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Be it known that I, JAMES H. CAMPBELL, 
a citizen of the United States, residing at 
Cambridge, in the county of Middlesex and 
State of Massachusetts, have invented cer 
tain new and useful Improvements in Elec 
tromagnetic Valves; and I do hereby declare 
the following to be a full, clear, and exact 
description of the invention, such as will 
enable others skilled in the art to which it 
appertains to make and use the same. 
The present invention relates to electro 

magnetically operated valves. The inven 
tion is particularly useful wherever it is de 
sirable to employ a positively acting auto 
matic valve which is adapted to be controlled 
from a point remote from the valve. 
The principal objects of this invention 

are: to provide an electro-magnetically actu 
ated valve of simple and durable construc 
tion, contrived and arranged to consume 
electric current only momentarily and there 
fore adapted to use with widely different, 
including relatively heavy currents, either 
director alternating; to provide for opening 
and closing the valve by a hammer-blow 
Struck in line with either movement of the 
valve itself: to provide for automatic control 
of the duration of the actuating current in 
dependently of the motion of the valve to be 
operated; and to provide a mechanism of 
this kind which is capable of assemblage in 
compact compass as an article of Sale and 
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use, adapted to be installed by any steam 
fitter, or electrician's workman without re 
quiring the exercise of any high degree of 
electrical or mechanical skill, and capable 
also of preserving indefinitely its capacity 
for quick and certain action without de 
manding skilled inspection. 
While the broad principles on which my 

invention operates are already known to and 
exemplified in the literature of the art to 
which it belongs, there has not-so far as I 
am informed-been any embodiment of these 
principles in an instrument possessed of fea 
tures and characteristics of the nature above 
indicated, and therefore adapted practically 
to such uses as I have pointed out. 
To this end I have invented an electro 

magnetically operated valve in which the 
actuating factor, an electro-magnet or Sole 
noid, with its armature, is reduced to the 
simplest minimum of working parts, in 

which friction-producing bearings are elim 
inated, leaving the gland or stuffing-box of 
the actuated valve as practically the sole 
representative of frictional factors. 
The various features of the invention will 

be readily understood from a description of 
the preferred embodiment thereof, illus 
trated in the accompanying drawings, in 
which:- 

Figure 1 is a view in side elevation, show 
tions of the valve being removed or broken 
away to disclose parts of the actuating 
mechanism; Fig. 2 is a fragmentary view of 
the valve, in side elevation, the parts being 
shown in the positions they occupy when the 
valve is open, and certain parts being re 
moved to illustrate the construction of the 
others more clearly; Fig. 3 is a vertical sec 
tional view of the valve, taken on the line 
3-3 of Fig. 1; and Fig. 4 is a cross-sectional 
FE taken Substantially on the line 4-4 of 
ig. 1. 
In the construction shown, the valve and 

its actuating mechanism is carried by a valve 
body 10 which may be of standard construc 
tion, having an inlet 14, an outlet 15, and a 
Screw-threaded opening 16 at the top for 
receiving the threaded tubular extension 17 
of a bonnet 18 which closes the opening 16. 
The valve body 10 is provided with the usual 
Seats 11 and 12 for a balanced valve 13, this form of valve being preferably employed 
since it permits the use of actuating means 
of comparatively small size and power. 
The means for opening and closing the 

valve comprises an electro-magnet, and an 
armature that is mounted for movement, 
preferably rectilinear, through and beyond 
its neutral position, in opposite directions, 
upon Successive energizations of the magnet. 
It also includes means for deenergizing the 
magnet as the armature reaches its neutral 
position when moving in either direction, to 
permit its movement to continue beyond said 
position. The movement of the armature 
may, therefore, be transmitted to the valve 
to move the latter in opposite directions, 
through simple and effective connections, 
while the electric current is utilized but an 
instant in either opening or closing the valve. 
In order to secure the full advantage of this 
construction, the armature is preferably 
mounted to move in the direction of move 
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ing the valve in closed position, certain por 
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ment of the valve and also substantially in 
line therewith, and is directly connected with 
the valve by a rod which causes the valve to 
move with the armature during the move 
ment of the latter beyond neutral position in 
either direction. The magnet is preferably 
in the form of a solenoid 5 which is sup 
ported above the bonnet 18 by standards 19 
with its central opening substantially in line 
with the valve 13. The solenoid 5 is open at 
its lower and upper ends so that its armature 
8, which is mounted to move freely through 
the solenoid, may move, in either direction, 
beyond its neutral position in the magnetic 
field. 
The connections between the valve 13 and 

