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Application filed September 28, 1917. Serial Ne. 193,685.

To all whom it mwy concern:

Be it known that I, Ruporr I. Herrauxy,
a citizen of the German Empire, and & resi-
dent of Swissvale, in the county of Alle-
gheny and State of Pennsylvania, have in-
vented a new and useful Improvement in
Phase - Converter Balancing Systems, of
which the following is a specification.

My invention relates to balancing means
for phase-converter systems, and it has for
its object to provide a system of the char-
acter designated whereby, when a polyphase
circuit is arranged to derive energy from
a single-phase circuit through the instru-
mentality of a phase-converter, the different
phases of said polyphase circuit may be
maintained in substantial balance, irrespec-
tive of the chmic and reactance drops in the
phase-converter. '

Another object of my invention is to pro-
vide a system of the character designated
whereby, when a single-phase circuit derives
energy from a polyphase cireuit, seid energy
may be derived uniformly from the different
phases of the polyphase circuit, thus pre-
venting unbalancing and distortion of the
respective voltages and currents therein.

In the accompanying drawing, Figure 1 is
a simplified diagrammatic view of a single-
phase system and a polyphase system, to-
gether with a phase-converter and auxiliary
apparatus, embodying a preferred form of
my invention; Figs. 2, 3, 8 to 17, inclusive,
21, 22, 28 and 24 are simplified diagram-
matic views illustrating modifications of the
system shown in Fig. 1; Figs. 4 to 7, in-
clusive, are vector diagrams illustrative of
the operation of systems of Figs. 1 to 3, in-
clusive, and Figs. 18, 19 and 20 ave vector
diagrams illustrating the operation of the
systems of Figs. 15, 16 and 17, respectively.

In U. S. Patent No. 1,280,007, issued to
the Westinghouse Electric & Manufacturing
Company, September 24, 1918, on an appli-
cation filed by Charles Le G. Fortescue, is
disclosed and claimed a phase-converting
system wherein a polyphase circuit is ener-
gized from a single-phase circuit, one phase
of the polyphase circuit deriving its energ;
directly from said single-phase circuit and
the remaining phases of said polyphase cir-
cuit being energized by the composition of
a portion of the electromotive force of said
single-phage circuit with the tertiarvy volt-
age of a phase-converter. -In a system of

this character, the effect of an increase in

load is to increase the ohmic and inductive
drops within said phase-converter, thus
modifying the magnitude and phase loca-
tion of the tertiary voltage and distorting
the electromotive forces of the polyphase
circuit. In accordance with the above-
mentioned disclosure of the Fortescue appli-
cation, transformers are interposed between
the supply conductors leading to the con-
verter and those leading directly to the load
whereby, upon an increase in the load cur-
rent, a boosting electromotive force is 1m-
posed upon the phase-converter, tending to
raise the tertiary voltage thereof and thus
neutralizing the effect of the ohmic and
inductive drops therein. In the systems of
the Iortescue disclosure, the tiransformers
have a one-to-one ratio and serve to pro-

duce the désired balancing effect only when .

the power-factors of the supply system and
oi the polyphase circuit are substantially
the same. 'The conductors in which said
transformers are inserted are so chosen that
the primary and secondary currents of each
transformer arve in substantial phase oppo-
sition, whereby the flux thereotf is substan-
tially =zero, under balanced operating con-
ditions.

In accordance with the present invention,
I provide means whereby, by the proper
adjustment of the size and ratios of trans-
formation of the auxiliary transformers and
by their proper location, I am enabled to
produce a similar balancing effect to that
discloged in the Fortescue application when
the power-factors of the supply circuit and
of the polyphase cireuit ave different, as is
usually the case in commercial practice. Ia
all cases, the auxiliary transformers em-
ployed by me are so designed and disposed
that the primary currents therecf are in
phase opposition and thus, said transform-
ers exert no deleterious influence upon the
power-factor of the circuit.

