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UNITED STATES PATENT OFFICE 
2,425,296 

WOLTAGE REGULATOR FOR GENERATORS 

Joseph W. Allen, Washington, D. C. 
Application April 23, 1945, Serial No. 589,832 

r (C. 20-51) 

(Granted under the act of March 3, 1883, as 
6 Claims. 

This invention relates to voltage regulators of 
the carbon pile type, and more particularly to 
means for maintaining a uniform pressure on the 
discs of the carbon pile as the discs are reduced 
in thickness by wear. 
Among the several objects of this invention 

are: 
To provide means to compensate for the vary 

ing resultant pressure on the carbon pile discs 
as the gap increases between the voltage coil 
and the armature attached to the Spring which 
presses the discs together; 
To device a voltage regulator capable of hold 

ing the output voltage of a generator at a more 
nearly uniform value through greater wear of the 
carbon pile discs than do prior art devices known 
to me. 
In the drawings: 
Fig. 1 shows the relation between the voltage of 

the generator and the gap, in arbitrary units, be 
tween the armature attached to the pressure 
spring and the voltage coll; 

Fig. 2 is an axial section of the essential parts 
of ordinary type of carbon pile regulator; 

Fig. 3 is an axial view of the parts of a carbon 
pile regulator with which my invention is most 
immediately concerned but with the spring and 
carbon pile omitted for clearness; 

Fig. 4 shows the relation between the pull on 
the armature and the gap between the armature 
and the coil and the modification thereof effected 
by my invention; 

Fig. 5 is a graph showing the voltage-gap char 
acteristic of a voltage regulator modified accord 
ing to my invention; 

Fig. 6 is an axial section of a further embodi 
ment of my present invention. 

Controlling the output voltage of a generator 
having a shunt field winding, by means of a car 
bon pile regulator, is well known. In such de 
vices a pile of thin carbon discs is connected in 
series with the shunt field winding, with a spring 
to hold the discs in firm contact together. A 
voltage coil opposes the action of the spring, and 
the parts are so adjusted that the flow of current 
through the carbon pile and through the field 
is such as to give the desired output voltage. 
When the voltage rises, for any reason, the volt 
age coll exerts a greater pull in opposition to the 
spring, the pressure on the discs is diminished and 
the increased resistance of the pile cuts down the 
field current until the voltage is reduced to the 
normal Working value. 
However, the effective pull of the voltage coil 

On the armature decreases rapidly as the gap be 
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tween the armature and coil increases. The re 
Sult is that after the discs have worn to a cer 
tain extent the armature is at such a distance 
from the coil that the latter does not sufficiently 
offset the pressure of the spring, the discs are 
pressed together too tightly and the voltage rises, 
Sometimes to a value that damages the equip 
ment. After further wear of the discs the strain 
in the spring is released to such an extent that 
the pressure on the discs is reduced so the re 
sistance of the pile increases and the voltage 
drops. It is thus apparent that the difference 
between the pull of the coil and the force exerted 
by the spring first increases to a maximum value 
and then decreases as the displacement of the 
armature from its original position with respect 
to the coll becomes greater. 
The present invention provides means to secure 

more nearly uniform voltage regulation over the 
whole range of movement of the armature due to 
the wear of the discs. This is effected by auxil 
lary means that give increasing pull on the arma 
ture up to the point that the preponderance of 
Spring pressure over pull of the voltage coil be 
gins to decrease and then itself decreases. 

Fig. 2 depicts the essential parts of a type of 
voltage regulator in wide use. Centrally dis 
posed in the housing 8 is a core 9 in threaded 
engagement with the housing to provide for ad 
justment of the position of the core, Coil 0 is 
disposed in housing 8 around core 9 and is con 
nected across the generator, providing an elec 
tromagnetic device that is responsive to voltage 
changes in the output of the generator. The 
pile of carbon discs is held under pressure be 
tween a member 2 carried by spring f3 and a 
screw 4 threaded into closure 5 secured to 
housing 8. Spring 3 is supported at its ends 
On sloping abutments 6 and carries an armature 
f. The strain in spring 3 is adjusted by means 
of screw 4 to obtain the pressure on pile that 
will provide in pile the proper resistance to 
maintain the desired output voltage. It is, of 
course, understood that the actual pressure ex 
erted on pile f is the preponderance of the thrust . 
of spring 3 over the opposing pull on armature 

due to the flux set up by coil fo, which is con 
nected as a voltage coil across the generator. 

