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My invention relates to rectifier~-powered trol-
ley-energized equipments, particularly rectifier-
powered traction-motor equipments for electric-
railway and other-vehicles. My -invention relates
to the filtering means-and the series-reactance
means, and to combinations of both, whereby the
performance of the vehicle-driving motors is-im-

proved, whereby-the wave shape of the alternat-:

ing~-current supply-line current.is improved: by
the removal or reduction of low-order harmonics,
and whereby I also remove or-reduce the higher-
order harmonics-which cause inductive interfer-
ence with communication-circuits -which parallel
thealternating-current supply-line.

My present invention' is an improvement ocver-

the broad subject matter which is described and
claimed in my application Serial No. 120,331, filed
October 8, 1949, for Inductive-Interference Pre-
ventive-Means, in ‘which:-a direct-current load-

circuit, containing the traetion-motor, and hav- :

ing a large direct-current ripple, is energized,
from a single-phase-trolley- which is -subject to
inductive interference-considerations, through a
rectifier-system under such conditions that there
is 'enough series inductance; on the supply-circuit
side of the rectifiers, to produce a substantial
angle of overlap of the half-wave rectifier-cur-
rents, during each half-cycle-of the-supply~cur-
rent. Where ‘it is necessary (as is ‘usually the
case), a harmonic-reducing filter is-also provided,
as described and claimed in my-copending appli-
cation just mentioned.

My present-invention-also involves improve-
ments over my copending -application Serial No.
140,475, filed January 25, 1950, for Dephased In-
ductive-Interference Prevention, in which the al-
ternatiny~current supply-currents which -are fed
into a plurality of rectifier=powered traction-
motor assemblies are caused to be slightly out of
phase with each other, so that certain high-fre-
quency harmonics will be approximately 180° out
of phase with each other, or so related-as to con-
stitute a practically balanced polyphase system,
which reduces the line=harmonics to a low value
in the frequency-range which is the most critical
irom the standpoint of ‘inductive interference.

- As most trolley-energized motor-driven vehicles
-are provided with a -plurality-of driving or trac-
tion motors, my- présent inverition involves the

provision of a plurality of rectifier-assemblies on .

each vehicle, each powering: its own motor or
group of motors, . and.each involving its. own
anode-reactance which more effectively snuffs out
backfire-currents, and provides more or better
_geries-reactance for voltage-regulation during
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low-~voltage motor-operation, and provides a
ready means for dephasing the objectionable in-
terference-causing supply-line harmonics accord-
ing to the principles covered in my last-men-
tioned copending application.

My present invention also relates broadly to.the
use of ‘a special anodeg-reactor for each rectifier-
assembly, said anode-reactor being in the. form of
a reactor-transformer having two closely coupled,
substantially identical-turn windings, on a com-

Jmon mazgnetie circuit which includes an air gap

and which preferably also includes some .iron.or
other magnetizable material. The two reactor-
windings. are serially included. in the respective
anode-leads of -the two rectifiers with .which they
are-associated, and are connected.in such polarity
that-the two reactor-windings ars in series for
the.commutating -currents which fiows between
the two. rectifiers during their overlapping con-
ducting periods, and also in series for the back-
firing. currents. which flow. during backiire-con-
ditions. This series reactor-winding relationship
thus produces. a maximum reactance in the reac-
tor-transformer, which.is desirable in order to
obtain a. high.angle of overlap during the con-
mutating-conditions and to reduce the magnitude
of the backfire-currents, while reducing. the

amount of voltage-reducing reactance which is

effective.during the normal load-carrying periods,

-and-at-the same time reducing the overall size

of'the two reactor-windings.

When there are.a plurality of rectifier-powered
loads, -energized from the same alternating-cur-
rent - leads, the presence. of individual. anode-

.reactors, individual to each rectifier-assembly,

makes the overlap-angles of the several rectifier-
assemblies more nearly -equal than would be the
case without the anode-reactors, and thus avoids
the necessity for installing balanece-coils for bal-
ancing the currents drawn by the several rec-
tifier-assemblies.

My present invention - also - includes o special
connection of the filters which were described and

-claimed \in my first-mentioned .- copendiny appli-

cation. These filters are what I cali paralle] fil-
ters, being untuned. filiers consisting of a ca-

‘pacitor in series -with a damping resisbance, the
-capacitor being tuned to parallel resonance with
the supply-cireuit inductance, as seen from the

terminals ofthe filter, at a frequency such as to
reduce ‘aninterference-provoking range of high-

-order harmonics.

According to one aspect of my preseng inven-
tion, the parallel filters of the different rectifier-
assemblies on any locomotive or car, or on.any
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group of parallel-energized cabs or cars, can be
differently connected, with respect to the anode-
reactance, such as being connected with some
filters on the supply-line side of the anode-
reactance, and some on the rectifier-side, or some
crisscrossed with one terminal on the power-
supply side of one anode-reactor winding, and
the other terminal on the rectifier-side of the
other anode-reactor winding. In this way, par-
ticularly if the reactance of the step-down trans-
former is relatively low, it is possible not only
to filter out the high-frequency interference-
provoking supply-current harmonics drawn by
each rectifier-assembly, and to throw said high-
frequency harmonics out of phase with each
other, in a certain critical range or ranges of
interference-provoking harmonics, but it is also
possible to throw the low-order harmonics out
of phase with each other, so as to reduce the
amount of third harmonic, and other low-order
harmonics, which are drawn from the line by
the piurality of rectifier-assemblies which are
mounted on each vehicle, thus improving the
wave-form of the power-line currents.

One of the disadvantages of the parallel-
resonant filter is that it aggravates the low-order
harmonics, which have frequencies lower than
the parallel-resonant frequency of the filter, and
which do not cause much telephone-interference,
as a price which had to be paid for reducing
the high-order harmonics which caused the really
serious telephone-interierence in the communi-
cation-lines which parallel the right of way of
the trolley-wire and its alternating-current
feeders. The diverse connections of the par-
allel filters, on different sides of the several
anode-reactors, constitute an effective means
whereby these low-order harmonics can be
thrown out of phase with each other, so that
they more or less cancel each other, thus con-
siderably improving the wave form of the supply-
currents, particularly when the different recti-
fier-powered motors are energized from different
step-down transformers.

A further feature of my present invention in-
volves the use of one or more damped series fil-
ters, in addition to the above-described parallel
filter. Each series filter includes a capacitor
and an inductor which are tuned to be in series
resonance at a frequency which is either of the
approximate order of range of the associated
parallel filter, or at some lower frequency-range.

