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- Bpecification of Letters Patent.

Patented April 30, 190%.

Application filed Qotober 22, 1804, Seriel No, 229,629, -

To «@ll whom it ey concer:

Be it known that I, Guorers Fagrer, a
citizen of France, residing at Paris, France,
have invented a new and useful Method of
and Apparatus for Transforming Single or
Polyphase into Continucus Current, of which
the. following is a specification.

In certain branches of the electric art, and
particularly in electric traction, it would be
extremely useful to have certain apparatus
for taking single phase or multiphase current

-of constant frequency and potential, as fur-

nished by the mains, for converting the same
into continuous current having a voltage va-
riable at-will for use in motors, ete. 1 have
found that the problem could not be solved
in a rational manner except by satisfying the
condition of having constant densities. of
magnetic flux so as to secure perfect opera-
tion and high efliciency per unit of weight.
For tnis reason the composition of fields
which would change the flux densities could
not be resorted to and I have solved the
difficulty by using distinct constant fields and
compounding only "their separate effects.
My new system of transformer is, therefore,
sombined so as to use the primary alternat-
ing currents to produce in different parts of
space two rotary fields or else two elliptically

rotary fields of either equal or unequal but

constant strength, both fields having the
same angular velocity aund, therefore, a con-
stant angular relation, which angular rvela-
tion’' I make adjustable by any suitable
means, so that the rotary flelds in acting on
consecubive portions of a sccondary fixed
winding extending through both fields shall
induce therein two constant alternating
electro-motive forces equal in period, but
differing in phase by an amount correspond-
ing to the angular relation given o the two
fields, and, therefore, producing in the sec-
ondary a resultant alternating electro-motive
forceof the same frequency, hut of a strength
dependent upon said angular relation. The
secondary windings are made in the shape of
an armaturé with a stationary commutator
and the resultant alternating electro-motive
foree is rectified or comnmuted by brushes re-
volved by any suitable means so as to make
contact on the revolving neutral axis of com-
mutation. The constancy of the two rotary
fields is insured by the fact that they have to
counterbalance - the ¢onstant electro-motive

Toree of the main or feeders, by their induct-
. ive reaction on the two primary circuits.

The annexed drawings show how the in-
vention may be carried out in practice first
as used for transforming multiphase currents
and then as applied to the case of single phase
currents.

Figure 1 shows one formn of the invention

- b
such form being specially adapted for illus-
trating the general arrangement and prinei-
ples involved. IFig:1%is a pure diagram of
the same. Fig. 2 1s a preferred form shown
in elevation with left half in section. Fig. 3
is a plan of the rotor, showing the two wind-
ings and the auxiliary wvariable resistance
diagramamatically. Fig. 4 is a diagram of a
form adapted to operate either with two
phase current or with uniphase current. Fig.
5 is a similar diagram of a form adapted to
operate either with three phase current or
with unipijuse current. Kig. 6 is a diagram
of a form specially adapted to two phase cur-
rent. o

A is a fixed laminated core, similar to the
stator core of an induction motor or alter-
nator and having housed therein the pri-
mary winding C, as well as a part I8 of the
secondary winding.

C is a high tension multiphase winding,
connected with the main or feeders and pro-
ducing an upper rotating field.

E is a continuous current drum winding
having a fixed commutator I.  On the latter
rub brushes, such as P, leading the cirrent
to rings 1< which revolve with them; as in-
dicated in Iig. 1* by pins 10 and on the rings
K bear brushes, such as J (g, 2), which col-
lect the current for use in the motor or other
local apparatus not shown. The brushes
and - the rings are rotated by any suitable
means which in the embodiment, illustrated
consists 1 a core and winding G which bears
the relation of rotor to the stator A, The
sccondary  winding  extends ~downwardly
from ¥ to IY into a second rotary field pro-
duced hy a seceond primary winding D
housed in the core B to form a second stator.
The windings (' and D are identical and are
fed inparallel rom the same main.

