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ROTATING ELECTRICAL MACHINE WITH MEANS FOR 
PREVENTING DISCHARGE FROM COIL ENDS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

The present invention relates to a means of avoiding corona 
discharges between the coil ends of a rotating electrical 
machine with coils arranged in winding slots and neighboring 
grounded machine parts during high test voltage. 

2. The Prior Art ' 

During the manufacture of a high voltage machine, voltage 
tests are carried out on the stator winding at various stages in 
the manufacture with a view of discovering any faults in the in 
sulation. It is also usual for the customer to request such a test 
upon delivery of the ?nished machine, in which the winding is 
subjected to a test voltage which is about 3.5 times as high as 
the voltage during normal operation. The high test voltage 
means that it is often difficult to avoid glow and the formation 
of creep discharges between the coil ends and neighboring 
grounded machine parts such as bolt-heads, cooling pipes or 
bracing components. Such discharges often lead to direct 
sparking from the coil ends or provoke sparking indirectly by 
giving rise to uncontrolled transient voltages in the voltage 
source used for the test. The di?iculties are accentuated when 
testing large water-cooled machines where there are often 
uninsulated live coil parts. 

It is known to counteract glow in a winding slot in a stator 
by surrounding the part of the coil side lying in the slot with a 
grounded layer‘ of conducting varnish so that grounding is ef 
fected by direct contact between the layer and the grounded 
stator core. 

If the possibility is investigated by avoiding glow at the coil 
ends in a similar way by providing the coil end insulation with 
a grounded conducting layer, it is found that this would in 
volve considerable disadvantages. This is because it is rather 
difficult to achieve a high insulation quality on the coil ends as 
on the straight coil part lying in the slot. When a high~voltage 
coil is being insulated, the straight part of the coil is pressed 
with the help of a special press means so that the impregnating 
medium solidi?es under high pressure and the formation of 
pockets is avoided. It is not possible by nonnal methods to ef 
fect an equally high degree of compression of the insulation on 
the other parts of the coil. It is therefore normally taken into 
account that the voltage which this latter insulation can 
withstand for a long time is only a fraction of the correspond 
ing insulation strength in the straight coil parts. However, 
since the surface of the weaklycompressed coil insulation, 
because ofvthe relatively long distance to ground, has a poten 
tial only slightly deviating from the potential of the conductor 
rod inside, there is normally no risk of this insulation playing 
the same part ‘as a weak link in an otherwise strong chain. 
However, such will be the case if the weak coil end insulation 
is coated with an grounded, conducting surface layer. 

SUMMARY OF THE INVENTION 

The'object of the invention is to protect the affected part of 
the coil ends against glow at high test voltages and sporadi 
cally occuring over-voltages by providing these parts with a 
conducting surface layer which is connected to ground in such 
a way that no substantial increase of the dielectric stresses 
during normal operation is caused. 
According to the invention, a part of a coil near to any 

machine part is provided with a conducting layer arranged on 
the surface of the coil insulation and at a certain distance from 
the winding slot, said conducting layer being connected to 

- ground through an impedance element, the impedance of 
which is voltage-dependent in such a way that the impedance 
decreases as the voltage increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in the following with 
reference to the accompanying schematic drawings in which 
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2 
FIGS. 1, 2 and 3 show three different embodiments of the 

