C. P. POOLE.

AUTOMATIC REGULATION FOR ELECTRICAL APPARATUS.

APPLICATION FILED APR. 13, 1912,

Patented Oct. 6, 1914

1 b4 1 1 2,833 °
3 SEEETS—SHEET 1.
(- )
L7
7¥
Fig: 7,
|70
o
L4
%
|
w
//7 ‘
7#
1 Fig £
Resistence having @ high
temperatere co-effisient | »
| 9;’ 75
j o

ey | TTTTTT o, ot
&d ST Aiase ' aég-hfattozm&s ’W




C. P. POOLE.
AUTOMATIC REGULATION FOR ELECTRICAL APPARATUS.

APPLICATION FILED APR. 13, 1812,

Patented Oct. 6, 1914,
3 SHEETS—SHEET 2.

1,119,833,

-

EXEMEX:

LEEL,

U ffa-00 oumwiadwsh
it

£Z

Suinpysadusisisay

L

: W&@W

N&_
iy o

Jnventor

e
Lo

5)513%:- al’toanJD

WNWitnesses;
Qa ¢9%



C. P. POOLE.
AUTOMATIC REGULATION FOR ELECTRICAL APPARATUS.
APPLICATION FILED APR. 13, 1912,

1,112,833. K Patented Oct. 6, 1914,

3 BHEETR—SHEET 3.

N
L 76
Zé I
A |
PERMANENT MAGNET

L ey <P §> <§

qmi.-bnco‘oco:/%‘ ) Jnventor
ZZM QQ//LM&“ : %‘J_gicé‘;ré ‘(l/:) P(f?)vvéc_

T~ - oo roeecne M(M




15

20

25

30

35

40

45

50

55

UNITED STATES

PATENT OFFICE.

CECIL P. POOLE, OF SOUTH ORANGE, NEW JERSEY, ASSIGNOR, BY MESNE ASSIGH-
" MENTS, TO ENGINEERING DEVELOPMENT COMPANY, A CORPORATION OF NEW

YORK. '

AUTOMATIC REGULATION FOR ELE‘CTRICAL APPARATUS.

1,112,833,

'Speciﬁca.tion of i.etters Pé.tent.

Application filed April 13, 1912. Serial No. 690,584.

To all whom it may concern: :

Be it known that I, CrorL P. Poorg, a citi-
zen of the United States, residing at South
Orange, in the county of Essex and State of
New Jersey, have invented. certain new and
useful Improvements in Automatic Regula-
tion for Electrical Apparatus, of which the
following is a full, clear, and exact descrip-
tion.

This invention relates to electric motors
and generators and has for its principal ob-
ject the provision of improved means for
regulating the action of devices of this char-
acter, ’ :
By way of exemplification I hereinafter

describe my invention in connection with a |

dynamo or generator of the shunt type, to
which it is particularly adapted, but I do
not wish to be limited thereto in any way;
and may here state further that T am aware
of various modifications and changes which
may be made in the apparatus without de-
parting from the spirit of my invention and

hence desire to be limited only by the scope |

of the appended claims.

Another cbject of my invention is to main-
tain, when desired, a substantially constant
E. M. F. at the brushes after the initial rise
in voltage, without shifting either the main,
or other and auxiliary brushes of any de-
seription. -

Still another object of my invention is to
provide means for automatically shifting the
general course of the magnetic field travers-
ing the armature of a dynamo, with respect
to the main brushes of said dynameo, whereby
to regulate the E. M. F. at said brushes.

These and other objects will be hereinafter
referred to and the novel elements and com-
binations of elements whereby they may be
attained will be more particularly pointed
out in the said claims.

In the accompanying drawings, which
form a part hereof, and in which like refer-
ence characters designate like parts through-
out the several views, I have somewhat dia-
grammatically illustrated several dynamos
of the type in question each embodying one
or more features of the present invention.

