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My invention relates to busses, and more par-
ticularly to electrical busses especially adapted
for carrying heavy currents.

The increased demands for electncal power

b have made it necessary to supply large blocks of
power at low voltage. Obviously, high voltage
conductors are not always desirable for the rea-
son that the cost of the protective apparatus
necessitated thereby is prohibitive. I propose
to provide a novel bus construction, particularly
designed for carrying heavy current having a ca-
pacity in excess of 3,000 amperes.

It is well known that the alternating flux of an
alternating current causes a higher: impedance
5 in the center of an electrical conductor or bus
than in the outer portions thereof. This results
in the current being forced to the outer surface
of the bus, producing the so called skin effect.
By skin effect I mean any uneven distribution of
the current in a bus or conductor due to the flux
inherent in the current. This effect is undesir-
able for the reason that it results in heat losses.
Since the skin effect becomes more pronounced
as the current is increased; it becomes essential
that a bus be designed wherein the skin effect
can be substantially obviated, or at least mini-
mized, to such an extent as to make practical the
transmission of heavy currents.

Now in a multiphasé transmission system, if
the phases are placed in proximity voltages are
induced in each of the opposite phases, which
are not uniform over the entire cross section of
each of the busses and result in the current be-
ing forced to the inner or near. side thereof.
This action is frequently referred to as the prox-
imity effect. The result of this effect is to aug-
ment the heat losses, due to the previously dis-
cussed skin effect. Therefore, the bus to be de-
signed must take into consideration both of these
deleterious effects.

It has been found from experimentatmn that
a tubular or cylindrical conductor will transmit
heavy currents with relatively small losses, as far
as the skin or proximity effects are concerned.
5 However, this type of conductor is. not satisfac-

tory for large bus work due to the difficulty of

mounting it, as well as due to the 1mpract1cab111ty
of making connections thereto.

The object of my invention is to provide an
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features of a tubular conductor, in addition to be-
ing easy to handle and mount and having a low
reactance. -

In accordance with the general features of my

55 invention, I prov1de a tubular bus having a polyg-

pere under standard conditions.

improved bus construction having the desirable -

(CL 173—13)

onal cross-section and preferably composed of
a plurality of parallel bars arranged with their
adjacent edges spaced from each other. This
spacing permits the air to circulate freely in the
bus construction, thus augmenting the cooling 60
of the bus bars.

Other objects and advantages of my mvention
will more fully appear from the following de-
tailed description taken in connection with the

accompanying drawings, which illustrate several 656

embodiments thereof and, in which:—

Figure 1 is a graphical illustration of the rat-
ings of busses of grouped phases above 3,000
amperes at 60 cycles;

Fig. 2 is an elevation partly in section of a 70
bus embodying the features of the present inven-
tion and showing a mounting therefor;

Fig. 3 is a side view of the bus and mounting
shown in Fig. 2;

Fig. 4 is a view of & modified type of bus and 15
mounting;

Fig. 5 is a side elevation of the modification
shown in Fig. 4; and

Fig. 6 is a view of a modifled form of bus
especially adapted for isolated phase work.

Referring now to the drawings in detail, in
which like reference numerals designate similar
parts throughout the several views, and more
particularly to Figure 1, I have illustrated graphi-

80

.cally the ratings of busses on grouped phases 86

above 3,000 amperes at 60 cycles. The horizontal
spaces of this graph denote the copper section of
the busses in terms of square inches per phase.
The vertical spaces of this graph represent the
carrying capacity of the busses in terms of am- 90
‘This standard
condition is shown as being a 30° C. i‘1se over the
temperature of the ambient.

