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Corona Protection in Rotating High Voltage Machines
Rudolf Britsch and Thomas Hillmer, Von Roll Switaed Ltd., 4226 Breitenbach, Switzerland

1. Introduction

Corona or partial discharge in rotating machinea ghenomenon caused by the ionisation of gas
molcules (usually air) in a strong electric fiekldld gradient 3 kvV/mm). Corona usually refers to
visible luminous discharges whereas the term patisgharge is rather used for hidden discharges
in voids. The term partial discharge (PD) indicateat the insulation between conductors is
partially bridged and an exchange of electric chang taking place. However named, the physical
cause and the effect on insulating materials aestime. PD can result from breakdown of gas in a
void, in an electric tree channel or along an fiaiee. Usually PD does not cause immediate failure
of a rotating machine. But enduring PD is detriméfdr insulating materials. Although mica, the
main insulating component in rotating high voltagachines, is corona-resistant, precautions must
be taken to prevent the onset of PD. PD inducesrakmechanisms which destroy the insulation:

Local overheating of the insulation

Generation of free radicals and ions

Formation of nitric acid by decompaosition of air
Onset of UV-radiation

Organic insulating materials such as binder redilmss or fleeces are especially vulnerable if they
are exposed to PD. These materials are necessamp\me sufficient mechanical strength of the
coil or bar and to give a tight fit in the slot.dSron of organic materials in the insulation may be
regarded as one of the most frequent initial skegding to failure of the machine.

2. PD in rotating machines

PD can develop anywhere in the rotating high vatagachine where a gas filled volume is
exposed to the electric field (Figure 1).
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Figure 1: The figure left shows the places in thetos core and at the slot exit where PD or
flashovers can occur. The figure right shows thpliegtion of corona protection materials to
prevent PD.

Voids or delamination inside the finished mica lasion cannot be repaired. Figure 2 shows typical
voids caused by application failures of the maifi wagulation (mica tape wrinkles due to improper
taping, voids at the conductor edge due to a fardsin-rich- or VPI-process). An accurate
application of the mica tape and a correct impletaien of the resin-rich- or VPI-process are the
prerequisites for a void-free main wall insulation.
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Figure 2: Voids in the main wall insulation caud®d application failures of the taping and the
resin-rich- or VPI-process [R. Vogelsang, 2004].

To avoid PD between the conductor and the main wellilation internal corona protection
materialsare applied on the consolidated conductor stalls dan be a suitable conductive tape or
— to fill the gaps on the top and bottom side o&B&l bars — a conductive mastic. The application
of the mastic can be rationalised by using fashguproducts and automated processing equipment.

External PD - also known as slot discharge - ocautbe slot portion between the outside of the
main wall insulation and the laminated stator dbtke voltage exceeds a certain level. This istmos
critical because erosion of the organic componehtie main wall will sooner or later cause a
loosening of the coil or bar in the slot. Mechahigarasion caused by vibration of the loose coll
adds to the erosion induced by PD (Figure 3). Adiogy to statistics this failure mechanism is one
of the most frequent causes for the breakdowntatiray machines (Table 1). PD in the slot portion
has to be prevented by applyiagternal corona protectiomaterials sich as a conductive coating
on the main wall insulation, usually a conductiapd or a varnish. It is essential that the
conductivity of the coating is correct, that it da@t change with impregnation or curing and that
the coating keeps its function for the lifetimetbé machine. The conductivity has to be sufficient
to eliminate PD in the slot but not too high to dtercuit the stator lamination stack and to give
rise to eddy currents. Slot packing materials havensure a tight fit of the coil or bar in thetslo
Materials used are conductive slot liners, lamigateripple springs.

Failure %
Coils 9
Coil vibration and slot dischar 2C
Slot packing materia 39
End winding blocks and ti 9
Connection 3
Stator irot 2C
Total 10C
Figure 3: Deterioration of the conduct Table 1: Failures of hydro generator sta
layer of a generator bar in the slot por resulting from an analysis of 456 genere
due to vibration. The conductive layer at 3 25 MVA. 59 % of all failures are due

places of the cooling ducts remained sound. coil vibrations causedby slot discharg
worn corona protective coating and loose
packing materials [D.L. Evans, 1981].
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There is an increase of electric field strengthhatslot exit of the stator which can cause surface
discharges on the surface of the coils or barsu(Eig). This can be prevented by applysrgl
coronaprotectionmaterialssuch as semiconductive tapes or varnishes. Thesgiats have a non-
linear voltage/current characteristic and producgrass grading effect on the insulation surface
outside the core. Again it is important that thetenal is properly chosen and applied. Critical is
the bond to the insulation surface and the ovdrktveen conductive and semiconductive tapes at
the slot exit. If the contact is insufficient PD Imoccur resulting in hot spots and leading to
premature failure (Figure 5).
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Figure 4: Calculated electric field at the slottesd a stator. The arrows show the strength and
direction of the electric field. The electric potial is represented by colours showing a steep ris
on the insulation surface at the slot exit.
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Figure 5: Infrared picture of a model bar showihg temperature increase at the slot exit due to the
high electric potential at the surface of the barmoderate heating is normal but insufficient
contact of the corona protection tapes to the mailth surface can cause detrimental hot spots. [T.
Weiers et al., 2006]

PD can also occur outside of the stator, e.g. enethd winding section or between high voltage
connections or unshielded lead cables and groupdksd, e.g. the stator frame. Causes may be dirt,
high humidity, sharp points or too small gaps befwadjacent coils.