H is the core of the drumn winding 1 I,

The voltage of the continuous current is
varied by inereasing or by decreasing the
angular relation of the two rotary fields pro-
duced by the windings C and D; and the
simplest way ol doing this is to revolve the
stator B D (by means of a shaft O IFig. 12)
| more orless on its axis X X.  Tn order to not

in vertical section, with right half omitted,
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interfere with such angular adjustinent, the
teeth of core B are made short enough (see
Fig. 1*) to pass clear of the coils I, The
same result might evidently be secured by
angular adjustment of the stator A C or by
opposite angular adjustments of both A
and B D. .

- Fig. 2 shows an embodiment of my inven-
tion 10 which B D is alone movable and to
simplify the construction B D is here mount-
ed inside of H F. The angular motions are
imparted to B D by means of a shaft Q
through suitable gearing as seen in the draw-
ing.

It will be noted, that in the forms of Figs.
1, 1* and 2 the magnetic circuit of the field
that is angularly adjusted or shifted (lower
field) is. closed through a stationary core 1,
while the upper magnetic circuit is closed in
a revolving core G.  This feature is a very
important factor in the practical realization
of my system.

To make the principle of my invention
clear, I shall now explam how the voltage of
the continuous current is related to the angu-
lar relation of the two rotary fields. In do-
ing so Tshall suppose that the fields are equal
because this is the most desirable and general
case. :

vV . . <
Let | be the maximum potential differ-

ence produced on the commutator by either
of the revolving fields acting alone; and let
a be the angular relation of the two fields.
The parallelogram rule of composition gives
for the resultant potential difference which
we shall call ». :
v=Vecos

2

and it will be seen that v varies from V to
zeru as v varies from zero to 7. It is evident
that, in order to obtain such variation to
zero, it is necessary that the fields be equial,
that is to say, that the two stators shall have
identical windings and the same core vol-
umes. If such condition were not fulfilled,
the variation in the voltage of the continuous
current would be restricted within narrower
limits, In order to colleet the full value of
this difference of potential on the commuta-
tor, it is necessary to keep the rotary brushes
on the neutral ‘axis of commutation. This
may be done in u number of different ways,
but I shall only describe the one which 1
have found to be the simplest and best.  The
brushes P, P, Kig. 12 are mounted on a rotor G,
which is mounted in the upper rotary field.

In the case where the two rotary fields are |

equal, the resultant neutral axis, in which the

‘brushes must make contact, makes with the

neutral axis of said upper fiold an angle
equal Lo one-half of « and to obtain the
proper set of the brushes, notwithstanding
this dilference, I provide ‘means for corro-