The two or more filters, all connected across
the anode-leads or power-supply leads of the
two rectifiers of any given rectifier-assembly,
have individual filtering effects, in addition to
any composite or joint filtering effects which
they may have. In other words, the filtering
effect of the plurality of filters is not merely the

joint effect which would be obtained by mathe-

matically calculating the impedances of the sev-
eral filter circuits connected in parallel with
each other and producing a joint effect which
is different from the filtering-effect of any one
of the filters acting alone. On the contrary, each
filter produces its own effect, somewhat as if
the other filter or filters were not present. I
am not sure whether this is due to the presence
of damping resistors in each filter, or whether
it is due to the rectifier-circuit application in
- which the filters are more or less short-circuited
during each commutating period of the recti-
fiers, during each half-cycle of the supply-line
frequency. At any rate, the individual filtering
effects are present, and are very useful.
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As has been stated, the parallel filters, which
are needed to reduce the high-order harmonics
which cause the objectionable inductive inter-
ference, accomplish this result only at the ex-
pense of aggravating harmonics in the vicinity
of the parallel-resonance of said filters, and also
aggravating all harmonics of a still lower order.
By my bresent invention, it is possible, by the
use of series filters, to remove these aggravated
harmonics, or as many of them as may be
necessary.

With the foregoing and other objects in view,
my invention consists in the circuits, systems,
combinations, apparatus and parts of apparatus,
as hereinafter described and claimed, and illus-

“trated in the accompanying drawings, wherein:

Figure 1 is a much simplified circuit-diagram,
indicating ecircuits and apparatus which illus-
trate the general principles of some of the as-
pects of my present invention, particularly the

.supplementary effects of the parallel and series

filters;

Fig. 2 is a curve-diagram which crudely illus-
irates the contrasting impedance-effects of my
parallel and series filters, at the different fre-
quencies corresponding to the different har-
monics;

Fig. 3 is a simplified diagrammatic view illus-
trating the importance of the anode-reactor in
a, combination in which motor-control is obtained
by means of taps on a power-supply transformer
which is interposed between the trolley and the
rectifier~equipment;

Fig. 4 is another simplified circuit-diagram,
illustrating the effects of diverse filter-connec-
tions with respect to the anode-reactors, and

Fig. 5 is a curve-diagram showing the con-
trasting oscillographic records of supply-current
wave-shapes which are obtained with diversely
connected parallel filters.

In the much simplified diagrammatic circuit
of Fig. 1, I have shown, by way of example, a
single-phase power-supply circuit, one side of
which is connected to, and includes, a trolley wire
1, while the other side of the supply-circuit is
grounded, as indicated at 7’. The trolley wire 1
is paralleled by a communiecation circuit 8, such
as a telephone circuit, which makes it essential
to consider the inductive interference effects of
the power-line harmonics in the telephone cir-
cuit. The power-supply frequency may be either
a previously known railway-electrification fre-
quency, such as 25 cycles, or it may be a usual
commercial frequency, such as 60 cycles, such as
is used for commercial power and light circuits.

In Fig. 1, I have diagrammatically indicated
some of the essential electrical parts of a single
locomotive or railway-car, which is energized
from the trolley wire 7 through a pantograph 9
and a step-down power-supply transformer 11
for that particular locomotive or ecar. The
power-transformer |1 is provided with a second-
ary winding {2 which is used to energize three
traction-motor equipments, represented by three
direct-current motors {, 2 and 3. Each motor
comprises an armature 13, a main series fleld
winding #4, an interpole winding {5, a reversing
switch {8, and a serially connected reactance or
choke coil I1. The negative terminals of each of
these motor-equipments are connected to a com-
mon negative conductor {8 of the direct-current
load-circuit, this negative conductor {8 being
connected to the midpoint 19 of the power-
transformer secondary (2.

The positive terminal of each of the motor
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s
assemblies 1, 2 and 3 is supplied with power from
its. own rectifier assembly. Thus, each positive
motor-terminal is conneected to the common
cathode-terminal 20 of two diagrammatically in-
dicated rectifiers 21 and 22, each of which may
be an ignitron or other single-vhase rectifying
device of a type which becomes substantially non-
conducting, after a conducting period,-only-in re-
spongse to a curreni-decrease to substantially
zero. In other words, once a current-conducting
arc is formed in either one of the rectifier-devices
21 or 22, that are will sustain itself, and will not
become extinguished, until substantially current-
zero. The rectifiers 21 and 22 have anode-leads
21’ and 22’, respectively, which are connected to
the opposite-pctential terminals of the secondary
winding 12 of the power-transformer ti. Pref-
erably, in accordance with-my present invention,
these anode-leads 21’ and 22’ include serially
connected anode-reactor windings 2i”’ and 22°7,
respectively.

Preferably also, in accordance with my present
invention these anode-reactor windings 24’’ and
22’ are mutually coupled, on a common magnetic

circuit, which may be all air, but which prefer- o;

ably comprises both magnetizable material and
an-air gap. The two reactor-windings 21’ and
22’7 are preferably coupled as closely as is prac-
ticable, as by having their respective eoils inter-
leaved with each other. There are the same
number of turns in-each of the reactor-windings.
The polarity of the reactor-winding connections
is such that the twe reactor-windings 21"’ and
227’ are in series-circuit relation to each other,
producing a -maximum reactance in the reactor-
transformer of which they are a part, for the
commutating currents which flow between the
two rectifying devices 2i and 22 during their
overlapping conducting periods.

The overlapping conducting periods of the two
rectifiers Z2{ and 22 are caused by the supply-line
inductance of the supply-circuit up to the recti-
fiers. This supply-circuit inductance includes the
internal reactance of the alternating-current
generator and any transmission line and power-
line transformiers - associated therewith (nsos
shown), the reactance of the trolley conductor 7
up to the load, the reactance of the power-
transformer i1 on the vehicle, and the reactance
of the reactor-transformer halves 21’ and 23’/
in series, which gre both carrying current during
the overlap-period. Preferably, in practicing my
invention, the power-transformer ii has as small
a- leakage-reactance as practicable, so that it
merely serves as a voltage-reducing means, and
usually also has a voltage-varying means, as
shown in Fig. 3, wherein the power-transformer
i1’ is provided with secondary voltage-changing
taps 23 and 24. Preferably also, in practicing my
invention the amount of supply-circuit react-
ance which is supplied by the two serially con-
nected -halves 2{’' and 22’ of the anode-reactor
transformer, is about of the same order of mag-
nitude -as the rest of the supply-circuit induct-
ance, up to these anode-reactors, although I am
not limited to this detail.

It is frequently -a desirable feature of my
present invention to make the plurality of anode-
reactor transformers 2i'’—22’’, which are asso-
ciated with the respective rectifier-assemblies of
the locomotive-equipment, have different react-
ances, such - as by having different numbers of
turns, as has been diagrammatically indicated, in
Fig. 1, by means of reactor-taps 25; different taps
being. brought into play for the three different
motor-equipments which are illustrated in Fig. 1.
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The-effect of these -different taps is-to cause the
power factors of the alternating currents drawn
by the three different motor-loads to be slightly
different from-each -other, thus causing a small
rhase~difference between the single-phase sup-
ply-currents-of the respective-motor-loads. This
small phase-difference, when -multiplied . by. the
harmonic -order-number -of ‘the  harmonic -which

cauises the most trouble, from:the standpoint of

inductive interference, will (or may) produce a
‘harmenic-current phase-difference which islarge
enough to substantially cancel out-that particu-
lar harmonic, and to materially reduce the mag-
nitudes of the harmonics in.the adjacent fre-
quency-range, as set forth in my second-men-
tioned copending application, which. has already
bheen identified.

