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(Cl 171—97)

20 Claims.

This invention relates to power systems and
shunts for .reducing - harmonics therein. Al-
though not restricted thereto, the invention is
particularly applicable to power lines having con-
siderable distributed capacitance fed by supply
systems having considerable inductance, such

" lines having, by virtue of such capacitance and
inductance, a normal resonance at a frequency

in the voice frequency range and especially be-

tween 500-and 2,000 cycles. A Further, while the
most frequent reason for using such shunts is to
prevent interference with paralleling telephone
or other communication lines, such shunts are
often desirable to improve the power transmis-
sion efficiency of power lines. Large amounts of
harmonics may create serious fluctuations In the

voltage, noise in radio sets connected to the line,.

increased losses, and other objectionable effects.

This application is a continuation-in-part of,
. 20
For many power systems, whether of the above.

Patent No. 2,212,963, issued August 27, 1940.

specific type or not, it is advantageous to use a
shunt comprising an inductance element in serles

with a capacitor. However, as the lmpedance of.

the ordinary inductance element increases pro-
portionately to the frequency, it follows that such
a series shunt offers high reactance to the flow
of high frequency current. Consequently, while
the shunt may prevent resonance between the
line and the supply system at some frequency
over 500 and may act as a short circuit for cur-
rents of the particular frequency at which the
shunt itself is resonant, it may not to any great
extent by-pass other high-frequency current
originating in either the supply system or the
loads thereon.

One of the objects of the invention is to pro-
vide an improved form of shunt or network of
shunts which destroy resonance in both the bal-
anced and residual circuits at any frequency,
whereby the necessity for elaborate and careful
investigation of the line characteristics is
avoided.

Further, line characteristics change from time
to time as the Tesult of line extensions and con-
nected load. Such changes also change the reso-
nant frequencies so that a device is required
which will destroy resonance irrespective of
frequency.

Another general object of the invention is to
provide an inductive element, the inductance of
which does not increase proportionately with fre-
quency. Such an inductive element reduces the
reactance of the shunt for frequencies above that

at which the_;hunt itself is rgsona.nt a.nd_ ma.kes_

the shunt act more nearly like a resistance above

the resonant frequency.

Such a variable inductance may be constructed
by using a high-loss iron core or by placing &
resistance in parallel with an air-core coll, or

" by a combination of both methods, 1. e., an iron-
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core coil with a resistance in parallel therewith,
or by short-circuited turns using an air core, or
by short-circuiting the turns through a resist-
ance, if an iron core is used. Shunts of the above
type may be used to advantage with re..ifilers
and other loads creating large amounts of har-
monics. Usually the volume of harmonics created
by such load is so large that a single simple
capacitor shunt cannot reduce them sufficiently
to give good telephone service in nearby lines.
The above-mentioned variable inductance shunts
are, however, so much more efficient that they
can be used in many cases where otherwise a
plurality of tuned shunts would have to be em-
ployed. When used to reduce harmonics created
by one particular load, such as a large rectifler,
it is desirable to place the shunt adjacent the
load. However, the harmonics generated by the
usual loads, such as those arising from trans-
former exciting currents from transformers dis-
tributed along the line, can be taken care of
by my improved shunt substantially irrespective
of the location of the shunt, where resonance
occurs in the voice frequency range between the
supply system inductance and the line capaci-
tance.

The chief specific object of the invention is to
extend this principle to the point at which the
reactance of the inductive element actually de-
creases with frequency above, say, 500 cycles at
about the same rate as the reactance of a capaci-
tor decreases with frequency. By proper selec-
tion of the constants of the capacitor and of the
inductive element, the two reactances may be
made substantially equal and so cancel each other
over a wide range of frequencies in the usual voice
range. The shunt over such range acts substan-
tially like a pure resistance.

Another specific object is to provide a sub-
stantially non-resonant shunt which at the fun-
damental frequency, usually 60 cycles, acts as if it
were substantially a pure capacitance, while
from, say, 300 cycles upwards, it acts as if it were
substantially pure resistance, the value of which
can.be predetermined. Such a shunt has a num-
ber of important applications.

