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This invention relates to voltage regulating
apparatus for controlling the terminal voltage
of electric generators and, as one of its objects,
aims to provide an improved and simplified ap-
paratus of this kind which can be very econom-
ically manufactured and installed. Although the
improved apparatus can be applied to electric
generators designed for different types of service
and current characteristics it is especially ap-
plicable to low voltage generators such as are
used in the electrical systems of automotive
vehicles and for that reason is hereinafter de-
scribed in connection with a generating system
of that kind but without any inténtion to limit
the invention in this respect.

Another object of the present invention is to
provide an improved voltage regulator of the
vibratory-armature electromagnetic type having
control contacts which are opened and closed by
the armature and in which the rate of vibration
of the armature is considerably higher than in
prior devices of this character and produces a
smoother regulating action by which the termi-
nal voltage of the generator is more counstantly
maintained at the desired value.

A further object is to provide an improved
voltage regulator of the character mentioned in
which the armature will vibrate in a steadier and
more reliable manner at a predetermined fre-
guency for a given load value, such as will con-
ribubte to a long contact life and will permit a
selection to be made for the contacts from vari-
ous desirable contact materials, and in many
cases will permit the use of a less expensive
contact material with a regulating action equally
efficient and comparable to the regulating action
obtained when a more expensive contact mate-
rial is used.

Still another object is to provide an improved
voltage regulator of the electromagnetic vibra-
tory type which employs a regulating resistance
in such relation to the energizing circuit of the
magnet as to produce a higher frequency. rate
and a steadier action for the vibratory opening
and closing of the contacts by which a longer
contact life and a more constant and satisfac-
tory voltage regulating function are obtained. .

Vet another object is to provide an improved
voltage regulator of the character mentioned in
which the magnet has only a single energizing
coil thereon and the energizing circuit for the
magnet inciudes a regulating resistance which
effectively varies the ampere-turns of the coil in
response to the vibratory opening and . closing
of the control contacts.
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2

“The invention can be further briefly sum-
marized as consisting in certain novel combina-
tions and arrangements of parts hereinafter de-
scribed and particularly set out in the claims
hereof. o

In the accompanying sheet of drawings:

Fig. 1 is an electric circuit diagram showing a
generating system embodying the improved volt-
age regulating apparatus, and

TMig. 2 is another electric circuit diagram show-
ing a generating system embodying a modified
form of the voltage regulating apparatus.

As illustrating one practical application of this
invention Fig. 1 of the drawing shows the im-
proved voltage regulator {0 embodied in an elec~
tric generating system of the type used on au-
tomotive vehicles. The system here shown in-
cludes a low voltage direct current generator i,
for example a six volt generator, having termi-
nals i2 and 13 and a shunt field winding 14.
The- system also includes an external load cir-
cuit represented by the load conductors {8a and
{&b which are connected with the terminals {2
and (3. The load circuit may include various
electrical devices carried by the vehicle such as
the storage battery 46 and the electric lamps
{7 and §8. The load circuit may also include
a control switch {9 which can be a manually op-
erated switch or, if desired, can be a conventional
reverse currant relay or so-called reverse current
cut-out.

The improved voltage regulator {8 is of the
vibratory electromagnetic type comprising a
magnet 28 having a suitable frame 2{ and an
energizing coil 22. The voltage regulator also
includes a vibratory armature 23 and two pairs
of cooperating control contacts consisting of two
spaced stationary contacts 24 and 25 and two
movable contacts 26 and 27 carried by the ar-
mature and adapted to cooperate respectively
with the stationary contacts 22 and 25.