In the left hand upper corner of the grapn I.
have. illustrated more or less diagrammatically 98
four types of bus construction. Below these ii-
lustrations I have listed the necessary data for
correlating the curves shown on the graph with
the four illustrations of the bus construction.
All bars are Yth inch thick by 4 inches, 6 inches, 100
or 8 ‘inches wide. For instance, the  center
point on curve 6 represents six bars of 6 inches
by Y4ith inch copper and the upper point on the
same curve means six bars of 8 inches by ¥ th inch
copper.  Furthermore, as noted on the chart, 105
should the standard temperature at which 2 bus
is operated be a 40° C. rise-above the ambient,

* then the values denoted by the curves would be"

increased by approximately 15%.. .
In each of the four illustrations or figures A, B, 110
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C, and D shown on the upper left hand corner of
the graph, I have illustrated three phases A, B
and C. Figure A shows the usual way of ar-
ranging the bus bars. Figures B, C and D illus-
trate busses provided with the features of my
present invention. )

In figure A is shown a three phase bus, each
phase consisting of three bars, the phases being
set in an equi-lateral triangle on 10 inch centers.
This is the usual way of disposing the bus bars.
It will be noted that the current in the A phase
bus is practically all in the very bottom edge of
the bars, and the usefulness of the upper half
of the bars is more in the nature of a radiator
than a conductor. In the lower phase bars B and
C the current is disposed for the main part in the
top edge of the bars, or the. edges of the bars
facing each other. This means that the outer
bars of the phases B and C do not convey very
much current. The foregoing conditions are due,
primarily, to the skin effect and to the so called
proximity effect. These effects are deleterious
for the reason that they result in relatively high
heat losses.

Curve 1 of the graph represents the carrying
capacity of a bus construction such as that shown
in fig. A wherein each of the bars is 4 inches
by ¥ith inch. It will be observed from this curve
that this type of conductor is not an efficient
conductor for current exceeding 3,000 amperes.
Once the 3,000 mark is reached the carrying ca-
pacity of this type of bus cannot be very ma-
terially increased by increasing the copper sec-
tion thereof. Thus, it will be evident that this
type of bus is entirely unsatisfactory for carrying
current in excess of 3,000 amperes.

Curve 1A represents the carrying capacity of
a bus similar to that represented by curve 1 with
the exception that each phase of the bus con-
struction is provided with iron around the bars at
“d” (see fig. A). Even though the addition of
magnetic steel or iron does tend to increase the
carrying capacity of the bus, still the increase is
not so great as to render the type of bus shown
in fig. A practical as.a conductor for high ca-
pacity current. ,

Curve 2 represents the carrying capacity of a

bus like that shown in fig. A, wherein each of .

the bars is 8 inches by %4th inch. ‘The curve is
believed to be self explanatory.

In each of the bus constructions shown in figs.
B, C and D of the graph, it will be observed that
the bars of each phase are arranged in a poly-
gonal shape. This arrangement enables the
phases to be positioned relatively close together
without incurring any bad effects due to the so-
called proximity effect. This construction also
greatly reduces the deleterious skin effect. Ob-
viously, by reducing both the skin effect and the
proximity effect the heat losses of each phase will
be substantially decreased so as to render practi-
cal the carrying of current in excess of 4,000
amperes. :

In each of the constructions shown at B, C and
D in the graph of Fig. 1, the bus phases are ar-
ranged so as to be on the corners of an equi-
lateral triangle. When the space limitations or
the allowable reactive drop does not demand that
phases be on the corners of an equi-lateral tri~
angle, the dotted arrangement shown in C may
be employed. It will be found that this arrange-
ment has a carrying capacity practically equiva-
lent to that of the bus construction shown at D.

Curves 3 to 8, inclusive, are believed to be self
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explanatory from the data given in Fig. 1.
These curves illustrate the carrying capacities
of various forms of the three types of bus con-
structions B, C and D. Of course, it is to be un-
derstood that the carrying capacity of each of
these bus constructions may be materially in-
creased by separating the phases further apart,
or by increasing the number of bars in each
phase.

Curve 7 gives the rating of C on 17 inch cen-
ters. If the phases are separated further the
ratings of these busses will be raised somewhat,
but not so high as curve 6. Curve 6 gives the
rating of D on 36 inch centers, and the rating of
this bus would be lower gn the closer centers, but
not so low as curve 7. In curve 8 the rating may
be very materially increased by one or both of
two methods, either by a wider opening of the
corners of the rectangle or by further separating
the phases. If both these things are done we
may obtain a bus perhaps higher in capamty
than that given in curve 6.

