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[57] ABSTRACT 
There is provided in accordance with an embodiment 
of the invention a wave trap assembly for connection 
in series with an electrical conductor means such as an 
electrical power transmission line for the purpose of 
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attenuating or damping transient high frequency phe 
nomena, and comprising a non-magnetic conductor 
member received in a slot in a stack of magnetic lami 
nations, whereby the inductive effect of the magnetic 
laminations causes displacement of the high frequency 
transient currents into a reduced cross-sectional area 
of the conductor contiguous the outer periphery of the 
magnetic laminations, to modify the action of the nor 
mal high frequency skin effect whereby to more effec 
tively attenuate the high frequency phenomena. The 
conductor may be cast in the slot. In a modi?ed em 
bodiment, the radially or peripherally outer portion of 
the conductor lying in the slot of the stack of magnetic 
laminations may be made of a higher resistance mate 
rial than the radially inner portion of the conductor 
whereby to further attenuate high frequency transient 
currents ?owing in the peripherally outer portion of 
the conductor. In a still further embodiment of a con 
ductor lying in a slot in a stack of magnetic lamina 
tions, a radially inner conductor portion of larger 
cross section may be connected by a narrow cross 
section neck portion to a radially outer conductor por 
tion of smaller cross section than the radially inner 
conductor portion whereby to promote the transfer of 
high frequency transients to the outer portion. In an 
other embodiment, the wave trap assembly may com 
prise a plurality of circumferentially spaced conductor 
members lying in slots in the peripheral surface of a 
drum-like stack of magnetic laminations. In still an 
other embodiment, a plurality of wave trap assemblies 
may be supported by stand-off insulators and by con 
ducting spacers in such manner as to be connected in 
series with each other and in series with the power 
transmission line. 

25 Claims, 14 Drawing Figures 
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TRANSIENT DAMPING MEANS FOR AN 
ELECTRICAL INSTALLATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to electrical conductors or 

electrical transmission lines which have good conduc 
tive characteristics for low frequency electrical phe 
nomena, but which present a resistance path for attenu 
ating or damping high frequency phenomena such as 
switching transients, travelling waves, and lightning 
surges. 

2. Description of Prior Art 
When a circuit breaker is closed to energize or re 

close a power line‘, voltage surges of relatively high 
magnitude and high frequency may be produced. This 
problem is particularly acute during the switching oper 
ation for energizing a capacitor bank when prestriking 
causes travelling waves which are ampli?ed at a cable 
line junction and re?ect at a transformer terminal and 
can cause end-of-the-line overvoltages of, for example, 
several times normal crest voltage. High magnitude, 
high frequency voltage surges also occur on a transmis 
sion line when lightning strikes equipment connected 
to the line, or, in another example, during a “short line 
fault.” 
The high frequency transients of the type which 

might occur on a high voltage transmission line may 
have frequencies, for example, in the range 1 Kilohertz 
to l Megohertz (i.e., 1,000 cycles/sec. to 1,000,000 cy 
cles/sec.). 
One well-known method of reducing the magnitude 

of switching surges is to preinsert a resistance of suit 
able value into the curcuit during the closing operation 
just prior to the moment at which the main contacts en 
gage. Other methods have involved the use of parallel 
surge-modifying capacitances in parallel with the trans 
former terminals; and a third prior art method of atten 
uating the undesirable high frequency electrical tran 
sients in a transmission line or the like has been the use 
of series inductances in the line. The prior art methods 
just briefly discussed are undesirable since they are 
costly, involve high losses, and the resistor insertion 
method mentioned requires the use of separate switch 
ing means for the insertion of the resistor. 

It is also known to utilize conductor arrangements for 
attenuating undesirable high frequency transients 
which operate upon the principle that high frequency 
currents tend to ?ow substantially only in the radially 
outer peripheral portion of the conductor due to the 

- well-known “skin effect” principle. Prior art teachings 
of high frequency transient attenuation which show uti 
lization of the skin effect principle include US. Pat. 
Nos. 3,480,382 issued to Herman R. Person; 3,531,264 
issued to Herman R. Person; 3,541,473 issued to Heinz 
M. Schlicke et al.; and 3,543,105 issued to Robert I. 
Van Nice. 
A literature reference relating to a utilization of the 

vskin effect principle for attenuation of high frequency 
harmonics is provided in an article entitled “High Fre 
quency AC Harmonics on a HVDC Transmission Line 
Might Be Attenuated by Conductor Design" by John R. 
Abbott, published in the periodical “Transmission and 
Distribution," Aug. 1969, pp. 58~6I0 inclusive. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
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2 
improved electrical conductor arrangement which is a 
good conductor for low frequencies such as 60 cycle 
electrical phenomena or for direct currents but which 
presents a substantial resistance for high frequency 
electrical phenomena such as switching transients and 
traveling waves. 

It is another object of the invention to provide for in 
sertion in an electrical conductor such as an electrical 
power transmission line of other electrical installation 
a “wave trap” which attenuates or damps high fre 
quency electrical phenomena such as switching tran 
sients and traveling waves but which presents a good 
conductive path for low frequency electrical phenom 
ena such as 60 Hz (60 cycle) phenomena, and which 
wave trap is completely static, self-adjusting to tran 
sients and inexpensive to manufacture. 

It is a further object of the invention to provide a 
wave trap assembly for insertion in series with a trans 
mission line for attenuating or damping high frequency 
electrical transients, but having good conductive char 
acteristics for low frequency electrical phenomena, and 
which assembly is compact and compatible with exist 
ing equipment. 