The frame 2¢ of the magnet 28 includes a core
28 on which the energizing coil 22 is located and
laterally spaced arm portions 2f{a¢ and 2{b located
The armature
23 extends across the.arm portions 2ig and 245
and across one end of the core 28 so as to form
g magnetic circuit and be responsive to en-
ergization of the frame by the coil 22. The ar-
mature 23 is adapted to cause a rapid opening
and closing of the pairs of cooperating contacts
in.response to changes in the energization pro-
duced by the coil 22, as further explained here-
inafter, and for this purpose the armature is
pivoted or.fulcrumed on the frame portion Zid
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as by means of the flexible mounting member
23. A tension spring 30 connected with the ar-
mature 23 acts thereon to normally urge the
armature in a direction to cause closing of the
contacts 24 and 26. The energizing coil 22 of
the magnet 20 is a voltage coil which is ener-
gized from the generator il by being connected
across the terminals 2 and (3 thereof. The
extent of energization of the coil 22 ‘is variable
for producing the voltage regulating function
and is controiled by the action of the cooperat-
ing contacts 24—26, 25—217, as. will be further
explained hereinafter.

The field winding (4 of thegeneratori-is:con-
tained in a field energizing ¢ircuit which is con-
nected across the terminals {2 and I3 of the
generator (1. As shown in the drawing,oneend:
of the field winding (4 is connected with.the.ter-
minal 12 by the conductor 31 and its other end’is
connected with the movable contact 26 through a
portionof o vibratory armature 23. The-field-cir-
cuit is -also formed in part by the conductor 32
which connects ‘the stationary -contact 24 with
‘the generator terminal 3. A field resistance-or
so-called point resistance 33 is located in the-field
circuit and is conneeted across: the cooperating
contacts 28 and 26 so as to be included in ‘the
field circuit in series relation when thesg -con-
tacts are opened and shert-citcuited -out of the
field energizing circuit- when these -contacts are
closed.

As shown in Fig. 1, the stationary contact 25
of the regulator {0'is connected with the: genera-
‘tor terminal 12. through the- conductor portions
34¢ and 34b of the conductor 34. ©One end of
the magnet coil 22 is-also connected ‘directly with
the-generater terminal 12 by the conducter 35
and the- condtctor portien: 38b. The other end
of the ceil 22 is connected® with the-statienary
contact 28 through the conductors 36 and 3T -and
the series resistance 38 which may at times be
referred to-as a second resistance or a. ballast
resistance. Since the last-mentioned end: of the
coil 22 is connected with the stationary contact
24 and:this contact is in turn connected with. the
generator terminal {3; it will be seen that the
coil is-always: contained’ in an energizing: ¢ircuit
extending across the terminals of the generator
for energization. of this coil as a: voltage: coil,- as

mentioned above, and which will: be responsive to

changes in the operating condition of the-gen-
erator,

An important: feature: of the improved voltage
regulator 10: is' the: provision of. a. regulating: re-
sistance 40 in the energizing circuit for the mag-
net coil 22 and. which resistance produces. dis-
tinctly new- and. advantageous results: in. the
voltage  control function. of the regulator. The
regulating resistance 48.has one end:thereof con-
nected to the movable contacts:26:and: 21 through
the magnet frame 2i. and the armature 23. and
has its.other end connected to the conductor. 37
at a point between the coil 22 and the ballast
resistance 38. When' the regulating resistance 40
is-embodied in the energizing circuit.for:the coil
22.in the relation just mentioned this resistance
effectively varies the ampere-turns: of the c¢oil
through circuit changes produced by the opening
and closing of the control contacts'in response to
variations-in the operating condition of the gen-
erator .

To further explain the function.ofthe. regu-
lating resistance 48 it is-pointed out that-when

the generator {1 is being operated undér a condi- .

tion-such that the contacts 24 and 26 are being
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opened and closed by the vibratory movement of
the armature 23, this resistance will be inter-
mittently connected into and disconnected from
a circuit arrangement in which the resistance is
in shunt relation to the ballast resistance 38 and
thus intermittenty increases the supply of cur-
rent to the energizing coil 22 and hence the am-
ppere-turns.of ‘the latter. On thie othérhand when
the generator 11'is opérating under a condition
in which the contacts 25 and 2T are being opened
and closed by the vibratory movement of the ar-
mature 23, the regulating resistance 40 will be
intermittently connected in a circuit in which
tHis resistahce is ‘in shunt relation to the coil 22
and Hence decredses the ampere-turns of this
coil,