In Figs. 2 and 3 I have illustrated one form of
a mounting for a bus embodying the features of
my present invention. This type of mounting is
especially adapted for use in connection with a
single phase bus line. In this construction the

80
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bus 30 comprises four sides, each of which in--

cludes a single copper bar 31. These bars are
arranged in a polygonal or rectangular shape
and are properly spaced and supported by the
clamping device, designated generally by the ref-
erence character 32. This device 32 is in turn
mounted upon a supporting insulator 33.

Positioned between the bars 31 are a .pair of
spacing members 34—34, which may be made of
iron. These members are each rectangular in
shape and they serve to properly space the bars
31. The bars 31 abut the sides of the spacers
34—34. The side bars 31—31 of the bus 30 are
held in contact with the spacers 34—34 by means
of a pair of diametrically opposed clamping
plates 35—35. Each of these plates 35 is ftri-
angular in shape, and is connected to the oppo-
site plate by means of three bolts 36, 37 and 38.
The upper bolt 38 extends between the spacers
34, whereas both of the bolts 36 and 37 are posi-
tioned on the outer sides of the spacers.

Positioned on top of the top bus bar 31 is a
clamping plate 39, and positioned on the bottom
of the bottom bus bar 31 is a similar plate 40.
These plates are made of steel having as low
magnetic properties as it is possible to get. The
plate 40 is disposed on fop of a mounting mem-
ber 41, which is secured to the top of the insu-
lator 33 by means of the bolt 42, The top plate
39 is connected to the bottom plate 40, as well as
to the member 41, by means of four vertical bolts
43. These bolts are disposed at right angles to
the bolts associated with the plates 35—35.

The clamp construction shown in Pigs. 2 and 3
is such that the bus bars are held accurately in
position and yet they are permitted to slip longi-
tudinally, if necessary, under expansion. .This
movement of the bars is permissible for the rea-

'son that the bars are not pierced by the bolts of

the clamping device 32,

In Figs. 4 and 5 I have illustrated a.nother
form of bus construction wherein the bus is
designated generally by the reference character
50. The bus comprises essentially a plurality of
copper bars 51, preferably four in number, ar-
ranged in a rectangular shape. The bars are
held in this shape by means of a clamping de-
vice, designated generally by the reference char-
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" acter 52, which is suitably carried by an insula-
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tor 53.

The clamping dev1ce 52 includes a spacer 54
made of magnetic steel angle iron. The parts
composing the spacer 54 are arranged in a rec-
tangular - shape and are welded together at the
corners.- Each of the bars 51 is secured to a side
of the spacer 54 by means of bolts 55 which pierce
the bar. It will be observed that the lower pair
of bolts 55 are used to secure the bus to a mem-
ber 56 comprising a non-magnetic steel casting.
This casting is in turn secured to the 1nsula.tor
53 by means of a bolt 57.

In general, the form shown in Flgs 4 and 5
is not as desirable as the modification shown in

Figs. 2 and 3, for the reason that the bolts pierce

the copper bus bars.

Both forms of the clamp construction shown
and described may be used to support three sided
busses instead of rectangular busses. This may
be accomplished by simply omitting one of the
sides of the busses irom the construction, It will
be evident that even though one of the sides is
omitted, the construction of the clamp need not
be altered or changed for supporting the other
three sides of the bus.

This same general type of supporting clamp

. may be used for supporting a hexagonally shaped
" bus py simply making the inner casting or spacer

six sided instead of four sided. Furthermore,
each side of the busses ma.y compnse as ma,ny
bars as desired.

in Fig. 6 I have shown a three sided or chan-
nel shaped bus 60.. Each side of this bus is em-
braced by a pair of clamping plates 61 which
‘are connected by bolts 62. One of the clamping
plates 61 is connected to a casting 63 formed in-
tegral with 'an insulator 64. The other end of
the insulator 84 is provided with a mounting
plate 65 which is secured to the wall 66 by bolts
67. The three insulators 64 cooperate with the

“wall 66 to properly support the channel bus 60.