Referring to the drawing for a more de-
tailed understanding of my invention, I
show a source of single-phase alternating
current at 80 in IFig. 1, such, foi example,
as the secondary winding of 4 supply trans-
former (mot shown). Knergy is supplied
from the scurce 30 to a polyphase circuit,
shown as comprising a polyphase railway
bropulsion motor 31 of the induction type,
Ly means of supply mains 32 and 33 and a
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phase-converter 34 of the dynamo-electric
type. The primary winding of the motor
31 is shown as of the three-phase, Y-con-
nected type and the phase windings thereof
are for convenience designated as A, B and
C. In like manner, the phase-converter 34
has a three-phase Y-connected stator wind-

-ing, the respective phase-windings of which
bl =

are designated for convenience as A/, B’ and
C’. The phase-windings A and A’ are con-
nected to be energized from the left-hand
terminal of the source 30 and, in like man-
ner, the phase windings B and B’ are ar-
ranged to be energized from the right hand
terminal of the source 30, said phase wind-
ings being connected to the respective out-
side terminals of an auto-transformer 35,
and the right-hand terminal of the source
30 being connected to an adjustable tap 36
on the winding of said auto-transformer 35.
The phase winding C’ of the converter 34
operates as the tertiary winding and is con-
nected to supply energy directly to the
phase-winding C of the motor 31.

Under ordinary operating conditions, the
power factor of the single-phase circuit is
substantially unity or said power- factor
may be rendered capacitative in nature by
virtue of the synchronous operation of the
converter 34, produced by direct-current ex-
citation, as in an auxiliary rotor winding 37,
employed in addition to the ordinary short-
circuited winding 38. Unless special phase
advancing means are employed in connec-
tion with the motor 31, the power-factor of
the polyphase circuit will be lagging in
nature and thus, there will be a marked
phase displacement between the currents in
the two circuits.

With different loads, the power-factor of
the motor 381 varies but it is nevertheless
desirable, for the successful operation of
my invention, that the phase-displacement
or the difference in power-factor between the
two circuits be substantially constant. To
this end, the winding 37 is energized
through a rheostat 89 which is subject to
control, as by an auxiliary motor 40 com-
prising an armature 41 and a field winding
42. The armature 41 is energized from a
current transformer 43 inserted in the sup-
ply lead 33 of the phase winding B through
a non-inductive or capacity circuit provided
by an adjustable resistor 44 and, if desired,
by an adjustable capacitance 45 disposed in
parallel relation thereto.

In like manner, the field winding 42 is
energized from a current transformer 46
inserted in the lead to the phase winding B’
through an inductive circuit comprising a
reactor 47.

The operation of auxiliary apparatus thus
described is as follows. Under normal op-
erating conditions, as will hereinafter be
pointed out, the currents in the phase wind-

1,365,691

ings B and B’ are in phase with each other
and the currents supplied to the armature 41
and to the field winding 42 ave, therefore,
in substantial quadrature to each other,
producing no torque in the auxiliary motor
40. If the power-factor of the motor 31
changes, because of load changes, there is a
relative shifting in the currents supplied to
said motor and to the phase-converter, pro-
ducing & 'transfer of energy to the motor 40
for the operation thereof. The rheostat 39
is thus adjusted to alter the direct-current
excitation of the converter 34 and to read-
just the power-factor of the supply system
to maintain the desived phase-displacement
between the currents of the single-phase and
polyphase circuits.

Having thus deseribed the arrangement
of a system embodying my invention, tne
balancing operation therein is as follows,
particular reference being had to the vector
diagram of Fig, 4.

Assuming that it is desired to maintain
the power factor of the polyphase or motor
circuit so that the current thereof lags 30°
with respect to the current of the single-
phase or supply circuit, the currents sup-
plied from the right and left-hand termi-
nals of the single-phase source may be in-
dicated by equal and opposite vectors Iy
and I, respectively, and the converter cur-
rents by vectors I, I,” and I.”, respectively.
The current supplied to the motor 31 may
be indicated by vectors I,, I, and I re-
spectively, said vectors being equal and sub-
stantially 120° apart. The effect of the as-
sumed 30° phase displacement is to throw
the vector I, into alinement with the vector
Iy, as may be deduced by comparison with
Hig. 2 of the aforemertioned Fortescue ap-
blication.

Since the vector I is the sum of the vec-
tors I, and I/, then the vector T,” must also
be in alinement with I,. The vector 1. is
obviously in phase opposition to the vector
I, and the vector I,” may be derived by the
composition of the vectors I,” and I.”. The
transformer 35 inductively interlinks the
leads of the phase windings B and B’, as
shown.