In achievement of these objectives, there is provided 
in accordance with an embodiment of the invention a 
wave trap assembly for connection in series with an 
electrical conductor means such as an electrical power 
transmission line to attenuate or damp transient high 
frequency phenomena, and comprising a non-magnetic 
conductor member received in a slot in a stack of mag 
netic laminations, whereby the inductive effect of the 
magnetic laminations causes displacement of the high 
frequency transient currents into a reduced cross 
sectional area of the conductor continguous the outer 
periphery of the magnetic laminations, to modify the 
action of the normal skin effect whereby to more effec 
tively attenuate the high frequency phenomena. The 
conductor may be cast in the slot. In a modified em 
bodiment, the radially or peripherally outer portion of 
the conductor lying in the slot of the stack of magnetic 
laminations may be made of a higher resistance mate 
rial than the radially inner portion of the conductor. In 
a still further embodiment of a conductor lying in a slot 
in a stack of magnetic laminations, a radially inner con 
ductor portion of larger cross section may be con 
nected by a narrow cross-section neck portion to a ra 
dially outer conductor portion of smaller cross section 
than the radially inner conductor portion whereby to 
promote the transfer of high frequency transients to the 
outer conductor portion. In another embodiment, the 
wave trap assembly may comprise a plurality of circum 
ferentialiy spaced conductor members lying in slots in 
the peripheral surface of a drum-like stack of magnetic 
laminations. In still another embodiment, a plurality of 
wave trap assemblies may be supported by stand-off in 
sulators and by conducting spacers in such manner as 
to be connected in series with each other and in series 
with the power transmission line. 
Further objects and advantages of the invention will 

become apparent from the following description taken 
in conjunction with the following'drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a “wave trap ' assem 
bly for attenuating high frequency transients in accor 
dance with the invention; 



3,882,427 
. 3 

FIG. 2 is a cross-sectional view of the wave trap as 
sembly of FIG. 1; 
FIG. 2a is a graphical representation showing the 

high frequency current distribution in the conductor 
and the low frequency current distribution in the con 
ductor relative to the height of the conductor; 
FIG. 3 is a view in transverse cross-section of a modi 

?ed conductor adapted for use in the wave trap assem 
bly in place of the conductor shown in FIGS. 1 and 2, 
the conductor of FIG. 3 including a high resistance ma 
terial contiguous the radially outer edge thereof; 
FIG. 4 is a view of modi?ed conductor which may be 

used in place of the conductor shown in FIGS. 1, 2 and 
3, and including a small cross-section high resistance 
path for high frequency currents and a larger cross 
section path for low frequency currents; 
FIGS. 4a and 4b are views in transverse cross section 

of wave trap assemblies using conductors of triangular 
and square cross section, respectively; 
FIG. 5 is a view in perspective of a modi?ed wave 

trap assembly which is generally similar to the wave 
trap assembly of FIG. 1 but in which the conductor 
member such as an aluminum or copper conductor 
(particularly aluminum) is cast in place in the slot in 
the magnetic laminations of the assembly; 
FIG. 6 is a modi?ed wave trap assembly along the 

lines of the structure shown in FIG. 5 in which the cast 
in-place conductor includes integrally cast end portions 
which serve to retain the stack of magnetic laminations 
in assembled relation to each other; 
FIG. 7 is a view in perspective of a modi?ed wave 

trap assembly including a plurality of parallel 
connected conductor elements cast in place in circum 
ferentially spaced relation to each other around the pe 
riphery of a drum-like structure formed of magnetic 
laminations; 
FIG. 7a is a schematic diagram of a modi?ed arrange 

ment in which the conductors on drum 80 are con 
nected in series with each other, rather than in parallel; 
FIG. 8 is an enlarged view showing the cast-in-place 

conductor elements of the embodiment of FIG. 7; 
FIG. 9 is a view in vertical elevation of an assembly 

of a plurality of “wave trap" assemblies such as those 
shown in FIGS. 1-8, inclusive, connected in series with 
each other; and 
FIG. 10 is a schematic illustration of a typical instal 

lation of wave traps in series with an electrical trans 
mission line. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1 there is generally indicated 
at 10 a wave trap adapted to attenuate high frequency 

, electrical transients and adapted to be connected in se 
ries with an electrical transmission line. The wave trap 
10 includes a stack 12 of alternate disk-like circular 
laminations 14 of magnetic material such as soft iron or 
transformer steel, and laminations 16 of a suitable elec 
trically insulating material. The insulating laminations 
16 are normally much thinner than the magnetic lami 
nations 14, but the drawings do not attempt to show 
this. The function of insulating laminations 16 is to pre 
vent the ilow of electrical current through the magnetic 
laminations l4 lengthwise of the stack. Instead of using 
insulating laminations 16, as shown, the magnetic lami 
nations 14 may instead be coated with an insulating 
varnish or the like to prevent the flow of current; or, as 
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a still further alternative, the normal oxides on‘ the sur- _ 
face of the magnetic laminations may serve as an elec 
trical insulating barrier between laminations which pre 
vents the ?ow of current. It might be noted that upon 
the occurrence of high frequency electrical transients, 
the occurrence of eddy currents in the magnetic lami 
nations is not undesirable, since the losses produced by 
such eddy currents are re?ected as a resistance which 
tends to damp the high frequency transients. 
The stack 12 of the alternate magnetic and insulating 

laminations 14 and 16 is provided with a radially ex 
tending slot 18 throughout the entire length of the 
stack 12, and conductor member 20 of non-magnetic 
material which is connected in series with the electrical 
transmission line is received within the slot 18. The 
conductor 20 is preferably so dimensioned that its 
height or radial dimension H relative to stack 12 is sub 
stantially greater than its transverse or width dimension 
W. In the example shown in FIG. I, the conductor 20 
is entirely of one material such as copper or aluminum, 
for example, having good electrical conductive charac 
teristics. As can best be seen from an examination of 
the graph of FIG. 20, at ordinary low frequency power 
such as 60 cycles, the current .is distributed substan 
tially uniformly over the entire height (H) of conductor 
20 along the length of the conductor. However, if high 
frequency transient electrical currents which may, for 
example, be‘anywhere in the range 1 Kilohertz to l 
Megahertz (i.e., 1,000 cycles/sec. l,000,000 cycles/ 
sec.), are ?owing in the conductor 10 as might be due 
to a switching operation or due to the occurrence of a 
lightning surge, the high frequency transient currents 
flow substantially only in the radially outer portion of 
the height (H) of conductor 20,'near the circumference 
of the circular laminations 14, due to the skin effect 
principle in accordance with which high frequency 
electrical currents move to the outer periphery of the 
electrical conductor, as modified by the fact that the 
conductor is received in the slot 18 of the stack of mag 
netic laminations 14. 

