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1
ELECTRIC FAIL-SAFE ACTUATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to electrically operated valve
actuators, and more particularly to a fail-safe valve ac-
tuator. ’ - '

2. Description of the Prior Art

In the petroleum and related industries, valve actua-
tors are employed for controlling the flow of liquid
" from one location to another, for example in fuel feed
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lines of electrical power generation stations and in the -

transportation of both refined and crude petroleum
products. In such installations, it is sometimes neces-
sary to terminate flow in certain emergencies, such as
the loss of electrical power, in order to prevent loss of
fuel and/or the undesirable effects of contamination or
pollution. :

One type of actuator which has found advantageous
use in the aforementioned applcation is disclosed by
Malcolm ‘D. Clark in his U.S. Pat. No. 3,572,163,
granted Mar. 23, 1971 and assigned to Raymond Con-
trol Systems, Inc. Although this valve actuator has
proven advantageous in many application, it primarily
depends upon the availability and integrity of electrical
power supply for operation. In recognizing that outages
occur, and that it may be necessary to operate a valve
during a power failure, Clark provided his actuators
with means for electrically disconnecting the electric
motor and mechanically disengaging the motor from
the output shaft connected to the valve, and means for
manually operating the actuator. Although service per-
sonnel are alerted of the necessity for manual operation
of the valve by means of monitoring devices, loss of fuel
and/or pollution could occur between the time a ser-
vice man is alerted to operate the valve and the time
that the valve is actually manually operated.

SUMMARY OF THE INVENTION

It is therefore the primary object of the present in-
vention to provide ‘an electrically operated fail-safe
valve actuator which is responsive to a loss of power,
due to switching or power failure, to automatically
drive the valve to a predetermined valve setting, for ex-
ample to a completely closed condition.

Another object of the invention is to provide an auto-
matic fail-safe valve actuator which does not rely on an
external source of energy for fail-safe operation.

" Another object of the invention is to provide an elec-
trically operated fail-safe valve actuator which drives a
valve in one direction toward a predetermined valve
setting and which automatically responds, in a fail-safe
manner, to a loss of electrical power to drive the valve
in the opposite direction toward a predetermined set-
ting at any time during driving of the valve in the first
mentioned direction.

An electric fail-safe valve actuator, according to the
invention, includes an actuator output shaft which ex-
tends from an actuator housing and is connected with
the stem of a valve to be operated. The actuator output
shaft is coupled to an output shaft of a prime mover sys-
tem by means of an electrically operated spring type
clutch mechanism. The prime mover system and the
clutch mechanism are enclosed within a housing with
the prime mover system generally located in one com-
partment of the housing and the clutch mechanism gen-
erally located in another compartment of the housing.
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A coil spring is connected to the actuator output shaft
and to the housing and is disposed about the output
shaft and the clutch mechanism. As the prime mover
system drives the valve in one direction, say toward the
full open setting, the coil spring is wound to store en-
ergy. Upon the removal of power from the clutch
mechanism, which is electrically connected in shunt
across the prime mover system, the spring releases its
energy to drive the valve in the opposite direction, for
example toward a completely closed setting. Of course,
in certain applications one may wish to electrically
drive the valve toward a fully opened condition and
employ fail-safe operation for completely closing the
valve, while in other applications just the opposite
operation may be desired.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the inven-
tion, its organization, construction and operation will
be best understood from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings, on which:

FIG. 1 is a sectional elevational view of an electri-
cally operated fail-safe valve actuator, shown con-
nected to a valve; :

FIG. 2 is a sectional view of the apparatus illustrated
in FIG. 1 taken generally along the parting line II-1I;

FIG. 3 is a sectional view of the apparatus illustrated
in FIG. 1, taken generally along the parting line IH—IIE;

FIG. 4 is a sectional view taken along the same part-
ing line III—IMLin FIG. 1 as was FIG. 3, but showing the
position of certain portions of the apparatus because of
pre-winding of the spring motor;

FIG. 5 is a fragmentary sectional view of a portion of
the apparatus illustrated in FIG. 1, showing the posi-
tions of the respective elements with the clutch mecha-
nism disengaged; ;

FIG. 6 is a sectional view of a portion of the appara-
tus illustrated in FIG. 2 and generally taken along the
parting line VI—VI;and : : _

FIG. 7 is a schematic circuit diagram of a valve actua-
tor constructed in accordance with the principles of the
present invention. ' '

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, an electrically operated actuator

-is generally illustrated at 10 as connected to a valve 12.

