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My invention relates to electrical regulation 
and more particularly to improvements in the 
control of electromagnetically operated contact 
making controllers for regulating systems. A 
Many electrical regulating systems are COn 

trolled by a master contact making device. Such 
a device is usually a Solenoid actuated element 
having a contact beam provided with a set of 
"raise' contacts and a set of "lower' contacts 
which are closed, respectively, when the quantity 
to be regulated falls below or exceeds, by a pre 
determined amount, a normal value. Heretofore, 
it has been customary to provide such contact 
making devices with holding coils, one or the 
other of which is energized whenever the device 
closes a set of contacts and the effect of the 
holding coils is to produce a bias in the meter 
tending to hold the contacts relatively firmly to 
gether so as to prevent chattering of the con 
tacts. 

In accordance with my invention, I provide a 
novel and simple control arrangement for such 
contact making devices which permits the elimi 
nation of conventional holding coils. This result 
is accomplished by varying the energization of 
the main operating winding of the contact 
making device, whenever one or the other of its 
contacts closes, in Such a way as to produce an 
effect which is the equivalent of the ordinary 
holding coil effect. 
Many regulators controlled by contact making 

voltmeters are operated by reversible electric 
motors. . When there is no convenient auxiliary 
source of current supply for energizing these 
motors it has been the practice to connect them 
to be energized by the same voltage or potential 
transformer from which the main operating 
winding of the contact making voltmeter is en 
ergized. Due, however, to the fact that the 
motor draws a relatively large current with re 
spect to the current required by the contact 
making voltmeter, an objectionable voltage drop, 
due to the motor current, is produced in the po 
tential transfomer and in order to eliminate the 
effect of this voltage drop on the contact making 
voltmeter various means such, for example, as an 
auxiliary solenoid winding on the contact making 
voltmeter or a so-called stabilizing transformer 
has been employed to eliminate this effect. A 
stabilizing transformer is a small transformer 
which responds to the motor current and which 
induces in the contact making voltmeter oper 
ating winding circuit a voltage which is equal 
and opposite to the voltage drop produced by the 
motor current in the potential transformer, Al 

REISSUED 
though my invention is not limited thereto, I find 
it convenient in certain instances to combine my 
means for producing an equivalent holding coil 
effect with a stabilizing transformer for in this 
Way the number of Separate parts required in the 5 
System is materially reduced. - 
An object of my invention is to provide a new 

and improved system of control for electrical 
regulating systems. 
Another object of my invention is to provide 10 

an arrangement for eliminating holding coils on 
contact making voltmeters without otherwise 
changing their construction. 
My invention will be better understood from 

the following description taken in connection 15 
with the accompanying drawing and its Scope 
will be pointed out in the appended claims. 
In the drawing, Fig. 1 illustrates diagram 

matically an embodiment of my invention in 
which the means for producing the equivalent 20 
effect of holding coils is combined with the 
stabilizing transformer and produces this effect 
by varying the voltage applied to the main op 
erating winding of the contact making volt 
meter; Fig. 2 is a diagrammatic showing of a 25 
modification in which the means for producing 
the equivalent effect of holding coils is separate 
from the stabilizing transformer and circulates 
an auxiliary current in the operating winding 
of the contact making voltmeter; and Fig. 3 is a 30 
modification of Fig. 2 in which the auxiliary 
current is used to produce a voltage shown in the 
energizing circuit for the contact making volt 
Inetter operating winding. 

Referring now to Fig. 1 of the accompanying 35 
drawing is a main alternating current circuit 
Whose voltage is to be regulated by any Suitable 
regulating means which is shown by Way of ex 
ample as induction voltage regulator. 2. Con 
nected for driving the regulator 2 is a reversible 40 
electric motor shown as a well known capacitor 
motor 3 having two directions of rotation con 
trolling circuits 4 and 5 and a return conductor 6. 
The proper energization of the reversing cir 

cuits 4 and 5 is controlled by a contact making 45 
voltmeter 7 having a main operating winding 8 
which operates, through the conventional solenoid 
core, a pivoted contact beam 9 having a set of 
'raise' contacts 0 and a set of 'lower' contacts 

, respectively. The main operating winding 850 
is connected to be responsive to the voltage of 
circuit by means of a potential transformer 2 
across which the winding 8 is connected through 
a conventional series resistor f3. The motor 3 
is also connected to be energized by the potential 55 
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transformer i2. Thus the return conductor 6 is 
connected to one side of the secondary winding of 
transformer 2 and the reversing circuits 4 and 
5, which are connected respectively to the “raise' 
and 'lower' contacts 2, are connectible to the 
other side of the secondary winding of the poten 
tial transformer 2 by a conductor ii connected 
to the contact beam S. 

