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2,991,336
Patented July 4, 1961

Ccc

1

2,991,336
ELECTRICAL TROLLEY SYSTEMS, LOW

REACTANCE TYPE
John B. Shaw, Redwood City, and Cecil J. Mayo and
Tirey L. Ford, Hillshorough, Calif., assignors to Insul-
8-Corp., San Carlos, Calif., a corporation of California

Filed Sept. 10, 1956, Ser. No. 608,731
2 Claims. (Cl. 191—2)

This invention relates broadly to electrical systems of
the type in which a moving vehicle or carriage takes elec-
tric energy from a fixed conductor bar by means of a
sliding contact or collector device carried by the vehicle,
moving therewith and engaging the conductor bar, to
thereby operate an electric motor which drives either the
vehicle or some device carried by it, or both. More par-
ticularly, the invention has to do with means for provid-
ing an electric system of the described type in which the
conductor bar and the return conductor are in such close
proximity as to reduce to a minimum losses due to in-
ductive reactance.

In alternating current systems of the described type
considerable losses due to inductive reactance occur when
the return conductor is separated by a material distance
from the conductor bar which is connected to the source
of electric energy, while these losses are reduced when
these conductors are in close proximity. This reduction
in inductive reactance loss is due to the fact that the mag-
netic fields produced by the conductor bar and the return
conductor substantially cancel each other if the bar and
the return are closely contiguous. This magnetic cou-
pling is, in general, indirectly proportional to the spacing
between the conductor bar and the return, and becomes
negligible when the spacing is considerable, in which case
the losses due to inductive reactance may exceed those
due to resistance. For example, in a typical installation
of a car movable along tracks and taking electric energy
from a fixed conductor bar extending parallel to the tracks,
one track was used as the ground return and was spaced
from the conductor bar by a distance sufficiently great
that there was negligible magnetic coupling between the
fields of the conductor bar and the track. In this instal-
lation losses due to inductive reactance were approxi-
mately five times as great as those due to resistance.

It has accordingly been the principal object of this in-
vention to provide a conductor bar installation for use in
a system of the described type which will include return
means in very close proximity to the conductor bar,
whereby there will be maximum coupling between the
fields of the two with consequent maximum reduction of
losses due to inductive reactance. A second, but also im-
portant, object of the invention has been to provide a
return means for an electrical system including a conduc-
tor bar, which return means provides a support for the
conductor bar and imparts lateral rigidity thereto. A
further object of the invention has been to provide, in a
system of the described type, a return circuit of substan-
tially lower resistance than provided by the conventional
track rail when used as a return conductor,

The invention is described in the following specifica-
tions and illustrated in the accompanying drawings, in
which

FIG. 1 is partly a side elevational view and partly a
schematic circuit diagram of a system for delivering elec-
tric energy to a moving vehicle according to the inven-
tion;

FIG. 2 is a part sectional and part elevational view
taken on line 2—2 of FIG. 1 showing a preferred form
of the invention;

FIG. 3 is a sectional view taken on line 3—3 of FIG. 1
showing a second form which the conductor bar and re-
turn bar of the invention may take;
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FIG. 4 is a sectional view taken on the same line as
FIG. 3 and showing a third form which the conductor
bar and return bar of the invention may take, and

FIG. 5 is a sectional view taken on the same line as
FIG. 3 and showing a fourth form which the conductor
bar and return bar of the invention may take.

In FIG. 1 of the drawings there is disclosed a track
2, which may be one of two or more tracks, on which
a vehicle 4 is supported by wheels 6 on which the vehicle
moves along the track. An alternating current electric
motor 8 is mounted on the vehicle and has its armature
connected by suitable mechanical means 10 to the wheels
6 to rotate the same. One terminal of the motor is
grounded through the wheels 6 as shown at 11 and the
track is grounded as shown at 12.

Means must be provided for supplying electric energy
to the motor 8 and a preferred means for accomplishing
this is disclosed in FIGS. 1 and 2 of the drawings. Such
means comprise an elongated conductor bar 20 which is
connected to the power terminal of a source of alternating
electric energy 22 through a transformer 24 and circuit
breaker 26. This conductor bar extends in parallel re-
lation to the track 2 and is spaced from the track by any
distance which permits the bar to be slidably engaged
by a collector device 28 which is mounted on the vehicle
4. The conductor bar 20 is partially surrounded and en-
cased throughout substantially its entire length by a sheath
30 which is formed of electrically insulating material and
which is of inverted U-shape, being open at the bottom
to permit the collector device to engage the conductor
bar. In the embodiment of the invention which is dis-
closed in FIG. 2 the conductor bar is I-shaped in cross
section and has a flat central web 32 and upper and lower
cross heads 34 each of which has a concave outer surface
for better engagement by the collector device 28. The
insulating sheath 30 conforms in general to the cross-
sectional shape of the conductor bar 20 and therefore
has enlarged upper and lower parts which receive the
cross heads 34 of the conductor bar and a narrower cen-
tral part which engages the side walls of the central
web 32.