To trace these energizing circuits for the coil
22 of the magnet 26 it is pointed out that when
the contacts 24 and 26 are closed the energiz-
ing circuit for the coil 22 extends from the gen-
erator terminal 3 through the ‘condudtor 32 to
the ‘contact 2% and then through the conductor
36, tHe ballast resistance 38, the conductor §7
‘tothe coil 22 arnd then back to the generator ter-
mi?na}I 2 through the conductor 35 -and the con-

uctor pertion -34p. ‘A portion of this enérgizing
cu'ctut also-extends at- the same time from the
-contact 24- to the contact 26 and then- through
armature 23, frame 21, and régulatinig resistance
&9 to the c’ondmaﬁb‘r*ﬂ . It will thus be seen that
when the contacts 2§ and 26 are closed the regi-
lating resistance 48 'is connected in -shunt rela-
tion to the ballast resistance 38 -and ¢onstitutes
a-second path through which additichal edergiz-
ing current can be supplied to the ¢oil 22 The
increased supply of current to the maghet. coil
22 inereases. its ampeiresturng thiereby producing
a-stronger-pull on the armature 23 and causing
opening of the contacts 2§ and 26 to imsert-the
point resistance 33 into the fleld circuit of the
generator.

When: the contacts 25 and 27 are closéd the en-
ergizing. circuit. for: thie magnet coil 22 extends
from the generator terminal 13 through the con-
ductors 32 and 36, the Wallast resistance 38; the
conductor:37 to the coil 22 and then back to the
generator terminal 12 through the conductor 35
and the corductorportion 34b. At this same time
thie closed: condition of the: cornitacts 25 and 271
causes’ ongrend of the regulating resistance 40:to
be: connected  with: the: generator terminal 12
through the frame 21, armature 23, contacts 27T
and 28 and: conductor portions 3%z and 34b.
Since the other end of the regulating resistance
40: remains' connected with the stationary con-
tact 24:and. the generator terminal i8 through
the: ballast resistance 38, it will be seen that the
regulating resistance is now connectéd:in. shunt
relation to:the coil 22-and will therefore decrease
the> ampere-turns of ‘this coil and the' resulting
decrease in: the. energization of the magnet 20
will permit. opening of the contacts 25 and: 2T,

During: the operation of the improved resu-
lator 10 thé:contacts 24-and 25 are ihitially held
closed by the spring: 32 while ‘the generator 1 is
being-started up.. For certairi operating condi=
tions: of the-systewi: the regidator 19 will fuhes
tion with a-vibratory épeéning arid:closifig of .the
contacts 24:and 28 while: the coritdets 25 and 21
rémain open.. Under. othér ogerating coaditions
both pairs:of control contacts 24; 2% and 25, 27
will- rerhain- opéh.. For still otliér conditions of
operation  the reégulator will. function with a
vibratory opening: and élosinig of:the contagts 2%
and 21 while the contacts:24-and:26 remain open.
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It has been found that theuse of the regulating
resistance 40 greatly simplifies the construction
of the regulator 10 because only a single energiz-
ing coil is required for the magnet 20. - The use
of the regulating resistance 40 has also been
found to produce a very effective and reliable
voltage regulating action through its effect in
varying the ampere-turns of the energizing coil
22 of the magnet. By reason of the use of the
regulating resistance 490 it has also been. found
that the improved regulator {8 gives a . very
smooth regulating function in which the arma-
ture vibrates at a higher rate than has heretofore
occurred in voltage regulating devices of this
kind and that for a given load value on the gen-
erator-the armature vibrates steadily at a pre-
determined frequency. - Moreover, it has been
found that by the use of the regulating resist-
ance 40 the rate of vibration of the armature can
be predetermined for. giving load values such
that the frequency rate can be so adapted as to
permit the use in the control contacts of various
selected contact materials. This feature is very
important because it enables the manufacturer
to.select lower priced contact materials from vari-
ous available materials and to obtain a voltage
regulating action equally efficient and reliable
to.a voltage regulating action obtainable through
the use of higher priced contact materials. By
thus being able to establish a predetermined ire-
quency of vibration for the armature 23, a ire-
quency can be selected which will contribute to
a long life for the control contacts thus render-
ing the voltage regulator capable of performiug
satisfactorily for s longer period of time with a
minimum amount of attention and servicing. .