3. Corona protection materials: Standard types andhew developments

Internal corona protection

Standard products are conductive tapes, conductwaishes (both also used for external corona
protection) and conductive mastic for Roebel bilesvly developed is a fast curing version of the

conductive mastic which reduces the complete curywde from 2 hours to 50 minutes including a
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temperature reduction of 35°C compared to the stahdhaterial (Figure 6 left). The fast curing
mastic can be applied semi-automatically with theigment shown in figure 6 right.

Cover tape

Figure 6: The figure left shows conductive mastidape form used as Roebel filler. On the right
the semi-automatic equipment for mastic applicateoshown. A shrink tape is applied on top of
the mastic which helps to shape the mastic duhegtiring process.

External corona protection (Slot discharge proteni )

Standard products for external corona protectiencanductive tapes CoronaShfélahich exist in
various forms. There are also air-drying conductraenishes but since this type of conductive
coating is less abrasion-resistant it is mainlyoremended for repair work where tapes cannot be
applied. The carrier material of the standard caotide tapes is a polyester fleece which is more
suitable than glass fleece or fabric because softer and more robust in contact with the sharp-
edged lamination stack. Important features of #pes$ are the correct value of electric conductivity
after impregnation and curing and its long-termperties during ageing. Figure 7 shows resistivity
measurements of CoronaShfélstandard tapes at different stages of coil manufiag. There is
an increase of resistivity during the VPI process tb the penetration with resin which will reform
during curing and stay constant during ageing.
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Figure 7: Electric resistivity of stand: Figure 8. Conductive and non conductive
conductive tapes CoronaShi@laneasured packing materialsare necessary for wedg
different stages of coil manufacturing. Ther  the coil or bar in the slot. Conductive mater
a temporary increase of resistivity due to r additionally bridge the conductive surface
impregnation. The longerm value shows tl the colil or bar to the stator core.

correct resistivity and stays constant du

ageing.
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Additional materials used for slot wedging and c@@rotection are slot packing materials such as
conductive slot liners, laminates and ripple smir{§igure 8). These materials have a double
function: They lock the straight section of thel @sibar in the stator slot and bridge the conadrecti
surface of the coil or bar to the stator core.

A newly developed conductive tape is CoronaSfi€80 N based on Nom8xtechnology. The
tape contains no binder resin, conductive partieles fixed in the non woven structure of the
NomexX’ paper. There are actually two grades with 0.085mnmu 0.125 mm thickness
(CoronaShield 250 N 85 and CoronaShi€l@50 N 125). The main advantage of the tapeseis th
high thermal resistance which makes them suitail@ tlass 180 machines. Figure 9 shows model
bars after an ageing test of 400 hours at 175°Cl&nd/ with an insulation thickness of 2 mm. The
conductive coating of the conventional tapes hasosl completely degraded whereas
CoronaShieltl 250 N remains intact. For severe stress conditidoronaShiefd 250 N 85 should
be applied with 50% overlap.

S Conventional conductive tapes, 50% overlap

: .‘ﬁf CoronaShield 250 N 85, 30% overlap

CoronaShield 250 N 85, 50% overlap

CoronaShielfl 250 N 125, 30% overlap

Figure 9: Ageing of model bars with conventionahdoctive tapes and CoronaShfeI850 N.
Ageing conditions were 400 hours at 175°C and\L7vth an insulation thickness of 2 mm. The
conductive coating of the conventional tapes hamal completely degraded.

End corona protection .

Standard products for end corona protection arei-sentluctive tapes CoronaShi8ldnd air-
drying semi-conductive varnishes. Varnishes arenlmwaecommended for repair work where tapes
cannot be applied. The characteristic feature esehmaterials is the non-linear current-voltage
performance: The higher the electric field the lowee resistivity (Figure 10). The stress grading
effect of the different tapes is given in figure. Moltages measured on the surface of the coll
overhang are shown as function of the distance fthen slot exit. Without any end corona
protection the overall voltage difference is reathethin a distance of about 3 cm and flashovers
will result. The stress grading tapes extend tisgadce by a factor 2 — 6 thus eliminating surface
discharges.

4. Conclusions

High voltage insulation systems for rotating maeiiare a very complex combination of materials
with different functions. An important issue is therona protection system. Enduring corona or
partial discharge (PD) is detrimental for insulgtimaterials. Although mica, the main insulating
component in rotating high voltage machines, isopafresistant, precautions must be taken to
prevent the onset of PD. A variety of internal,ertll and end corona protection materials exist
which — if applied properly — help to keep the maehsound during its lifetime. Newly developed
products are available which offer superior techhiproperties and which help to reduce
manufacturing cost.
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Figure 10: Currentoltage performance Figure 11: Stress grading effect of diffe
different grades of sensenductive tape semi-conductive tapes CoronaShfeld [B.
CoronaShield. Marusic, 1994]
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