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" This invention relates to anti-hunting cir~
cuits and more particularly to improvements in
such circuits for automatic regulators.

Practically all automatic regulating systems
tend to overshoot or hunt because of unavoidable
time lags ang inertia, either mechanical or elec-
trical or both. These effects prevent the regu-
lator from stopping its i

by the energization ‘of a primary
electroresponsive device, such, for example, as
- 8n operating magnet, :
An object of the invention is to
~ and improveqd anti-hunting circuit,
A further object of the invention is to provide
an inexpensive ang simple static-anti-hunting
circuit for direct-acting rheostatic regulators,
The invention will be better understood from
the following 'description taken in connection

with the accompanying drawing and its scope

will be pointed out in the appended

claims.
Referring now

to the single figure of the ac-

{ and a voltage regulator 2.
The machine | may, for example, be g direct-
current shunt-connecteq generator having an
armature 3 and a field winding 4. The armature
is connected across an output or load circuit 5.
The voltage regulator comprises g rheostatic
element 6, & main or brimary control element 7
and a normally fixed resistor 8. The primary
contro] element is an electromagnet whose arma-
ture is mechanically attached to the rheostat by
means illustrateq schematically at 9, the arrange-
ment being such that an increase in energization
of the winding 1 will cause an increase in re-
sistance of the rheostatic element 6 and con-
versely a decrease in energization of the winding
T will cause g decrease in resistance of the ele-
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ment 6. In most regulators ,of this type the gs

" at the same time the

normal magnetic force or pull of the magnet 7 is
counterbalanced by suitable reference means,
such, for example, ag a spring (not shown). The
rheostatic element § and the shunt field winding
4 are connected in series with each other across
the output circuit § and similarly the control ele-
ment T and the normally fixed resistance 8 are
connected in series across the output circuit,
The resistance 8 has g substantially zero tem-
perature coefficient of resistance and it normally
has a resistance which is substantially higher
than the resistance of the winding 7 so that most
of the circuit voltage is consumed in the drop
across the resistance 8 and in this manner the
winding need not be wound for high voltage and
change in its resistance
due to changes in temperature will have negli-
gible effect on the current through it. The anti-
hunting circuit 10 ig counected between the junc-
tion point (1 of the shunt field winding 4 and
the rheostatic element 8 and the junction 12 of
the primary control winding 7 and the resistor 8.
'The anti-hunting circuit consists essentially
of a capacitor which is divideq into two serially-
connected parts 18 and {4 with g resistor 15 con-
hected in parallel circuit relation with the capac-
itor 14.
The series connections between
ing 4 and the rheostat 8 and
mary control winding 1 and

the fleld wind-
between the pri-
the resistor 8 gre

The operation of the circuit is as follows: Dur-
ing steady state conditions the energization of
the winding 71 will be normal and the value of
the resistance 6 will be just sufficient to permit
of current to fiow through the field
to maintain con-
on the circuit § under the operating
conditions of speed, load and temperature which
then exist. Any change in one or more of these
operating conditions will cause the voltage to de-

stant voltage

rheostatic element 8 is changed in the same direc-

tion. For éxample, an increase in voltage causes
an 1ncrease in current in the winding 1 which
Causes an increage in resistance in the element 8§,

thereby decreasing the current in the fleld wind-
ing 4, ang conversely a decrease in voltage on the




2

circuit 5§ will cause the resistance of the rheo-
stat & to decrease. :

The voltage of the junction 2 stays substan-
tially independent of the operation of the regu-
lator because the relative resistance of the wind-
ing T and the resistor 8 is not varied as g result
of variations in voltage of the circuit 5. How-
- ever, the winding 4 has a relatively large induct-
ance and therefore it resists changes in current
through it so that if the resistance of the de-
vice 8 ig decreased even slightly there will be &
momentary large increase in voltage across the
winding # because the inductance of this wind-
ing in resisting an increase in current there-
through causes it to have & momentary effective
resistance or counter-voltage which is substan-
tially equal to that of the main circult §. Con-
sequently, the potential of junction (i riseg sub-
stantislly above the potential of junection 2
whereby - & surge of charging current flows
through the enti-hunting capacitor and this
surge of current will fiow through the winding
7 in the same direction as the main current
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'ing capacitor, means

rheostatic element and said winding being con-
nected in series across sald circuit, an anti-hunt-
for effectively connecting