The valve 12 is interposed in a conduit, such as a fuel
feed line having respective threaded pipes 14, 16. A
coupling nut 18 connects the threaded pipe 14 to the
valve 12, while a similar coupling nut 20 connects the
threaded pipe 16 to the valve 12. The valve 12 includes
a housing 22 having the working valving components
therein, such as a valve seat, etc, and a rotatable valve
stem 24. Typical of such valves is the 1 inch ball valve.

The actuator 10 includes an actuator housing 26
which comprises a housing shell 28 and a housing shell
30. A center wall 32 generally divides the housing into
two compartments, 78 and 79. The compartment 78
may be considered as the motor compartment, or the
electric motor compartment, and the compartment 79
may be considered as the clutch compartment and/or
the spring motor compartment. '
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The compartment 78 includes a mounting plate 34
on which is mounted an electric motor .36 having an
output shaft 38 which extends through an aperture 42
in the mounting plate 34. The output shaft 38 has a pin-
ion which is connected by way of a gear train 40 to a
gear 44 securely mounted on a shaft 46. The shaft 46
may therefore also be considered as the motor output
shaft, or as the output shaft for the electric motor prime
mover system.

The shaft 46 is rotatably mounted in the mounting
plate 34 by means of a bearing 48, and rotatably
mounted in the center wall 32 by means of a bearing
50.

The mounting plate 32 also carries a terminal block
52 which is mounted on the mounting plate 34 by
means of a terminal block mount 54 and machine
screws 56.

The actuator further includes a threaded bore 58 for
receiving therethrough an electrical cable 60 which is
fastened to the housing by means of a cable connector
62, the cable 60 and the connector 62 being illustrated
in phantom.

The shaft 46 includes a bore 71 which rotatably re-
ceives ‘therein a shaft 70, which functions as a ‘cam
shaft. The cam shaft 70 carries a plurality of cams; two
cams 64, 66 being illustrated in this particular exem-
plary embodiment. The cams 64, 66 are operatively as-
sociated with a pair of switches 72, 74 (FIG. 2) which
function as limit switches and signaling switches, which
will be discussed in greater detail below.

The electric motor 36 is provided with a brake 76,
which will also be discussed in greater detail later on.
It should be noted that the center wall 32 and the
mounting plate 34 effectively define a compartment or
sub-compartment for housing the gear train 40. Inas-
much as the apparatus just described is essentially the
same as that disclosed in the aforementioned Clark pa-
tent, with the exception of manual operation, the same
will not be treated in further detail herein, but is fully
incorporated herein by reference.

The actuator output shaft 82 is secured to a spring
mount 84 for mutual rotation. For this purpose, the ac-
tuator output shaft 82 includes a circular flange 104
having a plurality of threaded bores therein which are
aligned with counterbores 108 in the spring mount 84.
The aligned bores receive machine screws 110 for af-
fixing these elements together. The spring mount 84 is
rotatably connected through a bottom wall 90 of the
shell 30 by means of a bearing 86 positioned within a
bore 88.

The bearing 86 is sealed by means of a seal 92, It
should be noted that the apparatus illustrated in FIG.
1 may be rendered suitable for protection against the
elements and for explosion proof operation by the pro-
vision of the suitable seals between the housing shells
28, 30.

The outwardly extending end 94 of the shaft 82 is re-
ceived in a slot 96 of a coupling 97 which has a slot 99
orthogonal thereto for receiving flats 100 of the valve
stem 24 for aligning the actuator and the valve. In order
to mount the actuator 10 to the valve 12, a mounting
bracket 101 is provided and a plurality of screws 102
secure the actuator and valve.

