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UNITED STATES

PaTeNnT OFFICE.

DLIHU THOMSON, OF LYNN, MASSACHUSETTS, ASSIGNOR TO THE THOMSON-
HOUSTON ELECTRIC COMPANY, OF CONNECTICUT.

ALTERNATING-CURRENT DYNAMO-ELECTRIC MACHINE.

SPECIFPICATION forming part of Lietters Patent No. 382,335, dated May 8, 1828.

Application filed December 27, 1886. ~Serial No. 222,548,

To all whom it may concermn:

Be it known that'T, EL1RU THOMSON, a c¢ibi-
zen of the United States, and a resident of
Lynn, in the county of Essex and State of Mas-
sachusetts, have invented a certain new and
useful Alternabmw Current Dynamo, of which
the following is a speelﬁeatlon

My invention relates to improvements in the
connection and arrangement of alternating-
current dynamos for supplying current to
mainsataconstantornearly constant potential,
maintained automatically or permitting such
potential to be changed at will, for securing,
when desired, an increase of potential when
more load or more translating devices are used
inmultiple from its mains,(such compensation
being made automatically and for the purpose
of compensating for losses in the mains,) and
for securing an excitation of the field-magnets
of the machine in derived circuit to the alter-
nating-current mains led from the machine to
the translating devices,such as induction-coils
or lamps in multiple.

The means whereby I accomplisk the results
mentioned are, briefly, the interposition be-
tween branch wires from the mains to the field-
magnet coils of a reversing commutator or
switch for causing the alternating impulses to
become a continuous earrent through the field-
coils, and the further interposition in one or
both said branch wires.of a self-inductive or
reactive coll, exerting a counter-action or
counter electro-motive foree to that of the im-
pulses from the mains through the branch
wires. I prefer to make this counter-action a
regulable one, either automatically or manu-
ally, as will appear.

By the interposition of the reactive coil, as
stated,Tobtaintheability to magnetizethe field-
magnets of the dynamo without a separate ex-
citer, without passing the whole main current
commuted to a continuous current through the
field-coils, and without producing a short cir-
cuit of the main current whena branch is com-
muted, as would occur if no reactive coil were
used. 1 also obtain the ability to regulate the
field strength manually and automatically (one
or both) by varying the reactive or counter
force of the reactive ¢oil, enabling me to pro-

(No model.)

duee variations in the electro-motive force of
the machine, or to virtually compound the
machine for constant potential, as will appear.

I have selected, in illustration of myinven-
tion, one of the simplest forms of alternating
dynamo; but wish it understood that I do not
confine myself to any special form, as my
invention may be applied to multipolar-ma-
chines, &ec., without change of principle.

It is also distinctly to be understood that
the applicability of my devices as regulators
will vary somewhat according to the type and
proportioning of the different partsof the dy-
namo as to speed, relations of armature, and
field-conductors, &e.
tion to confine my invention to any particu-
lar type, it is unnecessary here to enter into
particulars of such proportioning, especially
as it issubject to innnnerable and wide varia-
tions.

In the accompanying drawings, Figure 1 is
an end view of an alternating-current machine
to which my invention may be applied. Fig.
2 is a side view of such machine, showing my
invention used in connection therewith. Fig.
3 is a modified reactive coil. Fig. 4 is a de-
tail of the field-magnet commutator. Iig. 5is
a diagrammatic view of the connections. Figs.
6, 7, and 8 show modifications in the disposi-
tion of the reactive coils. Fig. 9 shows the
connections used when an automatic regula-
tion according to load is desired; Fig. 10, the
connections which may be used when auto-
matic regulation according tolead and manual
regulation are used together. Fig. 11 shows
a modified connection. Fig.12shows a detail
of a modified apparatus. Fig. 13 shows an-
other disposition of field-supply conductors.
Fig. 14 illustrates the application of my in-
vention to a dynamo-generater employed as a
motor.

