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1o alt whom it may concern: . .

Be it known that-I, Wrriam A. Tur-
BAYNE, a citizen of the
ing at Niagara Falls, in the county of
New York, have in-
vented new and useful Improvements in
Automatic Regulators, of which the follow-
ing is a full, clear, concise, -and exact de-
scription, reference being had to the accom-
panying drawing, forming a part of this
specification. '

This invention relates to an improvement
in automatic regulators. - .

In my co-pending application, Serial No.
122,276, filed September 25, 1912, there is
described an automatic regulator for use in
car lighting or other systems in which the
generator speed fluctuates within very wide
Iimits.” In this system a current regulator
is provided for maintaining constant cur-
rent from the generator until the voltage of
the system reaches the fully charged voltage
of the battery. At this predetermined voli-
age an auxiliary regulator, preferably in the

.form of a compressible rheostat, is connected

in shunt to the generator field, the value of
the resistance of this rheostat being -con-
trolled by a coil responding to'the voltage

- of the system.
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. .voltage of the regulator.
- 50" 4
~* vide an improved combined relay switch and
.compressible: rheostat which will accurately

The present invention relates to a similar
system in which additional advantages are
obtained by certain modified arrangements.

An object of this invention is to provide
for the connection and disconnection of the
auxiliary regulator in circuit by means
which will accurately respond under all con-
ditions of Service to the predetermined volt-
ages. ‘ '

Another object is to provide controlling

.means for the auxiliary regulator which are

stable in operation and
out of adjustment. :
Anotlier object is to provide a regulator

not easily thrown

for car lighting systems in which a single
.regulator will automatically come into ac-

tion at the fully charged battery voltage and "
will thereafter ‘automatically maintain a
voltage on the system below the cutting-in

. Another‘objéct. of the-invention is to pro-
to.predetermined circuit conditions.

embodiments «of the invention are
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United States, resid-

illustrated in the accompanying drawings,
in which: . » '

Figure 1 diagrammatically represents the
improved regulating circuits for a car light-
ing generator. Fig. 2 represents diagram-
matically a modified arrangement of regu-
lating circuits. Figs. 3 and 4 are detailed

views of the combined syitch and compres--

sible rheostat. '

Fig. 1 illustrates a variable speed gener-
ator of any preferred type provided with
an armature 1 and shunt field 2. A storage
battery 3 is connected across the generator
main leads 4 and 5. Suitable lamp circuits
may be connected across leads 4 and 5 in
parallel with the battery. An automatic
switch 6 of any well known type may be
connected in one of the generator leads to
control the connection and disconnection of
the generator and storage battery and lamps.

A compressible rheostat 7 is connected in

series with the shunt field 2 and is controlled

by a coil 8-in series with the generator.
Coil 8 operates the rheostat 7 by means of a
bell crank lever 9 normally held in such a
position as to reduce to a minimum the re-
sistance of the rheostat. A dashpot 10 may
be employed to steady the action of the bell
crank lever. A second compressible rheostat
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11 is adapted under predetermined condi- .

tions to be connected in shunt to the gener-
ator field. This rheostat is under the con-

.trol of a voltage coil 12 connected across the
“generator leads. When the voltage of the

systermn is below the fully charged voltage of

the, battery, the circuit, including the-

rheostat 11, is broken at the contact 13. A
movable contact 14 carried by lever 15 is
adapted to engage contact 18 to complete
the circuit for the auxiliary compressible
rheostat. An additional contact 16 also car-
ried by the lever 15 is adapted to codperate
with a fixed contact 17 to control a normally
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closed short circuit around a fixed resistance

18 in circuit with the field.- . .
When the lever 15 is in its lower position
rheostat 11 ig open circuited andthe resist-

ance 18 is short circuited, and when the lever
15 is raised the rheostat 11 is connected in

shunt to the field and the short circuit
around resistance 18 is opened to connect
the resistance in series with the field. A

coil 19 connected across the generator leads
controls the position of the lever. -
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The regulating system, as illustrated in
Fig. 1, operates substantially as follows:
With the generator at rest, the automatic
switch 6 will be open and the battery 3 will
supply the lamp load. The energization of

