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2,767,369
CONTROL MEANS AND SYSTEM OF CONTROL

Carl Schindler, Wauwatosa, Wis., assignor to MgGraw
Elecirie Company, Milwaukee, Wis., a corporation of
Delaware

Application April 1, 1953, Serial No. 346,065
13 Claims. (ClL 323—43.5)

This invention relates to control means and to g 8ys-
tem of control and is particularly directed to a system of
voltage control, though it is to be understood that in its
broader aspect this invention can be followed in the con-
trol of different quantities,

It is an object of the present invention to provide a Sys-
tem of control responsive to voltage fluctuations, and
which includes a hydraulically operated servo mechanism,
which is self-compensating to permit the actuating mech-
anism to float at normal or neutral position with a minj-
mum amount of hunting,

It is another object of this invention to provide a con-
trol means and system of control for use in voltage regu-
lation, and which is readily adaptable for use in actuating

as current, reactive volt amperes, or power.
Specifically, it is an object of the
previde an electrical servo mechanism which does not

frictionally actuated slip lever.

Further objects and advantages of the present inven-
tion will be apparent from the following description,
considered in connection with the accompanying drawing,
which forms part of this specification, and of which:

Fig. 1is a view, partly in diagram and partly in sec-
tion, showing a system of regulation in which 2 tap
changer is operated from the contro] means.

Fig. 2 is a fragmentary sectional view showing the
relation of i i

Fig.
generally by the reference character 1. It is provided with
a primary 2 and a secondary 3 connected, respectively,
to the power line 4 and the load line 5. A tap changer
indicated generally by the reference character 6 is pro-
vided on the primary side of the transformer. 'This tap
changer 6 is preferably of the multiple point, snap ac-
tion type very commonly and widely used,

A voltage sensitive device in the form of an electro-
magnetic solencid coil is electrically connected across the
load or secondary line 5, and is generally denoted by the
reference character 7. It will be apparent from the here-
inafter description that the sensitive device may take any
of various forms, such as current transformers, D’Arsonval
instruments, and the like (not shown), which may be
made responsive to current, reactive volt amperes, or
power.  As presently described, the device takes the form
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of a voltage coil 8 arranged to receive a magnetic plunger
Or armature 9, fastened at jts upper end to a zero adjust-
ment screw 10, and at its lower end to a pivot pin 11,

The armature 9 may be made of a temperature sensi-
tive magnetic alloy, commonly used for devices of this
nature where ambient temperatures might affect the deli-
cate response of the voltage sensitive device, Tempera-
ture compensator alloys are generaly of iron-nickel alloys
and have their magnetic permeability proportional to
change in temperature,

The pivot pin 11 is attached to the operating end 12 of
an actuating member or cantilever 13 which is rotatably

shaft 14,

The outer end 16 of the cantilever is arranged to receive
one end of compensating springs 17 and 18, which are
fastened at their opposite ends to a compensating lever
19 rotatably supported on the supporting shaft 14, and
engageable with stops 1. This may be clearly
shown in Fig. 2, wherein the compensating lever 19 ig
biased in an axial direction relative to the shaft 14 by
means of a compression spring 23 engaging a slidable
friction plate 24, which abuts the lever 19, forcing it
towards frictiona] éngagement with a crank 25. The
crank 25 is also rotatably mounted on the shaft 14 and is
provided with a flange 28 which acts
spring 23. The crank is pivotally connected to a link 27
which, in turn, is pivotally atiached to a yoke 28 having
oppesed pistons 29 and 39 secured thereto. The pistons
are provided with pressure-equalizing and dirt collecting
annular grooves 31, and are adapted to be received by
the bores 32 and 33, respectively, of the working cylinder
member 34. The bores are each closed at one end and
communicate only through a slide valve, which is denoted
generally by the reference character 35.