If the conductor 20 were not received in the slot 18 
of the magnetic laminations 14 as shown, the skin ef 
fect phenomena. would cause high frequency currents 
to ?ow in a skin contiguous the entire periphery of the 
conductor (i.e., along all four edges of the conductor 
20). However, when the conductor 20 is received in the 
slot 18, as shown, in FIG. 1, the inductive effect of the 
presence of the magnetic laminations 14 will cause the 
high frequency currents to flow only contiguous the pe 
ripherally (or radially) outer edge of conductor 20. The 

. net effect of this is that the area of conductor 20 avail 
able for passage of the high frequency transients is sub 
stantially less when the conductor 20 is received in the 
slot 18 of the stacked magnetic laminations, as shown‘ 
in FIG. 1, than if ‘the conductor 20 were not so located. 
The skin effect phenomenon in effect reduces the 
cross-sectional area of the conductor which is available 
for carrying the high frequency transient currents, 

60 

65 

thereby increasing the resistance of the conductor to 
the high frequency transients as compared to the resis-' 
tance offered by conductor 20 to flow of low frequency 
power currents, such as 60 cycle currents. The increase 
in the resistance caused by the reduction in effective 
cross-sectional area of the conductor 20 available for 
carrying high frequency transients due to the skin’ ef 
fect phenomena is promoted and enhanced even‘more 
by the fact that the conductor 20 is received in the slot 
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18 of stack 12 of magnetic laminations 14 as just de 
scribed. As a result of the foregoing, the high frequency 
electrical transient currents and voltages are more 
greatly attenuated or damped due to the location of 
conductor 20 in slot 18 of the magnetic laminations. 
As shown in FIG. 3, the conductor generally indi 

cated at 20' may be used in substitution of the conduc 
tor 20 and be positioned in the slot 18 shown in FIGS. 
1 and 2. The conductor 20’ of FIG. 3 is of generally 
rectangular cross-section, preferably having a relatively 
large height-to-width ratio including a radially inner 
(relative to slot 18) conductor portion 22 which may 
be made of a non-magnetic material having good con~ 
ductive properties such as copper or aluminum, and a 
radially outer conductor portion 24 which lies in radi 
ally abutting relation to conductor portion 22 and 
which is made of a higher resistance non-magnetic ma 
terial such as, for example, ( l ) lead; (2) tin; (3) alumi 
num (if conductor 22 is made of copper); (4) fibre 
metal made ofa non-magnetic metal; or (5) foam metal 
made ofa non-magnetic meta]. All of the materials just 
mentioned have a higher resistance per unit length than 
does the conductive material such as copper of which 
the portion 22 of the conductor is made. Low power 
frequencies will flow mostly in inner conductor portion 
22. High frequency transients will, due to skin effect as 
enhanced by the location of conductor 20' in the slot 
18 in the stack of magnetic laminations, flow substan 
tially exclusively in the outer conductor portion 24 
where the high resistance material, together with the 
reduced cross sectional area of conductor portion 24 as 
compared to the substantially larger cross-sectional 
area of the conductor portion 22, will substantially at 
tenuate the high frequency transients ?owing through 
high resistance conductor portion 24. 
For a given material of which radially outer portion 

24 of conductor 20 is made, a given frequency of the 
high frequency transients will flow at a certain depth 
radially inwardly of the outer periphery of the conduc 
tor portion 24. This depth will vary for a given material 
of which portion 24 is made depending upon the fre 
quency of the transients, the depth of the “skin” in 
which the current ?ows decreasing with increase in fre 
quency. In determining the radial depth of high resis 
tance conductor portion 24, allowance should be made 
for the low end of the range of transient frequencies 
which it is desired to attenuate. 
Referring now to FIG. 4 there is shown a further 

modification in which a non-magnetic conductor gen 
erally indicated at 30 is a composite member including 
a radially inner portion of larger cross-section 32 and 
a radially outer portion 34 of small cross-section com 
pared to the cross-section 32. The radially inner and 
outer portions 32 and 34 of the conductor 30 are con 
nected by a connecting narrow conducting neck por 
tion 36 of non-magnetic material. The composite con 
ductor 30 (formed of portions 32-34-36) is received in 
a correspondingly-shaped slot in an assembly generally 
indicated at 40 which may be similar to the stack 12 
shown in FIG. 1 and be composed ofa plurality of alter 
nately arranged magnetic laminations and laminations 
of insulating material suitably held together in stacked 
relation to each other. The slot extends for the entire 
axial length of assembly 40. Instead of using insulating 
laminations, the magnetic laminations may be coated 
with an insulating coating to prevent flow of electrical 
current along the stack of laminations as previously ex 
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6 
plained. The radially outer conductor portion 34 may 
include a narrow projecting neck portion 37 which ex~ 
tends to the outer periphery of assembly 40. Alterna 
tively, the space occupied by projecting neck portion 
37 may be left as an air gap. The narrow connecting 
neck portion 36 may also be left as an air gap for most 
of the length of the wave trap, the conductor portions 
32 and 34 being conductively connected together at 
each end of the wave trap, thus placing conductor por 
tions 32 and 34 in electrically parallel relation with 
each other. 
The portion 32 of composite conductor 30 in FIG. 4 

carries the low frequency currents, such as 60 cycles, 
(60 Hz) but upon the occurrence of high frequency 
transient currents, such as during a switching operation 
or a lightning surge, the high frequency transient cur‘ 
rents, due to the skin effect principle, and enhanced by 
the location of the conductor 30 in the stack of mag 
netic laminations, move to the outer peripheral portion 
34 of the composite conductor. The reduced cross~ 
sectional area of the conductor portion 34, provides a 
substantially increased resistance per unit length as 
compared to the resistance of the larger cross-sectional 
area inner conductor portion 32, with the result that 
the higher resistance of the conductor portion 34 
causes substantial attenuation of the high frequency 
electrical transients ?owing through the portion 34 of 
the composite conductor 30. 
The narrow slot 36’ connecting radially inner and 

outer conductor portions 32 and 34 due to its narrow 
ness provides a gap of decreased dimensions in the 
magnetic laminations of stack 40, thus increasing the 
magnetic permeability of the magnetic flux path 
around lower conductor portion 32, thereby increasing 
the inductance of lower conductor portion 32. As pre 
viously explained, slot 36' receives conductor portion 
36 of non-magnetic material, preferably the same ma 
terial as conductor portions 32 and 34. 
The increased inductance of lower conductor portion 

