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1

This invention relates, in general, to control de-
vices, and has particular relation to an improved
actuating mechanism for electromagnetic con-
trol devices.

While the particular device which I shall de-
scribe hereinafter in connection with the draw-
ings is adapted for use for controlling a valve or
the like for in turn controlling a heater or a eool-
ing device or the like, it is to be understood that
the device may be used for making, breaking, or
changing the connections in one or more electric
circuits, or for controlling other devices as suit-
able or desired. )

The present invention may be more particu-
larly characterized as relating to devices of the
character disclosed and claimed in the copend-
ing applicaiion of Gifford I. Holmes and Russell

B. Matthews, Seria)l No. 180,482, filed August 19,

1850, and in the copending application of Carl
WoIff, Serial No. 194,505, filed November 7, 1950.

One of the main objects of the present inven-
tion is to provide in a control device improved
actuating mechanism for imparting, for example,
after initial opening of the valve or after initial
operation of other actuated device, increased and
faster movement of such valve or other device, for

8 Claims, (CI 251—16)
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example, to fully open position or other position

to which it is operated electromagnetically.

Another object of the invention is to provide a
device in which relatively great movement is im-
parted to the actuated device after initiating
movement of such device, and more particularly
a device in which the mechanical advantage is
reduced, and increased movement is obtained
after starting the movement of the actuated de-
vice with a hammer blow effect.

Another object of the invention is to provide
actuating mechanism which will provide a rela-
tively large mechanical advantage ang increased
force in the final movement of the actuated de-
vice to the position from which it is actuated
electromagnetically; more particularly in the
final movement of the valve to closed position
whereby to produce a more powerful and effective
sealing of the valve against its seat,

Another object of the invention is to provide
a device in which relatively great movement is
imparted to the actuated device after initiating
movement of such device in one direction with
a hammer blow effect, and in which relatively
great initial movement is imparted to the actu-
ated device in the epposite direction followed by
a relatively large mechanical advantage and in-
creased force in completing such movement in
the opposite-direction.

Another object of the invention is to provide
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linkage and connector arm mechanism of sim-
ple, compact, and relatively inexpensive con-
struction for accomplishing the advantageous re-
sults set forth, and linkage and connector arm
mechansim which is combinable with the electro-
magnetically actuated control device of the Carl
Wolll application identified above.

Another object of the invention is to provide
improved linkage ang connector arm mecha-
nism for use with an electromagnetically respon-
sive control device utilizing the foree of electro-
magnetic repulsion as distinguished from the
force of electromagnetic atiraction, and wherein
the advantages of such a device will be obtained
along with the other advantageous results pro-
vided by the present invention.

Another objeet of the invention is to provide
improved linkage and ecnnector arm mechanism
for use with an electromagnetically responsive
control device adapted for controlling a valve,
switeh, or other centrolling device, for example,
by a thermostat or other condition responsive de-
vice.

Another object of the invention is to provide
improved linkage and connector arm mechanism
for use with a repulsion type electromagnetieally
responsive control device comprising a winding
provided with a core having a first core portion
through which flux established by energization
of the winding is adapted to pass, the core hav-
ing a second core portion provided with an air

. gap, and there being flux diverting means oper-

able to divert flux from the first core portion to
the second core portion and the air gap, and a
non-magnetic and conducting member positioned
to trave] freely in the air gap and in which the
electric current is induced with accompanying
repulsion of said member by the flux diverted to
the second core portion and through the air gap
by the flux diverting means.

Further objects and advantages of the inven-
tion will appear from the following detailed de-
scription, taken in connection with the accom~
panying drawings.

In the drawings:

Figure 1 1s a plan view of one form of device
embodying the present invention, with the cover
removed; -

Figure 2 is a sectional view partially in eleva~
tion, taken through the electromagnetic opera-
tor substantially on the line 2-—2 of Figure 1, and
showing the valve body in section; and

Figure 3 is a sectional view taken on the line
3—32 of Pigure 1. : .