Fig. 2 of the drawing shows another practical
application of the present invention in which a
modified form of the improved voltage regulator
is used. In the electrical system shown in Fig. 2
the modified voltage regulator 41 has only one2
pair of control contacts 24 and 26 but in other
respects is similar to the voltage regulator i
described above, and the same reference char-
acters have accordingly been used to designate
corresponding parts. - In the operation of the
modified regulator &1 the opening and closing of
the contacts 24 and 26 intermittently connects
the point resistance 83 into and short-circuits
the same out of-the field circuit of the generator
{{. The closing and opening of these contacts
also intermittently conneets the reguiating resist-
ance 49 into the energizing circuit for the coil
22 so that when the contacts are closed this re-
sistance will be connected in shunt relation to the
ballast resistance 88 and thus increase the- am-~
pere-turns of this coil and produce an increased
energization of the magnet 28 which will result
in opening of the contacts 24 and 26.

To enable those skilled in this art to further
evaluate the practical importance. of the im-
proved voltage regulator, a set of specific vaiues
can be given for the apparatus illustrated in Fig.

1. For example when the generator il is a six

volt generator having a shunt field whose resist-
ance is approximately two and one-half ohins,
the voltage regulator (8 may embody a point
resistance 33 whose resistance value is approxi-
mately six and one-half ohms and a ballast ve-
sistance 38 whose resistance value is approgi-
mately thirteen ohms. The magnet coil 22 would
have approximately one thousand turns of mag-
net wire and g resistance value of approximately
ten-ohms. For the circuit values just given above
the regulating resistance 49 would have a resist-
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ance value of approximately oné hundred ard
seventy ohms. .

Although the improved voltage regulator has
been referred to herein as being well suited for
use with low voltage gererators and ‘g six volt
generator has been mentioned specifically, it
should be understood that the invention is not
limited. in this respect and that it is also appli-
cable to generators of twelve volt, twenty-four
volt, thirty-two volt and higher voltage ratings.

From - the foregoing. description and accom-
panying drawings it should now he readily under-
stood that this invention provides an improved
voltage regulator which is applicable to electric
generators of various specific ratings and designs
but is especially useful for controlling the ter-
mingl voltage of low voltage generators when em-
bodied in electrical systems of the type used oit
automotive vehicles. .It will now also be under-
stood that the improved voltage regulator pro-
duces a highly efficient and more satisfactory reg-
ulating action and can be manufactured at &
lower cost than  similar devices heretofore
proposed. .

- Although the improved voltage regulator pro-
vided by this invention has been illustrated and
described herein to g somewhat detailed extent,
it will be understood of course that the invention
should not be regarded as being correspondingly
limited in scope but includes all changes and
modifications coming within the terms of the
claims hereof.

Having thus described my invention, I claim:

i. In combination with a generator having
terminals and a field circuit including a field
winding and a field resistance, a voltage regu-
lator comprising g imagnet having a vibratory
armature responsive to energization of said mag-
net.and .cooperating contacts adapted to be
opened and closed by vibration of said armature
for intermittently removing said field resistance
from said field circuit, said magnet. having an
energizing coil, circuit connections connecting
said coil across said terminals to establish a regu-
lator circuit for -energizing said coil from said
generator, a second resistance in said regulator
circuit, a regulating resistance, and circuit con-
nections controlled by said contacts and adapted
to intermittently connect said regulating resist-
ance in shunt relation to said second resistance
for increasing the energization of said coil, said
field resistance and said regulating resistance
having respectively a relatively low and a rela-
tively high resistance value and said second xe-
sistance having a resistance value intermediate
said low and high resistance values.