spondingly shifting the magnetic axis of the
rotor within its own mass, when a is varied.
| To this end, as shown in Fig. 3, the rotor G
is provided with a di-phasé winding: Qne
of these windings M is of thin wire and is fed
directly from the brushes P, P, (Figs. 1* and
3) which are mounted on the rotor so as to
have the proper set when « equals zero.
The resistance of this winding M is calculated
to yield the necessary field for the maxi-
mum voltage V. The other winding N is of
thicker wire and produces the field necessary
for the lowest desired voltage, say, one-
tenth of V. In series with winding N, I
place through ring L a rheostat, O, the lever
of whichis mechanically connected with shaft
Q so that the resistance of circuit N and
angle « are varied simultancouslty and in
such manner that the resulount fie‘ldyof wind-
ings M and N shall remain constant when «
‘aries, but shall be shifted angularly in the
core G through the angle required ‘to keep
the brushes in the neutral axis. I have
found that this is obtained when the total re-
sistance.of cireuit N is kept proportional to
the cotangent of angle § «. o
The apparatus as just dcscri}:ed fully re-
alizes all the conditions which [ consider to
Ee desiralle and necessary; that is to say, in
the lower part of the apparatus the cores H
and B are the seat of a’rotary field of con-
stant strength, for the reaction of this field
on the invariable cireuit D must at all times
balance the constant fall of potential of the
main or feeders.  For similar reasons the
core A of the upper part of the apparatus is
also the seat of a constant rotary field.,
Moreover, as the rotor G is wound to secure
constant magneto-metive force, the para-
sitie fluxes due to the reactions of eirenits ¢
£ and M N will also remain constant for all
adjustments of the apparatus and the flux in
G will, therefore, be constant, This last con-
dition is so'much the more important that the
part G M N acts as the rotor of a synchronous
motor and the constaney of its operation de-
i pends substantially on the value of the am-
pere turns which exeite it. - : -
The desirable and necessary conditions re-
alized by my apparatus may be summarized
as follows: first, to keep the brushes on the
neutral axis of the potentials -distributed
about the commutator, that is, at the points
which have the greatest potential difference;
secondly, to preserve (thanks to the con-
stancy of the fields in all parts) a constant
and invariable flux density in all parts sub-
jected to periodic or to fixed magnetization,
Where the feeders supply only a single
phase current, the upper part of my appara-
tus, being, in fact, a synchronous motor, may
generate, with a part of the energy taken
from the main in one phase, the auxiliary
phase required to produce the regular rota-
tion of the field in the lower part. For ex-
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ample, supposing the apparatus to have pri- |
mary diphase windings (Fig. 4), all that will
be necessary will be to connect the first phase
winding I of winding C and of winding D in
parallel on the main as seen in the figure and |
then to connect the second phase windings |
II of the two fields. For starting, the second
phase circuit is connected with the main
through a suitable resistance, self induction
or capacity arrangement B R in the well
known manner to create the lag orlead which
is required by the momentary inaction of ro-
tor G.  Similarly, if the apparatus has pri-
mary tri-phase windings C and D (Fig. 5),
phase windings I and II are connected in
parallel on the main, and the two phase
windings IIT are connected together in series,
and on the main through the resistance,
self induction or capacity R, Finally, itshould
be noted that, as the variation in the result-
ant voltage does not affect the flux densities,
1 'may use ‘any one of the devices known in
alternator apparatus to increase the power of
my apparatus by increasing the flux density
above the economical value, although, as well
understood, such gain in power entails.a loss
in efficiency and power factor.

The arrangement of Fig. 4 is particularly

be used generally with di-phase current and
oceasionally Witlz uni-phase current. Like-
wise the arrangement of Fig. 5 is specially
stited for use where the same apparatus

rent.  But when the apparatus is' to be spe-
cially established for use with uni-phase cur- |
rent the arrangement of Fig. 6 is to be pre-
ferred. liere B and ¥, as in Figs. 1 and 2,
refer, rospectively, to the upper and lower
parts of the secondary and @ and b are the
commutator bars to which the secondary is
connected as seen in the figure. C, I are,
respectively, the upper and lower primary
coils whiclt receive current from ‘the main,
and {7’ is an auxiliary winding of secondary
importance intended to create a field shifted
with respect to the field of the principal
winding C to produce with it a resultant par-
tially rotating or elliptically rotating field to
start the rotor G, The diagram Fig. 6 shows
that the principal windings C are arranged to

windings €', and the lower windings D ¢orre~
spond in arrangement with windings €. The
secondary winding B Fisreduted to the con-
ductors which, in the position of maximum
tension, are subjected to the inductive action
of the two prinerpal windings C and D. These
conductors 1 F are connected to the corre-
sponding Lars a, @, ¢, of the conunutator 1.
The suppressed turns of B F are replaced by
direet connections: ¢ d connected to the Lars
b of the commutator, which bars would nor-
mally correspond to the suppressed turns.

What I claim as my invention and desire
to secure by Letters Patent is: -

L. In an apparatus for transforming either
single or polyphase current Into continuous
current of variable voltage, the combination’
with distinet primaries adapted to receive

polyphase current from the same main to

produce distinet rotatory fields rotating at
the same angular speed; of means for vary-
ing the angular relation of said primaries to
adjust the angular relation of said rotatory
fields; a secondary extending into said dis-
tinct rofatory fields to compound the sepa-
rate effects thereof; and means for rectifying
the resultant alternating currents indueed in
said secondary, C

2. Inan apparatus for transforming either
single or polyphase current into confinuous
current of variable voltage, the combination
with distinet primaries adapted to receive
polyphase current from the same main to
produce distinct rotatory fields rotating at
e same angular speed: of means for vary-
ing the angular relation of said primaries to
adjust the angular relation of said rotatory
ﬁefds; a secondary extending into said dis-
tinet rotatory fields to compound the sepa-
rate effects thereof, said secondary having a
commutator in fixed relation thereto and
brushes mounted to revolve on said commu-
tator; and means to maintain the bearing
points of said brushes substantially in coinci-
dence with the revolving neutral line of con-
mutation, _ :