It can be used to terminate a line with a shunt
which at frequencies well above the fundamental
frequency acts like a relatively low resistance
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and thus prevents the building up of harmonic

currents due to reflection. Reflection is strong- .

est when the load on the line is weakest and
is substantially absent when the balanced and
residual circuits are terminated by a resistance
equal to the respective characteristic balanced
and residual impedances of the line. 'The char-
acteristic impedance of a power line is repre-
sented approximately by \/L/C, L and C being
the inductance and capacitance constants of the
line per unit of length. For an average over-
head single-phase line this is in the order of 500
ohms. For an average three-phase line it Is in
the order of 300 ohms,

Such a shunt acts as a wattless load at the

fundamental frequency, but as a resistance load

at the harmonic frequencies. It is not always
necessary to place it at the end of or adjacent the
end of the line. It may often be used to advan-
tage near the middle of the line, especially when
the telephone exposure is near the end of the
power line.

The above form of shunt is also useful as a
means for reducing the flow of harmonics from
the supply source, whether they originate in the
generator or supply transformer. In fact, the
best arrangement is where one non-resonant
shunt is placed across the line adjacent the sup-
ply transformer and the other is used to termi-
nate the line,

The preferred form of shunt forming the sub-
Ject-matter of the present invention consists of
two parts in series with each other. The first is
a capacitor which offers very considerable im-
pedance to 60-cycle current. 'The second consists
of a reactor and a resistor in parallel, the con-
stants of which are chosen so that at 60-cycle
current the impedance of the reactor is consider-
ably less than that of the resistor. As a result
the greater part of the 60-cycle current which
the capacitor permits to flow goes through the
reactor. As the current through the capacitor
and reactor is wattless, it follows that Iittle of the
60-cycle current passing through the shunt is
expended in useless generation of heat.

Various suitable applications of the invention
are illustrated diagrammatically, by way of ex-

ample, in the accompanying drawings, wherein: ]

Fig. 1 illustrates a single-phase power system
paralleling a telephone line and embodying the
present invention;

Fig. 2 illustrates a single-phase power system
embodying a non-resonant shunt constructed in
accordance with the present invention:

Fig. 3 illustrates a three-phase power system
with shunts similar to those shown in Fig. 2;

Fig. 4 Is a graph showing various reactance-
frequency relationships; and

Fig. 5 is a graph showing further reactance-
frequency relationships.

As shown in Fig, 1, 10 represents a power line
supplying energy to a second multigrounded sin-
gle-phase power line Il by a transformer 12. A
telephone line running parallel to and in close
proximity to the power line Il is indicated by
{3. Across the line 11, preferably before it comes
near the telephone line, is connected a shunt des-
ignated generally as {4 for reducing the higher
harmonic currents in the line 11 beyond its point

of connection. If a resonant condition exists be- ¥

tween the supply system inductance and the line
capacitance, harmonics in the vicinity of the
resonance point and originating either in the
supply system, load transformers, or loads will
be increased by such resonance. The shunt 14
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adjacent the supply system will destroy this res-
onance condition, thereby reducing the har-
monics, from hoth the supply system and loads.

However, when the line Il is near or above
one-quarter wave length at important frequen-
cies, it may be necessary to place a second shunt
toward the far end of the line to prevent the
build-up of harmonics from resonance in the line
itself. This second shunt would be especially
important if a harmonic generating load such as
a rectifier R were out on the line. The second
shunt {4, placed adjacent the rectifier, will act
as an additional preventative to the flow of har-
monics back toward the first shunt as well as
outwards toward the open end of the line.

Each shunt comprises a capacitor 15 and a
reactor 16 in series therewith. The reactor 8 is
provided with an iron core constructed so that
it has relatively high eddy current losses at fre-
quencies in the usual voice range. With an iron
core having thick laminations, the reactance of
the coil does not increase nearly as rapidly with
frequency as would be the case if such iron core
or its equivalent were not used.

As a capacitor acts as a short-circuit for light-
ning discharges, while an inductance blocks them
due to the very high frequency (steep wave front)
of such discharges, a gap shunt 11 is, to advan-
tage, connected around the reactor to by-pass
such discharges. Since the 60-cycle voltage
across the reactor is relatively small, there is no
tendency for power follow-up after the gap
breaks down from surges.