Figure 1 is a diagrammatie elevation of a
simple bifurcated-pole, shunt wound ma-
chine; Fig. 2 is a similar view of a machine
embodying a resistance in circuit with the
auxiliary coils, hereinafter referred to; Fig.
3 shows a still further development of the

.invention, and exemplifies diagrammatically
- an electrical mechanism, e. ¢. a’shunt wound
- dynamo, embodying the several features of
- the invention in combination. Fig. 4 is a
: view similar to Fig. 1, but showing a modi-
: fied generator construction. Fig. 5 is a simi-
lar diagrammatie view of still another mod;-
fication. : : :

- Referring first to Fig. 1, the machine
' proper herein - shown comprises the usual
; armature 1, provided with a commutator 2,
vor the like, and main brushes 3 and 4, the
: former being in the present case the positive
brush and the latter the negative. Two pole-
: pleces shown have been respectively desig-
nated 5 and 6 and the magnetic civcuit is
: completed through the usual yoke or frame
i 7. The work circuit has been broadly desig-
inated 8 and comprises a positive lead 9
: which is connected to the brush 38 and a neg-
;ative lead 10 connected to the brush 4. A
tswitch 9” has been indicated in positicn in
i the lead 9. :

Each of the pole-pieces is in the present
; Instance bifurcated and comprises a major
‘leg 11 and a minor leg 12, these legs prefer-
tably, but obviously of course not necessarily,
i having the conforination shown; the pole
face of the major leg extending circumfer-
_entially over the surface of the armature a
; greater distance than the minor leg in each
.case. A main exciting coil 13 is shown for
ithe sake of clearness, as encircling in this
-particular form of the device, the un-fur-
- cated portion of each pole-piece; the coil
~of pole 5 being connected to the positive
lead 9 at 14 and the corresponding coil of
‘the pole 6 being connected to the negative
lead at 15 in the usual manner. These coils,
therefore, are in shunt with the work cir-
cuit and are connected together by a wire
16 or the like. The armature is assumed
to be rotated in the direction of the arrow
-indicated thereupon, and both legs of the
pole-piece 5 would, in the construction
shown, normally be negative; while the legs
of the pole-piece’ 6 would correspondingly
nermally be positive. About each of the

‘minor legs, however, is disposed an auxil-
iary or bucking coil 17, these coils prefer-
ably being connected together in series as
at 18’, the respective extremities thereof be-
ing connected to the auxiliary brushes 18
and 19.
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scribed in the drawing, be positive and cur-’

rent will pass thence through the auxiliary
coil upon the minor leg of pole-piece 5,

_thence via the connection 18’ to the corre-

spondinig coil upon the pole-piece -8, re-

turning to the commutator through brush.

19. Brushes 18 and 19 are spaced substan-
tially, but preferably not quite, 90° away
from the main brushes 3 and 4 respectively.
The magnetic effect of the coils 17 is 011])-
posed to that of the main coils 13 and the

legs of the magnetic poles are so propor- |

tioned. that with normal excitation of the
main field winding and with the auxiliary
winding on open circuit, the major leg 11
of each pole-piece is normally highly over
saturated and therefore does not respond
readily to changes in excitation; while the
respective minor legs are fluxed to relatively
low density and therefore respond almost
proportionately to variations in_excitation.

At the minimum speed for which the ma-
chine is designed, the E. M. F. at the brushes
18, 19, is so small that the demagnetizing
effort 6f the coils 17 is negligible, and the
machine -operates practically in the same
manner as a shunt wound dynamo. As the
speed increases, the E. M. F. delivered to the
brushes increases, but that at the auxiliary
brushes increases more rapidly than that
at the main brushes, owing to the fact that
the minor pole legs are more responsive than
the major legs, and the weakening of the
minor legs shifts the axis of the resultant
field backward; or in other words, clock-
wise as viewed in Fig. 1. This shifting of

" the axis of the field is the -equivalent of
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shifting both sets of brushes forward, but
obviously is much preferable, in that there

is no necessity for the provision of special

mechanism and moving parts which require
lubrication and more or less care; while it is
further markedly more sensitive to slight
variations in the E. M. F. induced in the
armature winding.. Shifting of the field
in the manner described, it may here be
noted, increases the E. M. F. at the auxil-
iary brushes 18, 19, and decreases that at
the work-circuit brushes 3, 4.

In practice, with the most favorable pro-
portions of the magnetic circuit and rela-
tions between the two field windings, the E.
M. F. at the main brushes rises somewhat
as the speed is increased beyond the mini-
mum speed for which the machine is de-
signed, and then falls with any further in-
crease in speed: When the conditions of
operation require it, in order to counter-
act this drop in potential at high speed, T
may insert in serles with the auxiliary field
winding 17, a resistor 20, which is shown
in circuit. with the said coils in Fig. 2, be-
ing interposed in the'lead or connéction 18.
Except for this resistor the parts shown in
Fig. 2 are substantially identical with those

