In such case the brush 94 on disk 84 will
move on the contacts |—{L—6 whereby electri-
fication of the contact 1L, was neither useful nor
harmiful, but the brush 96 on the disk 86 moved
on the contacts [—6L—6 whereby the lifting
magnet 52 of valve 6 was energized momentarily
through the contact 6L before the holding magnet
o0 was permanently energized to hold the valve
6 open. From this it will be seen that the disk

84 has its contacts arranged to perform s heces-.

sary function when the knob 90 is turned clock-
wise, while the disk 86 has its contacts arranged
to periorm the same function wher the knob is
turned counterclockwise. -

Conditions may, of course, arise where it js de-
sirable to provide for clockwise rotation only in
the switch which controls the valves. In such
case the disk 84 and its contacts are retained and
the disk 86 and its contacts are eliminated, the
connection then heing made as in Fig, 5. With
this arrangement the lifting coil of any valve will
be energized momentarily before the holding coil
of the same valve as long as the switch is rotated
clockwise.,

Having thus described our invention, we claim:

1. In an electric switch, g common contsct
adapted for connection to a source of current

supply, a series of insulatedly spaced contacts

each adapted for connection to g separate current
receiving device, a brush member adapted for
bridging from the common contact to the series
of contacts one at a time, and a snap action
means associated with said brush member oper-
able to cause said brush member to move off one
contact member of the series, make instantaneous

contact with a second of the series and stop on

a third.

10
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2. In a rotary electric switch, a common con~
tact centrally disposed in said switch and adapted
for connection to a source of current supply, a
circular row of insulated contacts concentrically
spaced around said common contact each adapted
for connecticn to a separate current receiving
device, g manually rotatable member concen-
trically positioned in said switch, a brush mem-

ber carried by said manually rotatable member

adapted for bridging from the common contact to
the circular row of contacts one at a time, and a.
snap action means associated with said manually
rotatable member operable to cause said brush
member {o be rotated from engagement with one
contact of the circular row, make instantaneous
contact with the next contact of the circular row
and stop on a third contact. |

3. In g rotary electric switch, a terminal board.
a contact supporting dise adjacent said terminal
board, a common contact centrally disposed on
said dise, a terminal on said terminal board in

- electrical communication with said common con-

25

30
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40
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Number

tact, a concentric row of insulated contacts car-
ried by said contact supporting disc, g terminal
on sald terminal board for each contact of saig
circular row, each contact of said circular row
being in electrical communication with its re-
spective terminal, and each terminal being

-adapted for connection to a separate current re-

ceiving device, a manually rotatable member car-
ried by said switch, a brush member rotatable by
sald manually rotatable member adapted for
bridging from the common contact to the circular
row of contacts one at a time, and a snap action
means assoclated with said manually rotatable
member, operable to cause said brush member to
be rotated from engagement with a selected con-
tact of the circular row, make instantaneous con-
tact with the next contact of the circular row and
stop on a. third contact, o
| DAVID SAMIRAN.
GEORGE W, REPLOGLE.
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