‘While I have described my rectifier-assemblies,
for convenience in description, as.if their cath-
odes ‘were connected .to one motor~terminal 20,
and as if their anodes were. connected to, or
energized by, the power-supply leads which I
have designated as.the anode-leads 21’ and.22’,
in accordance with a .common rectifier-connec-
tion, it will be understood, of course, that these
rectifier-polarities might be reversed. Further-
more, while T have described and illustrated rec-
tider-assemblies, each of which comprises. only
two rectifiers 21 and 22, which: are used to ener-
gize only.one of the .terminals.of the direct-
current Ioad-circuit, the. other direct-current
terminal being brought back to the midpoint 19
of the supply-transformer secondary i2, it will
e understood that the return-circuit 18 for the
direct-current load . circuit could be brought back
to the power-supply means in any.other known
way, such as by means.of the second. half of a
rectifier-bridge connection (not shown).

In Fig. 1, I also show the.use of both parallel
and series filters, in accordance with my present
invention. These filters are connected across
the respective pairs of .anode-leads 21'—22" of
the respective rectifier-assemblies which are used
in any particular . locomotive .or other troliey-
powered vehicle using:my invention.. In Fig. 1,
these ‘anode-lead filter-connections.are shown
as -being on the rectifier-sides of the anode-
reactor transformers.21'’—22’’ of the respective
rectifier-assemblies, although, as will be discussed
more explicitly .in connection with Fig. 4, the
filters could be connected to.any other portions
of -the anode-leads 21’—22’.

In each of the three rectifier-assemblies whish
are shown in PFig, 1, the first (or top) filter-
circuit is a parallel filter, such as.is described and
claimed in my first-mentioned -copending ap-
plication. These parallel filters ‘do not all need
to be tuned to the same frequency, but may be
tuned anywhere in. the frequency-range from
about the third harmonic to.a . frequency of the
order .of 900 cycles... An advantage is obtained
if the parallel-resonant frequencies of the three
different parallel filters are all -different from
each other, in that phase-differences will thereby
be produced in the various harmonic current-
components in the several supply-currents for
the several loads, thus assisting materially in
causing the objectionable interference-provoking
harmonics to tend to cancel each other out, as
pointed out in my second-mentioned copending
application.

As shown in Fig. 1, therefore, the rectifier-
assembly which powers motor No. 1 is indicated,
by way of example, as having an untuned fourth-
harmonic parallel filter, consisting of & capacitor
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Cép and a damping resistor Rp. When I desig-

‘nate the filter-frequency by a particular har-
monic order, I do not mean to limit myself to
any particular precise tuning, as this is not neces-
sary, and besides, the supply-circuit reactance
varies under different operating conditions and
in accordance with the varying distance of any
particular locomotive of the supply-source (not
shown). For example, when I say the fourth
harmonie, I means to include any frequency in
the range between somewhere around the third
and somewhere around the fifth harmonic. The
parallel-resonant frequency in question is the
frequency at which the filter-capacitor, such as
Cdp, is in parallel resonance with the power
supply reactance as seen from the terminals
of the filter.

By way of illustration, the second and third
parallel filters, which are associated with the
rectifier-assemblies for motors Nos. 2 and 3, in
“Fig. 1, are tuned for the eighth and twelfth har-
monics, approximately, as indicated by the nu-
.merals 8 and 12, in place of the numerals 4 which
characterize the capacitor C and the damping
resistance R of the respective parallel filters,
-these parallel-resonant filter-tunings being only
by way of example.

In accordance with one feature of my present
-invention, each of the parailel filters may he
associated with one or more damped series filters,
.which are also connected across the pair of
anode-leads 21’'—22". In every such case, it will
usually be desirable to have at least one series
filter which is tuned approximately to the same
frequency as the associated parallel filter, by
which I do not mean that the frequencies must
be precisely and exactly identical, but merely
of the same order of magnitude, so that the
impedance-humps or depressions of the respec-
tive filter-impedances shall come somewhere
. around the same range of frequencies.

Thus, the fourth-harmonic parallel filter
C4p—Rip is shunted by a fourth-harmonic series
filter which consists of a capacitor Cés, an in-
ductor Lf4s and a resistor Rés. The size of the
series-filter capacitor Céds is determined solely
by the size of the series-filter inductor Lds, thace
two reactors being tuned to be in series resonance
with each other .at about the ifrequencies of
(say) the fourth harmonic of the supply-circuit
frequency. The series-filter damping-resistance,
such as Rds, should preferably have a magnitude
such as to give a breadth of tuning which ap-
proximately corresponds to the breadth of tuning

of the associated parallel-resonant filter, so that:

the harmonic-shunting effect of the series filter,
in the vicinity of the series-filter resonant-fre-
qguency, shall be spread out over a frequency-
range approximately corresponding to the fre-

quency-range in which the associated parallel-:

resonant filter produces its most damaging har-
monic-increasing effect whereby the parallel
filter, if it were used alone, would tend to mag-
nify the line-current harmonics in the vicinity
of the parallel-filter resonance.

In like manner, the second parallel-resonant
filter C3p—RSp In Fig. 1, which is in parallel
resonance. with the supply-line inductance, up
to the f{filter~-terminals, at approgimately the
eighth harmonic of the supply-line currents, is
shunted by a damped eighth-harmonic series-

" resonant filter C8s—L8s—R8s, which takes out
the parallel-filter-augmented line-circuit har-
“monics in the vicinity of the parallel-resonant
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frequency which is somewhere around the éighth
harmonic.

Since the effect of a parallel-resonant filter
is to augment not only the line-frequencies in
the immediate vicinity of the parallel-resonant
frequency, such as the seventh and ninth har-
monics, in the case of an eighth-harmonic par-
allel filter, but such a parallel filter also increases
or augments all of the lower harmonics, such,
for example, as the third and the fifth, it may
be desirable, when the most perfect supply-
current wave-forms are desired, to provide a
second parallel-connected series-resonant filter
which is tuned to some lower harmonic-fre-~
quency, that is, to some frequency between about
the frequency of the third harmonic and some
frequency which is below that of the frequency
of the associated parallel-resonant filter. Thus,
in the case of an eighth-harmonic parallel-filter,
I may use, not only an eighth-harmonic series
filter, but alsoc a parallel-connected fourth-har-
monie series filter Chsr—Lids—Riby, as shown in
Pig. 1,

Thus, also, in the case of the third rectifier-
powered motor-equizment of Fig. 1, the twelith-
harmonic paraliel filter Ci2,—R12p is illustrated
as being shunted by three series-resonant filters,
tuned approximately to the twelfth, eighth and
fourth harmonics, respectively, as indicated at
Ci2y — Li2s —RI 25’, C8sr» — LBs» — R8s and
Chs—I4s—R4s7, 80 as to remove or reduce the
third, fifth, seventh, ninth, eleventh, and thir-
teenth harmonics, while also reducing to a dimin-
ishing extent, some of the harmonics which are
of a little higher order than the thirteenth. Of
course, if there should be any even harmonics
present, in the frequency-ranges of the series fil-
ters, they would ke reduced tco.