Connected in the energizing circuit for the 
Operating Winding 8 and in the reversing circuits 
i? and i for the notor 3 is a special transformer 
:: naving a secondary winding G connected in 
circuit, with operating winding 3 and having in 
dividual primary windings and 8 connected 
reSectively in the reversing circuits is and 5. 

...the operation of Fig. 3 is as follows: The posi 
ion of the parts represents a normal voltage con 
dition Cin circuit . Assume now that for any 
rea,Son the voltage of circuit becomes too low 
and falls slightly below the normal value. Under 
finese circuinstances the energization of operat 
ing Winding 3 is weakened thereby causing the 
Scienoid core 3 to descend and resulting in the 
3Ingagement of the “raise' contacts : . A. circuit, 
is than completed from one side of the Secondaly 
Winding of the potential transformer : through 
the conductor (, “raise' contacts 3, primary 
''finding on transformer 5, circuit is for motor 
and back through the return circuit 5 to the 

Cth&r Side of the potential transformer. These 
3Chilections are Such as to cause the Inotor 3 to 
£313. Sile regulator 3 in a direction to iaise the 
Foltage of circuit. . . he motor current fiowing 
l'Ough tine winding & induces a voltage in the 

Secontially Winding 35 and make the relation 
etween these vindings such that this voltage 

is induced in the Finding iS is opposite in 
ection to the voltage drop in the transformer 
22used by the notor current but which is less 

Chair equal to this droy by air amount which pro 
CéS Oil the Winding 8 fine equivalent of the 

23 liveiationai holding coil affect. In other Words 
Še Citage diop in the transformer 2 is not quite 

geil Sated. So that the contact making volt 
Ixleter acts as though the voltage of circuit were 
Sigilly lover than it actually is. This, of course, 
cellses the “raise' contacts to be held in en 
gagement until the voltage of circuit exceeds 
the ideal noi'nai value by a slight amount. It will 
be seen tihat this is exactly the equivalent of the 
effect produced by a holding coil as the holding 
coil. Would tend to hold the contacts 0 together 
and thus Would require a sight excess voltage 
applied to the vinding 8 in order to cause the 
contacts to Separate. his operation, like the 
conventional holding coil operation, has the ad 
vantage of tending to prevent chattering of the 
contacts. When the contacts O do separate at 
a Voltage slightly above normal the motor is de 
energized, the Voltage drop in the transformer 2 
disappears and the compensating voltage pro 
duced by the transformer 5 disappears so that a 
very Sigilt increase in voltage is applied to the 
Operating winding 3. This helps to bring the 
contact bean up to its normal midposition, which 
Would be Substantially horizontal as shown in the 
dira Wing. 

if now the Voltage of circuit should become 
too high and exceed the predetermined normal 
Vaille by any predetermined amount the increased 
energization of the contact making voltmeter will 
cause the lower contacts to close. An ener 
gizing circuit for the motor 3 is then completed 
through the reversing connections 5 and through 
the primary Winding is of the transformer 5, 

'... (-, 
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This connection causes the motor 3 to operate in 
the 'everse direction to cause the regulator 2 to 
lower the yoltage of circuit ... he relation be 
tween the Windings 8 and 6 of transformer 5 
is such that the voltage induced in the wind 
ing if slightly overcompensates for the voltage 
drop in the transformer 2 produced by the motor 
current. 3-enerally speaking, this overcompensa 
tion is about as much as the undercompensation 
produced by the primary winding i. 
is applied to the winding 8 of the contact making 
voltmeter , when the lower contacts are ciosed, a 
Voltage which is Siigintly in exceSS Of the Voltage 
drop giCduced in the transformer 2. his ex 
cess seives to hold the lower contacts firmly in 
engagement and produces an effect, which corre 
Sponds to the ordinary hoiding coil effect. When 
the voltage of the circuit faiis slightly below 
tile 8Velage or idea in Orna Vaille this excess 
energization of the Wiilding 8 5. 
the contacts vigili separate Cine'ely stopping 
the notor. The voltage drop in I's) insformer 2 

Thus there 

he CVerconne and ; 

5 

and the voltage induced in the viciing S will 
then disappear and the contact, i. g "joltineter 
Will return to its baia iced lidgositica &S shown 25 
in the drawing. 
3rom the aibove it will be see 23 (1:.. 