The power system and shunt arrangement of
Fig. 2 is broadly similar to Fig. 1, but the shunts
18, 19, and 29 are markedly different in that a
resistor 23 is connected in parallel with the re-
actor 22 to enable the inductive reactance of the
combination of resistor and reactor to decrease
with frequency above, say, 500 cycles at about the
same rate as the capacitance reactance of the
capacitor 21.

The shunts may have a condenser in series
with the resistor, such as the condenser 45 of
shunt 19, to reduce the power loss at the funda-
mental frequency and lower the frequency at
which the shunt as a whole acts substantially as
if it consisted solely of the resistor.,

To avoid making the insulation on the reactor
unduly heavy, gap shunts 24 may be provided, as
shown, to short-circuit lightning discharges.

While air-core inductance cofls may be used
when they are connected in parallel with a re-
sistor, iron-core coils are ordinarily used as be-
ing cheaper. Since the circuit is essentially
high loss circuit at harmonic frequencies, the so-
called “figure of merit” Q of the reactor can b
small in comparison with the Q of reactors de
signed for conventional resonant shunts. Iror
cores tend to generate harmonic currents, th
greater the flux density the greater the volume o.
harmonics. Hence where reactors have beer
used previously, as in shunts tuned to one par-
ticular frequency, it has been customary to use
air cores instead of iron cores. I have found that
when a reactor and a resistor are used in parallel,
the resistor very greatly reduces the volume of
harmonics, so that the flux density may range
between 30,000 and 50,000 or even 60,000 lines
per square inch without causing trouble.

As shown, there are three such shunts, one 18
near the supply transformer to prevent harmon-
ics generated in the supply system reaching that
part of the line which parallels the telephone
line, & second 19 to prevent harmonics generated
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by a particular load, such as the rectifier R, and
a third 28 acting as a line termination shunt to
prevent the building up of harmonic currents due
to reflection. In general, the use of any one of
the shunts (8, 19, and 20 reduces the ground re-
turn harmonics in all parts of the line, so that
all three are needed only in exceptionally bad
situations. It is especially noteworthy that the
shunt 18 will very greatly reduce the flow of har-
monics from the rectifier R to the end of the line
and that even if the shunt (8§ is not used, the
line terminating shunt 20 will largely prevent
the rectifier R sending harmonics along the line
toward the supply transformer (2 by destroying
resonance,

Attention is also called to the fact that when
a shunt is used at the supply end only on a very
long line the harmonics originating in the loads
may still give rise to important resonance ef-
fects. This resonance is prevented by the use
of a terminating shunt toward the end of the
line, although not necessarily at the precise end.
Good results are often obtained where the shunt
- is half-way or two-thirds the way to the end.

Rural power systems frequently consist of a
network of lines with numerous branches, and the
impedance curve of the system is often complex
due to secondary reflections from the branch
lines. To prevent these reflections, the branch
lines which are electrically long at harmonic
frequencies may be terminated in addition to
the main line termination. It is also possible to
break up these reflection effects by a number of
terminating networks distributed along the line,
the individual networks having relatively high
impedance (such as 1,000 or 2,000 ohms) com-
pared with the characteristic impedance of the
line. In the case of an electrically long single-
phase branch from & three-phase four-wire sys-
tem, a simple and inexpensive treatment would
consist of a few low-voltage non-resonant shunts
on the 110- or 220-volt windings of load trans-
formers along the line at a spacing of, say, one
1 kv.-a shunt per mile. Fig. 3, shunt 43, illus-
trates this type of application.

In the case of a single-phase branch consisting
of two phase wires from a three-phase system,
a termination connected between the phase wires
will not prevent resonance in the residual cir-
cuit. In a single-phase line of this type, a ter-
mination should be connected between each wire
and ground. An alternative arrangement would
consist of a three-phase termination or non-
resonant shunt to ground on the three-phase line
at or near the point where the single-phase
branch connects to the three-phase line. This
latter arrangement may be used to reduce the
earth currents due to the unbalancing effect of
a single-phase branch from three-phase lines
of any type, i. e., delta, unigrounded, or multi-
grounded systems. In the case of the uniground-
ed system, the preferred arrangement would in-
clude a termination connected between the neu-
tral wire and ground.