The spring mount 84 includes a flat surface 118
which bears upon a thrust pad 120 and a self-
lubricating type such as Teflon, which in turns rests
upon the inner surface of the end wall 90. The shaft 46

4

includes a shoulder 114 which bears against the end of
the bearing 50 and a surface 116 of the center wall 32.
With the upper end of the shaft' 82 adjacent the lower
end of the shaft 46, as'shown in FIG. 1, there is there-
fore little axial movement of these shafts.

In order to couple the shafts 46, 82 together for mu-
tual rotation to electrically drive the valve toward, for
example, the full open setting, an electric clutch 124 is
provided. The clutch 124 comprises an electromag-
netic coil 126 having a pair of leads 128 for connection
to an electrical supply.  The leads 128 have been cut
short and, although not shown in FIG. 1, normal extent
upwardly through a bore 130 in the center wall 32 for

" connection to the terminal block 52. The electromag-
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netic coil 126 is carried on a mounting plate 132 which,
in-turn, is rigidly suspended from the center wall 32 by
a plurality of mounting studs 134, The clutch 124 is fur-
ther provided with an armature including an armature
bearing 136 which receives the shaft 82 therein for rel-
ative rotary and axial movement, an armature member
138 secured to one end of and carried by the armature
bearing 136, and an armature member 140 secured to
and carried by the other end of the armature bearing
36. The armature member 140 includes a surface
which is disposed at an angle to the shaft 82, both radi-
ally and axially; the purpose of this surface becoming
evident below. The armature member 140 is biased
away from a member 148 by means of a plurality of
bias springs 144 disposed in respective bores 146. The
member 148 is keyed to the shaft 82 by means of a key
150 and therefore rotates with the shaft 82. The upper
end of the member 148 extends into a cup-shaped end
of the shaft 46 defined by a surface 152 and a bearing
154.

A flat spring 156 is carried about the lower outer sur-
face of the shaft 46 and clearing the member 148 one
end fixed to the shaft 46 at 147. :

With the electromagnetic coil 126 energized, the ar-
mature member 138 is attracted toward the coil and
moves the entire armature assembly upwardly, as illus-
trated in.the drawing, to force the surface 142 against
the spring 156 and causes the spring to grip the mem-
ber 148. This action effects a coupling between the
shaft 82 and the shaft 46. Energlzatlon of the motor 36
therefore causes rotation of the valve stem 24 by way
of the gear train 40, the shaft 46 and the shaft 82.

As the valve is driven by the electric motor 36, en-
ergy is stored in a spring 158. The spring 158 is a coil
spring disposed within the chamber 79 generally de-
fined by the housing shell 30, The coil spring has one
end 162 located in a groove 160 in the spring mount 84
and the other end 164 located in a similar groove 166
in the center wall 32, It is readily apparent that the en-
ergy stored in the spring is released upon deenerglz-
ation of the electromagnetic coil 126 so that the spring
158 acts as a motor to drive the valve 12 in the opposite
direction.

FIG. 1 illustrates the actuator with the clutch 124 op-
erated to engage the shafts 46 and 82. FIG. §, on the
other hand, illustrates the clutch 124 in a deenergized
condition whereby the shafts 46 and 82 are disengaged.