The general effect of the parallel and series
filters is indicated roughly in Fig. 2, only by way
of example, and without any attempt at indicat-
ing optimum dampings or anything of the sort.
For exampile, the eighth-harmonic parallel-reso-
nant filter C8p—R8p will have an impedance-
frequency curve of the general type which is
indicated at Zp in Fig. 2. This practically short-
circuits out the high-order harmonics, but it has
a, damaging effect at the lower harmonic fre-
quencies, particularly in the vicinity of the eighth
harmonic. The general type of impedance-fre-
quency curve which is obtained for a damped
eighth-harmonic series-resonant filter, such as
the filter C8—L8—REs in Fig. 1, is indicated
in Fig. 2 by the curve Zs, which shows that it
shorts out harmonics in the frequencies which
are close to the range in which the series-reso-
nant tuning is provided, while having relatively
small efiect on the frequencies which are remote
from the series-resonant tuning.

The operation of my system, as shown in Fig. 1,
can therefore be briefly summarized as follows.
The supply-line reactance during the angle of
overlap (which is an inductive reactance), up to
the terminals of the rectifiers 21, 22, determines
the angle of overlap of the two rectifiers of each
pair of rectifiers. Preferably this reactance
should be sufficient to make the angle overlap
at least about 20° during each half-cycle during
maximum load-conditions, although in some
cases, an angle of overlap as high as 40°, or more,
might be desirable, while, at other times, any
material amount of angle of overlap might be
acceptable, when other features are used in ac-
cordance with my present invention. The over-
lap-controlling line-reactance always includes
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the anode reactors 21’’ and 22’’, because these
reactors are always connected in series with the
supply-side of the rectifiers 21 and 22.

In the case of the parallel-filters, such as
C4p'——R4p, CSp——RBp, and C'Zp—R‘Ep, the line-
reactance with which the parallel-filter capaci-
tors will be in parallel resonance is the line-
reactance as seen from the terminals of the par-
allel filter. This filter-effective line-reactance
will, or will not, include the anode-reactors 21’’
and 22'’, or either of them, depending upon
whether said line-reactors are included on the
line side, or the rectifier side, of the parallel-
filter terminals. The line-reactance has no effect
on the tuning or adjustment of the serieg filters.

The mutual coupling setween the anode-reactor
windings 21’* and. 22'’, and their series-circuit
connection with respect to the circulating or
commutating currents which flow when both rec-
tifiers are conducting, are desirable and novel
features. Because of the presence of air in the
magnetic circuit, the two reactor-windings, for
the best results, have to have their individual
coils carefully interleaved, as distinguished from
an arrangement whereby each of the two wind-
ings is' a compact unit spaced from the other
winding. The mutual coupling makes the core-
magnetization go from a maximum positive fiux
to. a maximum negative flux in successive half-
cycles, instead of going from positive to zero, or
from negative to zero, as would be the case if
two separate anode-reactors were used, without
any mutual coupling between them. The. size of
the double reactor is thus reduced, as distin-

guished from what would have been reauired ¢

if two uncoupled reactors were used.

The high series-circuit, or commutating-
current, reactance is desirable, in many rectifier-
powered vehicles, in order to produce some de-
sired slope or regulation in the speed-tractive
effort curves of the locomotive or car, and also
to produce a large angle of overlap, which is
necessary in order to reduce inductive telephone-
interference, as pointed out in my first-mentioned
copending application. But of even greater im-
portance is the fact that a large series-connection
circulating-current reactance is needed for the
purpose of limiting the magnit-"de of backfire-
currents, in case one of the tubes or rectifiers

should become conducting in the wrong direc-

tion, after its current-zero state has passed. It
is very necessary to limit such backfire-currents,
in order to avoid damage to the faulty rectifier,
and also to-avoid a power-outage condition due
to the operation of overcurrent fuses or breakers
(not shown).

The introduction of a considerable portion of
the supply-circuit reactance on the secondary
side of the. power-transformer i1, by means of
the ancde-reactance 21’* and 22’’, is particular-
Iy useful, also, in a system in which a plurality
of similar separate rectifier-powered motor-
equipments are operated from the same power-
transformer. If there are N rectifier-equipments,
energizing N direct-current moetors from the same
power-transformer {{, then the anode-reactors
21’'—22"" are N times as effective as g backfire-
proteciive means, when they are connected in
series with the individual pairs of anode-leads
21’, 22’, on the secondary side of the power-
transformer (!, than would he the case if an
equivalent amount of reactance (for some pre-
defermined value of regulation in the locomotive
speed-tractive effort curves), had been built into
the power-transformer: i1, or had been connected
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in series with the primary circuit of said trans-
former. This is true, because, when a backfiring
condition arises, it oceurs in only one rectifier
at a time, as a rule, and hence an individual
backfire-suppressing reactance-coil, which is
specially included in the circuit of that one trans-
former, is much more effective in reducing the
backfire-current than if the reactor had been
placed in the primary circuit where it is trav-
ersed by the currents drawn from all N rectifier-
assemblies where, for a predetermined regulat-
ing-effect and angle of overlap, it could have only

1

N

times the reactance it can have in the single
motor-current circuit,

The use of individual anode-reactors, on the
secondary side of the power-transformer is also
desirable, in my preferred combination in which
a plurality of rectifier-powered-motor-circuits
are energized from a common power-transformer,
because such anode reactors make possible the
choice of different amounts of supply-circuit re-
actances, which are effectively connected in
series with different ones of the plurality of
rectifier-assemblies. This makes it possible to
cavse the several rectifier-assemblies to draw
supply-currents which are slightly out of phase
with each other, thus throwing the high-order
harmonics considerably out of phase with each
other, and making it possible to make critical
groups of harmonies substantially balance each
other out, so that they do not appear in the
supply~circuit T where they would cause induc-
tive interference in the adjacent communication
system 8.

To a similar end, the connection of the par-
allel filters C#,—Rép, C8p—R8p and Ci2p—RI12;,

.on the rectifier or load-side of the anode-reactors

21’'—22’’ is quite desirable, in a system wherein

‘a plurality of separate rectifier-powered motor-

circuits are energized from the same power-
transformer i1. This connection makes it pos-
sible to use different sizes of parallel-filter ca-
pacitors Cép, C8p and Cl2p, which not only tune
the various parallel rectifiers to different fre-
quencies, thus in itself tending to throw the har-
moniecs out of phase with each other, but the
very considerable line-frequency capacity-cur-
rents, which are drawn by these parallel-filter
capacitors of different sizes, cause the supply-
currents which are drawn by the several rectifier-
assemblies to be out of phase with each other,
having different power factors, and this phase-
displacement, when multiplied by the order of
any particular harmonic, will produce a rather
significant harmonic phase-displacement, when
harmonics of the higher order are considered, as
pointed cut in my second-mentioned copending
application.