In the average three-phase rural power sys-
tem the impedance of the three phases will differ
due chiefly to differences in the lengths and loca-
tions of single-phase branches. Consequently,
the resonance between the line capacitance and
the supply system inductance will occur at a
different frequency for each of the three phases.
This results in relatively large residual currents
in the three-phase section at the non-triple har-
monic frequencies (5, 7, 11, etc. harmonics),
which in a balanced system would have 120°
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phase relationship between phases and therefore
cancel in the residual circuit. A non-resonant
shunt connected to ground as in Fig. 3 and lo-
cated either adjacent a high impedance supply
system or at a considerable distance from the
supply transformer, when the latter is very large,
will be particularly effective in reducing the
residual currents in both directions from the
shunt, due to destruction of resonance in the
residual circuit and to a balancing action tend-
ing to bring the non-triple components into 120°
phase relationship. Similarly, a terminating
network toward the end of a long line will tend
to equalize the impedance of the three phases
and be particularly effective in reducing residual
components. This action is important because
it is usually the residual current (or more spe-
cifically the current which appears as an earth-
return current) that controls the overall influ-
ence of & power line on paralleling communica-
tion circuits.

The resonant frequency of the residual circuit
of a power line will usually differ from the reso-
nant frequency of the balanced circuit due to
such factors as loads and Y-delta transformers
with grounded neutral. The non-resonant
shunts described in this application due to their
non-selective characteristics are effective irre-
spective of the resonant frequencies.

Situations are sometimes encountered in
which a pronounced condition of resonance ex-
ists In a long, high-voltage transmission line
such as 60,000 or 110,000 volts. A terminating
network placed directly on a line of such high
voltage is expensive due to the high voltage rat-
ing required for the capacitors. Such lines gen-
erally supply large load centers through step-
down transformers and in such cases the reso-
nance in the high voltage line may be destroyed
by connecting a non-resonant shunt across the
low-voltage windings of one or more load trans-
formers or the line adjacent thereto. This per-
mits a cheaper installation since lower-voltage
capacitors may be used.

Fig. 3 shows a series of Y-connected non-reso-
nant grounded shunts of the type described in
connection with Fig. 2, applied to a three-phase
four-wire power line. Y-connected grounded
shunts are usually preferable to either unground-
ed Y-connected or deita-connected shunts be-
cause the former are capable of destroying reso-
nance in the residual as well as the balanced
circuits, while the latter do not destroy resonance
in the residual circuits. A paralieling communi-
cation line is indicated diagrammatically at 32.
In this case the three-phase conductors 26 are
fed from a suitable delta-star transformer 28.
A non-resonant shunt network 28 is connected
between the conductors 26 and the neutral 27
adjacent the supply transformer.

This shunt network comprises three shunt
units, each consisting of a capacitor, reactor and
resistor, as in the case of the shunts 18, (9, and
20 of Fig. 2. One end of each shunt unit is con-
nected to & common or neutral point 28 con-
nected by a conductor 30 to the neutral 31.

Toward the open end of the line is a terminat-
ing shunt network 33 comprising three shunt
units 34, each consisting of a capacitor, reactor
and resistor. These units are connected to-
gether at 36 and this common or neutral termi-
nal is connected through a unit 35, similar to 34
except that no capacitor is used, to the neutral
3(, where, as shown, the neutral is multigrounded,
to provide a ground connection.
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* The effect of the unit 35 is to shift the mini-
mum point of the residual impedance of the
network to a lower frequency than that of the
units 34. For example, if the units 34 are de-
signed to have a minimum point at 300 cycles, the
constants of the unit 35 may be chosen to give
a minimum point at 180 cycles in the residual
circuit. This would be advantageous, for ex-
ample, where the magnitude of the 180-cycle
component from transformer exciting currents
was sufficiently great to require correction. In
general, however, where the shunts 34 are de-
signed for a minimum point as low as 300 cycles,
the neutral element 35 is not required. The im-
pedance of the shunt to residual components in
such case will be one-third the impedance of
unit 34.