the armature of the solenoid 5 comprise a 
rod 22, which extends through a stuffing-box 
23 in the bonnet 18, and through a thimble 21 

20 
recess 20 in the armature. 
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which is threaded into the mouth of an axial 
The rod 22 has 

a head 24 at its lower end which is retained 
in a socket 25 in the valve, while at its up 
per end the rod is provided with nuts 26 
and 27 which play in the recess 20 permit 
ting sufficient lost motion to insure that no 
movement will be transmitted to the rod 
until after the armature has substantially 
reached neutral position. When the lost 
motion has been taken up on the upward 
movement of the armature, the thimble 21. 
strikes the nut 26 with a hammer blow due 
to the momentum of the arnature and on 
the downward movement the top of the rod 
22 is struck a similar blow by the portion 
of the armature at the inner end of the re 
cess 20. The rod is then moved suddenly 
and with a great deal of force and conse 
quently the valve is opened or closed, as the 
case may be, effectively and quickly. Fur 
thermore, on the upward movement of the 
armature, the hammer blow insures the start 
ing of the valve in case it should be cor 
roded or frozen to its seat, or in case the 
rod 22 should bind or stick in the stuffing 
box, while on the downward movement of 
the armature, it supplies the necessary clos 
ing force to insure the proper adjustment of 
the valve to its seat. The rod 22 fits loosely 
in the socket 25, and in the thimble 21, to 
permit the armature and the valve to ad 
just themselves to the magnet and the valve 
seat, respectively, in case the stuffing-box is 
slightly out of allinement. 
The solenoid 5 is adapted, by means of 

two terminals 38 and 39, to be connected 
with the wires X and Y of two circuits, one 
or the other of which may be closed to ener 
give the solenoid, through a suitable switch 

, which is arranged to engage contacts 40 
and 41 in said circuits and which may be 
located at any remote point from which it 
is desired to control the valve. The termi 
nal 38 is secured to the outside of the sole 
noid and the terminal 39 is secured to the 
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valve-body, each being insulated from the 
part to which it is secured and adapted to 
be engaged by a knife-blade switch 9 which 
is connected with the winding of the sole 
noid. The switch 9 is secured to a block 
35, of insulating material, which is pivoted 
upon a pin 28 extending through one of the 
standards 19. The two solenoid circuits may 
include a single battery 42 which is connect 
ed with the switch 7, and the circuits may 
be completed by means of a wire 57, con 
nected with the solenoid, and a wire 58, con 
nected with the battery 42, each of said 
wires being suitably grounded or otherwise 
electrically connected. 
The means for deenergizing the solenoid 

