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Magnetic fiux leakages produce a cross field in the 
slots of an electrical machine which crowds to one side 
the currents in the massive windings, such as bars or 
straps, within the slots. This unequal current distribu 
tion results in increased copper losses. In order to mini 
mize this disadvantageous effect of the cross field, it has 
long since been the practice to replace the massive stator 
bars by a plurality of individual, mutually insulated con 
ductors or strands, the latter furthermore being trans 
posed in such a manner that the voltages induced by the 
stray flux in loops each constituted by two individual 
strands cancel each other. Such conductor rods, some 
times known as Roebel-type conductor bars or rods, which 
are transposed by 360° and sometimes by more than 360°, 
for example, by 540°, are well known in the art. 

In order to avoid eddy current losses due to radial 
leakage fields in very wide slots containing correspond 
ingly wide individual conductors and also to simplify the 
manufacture of the machines, it has previously been pro 
posed to arrange in such wide slots two parallelly con 
nected individual conductor bars, these bars being trans 
posed by 360° or 540°. In such an arrangement, how 
ever, the leakage field induces a voltage between the two 
conductor bars, as a result of which an eddy-current 
is made to flow therethrough. 

It is, therefore, a basic object of the present invention 
to provide an arrangement in which the above-mentioned 
drawback is avoided, i.e., an arrangement in which the 
flow of an eddy-current between the two independently 
transposed bars arranged in wide slots is avoided. 
With the above object in view, the present invention 

resides in an arrangement wherein a winding conductor 
bar which is constituted by a plurality of individual con 
ductors or strands, and which is transposed in any de 
sired manner, has four planes, of which the conductors 
of the second and third planes are transposed in the 
usual manner while the conductors of the first and fourth 
planes are transposed about the second and third planes. 
Such a four-plane bar incorporating, for example, the 

conventional 360° transposition for the second and third 
and for the first and fourth planes, has the following ad 
vantage as compared to a two-plane bar: thanks to the 
fact that the width of the individual conductors is halved, 
the additional losses (eddy currents) which are caused 
by the radial leakage field in each individual conductor 
itself are reduced to one quarter. Consequently, the 
additional losses produced in the bar as a whole are only 
half as large as compared to those in a conventional two 
plane conductor. It will thus be seen that the additional 
losses are reduced not because of the type of transposi 
tion as such, but because the bar instead of being a two 
plane bar is a four-plane bar, in consequence of which the 
width of the individual conductors is halved. Further 
more, the four-plane conductor bar according to the 
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present invention can be made by simplified manufactur 
ing techniques inasmuch as it does not consist of two 
disconnected halves but, due to the interconnection and 
combination of all four planes, of a single cohesive struc 
ture. The conductor bar according to the present in 
vention offers particular advantages when used in con 
junction with the conventional 540°-transposition, be 
cause such an arrangement completely cancells the ef 
fect of the cross field in the slots and the front leakage 
fields of any direction and magnitude. In such a con 
ductor bar, all of the eddy-currents which are induced by 
the front leakage field and the cross field are completely 
cancelled both between the individual strands as well as 
between the four planes. 

Additional objects and advantages of the present inven 
tion will became apparent upon consideration of the 
following description when taken in conjunction with 
the accompanying drawings in which: 
FIGURE, 1 is a schematic longitudinal view of a con 

ductor bar according to the instant invention. 
FIGURES 2 and 3 are sectional views taken on lines 

2—2 and 3-3, respectively, of FIGURE 1. 
FIGURE 4 is a perspective view of a conductor bar 

portion according to the present invention. 
Referring now to the drawing, the same illustrates the 

present invention on the basis of a 540°-transposition. 
For the sake of simplicity, only the starting and end re 
gions of the over-all interlacing are shown. 
As is apparent from FIGURES 2 and 3, the conductor 

bar consists of four planes I, II, III, and IV each having 
four individual conductors or strands. The two outer 
planes I and IV consist of four strands a, b, c, d, and 
e, f, g, h, respectively, while the two inner planes III and 
III consist of four strands 1, 2, 3, 4, and 5, 6, 7, 8, respec 
tively. While the conductors of the two inner planes 
II and III are transposed, in conventional manner, by 540° 
as is apparent from the changed positions of the strands 
1 through 8 in FIGURE 3, the two outer planes I and 
IV with their strands a through h are transposed about 
the 540°-transposed inner planes III and III such that the 
strands a through h occupy the position shown in FIG 
URE 3. 

In contridistinction to the prior art, in which the con 
ductor bar as a whole consists of two disconnected elle 
ments, one having the planes I and II and the other the 
planes III and TV, the conductor bar of the present inven 
tion, having the planes I, II, III and IV, constit?tes a 
single, connected structural entity. Furthermore, due 
to the fact that the conductors of the two outer planes are 
transposed about the two inner planes, the losses in the 
strands caused by the radial field and the front leakage 
field are considerably reduced. 
The above-described winding arrangement while ap 

plicable to alternating current motors and generators in 
general, is particularly suited for use with turbo-gen 
eratOS. 
FIGURE 4 shows the structural arrangement of the 

above-described conductor bar. 
It will be understood that the above description of the 

present invention is susceptible to various modifications, 
changes, and adaptations, and the same are intended to 
be comprehended within the meaning and range of equiv 
alents of the appended claims. 
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What is claimed is: 
1. For use in electric machines, a winding conductor 

bar composed of a plurality of strands, said conductor 
bar as a whole having first, second, third, and fourth 
planes, the strands of the said second and third planes 
being transposed and the strands of the said first and 
fourth planes being transposed about said second and third 
planes. 

2. A winding conductor bar as defined in claim 1 
wherein the strands of the said first and fourth planes as 
well as the strands of the said second and third planes 
are transposed by 540°. 
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