The slide valve includes outlet
municating with upper and lower

adapted to alternatively
port 42, communicating with a
to supply oil or other hydraulic fluid
The slide member 40 is operatively as-

entire mechanism may
and that the same o]
hydraulic media, When so immersed,

in oil, if so desired;
may be used as the

tion or the cperation of the control means. The slide
valve 335 communicates with working cylinder member
34 through the ports 45 and, 46, respectively. The yoke
28 is connected at its upper end to a contact actuator,
which may take the form of a U-shaped trunnion 47 sup-
porting a pivot pin 48, which is rotatably connected to an
actuating linkage 49, The actuating linkage 49 is opera-
tively connected to the snap action tap changer 6, so that
if the yoke 28 is shifted in position in the manner herein-
after described, the fap changer will select the appropriate
tap preferably with a snap action,

With the arrangement as
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to drop downwardly with respect to the solenoid, as
shown in Fig. 1. Tt will be noted that the plunger 9 is
resiliently supported at its top by means of a zero ad-
justment screw 10. This downward movement of the
plunger will cause the cantilever 13 to rock in a counter-
clockwise direction about the shaft 14, and will simul-
taneously cause the link member 44 to move downward-
ly. The counterclockwise movement of the cantilever
will draw the compensating spring 18 in tension against
an equalizing compressive action on the compensating
spring 17. The compensating lever 19 will, accordingly,
be biased towards counterclockwise motion about the
shaft 14.

The. simultaneous downward motion of the link mem-
ber 44 will actuate the slide member 49 of the slide valve
35 towards a downward direction, as viewed in Fig. 1.
The downward motion of the slide member 48 will open
the outlet port 37 by the sliding action of the gate mem-
ber 39 and also open the inlet port 42 by the sliding
action of the integral gate portion 41. It will be noted
that there is a free passageway above the lower piston
31 through the port 46 and out the inlet port 37, per-
mitting unimpeded movement of the lower piston 39 in
either direction.

The hydraulic fluid, which is under pressure trans-
mitted by the pump 43, will be forced through the port
45 into the bore 32 of the working cylinder member 34.
This pressure will be imparted to the upper piston 29,
causing a simultaneous upward movement of -the yoke
28 and the actuating linkage 49 through the trunnion
47. It will be apparent that such upward motion will
cause the tap changer 6 to raise the voltage on the load
line or secondary line § responsive to the position of the
contacts connected to the primary 2 of the transformer 1.

Referring again to the upward motion of the yoke 28,
this movement, which occurs simultaneously with the
change of taps, will be imparted to the link 27 pivotaily
attached to the crank 25. The upward motion of the
link 27 will tend to cause the crank 25 to rotate about
the shaft 14 in a clockwise direction. Attention is drawn
to the fact that the crank frictionally engages the com-
pensating lever 19, which lever has been previcusly biased
towards a counterclockwise direction about the shaft i4
by means of the action of the compensator springs 17 and
18 responsive to the motion of the outer end 16 of the
cantilever 13. The compensating lever 19 is prevented
from excess rotational movement by means of the stops
20 and 21 engageable therewith.

The immediate effect of the compensating mechanism
is to reduce overtravel of the piston 29 to cause the tap
changer to move beyond the desired degree of regula-
tion. Obviously, this will reduce wear and tear on the
regulator and switch taps in addition to reducing ut-
necessary voltage fluctwation and flickering of electric
lamps on the regulated circuit. The compensating de-
vice also permits the mechanism to float between taps
as long as the normal voltage exists. The compensating
lever 19 is nothing more than a slip lever frictionally
contacting the crank 25, permitting the floating action
no matter which tap might be engaged by the tap changer
switch blade. The frictionally driven lever and the com-
pensating spring connection will tend to slip past the crank
after a period of time has expired when the tap change
has been completed, 0 permit the mechanism to float at
the new position and supply normal secondary voltage.
1t will be apparent that the positions of compensation
may be determined by the size and force exerted by the
compensating springs 17 and 18. _

When normal secondary voltage has been restored, thl.S
voltage will be immediately reflected in the voltage sensl-
tive device 7, causing the zero adjusted plunger 9 to
seek its mormal operating position. The normal oper_at-
ing position will be immediately reflected in the slide
member 40 to close the inlet port 42 and the pu’flet ports
36 and 37.- This action will permit an equilibrium con-
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dition to exist between the pistons 2¢ and 39 responsive
to the compensation provided by means of the lever 19
and the crank 25.