-If it is desired to terminate both the balanced
and residual circuits in substantially a pure
resistance at harmonic frequencies and equal
to the characteristic impedance of the line, the
unit 35 should include a capacitor, and the
constants chosen such that units 34 match the
characteristic impedance of the balanced circuit
of the line (usually around 350 ohms) and unit
35 in series with the parallel impedance of units
34 matches the characteristic impedance of the
residual circuit of the line (usually around 250
ohms). This four-capacitor arrangement is,
however, more expensive and a sufficiently close
impedance match is obtained in practice with
capacitors in units 34 only.

Cénnected to the power line is a single-phase
extension 40 supplying power to the primary of
a transformer 41. 'The secondary of such trans-
former supplies power to a load I through line
42, Across the line 42 is connected a non-res-
onant shunt 43 of the type above described.
The shunt 43 prevents the extension line from
acting as a capacitance when the load L is zero
or very small and hence greatly reduces reflec-
tions, resonance and other injurious effects.
The line 42 although short may, especially in
conjunction with its feeder line 40, be regarded
as a power line.

The operation of the non-resonant shunts of
Fig. 3 will be explained by assuming the following
values for the constants of the shunt:

Capacitor__1.76 mfd. capacitance or C.

Reactor-___185 milihenries inductance or I.

Resistor____370, 500, 740, 1300 and «» ohms re-
sistance or R.

~

These constants are suitable for shunts for a

three-phase 12 kv. power line using 6900-volt
capacitors (voltage from line wires to neutral).

Curve A of Fig. 4 represents the variation in
reactance with frequency of the above-men-
tioned capacitor. Curve B shows the same thing
for the reactor, when R is ». Curve C shows the
variation with frequency of the reactive com-
ponent of the total impedance of the reactor
and resistor combination when R is 1300 ohms.
Curves D, E, and F show the corresponding re-
lationships when R is 740, 500 and 370 ohms,
respectively. It will be noted that, when R is
370 ohms, from 500 to 2,000 cycles and ahove,
curves A and F almost coincide, i. e., the capaci-
tive and inductive reactances of the shunt are
substantially equal and, being 180° out of phase,
neutralize each other.

The vector sum of the reactances indicated by
the curves A and F is plotted in Pig. 5 as curve
H. Curve G is the resistance component of the
total impedance of the reactor and resistor cdm-
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bination when R is 370 ohms. The vector sum
of the resistance curve G and the reactance
curve H is plotted as curve J. It will be noted
that the over-all impedance of the shunt has
a minimum point of 210 ohms at around 300
cycles from which point it increases asymptot-
ically towards 370 ohms.

While such a shunt as that just described has
a minimum impedance point, the differences be-
tween the impedance at that point and at higher
frequencies is so small compared with those ob-
tained with straight capacitance and inductance
shunts that this shunt may be termed a non-
resonant shunt. To show how markedly dif-
ferently my shunt operates from straight capac-
itance and inductance shunts, curve K has been
added which represents the over-all reactance
of a shunt having the same C and L, but having
R=w=, 1, e., when the shunt has only capacitance
and inductance.- .

If it is desired to retain the minimum point
at around 300 cycles, as shown in Fig. 5, but
change R to some other value than 370, the
requisite corresponding alterations in C and L
can be computed from the following formulas:

R=21,
L=325/C
where

R=resistance of the resistance element in ohms
L=inductance of the reactor in milihenries
C=capitance of the capacitor in mfds.

If, instead of changing R, L, and C simultane-
ously, two only are changed, then the point at
which the minimum point occurs and also the
point at which the curves A and F substantially
coincide will be changed. :

Taking 300 cycles as f, then a minimum point
at af cycles is obtained, with C fixed, by making

the inductance
L
a2

and the resistance

; R
I

‘The following table gives the values of R and
L for C fixed at 0.88 mfd.