The conductor bar 20 and sheath 30 are supported in
the described position with respect to the track by means
which are in very close proximity to the bar throughout
its length and which provide a return path for electric
energy supplied to the conductor bar. These means com-
prise an elongated metallic member 40 which may be
formed of aluminum and which is of inverted U-shape
in cross-section having spaced depending arms 42, 44
which are thicker in cross-section adjacent their lower
ends than at their upper ends, thus providing an upper
recess within which may be received the upper cross-head
of the I-shaped conductor bar 20 and the part of the
sheath 30 which surrounds and encloses it, while the thick-
er lower parts of the depending legs 42, 44 extend toward
and enclose the central web 32 of the conductor bar and
the side walls of the insulating sheath 30 which lie in
face-to-face contact with the sides of the web. The upper
cross-piece or head 46 of the member 40, which connects
the upper ends of the depending arms 42, 44 is of con-
siderable vertical thickness and large cross-section where-
by, with the depending legs 42, 44 of large cross section,
a low resistance return path to the circuit breaker 26 and
transformer 24 and the source of power is provided as
described hereinafter.

The elongated bar 40 is provided with longitudinally
extending grooves 50, 52 in its side walls which prefer-
ably extend entirely along the length of the member
40. These grooves are provided to receive the inturned
ends of depending arms 60, 62 which form parts of skort
connecting members which are connected, as by bolts
64, to the upper horizontal arms 66 of C-shaped brack-
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ets 68 which are connected, as by bolts 70, to the sur-
face such as the metal cross ties 72, which support the
track 2, thereby electrically connecting the return mem-
ber- 40 to the track rail 2: However, if- the track is not
connected to ground the member 4% will provide- a-return
path, thus completing the circuit.

It will be seen from the foregoing description that
the elongated return bar 48 provides a return path.for
electric energy supplied to the conductor bar 20-as bar 40
is connected.-at spaced points throughout its length through
the short supporting members 68. and the C-shaped
supports 68 which.may. or may not be grounded. at. 12
as.shown. in FIG. 1. Further, it will be seen that the
return member 40 receives: and substantially surrounds
the conductor bar 26 being. open only. along its lower
side to permit the collector device 28 to engage the con-
ductor bar, and also is in very close proximity. to the
conductor bar, being separated from it.only by the thick-
ness. of the insulating sheath. 30. Because of this. sur-
rounding and closely adjacent relationship of the con-
ductor bar and the return lead or bar, substantial mag-
netic coupling will be caused between them. thus reduc-
ing to a minimum losses in the system due to inductive
reactance.

It will be understood that FIG. 1 of the drawing dis-
closes only a single length of conductor bar, insulating
sheath and return bar, but that additional lengths of
each of these members may be arranged in end to end
relation and connected in any suitable manner to pro-
vide an electrical conductor and collection system of any
desired length.

The invention is not limited in any way to the use of
conductor bars or return bars having the cross:sectional
shapes disclosed in FIG. 2 and bars of other cross-sec-
tional shapes and arrangements are disclosed. in: FIGS.
3, 4 and. 5. One such embodiment of the invention is
disclosed in FIG. 3 and comprises an elongated bar 80
which is 8-shaped in cross section, this being. a standard
commercial product, surrounded on all but its lower
side by a sheath 82-formed of electrically insulating mate-
rial and being of inverted U-shape in cross section in
order to permit the collector device 28 to slidably en-
gage the conductor bar, which is connected to the source
of power in the same manner as the conductor bar. 20
of FIG. 2. The conductor bar 80 and sheath 82 may
preferably have the construction disclosed in the co-
pending application of Tirey L. Ford and Donald H.
Scofield, filed December 12, 1955, Serial No. 522,789.
The outer surfaces of the side walls of the sheath 82
are provided with longjtudinally extending grooves which
receive the inturned ends of the depending side walls
84, 86 of an elongated metallic member 88 which is of
inverted U-shape in cross section and which. extends
substantially thronghout the length of the conductor bar
and may be connected to ground in the same manner
as the bar 40 of FIG. 2, but if not connected. to- ground
will nevertheless complete the circuit which includes the
source of alternating current and the conductor bar.