It is also desirable, as set forth in my first-
mentioned copending application, to make the
total inductance of each of the direct-current
circuits {3—I14—15-—17 sufficiently small to per-
mit at least a 20% ripple to be present in some
part of said direct-current load-circuit during
maximum short-time load-conditions, defining
the percent ripple as cne-half of the difference
between the maximum and minimum instantane-
ous values of the direct-current wave, divided by
one-half of the sum of said maximum and min-
imum values. In some cases, at least a 40%
ripple may be desirable. These are unusually
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high ripple-contents for the direct-current load-
circuit of any rectifier-assembly.

This high ripple-contact is made possible, in
rectifier-powered locomotive-installations and
the like, because the direct-current load-circuits
of srch installations are not subject to inductive-
interference considerations, because such circuits
do not extend in inductive-interference relation
to any communication circuit. Furthermore, it
has been found that the direct-current motors
1, 2 and 3 are much more tolerant of ripples than
was once assumed to be the case. Thus the rip-
ples do not substantially hurt the motors, and
they are very useful in reducing the harmonics
which are reflected back into, or produced in, the
alternating-current supply-circvit 7, which is
very much subject to inductive~interference con-
siderations.

mig. 3 is presented for the purpose of illustrat-
ing the fact that practically all rectifier-powered
trolley-energized vehicles will use alternating-
current or supply-circuit voltage-control, for con-
trolling the rectified voltage which is applied to
the motors, and thus controlling the speed of the
motors. Practically always, therefore, the power~
supply transformer, such as the transformer {1
which was shown in Fig. 1, will be a variable~
voltage transformer, and practically always, the
variable voltage will be obtained by means of
secondary taps 23 and 24 such as are shown on
the power-transformer {1’ in Fig. 3. Herein lies
another advantage of using my anode-reactors
2{’’ and 22’’, connected in series-circuit relation
in the anode leads 21’ and 22’ on the secondary
side of the power-transformer {{’. Thisis par-
ticularly true on low-voltage tap-connections,
when the effect of the transformation-ratic is to
make the line reactance, as seen from the second-
ary-winding taps, very small indeed, being rela-
tively negligibly small, whereas the effective re-
actance of the anode-reactance 24’’-and 22’’ re-
mains substantially the same under these low-
voltage conditions as under the high-voltage con~
ditions which prevail under normal running-con-
ditions of the motors. - :

Hence, my use of the anode-reactors 21'—22"*
provides a system where there is some substantial
amount of effective supply-circuif reactance in
series with the input-sides of the rectifiers 21
and 22, even during the lowest-voltage operating-
conditions of these rectifiers. This supply-circuit
reactance is desirable, in order to provide a cer-
tain amount of voltage-regulation, by which is
meant that the voltage which is applied to the
rectifier-powered motors will drop or fall off by
a certain amount as the motor-load increases,
and conversely, the motor-voltage will gradually
rise, by itself, as the motor-speed. increases dur-
ing the acceleration of the vehicle, this effect
being obtained without changing either of the
secondary taps 23 or 24 of the power-transiormer
{1’. A certain amount of this voltage-regulation
effect is quite desirable in reducing the number
of transformer-taps, and the number of contrel-
ler-notches which are required on the motor-con-
troller (not shown) which controls these taps.

Fig. 4 is a simplified diagrammatic view which
is illustrative of the possibility of connecting the
various filters (parallel filters and/or series fil-
ters), in different positions with respect to the
input and output sides of the several anode-re-
actances 21’'—22'" of the various rectifier-equip-~
ments which are energized from any given power-
transformer {{ on a locomotive or other rectifier-
powered trolley-energized vehicle,  In Fig. 4, the
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number of direct-current {raction-motors is
shown as six, which is a more usual number than
the three motors which are illustrated in Fig. i,
these six motors being indicated, in accordance
with the usual convention, by the numbers { to
6, respectively. )

In Fig. 4, it will be observed that two parallel-
filter circuits 31 and 32 are shown on the power-
input sides of the several anode-reactors 2i’’,
22’/; that is, connected across the secondary
winding 12 of the power-transformer {{. These
two parallel filbers may be tuned either to approx-~
imately the same frequency as each other or to
different frequencies, within the frequency-range
between the third harmonic and 900 cycles.

In Fig. 4, also across the input-sides of the
several anode-reactors 21’/-——22’’, that is, across
the power-transformer secondary-winding {2, I
have shown g series-filter circuit 83, which might
be tuned to approximately the same frequency as
one or both of the parallel filters 3{ or 32, or at
any lower harmonic frequency (higher than the
supply-line frequency).

Fig. 4 also shows, by way of examples, other
places where both the parallel and series filters
could be connected, either instead of the filter-
circuits 31, 32 and 33 which have just been de-
scribed, or in addition thereto. Thus, the first
pair of single-phase power-supply leads or anode-
leads 21’, 22’, of the No. 1 motor, are shunted,
on the rectifier-side of the anode-reactors
21''—22"", with a parallel-filter circuit 34 and a
series-filter circuit 35. A similar series-filter cir-
cuit 35 is shown also, in a similar connection,
across the anode-leads of all of the other recti-
fier-assemblies, which energize motors Nos. 2 0 6,
respectively. = A .parallel-filter circuit 34, con-
nected as just described, is shown also for the
rectifier-assemblies of the motors Nos. 3 and 4.
The rectifier assembly for the No. 6 motor is shown
as having a. parallel-filter circuit 86 which is
connected with one filter-terminal 38" on the
power supply .side of one of the anode-reactor
windings, such as 22’, while the other filter-ter-
minal 36’ is connected on the rectifier side of
the other anode-reactor winding 21’’. In the
case of the rectifier-assemblies for energizing the
motors Nos. 4 and 5, I have shown two crisscross-
connected parallel-filter circuits 36 and 27, each
having its filter-circuits connected on opposite
sides of the respective anode-reactor windings.

These various filters 31 to 37 may be tuned
in parallel and series resonance, as the case may
be, at any of the frequencies which have already
been discussed, either at all the same freguency,
or at different frequencies, for the purposes al-
ready stated.. ) .

I have found that there is a considerable dif-
ference in the operation of the filters, according
to their location with respect to the ancde-reac-
tors 21’'—22’’, 'This is particularly true of the
parallel filters, in which the filter-capacitors draw
and supply material amounts of filter-currents
during the respective capacitor-charging and ca-
pacitor-discharging periods of each half-cycle of
the line-frequency currents.