Frequency of

R L C minimum
point
1,480 1,480 0.88 150
1,100 840 0.88 200
740 370 0.88 300
370 92 0.88 600
222 33 0.88 1,000
148 15 0.88 1, 500

It will be noted that the ratio of R to L
changes from around 1:1 to 10:1 as the fre-
quency of the minimum point goes up from 150
to 1500 cycles. A ratio of 1:1 in the balanced
circuit results in substantial losses at 60 cycles
and usually the ratio is around 2:1 or more. For
the residual circuit lower ratios may be used
as there is substantially no 60-cycle current to
be contended with. .

To change the relative values of C, L, and R
for any desired minimum point, the first set of
formulas is used. It will be noted, by applying
the formulas to the figures given in the table,
that for any fixed values of R and L, the value
of C may be decreased by raising the frequency
of the minimum point.  Hence, from the point

- of view of cost alone, the higher the minimum
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point the better. From the purely operative
point of view, the reverse is usually true, ’

If a line-terminating shunt has a minimum
point at a relatively high frequency, say 1,500,
then resonance between the shunt on the one
hand and the supply system and line between
such system and the shunt on the other hand may
occur at some frequency below 1,500 cycles. If
such shunt were tuned with the supply system
and intervening line to resonate at 250 cycles,
then the 180- and 300-cycle current from the
supply system would travel the entire length of
the line. Also any 180- or 300-cycle currents gen-
erated by the loads on the line would be increased.
Usually, however, the 180- and 300-cycle current
is of negligible importance. Where the 180- and
300-cycle currents are of importance, R should
equal 3L or less.

Even with the shunt near the supply system,
it is advantageous to use one with a relatively low
minimum point when there is a large amount of
low harmonics as it reduces the fiow of both
low and high frequencies. Thus, with an abnor-
mal amount of 300-cycle current, a shunt with
& minimum point around 300 is advantageous
although the cost is greater than for a shunt witk
a minimum of 600. If the low harmonics are not
important, then a shunt with a high minimum
point tuned with the supply system can be used,
because, while the low harmonics may be in-
creased, that increase often is of small conse-
quence and the installation cost is reduced by
cutting down the size of capacitor required.
Where a shunt having a high minimum point,
say 1,000 to 1,500 cycles, is located adjacent the
supply system, the constants of the shunt should
be such that the shunt resonates with the supply
system at below 500 cycles, preferably at about
250.

In some cases, particularly where the line it-
self has considerable distributed capacity, it is
desirable that the inductive reactance component
of the line-terminating shunt be in excess of its
capacitive reactance component. Such a condi-
tion would result from the constants represented
by curves A and E, or in some instances A angd D,
of Fig. 4. In that case the distributed capacity
of the line largely, if not wholly, cancels out the
excess inductive reactance of the shunt. Such
shunt is especially adapted for terminating a
power line. vy

Where a terminating network is designed to
match the characteristic impedance of the line
and is located at the end of the line, the line im-
pedance, as seen from the sending end, is prac-
tically a pure resistance, Where it is desired to
terminate a line in its characteristic impedance,
R should be around 500 ohms for single-phase
and 300 ohms for three-phase lines. The chief
advantage of such a shunt is that it can be ap-
plied to any power line irrespective of its length.

That does not mean, however, that in any par-
ticular case where the reduction of harmonics
is the sole desideratum R may not vary widely
from the figures above given. Ome function of
the termination shunt is to introduce losses in
the line at harmonic frequencies and thereby
damp out resonance effects. This last statement
applies also to shunts adjacent the supply system
or between the ends of the power line.

A three-phase line termination shunt may be
connected so as to terminate the line only as re-
spects the residual circuit. In that case the phase
reactors are omitted and the three capacitors
are each connected at one end to each other and
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at the other end tc one of the phase wires. The
common or neutral terminal of the capacitors is
connected through a reactor and resistor in par-
allel to ground.

This arrangement may be used where the res-
onance in the residual circuit only of the line
is the important factor. This often occurs when
the line is supplied by a direct-connected gener-
ator with its neutral grounded. With direct-con-
nected generators, the triple harmonic frequen-
cles are so outstanding that often they are all
that have to be considered. To eliminate the
effect of these triples, it is not essential to place
a reactor-resistor combination in series with each
of the three capacitors, one of such combinations
in the line connecting the three capacitors to
ground being sufficient. Usually an over-all im-
pedance of 250 ohms is sufficient, considering the
three capacitors as being in parallel and in se-
ries with the reactor-resistor combination.