Fig. 1 shows diagrammatically the character 
istics of a regulator like that above described, with 
the desired voltage value indicated by the dotted 
line through B, C and E. Curve 8 shows the 
output voltage in relation to the gap between ar 
nature f l and core. 9. When-screw 4 is ad 
justed to make the gap very small, the spring 3 
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is considerably strained and, since it follows 
Hooke's law, reacts strongly on pile if so that 
the flux of coil to does not sufficiently reduce 
the pressure on the pile and the voltage is high, 
but decreases rapidly and non-linearly from A 
to B as the backing off of screw 4 permits widen 
ing of the gap. It is to be understood that the 
units of gap width have an arbitrary assigned 
value. The usual adjustment is such that the 
voltage is held substantially uniform during such 
wear of the discs of pile as changes the gap 
through the distance between the points B and C, 
Fig. 1. It will be observed that from point C 
the voltage increases rather rapidly to the point 
D. This is because the width of the gap reduces 
the effect of coil 0 in opposing spring 3 and 
the pressure applied to pile so reduces the re 
sistance of the pile that the field current is aug 
mented and the voltage builds up. 
The gap increasing from three units, due to 

further wear of the discs, the strain in spring 8 
is increasingly released and insufficient pressure 
is applied to the pile to keep the voltage up. 
It is apparent from curve 8 that the device of 
Fig. 2 does not operate satisfactorily when wear 
of the discs has proceeded past the stage that 
gives a gap width much beyond the value rep 
resented at the point C. 

Fig. 3 illustrates one embodiment of the present 
invention for favorably modifying the undesir 
able characteristics of the regulator above de 
scribed. For simplicity of drawing there are 
shown on the armature and the electromagnetic 
portion of the unit, but it is to be understood 
that in practice the armature T' is attached to 
a spring such as f3 in Fig. 2. Core 9' has an axial 
bore tapped at one end to receive and to have 
threaded engagement with auxiliary core 9 that 
is adjusted to project beyond the face of core 9' 
into an opening 20 in armature ". 
The variation of pull exerted upon armature 

by auxiliary core 9 depends upon the extent to 
which the auxiliary core is inserted into the hole 
in the armature as is well known to those skilled 
in the art, and is shown graphically by dotted 
curve 2 in Fig. 4, the gap units being arbitrary. 
The gap-pull characteristics of the flux set up by 
coll acting upon armature ' is illustrated 
by full line curve 22 in Fig. 4 and the resultant 
of adding curves 2 and 22 is depicted in dot 
and-dash line 23 in Fig. 4. The points on curves 
2, 22 and 23 where these curves intersect verti 
cal lines f, 2, 3 and 4 in Fig. 4 give the values 
of the pull on armature T' when the face there 
of adjacent housing 8 is at the positions respec 
tively indicated by the same numerals in Fig. 3. 
It will be noted that the resultant pull on arma 
ture T' is uniform, for all practical purposes, 
from position 1 to position 3. This device will 
thus give a substantially constant pull through 
out a considerable degree of wear of the discs 
after which the pull will decrease at the time 
the pressure of the spring is appreciably dinin 
ished. 
The curve 8 of Fig. 1 is thus modified to the 

curve 2 in Fig. 5, so that the voltage remains sub 
stantially constant throughout the wear of the 
discs covered by Fig. 5 from B to E, and thereafter 
it decreases, indicating the need of replacing the 
discs, without the dangerous rise in voltage shown 
by Fig. 1. 
The regulator is assembled with the end of 

auxiliary core f 9 flush with the face at the free 
end of the core 9' and the latter is adjusted to 
give the characteristic shown by curve 8, Fig. 1, 
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The auxiliary core 9 is then screwed into core ' 
to cause the auxiliary core to extend into arma 
ture f' to give the characteristic shown by curve 
24, Fig. 5. 
Another embodiment of my invention is de 

picted in Fig. 6. The core O’ is provided with 
an axial bore 25 through which passes a stem 2 
having fixed on One end thereof an armature '' 
and on the other end a magnetic plunger 27 which 
is movable in solenoid coll 28 connected to a 
Source of excitation, which may be the generattor. 
The regulator is adjusted so that the long 

tudinal center of plunger 27 coincides with that 
of coils 2 when the armature T' is set at a point 
corresponding to B, Fig. 5. As shown in the small 
graph in Fig. 6, the pull on plunger 2 by solenold 
2 increases as wear of the carbon discs permits 
the plunger to be displaced more and move to 
ward the right by the spring (not shown). When 
half the length of the plunger is out of the coll 
the pull begins to decrease and practically van 
ishes when the plunger leaves the coll. The pro 
portioning of plunger 27 and coll 28 to obtain 
the desired gap-pull characteristic through the 
working range of the device is well known to 
those skilled in the art. Thus a voltage-gap char 
acteristic similar to curve 24 can be obtained and 
the useful operational life of a pile of carbon 
discs can be greatly extended. 
As the discs wear, permitting greater displace 