In Fig. 1 is illustrated atype of alternating-
current machine to which my invention isap-
plicable, there being aset of field magnets and
poles, P P, of opposite polarity, between
which an armature, A, wound in this case
with a single coil of wire, is revolved. The
field-coils F E" are wound so that the eleetro-
motive force developed in the eoil on the ar-

As it is not my inten-
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mature A would if commuted through them
far more than suffice to give the requisite
magnetism to the field-magnets.

In Fig. 2 the connections used in my inven-
tionareshown with the devices for magnetizing
the field ' I". The pulley D drives the ar-
mabure-shaft; whose coil, at A, wound in any
sunitable way to give alternate impulses of cur-
rent when revolved, has its terminals respect-
ively carried to two conducting-rings, R R/,
upon which brushesattached to the main-cir-
cuit conductors M M’ bear, as usual in such
apparatus.

Translating devices T T—such as incandes-
cent lamps—or any other devices—such as in-
duction-coils—are fed by branches of the mains
M M’ from one to the other.

To magnetize the field of the machine the
coils I I, Fig. 1, must be traversed by a con-
tinuous current in one direction, and this it is
the province of my present invention to fur-
nish from the mains M M’, upon which alter-
nating currents are used, and by branches
from said mains at m m’. Insuch a machine,
where but two reversals of eurrent take place
in a revolution, a commutator, K, of two half-
circle segments is mounted to revolve with the
shaft, and its brushes are attached to the ter-
minals of the field-coils respectively, such
brushes being diametrically placed. Oneseg-
ment of the commutator K is attached to a
ring, 7, and the other to a second ring, +, car-
ried on the shaft,and upon which rings brushes
bear for conveying current to the segments of
the commutator. The branch wire m is at-
tached to the brush bearing on the ring #, and
the branch m’ to that bearing on the ring .
‘Theslots in the commntator K are inclined, as
indicated, to prolong the countact of each seg-
ment with the brushes, and the slots are set to
pass under the brushes just after the altera-
tions in the mains are changing from 4 to —
or the reverse,

It is preferable to have the brushes ecarried
on a movable yoke in the usual way, so that
they may be adjusted to the points of little or
no spark on the commutator, and their posi-
tion of adjustment may require changing some-
what with variations in the load or current
furnished by the dynamo; but under the con-
ditions the mains M M would be short-cir-
cuited through m m', and across the slotsinthe
commutator when the brushesbearing thereon
touch both segments; and as it is nearly im-
possible to have such contact occur just at the
moment when the current in M M’ changes its
phase,or is at zero, such a short cireuit would
be a source of great danger to the apparatus,
especially should the current in M M’ be large
and of high potential. To obviate trouble on
this account I introduce into one or bhoth
branches m m’ a coil of wire of low resistance,
but of great self-induction, such as is secured
by windingituponaniron core,asof iron wires.
This is indicated at C, Fig. 2, and its coreIis
preferably made movable or adjustable, as by
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a lever,L, and screw 8, so as to vary the self-
induction of the coil C.

When the core I is fully in the coil C, the
reaction due to self-induction must be such
that the commuted current passing to I is suf-
ficient to normally excite such field-coils, or a
little less than sufficient.

It will be seen,then,that the actual current
which ean ever reach the commubator X from
the mains M M’ is limited by the reaction or
counter electro-motive force developed iu C,
and the coils T may therefore be wound of
comparatively low resistance.

By adjusting the core T inthe coil Cthe op-
posing action of C may be varied, and the ex-
citation of the field T’ will vary in accordance
therewith by the consequent changes of cur-
rent strength involved. The brushes on the
commutator K will in most cases need an ad-
justment in the usual way for neatral point or
non-sparking points daring the changes.

Besides giving the power to vary the field,
the coil C renders a short-cireniting at K ont
of the question, even when the two segments
are connected, because it offers a strong reac-
tionto a sudden impulse of current and checks
the flow. Adjustments of the core T may be
made to maintain uniform or constant alter-
nating potentials between the mains M and 3,
even though the number of translating devices
T T be changed so as to demand different How
of currents in M 1.