Tt will be apparent that the device will operate in sub-
stantially the same manner as above described when an
overvoltage condition exists. The existence of an over-
voltage will be reflected in the voltage semsitive device
7 to cause the plunger 9 to move in an upward direction
with a consequent opening of the inlet port 42 to permi
the pressurized hydraulic fluid to enter the port 46 to the
bore 33 of the working cylinder member 34, which will
force the piston 38 in a downward direction and con-
currently ‘operating the tap changer to move to a lower
voltage tap position. The port 45 will permit any trapped
fluid to escape out through the opened outlet port 36 for
unimpeded motion of the upper piston 28. The same
compensating effect will take place between the lever 19
in the crank 25, but in an opposite direction about the
shaft 14 than as described in connection with undervolt-
age conditions in the Joad or secondary 5. The device
will then float at the new tap with a minimum of hunt-
ing between taps as compensated for between the mem-
bers 19 and 25.

The preferred embodiment of the control means has
been described in connection with a dual-chamber cylin-
der supplying pressure to two independently operable
piston members each joined to a linking yoke. However,
the device may conveniently take the form illustrated by
Fig. 3 without departing from the scope of invention.

Like parts relating to both embodiments bear the same
reference character in each of the figures of the draw-
ings. The embodiment of Fig. 3 is illustrative of a single
piston 56 having dual working faces, and which is axially
slidable in the bore 51 of the working cylinder member
53, The working cylinder member is closed at both ends
except for an opening in each end sealed by means of
gaskets 53 and 54, respectively. The gaskets 53 and 54
are arranged to receive piston rods 55 and 56, respective-
ly. The rods 55 and 56 extend from either face of the
piston member 50 and are joined at their outer ends to
pivot trunnions 47 and 57, respectively. Ports 45 and
46 provide an entrance and an exit means for the pres-
surized hydraulic fluid, which is alternatively admitted
and expelled in substantially the same manner as de-
scribed in connection with the preferred embodiment.
The compensating means, which has hereinabove been
fully described, is adapted to operate in the same manner
with the present embodiment through the tink 27 and
the piston rods 55 and 56 integrally positioned on the
piston 59. ’ : :

It will be apparent that a novel form of an electrical
quantity regulation control means and sysiem has been
provided by this invention, which includes a compensat-
ing means immediately responsive to quantity variations,
simultaneous to the reaction of an acutator member,
which substantially climinates objectionable hunting com-
mon to many regulating servo mechanisms.

I claim:

1. In an alternating current electrical system having
adjustable control means to control the magpitude of an
electrical quantity of said system; a hydraulic work cylin-
der including dual pressure chambers each having a piston
slidable therein, condition responsive means responsive
to variations in said electrical quantity and including a
solenoid coil and magnetic plungert, said plunger com-
prising a temperature sensitive magnetic alloy having its
magnetic permeability proportional to change in ambient
temperature, a selective stide valve jointly associated with
said working cylinder and with a source of hydraulic
fluid under pressure to alternatively admit said fluid to
said dual chambers, a cantilever actuator jointly opera-
tively associated with said plunger and with said valve,
said actuator being rotatively positioned on 2 shaft mem-
ber and having a portion extending radially from said
shaft member, a crank rotatable on said shaft member
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and operatively associated with said piston members,
and a compensating member rotatable relative to said
shaft member and frictionally engaged radially relative
to said crank, opposed spring members each conjointly
engaging said compensating member and the radially ex-
tending portion of said actuator, whereby movement of
said magnetic plunger will simultaneously actuate said
slide valve and said compensating member through the
medium of said actuator and said opposed spring mem-
bers to permit balanced movement of said pistons in a
preselected direction alternatively responsive to varia-
tions in said electrical quantity.