Referring for a moment to FIGS. 3 and 4, sectional
views of a portion of the actuator of FIG. 1 are illus-
trated. Inasmuch as it is necessary to have sufficient en-
ergy stored in the spring 158 so that the spring motor

. action can drive the valve to an extfeme position oppo-
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site to that driven toward by the electric motor 36, the
spring 158 is free-wound during assembly. In a particu-
lar actuator constructed as shown in the instant draw-
ings, and with the clutch disengaged, a relative rotation
of the shaft 82 and the center wall 32 is provided to
wind the spring. In a particular actuator a winding of
166° provided 600 Ib.in. As shown in FIGS. 3 and 4, the
spring mount 84 includes an arcuate slot 168 for re-
ceiving a pin 170 which extends from the end wall 90
of the housing shell 30. With the relative rotation of
parts, the pin 170 links the elements for winding to
store sufficient energy in the spring 158 (300 Ib. in pro-
vided at 83° in the above example), after which the
housing shell 30 is secured to the center wall 32, such
as by means of machine screws 233. The amount of
pre-winding, of course, depends on the particular valve
application. One end of the arcuate slot 168 has
mounted therein a resilient stop 172 so that the pin 170
is provided with a yieldable striking action upon driving
of the valve by means of the spring motor. S

—

5

20

As the valve is driven toward a full open setting, for -

example, or to a particular intermediate setting, it is de-
sirable to maintain the valve in the desired setting over
extended period of time. Therefore, a brake 76 (FIGS.
1, 2 and 6) is provided to hold the valve in the desired
position upon deenergization of the electric motor 36.
Referring to FIGS. 2 and 6 in particular, the brake 76
comprises a solenoid 174 carried by a mounting
bracket 176 which is, in turn, fixed to the mounting
plate 34 by means of screws 178. The solenoid 174 in-
cludes a pair of electrical leads 180 for extension and
connection to the terminal block 52. The brake 76 fur-
ther includes an extensible member 182 which moves
into and out of the solenoid 174 upon energization and
deenergization of the solenoid. A pivot plate 184 is se-
cured to the motor and bell 188 by means of machine
screws 186. The pivot plate 184 includes a downturned
arm 190 and an upturned arm 192. A pivot arm 194 is
pivotally connected to the arm 190 by a pivot pin 196
and is pivotally connected to the extensible member
182 at 198, for example by means of a cotter pin. In
FIG. 6 it is readily apparent that a downward move-
ment of the extensible member 182 causes counter-
- clockwise rotation of the pivot arm 194 about the pivot
pin 196. Such movement places the distal end 200 of
the pivot arm 194 against a pivot plate 202 which is piv-
" otally connected to the pivot plate 184 by means ofa
pivot pin 204 to move the pivot plate clockwise as
viewed in FIG. 2 against a bias provided by a spring 206
which is connected between the pivot plate 202 and the
arm 192 of the pivot plate 184. A brake band 208 is
connected at its opposite ends to brake band pins-210,
212, respectively, which are carried by the pivot plate
202. The brake band 208 surrounds a brake drum 214
and is normally biased by the spring 206 to tighten
about the brake band 214; the brake band 214 being
carried by an end 216 of the electric motor shaft.
Clockwise movement of the pivot plate 202, however,
releases the brake so that the electric motor 36 is able
to drive the valve 12. Therefore, energization of the
motor 36 and energization of the solenoid 174 occur at
the same time. Deenergization of the motor at the de-
sired valve setting is accompanied by a complementary
deenergization of the solenoid 174 to brake the motor
and hold the valve in the desired position.

It is believed that the invention will fall into complete
perspective through the following detailed description
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relating to FIG. 7 which schematically illustrates the
circuit of the actuator 10. The circuit comprises a pair
of input terminals 218, 220 for receiving power from a
commercial alternating current supply, such as 120V,
60 Hz. The terminal 218 is connected to a pair of motor
windings 228 and 230 and to one terminal of the clutch
electromagnetic coil 126. The terminal 220 is con-
nected to the other terminal of the clutch electromag-
netic winding 126 by way of a switch 222 which may
be an on/off control switch mounted at a remote con-
sole. The switch 222 is connected to a movable contact
of a cam operated switch 74 (see FIG. 2) and connect-
ible thereby to one terminal of the solenoid 174 and a
motor capacitor 232. Upon closure of the switch 222
the clutch 126 is energized to cause engagement be-
tween the shafts 46 and 82, as discussed above. With
the switch 74 closed, in response to the position of the
cam 64 carried by the shaft 70 which rotates with the
shaft 82, the motor windings 228, 230 and the brake
solenoid 174 are energized to drive the valve toward a
predetermined setting, such as full opened. As the
valve reaches the desired position, the cam 64 opens
the contacts 74 to stop the motor 36, deenergize the
brake solenoid 174 to set the brake and simultaneously
brake the motor and maintain the valve-in the desired
condition. It should be noted that the electromagnetic
winding 126 remains energized at all times, unless the
switch 22 is open, or unless there is a loss of power due
to a power failure or the like. In this example on/off

.corresponds to open/close.