Single additional Winding to the Stabilizing trans 
former it is possible to eliminate entirely the con 

Cy aciding a 

ventional holding coils and tie circuits for ener- 3 
gizing then. 

It is SOImetimes desirable to energize an indi 
cating voltmeter in parallel 7 e operating 
Winding of the Contact, inaking 'Joitineter, but 
due to the slight over and Indie?' compensating 
holding coil effect producing Voltages in trans 
former 5. Such a meter when connected in par 
allel with the winding 3 of aig. Jill not always 
read accurately. However, in the modification 
shown in gig. 2 this difficulty is overcome by pro 
ducing ne noiding coil effect, by means of an 
auxilially current which is circulated in the oper 
a ting winding 8. 

Sig. 2 differs from Fig. 1 in the following par 
ticulars: A conventional stabilizing transformer 
9 is substituted for the Special transformer 5 

of Fig. i. Transformer 9 has a secondary wind 
ing 20 connected in circuit with the operating 
Winding 8 of the contact making Voltmeter and 
has a primary winding 2 connected to carry the 
motor current whenever the notor is energized. 
This transformer is so designed as to produce a 
Voltage in the contact making Voltmeter energiz 
ing circuit which is equal and opposite to the 
voltage drop in the transformer 2 produced by 
the motor current. An auxiliary current trans 
former 22 also is provided. This transformer has 
a Secondary Winding 23 connected across the 
operating winding 8 of the contact making volt 
meter and it has a pair of reversely acting pri 
mary windings 24 and 25 connected respectively 
in the reversing circuits 4 and 5 of the operating 
motor for the regulator. The remaining differ 
ence between the two figures is that a split field 
motor 26 is shown in Fig. 2 in place of the capaci 
tor motor 3 of Fig. i. 
The transformer 22 is so constructed that de 

pending upon which of the reversing circuits 
4 or 5 is energized relatively small reverse cur 
rents are induced in the Secondary winding 23 
and these currents are circulated in the winding 
8 So as to add or subtract from the current in this 
winding produced by the voltage of circuit f. 
This added or subtracted current is such as to 
produce the proper equivalent holding coil ef 

3 5 

40 

5 

60 

85 

I 

  



5 

0 

5 

20 

25 

30 

40 

45 

55 

60 

65 

70 

75 

2,022,537 
fect. For example, if the voltage of circuit is 
low and the "raise' contacts O close, the wind 
ing 24 of the transformer 22 is energized and 
this produces a current in the Secondary wind 
ing 23 which is in such direction as to Subtract 
from the current in the winding 8 thereby in 
effect reducing the total energization of this 
Winding and the amount of this reduction is Such 
as to produce an equivalent holding coil effect. 
Likewise when the voltage circuit is too high 
and the "lower' contacts if close the primary 
winding 25 will be energized and will produce a 
reverse current in the secondary winding 23 
which current will add to the current already in 
the winding 8 an auxiliary current of an amount 
Sufficient to produce an equivalent holding coil 
effect so as to hold the contacts firmly in en 
gagement. As shown in the drawing, winding 
23 is adjustable so that the amount of equivalent 
holding coil effect can readily be adjusted. 
Although in both Figs. 1 and 2, I have shown 

the contact making voltmeter contacts arranged 
to carry the motor current, it will of course be 
obvious to those skilled in the art that this is 
not necessary and if desired the usual and con 
ventional auxiliary relay or relays may be in 
terposed between the contact making voltmeter 
contacts and the motor circuits. In that case the 
primary windings f and 8 of transformer 5 
of Fig. 1 or the primary windings 24 and 25 of 
the auxiliary current transformer 22 of Fig. 2 
may either be connected in the contact making 
Voltmeter contact circuits or in the motor cir 
cuits. I prefer to connect them in the contact 
circuits because the unavoidable time delay in 
the operation of the relay might allow the con 
tacts to reopen before the motor current starts 
to flow. 

In the modification shown in Fig. 3 the auxil 
iary current produced by winding 23 is passed 
through a resistor 27 and the resultant voltage 
drop affects the energization of winding 8 in such 
a manner as to produce the desired equivalent 
holding coil effect. w 
While I have shown and described particular 

embodiments of my invention, it will be obvious 
to those skilled in the art that changes and mod 
ifications may be made without departing from 
my invention, and I therefore aim in the append 
ed claims to cover all such changes and modif 
cations as fall within the true spirit and scope of 
my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. In combination, a contact making electrore 

Sponsive control device for a regulating System, 
and means responsive to the closing of the con 
tacts of said device for varying its energization 
in a manner to produce an equivalent holding 
coil effect. 