ment of armature T''' from core 9', thereby 
diminishing the pull exerted upon the armature 
by coil f, there is augmented pull applied to the 
arnature by solenoid 2 and plunger 27 to bal 
ance the effect of the spring. The position of 
plunger 27 in solenoid 28 at which the pull 
begins to decline is such that the effort of the 
spring tending to move armature T' away from 
core 9' also lessens and thus there is applied 
to the carbon discs a pressure that is substan 
tially uniform for all practical purposes. 
The invention described herein may be man 

ufactured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 

I claim: 
1. In a voltage regulator having a carbon pile, 

a spring mounted to apply pressure thereto, an 
arnature fixed to the spring, and a voltage coil 
disposed to attract the armature in opposition 
to the spring when the coll is energized; an ax 
ially bored core in said coil, a stem extending 
through the core and fixed at one end to the ar 
nature, a solenoid plunger fixed to the other end 
of the stem, and a solenoid disposed around the 
plunger and connected across a source of ener 
gizing current as a voltage coll, whereby said sole 
noid and plunger oppose the action of the spring 
when the plunger is moved toward the pile from 
its equilibrium position in the solenoid and hav 
ing a pull characteristic that initially increases to 
a maximum as the plunger is shifted from said 
position by movement of the armature away from 
the coil and then decreases upon continued move 
ment of the armature, so that the effective pres 
sure of the spring upon the carbon pile is sub 
stantially the same in all positions of the arma 
ture at equal output voltages. 

2. In a voltage regulator having a carbon pile, 
a spring mounted to apply pressure thereto, an 
armature fixed to the spring, and a voltage coil 
disposed to attract the armature in opposition 
to the spring when the coil is energized; an ax 
ially bored core in said coll, a stem extending 
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through the core and fixed at one end to the 
armature, a solenoid plunger fixed to the other 
end of the stem, and a solenoid disposed around 
the plunger and connected to a source of energiz 
ing current, whereby said solenoid and plunger 
opposes the action of the spring when the plunger 
is moved toward the pile from its equilibrium po 
sition in the solenoid and having a pull charac 
teristic that initially increases to a maximum 
as the plunger is shifted from said position by 
movement of the armature away from the coil 
and then decreases upon continued movement 
of the armature, so that the effective pressure of 
the spring upon the carbon pile is substantially 
the same in all positions of the armature at equal 
output voltages. 

3. In a voltage regulator having a carbon pile, 
a spring mounted to apply pressure thereto, an 
armature fixed to the Spring, and a voltage coll 
disposed to attract the armature in opposition to 
the spring when the coil is energized: a stem 
connected at One end to the armature and having 
a solenoid plunger at its other end, and a solenoid 
disposed around the plunger and connected to 
a source of energizing current, whereby said sol 
enoid and plunger applying to the armature a pull 
in opposition to the spring when the plunger is 
moved toward the pile from its equilibrium po 
sition in the solenoid, said pull varying as a func 
tion of the extent of such movement to main 
tain normally a substantially constant difference 
between the force exerted by the spring on the 
one hand and the sum of the attraction of said 
coil and the pull of said plunger and solenoid 
on the other hand. 

4. In a voltage regulator having a pressure 
controlled variable resistance unit, a spring 
mounted to apply pressure thereto, an armature 
fixed to the spring, and a voltage coil disposed 
to attract the armature in opposition to the spring 
when the coil is energized: a stem connected at 
One end to the armature and having a solenoid 
plunger at its other end, and a solenoid disposed 
around the plunger and connected to a source 
of energizing current, whereby said solenoid and 
plunger apply to the armature a pull in oppo 
sition to the spring when the plunger is moved 
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toward the pile from its equilibrium position in 
the Solenoid, said pull varying as a function of the 
extent of such movement to maintain normally 
a substantially constant difference between the 
force exerted by the spring on the one hand 
and the sum of the attraction of said coil and 
the pull of said plunger and solenoid on the other 
hand. 

5. In a voltage regulator having a pressure 
controlled variable resistance unit, a spring 
mounted to apply pressure thereto, and a voltage 
coll disposed to attract the armature in opposition 
to the Spring when the coil is energized: an arma 
ture having a hole therethrough, and an aux 
iliary magnetic element mounted to extend into 
the hole in the armature when the armature is 
an initial position said element to be of such 
a length that its extremity appears at the mouth 
of said hole when the armature is intermediate 
Said initial position and the position of maximum 
displacement of the armature away from the coil, 
whereby the pull of said auxiliary element being 
additive to that of the coil and augmenting as 
the displacement of the armature increases to 
approximately said intermediate position and 
thereafter decreasing to said position of maxi 
mun displacement to maintain normally over the 
whole range of displacement of the armature a 
substantially uniform difference between the pull 
of the coil and that of the auxiliary element on 
the one hand and the force exerted by the spring 
On the other hand, 

6. The apparatus as described in claim 5, 
wherein the pressure-controlled variable resist 
ance unit is a carbon pile. 

JOSEPH. W. ALLEN. 
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