Referring to the drawings, the embodiment of
the invention therein Mustrated comprises a
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valve body | having a fluid inlet 2 and a fluid out~

let 3. A valve member 54 cooperates with a valve
seat 5 at the outlet 8 to control the flow of fluid
through the valve body; for example, the flow
of gaseous fuel to a burner (nct shown), or any
other fluid. It will be noted that the controlied
fluid tends to hold the valve member 54 closed.
This may, of course, vary within the scope of
the present invention.

The valve body ! has an opening & covered by
a plate 7 which is secured in place over the open-
ing 6, for example, by screws § (Figure 2). Seal-
ing means 9 is preferably interposed between
plate 7 and valve body |. The plate T is prefer-
ably formed of high specific resistance non-
magnetic material, such as stainless steel.

The particular magnetic core {0 selected for
Nlustration is of generally rectangular configura-
tion, comprising a pair of parallel legs 1i and 12
magnetically connected at spaced locations by
parallel legs 12 and 14 disposed at right angles to
the legs {{ and (2. An alternating current pri-
mary winding {5 is wound around the leg 4,
and a secondary winding 1§ is wound around the
leg 13. It is to be understood, however, that
either winding i5 or winding 16 may be the pri-
mary winding, and either winding may be the
secondary winding without affecting the opera-
tion of the device. Electric power for energizing
the winding {5 is supplied from a suitable source,
for example, from line wires {71 and {8 of a suit-
able source of alternating current such as a
household current supply line of the type which
averages about 115 volts. The terminals of the
winding {5 are connected to the line wires {7 and
18 by conductors 19 and 20.

A cylinder is made up of square stock, and has
‘a2 magnetic end 21, a non-magnetic section 22,
and a magnetic section 23 separated from the
magnetic section 2{ by the non-magnetic sec-
tion 22. The non-magnetic section 22 may be
formed of non-magnetic high specific resistance
material, such as stainless steel, or any suitable
plastic, or other non-magnetic material. The
legs 11 and 12 have projecting ends which abut
at spaced locations against the magnetic end 21
and magnetic section 28, and are secured thereto,
for example, by serews 24 and 25. The screws
24 cooperate with flanges 28 on the magnetic end
21 and with angular brackets 27 secured to the
core 18 at 28. The screws 25 cooperate with
flanges 28 on magnetic section 23 and with angu-
lar brackets 30 secured to core I8 at 3f. The
magnetic end 21 has an integral magnetic sleeve
32 which extends through the tubular non-mag-
netic section 22 and into the tubular magnetic
section 23 with an annular space or air gap 33
therebetween.

A non-magnetic and electric conducting cup
or sleeve 24 is free to travel in the annular air
gap 33. The sleeve 34 is preferably made of
electrolytic copper of high conductivity, and is
necked or gathered in at one end to form a neck
35 of reduced diameter. An actuating member
36 is secured on neck 35 by a nut 31. A guide
stem 38 is press-fitted as at 39 in the neck 35.
The guide stem 28 rides in a bearing 40 press-
fitted to the sleeve 32 at its right hand end as the
device is shown in Figure 2. A bearing 41 is
secured by a2 nut 42 {o the left hand end of the
guide stem 38. The bearing 41 may be formed of
gear pinion stock, and has a smooth radius 43 to
permit of low friction motion for the stem 38.

With the parts positioned as shown in Figure
2, the nut 87 is spaced from a projecting stem 44
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to provide lost motion therebetween for a purpose
which wil presently appear. The stem 44 is
screwed and secured by 2 nub 45 to a crank 46,
The actuating member 36 has an arm 47 which
carries a pin 48. The pin 48 operates in a slot
89 in the crank 46 as will be hereinafter more
fully described. The crank 46 is splined or keyed
on an actuator shaft 50 which projects laterally
from the position of the electromagnetic opera-
tor as shown in Figure 3, and has a valve operat-
ing arm 52 staked or otherwise secured to the
shaft 50 at 52 so that turning of the shaft 50 will
swing the arm 52 to open and close the valve 54.
The position of the nut 37 relative to the stem
44 may be adjusted by replacing the lock shim
B5 with lock shims of different thickness, or by
using a plurality of shims.