Tt will be observed that in the first two forms
of my bus, illustrated in Figs. 2 and 3 and Figs.
4 and 5, the edges of the bus bars are spaced
from each other, thus permitting the air to circu-
iate freely between the bars. This natural ven-
tilation augments the cooling of the bus.

I claim:—

1. An electrical bus construection - compnsmg
a plurality of bars arranged so as to have a rec-
tangular cross section, and spacing means dis-
posed between the bars, said bars having their
adjacent edges spaced from each other to allow
the air to circulate.freely therebetween.

2. An electrical bus construction comprising
& plurality of flat bars disposed about a common
centre in the form of a polygon, spacing mem-
bers between the bars and holding them spaced
apart, and means forcing the bars against the
spacing members, said means holding the ad-
jacent edges of the bars spaced apart.

3. An electrical bus construction comprising
a plurality of flat bars disposed about a common
centre in the form of a polygon, spacing mem-
bers between the bars, clamping means includ-
ing members bearing against the outer faces of
certain of the bars, a support, and clamping
means securing the bus construction to the sup-
port and bearing against the outer faces of the
other bars.

4.'A bus supporting construction comprising

a plurality of clamping plates arranged in a

polygonal shape about the periphery of the bus,

a. spacing member disposed within the dimen- .

3

sions of the bus and adapted fo be engaged by
the sides of the bus, and a plurality of holts con-
necting the opposite clamping plates for causing
said plates to tightly clamp the sides of the bus
to the spacing member, said bolts including both
vertical bolts and horizontal bolts, all of which
bolts extend- along the free sides of the spacing
means.

5. In combination, a plurality of bus bars dis-
posed substantially at right angles to each other
and defining a rectangle, rectangular spacing
members disposed between the bars and in con-
tact therewith, and means cooperating with said
spacing members for holding the bars against the
sides of the spacing ‘members.

6. In combination, a rectangular spacing mem-

" ber, bus bars disposed about the spacing member

in contact with each of the sides thereof, and
means holding the bars against the respective
sides of the spacing member.

7. In combination, a rectangular spacing
member, bus bars disposed about different sides

-of the spacing member and in contact with the

sides thereof, clamping members at the outer
faces of the bars, and securing bolts disposed at
right angles to the clamping members and hold-
ing them against the outer faces of the bus bars,
said clamping members holding the bars against
movement away from the spacing member.

8. In combination, 2 rectangular spacing
member, bus bars disposed about the spacing
member and in contact with the sides thereof,
clamping members at the outer faces of the bars,
and horizontal and vertical bolts connecting the
clamping members and holding them against the
bars, said clamping members holding the bars
against movement away from the spacing mem-
ber, the bolts being disposed inside of the bars.

9. I combination, & rectangular spacing
member of open construction, bus bars disposed
about at least three of the sides of said member
in contact with the sides thereof, and means
holding the bars against the sides of the spac-
ing member.

10. An electrical bus conductor construction
comprising a plurality of electrically parallel con-
nected flat bars of great width relative to their

/thickness .disposed in angular relation -about a

common cénter and constituting the current
carrying portion of the bus, said bars including
spaced side portions defining the sides of a
polygon,

1i. An electrical bus conductor construction
comprising a plurality of bars electrically con-

nected in parallel and disposed about a common-
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center in. the form of a polygon, the bars being -

each flat on at least one side and arranged so
that flat sides of the respective bars constitute the
sides of the polygon, spacing members between
the bars and holding them spaced apart to form
narrow, longitudinally extending ventilating slots
in the polygon, and means for forcing the bars
against the spacing members. ‘

12. An electrical bus conductor construction
comprising a plurality of bars e1ect;ric'ally con-
nected in parallel and disposed about a common
center to form the sides of a polygon, the bars

-being each flat on at least one side'and arranged

185

140

sa that flat sides of the respective bars constitute -

the sides of the polygon, spacing members be-

145

tween the bars and holding them spaced apart

to form narrow, longitudinally extending venti-

lating slots in the polygon, and means coacting

with the spacing members for securing the bars
against appreciable relative movement toward

150
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and away from each other while permitting longi-
tudinal expansion and contraction of the bars
independently of each other and of the securing
means.