. 9. In combination with g generator having ter-
minals and a field circuit including a field wind-
ing and g field resistance, a voltage regulator
comprising a magnet having a vibratory arma-
ture responsive to energization of said magnet
and a pair of cooperating contacts adapied to be
opened snd closed by vibration of said armature
and to short-circuit said field resistance out of

. said feld circuit when the contacts are -closed,

said magnet having only a single energizing coil,
cireuit connections connecting said coil across
said terminals to establish a regulator circuit for
energizing said magnet from said generator, a
second resistance in said regulator circuit in se-
ries with said coil, a regulating resistance, and
cireuit connections controlled by said contacts
and adapted to connect said regulating resistance
in. shunt relation to said second resistance when
said contacts are closed, said field resistance and
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said regulating. resistance; :having respectively: a
relatively low and a relatively high. resistance
value and said second resistance having a resist-
ance value intermediate said low-and. hlgh reSIS;-
ance values.

3. In combmat;on with a. generator having
terminals and a feld circuit  including a. field
winding and a. field resistance, a.voltage regu~
lator comprising a magnet having. g frame and
a vibratory armature. responsive -to energization
of said magnet and also having: cooperatmg con-
tacts adapted to be opened and closed by.vibra-
tion of said armature for: intermitfently - short-
cuiting said field resistance out. of said. field
circuit, said magnet having_ an. energizing. coil,
circuit connections. connecting said. coil across
said terminals to establish a regulator circuit: for
energizing said coil from said generator, a ballast
resistance in said. regulator circuit, a regulating
resistance, and circuit connections.controlled by
said contacts and including a circuit. portion. ex=
tending through said frame for intermittently
connem,ing said regulating re51stance m shunt
the energization of said.coil, said.field, reslstance
and said regulating resistance having respec-
tively a relatively low and. g relatively high-re~
sistance value and said.ballast resistance having
a resistance value intermediate said low: and hxgh
resistance values.

4. The combination with a generator hayving
terminals and a field circuit including; a. field
winding and a field resistance, g voltage reguia-
tor comprising a.magnet. having:a. vibratory ar-
mature responsive to energization' of, said: mag-
net and. pairs of. cocperating: contdets adaprad
to be opened. and. closed. by, vibration of said

armature, one pair of said.contacts being in.said.

field circuit: and heing effective for intermittently
removing said field resistance: from said: field: cir-
cuit, said magnet having an energizing:coil,; cir=
cuit connections connecting said co;I across said
erglzmg s.nd coil. from. said. generator, a. S@QQ,n.d
resistance in said regulator eircuit, aregulating
resistance, and circuit. connections controlled
by said.pairs of_contacts.and by which said reg-
ulating resistance is.adapted to be.connected: in
shunt: relation to said;.second resistance when
said one pair of contacts. is closed and to be con-
nected in shunt relation to.said coil. when an-
other pair of said.contacts is.closed.

8. In combination. with a. generator, having
terminals and. a_field. ¢ircuit containing, a field
winding, a vcltage regulator comprising a magnet
having a vibratory armature responsive to_ ener-
gization of said. magnet and.a:voltage:coil for
energizing said. magnet, cooperating contact
means. adapied to be opened. and closed; hy. said
armature and comprising two pairs. of.cooperat=
ing contacts, e field.resistance controlled. hy one
pair of said contacts for. varying the_energization
of said. field. winding, circuit connections: con=
necting said’ coil.across.said terminals for erer-
gization by said.generator, a series resistanee.in
the energizing circuit. for said.coil, dnd a regulat~
ing resistance in the energizing circuit for:said
coil and. controlled hy ‘5aid: contact means; said
energizing cireuil including. circuit. connections
for connecting said.regulating resistance. in: shunt
relation to said series resistance for increasing
the ampere turns of said. coil: when: one pair of
said. contacts is closed. and.im shunt. relation: to
said coil.for decreasing the ampere:turns thereof
when the other pair of said. contacts is. closed.
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6. In apparatus:of.the character, described, a
generator having termmals and a ﬁeld winding, &
voltage regulafor comprising.a. magnet havmg an
armature adapted to be. v1brated and two. pairs
of . contacts adapted.to be opened. and 010sed by
vibration:of said armature, a.field circuit having
said field winding and one pair of-said. contacts
therein, a field resistance connected. across. and
controlled by said one pair of contacts, said mag-
net. having: only a single energizing coil, circuif
connections connecting said coil across said.ter=-
minals for energization of the coil from said gen-
erator, a. second resistance in: the: coil energizing
circuit, a regulating resistance, and circuit. con-
nections for connectin said revulatmg resistance
sald one. palr of contacts is closed and. m shunt
relation to said coil when the second, pair of.con-
tacts. is closed.