2. In an alternating current electrical system having
adjustable control means to control the magnitude of an
electrical quantity of said system; a hydraulic work cylin-
der including a piston arranged for actuation of said
control means, condition responsive means responsive to
variations in said electrical quantity, a selective slide
valve jointly associated with said working cylinder and
with a source of hydranlic fluid under pressure to se-
lectively admit said fluid to said cylinder, an actuator
jointly operatively associated with said condition respon-
sive means and with said valve, and compensating means
for providing balanced movement of said piston and com-
prising a pair of frictionally engaged relatively movable
members, one of said movable members being connected to
said piston, and force balancing means interconnecting the
other of said relatively movable members and said actu-
ator, whereby movement of said condition responsive
means will simultaneously actuate said slide valve and
said other of said relatively movable members through
the medium of said actuator and said force balancing
means to permit balanced movement of said piston in a
preselected direction alternatively responsive to variations
in said electrical quantity.

3. In an alternating current electrical system having
adjustable control means to control the magaitude of an
electrical quantity of said system; a hydraulic work cylin-
der including a piston arranged for actuation of said
control means, condition Tesponsive means responsive
to variations in said electrical quantity, a selective slide
valve jointly associated with said working cylinder and
with a source of hydraulic fluid under pressure to se-
lectively admit said fluid to said cylinder, an actuator
jointly operatively associated with said condition respon-
sive means and with said valve, and compensating means
for providing balanced movement of said piston and
comprising a shaft member, a crank rotatable upon said
shaft member and operatively connected to said piston,
a compensating member positioned on and rotatable rela.
tive to said shaft member, said compensating member
and said crank being frictionally engaged radially rela-
tive to onme another, and force balancing means inter-
connecting said compensating member and said actu-
ator, whereby movement of said condition Tesponsive
means will simultaneously actuate said slide valve and
said compensating member through the medium of said
actuator and said force balancing means to permit bal-
anced movement of said piston in a preselected direction
alternatively responsive to variations in said electrical
quantity.

4. In an alternating current electrical system having
adjustable control means to control the magnitude of an
electrical quantity of said system; a hydraulic work cylin-
der including a piston arranged for actnation of said
control means, condition responsive means responsive to
variations in said electrical quantity, selective valve means
jointly associated with said working cylinder and with
a source of hydraulic fluid under pressure to selectively
admit said fluid to said cylinder, an actuator jointly
operatively associated with said condition responsive
means and with said valve means, and compensating
means for providing balanced movement of said piston
and comprising a shaft member, a crank rotatable upon
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said shaft member and operatively connected to sajd pis-
ton, a compensating member positioned on and rotatable
relative to said shaft member, said compensating member
and said crank being frictionally engaged radially rela-
tive to one another, and force balancing means inter-
connecting said compensating member and said actuator,
whereby movement of said condition responsive means
will simultaneously actuate said valve means and sajd
compensating member through the medium of said actu-
ator and said force balancing means to permit balanced
movement of caid piston in a preselected direction alter-
natively responsive to variations in said electrical quantity.

5. In an alternating current electrical system having
adjustable control means to control the magnitude of an
electrical quantity of said system; a hydraulic work cylin-
der including a piston arranged for actuation of said
control means, condition responsive means responsive to
variations in said electrical quantity, a selective slide
valve jointly associated with said working cylinder and
with a source of hydraulic fluid under pressure to se-
lectively admit said fluid to said cylinder, an actuator
jointly operatively associated with said condition respon-
sive means and with said valve, and compensating means
for providing balanced movement of said piston and com-
prising a shaft member, a crank rotatable upon said shaft
member and operatively connected to said piston, a com-
peasating member positioned on and rotatable relative to
said shaft member, said compensating member and said
crank being frictionally engaged radially relative to one
another, and balanced resilient means interconnecting
said compensating member and said actuator, whereby
movement of said condition responsive means will simul-
taneously actuate said slide valve and said compensating
member through the mediuvm of said actuator and said
balanced resilient means to permit balanced movement
of said piston in a preselected direction alternatively re-
sponsive to variations in said electrical quantity.