32 due to the narrowness of slot 36' promotes the shift 
ing of the higher frequency currents (when these oc 
cur) into the smaller cross-section radially outer con 
ductor portion 34, where the increased resistance to 
high frequency current flow due to the smaller cross 
section of conductor portion 34 causes the attenuation 
of high frequency currents and voltages. 
The composite conductor 34] may be made of one 

non-magnetic metal of good electrical conductive 
properties such as copper or aluminum, the metal being 
cast into the slot in the stack of laminations by a die 
casting process. 
There is shown in FIG. 4a a stack 41 of magnetic lam 

inations suitable insulated from each other similar to 
the stacks previously described, and provided contigu 
ous the outer periphery of the stack with a slot of tri 
angular cross-section in which a conductor generally 
indicated at 42 of a metal such as copper or aluminum 
is positioned. The apex 43 of the triangular cross 
section conductor is positioned at the radially outer 
portion of the conductor and base 44 of conductor 42 
lies at the radially inner portion of the conductor. 
When power frequency currents such as 60 cycle cur 
rents are passing through conductor 42, the current will 
be distributed substantially uniformly over the cross 
section of conductor 42. However, upon the occur 
rence of high frequency transient currents, such cur 
rents, due to skin effect, as enhanced by the location of 
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the conductor 42 in the stack of magnetic laminations, 
will tend to crowd into a relatively small cross-section 
area of the conductor in a region near apex 43, 
whereby to provide increased resistance to flow of the’ 
high frequency transient currents. 
There is shown in FIG. 4b a stack 45 of magnetic lam 

inations similar to those previously described, and hav 
ing a slot in which a conductor 47 of square cross 
section is positioned. As previously described, high fre 
quency currents will crowd into the radially outer por 
tion of the conductor, whereby the reduced cross 
sectional area available for the high frequency tran 
sients will increase the resistance to the ?ow of high 
frequency transients thereby attenuating or damping 
the high frequency transients. 
Referring now to FIG. 5 there is shown a modi?ed 

wave trap construction, generally indicated at 50, for 
connection in series with a power transmission line and 
including a stack 51 of rectangular laminations 52 of 
steel or of other suitable magnetic material with insu 
lating laminations or other suitable insulation 53 be 
tween adjacent magnetic laminations. The stack 51 of 
laminations 52 and 53 is provided with a slot 54 extend 
ing for the entire length thereof; and an aluminum or 
copper conductor generally indicated at 56 is cast in 
the slot 54. Aluminum is‘ preferably used as the conduc 
tor metal when the conductoris cast in the slot. The 
metal conductor 56 includes end portions thereof indi 
cated at 58 which extend beyond the opposite ends of 
the stack 51. The operation of the embodiment of FIG. 
5 is similar to the embodiment of FIG. 1 previously de 
scribed. 

Referring now to FIG. 6 there is shown a still further 
modified wave trap assembly generally indicated at 60 
which is generally similar to the wave trap assembly 
shown in FIG. 5 and includes a stack 61 of rectangular 
laminations of magnetic material such as iron or steel 
indicated at 62 with contiguous magnetic laminations 
being separated by insulating spacers or laminations or 
other suitable insulation 63. The assembly or stack 61 
is provided throughout its length with a longitudinally 
extending slot 64 similar to the slot shown in FIGS. 1, 
2 and 5 and a conductor member 65 of a suitable non 
magnetic conductive material such as aluminum is cast 
into the slot 64. However, in the case of the embodi 
ment of FIG. 6, the cast material is cast in such manner 
as to include end portions 68 at the opposite ends of 
stack 61, which end portions 68 constitute end clamp 
ing members for the stack 61 of magnetic and insulat 
ing laminations. Conductor lug portions 70 integrally 
cast with the end portions 68 and with the main con 
ductor 65 extend longitudinally beyond the end por 
tions 68 for connection into the electrical power trans 
mission circuit. The operation of the embodiment of 
FIG. 6 is similar to the operation of the embodiment of 
FIG. 1 previously described. 
Referring now to FIGS. 7 and 8 there is shown a still 

further modi?ed form of the invention including a cy 
lindrical drum-like member generally indicated at 80 
formed of a plurality of stacked laminations 82 of mag 
netic material such as iron or steel alternated with lami 
nations 83 of insulating material. Instead of using insu 
lating laminations 83, the magnetic laminations 82 may 
instead be coated with an insulation material. The lami 
nations 82 and 83 are of circular shape. Each of the cir 
cular-shaped laminations 82 and 83 is provided at its 
periphery with a plurality of circumferentially spaced 
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8 
radially inwardly extending slots 84, each communicat 
ing a short distance radially inwardly from the outer pe 
riphery of the laminations 82 or 83 with a circular 
cross-section slot portion 86. When the plurality of 
laminations 82 and 83 are stacked in assembled rela 
tion to each other, they together de?ne a plurality of 
radially and axially extending slot portions 84' of rect 
angular cross-section each communicating at the radi 
ally inner end thereof with a generally circular shaped 
cross-section radially and axially extending slot portion 
86' to de?ne a plurality of composite slots (composite 
of slot portions 84' and 86') each generally indicated 
at 87 extending for the axial length of the stack assem 
bly. Suitable means, not shown, are provided for hold 
ing the stack 80 of laminations in axially assembled 
stacked relation. Conductor elements 91 of non 
magnetic material such as aluminum are cast into each 
of the plurality of composite slots 87 for the entire axial 
length of the stack 80. Suitable conductor means such 
as conducting end plate 89 and a connection stud 90 
conductively connected to end plate 89 are provided at 
each of the opposite axial ends of the assembly 80 for 
connecting the cast conductors in the plurality of com 
posite slots 87 in parallel relation to each other. The as 
sembly shown in FIG. 7 is connected in series with the 
transmission line by means of the connection stud 90 
at each end of drum 80. The connection studs 90 are 
only located at the opposite ends of the assembly 
shown in FIG. 7 and do not extend through the assem 
bly. ' 