~ the coil 19 will be insufficient to raise the
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lever 15 so that rheostat 11 is open circuited
and resistance 18 is short circuited. Coil 8
will be substantially deénergized so that the
resistance of rheostat 7 will be reduced to
a minimum. As the generator starts to oper-
ate its field will rapidly build up until the
voltage of the generator reaches substan-
tially the voltage of the battery when the
autcmatic switch 6 will close. Upon fur-
ther increase in speed, coil 8 will be ener-
gized sufficiently to increase the resistance
of theostat 7 and will tend to maintain con-
stant current to charge the battery and sup-
ply the lamps throughout speed changes in
the generater and regardless of the rising

o

‘C. E, M. F. of the battery. When a volt-

rage 1s reached which represents substan-
tially the fully charged condition of the bat-
tery, coil 19 will become sufficiently ener-
gized to raise the lever 15, open the short
circuit around resistance 18 at contacts 16
and 17 and connect the rheostat 11 in shunt
to the field by means.of contacts 13 and 14
This places the resistance 18 in series with
the. field and at the same time provides a
eircuit in parallel with the field from the
point 20 in the field circuit, through con-
ductor 21, lever 15, contacts 13 and 14, con-
ductor 22, compressible rheostat 11 and con-
ductor 28 to gefierator lead 5. . The, resist-
ance thus inserted in the field circuit and

the effect of the parallel circuit described -

are sufficient to reduce the charging current
substantially to zero so that the battery 3
will float across the line and at the same
time the rheostat 7 will be permitted to re-
turn to its minimum resistance value. From
this point the generator is regulated for
constant potential by means of the coil 12
which decreases the resistance of rheostat
11 and thus diverts more current from the
field with every tendency to increase the
generator voltage. Under these conditions
the battery is merely floating across the line
and constant. patential will be maintained
regardless of whether the battery circuit is
opened or not, and even with the battery
‘eircuit accidentally opened a stable voltage
will be held throughout the entire range of
speed of the generator. A regulator of this

type is particularly adapted for high gen- .

erator speeds at which the field magnets are
operating at a low flux dengity, under which
conditions the machine would respond -to
very slight changes in voltage across .its
field. An inductive._circuit, such as the field
winding, when connected in series with a
non-inductive resistance, such as the rheo-
stat 7, especially where such resistance is

~

_initial flux changes.
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high when cbmpared with the inductive re-

sistance, is yery sensitive to variations in-

impressed voltage. This feature together
with the unstable condition of the magnetic
circuit, would make close regulation difficult

‘at. widely varying speeds if regulation were
attempted solely through varying the re-.

sistance in series with the field. By the
provisions of the auxiliary rheostat 11, how-
ever, the field winding is shunted by a non-
inductive resistance which prevents rapid
changes in the, magnetic flux in the gen-
erator, as any tendency to-a rapid change is
immediatély met by the development of an
E. M. F. in the field winding which sets

up a current through the local circuit com-

prising rheostat 11 which tends to retard
The. higher the gen-
erator speed, the less the value of this re-
sistance, and, consequeritly, the apparatus
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becomes even more stable at the higher

speeds than at the lower.
~ Tig. 2 illustrates a system
form of combined relay

in which a novel
itch and regu-

“lator is employed, whereby 4 single coil 24

performs the functions of: coils 12 and 19
in Fig. 1. -Coil 24 is connectéd across the
generator -leads and controls the lever 15
and contacts carried by the lever in a man-
her similar to coil 19 on Fig. 1. - A movable
armature 25 carried by pivoted lever 26,
within the radius of influence of coil 24,
controls the compression of rheostat 11.
The cireuit” connections and principles of
operation -of the system illustreted in Fig.
2 are substantially the same as the system
illustrated in Fig. 1. . o

Figs. 8-and 4 illustrate the construction
and 6peration of the combined relay switch

and regulator. The coil 24 is provided with .

two windings 27 arranged on the vertical
poles 28 of a magnet in the ordinary horse-

shoe form. "The lever 15, in addition to the
contacts 14 and 16, carries the armature 29.
‘The upper armature 25 on lever 26 is wedge

shaped and coBperates with the beveled ends
of the magnet poles 28. This construction
provides for a long range of action and an
increasing attraction as the lever moves
downward. The increasing attraction is de-
signed, to compensate for the increase in
counter-pressure exerted by the compressible
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rheostat. . The upper air-gap between: the -

armature 25 and magnet poles. is made so

great that the lever 26 will not be moved-

by energization of the windings so long as
the lower air-gap is open. By thus caus-
ing the upper armature to remain fixed, the