The actuating member 36 may have an integral
hook 58 for cooperation with the stem 44 in clos-
ing the valve 54 as will hereinafter appear.
Screws 58 and 59, provided with suitable washers
60 and 8{ respectively, attach non-magnetic sec-
tion 22 and magnetic section 23 to the plate T.
Upon the absence of substantial magnetic flux
in the gap 33, a spring 62 coiled about the stem
38 and acting against the bearings 48 and 41
urges the stem 38, and accordingly the sleeve 34,
toward the left as the device is shown in Figure
2. Additional support for the magnetic core (8
on the plate 7 may be provided by threaded posts
83, one of which is shown in Figure 3.

One end of the secondary winding 16 may be.

eonnected by a conductor €2, for example, with a
fixed contact 65 of a thermostat 66. A conductor
67 connects the other terminal 68 of the thermo-
stat 68 to the other end of the secondary wind-
ing 18, The thermostat 6% may be positioned in -
a room or other space, or it may be placed where
it will be subject to the temperature of a heater,
or otherwise disposed as desired. It is also con-
templated that the device 66, instead of being a
temperature responsive thermostat, may be any
other condition responsive means or other device
for opening and closing the circuit of the sec-
ondary coil 18, as suitable or desired.
. For the purpose of eliminating noise in the
actuating mechanism between the actuator of
the electromagnetically responsive device and
the actuated device, a spring 70 is provided. This
spring 76 may be in the form of a leaf spring of
berylilium copper or other suitable material. It
is fastened at one end between the nut 45 and
crank 48, and has a V-shaped portion the free
leg Ti of which is positioned for engagement with
the pin 48 in the valve closing operation. When
the actuator moves to the right from the position
shown in Figutre 2 the pin 48 contacts the spring
leg 71 and the spring absorbs the vibrations so
that no low level, high frequency noise can be
heard.

In the operation of the device as shown in the
drawings, the primary winding {5 is always ener-
gized from the line wires 17 and 18 or other suit-
able source of power. With the thermostat 66
in position separating its contact 68 from contact
85, the circuit for the secondary winding 16 is
open and this winding is not energized. At this
time the magnetic flux established by energiza-
tion of the primary winding or coil 15 passes
through the legs {1, 2, i3, and 14 of the core 10,
and very little flux passes through the air gap
33, for example, from the magnetic sleeve 32 of
the member 24 to the magnetic sleeve section 23.

When, however, for example, the temperature
to which thermostat 66 is responsive falls, the
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thermostat closes the contact 68 into engagement
with centact 65. This closes the circuit of the
secondary winding i6, and current is induced in
this winding by the energization of the primary
winding 5. This current induces s magnetic
flux which epposes the magnetic flux established
in leg I8 by the primary winding 5. As a result
the flux established by the winding {5 is diverted,
for example, through the magnetic member 21,
sleeve portion 32 thereof, through air gap 33 to
magnetic sleeve member 23, and through the
member back through the leg 4 of the core {0.

Since the sleeve 34 is, in effect, a closed lcop
of good conductivity, there is induced in sleeve 34
an alternating current of opposite polarity to that
impressed upon the winding (5. This alternating
current so induced in turn induces an alternat-
Ing flux field about the sleeve 34. The polarity
of at least a portion of the field thus induced op-
poses the magnetic flux established by the ener-
gization of the winding 5. As a result the sleeve
34 is repulsed or repelled outwardly or to the
right (Figure 2) out of the air gap 32. This
causes movement of the actuator nut 37 and ac-
tuating member 36 to the right from the position
shown in Figure 2.