1,112,888

in Fig. 1, so that no further detailed de-
scription of this figure need be given. It
should be observed, however, that:the re-
sistor 20 is preferably made of material
such as iron, having a high temperature-
resistance coefficient at high temperatures
and so proportioned that its resistance be-
gins to Iricrease very rapidly when the cur-
rent in the auxiliary winding reaches the
value which causes the main potential to
fall with increase in speed.. o
By suitably’ proportioning the windings
and the resistor, I obtain, up to a certain

70

5

point, a substantially constant E. M. F. at .

the main brushes, after the initial rise, re-
gardless of speed, and without having to
shift the brushes. It is obvious that various
other instrumentalities may be employed in
lieu of the automatically variable resistance
20 above described, but owing to the simplic-
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ity of this construction and to the close ap- -

proximation to constant E. M. F. at themain
brushes which may be obtained by the use

thereof at moderately high speeds, at least,

it is preferred in such cases.
It 1s evident that a resistance which will
properly regulate the amount of current

90

passing through the bucking coils at the

lower speed of the machine should be wound
with a sufficiently low resistance to permit
sufficient current to pass through the bucking
coils at these lower speeds. If such a resist-

ance is chosen, the amount of current pass--

ing through these coils at the higher speeds
would be excessive and would cut down the
voltage of the main line so that there will be
a material drop of the main voltage, even
with an increase of speed. By making the
resistance of an antomatically variable type
which increases with the increase of current
passing through it, it is evident that a proper
regulation may be maintained for all speeds
of the machine and the main voltage of the
machine will remain practically constant.
Where the speed is liable to become exces-

| sive, as when racing, the construction shown

in Fig. 3 may be employed to advantage.
Herein the resistor 20-1s replaced by, for ex-
ample, a plurality of resistors 21, 22, one of
which may normally be maintained in circuit
with the bucking coils and a second of which
may be automatically thrown into circuit
therewith when the speed of the machine at-
tains a determined point. The effect of cut-
ting in the resistance in steps is similar to
the effect produced by the use of an auto-
matically variable resistance, but when the
speed becomes excessive as when the machine
races, it hag been found that the variation
of the resistance of a wire having a high
temperature resistance co-efficient, is not

sufficiently flexible and it becomes necessary -
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to positively cut in more resistance after the .

machine begins to race. The bucking coils
in this case have again been designated 17
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and their respective auxiliary brushes 18
and 19; said brushes and the commutator be-
ing shown in dotted lines in the present in-
stance, since for convenience of illustration
the machine is viewed from the opposite side.
A lead 23 corresponding to the lead 18" ex-
tends from the coil 17 of the pole-piece 5’
around to the resistor 21, the latter being
connected in turn to the resistor 22 and a
connection 24 extending to g stud 28 herein-
A fixed contact 25 is
adapted for engagement with a movable con-

.tact 26 carried upon the weighted arm 27 of

what is in effect a centrifugal governor; and
this arm 27 is pivoted upon a stud 28 which
projects laterally from a revoluble support
29; the latter being preferably carried upon
the armature shaft 30 and being insulated

_therefrom as at 30”. The. connection 24

above referred to extends to slip ring 24/,
through wire 28, to stud 28 and as the arm
27 1s conductive, is in electrical communica-
tion with the contact 26. A second arm 81
is correspondingly pivoted at 32 upon the
support or disk 29 and carries a contact 33
adapted for engagement with a fixed con-
tact 34. Contacts 33 and 34 are normally in
engagement, while those designated 25 and
26 are normally out of engagement; the
means employed to this end being, in the
present instance, a spring 85 which connects
the said arms. - : .

It will be observed that the effective lever-
age of spring 33, on arm 31 is greater than

.the effective leverage of said spring on armn

27. Hence, as the weights are equal and
otherwise symmetrical with respect to the
axis of rotation of the disk 29, the arm 27

~ will be displaced outwardly by centrifugal

force before the arm 381, while as the speed

slows down the latter will be first to move

back into the position shown in Fig. 3.
The arms 27 and 31 may be electrically

-connected through the disk 29 and their re-

spective studs 28 and 32; and the fixed con-
tact 34 is connected to a point 86, interme-
diate the resistors 21 and 22, by means of
a wire 37, slip ring 37’ and wire 34’. As
long as the armature is rotated below a de-
termined speed, the spring 85 will hold the
contacts 25, 26, 33 and 34 in the position
shown in Fig. 8. At such times the circuit
from the auxiliary brushes 18 and 19 is open
and the generator operates as a simple shunt
wound machine. When, however, the arma-
ture speed is in excess of a first determined

limit, contacts 25 and 26 will be driven into

engagement through the action of centrif-
ugal force and thereafter the current will
flow from the brush 18 through the buck-
ing coil 17 of pole 5%, lead 23, resistor 21,
wire 37, slip ring 37/, wire 34’, contacts 34
and 33, arm 31, pivot 32, disk 29, pivot 28,
arm 27, contacts 26 and 25, wire 25, slip
ring 38’, wire 38, bucking coil 17 of pole