13. A single phase multiple bar bus supporting
construction comprising a plurality of pairs of
clamp members electrically connected together
by the bus and disposed about the bus, the pairs
of clamp members being angularly disposed to one
another, spacing means disposed within the bus
for separating the bars, and means for forcing
said clamp members toward the spacing means
to tightly clamp the bars of the bus thereto, one
of said clamp members being formed for attach-
ment to g supporting insulator.

14. In a bus, a horizontally disposed tubular
conductor having narrow longitudinal slots at the
top and bottom, the tubular conductor being
polygonal in cross section, with at least some
outer sides flat and of a width approximating
the full width of the polygon.

15. In a bus, a horizontally disposed tubular
conductor having narrow longitudinal slots at the
top and bottom and extending to the inside of the
tube, the tubular conductor being rectangular in
cross section, and the combined width of all the
slots being less than the combined width of the
conducting portions of the outer sides of the
rectangle. ) .

16. In a bus, a horizontally disposed tubular
conductor having narrow longitudinal slots at the
top and bottom, the tubular conductor being a
flat sided polygon in cross section and made up
of bars clamped on their outer sides.

17. A bus bar conductor for carrying large
currents comprising a plurality of horizontally
extending parallel connected bar conductors ar-
ranged to define a hollow polygon having hori-
zontal and vertical conducting sides and having
openings at the top and bottom for effecting a
natural circulation of air therethrowugh.

18. A bus conductor comprising a plurality of
flat sided members of conducting material, of
relatively great width in proportion to their
thickness and of relatively great length in pro-
portion to their width, arranged to form the sides
of a polygon, said members being spaced at ad-
jacent edges to provide ventilating slots there-
between, said members being electrically connect-
ed in parallel.

1,034,434

19. A bus of a rectangular cross section in-
cluding a plurality of metal members, each hav-
ing at least one flat outer side, secured in spaced
relation, said members including spaced par-
allel extending current carrying portions defin-
ing two sides of the rectangle and, at right
angles thereto, spaced current carrying portions
defining the other two sides of the rectangle, all
electrically connected together in parallel rela-
tion to constitute a single bus conductor, cer-
tain adjacent current carrying portions being
spaced to provide ventilating slots.

20. A bus comprising a horizontally disposed
tubular conductor having narrow longitudinally
extending slots at the top and bottom open to
the atmosphere to permit the natural circulation
of air therethrough, and having at least one flat

80

85

30

outer longitudinally extending side to facilitate

clamping of flat members thereto.

21. A composite bus conductor comprising a
plurality of conducting members of the same ma-
terial arranged to form the sides and the web
of a longitudinally extending channel and spaced
apart to define longitudinally extending slots be-
tween the web and the flanges, said members
being electrically connected in parallel.

22. A composite bus conductor comprising four
metal members secured together to define a
rectangle, certain adjacent members being spaced
apart to form longitudinally extending open-
ings to the interior of the rectangle, the outer
surfaces of the members being flat, whereby the
bus conductor has parallel planar surfaces on
opposite outer sides thereof.

23. A bus conductor comprising a plurality of
members arranged to define an inclosure polyg-
onal in cross section and having certain opposite
outer flat surfaces lying in spaced parallel planes,
certain of said members being spaced apart to

form longitudinally extending open ventilating 3+

slots from the inside to the outside of the polygon,
the members being electrically connected to-
gether to form a single conductor. -

24. A bus comprising a plurality of parallel
connected conducting members arranged to form
a flat sided tube with certain opposite outer sur-
faces lying in spaced parallel planes to facilitate
the clamping. of connections thereto.
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- CERTIFICATE OF CORRECTION.

Patent No. 1,934,434,

November 7, 1933.

TITUS G. Le CLAIR. -

It is hereby certified that error appears in theé printed specification of the
above numbered patent requiring correction as follows: Page 4, lines 96-97, claim
21, for "material" read materials; and that the said Letters Patent should be
- read with this correction therein that the same may conform to the record of

the case in the Patent Office.
Signed and sealed this 23rd day of January, A. D. 1934.

(Seal)

| F. M. Hopkins

 Acting Commisiioner, of Patents.