6. In an alternating current electrical system having
adjustable control means to control the magnitude of
an electrical quantity of said system; a hydraulic work
cylinder including dual pressure chambers, each having
a piston slidable therein and each piston arranged for
alternative actuation of said control means, condition re-
sponsive means responsive to variations in said electrical
quantity, a selective slide valve jointly associated with
said working cylinder and with a2 source of hydraulic
fluid under pressure to alternatively admit said fluid to
said dual chambers, a cantilever actuator jointly opera-
tively associated with said condition responsive raesns
and with said valve, said actuator being rotatively posi-
tioned on a shaft member and having a portion extend-
ing radially from said shaft member, a crank rotatable
on said shaft member and operatively associated with
said piston members, and a compensating member ro-
tatable relative to said shaft member and frictionally en-
gaged radially relative to said crank, balanced resilient
means conjointly engaging said compensating member
and the radijally extending portion of said actuator,
whereby movement of said condition responsive means
will simultaneously actuate said slide valve and said com-
bensating member through the medium of said actuator
and said resilient means to permit balanced movement
of said pistons in a preselected direction alternatively re-
sponsive to variations in said elecirical quaintity.

7. In an alternating carrent electrical sysitem haviag
adjustable control means to control the magnitude of an
electrical quantity of said system; a hydranlic work cyl-
inder including dual pressure chambers, each having a
piston slidable therein and each piston arranged for alter-
native actuation of said control means, condition respon-
sive means responsive to variations in said electrical
quantity and including a solenoid coil and magnetic
plunger, a selective slide valve jointly associated with
said working cylinder and with a source of hydraulic
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fluid under pressure to alternatively admit said fluid to
said- dual chambers, a cantilever actnator jointly opera-
tively associated with said plunger and with said valve,
said actuator being rotatively positioned on a shaft mem-
ber and having a portion extending radially from said
shaft member, a crank rotatable on said shaft member
and operatively associated with said piston members, and
a compensating member rotatable relative to said shaft
member and frictionally engaged radially relative to said
crank, opposed spring members each conjointly engaging
said compensating member and the radially extending
portion of said actuator, whereby movement of said mag-
netic plunger will simultaneously actuate said slide valve
and said compensating member through the medium of
said actuator and said opposed spring members to per-
mit balanced movement of said pistons in a preselected
direction alternatively responsive to variations in said
electrical quantity.

8. In a pressure fluid operated controlling device in-
cluding a hydraulic work cylinder having a piston for
actuating a member to be controlled, condition respon-
sive means, a selective slide valve jointly associated with
said working cylinder and with a source of hydraulic
fluid under pressure to selectively admit said fluid to
said cylinder, the combination therewith of an actuator
jointly operatively associated with said condition respon-
sive means and with said valve, and compensating means
for providing balanced movement of sajd piston and com-
prising a pair of frictionally engaged relatively movable
members, one of said movable members being connected
to said piston, and force balancing means interconnecting
the other of said relatively movable members and said
actuator, whereby movement of said condition respon-
sive means will simultaneously actuate said slide valve
and said other of said relatively movable members
through the medium of said actuator and said force
balancing means to permit balanced movement of said
piston in a preselected direction alternatively responsive
to conditions affecting said condition responsive means.

9, In a pressure fluid operated controlling - device in-
cluding a hydraulic work cylinder having a piston for
actuating a member to be controlled, condition respon-
sive means, a selective slide valve jointly associated with
said working cylinder and with a source of hydraulic
fluid under pressure to selectively admit said fluid to
said cylinder, the combination therewith of an actuater
jointly operatively associated with said condition respon-
sive means and with said valve, and compensating means
for providing balanced movement of said piston and com-
prising a shaft member, a crank rotatable upon said shaft
member and operatively connected to said piston, a com-
pensating member positioned on and rotatable relative
to said shaft member, said compensating member and
said crank being frictionally engaged radially relative to
one another, and. force balancing means interconnecting
said compensating member and said actuator, whereby
movement of said condition responsive means will simul-
taneously actuate said slide valve and said compensating

member through the medium of said actuator and said:

force balancing means to permit balanced movement
of said piston in a preselected direction alternatively re-
sponsive to conditions affecting said condition respon-
sive means. ’ ) '