8

6" and thence back to the armature via
brush 19. Assuming now that the speed of
rotation of the armature continues to -ac-
celerate until a second determined speed is
attained, the arm 31 of the centrifugal gov-
ernor will be swung outwardly interrupting
the electrical connection through the con-
tacts 33 and 34. The electrical circuit will
now include both of the resistances 21 and
22, so that current flowing over the lead 23
toward and through the resistor 21, will

now pass successively through resistor 22,

connection 24, slip ring 24’, wire 28’, stud
28, arm 27, contacts 26 and 25, wire 25’, slip
ring 38’, wire 38, bucking coil 17 of pole
6’, and thence back to the armature via
brush 19. The effect of this second action
of the centrifugal governor, hence has been
to throw yet further resistance into the buck-
ing coil circuit. In general, therefore, the
increase in speed of rotation of the armature
beyond a first determined amount, will auto-
matically throw into circuit the bucking
coils and a resistance 21, which may, if de-
sired, be an automatically variable one like
resistor 20 previously described; and when
a still further increase in speed takes place
up to a second determined amount, an ad-
ditional resistance is thrown into ecircuit
with the bucking coils and this second re-
sistance or resistor 22 may also be an auto-
matically variable one. '

In the present instance, in place of having
a_single main coil upon each of the pole
pieces, I have employed what may be termed
a divided main winding consisting of two
sections or coils respectively designated 13’
and 18”’. The section 13’ in each case pref-

-erably involves a considerably larger num-

ber of turns than does the corresponding
section or winding 13’’; the former being

‘upen the major leg 11 of the pole-piece and

the latter upon the minor leg 12 of the same.
Of course the direction of winding in both
sections 13" and 13" must be the same so
that the effect of these windings when ener-
gized, is to magnetize both legs of the pole-
piece in the same direction; negatively at
the extremities of the pole 5’, while corre-
spondingly the extremities of the pole 6’ are
normally positive. In this case as in the
former, the major leg 11 of the pole-piece is
maintained substantially saturated while the
minor legs are but partially so. The ampere
turns. in the bucking coils or windings 17
will neutralize to a greater or less extent the
magnetizing effort of the coils or windings
13”, and the remaining connections may be
substantially the same as in the preceding
case. .

Referring now to Fig. 4, I have shown a
modification of the system which includes
a dynamo or generator, the pole-pieces of
which are very similar to those shown in
Figs. 1, 2 and 3 save that in the present in-
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stance the major and minor legs of each
pole-piece are separately :inserted into the
yoke 7’; the forking or bifurcation of the
pole-pieces extending to the roots. thereof.
In place of disposing the windings which
correspond to those designated 13 or 13'—
13"/ upon the pole-pieces or upon portions
of the same, I have in the present instance
placed the main winding 40 around a por-
tion of the yoke 7’ which is relatively re-
mote from said pole-pieces. - In this case
as'in the former, however, the bucking coils
or windings 17 are disposed around the

. minor legs of the gole—pieces, and the con-
15 t

nections may be otherwise substantially the
same as in the apparatus shown in Fig. 1;
so that they need not be further described.

In Fig. 5, I have shown my system as ap-

plied to a generator having a permanent

magnet 41 in lieu of the yoke 7/ and wind-'|
ing 40 shown in Fig. 4. The bucking coils |; ] »
‘than said determined number, said aux-

17 are again shown in position upon - the
minor legs 12 of the pole-pieces of this
permanent ma%net and the remaining con-
nections are substantially the same as those
indicated in Fig. 4 except that there is no
main winding and of course no.connections
thereto. — : .

Having thus described my invention, I
claim: . P

1. An electrical apparatus comprising a
magnetizable structure with a plurality of
furcated pole pieces, an armature adapted
to co-act with said pole pieces, a. commuta-

tor carried by said armature, a plurality of
sets of brushes adapted for contact with said.

commutator, a main winding for exciting at

least one leg of each of said pole pieces, an |. (
‘plurality of pole piece parts, an armature,

auxiliary winding for oppositely .exciting
another leg of each of said pole pieces, elec-
trical connections between one set -of said
brushes and said- main coils, and. electrical
connections between another of said sets of

" brushes and said auxiliary coils.