During the just-mentioned driving operation, energy
is stored in the spring 158 so that upon an opening of
the switch 222 or a loss of power at the terminals 218,
220, the spring motor will drive the valve in the oppo-
site direction, e.g., to the fully closed setting.

Operation of the valve is provided by means of a
switch 72 which is operated by a cam 66 also carried
by the shaft 70. The switch 72 is connected to a pair of
output leads 224, 226 which may be extended to a
power supply and signal lamp to indicate valve posi-
tion. It is readily apparent that a number of such
switches and associated operative cams may be pro-
vided to indicate valve positions intermediate fully
closed and fully opened so that service personnel can
monitor the intermediate positions of the valve. By the
same token, a plurality of switches 222 could be con-
nected to the clutch and motor along with a plurality
of switches, such as switch 74, to selectively drive the
valve to intermediate valve positions. Of course, leak-
age paths would be obviated by the use of mechanical
lockout switches or the like in connection with the
electromagnetic coil 126.

In summary, therefore, an automatic fail-safe electri-
cally operated valve actuator has been described which
responds to a loss of electrical energy to the actuator
to drive the valve to a predetermined valve setting, for
example to a completely closed condition. Also, the ac-
tuator described has shown to be completely fail-safe
in that automatic return of the valve to the predeter-
mined setting will occur whether the valve has been
locked at a certain desired setting, or is in the process
of being driven toward a desired setting.

In a particular construction of the valve actuator all

" of the bearings were brass. Also it was discovered that

clutch operation was enhanced when non-magnetic
stainless steel was used for the shaft 82, carbon steel
was used for the armature member 138 and element
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136 was a non-ferrous material such as brass or alumi-
num.

Although T have described my invention by reference
‘to a particular illustrative embodiment thereof, many
changes and modifications. of the invention may be-
come apparent to those skilled in the art without de-
parting from the spirit and scope of . the invention. I
therefore intend to include within the patent warranted
hereon all such changes and modifications as may rea-

sonably and properly be included within the scope of

my contribution to the art.
[ claim:
1. An electrically operated valve actuator, compris-
ing: o
an electric motor for connection to an electrical sup-
ply; _ v
means for connecting said motor to a valve for driv-
ing the valve in one direction, including electric
clutch means for connection to the electrical sup-
ply and normally energized to connect said motor
in driving engagement with, the valve and deener-
gized in response to loss of power from the electri-
-cal supply to disengage the valve from said motor;
~and
energy storage means for connection to the valve re-
sponsive to the operation of said motor to store en-
ergy and responsive to disengagement of said
motor from the valve to drive the valve in the oppo-
site direction.
2. An electrically operated valve actuator according
to claim 1, comprising:
switch means operated in response to a predeter-
mined number of revolutions of said motor to dis-
connect said motor from the electrical supply; and

brake means operated in response to said switch
“means to hold the valve in the position.driven by
said motor.