invention in tangential view in relation to the rotating machine 
and - 

FIG. 4 gives a graphic picture of potential conditions in the 
embodiment shown in FIG. 3. FIG. 1a shows a section through 
the free coil part along the line 8-8 in FIG. I. 1 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the drawings 1 designates an end part of the stator core in 
a rotating electric machine and 2 an end part of a rotor sur 
rounded by the stator core, the air gap between stator and 
rotor being designated 3. The dotted line 4 indicates the bot 
tom of a winding slot and the part lying outside the stator core. 
A coil side arranged in the winding slot is designated 5. In FIG. 
I, 6 is an end connection for joining two coil sides. The 
straight side of the coil provided with, compressed insulation 
comprises between the slot part a short part running axially 
outside the stator core which, at the line A—A, continues into 
the weakly insulated part of the coil ends. A machine part in 
the vicinity of this latter coil part is designated 7. It is arranged 
at ground potential and may, for example, be a part of a wind 
ing support. A part- of the coil side 5 in the vicinity of the 
machine part 7 is provided with a conducting surface layer 9. 
In FIG. I this part is indicated by a small check pattern. In 
FIG. la, 5a designates the copper conductor of the coil side 
and 5b the surrounding coil insulation. The conducting sur 
face layer 9 is connected to ground by a resistive element 8, 
the resistance of which is voltage-dependent in such a way that 
the impedance decreases as the voltage increases. ' 
When the expression “conducting” is used in the present 

text about a layer arranged on the coil insulation, for example 
the layer 9, this does not necessarily mean that the layer must 
consist of a material having low resistivity. It may, for exam 
ple, consist of a varnish having relatively slight additions of 
graphite powder. 

In the means shown in FIG. I the resistor 8 is chosen with 
such resistance/voltage characteristic that its resistance at a 
voltage corresponding to the maximum potential to ground of 
the winding at normal operation is several times greater than 
the impedance formed by the capacitance between the layer 9 
and the conductor of the coil side, for example six times as 
great. This means that the potential of the conducting layer 
during normal operation deviates only negligibly from the 
conductor potential of the coil side. . 

If, for example during testing, the conductor of the coil is 
given a potential in relation to ground which is considerably 
greater than normal operating potential, for example 3.5 times 
as great, the resistance of the resistor 8 drops to, for example, 
10 percent of its previous value. This means that the high test 
voltage does not cause any essential increase in the potential 
of the layer 9 in relation to ground and consequently the risk 
of glow during testing is eliminated. Admittedly the coil insu_ 
lation will be subjected to the greater part of the test voltage 
but, in view of the short testing time, this can certainly be per 
missible. 

If the conducting layer 9 has very high surface resistivity, 
certain potential di?‘erences may occur within the layer. If 
desired, these differences can be reduced by connecting the 
resistor 8 to the conducting layer at one end at a number of 
suitably spaced contact points. If the transition between the 
ends of the conducting layer and the uncoated coil insulation 
is carried out without ?eld equalizing means, it may be ad 
vantageous if the ends of the layer during testing have a 
somewhat higher potential than the central part of the coating. 
This is achieved with the device shown in FIG. 1 if the re 
sistivity of the layer 9 is high. If the conducting layer is pro 
vided with some'?eld equalizing means (for example similar to 
that shown in British Pat. No. 842,039) only at one end, it may 
be an advantage to make the layer with a relatively high sur 
face resistivity and connect the resistor 8 at the same end. 

In FIG. 2, 12 is a conducting layer which differs from the 
corresponding layer 9 in FIG. 1 in that it comprises coil end 
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parts of two different coil sides and also intermediate coil ends 
parts. A neighboring grounded machine part in FIG. 2 is 
designated 10. Of course it is also possible in this embodiment 
to use an-impedance element arranged outside the coil sur 
face, for example of the same type as the resistor 8 in FIG. 1. 
However, it is preferred instead to provide each coil side 5 
with a coating 11 arranged on the surface of the coil insula 
tion, the surface resistivity of this coating being voltage-de 
pendent in the same way as the resistance of the resistor 8. A ' 
conducting coating 13 is also arranged in known manner to 
surround the part of each coil side lying in the winding slot and 
also projects slightly outside the slot. The coating 11 has the 
function of ' controlling the electric ?eld, as described in 
British Pat. No. 842,039, and at the same time provides the ef 
fect intended according to the invention and achieved by the 
resistor 8 in FIG. I. If the outermost portion of the coil ends is 
constructed in accordance with FIG. 1, that is, with a means 
corresponding to 6 in FIG. ljintended to connect the conduc 
tors of the coil sides, this should also be surrounded by the 
conducting layer 12. It is of course also assumed that the 