‘reluctance of the magnetic circuit is main-

tained constant so that the lower armature
may be accurately adjusted to close at a

. definite voltage which represents the fully

charged voltage of the battery. - As soon as
the lower armature is attracted the reluc-
tance of the magnetic circuit will be so
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greatly reduced that the upper armature 25
will immediately come under the influence

" .of the windings and will be caused to exert

10

a varying pressure on the compressible rheo-
stat, causing it to accomplish its regulating
functions. ‘

‘The device may be readily set to respond
to different voltages by varying the normal
position of the armatures by means of the
adjustable stop 30 for the upper armature
and the- adjustable contacts for the lower

armature.

15

The rheostats employed are preferably. of
the type in which a plurality of disks of car-
bon or similar material are connected in the
circuit, the resistance of the rheostat being
determined by the amount of pressure exert-

~ ed on the disks. By providing separate con-

20
ing metallic eontacts may be used.” Re-
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‘tacts independent of the rheostats for con-

trolling the rheostat circuits, quick break-

‘peated operation of such contacts will not

eause a burning of the contact surfaces with

. . . . <
-the resultant variations in contact resistance

and effective air-gap. Consequently, the
adjustmént of the system will not be inter-
fered with by continued use.

The advantages of employing the im-

-proved relay and regulator in connection
with car lighting systems may be illus-

trated .by- considering a representative set
of conditions obtaining in such a system.
Assuming a 30 volt system employing 16
lead battery cells, a fully charged condition
of the battery will be reached when the volt-
age of the system“has been raised to ap-
proximately 42 volts, but the voltage at
which such a battery will just float across the
line is approximately 35 volts. With the
improved construction of regulator, there-

fore, it is possible to set the lower armature

to respond at 42 volts which, as already ex-
-plained, would be insufficient to operate the
rheostat as long as the lower air-gap is open.
As soon as the lower armature is raised
and the lower air-gap eliminated, the upper
armature will be within the radius of influ-

ence and may be set to hold substantially 85

volts on the system. Thus, with this unitary
device, it is possible to employ a single nor-
mally energized coil which will prevent op-

eration of the voltage regulator until the

- fully charged voltage of the battery is

0

o

reached, after which point the regulator

will automatically operate to hold the proper

voltage on the system to float the battery
across the line..

It is to be understood that the embodi-
ments of the invention herein,described are
merely for the purposes of illustration as it
is apparent that many modifications in cir-
cuit connections and details of construction
may be made without sacrificing the advan-
tages of the invention as set forth in the
following claims. ‘

: 5

What T elaim as new and desire to secure
by Letters Patent of the United States is:—

1. Means for regulating a generator com-
prising a current operated resistance in series
with the field thereof, a voltage operated re-
sistance in a circuit in shunt to the field, and
voltage operated means for controlling the
circuit of said voltage operated resistance.

2. In a regulating system, a variable speed
generator, means tending to cause the gener-
ator to produce constant current, and means

- tending to cause the generator to operate at
a constant potential, said last named means.

8- .
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comprising a resistance in shunt to the gen- -

erator field, means for decreasing said resist-
=nee as the generator voltage tends to rise,
and means operated by a predetermined volt-
age rise in the system for connecting said
last named resistance in circuit. '

3. Inaregulating system, a variable speed
generator, a shunt circuit around the field
thereof, and. 2 single means operating to
close said shunt.circuit when the voltage of
the system reaches a predetermined value
and thereafter responding to 4 predeter-
mined lower voltage to vary the resistance of
said shunt circuit. .

4. In a regulating system, a variable speed
generator, means tending to cause the gen-
erator to preduce constant current, a shunt
circuit around the generator field; and a
single means to close said shunt circuit at a
predetermined voltage of the system and
thereafter operating responsive to a prede-
termined lower voltage to vary the resist-
ance of said shunt circuit.