3. An electrically operated valve actuator according
to claim 2, wherein said brake means includes an elec-
tromagnetic device for connection to the electrical sup-
ply and normally energized with said motor to a non-
braking condition. ,

4. In a valve actuator of the type having an electric
motor for connection to and driving a valve toward a
first predetermined condition and a limit switch for
opening the powering circuit of the motor when the
valve has reached the first predetermined condition,
the improvement comprising:

coupling means for connection to the power supply

for the motor and interposed between the motor
and the valve, said coupling means including means
normally engaged between the valve and the motor
and responsive to a loss of power from the power
supply to disengage the motor and the valve; and

energy storage means for connection to the valve and
engaged with the motor by said means which nor-
mally causes engagement between the motor and
the valve, said energy storage means storing energy
upon driving of the valve toward the first predeter-
mined condition and responsive to disengagement
to drive the valve toward a second predetermined
condition. ‘ _—

5. An electrically operated valve actuator, compris-

ing:
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electric-motor means for connection to an electrical
supply to drive a valve, said motor means including
an electric motor, an output shaft and switch
means including contacts connected between said
motor and the electrical supply, said switch means
coupled to said output shaft and operated upon a
predetermined number of revolutions thereof. to
disconnect said motor from the electrical supply;

electric brake means for connection to the valve and
electrically connected to said switch means, said
brake means operated in response to the operation
of said switch means to hold the valve. in the posi-
tion driven by said motor;

energy storage means for connection to the valve and

operated to store.energy upon operation of the
valve in one direction; and

electric clutch means connected between said motor

and the valve and electrically connected to the
electrical supply, said clutch means operable to dis-
engage said motor from the valve in response to
-loss of power from the electrical supply whereupon
said energy storage means becomes effective to
drive the valve in the opposite direction.

- 6. An electrically operated valve actuator according

to claim S, comprising:

an actuator output shaft for connection to the valve,

said actuator output shaft axially aligned with said
motor output shaft;

said electric clutch means including a clutch winding

for connection to the electrical supply, a clutch ar-
mature mounted for axial movement with respect
to said motor output shaft and said output shaft
upon - energization - and deenergization of said
clutch winding, and spring means carried by one of
said shafts and disposed about both of said shafts,
said spring means urged by said clutch armature to
frictionally embrace the other of said shafts for
driving engagement with said one shaft upon ener-
gization of said clutch winding.

7. An electrically operated valve actuator according
to claim 6, wherein said clutch armature includes a
central bore which receives said actuator output shaft
therethrough and a surface disposed at an angle to the -
axis of said actuator output shaft to engage and urge
said spring means -axially and radially inwardly against
said actuator output shaft.

8. An electrically operated valve actuator according
to claim 6, wherein said clutch winding includes a cen-
tral bore receiving said actuator output shaft there-
through, and said surface of said clutch armature is dis-
posed between said clutch winding and said spring
means.

9. An electrically operated valve actuator according
to claim 8, wherein said clutch armature includes a

- bearing carried on and slidable axially along said actua-

tor output shaft, a first armature portion mounted at
one end of said bearing and a second armature portion
mounted at the other end of said bearing and carrying
said surface for engagement with said spring means.
10. An electrically operated valve actuator, compris-
ing:
an actuator housing including first and second end
walls, sidewalls and compartment wall dividing said
housing into a motor compartment and a clutch
compartment;
electric motor means mounted in said motor. com-
partment for connection to an electrical supply to
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drive a valve, said motor means including an elec-
tric motor, a motor output shaft and switch means
including contacts interposed between said motor
and the electrical supply, said switch means cou-
pled to said motor output shaft and operated upon
a predetermined number of revolutions thereof to
disconnect said motor from the electrical supply;

an actuator output shaft extending through said
clutch compartment for connection to a valve to be
actuated;

energy storage means mounted in said clutch depart-

ment and connected between said actuator housing

"and said actuator output shaft, said energy storage
means operated to store energy upon operation of
the valve in one direction; and

electric clutch means mounted in said clutch com-

partment for connecting said motor output shaft to
said actuator output shaft, said electric clutch
means electrically connected to the electrical sup-
ply and operable to disengage said motor output
shaft and said actuator output shaft in response to
loss of power from the electrical supply whereupon
"said energy storage means drives the valve in the
opposite direction.