If it be assumed that there is an increase
in the motor load, all the vectors in Fig. 4
would tend to increase in magnitude but the
vectors I and I.” would not increase in pro-
portion to the remaining vectors because of
the ohmic and inductive drops in the con-
verters. The flow of current through the
right-hand half of the transformer 35 to the
phase winding B, however, produces a boost-
ing electromotive force in the left-hand half
of said auto-transformer, thus increasing
the electromotive force applied to the con-
verter 34 and compensating for the drops
therein, producing proportional increase in
the vectors I, and I,”. From the vectorial
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point of view, the increase in the vector I,
causes a like increase in the vector I, and
this, in turn, causes an increase in the vec-
tors I, and 1.”, without disturbing the rela-
tive phase relation of the currents in the
single-phase and polyphase circuits.

It will be noted that, under balanced op-
eration, with the currents I, and I, in-
versely proportional to the number of turns
to the right and to the left of the tap point
36 of the transformer 35, there is flux neu-
tralization within said transformer, and its
winding is, therefore, substantially non-
inductive,

While the operation of the foregoing sys-
tem has been discussed during motor opera-
tion, a similar action is present during re-
generation or, in other words, when the ma-
chine 31 is driven as a generator, as by a car
axle 48, energy is returned to the system 30.
Under these conditions, the energy drain on
each phase of each machine is substantially
the same. .

If it be assumed that the motor currents
lag 60° more behind their applied electro-
motive force than the supply current lags
behind its electromotive force, necessitating,
in most cases, that the current in the supply
circuit lead its electromotive force by an ap-
preciable amount, the current relations will
be as indicated in Fig. 5. The vector 1, is
moved into alinement with the vector 1.,
moving the vector 1,”, also in alinement with
the vector I,. Thus, a transformer having the
desired phase opposition in its primary and
secondary  circuits and, at the same time,
serving to produce a booster effect in one of
the converter-supply leads from one of the
motor-supply leads may be employed to oper-
ate with the currents I, and I,” or with the
currents I, and I,’, it obviously being useless
to inductively interlink circuits conveying
the currents 1, and I,”.

In Fig. 2, I have shown the supply lead to
the phase winding A’ inductively interlinked
with the supply lead to thé phase winding C,
whereby, an increase in the current flowing
to the phase winding C boosts the voltage
supplied to the converter and serves to main-
tain the vector 1, symmetrical in size and
location with respect to the vectors I, and T,.

If it be assumed that the angle of lag of
the single-phase supply circuit is 30° more
than that of the polyphase motor circuit, a
condition which approximately exists with
asynchronous phase converters, the phase
relations will be as indicated in Fig. 6. The
vectors I, and 1,” are In line with the vectors
I and I;, and thus, the desired inductive re-
lationship may be established between any
conductors conveying these currents. Thus,
in the system of Fig. 3, an auxiliary trans-
former 55 is shown, inductively interlinking
the supply lead to the phase-winding A with
that to the phase winding A’. Obviously,

transformers might be employed having
their primary windings inserted in the mains
from the source 30, said mains carrying the
currents Iz and I, respectively; appropri
ate ratios of transformation being employed
to produce the desired boosting effects.

Up to this point, only those cases have been
discussed wherein motor-supply currents and
phase-supply currents were in phase opposi-

“tion, whereby the desired non-inductive ac-

tion of the booster transformer under bal-
anced conditions might be obtained. A simi-
lar action may be produced, however, with
other phase relations between the single-
phase currents and the polyphase currents,
ag indicated, for example, in connection with
IFigs. 7 and 8. If it be assumed that the
single-phase supply current I, lags 16° less
behind its voltage than the motor currents
lag behind their voltage, the vector diagram
is as shown in Iig. 7.  An auto transformer
60 inductively interlinks the supply leads of
the phase windings B and B’, each winding
thereof having, for example, 100 turns. An
auxiliary winding 61 is also inductively as-
sociated therewith and has, for example, 50
turns. Under balanced operating condi-
tions, as shown in Fig. 7, the sum of the
vectors I,” and I, is equal to the vector I,
I.. being shown as one-half the vector 1.
because the winding 61 contains only one-
half as many turns as the remaining wind-
ings of the transformers, the current I, thus
exerting one-half the transformer effect of
the other currents.
increases, the current I, increases, producing
boosting effects upon the currents I, and T,
and producing the desired compensation of
the electromotive forces.