I claim:

1. A power line system having a shunt across
the power line for reducing currents therein of
higher frequency than the fundamental, includ-
ing a capacitor and in series therewith an induc-
tive element having a reactance which does not
increase as rapidly as the frequency of the cur-
rents flowing therethrough in the usual voice fre-
quency range,

2. A power line system having a shunt across
the power line for reducing currents therein of
higher frequency than the fundamental, including
a capacitor and in series therewith an inductance
coil having an iron core having high eddy current
losses in the usual voice frequency range.

3. A power line system having a shunt across
the power line for reducing currents therein of
higher frequency than the fundamental, inciud-
ing a capacitor, a reactor in series therewith and
a resistance, the reactor and resistance being
connected in parallel with respect to each other.

4. In combination with a power line, a supply
system therefor having inductance, and a shunt
connected across the line to reduce the currents
therein of higher frequency than the fundamen-
tal, such shunt including a capacitor and in se-
ries therewith an inductive element, the reactive
component of which increases markedly less rap-
idly than the frequency of the currents flowing
therethrough in the usual voice frequency range,
the capacitive reactance of the shunt being equal
to the combined inductances of the supply sys-
tem and shunt at a frequency well below 500
cycles.

5. In combination with a power line, a supply
system therefor having inductance, and a shunt
connected across the line to reduce the currents
therein of higher frequency than the funda-
mental, such shunt including a capacitor and in
series therewith an inductive element, includ-
ing an inductance coil and a resistance, the coil
and resistance being connected in parallel with
respect to each other, the capacitive reactance
of the shunt being equal to the combined in-
ductances of the supply system and shunt at a
frequency well below 500 cycles.

6. A non-resonant shunt for reducing cur-
rents of higher frequency than the fundamental
in power lines, comprising a capacitor and a
reactor connected in series with each other, and
a resistor connected in parallel with the reactor,
the impedance of the three parts of the shunt
being so proportioned to each other that over
a wide range of frequencies the reactive com-
ponent of the reactor and resistor combined is
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of the same order of magnitude as the react-
ance of the capacitor.

7. In combination with a power line fed from
a supply system by a transformer, a shunt con-
nected across the power line adjacent the trans-
former, such shunt comprising a capacitor and

. 8 reactor connected in series with each other,
and a resistor connected in parallel with the
reactor, the impedance of the three parts of the
shunt being so proportioned to each other that
over a wide range of frequencies the reactive
component of the reactor and resistor combined
is of the same order of magnitude as the react-
ance of the capacitor.

8. A non-resonant shunt for preventing the
building up of high frequency currents due to
reflections in power lines comprising a capacitor
and a reactor connected in series with each
other, and & resistor connected in parallel with
the reactor, the impedance of the shunt in the
usual voice frequency range being about equal to
the characteristic impedance of the power line,

9. In combination with a power line, a sup-
ply system therefor, a shunt connected across
the power line adjacent its end farthest from the
-sald supply system, said shunt comprising a ca-
pacitor, a reactor connected in series with the
capacitor and a resistor connected in parallel
with the reactor, the total impedance of the

shunt in the usual voice frequency range being -

about equal to_the characteristic impedance of
the power line.

10. In combination with a power line system,
a load thereon of & type creating harmonics
and a communication line running parallel to
the power line, a capacitive shunt having high
capacity relative to inductance connected across
the power line between the point of supply of
power to the power line and a point not great-
ly beyond that at which the parallel relation
between the two lines begins and a second ca-
pacitive shunt having high capacity relative to
inductance connected across the power line be-
tween the harmonic-generating load and a point
not beyond that at which such parallel relation
ends, to reduce a plurality of the higher har-
monics in that section of the power line system
which runs parallel to the communication line.

11. In combination with a power line having
considerable distributed capacitance fed by a
supply system having a relatively high induct-
ance and having, by virtue of such capacitance
and inductance, a normal resonance at a fre-
quency between 500 and 2,000 cycles, a shunt
across the power line including both a capacitor
and an inductive element having impedances
such that the resonant frequency of the power
Iine and supply system is reduced to below 500
cycles, the inductance element having a react-
ance which does not increase as rapidly as the
frequency of the currents flowing therethrough
to reduce the flow of currents of higher fre-
quency than 500 cycles in the power line.