These filter-connection effects are closely re-
lated to the effects of the anode-reactances and
the effect of using a low-reactance power-trans-
former (i, as will now be described. In fact, it
is desirable that the power-~transformer reactance
shall be negligibly small, as compared with the
reactances of the various anode-reactors 21’ and

.22’', so that, during the commutating period,

when circulating current is flowing through both
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of the rectifiers 21 ang 22 of any given rectifier~
assembly, the impedance-drop, or the voltage
necessary fto drive the commutating current
through the reactance of the commutating cir-
cuit, will thus be consumed substantially entirely
in the anode-reactors 2{"’'—2%’’, and substan-
tially none of this commutsting-voltage drop
will be obtained across the terminals of the
power~-transformer secondary-winding {2. Hence,
the largeness of the angle of overlap will-cause
very little voltage-regulation in the transformer
windings. This feature is desirakle on: account
of other loads on the transformer.

Thus, when the terminal-potential of the right-
hang half of the secondary winding {2 first begins
to be more positive than the terminal potential
of the left-hand half, a circulating current will
flow through the anocde-reacter winding 22’’ of
the sncde-leag 22/, the newly fred rectifier 22,
the common cathode-civeuit 20, the previously
firing rectifier 21, and the other anode-reactor
winding 21’7 of the anode-circuif 21/, and thence
hack to the power-transformer secondary-wind-
ing 2.

The effects just deseribed are enhanced by the
presence of the filbers, particularly any parallel
filters such as 3, 22, 34, 38 and 27, because the
capacitors of these paraliel filters, as-a ruie, draw
larger charging and discharging currents than
do the capacitors of the series filters 33 and 35
which have material inductances associated in
series resonance therewith, as varts of their filter-
cireuits.

Thus, when only one filter is used, such as the
parallel-resonant filter-circuit 31 (Fig. 4), located
on the power side of the anode-reactors 21, 22",
the alternating-current wave-form, as deter-
nined in the primary circuit of the power-trans-
former i, has a shaps somewhat of the type
showxn at Va1 in Fig. 5, which doss not necassarily
represent the optimum design-conditions. How-
ever, if the flter had been connected on the recti-
fer-side of the anode-reactors £21'—22', as
shown at 84 in Fig. 4, the primary~circuit wave-
form would have had an appearance such as is
depicted at Vi in Pig. 5. It will ke noted that
the humps and hollows in the two wave-forms Vi
ang Va4 are approximately 180” cut of phase with
each other, so that, it one of the rectifier assem-
hlies draws a primary current of one-type, and
another rectifier-assembly draws pritnary- cur-
rent of the other type, or if ssveral rasctifier-
assemblies. draw currents of varicus intervening
types, there will be a considerakle amount of
wave-smoeothing. effect, due to the: simultaneous
flowing of the primary currents of all. of the
several types. This is true if the different motors
are energized from different siep-down trans-
formers .{{, or even from different seccndaries
(not shown) on the same transformer, or:if the
mutual transformer-reactance in the charging-
cirsuits of the different filter-capacitors is quite
small as compared to the anods-lead reactances.
In other words, if the reactance of the trans-
former {! is nexligibly small as compared to the
anode lead reactances, or with respect to the
power-line reactance, the above-described rip-
ple-canceling effects can he expected in the wave~
form of the total line-current.

Tt will be noted that the humps and depres-
sions on the wave-forms Vaiand Vi in Fig. 5 are
of rather low harmonic-orders (considerably
under the thirteenth harmonic, for example), so
that any harmonic-depressing effect, due to the
varied connections of the filters with respect to
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the power and load sides of the anode-reactors,
would be of benefit mainly from the standpoint
of obtaining more nearly sinuscidal total cur-
rents, than from the standpoint of suppressing
the high-order harmonics which are the ones
which cause the imost telephone-interferenca
troubles. Both the high-order and the low-order
harmonics ought to be suppressed, however, and
my present connections, as shown in Fig. 4, are
of considerable benefit-in this regard.

The positions of the series-filter circuits, such
a5 theeircults 33 and 3% of Fig. 4, with respect to
the power and load sides of the anode-reactors
217—22'", are also significant. Harmonics ar
generated in the inductance of the dirsct-current
motor-cireuit and enter the transformer-sec-
ondary-i2 at its midiap connaction. When only
one series-filter is used, and placed on the recti-
fier-side, as shown at 85 in Fig. 4, it provides a
path for the. circulation of harmonics flowing
in a eclosed path-inzluding ths  transformer-
secondary i 2 and the ancde-reactors 21’/ angd 22”7,
so: far as.its particular tuned frequency is con-
cerned, or any harmeonics close to that frequency.
The mutual reactance hetween the anocde-resc-
tors 21’7 and 22’ assists the mutual reactance
between . the two halvas of the transformer-sec-
ondary 12 in forecing these low-order harmonie
components of the circulating currents to flow in
equal strengths and opposite directions through
the twe halves of the transiormer-secondary 12.
The capacitor of the Slber 38 or 24 must charge
up at the beginnin~ of each line-frequency half-
cycle, through a charging circult inciuding the
anode-reactance, the transformear-reactance, and
the line-reactance, and the sum of these charg-
ing-circult resctances I. determines the critical
damping-resistance R—=L/C of the series filter
385. The. filter-capacitor dischargses through a
discharge-circuit which includes the almost-zero
reactance of the rectifier-tubes 21 and 22.

On the other hand, if only one serieg filter is
used, connected on the power-input side of the
anode-reactor transformer 2{’—22’’, as shown
at.33 in Fig. 4, the mutual anode-reactor coupling
does.not assist the flow of the harmonics in the
two halves of the transiormer-secondary (2. On
the contrary, the voltage-drop due to the fow of
the harmonic currents through one of the anode-
reactors 24’’ or 22, as the case may be, adds
to the volts per turn which must be generated
in the active half of the transformer-secondary
12, in order to force the harmonics to flow
through the inactive half and through the series
filter 33, and thence through the aforesaid ancde-
reactor 21’ or 22”’, and the direct-current eir-
cuit, and back to the midpoint of the trans-
former-secondary {2, Thus, the anode reactor
exercises a voltage-drop effect, in the case of the
power-side series filter 83, instead of having a
harmonic-balancing effect as in the case of the
rectifier-side series filter 33.

The capacitor of the power-side series filter
33 charges through only the line-reactance and
the transformer-reactance, and hence it has a
smaller critical damping-resistance (and hence a
smaller resistance-loss for a given size of capaci~
tor), than is the csss with the rectifier-side series
filger 83. The power-side filter 85 discharges its
capacifor through the anode-reactor reactance,
as well as the tube-reactance. If the reactances
of the charging and discharging circuits of this
power-side filter 28 are made equal, the critical
damping resistance will be the same for chargs
and discharge, and will be less than the damping
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resistance which is required in the rectifier-side
filter 33.

The same remarks regarding the charging and
discharging ecircuits, and the necessary amounts
of damping resistances, apply to the power-side
and rectifier-side parallel-filter circuits, such as
the circuits 3{, 32 and 24 of Fig. 4, as well as
to the series-filter circuits 33 and 35 which have
just been discussed.