_gald primery control electromagnet across sald

8

18

. control element across

20

which elready exists therein. Conseguently, en-

ergization of the magnet T 18 strengthened there-
by ceusing it to increase the resistance of the
rheostat 8 so as to check the action of the regu-
lator. The strength of the anti-hunting impulse
fiowing through the capacitor §8—i4 will be pro-
portional to the magnitude of the original change
in voltage on. the circuit.
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oOn the othef hand, when the voltage of the

circuit § increases above normeal the action of
the regulator in increasing the resistance of the
rheostat & causes the voltage of the junction 86
to fall momentarily substantially below iis nor-
mal value. !
rent surge through
in the opposite direction-in an attempt to equal-
ize the voltages of the junctions i{ end 22 and
this current surge flows through the winding 17
in the opposite direction
fiow so that it subtracts thereirom and thus de-
creases the net energization of the winding.
Consequently, the regulating action is checked
before the system
overshoot. , -

The action of this anti-hunting system is also
improved by the addition of a short-circuited
coil or turn, such as & single copper ring 18

around the winding 1. It acts to retard or re-:

duce’ the rate of change of current in the wind-
It has been found that if the capacitor i3 has
200 microfarads, the capaciter 14 has 150 micro-
farads and the resistor I8 has 25 ohms, the reg-
-ulating system with which my invention has been
tested is practically dead-beat and its hunting
isre,ducedtoamin!mm_n.-f‘ : g
" While there has been shown and described a
particular embodiment of this invention, it will
‘be obvious to those skilled in the art that varlous
changes and modifications can be made therein
without departing from the invention and, there-
 fore, it is aimed in the appended claims to cover
" all such changes and modifications as fall within
“the true spirit and scope of the invention,

wth.tIclaimasneWanddesirewsecur,eby‘

Letters Patent of the United States is:

1. In combination, a circuit whose vollage vls'

to be maintained constant, an automatic voltage
regulator comprising & rheostatic element, & pri-
msary control electromagnet’ which is provided
with a short-circuited turn and a resistor, means
including s winding for varying said voltage, sald

as & whole has a chance to.

~ ment across said

as

This causes the anti-hunting cug- .
the capacitor {3—i4 to fow"

46 sald regulator having
to the normal current
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-nected In zerles

‘connected in series’

winding through said capacitor, and means for
effectively connecting said resistor across said
rheostatic element through said capacitor. N

9. In combination, a circuit whose voltage 18
to be maintained constant, an sutomatic volt-
age regulator comprising & rheostatic element,
s primery. control clement and & resistor, means -
including a winding for verying said voltage, said
rheostatic element and said winding being con-
across said circuit, an- anti-
hunting cepecitor, & second resistor . connected
in shunt circuit relation with ssid capacitor,
mepns for efectively connecting said primery
seid winding through sald
capacitor, and means for effectively connecting
the Arst-mentioned resistor across said rheo-
static element throuch said capacitor.

3. In combination, circuit whose voltage Is
to be malntained constant, an automstic volt-
age regulstor comprising a rheostatic element, &
primary contrcl clement and & resistor, means
including & winding for varying said voltage, said
rheostatic element and said winding being con-
nected in series across said circuit, an anti-hunt-
ing unit comprising & pair of serially connected
capecitors and a second resistor connected in
paraliel with one of the capacitors, mesns for
effectively connecting seid primary control ele-
: winding through sald anti-
hunting unit, and meeans for effectively connect-
ing the first-menticned resistor across said rheo-
stetic element through said anti-hunting unit.

4. In combination, & direct-current generator
heving: a shunt field winding, & direct-acting
rheostatic voltage regulator for seid: generator,
_& rheostatic element con-
nected in series with the shunt field winding of
aaid generator, said regulator having & main con-
trol element and a normally fixed resistor con-
nected in series across said generator, and an
anti-hunting unit comprising & parallel-connect-
ed capacitor and a second resistor connected be-.
tween the junction of said fleld winding and said
rheostatic element on the one hand and the’
junction of said control élement and the first-
mentioned Tesistor on the other hend, said con-
nections being such that the voltage of the ca-
pacitor is equal to any difference in voltage be-
tween said shunt field winding and said main
control element. S '

5. In combination, a direct-current generator
having a shunt fleld winding, a direct-acting
rheostatic voltage regulator for said generator,
said regulator having a rheostatic element con- ‘
nected in series with the shunt- fleld winding of
said generator, sald regulator. having & main
control element and a normally fixed resistor
across said generator, and

" an anti-hunting unit comprising & pair of se-
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. main control element. .

- rially-connected capacitors with a gecond re-

sistor connected in parallel with one of said ca-
pecitors, said anti-hunting unit being connected |
between the junction of said field winding and
sald rheostatic eiement on the one hand and
the junction of said control element and the first-
mentioned resistor on the other hand, sald con-
nections being such that the voltage of the anti-
hunting unit is equal to any difference in wolt-
age between said shunt field winding and said
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