When the current ?ow through the transmission line 
is of normal power frequency such as 60 cycles per sec 
ond (60 Hz), the current will flow through the conduc 
tor portions 86A in the radially inner larger diameter 
portions 86' of the slots. However, upon the occur 
rence of high frequency transient currents in the trans 
mission line, the skin effect principle will cause the high 
frequency currents to ?ow in the conductor portions 
84A lying in the radially outer reduced cross-sectional 
area slot portions 84'. Because of their reduced cross 
sectional area, the reduced cross-sectional area con 
ductor portions 84A lying in slot portions 84' have a 
higher resistance than the larger cross-section conduc 
tor portions 86A, lying in the slot portions 86' to 
thereby cause attenuation of the high frequency electri 
cal transients ?owing in the reduced cross-sectional 
area conductor portions 84A. 
The conductors carried by the drum-like member 80 

shown in FIG. 7 may assume other forms, as for exam 
ple, the forms shown in FIGS. 1, 3, 4, 4a and 4b. Also, 
while the plurality of conductors carried by drum 80 
have been shown and described as being connected in 
parallel with each other, it may instead be desirable as 
schematically shown in FIG. 7a, to connect the plural 
ity of conductors 91' in series with each other by the 
use of suitable cross-over end connections 93 and with 
proper insulation of the conductors 91' from the stack 
of laminations (required in the case of a series connec 
tion of the conductors), as would be obvious to one 
skilled in the art. The opposite ends of the series wind 
ing of FIG. 7a are connected to terminals 90'. 
Referring now to FIG. 9, there'is diagrammatically 

shown an assembly of a plurality of wave traps con 
nected in series relation with each other and in series 
with a transmission line. The assembly of FIG. 9 is gen 
erally indicated at 100. The assembly 100 includes a 
supporting metal frame 102 which is mounted on a suit 
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able centrally located stand-off insulator or insulators 
104 which, in turn, are supported at the lower end 
thereof upon a suitable support 106. The assembly 
shown at 100 includes a pair of subassemblies respec 
tively generally indicated at 108A and 1088. Each of 
the subassemblies 108A and 1088 includes a plurality 
of separate wave traps indicated at 110, 112, and 114 
in subassembly 108A and at 116, 118 and 120 in subas 
sembly 1088. Each of the wave traps diagrammatically 
indicated at 110, 112, 114, 116, 118, and 120 may be 
similar to any one of the wave traps shown in any of the 
previous embodiments. The wave trap 110 is supported 
upon a pair of stand-off insulators or insulating posts 
122 and 124 which, in turn, are supported by metal 
frame member 102. The wave trap 112 is supported at 
the left-hand end thereof relative to the view of FIG. 9 
by an insulating post 126 suitably supported on insulat 
ing post 122, and at the right-hand end thereof relative 
to the view of FIG. 9 by a conductive structural mem 
ber or conductive spacer 128 suitably supported on in 
sulating post 124. 
As viewed in FIG. 9, the wave trap 114 is supported 

at the left-hand end thereof by a conductive structural 
member or spacer 130 supported by insulator post 126, 
wave trap 114 being supported at the right-hand end 
thereof by an insulator post 132 mounted on conduc 
tive spacer 128. 
Each of the stand-off insulators such as 122, 124, and 

each of the conductive spacers such as 128 is provided 
at each end thereof with a ?anged sleeve such as those 
indicated at 125 which is bolted to the contiguous verti 
cally aligned stand-off insulator or spacer, as the case 
may be, and is also bolted to the projecting conductor 
member such as 127 of a wave trap, whereby to hold 
the stand-off insulators, conducting spacer, and wave 
trap assemblies in assembled relation to each other, as 
seen in FIG. 9. 

In the subassembly 1088 of FIG. 9, the wave trap 116 
is supported at the opposite ends thereof by insulator 
posts 134 and 136 mounted on frame member 102. The 
wave trap 118 is mounted above the wave trap 116 and 
is supported at the left-hand end thereof by the conduc 
tive structural member or spacer 138 mounted on insu 
lator post 134 and wave trap 118 is supported at the op 
posite or right-hand end thereof by the insulator post 
140 mounted on insulator post 136. The wave trap 120 
is supported above the wave trap 118 at the left-hand 
end thereof, relative to the view of FIG. 9, by an insula 
tor post 142 mounted on conductive structural member 
138 and is supported at the right-hand end thereof by 
a conductive spacer or structural member 144 
mounted on insulator post 140. 
The total assembly 100 including the two subassem 

blies 108A and 1088 is connected in series with the 
transmission line by a connection at terminal 146 of the 
wave trap 110 and by a terminal 148 at the right-hand 
end of the wave trap 116, relative to the view of FIG. 
9. The two subassemblies 108A and 1088 are con 
nected in series with each other by conductor member 
150 between one end of wave trap 114 and the contigu 
ous end of the wave trap 120. It can thus be seen that 
by means of the conductive members 146, 128, 130, 
150, 144, 138 and 148, the plurality of wave traps 110, 
N2, 114, 116, 118 and 120 are connected in series 
with each other and with the transmission line. A con 
ductive tap member 152 is connected to the conductor 
member 150 between the two wave trap subassemblies 
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108A and 10813 to permit one-half of the total assembly 
to be connected in the circuit of the transmission line 
if desired. 
Refer now to FIG. 10 which schematically shows a 