One of the disadvantages of the parallel-reso-

nant filters of my first-mentioned copending ap--

plication was the necessity for adding a sufficient
damping-resistance, such as the resistance Rép of
Pig. 1, to suitably limit the charging and dis-
charging currents of the filter-capacitor, such as
the capacitor Cdp. These parallel-filter damp-
ing-resistances entail a certain amount of con-~
tinuous energy-loss, because the parallel-filter
capacitors (such as Cép) draw really material
amounts of line-frequency capacity-current from
the line. According to my present invention, it
is believed that smaller and less critical amounts
of damping-resistances can be used, in the paral-
lel filters, if some of these filters are placed on
the power side, and some on the rectifier side,

or crisscrossed in various ways, with respect to .

the anode-reactance, as shown and discussed in
connection with Fig. 4.

"~ An important advantage of rectifier-powered
locomotives is that they are operable on 60-cycle
supply-circuits, so that they do not need the
special 25-cycle power which is required by alter=
nating-current rectifications using series commu-
tator alternating-current motors. When 60-
cycle power is used, my various filters and filter~
connections become all the more important, be-
cause of the greater magnitude of the harmonic
interference-difficulties which arise when g 60-
cycle supply-circuit is used, rather than a 25-
cycle supply-circuit.

Many railway-electrifications already in ex-
istence, however, use a 25-cycle power-supply,
and it is necessary for my invention to be usable
successfully on such existing systems. In many
such 25-cycle railway-electrifications, cab-signals
are used (not shown), which are usually operable
on 100 cycles, corresponding to the fourth har-
monic of the supply-frequency. In such cases,
my fourth-harmonic series-resonant filters, such
as the filters CAFLQS—R‘;S, Clgs'——LQs'——Rés',
and Cé&s"'—L4s"'—R4s’’, will usually be necessary
or at least quite desirable, in order to avoid inter-
ference with the cab-signalling system, when
using rectifier-powered locomotives on the elec-
trified railway-system.

The relative advantages of the positions of the
filter connections, whether on the transformer-
side of the anode-reactors 2i’’—22’* or on the
rectifier-side, depend upon a number of consider-
ations. In general, when the rectifiers 2i and 22
have substantially no firing-delays, a rectifier-
side filter, such as the filter 34 of Fig. 4, is slightly
more efficient as an interference-noise-sup-
pressor, than a transformer-side filter such as
31 or 32. However, if any material amount of
delayed firing is used in the rectifiers 21 and 22,
the increased amount of inductive interference
which is caused by such delayed firing is much
better suppressed by a transformer-side filter,
such as &1 or 32, than by a rectifier-side filter
such as 34.

While I have described only a few extremely
simplified and illustrative or exemplifying forms
of embodiment of my invention, designed to be in-
dicative rather of the general principles of my
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invention than showing precise details of the
actual complicated connections such as would be
used in practice, I wish it to be understood that
my invention is not limited to the illustrated
forms or circuits. I desire, therefore, that the
appended claims shall be accorded the broadest
construetion consistent with their language.

I claim as my invention:

1. A rectifier-powered equipment, comprising,
in combination, a direct-current load-means, a
rectifier-assembly comprising at least two single-
phase rectifying devices of a type which be-
comes substantially non-conducting, after a con-
ducting period, only in response to a current-
decrease to substantially zero; a pair of single-
phase power-supply leads, connected to said two
rectifyving devices, respectively, at rectifying-
device terminals of one polarity; circuit-means
for connecting the other terminals of said two
rectifying devices to one terminal of said direct-
current load-means; the supply-circuit induct-
ance, up to said first-mentioned terminals of
said two rectifying devices, being sufficient to
cause the conducting periods of said two rectify~
ing devices to overlap for at least about 20°
during each half-cycle during maximum short-
time load-conditions; an untuned parallel-reso-
nant filter, connected in parallel-circuit relation
across said power-supply leads, with at least
a substantial part of said supply-circuit in-
duectance on the power-supply side of said paral-
lel-fi'ter connection, said parallel-resonant filter
comprising a capacitor and a damping resistance,
said capacitor having such capacitance as to be
in parallel resonance with the supply-circuit in-
ductance as seen from the terminals of said
paraliel-resonant filter, at a frequency in the
range between the third harmonic of the sup-
ply-circuit and 900 cycles, during at least some
operating-conditions; and a damped, series-res-
onance, tuned filter, connected in parallel-circuit
relation across said power-supply leads, with at
least a substantial part of said supply-cireuit
inductance on the power-supply side of said
series-filter connection, said series-resonance
filler comprising a capacitor and an inductor
which are tuned to apprroximately the same ire-
quency as said parallel-resonant filter.

9. The invention as defined in claim 1, charac-
terized by the parallel-filter resonance being in
the frequency-range between the third and fifth
harmonics of the supply-circuit.

3. The invention as defined in claim 1, charac-
terized by the parallel-filter resonance heing in
the frequency-range between the fifth harmonic
of the supply-circuit and 900 cycles; in combina-
tion with a lower-frequency damped, series-
resonance, tuned filter, connected in parallel-
circuit relation across said power-supply leads,
with at least a substantial part of said supply-
cireuit inductance on the power-supply side of
said series-filter connection,  said Iower-fre-
quency series-resonance filter comprising a ca-
pacitor and an inductor which are tuned to &
frequency in the range between the third har-
monic of the supply-circuit and the frequency
of the parallel-resonant filter.

4, The invention as defined in claim 1, char-
acterized by each of said two rectifying devices
becoming conductive when the supply-circuib
voltage reaches a relatively small value in the
polarity which is conductive for that rectifying
device.

5. The invention as defined in claim 1, charac-
terized by the direct-current load-circuit having
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4 total inductance which is sufficiently small to
permit at least a 20% ripple to be present in some
part of said direct-current load-circuit during
maximum short-time load-conditions.

6. The invention as defined in claim 1, charac-
terized by said power-supply leads including a
reactor-transformer having two closely ccupled,
substantially identical-turn windings and a com-
mon magnetic cireuit including an air gap, said
two reactor-windings being serially included in
said power-supply leads in such polarity that
the two reactor-windings are in series, produc-
ing a maximum reactance in the reactor-trans-
former, for the commutating currents which flow
between said two rectifying devices during their
overlapping conducting periods.

7. A rectifier-powered equipment, comprising,
in combination, a direct-current load-means, a
rectifier-assembly comprising at least two single-
phase rectifying devices-of a type which be-
comes substantially non-conducting, after a con-
ducting period, only in response to a current-
decrease to substantially zero; a pair of single-
pbhase power-supply leads, connectad to said two
rectifying devices, respectively, at rectifying-
device terminals of ome polarity; and circuib
means for connecting the other terminals of said
two rectifying devices to one terminal of said
direct-current load-means; the supply-circuit

inductance, up to said first-mentioned terminals «

of said two rectifying devices, being sufficient
to cause the conducting periods of said two recti-
fying devices to overlap during each half-cycle
during some load-conditions; and said power-
supply leads including a reactor-transformer
having two closely coupled, substantially iden-
tical-turn windings and a c¢ommon magnetic
circuit including an air gap, said two reactor-
windings being serially included in said power-
supply leads in such polarity that the two
reactor-windings are in series, producing a maxi-
mum reactance in the reactor-transformer, for
the commutating currents which flow between
said two rectifying devices during their over-
lapping conducting periods.