comprises the switch 9 described above. In 
order that the switch 9 may be actuated au 
tomatically to effect the deenergization of 
the solenoid, said switch is connected to be 
moved by the armature 8. 
link 29 is pivoted on the pin 28, alongside 
the switch 9, and is operatively connected 
with said switch by a pin 36 which projects 
from the switch-block 35 and extends into 
an arcuate slot 37 in the link, the sides of 
the slot being concentric with the pivot-pin 
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28. At its inner end, the link 29 is connect 
ed with the thimble 21, by a pin 32 which 
projects from the link through a slot 33 ex 
tending transversely in the side of the thim 
ble adjacent said link. The arrangement of 
the link 29 and of the slot 37 are such that 
the movements of the armature are trans 
mitted to the switch so as to effect the cle 
energization of the solenoid as the armature 
reaches its neutral position when moving in 
either direction. In order to prevent waste 
of current if, for any reason, the valve should 
fail to be moved by the armature, the ar 
rangement is such that the switch 9 is shift 
ed to break the Solenoid circuit just before 
the lost motion between the rod 22 and the 
armature is taken up. The solenoid being 
deenergized, the momentum of the armature 
carries it beyond its neutral position, leav 
ing it protruding from the opposite end of 
the solenoid from which it protruded before 
the Solenoid was energized and consequently 
in position to be moved in the opposite di 
rection by the succeeding energization of the 
solenoid. The armature is somewhat shorter 
than the recess through the solenoid so that 
when the armature is retracted with one end 
flush with the end of the solenoid, it has 
to move a short distance before it begins to 
protrude beyond the opposite end of the 
solenoid. With this construction, the arma 
ture is influenced only slightly by the sole 
noid while it is moving entirely within the 
latter, and the hysteresis of the iron in the 
solenoid is overcome before any appreciable 
retarding influence is exerted thereby upon 
the armature. 
Means is provided for assisting the move 
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ments of the armature after it has passed 
beyond its neutral position in the magnetic 
field, when moving in either direction, and 
for retaining it at either limit of its move 
ment. In the construction shown, two 
springs 34 of the so-called “grasshopper” 
type are employed for this purpose, the 
springs being arranged on opposite sides of 
the thimble 21 and one end of each of said 
springs being connected with the pin 32 
which is carried by the link 29, while the op 
posite ends of the springs are connected with 
a similar pin 32 which projects from a link 
31, the link 31 being pivoted at 30 on the op 
posite standard 19 and its pin 32 extending 
through a transverse slot 33 in the corre 
sponding side of the thimble. With this con 
struction, the springs 34 are compressed. 
somewhat during the movements of the links 
29 and 31 toward dead center, in either di 
rection, and after the links have passed dead 
center the expansion of the springs assists 
the continued movement of the armature. 
In order to better support the pin 32 the 
links 29 and 31 are preferably made in pairs, 
the individual members of each pair being 
arranged on opposite sides of the standards 
19. By reason of the pin and slot connec 
tions hereinbefore described between the 
thimble 21 and each pair of links 29 and 31, 
the springs 34 will not exert any lateral 
pressure upon the armature and the latter 
will be free to center itself in the solenoid. 

In order to obtain the fullest measure of 
permanent automatic operativeness, the valve 
and its associated parts should be mounted, 
as shown in the drawings, in a vertical posi 
tion. The solenoid armature makes a loose 
fit in the interior of the coil-case, the en 
gagement between the armature and the 
valve stem is also loose, and the bearings of 
the links 29 and 31 are all easy, so that no 
lubrication is necessary anywhere; the only 
point where, friction is likely to develop is 
in the stuffing-box through which the valve 
stem passes. The vertical position of the 
valve stem and armature reduces all drag of 
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moving upon stationary parts to a minimum. 
The downward movement of the armature, 

the valve and the parts connected therewith, 
is accelerated by their weight, whereas the 
weight of these parts tends to retard their 
upward movement. In order to equalize the 
upward and downward movements of the 
armature, provision has been made for caus 
ing the springs 34 to assist the upward move 
ment more than the downward movement. 
To this end the pivots 28 and 30 are so ar 
ranged that the links 29 and 31 pass dead 
center on their upward movement approxi 
mately at the same time the armature reaches 
its neutral position and the solenoid is de 
energized, while on their downward move 
ment these links do not pass dead center 
until after the armature reaches its neutral 

de&nergizing the solenoid and thus 

S. 