. device 6 is provided with insulation. If not, which is often the 
case, the layer 12 should not be drawn out in the vicinity of the 
uninsulated part. ' 

When testing windings with increased voltage, it is often 
required that certain parts of the winding should be subjected 
to this voltage while the other parts are grounded. This means 
that during testing a coil can have a potential to ground which 
is, for example, 3.5 times greater than normal, whereas a coil 
with its free winding part immediately next to the first coil is at 
ground potential. In such cases it is advantageous if the con 
ducting coating 12 which is shown in FIG. 2 covers the whole 
of the relatively weakly insulated, but anyway insulated, por 
tion of the coil ends. 

In the embodiment of the invention shown in FIG. 3 the 
coating Al corresponds to the conducting, grounded coating 
13 in FIG. 2. Bl designates a coating of the same voltage-dc‘ 
pendent material as the coating 11 in FIG. 2, A2 is a well con 
ducting layer and B, a coating of material having voltage-de 
pendent resistivity. The function is clear from FIG. 4 where 
the fully drawn curve shows the potential distribution of the 
part of a winding coil shown in FIG. 3 during normal operation 
of the machine, and the broken curve during testing with in 
creased voltage. The distance X from the end of the winding 
slot is indicated along the abscissa and the potential of the-coil 
surface in relation to ground along the ordinate. The potential 
in relation to ground given to the coil conductors during test 
ing is designated Up, whereas the potential of the conductors 
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during normal operation is designated U4. The well conduct 
ing layer A2 can, by suitable dimensioning (composition, 
length) of the coating B1 1, be made to assume an arbitrary 
potential U," between zero and test voltage during the testing, 
whereas at operating voltage it assumes approximately the 
potential of the copper conductor and thus does not cause any 
increase of the dielectric stress on the coil insulation. 

In the embodiments of the invention described in connec 
tion with the drawings it is assumed that the voltage-depen 
dent impedance element characteristic of the invention is 
principally of resistivetype. A device according to the inven 
tion can be constructed with many different types of voltage 
dependent resistive impedance elements and it is even feasible 
to use voltage-dependent impedance elements of capacitive or 
inductive type. 
We claim: ' ‘ 

I. In a rotating electrical machine with a core furnished with 
winding slots and insulated coil sides disposed in said slots, 
each coil side having a relatively strongly insulated ?rst por 
tion, substantially located adjacent to a winding slot and a 
second, relatively weakly insulated coil end portion spaced 
from the slot, said machine having a grounded part adjacent to 
said second portion and spaced from the slot end, means for 
avoiding glow between said second portion and said grounded 
machine part during high voltage testing comprising a con 
ducting layer on the surface of said second portion, said layer 
being electrically spaced from the winding slot, and an im 
pedance element connecting said conducting layer tosaid 
grounded machine part, the impedance element being volt~ 
age-dependent in a voltage range beyond normal machine 
voltage in such a way that the impedance decreases as the 
voltage increases. » 

2. In a machine according to claim 1, said impedance ele 
ment comprising a resistive member arranged on the outside 
of the coil surface. 

3. In a machine according to claim 1, at least a part of said 
impedance element comprising a coating having voltage-de 
pendent surface resistivity andarranged on the coil surface 
between the conducting layer and the end of the winding slot. 

4. In a machine according to claim 1, said conducting layer 
on one coil continuing into a corresponding layer on a follow 
ing coil in the current direction. 

5. In a machine according to claim 1, said conducting layer 
being joined at its axially outer end to a layer of a resistive 
material arranged axially outside this layer and on the same 
coil, said material being voltage-dependent in such a manner 
that its surface resistivity decreases as the voltage increases. 
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