Fig. 9 shows a system similar to that of
Tig. 8, the supply lead to the phase winding
A being inductively interlinked with the
supply leads to the phase windings B and
B’ as shown.

In the aforementioned Fortescue applica- -

tion, it is pointed out that, by inductively
interlinking each direct supply lead to the
polyphase circuit with a phase-converter
supply lead, relatively displaced therefrom
in phase, balancing might be effected with
the use of equal transformers having 1 to 1
ratios of transformation when the power
factors of the single-phase and of the poly-
phase circuits were respectively equal. By
suitable modification of this system in the
alteration of the relative magnitude of the
transformers and of their respective ratios
ot transformation, a similar balancing action
may be obtained under the conditions of
different power-factor in the single-phase
and polyphase circuits, as obtained in com-
mercial practice.

I have discovered that, in systems of the
character above described, the rvelative phase
rotation and converter rotation must be

1f the motor current ?
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taken into consideration when the impedance
drops in the two leads from the single-phase
source to the primary converter windings
are calculated. I find by experiment that
the drops in the two leads are different, and
that the difference depends upon the relative
rotation ot the machine and phases and that,
therefore, compensating means must be sup-
plied which will take into consideration this
unequality of impedance drop in the two
leads and neutralize the same. One method
of so compensating correctly for the un-
equal drops is by the employment of trans-
formers of unequal sizes in the two leads.

Fig. 10 illustrates a system of this char-
acter, being particularly adapted for use
with the inductive motor power ractor and
with capacitative converter power-factor, as
is usual with synchronous phase-converters.
Thus, in the system of Fig. 10, a supply
lead from the right-hand termmal of the
source 80 to the phase winding A is indue-
tively interlinked with a converter supply
lead from the left-hand terminal of the
source 30, by means of a transformer 70. In
like m%nner, 2 lead from the left-hand ter-
minal of the source 30 to the phase winding
B is inductively interlinked with a phase—
converter lead to the right-hand terminal of
the source 30 throutrh an aumlmry trans-
former 73. The transformer 70 is prefer-
ably larger than the transformer 73, assum-
ing counter-clockwise phase rotwtlon, and
comprises two windings 71 and 72. the
winding 71 being inserted in the motor lead
and the motor 79 being inserted in the con-
verter lead. For the best effect, under the
assumed conditions, the Winding T2 should
comprise more turns than the winding 71.
In like manner, the auxiliary transformer
78 comprises windings 74 and 75 associated
respectively with the motor and converter
Teads, the winding 74 comprising more turns
than the winding 75. The operation of the
system thus described i 18, in general, similar
to that of the foreo'omor svstcms the effect
of an increase in the motor current being to
slightly boost the voltage applied to the mo-
tor, thus compensating “For drops within the
converter.

The system of Fig. 11 is, in many respects,
similar to that of Fig. 10 except that the
auxiliary transformers 70 and 73 inductively
interlink the supply leads of the primary
winding 77 of the transformer 30 with the
direct supplv leads to the motor, instead of
being disposed as in Fig. 10. Thus, an in-
crease in the motor current slightly boosts
the voltage supplied to the primary winding
of the transformer 30, thus vaising the volt-
age supplied to the primary winding of the
plnse -converter.

In the system of Fig. 12, an auxiliary
transformer 80 is employed, inductively in-
terlinking one supply lead of the primary

1,365,691

winding 77 of the supply transformer with
one of the pumny supply leads of the
phase-converter 34.

In the system of Fig. 13, the supply
transformer 30 is prov ided with two sec-
ondary windings 85 and 86, the former be-
ing employed For s 11)1)1ylug the motor 31
and the latter being employed to energize
the phase- conve1te1 34.  Two auxiliary
transformers 70 and 73 are provided having
windings 71, 72, 74 and 75, as before de-
seribed. The \\mdmfrs 72 and 74 are in-
serted in the supply leads which go directly
o the motor 31, and the windings 71 and 75
are inserted, rvespectively. between pairs of
phase Windint)u m a delta-conuected plase-
converter 24, the derived phase being con-
nected at the remaining vertex of the delta
thus established. The terminals of the
phase-converter supply winding 86 are con-
nected respectively to adjustable points in
the transformer windings 72 and 75, where-
by the relative voltages 1mpressed upon the

varicus component pqrts of the converter
stator winding may be adjusted as required
by different relative power factors in the
single-phase and polyphase circuits. In the
system of TFig. 13, it is preferable that the
transformer 70 be larger than the trans-
former 73, for best results, assuming coun-
ter-clockwise rotation.