As the sleeve 34 moves to the right, the nut 37
and stem 38 move to the right with the sleeve 34
and the nut 87 strikes the head at the outer end
of the stem 44 and swings the crank 46 clock~
wise (Figure 2) with accompanying clockwise ro-
tation of the shaft §8. - The lost motion between
the nut 37 and stem 44 provides for engaging the
stem 44 with a hammer blow effect, which over-
comes any friction, sticking, or holding of the
valve 84 closed, and initiates the opening move-
ment of the valve 54. The pin 48, which moves
to the right with the actuating member 36, travels
freely in the slot 48 until the nut 37 strikes the
head of the stem 44.

It will be noted that the mechanicaj advantage
between the nut 27 and the head of the stem 44
relative to the rotatable shaft 59 is considerably
greater than the mechanical advantage between
the pin 48 and the upper surface of the slot 49
as the device is shown in Figure 2. HEence in ini-
tiating opening of the valve 54 operated by the
shaft 58, a high mechanical knock off force is ob-
tained through the linkage mechanism. After
the valve 54 is unseated, less force is required to
move it to its fully opened position. Accordingly,
the pin 48 strikes the upper inclined surface 73
of the slot 49 to impart with a given movement
of the actuating member 36 increased swinging
movement to the erank 48, and thereby increased
and faster movement of the valve to its fully
opened position is obtained.

6.
position, the head of the stem 44 is engaged by |
the hook 56 of the actuating member 36. This"
produces a final closing force with a hammer

~ effect and mechanical advantage similar to the
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knock off opening action between the nut 37 and
stem 44 to coraplete the closing of the valve with
a relatively great force.

While I have shown and described g, flux divert-
ing secondary winding 16 and associated COTe por-
tion, it is to be understood that the secondary
winding {6 and the cooperating core portion may
be omitted within the scope of the present inven-
tion. In such case the thermostat or other means
may be placed directly in the circuit between the
primary winding and the line conductors 17 and
{8. This will provide g line voltage device which
is rendered operable by energization of the pri-
mary winding 15 and rendered inoperable - by
opening the circuit for the primary winding.

In the operation of the valve 54 to open posi-
tion, the pin 48 moves into contact with the free
leg T4 of the V-shaped portion of the spring 78.
As g result, when the valve 5% is open, the spring
T9 absorbs vibrations, and there will not be any
low level, high frequency noise such as may other-
wise occur by vibration of the pin 48 against the
upper inclined surface at the outer end of the
slot 48. The spring 70, instead of engaging the
pin 48, may engage the outer surface of the slotted
portion of the crank 46 to absorb the vibrations
for the purpose set forth.

An annular or O-shaped ring 108 (Figure 3)
of neoprene or other material which is resistant
to gaseous hiydrocarkons fits in an annular groove
(€1 in the shaft 38, and by cooperation with the
shaft @ and with the inner periphery of the

- opening in the member 7 forms a gas seal for pre-
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When the valve 54 reaches its fully opened po- .

sition it will stay in such open position as long
as magnetic flux, or at least sufficient magnetic
flux, passes through the gap 33 to maintain the
sleeve 34 in its repulsed or repelled position,
‘When thermostat 66 disengages contact 68
from contact §5, the magnetic flux established by
energization of the winding {5 is again short-cir-
cuited through core legs i1, 12, 13, and 14, and
very littie flux will exist in the air gap 33. Hence
the spring 82 will then move the guide stem 38,
and accordingly the sleeve 34, actuating member
36, and nut 37 toward the left as the device is
shown in Figure 2. In such movement the pin
48 engages the lower surface of the slot 49 and
causes rapid motion of the valve 54 in valve clos-
ing direction. After a predetermined motion to-
ward closed position or just short of fully closed
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venting leakage of gas out along the shaft 50
from the interior of the valve body 1. The O or
ring seal 198 has negligible rotational friction.

As shown more particularly in Figures 2 and 3,
the electromagnetic control device is enclosed

ithin g housing 182 which may be removahly se-
cured in place to the plate or member 1, for ex-
ample, by screws {83. The sides of the housing
182 may have longitudinal corrugations or folds
104, and the outer surface of the housing {02 may
have louvers or openings 185.