5. In a regulating system, a variable volt-
age source, means tending to regulate the
voltage of said source to cause the same to
produce a constant current, and an auxiliary
regulating means operating upon-a predeter-
mined voltage condition to predominate in

regulating said source and to maintain con--

stant potential therefrom, said constant po-
tential being less than the predetermined
voltage at which said auxiliary regulator be-
gins to operate. . - '

" 6. In combination with a variable speed
generator provided with a shunt field, a cir-

“cuit in paralle]l with said field but normally

open, and a single operating coil for closing
said circuit at a predetermined voltage and
thereafter.varying the resistance thereof to
maintain the voltage of said generator at a
predetermined voltage lower than said first
mentioned voltage. .

‘7. In combination, a shunt wound gen-

-erator, a variable resistance in series with

the field thereof, a current coil for varying
said resistance, a storage battery supplied
by said generator, an auxiliary regulator
comprising a normally open circuited re-
sistance in parallel with said field, and a
voltage coil designed to close the circuit for
said last named resistance when the voltage
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of the system reaches the fully .charged
voltage of “the battery, said voltage coil
thereafter operating in response to a pre-

~determined lower voltage to maintain said
"generator voltage constant.

8. In a regulating system,a variable speed
generator -provided with a shunt field, a

.. compressible rheostat in series with ‘said
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field, a series coil for controlling said rheo-

stat, a second compressible rheostat adapted
to be connected in shunt to said field, and a
coil connected across the system for con-
necting said second rheostat in circuit on
predetermined voltage conditions in the sys-
tem, and thereafter operating at a préde-
termined lower voltage to vary the resist-
ance of said rheostat. - .

9. In a regulating system,a variable speed

- generator provided with a shunt field, a-

20

25

30

35

.40

storage battery charged thereby, a com-
pressible rheostat in series with said field, a
series coil for controlling said rheostat, a
second compressible rheostat, normally open
circuited, adapted to be connected in shunt
to said field, and a coil connected across the
system adapted to close the circuit for said
second compressible rheostat when the volt-
age of the system reaches the fully charged

voltage of the battery, said coil thereafter

operating at a predetermined lower voltage
representing the battery floating voltage to
vary the compression on said second com-
pressible rheostat'to hold said generator
voltage constant. ' ’

-10. In combination, a variable voltage
source, a storage battery charged thereby,
and meins for regulating the voltage of
said source, said means comprising a nor-
mally open circuited variable resistance, and
a single operating coil therefor, said coil

. operating, when the fully charged voltage

45

of the battery is reached, to close the circuit
for said resistance, and said coil thereafter
operating in.response to a predetermined
lower voltage to cause said resistance to-

. maintain said lower -voltage from said

.source. .

. 1,181,176

. 11:- In combination, a variable speed gen-
erator provided with a shunt field, a vari-
able resistance in series with said field, a
coil in series with said generator for vary-
ing said resistance, a normally short cir-
cuited fixed resistance in series’ with said
field, a second variable registance adapted
to be connected in shunt to said field, a volt-
age responsive coil varying said second re-
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sistance, and a voltage responsive means in-

cluding quick breaking metallic contacts for
opening the short circuit around-said fixed
resistance and connecting said second vari-
able resistance in circuit. -

60

-12. In combination, a variable speed gen-

erator provided with a shunt field, a vari-

able resistance in series with said field, a:

coil in series with said generator for vary-
ing said resistance, a normally short cir-

field, a second variable resistance adapted

“to be connected in shunt to said field, and a

single voltage responsive means operating

85 -

- cuited fixed resistande in series with said .

70

at a predetermined voltage to open said -

short circuit around said fixed resistance
and to close the normally open circuit for
said variable resistance, and thereafter op-
erating at a predetermined lower voltage
to vary said resistance in shunt to the field.

13. Regulating means comprising a com-
pressible rheostat adapted to be connected

in the circuit to be regulated, contacts con-
“trolling said circuit, a lever for varying’the

75

compression of said rheostat, and a single .
operating coil operating responsive to a pre-

determined voltage to close said’ contacts, -

and thereafter operating responsive to vary-
ing voltages including a predetermined
lower voltage to vary the position of said
lever. - A
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* In witness whereof, I have hereunto sub- .

seribed my name in the presence of two wit--

nesses. . _
WILLIAM A. TURBAYNE. .
Witnesses: : :
C. H. WiLMER,
~ E. MacViTrerL
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