2. In combination, means having an operat 
ing condition to be regulated, means including 
a contact making device for regulating said con 
dition, an operating Winding for Said device, and 
means including a transformer responsive to the 
closing of the contacts of said device for varying 
the energization of said operating winding by an 
amount corresponding to a proper holding coil 
effect. 

3. In a voltage regulating system, in combi 
nation, an alternating current circuit, a poten 
tial transformer connected thereto, a contact 
making voltmeter having its operating winding 
connected to be energized by said transformer, a 
reversible alternating current motor having its 

3 
direction of rotation determining circuits selec 
tively connectible to said transformer and con 
trolled by the contacts of said voltmeter, and 
means responsive to the currents in Said circuits 
for causing the energization of Said operating 5 
winding to vary in direction and amount enough 
to produce an equivalent holding coil effect while 
at the same time Substantially compensating Said 
winding for the effect of the voltage drop in 
said transformer caused by Said motor Current. 10 

4. In a voltage regulating system, an electric 
circuit, a regulator controlling contact making 
voltmeter having an operating winding connect 
ed to respond to the voltage of said circuit, and 
a transformer connected to be energized when said 15 
contact making voltmeter closes its contacts for 
producing a voltage change with respect to said 
operating winding which produces the equivalent 
of a proper holding coil effect. 

5. In a voltage regulating System, in combina- 20 
tion, an alternating current circuit, a potential 
transformer connected thereto, a contact mak 
ing voltmeter having a set of "raise' contacts, a 
set of "lower' contacts and an operating wind 
ing connected to be energized by said transformer 25 
so as to close the set of “raise' contacts when the 
voltage of said circuit is below a predetermined 
amount and to close said set of "lower' contacts 
when the voltage of Said circuit is above a pre 
determined amount, a reversible motor having 30 
two circuits connectible selectively to said trans 
former by means of said “raise' and “lower' con 
tacts, respectively, and a transformer having a 
secondary winding connected in circuit with said 
contact making voltmeter operating winding and 35 
having two primary windings connected respec 
tively to respond to the contact current when 
said “raise' and “lower' contacts close, the pri 
mary winding which is energized when said 
“raise' contacts close inducing a voltage in the 40 
said secondary winding which is less than the 
motor current produced voltage drop in Said po 
tential transformer by an amount corresponding 
to a desired holding coil effect, the other primary 
winding when it is energized inducing in said 45 
secondary winding a voltage which exceeds said 
voltage drop by an amount corresponding to a 
desired holding coil effect. 

6. In a voltage regulating System, in combina 
tion, an electric circuit, a regulator controlling 50 
contact making voltmeter having an operating 
winding connected to respond to the voltage of 
said circuit, and a transformer connected to be 
energized when said contact making voltmeter 
closes its contacts for circulating in said operat-55 
ing winding an auxiliary current for producing 
an equivalent holding coil effect. 

7. In a voltage regulating system, in combina 
tion, an alternating current circuit, a potential 
transformer connected thereto, a contact mak-00 
ing voltmeter having two sets of contacts and an 
operating winding connected to be energized by 
said transformer so as selectively to close said 
SetS of contacts depending upon whether the 
voltage of said circuit is too high or too low, a 6 
two circuit reversible regulator operating motor 
Connected to be energized by said transformer 
and to have its direction of rotation controlling 
circuits Selectively energized by the closure of 
said respective sets of contacts, a transformer 70 
connected to be responsive to the current re 
quired by Said motor for compensating said con 
tact making voltmeter winding for the voltage 
drop in Said potential transformer produced by 
the motor current, and a current transformer 75 



10 

4. 
having a secondary winding connected to Said 
contact making voltmeter operating winding and 
having two primary windings connected respec 
tively in the contact circuits, the primary wind 
ing which is energized when the Voltage is too 
high inducing a current in the Secondary winding 
which adds to the current in the contact making 
voltmeter operating winding an amount Sufi 
cient to produce an equivalent holding coil ef 
fect, the other primary winding when it is ener 
gized inducing a like current in the opposite di 
rection in said secondary winding. 

2,022,587 
8. In a voltage regulating System, in combina 

tion, an electric circuit, a regulator controlling 
contact making voltmeter having an operating 
Winding connected to respond to the voltage of 
Said circuit, and a transformer connected to be 
energized when said contact making voltmeter 
closes its contacts for causing a voltage drop in 
the circuit of said operating winding for produc 
ing an equivalent holding coil effect. 

FRANKLN J. CHAMPIN. 
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