12. In combination with a power line having
considerable distributed capacitance fed by a
supply system having a relatively high induct-
ance and having, by virtue of such capacitance
and inductance, a normal resonance at a fre-
quency between 500 and 2,000 cycles, a shunt
across the power line, such shunt comprising a
capacitor and a reactor connected in series with
each other, and a resistor connected in parallel
with the reactor, the impedance of the three
parts of the shunt being so proportioned to each
pther that at around 500 to 1,000 cycles the re-
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active component of the reactor and resistor com-
bined is of the same order of magnitude as the
reactance of the capacitor, to destroy resonance
above 500 cycles and to reduce the fiéw of cur-
rents of higher frequency than 500 cycles in the
power line.

13. A three-phase power line system. having a
Y-connected shunt across the power line for
reducing currents therein of higher frequency
than the fundamental, including a capacitor in
each branch of the shunt and a connection be-
tween the neutral point of the shunt and the
ground, said connection having in series there-
with a reactor and resistor in parallel with each
other. ’

14. A three-phase power line system having
@ Y-connected shunt across the power line for
reducing currents therein of higher frequency

- than the fundamental, including a capacitor and
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in series therewith a reactor and resistor in
parallel with each other in each branch of the
shunt and a connection between the neutral point
of the shunt and the ground, said connection
having in series therewith a reactor and re-
sistor in parallel with each other.

15. A three-phase power line system having
a Y-connected shunt across the power line for
reducing currents therein of higher frequency
than the fundamental, including a capacitor and
in series therewith a reactor and resistor in
parallel with each other in each branch of the
shunt and a connection between the neutral
point of the shunt and the ground.

16. A three-phase power line system having-
a Y-connected shunt across the power line for
reducing currents therein of higher frequency
than the fundamental, including a capacitor
in each branch of the shunt and a connection
between the neutral point of the shunt and the
ground, said connection having in series there-
with a reactor and resistor in parallel with each
other.

17. A three-phase power line system having
a Y-connected shunt across the power line for
reducing currents therein of higher frequency
than the fundamental, including a capacitor and
in series therewith a reactor and resistor in
parallel with each other in each branch of the
shunt and a connéction between the neutral
point. of the shunt and the ground said con-
nection having in series therewith a reactor and
resistor in parallel with each other, the resist-
ance of each of the first three of said resistors
in ohms being greater than the inductance of the
corresponding reactor in milihenries.

18. An inductive unit for reducing currents
in power lines of a frequency higher than the
fundamental frequency having an effective in-
ductive reactance which decreases as the fre-
quency of the current flowing therethrough in-
creases above a point in the lower part of the
voice range, comprising a reactor and a re-
sistor connected in parallel, the resistance of the
resistor in ohms being under 1500 and also
between 1.5L and 10L where L is the inductance
of the reactor alone in milihenries.

19. In combination with a three-phase power
line, a Y-connected shunt, each arm of which
includes a capacitor, a reactor connected in series
with the capacitor and a resistor connected in
parallel with the reactor, the impedance of the
three elements of each arm of the shunt being
so proportioned to each other that over a wide
range of frequencies the reactive component of
the reactor and resistor combined is of the same
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order of magnitude as the reactance of the
capacitor, and a connection from the neutral
point of the Y-shunt to ground including a re-
sistor and reactor in parallel with each other,
the impedance of the entire combination from
the three lines to ground over a wide range of
frequencies being substantially resistance, the
capacitive and inductive components substanti-
ally neutralizing each other over such range.

20. In combination with a three-phase power ;,

line, a Y-connected, capacitive shunt and a con-
nection from the neutral point of the Y-shunt
to ground including a resistor and & re-
actor in parallel with each other, the impedance
of the entire combination from the three lines
to ground over a wide range of frequencies being
substantially resistance, the capacitive and in-
ductive components substantially neutralizing!
each other over such range.
HUGO W. WAHLQUIST.