position. Consequently the assisting force 
of the springs is exerted sooner and acts 
through a greater portion of the stroke of 
the armature when the latter is moving up 
wardly, and any retarding influence due to 
the weight of the armature and connected 
parts is offset by the action of the spring. 
The operation of the parts thus far de 

scribed is as follows: When the valve is 
closed, the armature is in its lowermost posi 
tion, protruding below the field of the sole 
noid, and the switches 7 and 9 occupy the 
positions indicated in Fig. 1. By shifting 
the switch 7 from the contact 40 to the con 
tact 41 the solenoid may be energized to lift 
the armature. As the armature reaches 
neutral position, the lower end of the slot 
37 in the link 29 engages the pin 36 in the 
switch-block 35, swinging the switch 9 up 
wardly and thus deenergizing the solenoid. 
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The momentum of the armature, assisted by 
the springs 34, then continues the upward 
movement of the armature and when the 
lost motion between the armature and the 
rod 22 has been taken up the valve will be 
suddenly opened. The action of the spring 
34 will then prevent the armature from re 
turning under the influence of gravity and 
thus serve to hold the valve in its wide open 
position. When the valve is open, the links 
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29 and 31 occupy the positions indicated in 
Fig. 2 and the switch9 is connected with the 
terminal 38. By shifting the switch 7 from 
the contact 41 to the contact 40, the solenoid 
may be again energized, but this time the 
armature will be moved downwardly. As 
the armature reaches neutral position, the 
slotted link 29 is actuated to shift the switch 
9 from the terminal 38 to the terminal 39, permit 
ting gravity and the momentum of the ar 
mature, assisted by the springs 34, to con 
tinue the downward movement of the arma 
ture and close the valve. The springs 34 will 
then serve to hold the valve closed. It will 
be observed that the solenoid is only momen 
tarily energized to effect either the opening 
or the closing of the valve and that conse 
quently the consumption of current is mini 
mized. 

In order to enable the valve to be closed 
at the valve as well as from a more or less 
remote point, means is provided for me 
chanically forcing the armature downward 
and locking it in its lowermost position. 
This means comprises a push-button 47 pro 
truding through an opening in the top of a 
dome-shaped casing 48 (Fig. 3) which in 
closes the Solenoid and the valve actuating 
mechanism. The flat stem 49 of the push 
button 47 extends through a slot 50 in the 
closed upper end of a tube 51 which guides 
the armature in the solenoid, and secured to 
the lower end of the stem is a disk 53 which 
is adapted to move vertically within the tube 
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4. 

51. The push-button is pressed upwardly 
by a spring 52 which surrounds the stem 49 
between the push-button and the closed end 
of the tube 51. The disk 53 is normally per 
mitted by means of a lateral slot 54 in the 
tube 51 to engage a spring contact-finger 55 
which is insulated from the outside of the 
solenoid and connected with the winding 
thereof. Electrical connection between the 
disk 53 and the wire 57 is made through the 
metallic parts of the solenoid and valve 
body. When the push-button 47 is de 
pressed, its stem 49 mechanically forces the 
armature 8 downwardly and closes the valve. 
The disk 53 is thus moved out of engage 
ment with the contact-finger 55, breaking 
the connection between the solenoid and the 
wire 57 so that the shifting of the switch 
9, upon the downward movement of the ar 
mature, will not cause a flow of current 
through the solenoid and exhaust the bat 
tery. In order that the push-button may be 
locked in depressed position to hold the 
valve closed, the stem, 49 is provided with 
notches 56 on its opposite longitudinal edges 
which may be brought into engagement with 
the sides of the slot 50, in the closed upper 
end of the tube 51, by a twist of the push 
button. When the push-button is unlocked 
and released, the spring 52 will return it to 
normal position, with the disk 53 in contact 
with the finger 55, thus restoring the elec 
trical connections between the Solenoid and 
the battery. 
The invention is not limited to the details 

of construction and operation herein de 
scribed and illustrated except in so far as 
specified in the appended claims since it will 
be clear to those skilled in the art that vari 
ous changes may be made in the structural 
details and that the invention may be em 
bodied in other forms of valves without de 
parting from the spirit of the claims. 
Having now described the invention, what 

is claimed is: 
1. An electro-magnetic valve comprising 

a valve, an electro-magnet, and an armature, 
the valve and armature mounted for verti 
cal movement in the same line, the arma 
ture movable in said line beyond its neutral 
position in the magnetic field in opposite 
directions, direct connections for opening 
and closing the valve by said opposite move 
ments of the armature, and means for de 
energizing the magnet as the armature 
reaches its neutral position when moving in 
either direction. 