8. The invention as defined in claim 7, char-
acterized by said overlapping conducting periods
lasting for at least 20° during maximum short-
time load-conditions; and further character-
ized by the direct-current load-circuit having
a total inductance which is sufficiently small to
permit at least a 20% ripple to be present in
some part of saild direct-current load-circuit
during maximum short-time load-conditions.

8. The invention as defined in claim 7, in com-
bination with an untuned parallel-resonant filter,
connected in parallel-circuit relation across said
power-supply leads, with at least a substantial
part of said supply-circuit inductance on the
power-supply side of said parallel-flier connec-
tion, said parallel-resonant filter comprising a
capacitor and a damping resistance, said capaci-
tor having such capacitance as to be in parailel
resonance with the supply-cireuit inductance as
seen from the terminals of said parallel-resonant
filter, at a freguency in the range between the
third harmonic of the supply-circuit and 900
cycles, during at least some opersting-conditions.

10. The invention as defined in claim 9, char-
acterized by sald parallel-resonant filter being
connected on the power-supply side of said re-
actor-windings.

11. The invention as defined in claim 9, char-
acterized by said parallel-resonant filter being
connecied between the power-supply side of one
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of said two reactor-windings and the rectifier side
of the other reactor-winding.

12. The invention as defined in claim 9, char-
acterized by having two erisseross-connected par-
allel-resonant filters as defined in claim 9, each
connected between the power-supply side of one
of said two reactor-windings and the rectifier
side of the other reactor-windiag,

13. The invention as defined in claim 9, char-
acterized by said parallel-resonant flter being
connected on the rectifier side of said reactor-
windings.

14. The invention as defined in claim 9, char-
acterized by having two parallel-resonant filters
as defined in claim 9, one on the power-supply
side, and the other on the rectifier side, of said
reacter-windings,

15. The invention as defined in claim 9, in
combination with a damped, series-resonance,
tuned filter, connected in parallel-cireuit relation
across said power-supply leads, on the power-
supply side of said reactor-windings, said series-
resonance filter comprising a capacitor and an
inductor which are tuned to approximately the
saimne frequency as said parallel-resonant filter.

16. The invention as defined in claim 9, in
combination with a damped, series-resonance,
tuned filter, connected in parallel-circuit rela-
tion across said power-supply leads, on the rec-
tifier side of said reactor-windings, said series-
resonance filter comprising a capacitor and an
inductor which are tuned to approximately the
same frequency as said parallel-resonant filter.

17. Rectifier-powered equipment, comprising,
in combination, a plurality of similar direct-cur-
rent load-means, a rectifier-assembly for each
of said direct-current load-means, each rectifier-
assembly comprising at least two single-phase
rectifying devices of a type which becomes sub-
stantially non-conducting, after a conducting
period, only in response to a current-decrease
to substantially zero; a pair of single-phase pow-
er-supply leads for each of said rectifier-assem-
blies, each pair of power-supply leads being con-
nected to said two rectifying devices, respectively,
of their own rectifier-assembly, at rectifying-
device terminals of one polarity; circuit-means
for connecting the other terminals of said two
rectifying devices to one terminal of their asso-
ciated direct-current load-means: a common
single~-phase supply-circuit; and energizing-
means for energizing said plurality of pairs of
power-supply leads from said common single-
phase supply-circuit; each pair of power-supply
leads including a reactor-transformer having
two closely coupled, substantially identical-turn
windings and a common magnetic circuit in-
cluding an air gap, said two reactor-windings
being serially including in said power supply leads
in such polarity that the two reactor-windings
are in series, producing a maximum reactance in
the reactor-transformer, for the commutating
currents which flow between said two rectifying
devices during their overlapping conducting pe-
riods.

18. The invention as defined in claim 17, char-
acterized by said energizing-means being a com-
mon transformer for energizing a plurality of
rectifier-assemblies.

19. The invention as defined in claim 17, char-
acterized by a plurality of said reactor-trans-
formers having materially diverse reactances.

20. The invention as defined in claim 17, char-
acterized by a plurality of untuned parallel-
resonant filters for each of a plurality of pairs
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¢t power-supply leads, edch parallel-resonant
filter being connected in parallel-circuit relation
across their power-supply leads, each parallel-
resonant flter comprising a- capdcitor and a
damping resistance, said capaciter having such
capacitance as to be in parallel resonance with
the supply-circuit inductancs as seed from the
terminals of said parallel-resonant filter, at a
frequenicy in the range between the third har-
monic of the supply-circuit and 900 cycles, dur-
inig at least some operating-condifions.

21. The invention as defined in claim 29, char-
acterized by a plurality of parallel-resonant filfers
beirig diversely connected with respect to the
reactor~windings of their respective power-sup-
ply leads.

22. The inventicn as defined in claim 20, char-
acterized by a plurality of parallel-resonant
filters being diversely rescnant in parallel reson~
ance at different freguencies..

23. The invention as defined in ¢ldim. 22, char-
acterized by each of a plurality of said diversely
resonant parallel-resonant filters having &t least
one of its terminals connected to:ils associated
pawer-supply lead cn the rectifier side of the
associated reactor-winding,

24. The. invention as defined in claim 23, in
combination with a plurality of damped, series-
resonance, tuned filters, counnected in parallel-
circuit relation across a plurality of pairs of
power-supply leads in complementary relation to
said plurality of diversely resonant  parallel-
resonant filters, each series-resonance filter com~
prising a capacitor ang an induactor which are
tuned to approximately the same frequency as
their associated parallel-resonant filter;

25, A rectifier-powered equipment, comprising,
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in cornbination; . direct-current lozd-means, &
rectifier-assembly comprising at least two single=
phdse rectifying devices of g type which becomes
substantially non-conducting,. afser 4. conducting
period, only in response to a cuivent-decrease to
subsfantially zero; 4 pdir of single~-phass power~
supply leads, connected te sald two. roctifying
devices, respectively, gt rectifying-device ter-
rgcting the othisr termirials of said two rectifying
devices t6 one tsiminal of said direct-ciirrent
load-tagans; o singlé-phdse supply-circuit; atid
a. varidble-voltage transformer coniected he-
tween said singlesphigse supply-circuit and said
sirigle-phase powsr-supply leads; said power=
supply leads including a resctor-frarisformer hav-
itig two closely coupled, substantially identical-
turn windirigs and g ¢ommon maghnetic eircuit inv
cludinig an airr gap, said two reactor-windirigs be-
ing serially included in said power-supsly leads
in such polarity that the twe: reactor-windings
the réaefor-transformer, for the comnuitating
currents which flow between said two rectifying
devices during their coverlapping condticting
periods.
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