11. An electrically operated valve actuator according
to claim 10, wherein said actuator output shaft and said
motor output shaft are mounted for rotation and have
the same axis of rotation, and wherein said electric
clutch means includés a clutch winding for connection
to the electrical supply, a clutch armature mounted for
movement along the axis of rotation of said shafts, and
spring means carried about said motor output shaft and
said actuator output shaft for causing engagement and
disengagement between said shafts in response to
movement of said clutch armature.

12. An electrically operated valve actuator according
to claim 11, wherein 'said clutch armature includes a
bore for receiving said actuator output shaft there-
through, and having at least one surface disposed at an
angle to the axis of said shafts to engage and urge said
spring means axially and radially inwardly with respect
to said shafts.

13. An electrically operdted valve actuator according
to claim 11, wherein said clutch wnding is fixed to one
of said walls within said clutch compartment and in-
cludes a bore for receiving said actuator output shaft
therethrough, and wherein at least a portion of said
clutch armature is disposed between said clutch wind-
ing and said spring means.

14. In an electric valve actuator of the type wherein
electric motor means is connectible to an electrical
supply and mechanically connectible to a valve by way
of the motor output shaft, the improvement therein of
fail-safe means comprising: ‘

spring motor means interposeéd between the electric

motor means and the valve and operated to store
energy upon driving of the valve by the electric
motor means, and electric clutch means connect-
ible with the electric motor means to the electrical
supply and energizible with the electric motor
means to engage the electric motor means and said
spring motor means and deenergizible upon a loss
of power from the electrical supply to disengage
“the electric motor means and said spring motor
means, whereupon said spring motor means is op-
erable to drive the valve in the direction opposite
to that driven by the electric motor means.
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15. The improvement set forth in claim 14, wherein
said spring motor means comprises:
a rotatably mounted actuator output shaft for con-
nection to the valve; and
a spring having a fixed end and an end connected to
~ said rotatable actuator output shaft.
16. The imprcvement set forth in claim 15, wherein
said electric clutch means comprises:
‘an electromagnetic coil;
a clutch armature attracted upon energization of said
coil and mounted on said actuator output shaft for
" relative rotary and fixed axial movement with re-
spect to said shaft; and
a clutch spring disposed about the output shaft of the
electric motor means and said actuator output
shaft and urged by said chitch armature to engage
the two shafts for mutual rotation in response to
energization of said electromagnetic coil.
17. An electric fail-safe valve actuator for connection
to a valve, comprising:
an electric motor for driving the valve in one direc-
tion; '
a spring motor, wound by said electric motor, for
driving the valve in the opposite direction; and
an electric clutch energized with said electric motor
for engaging said electric and spring motors and
deenergized with said electric motor for disengag-
ing said motors and permitting said spring motor to
drive the valve.
18. An electric fail-safe actuator accordmg to claim
17, comprising:
a housing including
an intermediate wall dividing said housmg into two
compartments,
said electric ‘motor mounted in one of said com-
partments, and ’
said spring motor and said electric clutch mounted
in the other compartment.
19. An electric fail-safe valve actuator according to
claim 18, wherein said spring motor comprises:
a rotatably mounted output shaft for-connection to
the valve; and
a spring mounted about said. spring motor output
shaft, said spring having a first end fixed to said
housing and a second end fixed to said output shaft.

20. An electric fail-safe valve actuator according to

claim 18, wherein said electric motor comprises:

a rotatably mounted output shaft; said spring motor
comprises:

a rotatably mounted output shaft; and a spring dis-
posed about said spring motor output shaft includ-
ing a first end fixed to said housing and a second
end fixed to said spring motor output shaft; and
said electric clutch comprises:

an electromagnetic coil; and

means responsive to the energization of said coil to
engage said two output shafts. '

21. An electric fail-safe valve actuator according to

claim 20, wherein:

said electric motor output shaft and said spring motor
output shaft are axially aligned; wherein said means
responswe to the energization of said coil com-
prises:

an armature carried about said spring motor output
shaft for axial movement therealong; and
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a clutch spring carried by said electric motor output
shaft and dlsposed about both of said motor shafts,
said clutch spring being urged by said armature to
couple said shafts for mutual rotation upon energx—
zation of said coil.