The system of Fig. 14 is, in many respects,
similar to that of I*l(r 10 but differs there-
from in that the transformer 70 inductively
interlinks the two supply leads from the left-
hand terminals of the source 30 to the con-
verter and motor, respectively, and, in like
manner, the transformer 73 inductively in-
terlinks the two terminals of the right-hand
source 30. The relative size and the ratios
of transformation of the transformers 70
and 73 inay be adjusted to produce balancing
wnder different relative power fact Ors, as
hefore described.

The foregoing disclosures have shown the !

nse of conveltels of the three-phase type but
the general principles, herein set forth, are
further applicable to systems embodying
phase converters of the T-connected type, as
follows.

Thus, in Fig. 15, I show a T-connected
phase- converter 90 embodying a primary
winding 91, a secondary winding 92 and a
tertlary winding 93, employed for supplying
energy of chsphced phase to a polyphase
motor 31, as before. An auto-transformer
94 is employed for inductively interlinking
the converter and motor leads supplied from
the right-hand terminals of the source 30.
Sald source is connected to said auto-trans-
former through an adjustable tap member
95, whereby the booster effect of the in-
cr efnsed motor current upon the primary im-
pressed voltage of the converter may be
modified.
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Designating the respective phase windings
of the motor 31 as A, B and C, respectively,
for convenience in vector discussion and
similarly designating the two phase wind-
ings of the converter as A’ and (', atten-
tion is directed to the vector diagram of Fig.
18 for an understanding of the operation of
the system disclosed in Fig. 16, the vectors
1., I, and I, indicating, respectively, the cur-
rents in the phase windings A, B and C of
the motor 381, said vectors being of equal
length and having a relative phase displace-
ment of 120 degrees. The current in the
tertiary winding 23 may be represented by
the vector 1./, being in phase opposition to
the vector 1., because of the fact that an in-
wardly flowing current in the motor is out-
wardly flowing in the converter and vice
versa. The current in the primary winding
91 is indicated by the vector 1./, in quadra-
ture to the vector I.” because of the effect of
the phase converter. The current flowing
from the left-hand terminal of the source 80
is the sum of the currents I, and I.” and may
be indicated by the vector I.. The current
flow between the primary winding 91 and
the right-hand terminal o the source 30 may
be represented by the vector —I.”, and the
sum of this current with the current I, flow-
ing in the phase winding B constitutes the
current flowing from the right-hand ter-
minal of the source 80. Thus, the current
flow from said right-hand terminal may be
indicated by the vector Iz. It will be noted
that there is a difference in the phase of the
currents Iz and Iy, but said currents, in con-
junction, are in alinement with the vector
1./, whereby there would be produced the
desired phase opposition in the phase-trans-
former 94 to enable said transformer to per-
form the desired boosting effect under load
change and, furthermore, causing said trans-
former to be without flux under conditions
of load balance, as in the previously dis-
closed systems.

If the angle of lag of the line current be
substantially 14° less than indicated in Fig.
18, a condition which is more readily at-
tained in converter systems, the vectors I,
I—; and I,” are in alinement with each other
and mutually inductive interlinkages may be
established between the corresponding leads
to produce a balancing effect, as shown in
Figs. 15, 16 and 17.

If the angle of phase-lag of the converter
be increased substantially 14°, the vectors
1,, I—, and I’ are brought into alinement,
permitting inductive interlinkage of the
leads carrying currents corresponding re-
spectively to these vectors.