In some cases it is desirable to make the core
I movable, as in Fig. 3, and balance it by a
weight, W, and lever I on a pivot, p, said
weight W Dbeing made to not only balance
the core I,but also to balance the tendency of
the core to enter the coil C by magnetic action
when a normal current flows throngh if. TIn
such a case, should the potential between M
M increase from any cause,the result will be
an increase of carrent in the reactive coil C,
whieh will thereupon pull in its core and
lessen the current in the fizld coils ' by the
consequent increased reaction developedin C
with its core I pulled in.

In Fig. 4 the arrangement of the commuta-
tor K is more fully shown, the segments being
numbered 1 and 2, the brushes marked B and
B, and the rings » +/, being shown connected
respectively to segments 1 and 2, the whole
being mounted on an extension of the arma-
ture-shaft X of the machine.

The connections, as described above in re-
ferring to Fig. 2, are displayed diagrammati-
cally, and all parts similarly lettered in Fig. 5.

It is needless to say that the setting of the
commutator I must be such as to take the im-
pulses generated in A, and carried by R R’ to
M M, and reverse them to traverse the field F
in the proper direction to magnetize the field,

and in the proper way to generate and

strengthen the armature-impulses. It isalso

scarcely necessary to say, in the present state
of the art, that in an alternator-dynamo, in
which the armature is stationary and the field

7¢C

75

8¢

o
n

~

95

00

110

120

125

130




IO

15

20

25

30

35

10

50

55

382,335

revolves, the rings R R are dispensed with,and
that alternate segments of K are attached to a
terminal of the field-coils, which coils revolve,
while the brushes B B’ are 1espect1ve1y in con-
nection with the branches m m’ from the mains,
as shown in Fig, 14.

Flg 6 illustratestheuse of two reactive coils,
C U, one in each branch m w/, from the mains,
In thls case the reaction requlred is only one-
half as much for each coil as when a single coil
is used.-

In Fig. 7 is shown the placing of both coils
C C of Fig. 6 upon a single core, I, which
may be movable, as before described, to vary
the reaction.

Other means of varying the reaction of the
coil C may be used, such as that shown in Fig.
8, where the coil Cis divided into sections,
and a switeh, 8, includes a varying number of
such sections, as desired in the branch m, and
so controls the effective counter-force of the
coil C.

Another phase of my invention is indicated
in Fig. 9. In this case a portion of the main
circuit (&, from the armature-coil A or arma-
ture-eonductor, is combined with C, to make a
differential or compound coil, coil G being re-
versely wound to C, so as to tend to overcome
the effect of self-induction in C or limit its
amount according to the volume of current
traversing the mains M M’, due to changes in
the load or work taken by the translating de-
vices T or other energy users.

The proportioning of the effect of the com-
pensating-coil G upon that of coil C, Fig. 9,
may be made such as to cause an increase of
current to flow to the field-coil T, owing to
weakened effect of coil C in counter action
thereto, whenever an increase of load or cur-
rent exists on the mains M M’, of which coil G
is a part, and such increase of current in F
may be made of such amount as to maintain a
constant average difference of potential be-
tween the mains M M’, notwithstanding the

5 load variations; or, if needed, to increase as

the load increases, so overcoming the resist-

ance of the mains.

Fig. 10 shows the employment of a com-
pound reactive coil, G C’, wonnd upon a ring-
core in the branch ' to K, precisely asin E‘lcr.
9, and in addition a mannally adjusted 0011
O, in the branch m to K, for securing atuto.
matic regulation, and when needed a manual
regulation.

Fig. 11 shows a device giving the same ad-
vantages of manual and automatie regulation
of the reactive coil, so as to cause the field-
magnetism to be changed manually or auto-
matically, according to the varying actions of

c the coil.

The compound or differential reaetive coil
G C has-its core I mounted onalever, L, hav-
ing an adjustable spring, S. By changes of
position of said core the interactions of the
two coils may be weakened or strengthened.
Thus by lowering the core I it is withdrawn

from the coil G, and the effect of current in G
is lessened so far as the action of opposition
to the reactive power of C is concerned. The
effect of G may also be regulated by other
means, such as shunting it by variable- 1e81st
ance wires, as J, Fig. 11.