7. In. apparatus of the character described,
a.generator having terminals and_a field wind-
ing, a voltage regulator comprising a-magnet hav-
ing-an armature adapted to be vibrated and two
pairs of .contacts adapted to be opened and. closed
by vicration of said armature, said contacts:com-
prising fixed contacts in- spaced apart relation
and a movable contact carried by said armature
and adapted to cooperate with the fixed contacts
in response to vibration of the armature, a field
circuit having therein said field winding and. one
pair of said contacts consisting of said movable
contact. and one of said fixed contacts, a field
resistance connected across and controlled by said
one pair of contacts; an energizing coil for said

. magnet, circuit connections connecting said coil

across said terminals for energization of said
coil from said generator, . ballast, resistance: in
the’coil energizing circuit, a regulating resistance,
and circuit connections connecting said regulat-
ing resistance with said movable contact and said
coil energizing circuit such that said. regulating
resistance is in shunt relation to said ballast
resistance when said one pair of contacts is closed
and in shunt relation to said coil when the second
pair. of contacts is clesed.

8. In combination with a generator having ter-
minals and a field winding, a regulator compris-
ing a magnet having a frame including a vibra-
tory armature and a coil for energizing said frame
to produce the vibratory movement of said arma-
ture, said regulator alsc having a pair of coop-
erating contacts one of which is a stationary
contact electrically connected with one of .the
terminals of said generator and the other contact
being movable and carried by said armature, cir-
cuit connections connecting said coil across said
terminals to establish a regulator circuit. for
energizing said coil from said, .generator, a bal-
last resistance in said regulator circuit in senes
with said coil, said field winding having one end
connected with the other of said.terminals and-
its other end electrlcally connected with said
movable contact to provide a ﬁeld circuit, a ﬁeld
resistance connected. across said’ contacts to be
intermittently connected into and short-circuited -
out of said field cxrcult by the opening and. .closing
of said contacts and a regulating resmtance hay-
ing one end thereof electncally connected w1th
said movable contact and its othe1 end connected
with said regulator ecircuit at a point between said
coil and . said ballast resistance, said regulating
resistance being, connected in sald regulator. cir=-
cuit,in shunt relation to said ballast resistance
for, increasing the energization of said coil when
said.contacts_are. closed. .
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9. In combination with a generator having ter-
minals and a field winding, a regulator compris-
ing a magnet having a frame including a vibra-
tory armature and a coil for energizing said frame
to produce the vibratory movement of said arma-
ture, said regulator also having cooperating con-
tacts including a first stationary contact elec-
trically connected with one of the terminals of
said generator and a movable contact means car~
ried by said armature, circuit connections con-
necting said coil across said terminals to establish
o, regulator circuit for energizing said coil from
said generator, a ballast resistance in said regula-
tor circuit in series with said coil, said field wind-
ing having one end connected with the other of
said terminals and its other end electrically con-
nected with said movable contact means to pro-
vide g field circuit, a field resistance connected
across said first stationary contact and said mov-
able contact means to be intermittently con-
nected into and shirt-circuited out of said fleld
circuit by the opening and closing of said first
stationary contact and said movable contact
means, and a regulating resistance having one
end thereof electrically connected with said mov-

10

able contact means and it§ other end connected

“with said regulator circuit at a point between

said coil and said ballast resistance, the contacts
of said regulator also including a second station-
ary contact electrically connected with said other
terminal, said regulating resistance being con-
nected in said regulator ecircuit in shunt relation

~ to said ballast resistance for increasing the ener-
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gization of said coil when said movable contact
means is in engagement with said first stationary
contact and in shunt relation to said coil for de-
creasing the energization thereof when said mov-~
able contact means is in engagement with said
second stationary contaet.

WILLIAM NIEMI.
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