2. An electro-magnetic valve comprising 
a valve, an electro-magnet, an armature 
mounted for rectilinear movement in oppo 
site directions beyond its neutral position in 
the magnetic field, connections for opening 
the valve by the movement of the arma 
ture in one direction and closing the valve 
by the movement of the armature in the 

position in the magnetic field in 
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opposite direction, and means for deener 
gizing the magnet as the armature reaches 
its neutral position when moving in either 
direction. 

3. An electro-magnetic valve comprising 
a valve, an electro-magnet, an armature 
mounted for movement in the line of move 
ment of the valve beyond its neutral position 
in the magnetic field in opposite directions, 
connections for opening and closing the valve 
by opposite movements of the armature, and 
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means for deenergizing the magnet as the . 
armature reaches its neutral position when 
moving in either direction. 

4. An electro-magnetic valve comprising 
a valve, a solenoid open at both ends, an 
armature mounted within the solenoid for 
movement beyond its neutral position in 
both directions, connections for opening and 
closing the valve by opposite movements of 
the armature, and means for deemergizing 
the solenoid as the armature reaches its neu 
tral position when moving in either direc 
tion. 

5. An electro-magnetic valve comprising 
a valve, a solenoid having its central open 
ing in line with the valve, an armature 
mounted for movement through the sole 
noid beyond its neutral position in both di 
rections, a connection for moving the valve 
with the armature during its movement in 
each direction, and means for deenergizing 
the solenoid as the armature reaches its neu 
tral position when moving in either direc 
tion. 

6. An electro-magnetic valve comprising 
a valve, a solenoid having a central recess 
open at both ends, an armature shorter than 
the Solenoid mounted within the recess for 
movement beyond its neutral position in 
both directions, connections for opening and 
closing the valve by opposite movements of 
the armature, and means for de?nergizing 
the Solenoid as the armature reaches its neu 
tral position when moving in either direc 
tion. 

7. An electro-magnetic valve comprising 
a valve, a Solenoid having a vertical central 
opening in line with the valve, an armature 
loosely mounted for movement through the 
solenoid beyond its neutral position in both 
directions, a direct connection for moving 
the valve with the armature during the 
movement of the latter in each direction, 
and means for deenergizing the solenoid as 
the armature reaches its neutral position 
when moving in either direction. 

8. An electro-magnetic valve comprising 
a valve, an electro-magnet, an armature 
mounted for movement beyond its neutral 

opposite 
directions, connections for opening EP clos 
ing the valve by opposite movements of the 
armature, means for denergizing the mag 
net as the armature reaches its neutral posi 
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tion when moving in either direction, and 
means for assisting the movement of the 
armature in one direction more than in the 
opposite direction. 

9. An electro-magnetic valve comprising 
a valve, a solenoid having a vertical central 
opening in line with the valve, an armature 
loosely fitting and mounted for movement 
through the solenoid beyond its neutral po 
sition in both directions, a valve stem, lost 
motion connection between the valve stem 
and the armature, proportioned to engage 
as the armature reaches its neutral position 
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when moving in either direction, and means 
for deenergizing the solenoid as the arma 
ture reaches said neutral position when 
moving in either direction. 

10. An electro-magnetic valve comprising 
a valve body, a valve therein, an electro 
magnet mounted thereon, an armature 
mounted for movement bevond its neutral 
position in the magnetic field in opposite 
directions, connections for opening and 
closing the valve by opposite movements of 
the armature, means for deenergizing the 
magnet as the armature reaches its neutral 
position when moving in either direction, 
a link piyoted at one end on the valve body 
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and at the opposite end thereof connected 
to move with the armature, and a spring adapted to Swing the link so as to assist the 
movement of the armature beyond its neu 
tral position in either direction. 