3. In an apparatus for transforming cither
single or polyphase current into continuous
current of variable voltage, the combinstion
with two separate primaries adapted to re-
ceive polyphase current from the same main
to produce two distinct rotatory fields rotat-
ing at the same angular speed; of means for
varying the angular relation of said prima-
ries to adjust the angular relation of said ro-
tatory tields; a secondary extending into said
distinet rotatory fields to compound the se pa~
rate eifects thereof, said secondary having a
commutator in fixed relation thereto, and
brushes mounted to revolve on said commuta-
tor, and a rotor mounted in one of said fields,
said rotor being bodily connected with said
brushes to revolve the same; and means to
magnetize said rotor in a direction dependent
upon the sngular adjustment of the said ro-
tary fields. _ :

4. In an apparatus for transforming either
single or polyphase current into continuous
current or variable voltage, the combination
with two separate primaries adapted to re-
ceive polyphase current from the same main
to produce two distinet rotutory fields rotat-
ing at the same angulur speed; of means for
varying the angular relation of said prima-
ries to adjust the angular relation of said rota-
tory fields; o secondary extending into said
distinet rotatory fields to compound the sepu-
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- rate effects thereof, said secondary having a

commutator in fixed relation thereto, and
brushes mounted to revolve on said commu-
tator, and a rotor mounted in one of said
fields, said rotor being bodily connected with
said brushes and having two windings fed
from the said brushes to produce differently
directed fluxes, and means for adjusting the
relative strength of such fluxes to adjust the
direction of the resultant flux in said rotor.

5. In an apparatus for transforming either

single or fpolyphase current into continuous
current of vatiable voltage, the combination
with two separate primaries adapted to re-

~ceive polyphase current from the same main

to produce two distinct rotatory fields rotat-
ing at the same angular speed; of means for
varying the angular relation of said prima-
ries to adjust the angular relation of said ro-
tatory fields; a secondary extending into said
distinet rotatory fields to compound the sepa-
rate effects thereof, said secondary having a
commutator in fixed relation thereto, and
brushes inounted to revolve on said commu-
tator, and a rotor mounted in one of said
fields, said rotor being bodily connected with
sald brushes and having two windings, one
being of thin wire and caleulated to yield the
necessary field with the maximum voltage,
the other of thick wire in series with an ad-
justable resistance. _

6. In an apparatus for transforming either
single or polyphase current into continuous
current of variable voltage, the combination
with two separate primaries adapted to re-
ceive polyphase current from the same main
to produce two distinet rotatory fields rotat-
ing at the same angular speed; of means for

rarying the angular relation of said prima-
o fal o

ries to adjust the angular relation of said ro-
tatory fields; a secondary extending into said
distinct rotatory ficlds to compound the sepa-
rate effects thereof, said secondary having a
commutator in fixed relation thercto, and
brushes mounted to revolve on said commu-
tator, and a rotor mounted in one of said
fields, said rotor being bodily connected with
said brushes and having two windings, one
being of thin wire and caleulated to yield the
necessary field with the maximum voltage,
the other of thick wire in series with an ad-
justable resistance, and means for varying
the value of such resistance.

7. In an apparatus for transforming either
single or polyphase ¢urrent into continuous
current of variable voltage, the combination
with two separate primaries adapted to re-
ceive polyphase current from the same main
to produce two distinet rotatory fields rotat-
ing at the same angular speed; of means for
rying the angular relation of said primaries
to adjust the angular relation of said rotatory
fields; a secondary extending into said dis-
tinet rotatory fields to compound the sepa-

vate effects thereof, said secondary having a

851,738

commutator in fixed relation thereto, and
brushes mounted to revolve onsaid commu-
tator, and a rotor mounted in one of said
fields, said rotor being bodily connected
with said brushes and having two windings,
one being of thin wire and calculated to yield
the necessary field with the maximum vol-
tage, the other of thick wire in series with an
adjustable resistance, and mechanism for
connecting the said resistance adjusting
means- and the said rotatory field adjusting
means to cause said two adjusting means to
act simnultaneously.