typical installation of wave traps in accordance with the 
invention in series with an electrical transmission line. 
There is shown a generating station generally indicated 
at 200, including an alternating current generator 202 
having its output connected to the transmission line 
204 through a step-up transformer 206, a ?rst wave 
trap 208, and a circuit breaker 210. At the generating 
station end, preferably another wave trap 211 is inter 
posed between circuit breaker 210 and transmission 
line 204. Note that the first wave trap 208 is interposed 
between the step-up transformer 206 and the circuit 
breaker 210 and the second wave trap 211 is inter 
posed between circuit breaker 210 and transmission 
line 204. 
The opposite end of the transmission line 204, which 

may be 100 miles long, for example, is connected to a 
load 214 at a load station generally indicated 212 
through a circuit breaker 216, a wave trap 218, and a 
step-down transformer 220. Note that the wave trap 
218 is interposed between the circuit breaker 216 and 
the step-down transformer 220. The wave traps 208, 
21 l, and 218 diagramatically shown in FIG. 10 may be 
of any of the types hereinbefore described and each 
may respectively include a plurality of wave traps, as 
dictated by the requirements of the installation. 
While the wave trap assemblies have been described 

hereinbefore for use in connection with a conductor or 
transmission line which normally carries alternating 
current, any of the wave trap assemblies of the inven 
tion may also be inserted in series with a conductor 
which carries direct current, such as, for example, a 
high voltage direct current (l-IVDC) transmission line 
of the type described in the aforementioned article by 
John R. Abbott, published in the periodical “Transmis 
sion and Distribution,” Aug. 1969, pages 58-60, inclu 
sive, in which case the wave trap or wave traps would 
damp or attenuate high frequency transients such as 
the alternating current harmonics or ripple present on 
the direct current transmission line. 
From the foregoing detailed description of the inven 

tion, it has been shown how the objects of the invention 
have been obtained in a preferred manner. However, 
modi?cations and equivalents of the disclosed concepts 
such as readily occur to those skilled in the art are in 
tended to be included within the scope of this inven 
tion. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents in said 
circuit, but which transmits electrical voltages and cur 
rents of normal power frequency or direct current with 
out substantial attenuation thereof, comprising a body 
of magnetic material, a slot extending inwardly and 
lengthwise of said body from an outer peripheral sur 
face of said body, and an electrical conductor member 
of non-magnetic material received in said slot in mag 
netically inductive relation to said magnetic body, said 
conductor member extending to contiguous the outer 
peripheral end of said slot, said conductor member 
having substantially greater electrical conductivity than 
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said magnetic material, said conductor member being 
adapted to be connected in circuit with said conductor 
means whereby to transmit through said conductor 
member without substantial attenuation electrical cur 
rents of normal power frequency and direct current but 
with substantial attentuation of high frequency electri 
cal voltages and currents. 

2. An apparatus as de?ned in claim 1 in which said 
conductor member is of triangular cross section, with 
an apex of the triangular cross section being located at 
a peripherally outer portion of said slot, whereby to 
provide a reduced cross-sectional area and hence 
higher resistance path in the. region of said apex for 
flow of high frequency currents. 

3. An apparatus as de?ned in claim 1 which said con 
ductor means is an electrical transmission line. 

4. An apparatus as defined in claim 1 in which said 
conductor member is a casting in said slot. 

5. An apparatus as de?ned in claim 4 including end 
clamping means at each of the opposite ends of said 
stack, and lug-like conductor means conductively con 
nected to said end clamping means, said end clamping 
means, said lug-like conductor means, and the conduc 
tor member in said slot all being a unitary casting. 

6. An apparatus defined in claim 1 in which said body 
of magnetic material is provided with a plurality of slots 
each extending lengthwise of said body and each ex 
tending inwardly from an outer peripheral edge of said 
body, said slots being spaced from each other peripher 
ally of said body, and conductor means positioned in 
each of said slots. 

7. An apparatus as defined in claim 6 in which said 
body of magnetic material is in the form of a cylindrical 
drum. . 

8. An apparatus as defined in claim 6 in which the 
conductor means positioned in the plurality of slots are 
connected in parallel with each other and in series with 
the transmission line. 

9. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
material, a slot extending inwardly and lengthwise of 
said body from an outer peripheral edge of said body, 
and an electrical conductor member of non-magnetic 
material received in said slot in magnetically inductive 
relation to said magnetic material, said conductor 
member being adapted to be connected in circuit with 
said conductor means, said conductor member includ 
ing a ?rst portion lying in an inner portion of said slot 
in inwardly spaced relation to the outer periphery of 
said slot and made of material having good electrical 
conductive properties, and a second portion lying in 
said slot outwardly of said first portion and nearer the 
outer periphery of said slot, said second portion being 
made of a material which is not as good an electrical 
conductor as the material of said ?rst portion, whereby 
said second portion serves as a higher resistance con 
ductive path for high frequency currents. 

10. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
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material, a slot extending inwardly and lengthwise of 
said body from an outer peripheral edge of said body, 
and an electrical conductor member of non-magnetic 
material received in said slot in magnetically inductive 
relation to said magnetic material, said conductor 
member being adapted to be connected in circuit with 
said conductor means, said conductor member includ 
ing a ?rst portion lying in an inner portion of said slot 
in inwardly spaced relation to the outer periphery of 
said slot and a second portion lying in said slot out 
wardly of said first portion and nearer the outer periph 
ery of said slot, said ?rst portion being of substantially 
greater cross-sectional area than said second portion, 
whereby the smaller cross-sectional area of said second 
portion presents an increased resistance to high fre 
quency currents ?owing in said second portion. 

11. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
material, said body of magnetic material being pro 
vided with a plurality of slots each extending lengthwise 
of said stack and each extending inwardly from an 
outer peripheral edge of said body, said slots being 
spaced from each other peripherally of said body, a 
conductor member of non-magnetic material posi 
tioned in each of said slots in magnetically inductive re 
lation to said magnetic material and adapted to be con 
nected in circuit with said conductor means, each con 
ductor member including a ?rst portion lying in an 
inner portion of the respective slot in inwardly spaced 
relation to the outer periphery of said slot, and a sec 
ond portion lying in the respective slot outwardly of 
said first portion and nearer the outer periphery of said 
slot, said ?rst portion being of substantially greater 
cross-sectional area than said second portion, whereby 
the smaller cross-sectional area of said second portion 
presents an increased resistance to high frequency cur 
rents ?owing in said second portion. 

12. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
material, said body of magnetic material being pro 
vided with a plurality of slots each extending lengthwise 
of said body and each extending inwardly from an outer 
peripheral edge of said body, said slots being spaced 
from each other peripherally of said body, and an elec 
trical conductor member of non-magnetic material po 
sitioned in each of said slots in magnetically inductive 
relation to said magnetic material, the conductor mem 
bers positioned in the plurality of slots being connected 
in series with each other and in circuit with the electri 
cal conductor means. 

13. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
material, a slot extending inwardly and lengthwise of 
said body from an outer peripheral edge of said body, 
and an electrical conductor member of non-magnetic 
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material received in said slot in magnetically inductive 
relation to said magnetic material, said conductor 
member being adapted to be connected in circuit with 
said conductor means, said conductor member includ 
ing a ?rst portion lying in an inner portion of said slot 
in inwardly spaced relation to the outer periphery of 
said slot and a second portion lying in said slot out 
wardly of said ?rst portion and nearer the outer periph 
ery of said slot, said ?rst portion being of substantially 
greater cross-sectional area than said second portion, 
whereby the smaller cross-sectional area of said second 
portion presents an increased resistance to high fre 
quency currents ?owing in said second portion, and a 
narrow neck-like conductor portion connecting said 
?rst portion and said second portion along substantially 
the entire length of said first and said second portions. 

14. An apparatus for connection in circuit with an 
electrical conductor menas to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a body of magnetic 
material, a slot extending inwardly and lengthwise of 
said stack from an outer peripheral edge of said body, 
and an electrical conductor member of non-magnetic 
material received in said slot in magnetically inductive 
relation to said magnetic material, said conductor 
member being connected in circuit with said conductor 
means, said conductor member including a first portion 
lying in an inner portion of said slot in inwardly spaced 
relation to the outer periphery of said slot and a second 
portion lying in said slot outwardly of said ?rst portion 
and nearer the outer periphery of said slot, said ?rst 
portion being of substantially greater cross-sectional 
area than said second portion, whereby the smaller 
cross-sectional area of said second portion presents an 
increased resistance to high frequency currents ?owing 
in said second portion, said ?rst portion and said sec 
ond portion being separated by an air gap along a sub 
stantial part of the length of said ?rst portion and said 
second portion, corresponding ends of said ?rst portion 
and said second portion being conductively connected 
to each other. 

15. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a stack of magnetic 
laminations, a slot extending inwardly and lengthwise 
of said stack from an outer peripheral edge of said 
stack, and an electrical conductor member of non 
magnetic material received in said slot in magnetically 
inductive relation to said magnetic laminations, said 
conductor member being adapted to be connected in 
circuit with said conductor means, said conductor 
member including a first portion lying in an inner por 
tion of said slot in inwardly spaced relation to the outer 
periphery of said slot and made of material having good 
electrical conductive properties, and a second portion 
lying in said slot outwardly of said ?rst portion and 
nearer the outer periphery of said slot, said second por 
tion being made of a material which is not as good an 
electrical conductor as the material of said ?rst por 
tion, whereby said second portion serves as a higher re 
sistance conductive path for high frequency currents. 
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16. An apparatus for connection in circuit with an 

electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a stack of magnetic 
laminations, a slot extending inwardly and lengthwise 
of said stack from an outer peripheral edge of said 
stack, and an electrical conductor member of non 
magnetic material received in said slot in magnetically 
inductive relation to said magnetic laminations, said 
conductor member being adapted to be connected in 
circuit with said conductor means, said conductor 
member including a ?rst portion lying in an inner por 
tion of said slot in inwardly spaced relation to the outer 
periphery of said slot and a second portion lying in said 
slot outwardly of said ?rst portion and nearer the outer 
periphery of said slot, said ?rst portion being of sub 
stantially greater cross-sectional area then said second 
portion, whereby the smaller cross-sectional area of 
said second portion presents an increased resistance to 
high frequency currents ?owing in said second portion. 

17. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents in said 
circuit but which transmits electrical voltages and cur 
rents of normal power frequency or direct current with 
out substantial attenuation thereof, comprising a stack 
of magnetic laminations, said stack of magnetic lamina 
tions being provided with a plurality of slots each ex 
tending lengthwise of said stack and each extending in 
wardly from an outer peripheral edge of said stack, said 
slots being spaced from each other peripherally of said 
stack, a conductor member of non-magnetic material 
positioned in each of said slots in magnetically induc 
tive relation to said magnetic laminations and adapted 
to be connected in circuit with said conductor means, 
each conductor member including a first portion lying 
in an inner portion of the respective slot in inwardly 
spaced relation to the outer periphery of said slot, and 
a second portion lying in the respective slot outwardly 
of said ?rst portion and nearer the outer periphery of 
said slot, said ?rst portion being of substantially greater 
cross-sectional area than said second portion, whereby 
the smaller cross-sectional area of said second portion 
presents an increased resistance to high frequency cur 
rents ?owing in said second portion. 

18. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a stack of magnetic 
laminations, said stack of magnetic laminations being 
provided with a plurality of slots each extending length 
wise of said stack and each extending inwardly from an 
outer peripheral edge of said stack, said slots being 
spaced from each other peripherally of said stack, and 
an electrical conductor member of non-magnetic mate 
rial positioned in each of said slots in magnetically in 
ductive relation to said magnetic laminations, the con 
ductor members positioned in the plurality of slots 
being connected in series with each other and in circuit 
with the electrical conductor means. 

19. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
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which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a stack of magnetic 
laminations, a slot extending inwardly and lengthwise 
of said stack from an outer peripheral edge of said 
stack, and an electrical conductor member of non 
magnetic material received in said slot in magnetically 
inductive relation to said magnetic laminations, said 
conductor member being adapted to be connected in 
circuit with said conductor means, said conductor 
member including a first portion lying in an inner por 
tion of said slot in inwardly spaced relation to the outer 
periphery of said slot and a second portion lying in said 
slot outwardly of said first portion and nearer the outer 
periphery of said slot, said ?rst portion being of sub 
stantially greater cross-sectional area than said second 
portion, whereby the smaller cross-sectional area of 
said second portion presents an increased resistance to 
high frequency currents ?owing in said second portion, 
and a narrow neck-like conductor portion connecting 
said first portion and said second portion along sub 
stantially the entire length of said ?rst and said second 
portions. 

20. An apparatus for connection in circuit with an 
electrical conductor means to substantially attenuate 
high frequency electrical voltages and currents but 
which transmits electrical voltages and currents of nor 
mal power frequency or direct current without substan 
tial attenuation thereof, comprising a stack of magnetic 
laminations, a slot extending inwardly and lengthwise 
of said stack from an outer peripheral edge of said 
stack, and an electrical conductor member of non 
magnetic material received in said slot in magnetically 
inductive relation to said magnetic laminations, said 
conductor member being connected in circuit with said 
conductor means, said conductor member including a 
?rst portion lying in an inner portion of said slot in in 
wardly spaced relation to the outer periphery of said 
slot‘ and a second portion lying in said slot outwardly of 
said ?rst portion and nearer the outer periphery of said 
slot, said first portion being of substantially greater 
cross-sectional area than said second portion, whereby 
the smaller cross-sectional area of said second portion 
presents an increased resistance to high frequency cur 
rents ?owing in said second portion, said ?rst portion 
and said second portion being separated by an air gap 
along a substantial part of the length of said ?rst por 
tion-‘and said second portion, corresponding ends of 
said first portion and said second portion being conduc 
tively connected to each other. 

21. An assembly of damping devices for attenuating 
high frequency transient phenomena for connection in 
circuit with an electrical transmission line, each damp 
ing device comprising an electrical conductor member 
extending lengthwise thereof, said assembly comprising 
a supporting frame member, stand-off insulator means 
supporting and spacing said frame member relative to 
a supporting surface, first and second stand-off insula 
tor members positioned in longitudinally spaced rela 
tion to each other along said frame member, a first 
damping device supported contiguous the respective 
opposite ends thereof by said ?rst and said second 
stand-off insulator members, means adapted to con 
ductively connect one end of said ?rst damping device 
in series with said electrical transmission line, said one 
end of said first damping device being supported by 
said ?rst stand-off insulator member, a ?rst conductive 
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spacer member, said ?rst conductive spacer member 
being supported on and substantially in axial alignment 
with said second stand-off insulator member, a third 
stand-off insulator member supported on and substan 
tially in axial alignment of the said first stand-off insula 
tor member, a second damping device supported at one 
end thereof by said third stand-off insulator member 
and at the opposite end thereof by said ?rst conductive 
spacer member, the end of said ?rst damping device 
opposite said one end of said ?rst damping device being 
conductively connected to said opposite end of said 
second damping device through said first conductive 
spacer member, whereby to place said first and said 
second damping devices electrically in series with each 
other, and means adapted to connect said one end of 
said second damping device in circuit with said electri 
cal transmission line, whereby said ?rst and said second 
damping devices are connected in series with each 
other and are adapted to be connected in circuit with 
the electrical transmission line. ' 

22. An assembly of damping devices as defined in 
claim 21 in which said means adapted to connect said 
one end of said second damping device in circuit with 
said electrical transmission line comprises additional 
damping devices connected in series with said second 
damping device, the last of said additional damping de 
vices being adapted to be connected to the transmis 
sion line, whereby to place said assembly in circuit with 
the transmission line. 

23. An assembly of damping devices as defined in 
claim 21 in which the respective damping devices are 
of the type comprising a stack of magnetic laminations 
and a corresponding conductor member received in a 
slot in each respecitve stack, the conductor members 
of the plurality of damping devices being connected in 
series with each other and in circuit with the transmis 
sion line. 

24. An assembly of damping devices for attenuating 
high frequency transient phenomena for connection in 
circuit with an electrical transmission line, said assem 
bly comprising a supporting frame member, stand-off 
insulator means supporting and spacing said frame 
member relative to a supporting surface, and a stack of 
damping devices supported on said frame member in a 
plane substantially normal to said supporting surface, 
said stack comprising ?rst and second stand-off insula 
tor members positioned in longitudinally spaced rela 
tion to each other along said frame member, a first 
damping device supported in spaced relation to said 
frame member by said first and second stand-off insula 
tor members, means adapted to conductively connect 
one end of said ?rst damping device in circuit with the 
electrical transmission line, said stack comprising a plu 
rality of additional damping devices each supported in 
said plane in stacked relation to said ?rst damping de 
vice and to each other by a corresponding additional 
stand-off insulator at one end of each respective damp 
ing device and by a corresponding conductive spacer at 
an opposite end of each respective clamping device, the 
relative position of the corresponding stand-off insula 
tor and of the corresponding conductive spacer being 
reversed for successive damping devices in the said 
stack whereby each corresponding conductive spacer 
establishes a conductive connection between succes 
sive damping devices to place successive damping de 
vices electrically in series with each other, and whereby 
to place the plurality of damping devices of the stack 
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in series with each other, and means adapted to con 
nect the terminal end of the last damping device in said 
stack in circuit with the electrical transmission line. 

25. An assembly of damping devices as de?ned in 
claim 24 in which the means adapted to connect one 
end of the stack of damping devices in circuit with the 
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electrical transmission line comprises at least one addi 
tional stack of damping devices as de?ned in claim 18 
whereby to place said at least one additional stack of 
damping devices in series with said ?rst-mentioned 
stack and in circuit with said transmission line. 

* * * * * 