22. An electric fail-safe valve actuator according to
claim 21, wherein said electric motor output shaft com-
prises:

an axial bore extending through said shaft; said spring
motor output shaft comprises:

an axial bore extending at least partially into said
shaft; and wherein said actuator further comprises:

a cam shaft fixed in said bore of said spring motor
output shaft and rotatably received through said
electric motor output shaft, said cam shaft extend-
ing from said other compartment into said one
compartment,

at least one cam mounted on said ¢am shaft and

a limit switch disposed in said one compartment for

10

20

operation by said cam when said valve is at a prede- -

termined setting, said limit switch electrically con-
nected between said electric motor and the electri-
cal supply.

23. An electric fail-safe valve actuator accordmg to

claim 17, comprising:

a brake mounted on said electric motor including a
brake solenoid electrically connected to said motor
for simultaneous energization therewith, said brake
operated to a non-braking condition upon energi-

* zation.

24. An electric fail-safe valve actuator accordmg to

claim 23, wherein said brake comprises:

a brake drum mounted on said electric motor shaft;

a brake band about said brake drum biased to a brak-

ing condition; and

a mechanical linkage connected between said sole-

noid and said brake band.

25. An electric fail-safe valve actuator according to
claim 24, wherein said solenoid is mounted on the side
of said electric motor and includes an extensible mem-
ber connected to said linkage.

26. An electric fail-safe valve actuator according to
claim 25, wherein said mechanical linkage comprises:

a first plate fixed to one end of said electric motor ad-
jacent said brake drum;

a second plate pivotally carried on said first plate,
said second plate including means connected to the
ends of said brake band; ‘ )

a third plate pivotally carried on said first plate and
pivotally connected to said extensible member and
pivotal to pivot said second plate; and

a bias spring connected between said first and second
plates to bias said second plate to tighten said band
about said drum.

27. An electric fail-safe valve actuator according to

claim 26, wherein said first plate includes an arm ex-
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tending at a right angle to the plate generally parallel
to the side of said electric motor and pivotally mount-
ing said third plate.

28. An electric fail-safe valve actuator according to
claim 27, wherein said first plate includes a second arm
extendmg therefrom and mounting one end of sand bias
spring.

29. An electric fail-safe valve actuator for connection
to a-valve, comprising:

an electric motor for driving the valve in one direc-

tion;

spring motor, wound by said electric motor, for driv-

ing the valve in the opposite direction; and

an electric clutch energized with said electric motor

for engaging said electric and spring motors and
deenergized with said electric motor for disengag-
ing said motors and permitting said spring motor to
drive the valve, said spring motor including a pre-
wound spring having energy stored therein before
being wound by said electric motor.

30. An electrically operated actuator for operating a
device from one position to another, comprising:

an electric motor for connection to an electrical sup-

ply;

means for connectmg said motor to the device for

"driving the device in one direction, including elec-
tric clutch means for connection to the electrical
supply and normally energized to connect said
motor in driving engagement with the device and
deenergized in response to loss of power from the .
electrical supply to disengage the device from said
motor; .and.

energy storage means for connection to the device

responsive to the operation of said motor to store
energy and responsive to disengagement of said
motor from the device to drive the device in the op-
posite direction.

31. In an actuator of the type having an electric
motor for connection to and driving a device toward a
first predetermined position and a limit switch for
opening the powering circuit of the motor when the de-
vice has reached the first predetermined position, the
improvement comprising: . -

coupling means for connection to the power supply

for the motor and interposed between the motor -
and the device said coupling means including
means normally engaged between the device and
the motor and responsive to a loss of power from
the power supply to disengage the motor and the
device; and

energy storage means for connection to the device

and engaged with the motor by said means which
normally causes engagement between the motor
and the device, said energy storage means storing
energy upon driving of the device toward the first
predetermined condition and responsive to disen-
gagement to drive the device toward a second pre-
determined position.
* * ok k%