8. In an apparatiis for transforming either
single or polyphase current into coutinuous
curtent of variable voltage, the combination

‘with two separate primaries adapted to re-

ceive polyphase current from the sane main
to produce two distinet rotatory fields rotat-
ing at the same ahgular speed; of means for
varying the angular relation of said primaries
to adjust the angulac relation of said rotatory
fields; a secondary extending into said dis-
tinet rotatory fields to compound the sepa-
rate effects thereof, said secondary having a
commutator in fixed relation thereto, and
brushes mounted to revolve on said commu-
tator, and a rotor mounted in one of said
fields, said rotor heing bodily connected with
said brushes and having two windings, one
being of thin wire and calculated to yield the
necessary field with the maximum voltage,
the other of thick wire in series with an ad-
justable resistance, and mechanisin for con-
neeting the said resistance adjusting means
and the said rotatory field adjusting means
to cause said two adjusting means to aet si-
multaneously so that the total resistance of
tie adjustable rotor circuit shall remain pro-
portional to the cotangent of the angle be-
tween the two rotatory fields. .

9. In an apparatus for transforming either
single or polyphase current into continuous
current of voltage variable at will to any de-
sitable value between cortain Hmits, the
combination of a stationary primary adapted
to receive polyphase current from a main to
produce a rotatory (ield; and an angularly
adjustable primary adapted to rdeeive poly-
phase current from the same main to produce
a second rotatory field rotating at the same
speed as the first; o secondary extending into
said distinet rotary fields and having » com-
mutator in {ixed relation therewith; a sta-
tionary iron core to close said adjustable ro-
tary field; and a revolving iron core to close
said fixed rotary field; brushes carried by |
said revolving core, and windings on sakd-
cere, said windings being conneceted with the
said brushes to polarize the core in a diree-
tion dependent upon the angular relation of
the two rotary fields; and ship vings connect-
ad both electrically and mechanieally with
steh brushes.

- 10, In an apparatus for transforming single
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phase current into continuous current of va- | polyphase current into continuous current

riable voltage, the combination with two dis-
tinet primaries having polyphase windings,

seurrents in the primary cireuit 2o as 10 gen-

one phase winding of one of said primaries

being connected with the corresponding

hase winding of the other primary, and
D J o3

means for producing a lag or lead in the cur- |
rent supplied to the circuit so formed in order |

to produce two separate rotary fields; of
means for adjusting the angular relation ol
said primaries; a secondary extending into

said distinct rotary fields fo compound the !

which consists in distvibuting the polyphase

crate distinet rotatory fields i’ separate
parts of space, to produce separate induetive
eflfeets on different parts of the sccondary;
and reetifying the curvents so generated n
the secondary. )

13. The method of transforming single or

' polyphase current into eontinuous current of

separate effects thereof; and means for recti- |
fying the resultant alternatine currents in-

duced in said secondary.
11. The combination with means for cre-
ating two distinet rotatory fields; and means

rariable voltage, consisting in—distributing
the polyphase current in the primary cireuit
s0 as to generate distinet rotatory fields ro-
tating at the same speed in separate parts of
space, to produce separate induetive effects

- on different paris of the segondary; varying

for varying their angular relation at. will; of a .
stationary seeondary winding extending into
both of said fields to compound the separate !

inductive effects of the said two rotatory
fields; and a fixed commutator connected

- with the said stationary winding and having

brushes adapted to revolve substantially in
coincidence
effect of the said two rotatory fields.

)

with the resultant inductive

12. The method of transforming single or .

the angular relation of these distinet fields-to
vary the phase relation of such induced ef-
fects; and rectifying the current due to the
joint action of these two effects.

In testimony whereof 1 have signed this
specifieation in the presence of two subserih-
Mg witnesses, ) S ‘
GRORAES FAGET.
Witnessess | o ’ :

Ttexry. Aveuste Bernix,
Ancmsarp R Baxen.
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