The embodiment of the invention shown in the
drawings is for illustrative purposes only, and it
is to be expressly understood that said drawings
and the accompanying specification are not to
be construed as a definition of the limits or scope
of the invention, reference being had to the ap-
bended claims for that purpose.

Iclaim:

1. In a device of the class described, in combi-
nation, a pivoted actuating arm, an actuated de-
vice actuated by pivotal movement of said arm,
an electromagnetically operated actuator com-
prising a rectilinearly movable sleeve reduced atb
one end, an actuating member secured on the
reduced end of said sleeve by a nut cooperable
with the pivoted arm through a relatively long
length thereof on movement of the sleeve in one
direction, a hook carried by said actuating mem-
ber and cooperable with the pivoted arm through
a relatively long length thereof én movement of
the sleeve in the opposite direction, there being
lost motion between the nut and the pivoted arm
in one direction and lost motion between the
hook and said pivoted arm in the opposite direc-
tion, sald actuating arm having an angular slot
therein, and an arm carried by said actuating
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member and having a pin operable in said slot
and cooperating with said actuating arm to im-
part final movement to said arm in cne direc-
tion and initial movement to said arm in the
opposite direction each through a relatively short
length of said arm.

2. In an operating mechanism of the class de-
scribed, in combination, a pivoted arm, a control
member operatively associated with said arm for
movement from a first position to a second posi-
tion by pivotal movement of said arm in one
direction and from said second position to said
first position by pivotal movement of said arm in
the opposite direction, an actuator operable from
a first position to a second position and from
said second position to said first position, first
actuator means on said actuator cooperating in-
itially with said pivoted arm through a relatively
long lever arm for initiating movement of said
control member from said first position with
relatively great mechanical advantage, and second
actuator means on said actuator coacting subse-
quently with said pivoted arm through a rela-
tively short lever arm for imparting, after initial
movement of said control member from said
first position and with a given continued move~
ment of said actuator toward said second posi-
tion, increased and faster movement of said con-
trol member to said second position.

3. Operating mechanism according to claim 2
wherein said first actuator means is spaced from
said pivoted arm when said actuator is in its said
first position whereby, upon movement of said
actuator toward said second position, to engage
said pivoted arm with a hammer blow action to
overcome any friction, sticking or holding of said
control member in its said first position at com-
mencement of movement of said control member
from its said first position through said relatively
great mechanical advantage.

4. Operating mechanism according to claim 2
wherein, in initial movement of said actuator
from said second position to said first position,
said second actuator means coacts with said piv-
oted arm through a relatively short lever arm for
imparting with a given initial movement of said
actuator toward said first position, increased and
faster movement of said contrcl member toward
its said first position, and third actuator means
on said actuator coacting subsequently with said
pivoted arm through a relatively long lever arm
for completing movement of said control member
to its said first position with relatively great
mechanical advantage.

5. Operating mechanism according to claim 2
wherein, in initial movement of said actuator
from said second position to said first position,
said second actuator means coacts with said piv-
oted arm through a relatively short lever arm for
imparting with a given initial movement of said
actuator toward said first position, increased and
faster movement of said control member toward
its said first position, and third actuator means
on said actuator coacting subsequently with said
pivoted arm through a relatively long lever arm
for completing movement of said control member
to its said first position with relatively great me-
chanical advantage, said third actuator means
being spaced from said pivoted arm when said
actuator is in its said second position whereby,
upon movement of said actuator toward its said
first position, to engage said pivoted arm with a
hammer blow action for initiating completion of
movement of said control member to its said first

10

15

20

25

30

35

40

50

56

60

66

70

78

position through said relatively long lever arm-
with relatively great mechanical advantage.