I have described my invention as applied to
an alternator with only two field-poles and an
armature-conductor subject only to two alter-
nations of eurrent per revolution. Generally,
however, such apparatus is more complex,
there being a multiple of field-poles—as four,
six, or eight—and the armature-conductor
gives four, six, or eight alternations per revo-
lation. In applying my invention to such
cases very little modification is needed, and
this is found only in the commuting devices
for changing the alternating impulses to one
direction before passing them through the
field-coils.

Fig. 12 illustrates the case of six field-poles
of alternate north and south polarity existing,
as at F, the brushes B B’ being connected to
the terminals of the field- conductor, respect-
ively. The commutator will then require to
commute six impulses and will contain six
segments. The segments are connected alter-
nately in two sets of three, as 1 to 3 and to 5,
and 2 to 4, and to 6, in the figure. The com-
mon uunion of segments 1, 3, and 5 is carried
to m, a branch from one of the armature.con-
duector mains, and the other common union of
segments 2, 4, and 6 to w/, the branch from the
other main. :

The reactive-coil devices C are suitably in-
troduced into one or both such branchesm w/,
and have the same functions as before de-
seribed.

It would be consistent with my invention
not to lead the branch carrent of m m’ direct
to the field-commutator K, but instead, as in
Fig. 13, to caunse it to 1nduce in a second coily
C, upon the same core an alternating euuent
which is carried to K, to be commuted as be.
fore; but in this case, in order to secure the
1equisite reaction, an additional reactlve coil
may be placed in the branch m w/, or, better,
the core I may be made movable i in and out of
the axis of the coil C°. Inthis case the induc-
tion in C* may be governed, and the reaction
in coil O will vary in accordance therewith.

The same devices are suitable for exciting
the field of a motor fed by alternating currents,
the -generator being connected to the mains.
In such cases the motor must be bronght to a
speed corresponding to the rate of the current
impulses before putting on the carrent to the
motor.

This application of my invention is illus-
trated in Fig. 14, where M M indicate the
mains delivering an alternating carrent. A
A indicatestationary magnets, through which
such alternating current ﬂows, and I a set of
revolving magnets sustained by carrent de-
rived flOIIl the mains through a commutator,
K, and a reactive coil, C. The commutator K
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revolves with the moving member F of the
motor, and in starting the motor the member
I'is brought to aspeed of revolation such that
the presentations of its poles to the poles of
magnets A shall correspond in rapidity to the
rapidity of the alternations.

- It is obvious that the circnit to which the
commutator is connected might carry alter-
nating currents from any source, and that the
reaction-coil would have the same.substantial
funetion, no matter what the nature of the
source of the electric vibrations or pulsations.

I do not limit myself to the application of
the devices toa field-coil of a dynamo-machine,
since it is obvious that the commutator and
coil might be interposed in a branch in which
the commutated currents are to be utilized for
any purpose whatever. Neither do I limit
myself, in the application of the reactive coil
C, oritsequivalent, to a branch from the mains
of the machine itself for exeiting the field, as
it will be equally useful if the field be excited
by a branch taken {rom the cirenit of another
alternating-machine, in which branch circuit
the reactive-coil commutator and field-mag-
nets of the first machine are placed. In any
such case, as well as in the case in which the
machine is self exciting, as herein described,
from its own mains, T obtain the great advan-
tage that considerable variations in the speed
of the driving mechanism, and consequently
in that of the machines, may take place with-
out any praetical effect in raising or lowering
the potential between the mains. Thisisdue
to the fact thatwith a diminished speed the
rate of or rapidity of the alternations produeed
is lessened; and since the reactive coil dimin-
ishes in its effect when less rapid impulses
pass throungh it, more current passes through
the reactive coil to the field-magnet coils, and
when the rapidity of the alternations is in-
creased the coil increasesin reactive effect and
diminishes the eurrent which reaches the field.
These compensations take place without any
movement of parts inthereactive coil, as when
the core is held stationary, and result in the
field strength ofthe machine being raised when
a diminished speed oceurs,and weakened when
an increased speed exists, a condition resulting
in a compensation whieh maintains a nearly
uniform potential between the mains daring
changes of speed of driving-power.