11. An electro-magnetic valve comprising 
a valve body, a valve therein, an electro 
magnet mounted thereon, an armature 
mounted for movement beyond its neutral position in the magnetic field in opposite di 
rections, connections for opening and closing 
the valve by opposite movements of the 
armature, means for detenergizing the mag 
net as the armature reaches its neutral posi 
tion when moving in either direction, inks 
connected at their inner ends to move with 
the armature and pivoted on the valve body 
at opposite sides of the armature in such po 
sitions that they will be moved toward and 
beyond dead center by the movements of the 
armature in either direction, and a compres 
sion Spring having its opposite ends secured 
to said links, the spring being adapted to ex 
pand after the links pass dead center to as 
sist the continued movement of the armature. 

12. An electro-magnetic valve comprising 
a valve, an electro-magnet, an armature 
mounted for movement beyond its neutral 
position in the magnetic field in opposite di 
rections, means for deemergizing the magnet 
as the armature reaches its neutral position 
when moving in either direction, and con 
nections for opening and closing the valve 
by opposite movements of the armature hav 
ing provision for lost motion which is taken 
up as the armature reaches its neutral posi 
tion in either direction. 

5. 

13. An electro-magnetic valve having 
therein a valve to be operated, an electric cir 
cuit including electro-magnetic means for 
operating the valve, and an armature there 
for movable in line with and for a part of 
its stroke independently of the movable ele 
ment of the valve, and means operating inde 
pendently of motion of the valve to auto 
matically control the duration of energiza 
tion of said electro-magnetic means. 

14. An electro-magnetic actuating device 
comprising a support, an electro-magnet 
mounted thereon, an armature mounted for 
movement beyond its neutral position in the 
magnetic field in opposite directions and 
adapted to be connected with the part to be 
actuated, means for deenergizing the magnet 
as the armature reaches its neutral position 
when moving in either direction, a link piv 
oted at one end on the support and at its 
opposite end connected to move with the 
armature, and a spring adapted to swing the 
link so as to assist the movement of the 
armature beyond neutral position in either 
direction. 

15. An electro-magnetic actuating device 

70 

75 

80 

85 

90 

comprising a support, a solenoid open at 
both ends and mounted on said support, an 
armature mounted within the solenoid for 
movement beyond its neutral position in both 
directions and adapted to be connected with 
the part to be actuated, terminals for con 
necting the wires of two circuits, a switch 
operated by the armature as it reaches net 
tral position when moving in either direction 100 
to break connections between one circuit ter 
minal and the solenoid winding and to make 
connections between said winding and the 
other circuit terminal, a link pivoted at one 
end on the support and at its opposite end 105 
connected to move with the armature, and a 
spring adapted to swing the link so as to 
assist the movement of the armature beyond 
its neutral position in either direction. 

16. A valve operated by a solenoid having, 110 
in combination, a valve body provided with 
a passage extending therethrough, a valve 
for closing said passage, a Solenoid, opera 
tive connections between the armature of the 
solenoid and the valve, a movable contact 115 
member for completing the solenoid circuit, 
a push-button connected with said contact 
member and adapted to be depressed to break . 
the solenoid circuit and to mechanically 
move the armature to close the valve, a 120 
spring tending to raise said push-button, and 
means for locking the push-button in its de 
pressed position to hold the valve closed and 
to keep the solenoid circuit open. 

17. An electro-magnetic valve having 125 
therein a valve to be operated, an electric cir 
cuit including electro-magnetic means for 
operating the valve, and an armature there 
for movable in line with and for a part of 
its stroke independently of the movable ele- 130 
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ment of the valve, and means actuated by the 
armature during its independent movement 
for opening said circuit. 

18. An electro-magnetic valve having 
therein a valve stem and an armature mov 
able in the same direction as the stem, inter 
fitting parts carried by said stem and said 
armature adapted for contact, when the 
valve stem is respectively in open or closed 
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position, upon passage of the armature past 10 
a neutral point, an EINE in a nor 
mally closed circuit for moving the arma 
ture, and means controlled by the armature 
for opening the actuating circuit, including 
the electro-magnet at passage of the arma. 15 
ture past said neutral point. 

JAMES H. CAMPBELL. 