6. In operating mechanism of the class de-
scribed, in combination, a pivoted arm, a control
member operatively associated with said arm for
movement from a first position to a second posi-
tion by pivotal movement of said arm in one di-
rection and from said second position to said
first position by pivotal movement of said arm in
the opposite direction, an actuator operable from
a first position to a second position and from
said second -position to said first position, first
actuator means on said actuator coacting initially
with said pivoted arm through a relatively long
lever arm for initiating movement of said control
member from said first position with relatively
great mechanical advantage, second actuator
means on said actuator coacting subsequently
with said pivoted arm through a relatively short
lever arm for imparting, after initial movement
of said control member from said first position
and with a given continued movement of said
actuator toward said second position, increased
and faster movement of said control member to
said second position, said first actuator means
being spaced from said pivoted arm when said
actuator is in its said first position whereby, upon
movement of said actuator toward its said second
position, to engage said pivoted arm with a
hammer blow action to overcome any friction,
sticking or holding of said control member in
its said first position at commencement of move-
ment of said control member from its said first
position through said relatively great mechanical
advantage, said second actuator means coacting
with said pivoted arm through a relatively short
lever arm, for imparting with a given initial move-
ment of said actuator toward said first position,
inereased and faster movement of said control
member toward its said first position, and third
actuator means on said actuator coacting subse-
quently with said pivoted arm through a rela-
tively long lever arm for completing movement
of said control member to its said first position
with relatively great mechanical advantage, said
third actuator means being spaced from said piv-
oted arm when said actuator is in its said second
position whereby, upon movement of said actuator
toward its said first position, tc engage said piv-
oted arm with a hammer blow action for initi-
ating completion of movement of said control

member to its said first position through said

relatively long lever arm with relatively great
mechanical advantage.

7. In operating mechanism of the class de-
seribed, in combination, a pivoted crank having
a slot therein, an arm operatively associated with
said crank, a control member connected to said
arm and movable to first and second positions, an
actuator operable to first and second positions,
first actuator means on said actuator initially
engaging said crank through a relatively long
lever arm for initiating movement of said control
member toward its movement of said second posi-
tion on said actuator toward its said second posi-
tion, a pin constituting second actuator means
on said actuator and operating in said crank slot
and engaging one part of said crank for im-
parting, affer initial movement of said control
member and with a given continued movement of
said actuator to its second position, increased and
faster movement of said control member to its
second position, said pin engaging a different
part of said crank and through a relatively short
lever arm for imparting with a given initial move-
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ment of said actuator toward its said first posi-
tion increased and faster movement of said con-
trol member toward its first position, and a hook
constituting third actuator means on said actu-
ator subsequently engaging said crank through
a relatively long lever arm in movement of said
actuator to its said first position for completing
movement of said control member to its first posi-
tion with relatively great mechanical advantage,
there being lost motion between said first actu-
ator means and said crank during initial move-
ment of said actuator from its first position
toward its second position, and there being lost
motion between said hook and said crank during
initial movement of said actuator from its second
position toward its first position, whereby to initi-
ate commencement of movement of said control
member toward its second position snd comple-
tion of movement of said control member toward
its first position each with a hammer blow effect.

8. In a device of the class described, in combi-~
nation, a pivoted actuating arm, an actuated de-
vice actuated by pivotal movement of said arm,
an actuator having a movable actuating member
provided with first and second shoulder means,
said first shoulder means being cooperable with
said pivoted arm through a relatively long length
thereof on movement of the movable member in
one direction, and said second shoulder means
being cooperable with said pivoted arm through
a relatively long length thereof on movement of
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said actuating member in the opposite direction,
there being lost motion between said first shoul-
der means and said pivoted arm in one direction
and lost motion between the second shoulder
means and said pivoted arm in the opposite direc-
tion, said actuating arm having first and second
surface portions, and an abutment member con-
nected to and movable with said actuating mem-
ber, said abutment member being engageable
with said surface portions and operating with
said actuating arm to impart final movement to
said arm in one direction and initial movement
to said arm in the opposite direction each through
a relatively short length of said arm.
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