Fig. 19 illustrates the vector relation in a
system embodying a delta-connected con-
verter under the assumption that the power-
factor and the motor-factor are the same.
The corresponding circuit diagram is shown

o

in Fig. 21, the phase windings of the motor
81 being designated, respectively, as A, B
and C, the supply leads of the delta-con-
nected converter being designated as A’, B’
and C’, respectively, as sald leads convey
enrrents  corresponding to the similarly
designated star - currents heretofore dis-
cussed, the phase windings of the converter
itself being designated as A’ B’” and C”/,
respectively. In the vector diagram of Fig.
19, the motor currents are indicated by the
equally-spaced vectors I,, I, and I.. The
currents flowing in the right and left supply
leads are in quadrature to the derived cur-
rents I,” and may therefore be indicated by
the vectors Iy and Ly, respectively. The cur-
rent in the phase winding A’/ is in phase
with the current of the source 80 and may be
designated by the vectors I,”” and —I,”,
said vectors being in alinement with the
vectors Ip and I, The currents in the phase
windings B”” and C’’ -are displaced 120°
with respect to the currents in the phase
winding A’ and may, therefore, be desig-
nated by the vectors L,”” and I.”, respec-
tively. '

If now it be assumed that the angle of lag
of the line current is 15° less than that of
the motor current, the conditions will be
altered as shown in Fig. 20. The vectors I,
and I,”” are brought into alinement with
each other and also the vectors I, and I,””.

Mutual inductance devices may therefore
be provided between the corresponding leads,
as indicated in Fig. 21, to produce the de-
sired balancing action wlien conditions are
disturbed, said means being inactive under
conditions of load balance.

Under different relative phase relations of
the motor current and converter current, it
may be desirable to further modify the con-
nections, as indicated in IFig. 22, when em-
ploying a . delta-connected phase converter.
The supply lead to the converter phase
winding A’ is inductively interlinked with
that of a phase-winding C”/, thus produc-
ing the effect of a transformer winding en-
ergized by current mid-way in phase be-
tween the currents of the phase windings
A’ and C”, respectively, and an additional
winding is employed which is inserted in the
supply lead to the motor phase B, thus pro-
ducing an effect similar to that obtained by
the use of a transformer inductively inter-
linking the supply lead to the phase wind-
ing B with the supply lead to the phase
winding A’ of a system employing a star-
connected converter.

In the system of Fig. 23, the supply lead
for the phase winding A’ of the converter is
inductively interlinked with supply lead for
the motor phase winding B and said wind-
ings together are inductively interlinked
with the supply winding for the phase wind-
ing C, all by a transformer 110. By this
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means, an increase in the motor current flow-
ing to the phase-winding B boosts the volt-
age supplied to the converter phase winding
A’ and further boosts the tertiary voltage
derived from said converter and supplied
to the motor 31.

In the system of Fig. 24, a T-connected,
phase-converter is employed and a single
transformer 110 inductively interlinks the
supply lead for the motor phase winding
B and that for the motor phase winding A
with the supply lead for the converter pri-
mary winding, thus producing a similar ef-
fect to some of the former figures wherein
two separate transformers were employed
for performing a single function.

While I have disclosed my invention in
a plurality of modifications, it is not so
limited but is susceptible of various minov
changes without departing from the spirit
thereof and I desire, therefore, that only
such limitations shall be placed thereupon
as are imposed by the prior art or as are spe-
cifically set forth in the appended claims.

I claim as my invention:

1. In a converting system, the combination
with a single-phase circuit, of a polyphase
circuit, connections from the mains of said
single-phase circuit to certain mains of said
polyphase circuit, a phase-converter, con-
nections for inserting said phase-converter
between said single-phase circuit and the
remaining mains of said polyphase circuit,
and means for inductively interlinking cer-
tain direct supply leads from said single-
phase circuit to said polyphase circuit with
certain leads from said single-phase circuit
to said converter, respectively, comprising
transformers of unequal size.

2. In a converting system, the combina-
tion with a single-phase circuit, of a poly-
phase circuit, connections from the mains of
said single-phase circuit to certain mains of
said polyphase circuit, a phase-converter,
connections for inserting said phase-con-
verter between said single-phase cirenit and
the remaining mains of said polyphase cir-
cuit, and means for inductively interlinking
certain direct supply leads from said single-
phase cirvcuit to said polyphase circuit with
certain leads from said single-phase circuit
to said converter, respectively, comprising
transformer means having other than one-
to-one ratios oi transformation.