10. In a pressure fluid operated controlling device in-
cluding a hydraulic work cylinder having a piston for
actuating a member to be controlled, condition responsive
means, selective valve means jointly associated with said

working cylinder and with a source of hydraulic fluid’

under pressure to selectively admit said fluid to said cyi-
inder, the combination therewith of an actuator jointly
operatively  associated with said condition responsive
means and with said valve means, and compensating

means for providing balanced movement of said . piston.

and. comprising a shaft member, a crank rotatable upon
said shaft member and operatively connected to said

10

15

20

25

30

35

40

50

55

60

85

70

piston, a compensating member positioned on and rotat-
able relative to said shaft member, said compensating
member and said crank being frictionally engaged radiaily
relative to one another, and force balancing means inter-
connecting said compensating member and said actuator,
whereby movement of said condition responsive means
will simultaneously actuate said valve means and said
compensating member through the medium of said actu-
ator and said force balancing means to permit balanced
movement of said piston in a preselected direction alter-
natively responsive to conditions affecting said condition
responsive means.

11. In a pressure fluid operated controlling device in-
cluding a hydraulic work cylinder having a piston for
actuating a member to be controlled, condition responsive
means, a selective slide valve jointly associated with
said working cylinder and with a source of hydraulic
fluid under pressure to selectively admit said fluid to said
cylinder, the combination therewith of an actuator jointly
operatively associated with said condition responsive
means and with said valve, and compensating means for
providing balanced movement of said piston and com-
prising a shaft member, a crank rotatable upon said shaft
member and operatively connected to said piston, a com-
pensating member being frictionally engaged radially
relative to one another, and balanced resilient means inter-
connecting said compensating member and said aciuator,
whereby movement of said condition responsive means
will simultaneously actuate said slide valve and said other
of said compensating member through the medium of said
actuator and said balanced resilient means to permit
balanced movement of said piston in a preselected direc-
tion alternatively responsive to conditions affecting said
condition responsive means.

12. In a pressure fluid operated controlling device in-
cluding a hydraulic work cylinder having dual pressure
chambers, each having a piston slidable therein and each
piston arranged for alternatively actuating a member to
be controlled, condition responsive means, a selective
slide valve jointly associated with said working cylinder
and with a source of hydraulic fluid under pressure to
alternatively admit said fluid to said dual chambers, the
combination therewith of a cantilever actuator jointly
operatively associated with said condition responsive
means and with said valve, said actuator being rotatively
positioned on a shaft member and having a portion ex-
tending radially from said shaft member, a crank rotat-
able on said shaft member and operatively associated with
said piston members, and a compensating member rotat-
able relative to said shaft member and frictionally engaged
radially relative to said crank, balanced resilient means
conjointly engaging said compensating member and the
radially extending portion of said actuator, whereby
movement of said condition responsive means will simui-
taneously actuate said slide valve and said compensating
member through the medium of said actuator and said
balanced resilient means to permit balanced movement of
said pistons in a preselected direction alternatively re-
sponsive to conditions affecting said condition responsive
means. :

13. In a pressure fluid operated controlling device in-
cluding a hydraulic work cylinder having dual pressure
chambers, each having a piston slidable therein and each
piston arranged for alternatively actuating a member o
be controlled, condition responsive means including a
solenoid coil and magpetic plunger, 2 selective slide valve
jointly associated with said working cylinder and with a.
source of hydraulic fluid under pressure to alternatively
admit said fluid to said dual chambers, the combination
therewith of a cantilever actuator jointly operatively asso-
ciated with said plunger and with said valve, said actu-
ator being rotatively positioned on a shaft member and.
having a portion extending radially from said shaft mem-
ber, a crank rotatable on said shaft member and opera-
tively associated with said piston members, and a com-
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Ppensating member rotatable relative to said shaft member
and frictionally engaged radially relative to said crank,
opposed spring members each conjointly engaging said
compensating member and the radially extending portion
of said actuator, whereby movement of said plunger will
simultaneously actuate said slide valve and sajd compen-
sating member through the medium of said actuator and
said opposed spring members to permit balanced move-
ment of said pistons in g preselected direction alternatively
responsive to conditions affecting said condition respon-
sive means.
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