45
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2. An electrical machine comprising a
magnetizable structure having a determined
number of pole-piece parts, an armature
structure adapted to co-act with said parts
to complete a magnetic circuit, one of said
structures being rotatably mounted, means

_ for establishing a magnetic flux through said

55

60

parts, and auxiliary means for opposing said
flux in a number of said pole-piece parts less
than said determined number, said auxiliary
means including a magnetizing winding and
a resistor, in series therewith, composed of
material adapted to automatically offer a
markedly increased resistance to the passage
of current therethrough as the current flow

increases in relatively small degree beyond

a relatively determined value. .
‘8. An electrical machine comprising a

_magnetizable structure having a determined

number of pole-piece parts, an armature

1,112,888

said flux in a number of said pole-piece

-parts less than said determined number, said
‘auxiliary means including ‘a magnetizing

‘structure adapted to co-act with said parts-65
.to complete a magnetic circuit, one of said-
‘structures being rotatably mounted, means
‘for establishing a magnetic flux through
:said parts, and auxiliary means for opposing .

70

winding, resistance in circuit therewith, and.

means for varying said resistance when the.

speed of rotation of said rotatably mounted
structure exceeds a determined amount.

4. An “electrical machine comprising a
magnetizable structure having a determined
number of pole-piece parts, an armature
structure adapted to co-act with said parts

to complete a magnetic circuit, one of said

structures being rotatably mounted, means

for establishing a magnetic flux through said

garts, and auxiliary means for opposing said
ux in a number of said pole-piece parts less

iliary means including a magnetizing wind-
ing, a resistance in circuit therewith, and
means including a centrifugal governor for
varying said resistance when the speed of
rotation of said rotatably mounted structure
exceeds a determined amount.

5. A dynamo electric machine having a
plurality of pole piece parts, an armature,
means for maintaining a substantially con-
stant magnetic flux through some of said
parts, means for varying the magnetic flux
in other of said parts, sald means including
a magnetizing winding and a resistance au-

tomatically controlled by the speed of the
machine. - :

6. A dynamo electric machine having a

means for substantially. saturating some of
said parts, means for varying the magnetic,
flux in other of said parts, said means in-
cluding a magnetizing winding and a re-
sistance automatically controlled by the
speed of the machine. : :

7. A dynamo ‘electric machine having a
plurality of pole piece parts, an armature,
means for establishing a substdantially con-
stant magnetic flux through some of said
parts, and means of varying the flux in other
of said parts, said last named means includ-
ing a magnetizing winding and a resistance
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having a high temperature resistance co-

efficient. o

8. A dynamo electric machine having a
plurality of pole piece parts, an armature,
means for establishing a substantially con-
stant magnetic flux through pairs of said
parts including a set of main brushes on said
armature, and means for varying the flux in
other pairs of said parts, said means includ-
ing a set of auxiliary brushes at substan-

120
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tially 90 electrical degrees from said main

brushes.
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‘auxiliary brushes, said windings being con- |
nected' in series and with said auxiliary
- brushes. ' '

1,112,833

9. A dynamo electric machine having a
plurality of pole piece parts, an armature,
main brushes thereon, means for establish-

ing a substantially constant flux through a

pair of said parts, said means including said
main brushes, means for varying the flux in

another pair of said parts, said means in-

cluding windings on said other parts, and

10. A dynsmo electric machine compris-

~ing a pair of split pole pieces, an armature,

18

main brushes thereon, field coils on each part
of said pole pieces, said coils being connect-

~ ed in series to said main brushes, opposing

“coils on one part of each pole piece, auxiliary

brushes on said armature at substantially 90
electrical degrees from said main brush, said

S

opposing coils being connected in series with
sald auxiliary brushes. ' 7

11. A dynamo electric machine compris-
ing a pair of split pole pieces, an armature,
main brushes thereon, means on each parf of
said pole pieces, for magnetically saturating

~one part of each of the pole pieces, and coils

on the non-saturated parts of each of the
pole pieces for setting up a flux opposing
the main flux, auxiliary brushes on said ar-

mature, said second named coils being con-

nected in series and with said auxiliary
brushes.
In witness whereof, I subscribe my signa-
ture, in the presence of two witnesses,
_ CECIL P. POOLE.
Witnesses:
Warpo M. CHaPIN,
Ouma E. Kinzen, -
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