3. A converting system as specified in
claim 1, the transformers having other than
one-to-one ratios of transformation,

4. In a converting system, the combina-
tion with a single-phase circuit, of a poly-
phase circuit, connections from the mains of
said single-phase circuit to certajn mains of
said polyphase circuit, a phase-converter,

‘connections for inserting said phase-con-

verter between said single-phase circuit and
the remaining mains of said polyphase cir-
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cuit, and means for inductively interlinking
certain direct supply leads from said single-
phase circuit to said polyphase circuit with
certain leads from said single-phase circuit
to said converter, respectively, the currents
fowing in each pair of mutually interlinked
leads being of relatively displaced phase
and said inductive linkage being other than
of a one-to-one ratio of transformation.

5. In a converting system, the combina-
tion with a single-phase cireuit, of a poly-
phase circuit, connections from the mains of
said single-phase circuit to certain mains of
said polyphase circuit, a phase-converter,
connections for inserting said phase-con-
verter between said single-phase circuit and
the remaining mains of said polyphase cir-
cuit, and means foi inductively interlinking
certain divect supply,leads from said single-
phase circuit to said polyphase circuit with
certain leads from said single-phase circuit
to said converter, respectively, the currents
fowing in each pair of mutually interlinked
leads being of opposite phase under balanced
operating conditions, whereby said induc-
tive interlinking means is normally inactive,
sald inductive interlinking means having
other than a one-to-one ratio.

6. In a converting system, the combina-
tion with a single-phase circuit, of a poly-
phase circuit, connections from the mains of
said single-phase circuit to two mains of said
polyphase circuit, a phase-converter, con-
nections for inserting said phase-converter
between the mains of said single-phase cir-
cuit and the remaining mains of said poly-
phase circuit, and means for inductively
interlinking the leads from said single-phase
circuit to said converter with the leads from
said single-phase circuit directly to said
polyphase circuit, respectively, said induc-
tive interlinking means having other than a
one-to-one ratio.

7. In a converting system, the combina-
tion with a single-phase circuit, of a poly-
phase circuit, connections from the mains
of said single-phase circuit to two mains of
said polyphase circuit, a phase-converter,
connections for inserting said phase-con-
verter between the mains of said single-
phase circuit and the remaining main of
said polyphase circuit, and means for in-
ductively interlinking the leads from said
single-phase circuit to said converter, the
currents flowing in mutually interlinked
leads being of substantizlly opposite phase
with respect to said interlinking means dur-
ing balanced operation and said inductive
interlinking means having other than a one-
to-one ratio.

8. In a converting system, the combina-
tion with a single-phase circuit having a
certain power factor, of a polyphase circuit
having a different power factor, leads from
the mains of said single-phase circuit to two
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mains of said polyphase circuit, respectively,
a phase-converter, connections for inserting
said phase-converter between said single-
phase mains and the remaining mains of
said polyphase circuit, whereby energy may
be transferred between said circuits, and
transformer means interlinking leads from
said single-phase circuit to said converter
with leads to said polyphase circuit having a
current phase-displacement of substantially
180° therefrom, whereby the unbalancing
effects of the ohmic and inductive drops in
said phase-converter may be compensated
for, said transformer means having other
than a one-to-one ratio.

9. In a converter system, the combination
with a single-phase circuit having one
power-factor, of a polyphase circuit having
another power-factor, energy-transferring
connections including a phase converter be-
tween said two circuits, said connections
embodying leads wherein the currents have
a relative phase-displacement of substan-
tially 180°, and transformer means having
other than a omne-to-one ratio inductively
interlinking said leads.

10. In a converter system, the combina-
tion with a single-phase circuit having one

v

power-factor, of a polyphase circuit having
another power - factor, energy - transferring
connections including a phase-converter be-
tween said two circuits, said connections em-
bodying leads wherein the currents are rela-
tively displaced, and transformer means in-
ductively interlinking said leads, said trans-
former means being so proportioned that
the magnetic flux thereof is substantially
zero when said polyphase circuit is balanced.

11. In a converter system, the combina-
tion with a single-phase circuit having one
power-factor, of a polyphase circuit having
another power - factor, energy - transferring
connections including a phase-converter be-
tween said two circuits, said connections
embodying leads wherein the currents are
relatively displaced, and transformer means
having other than a one-to-one ratio induc-
tively interlinking said leads, said trans-
former means being so proportioned that
the magnetic flux thereof is substantially
zero when said polyphase circuit is balanced.

In testimony whereof I have hereunto
SL1b$01'ibed my name this 10th day of Sept.,
1917.

RUDOLF E. HELLMUND.
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