A further form which the conductor bar and the re-
turn bar may take is disclosed in FIG. 4, and comprises
an elongated conductor bar- 90 which is circular in. Cross
section, and which may be hollow or solid, an elongated
sheath 92 formed of insulating material and surrounding
and engaging the entire periphery of the conductor bar
90 except a part thereof which is sufficiently wide to
permit engagement by the collector device 28, and an
elongated return bar 94 which surrounds and engages
the entire periphery of the insulating sheath 92 except
that part thereof which is open to permit access by the
collector, device. The return- bar 94 is provided with
means which may be engaged by the supporting devices
60, 68 in order to position it_in spaced relation to the
track 2 as described hereinbefore. It will be seen that
in this and similar embodiments of the invention the
conductor bar, which is connected to power, and the re-
turn bar are substantially concentric.
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In a further embodiment of the invention, an example
of which is disclosed in FIG. 5, the conductor bar and
the return bar are disposed in close side-by-side relation
for the reasons and with the results set forth herein-
before. In the embodiment-of FIG. 5 the conductor bar,
which is connected to power, is shown at 108 and is sur-
rounded on all but its lower side by a sheath 102 which
is formed of electrically insulating material. An elon-
gated cable or bar 194 is disposed adjacent and in side-
by-side close relation to the bar 189 and the entire assem-
bly of conductor bar, sheath and return bar is supported
within an elongated member 166 of inverted U-shape
which. is. provided at or adjacent its. upper part with
means 108 for engagement by the supporting means. 60,
68 whereby it may be positioned in the spaced relation
to track 2 as described hereinbefore. The member 106
is- open at its lower part, as is the insulating sheath 102,
to permit access to the conductor bar 166 by the sliding
collector device 28. The bar or cable 104 is. connected
to ground at 12 through the U-shaped member 106. and
the parts which support it, as described hereinbefore, and
which. therefore provides. a. return. path for alternating
current. supplied to the conductor bar 100 in close
proximity to the conductor bar for the reasons-and with
the results set. forth.

In.this specification we have described the member 40
and its equivalent members (88 of FIG. 3, 94 of FIG.
4, and 104 of FIG. 5) as being connected to ground
through the track rail. It will be understood, however,
that such a connection to ground is not required for
successful operation of the system, and that the track
rail may, in fact, be insulated from ground, in. which
case the members 40, 88, 94 and 104 will themselves
complete the circuit which includes the source of elec-
tric energy and the conductor bar.

While the invention has been described in this applica-
tion in connection with a conductor bar which is slidably
engaged at its bottom part by a collector device, it will
be understood that the invention is not limited in any
way to such a conductor bar but, on the contrary, is
sufficiently broad to include all conductor bars which
may be slidably engaged by a collector device, whether
on the bottom, side, top or elsewhere,

While we have described and illustrated one embodi-
ment of our-invention, it will be apparent to those skilled
in the art to which the invention relates that other em-
bodiments, as well as modifications of that disclosed, may
be made and practised without departing from the spirit
or scope of the invention, for the limits of which ref-
erence must be made to the appended claims.

What is claimed is:

1. A low reactance conductor assembly for supplying
alternating current. to a movable apparatus which is
mounted for movement on and along an elongated track
and is provided with a current collector device, said con-
ductor assembly comprising an elongated conductor bar,
an elongated sheath formed of electrical insulating ma-
terial which is U-shape in cross section and closely em-
braces said conductor bar to permit the collector device
to have. access to one part of the conductor bar through
the open side of the sheath, an elongated metallic mem-
ber which is U-shaped: in cross section and has its side
legs closely embracing the side legs of the sheath and
its open side registering with the open side of the sheath,
the sheath being positioned between and in contact. with
the conductor bar and the elongated metallic member
to insulate the bar and elongated metallic member from
each other, the conductor bar, sheath and metallic mem-
ber being substantially co-extensive in length, means. for
electrically connecting the conductor bar to- one termi-
nal of a source of alternating current, means for elec-
trically connecting the elongated metallic member to a
second terminal of said source of alternating current, and
means for electrically connecting the elongated metallic
member to the conductor bar through the current col-
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lector device and movable apparatus whereby the elon-
gated metallic member provides in use a return path to
ground for current supplied to the conductor bar.

2. A low reactance conductor assembly for supplying
alternating current to a movable apparatus which is
mounted for movement on and along an elongated track
and is provided with a current collector device, said
conductor assembly comprising an elongated conductor
bar which in cross section has two spaced enlarged parts
connected by a flat web, an elongated sheath formed of
electrical insulating material which is U-shape in cross
section and closely embraces one of the enlarged parts
and extends over both sides of the web part of the con-
ductor bar thus permitting the collector device to have
access to the other enlarged part of the conductor bar
through the open side of the sheath, an elongated metal-
lic member which is U-shape in cross section and has a
part closely adjacent the closed side of the sheath and
side legs of enlarged thickness embracing the side legs
of the sheath and holding the same in engagement with the
sides of the web of the conductor bar, the sheath being
positioned between and in contact with the conductor bar
and the elongated metallic member to insulate the bar
and elongated member from each other, the conductor
bar, sheath and metallic member being substantially co-
extensive in length, means for electrically connecting the
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conductor bar to one terminal of a source of alternating
current, means for electrically connecting the elongated
metallic member to a second terminal of said source of
alternating current, means for electrically connecting the
elongated metallic member to the conductor bar through
the current collector device and movable apparatus where-
by the elongated metallic member provides in use a re-
turn path to ground for current supplied to the conductor
bar.
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