I do pot limit myself to alternating currents
on the main line, sinee it is obvious that some
of the features of invention herein deseribed
would be applicable to a case where the cur-
rents on the main line are pulsatory or inter-
mittent.

What I c¢laim as my invention is—

1. Inaself-exciting alternating-current gen-
erator, a4 commutator for rectifying the cur-
rent taken from the machine to the exciting
coil or circuit, in combination with a reactive
coil in the connection to the commutator, as
and for the purpose described.

-2. The combination, with the armature sup-

382,335

plying alternating currents to mains, of a field-
exciting coil or cireuit connected with a branch,
a commutator in said branch, and a reactive
coil between the commutator and the main.

3. The combination, with the main carrying
alternating currents, of a branch, a commuta-
tor for reectifying the currents in the branch,
and a reactive coil between the commutator
and main, as and for the purpose described.

4. The combination, with the braunch sup-
plied with current from a main carrying al-
ternating currents or their equivalent, as de-
scribed, of a commutator in the branch, and
a reactive coil provided with means for ad-
Jjusting its self-induction or reaction, as and
for the purpose described.

5. The combination, with the reactive coil
and core on an alternating or other vibratory
currenteircuit,ofaconnterbalancing-retractor,
whereby the immersion of the core in the coils
may be stationary with a normal flow of cur-
rent, and may be inereased on an increase of
current, so as to automatically adjust the re-
action to the strength of the alternations or
vibrations, as and for the purpose described.

6. The combination, with the alternating-
current main, of the branch containing a com-
mutator, a reactive coil insaid branch between
the main and commutator, and a main-cirenit
coil combined with the reactive coil in induct-
ive relation thereto, as and for the purpose de-
seribed.

7. The combination, with a reactive coil in
the alternating-current braneh, of a compen-
sating coil in a cirenit from which the branch
is derived, as and for the purpose deseribed.

8. The combination, with analternating-cuar-
rent dynamo having a field-coil in a branch or
derived circuit, of a self-inductive coil in said
branch, whereby a ficld-coil of comparatively
low resistance may be employed.

9. The combination, with a commutator con-
nected with a source of alternating currents
or their equivalent, as deseribed, ot a reactive
coil in the commutator-connection, as and for
the purpose deseribed.

10. The combination, with an alternating-
current dynamo whose field is sustained by the
action of current on a branch, of a commuta-
tor for rectifying the eurrents that are used to
excite the field, and a compound reactive coil,
part of the winding of which is traversed by
the branch eurrent and a part by the main cur-
rent.

11. The combination of the field-circuit of
a dynamo-machine and a commutator for said
field-circuit, with .a reactive coil in an alter-
nating-current cireuit to said commutatorand
a source of alternating current, the rapidity
of the alternations in which is dependent on
the speed of the dynamo, increasing and de-
creasing with such speed, for the purpose of
automatically varying the eurrent in the field-
cireait to compensate for differences of poten-
tial developed at different speeds by regulat-
» ing the strength of the field magnetism.
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12. The combination, with a dynamo-ma-
chine, of an alternating-current source deliv-
ering alternating currents whose rapidity va-
ries with the speed of the machine, and a re-
active coil in the connection between said
source and the wires or connections which de-
liver field-exciting energy to the machine, as
and for the purpose described.

13. A compound or differential reactive coil |

placed on an alternating-current cireuit and
having one portion, G, wound and adjusted,
as described, so as to tend to overcome the ef-
fect of the self-induction in the other or active
portion, .

14. In an alternating - eurrent dynamo, a 15
field - sustaining branch from the main con-
taining a reactive coil, in combination with
acompensating main-cireuit coil, as and for the
purpose described. '

Signed at Lynn, in the county of Essex and 20
State of Massachusetts, A. D. 1886.

ELTHU THOMSON.
‘Witnesses:

. W. O. WAKEFIELD,
E. WiLBUR RiIcE, Jr.




