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OFP-LINE MEASURING OF PARTIAL DISCHABRGES
OF HIGH-VOLTAGE ALTERXATORS

¥When changing fros thermoplastic insulations used in rotating electric
machiness to thermeoeet insuiations, the necessity has conslderably incre-
nged to meapure partial digpcharges with the aim of detemning the origi-
nation of slot discharges in the siator of alternator [1],

Measurement of purtial dimcharges with rotating electric machines can
in prinelplg;.,.be divided into the category of global measuring and that of
localization measuring, In the global measurihg of partisl discharges,the
partial discharges are measured acrose all the stator or in ome of ite
iﬂmaﬁs 51l at once with the aim of y above all, watching the general state
of insulation. The localizmation measuring consists in meesuring partial
digcharges in a emall section of the winding (as a rule, in one slot)with
the aim of finding the point of occurence of partial discherges, Both tne
petode are complemeating in practice, By means of the global measuring,
which is not exnctiing as to preparation and the measuring proper, a ma-
chine of a high pertial discharge intensity can bs found, and by means of
the. localisation measuring the point of oocurence of dangerous partial
diecharges can, finally, be determined on thet machine,

Global meémsuring of partiel discharges can carried out by different
methods, but the widsly known method is thet with sensing RLC slement.An
advantage of this method is & high senaivity and a gooad rasolution of in-
dividwal kinds of partisl discharges and the fact that ite use ie aot li-
mited either by the magnitude of capacity of the test objact or by the
magrnitude of the test voliage.
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In the high-voltage technics workplace of CVU? - mmnnm
for global measuring of pertial discharges with elsctric rotat:.ng machi-
nes the modified Dakin’s method[2,3,4], which enables to measure an ear~
thed object by using partial dischargs measuring iastrument MUT 8, pro-
duced by TuR Dresden, This method wes used peveral times and included
in the (EZ Direction desling prophylactic megsuring of altemators [5].
Keasuremsnt of meximum spparent cbarge q . and _m charge Q in a sup-
ply voltage half-cycle is carried out with the alternator sut down (e
rsff-line" measuring of partial discharges) in connection according to.
Pig.1. The phase measured of the stator winding is unearthed and fed fros
a continuously controled :alternating-current source, while the other
vhapes are earthed, Connected to the measured phaae' via coupling capacity
¢ = 100 pF is measuring impedancs H 18 (Z = 150 oh;m) of partial dis-
charge messuring instrument HUT 8 (pmdueed by TuR Dresdea). Partial dis-
charge signala senped by jmpedance H 1B and electronically adepted to be
in s form suitable for further procesaing come %o ‘partial dipcharge mee-—
suring instrument MUT 8, The signale are first convenlentily attenuated in
HMUT 8 input unit, and in the pelection unit there le to be selected the
neasuring regime (polmrity of pulses measured, polarity of voltage hglf-
-wave measured, time of gate opening, and the like}, and/or connected a
high—frequencj filter. The selected pulses are thon tranasferred to furte
her processing in the selection block Uay? and thus alsc via the inter-
grator attenustion to the integrator, which evaluates Q. The values of
maximum apparent charge Uppx shd those of sum charge Q in u supply vol-
tage half-cycle are then read on pointer indicators provided with a con-
vepnient damping, Por illustration and s better differentiation of inter-
ferences from partial discharge pulses measured it ls recommended (espe-
cielly in gauging) to watch signal Q (and/_or'qm} coming from measuring
instrument MUT 8 on the oscilloscope screen as well (see Fig.1), For the
purposz of determining the absolute values Unax and Q it is necessary for
the wiring and all the transmission path to be gauged by a known charge
velue. The gauging is cerried out with the circuit in no-veltage condi-
tion by calibration pulse generator PZT 1 {proguced by Tnfﬁ Dresden},whick
originstes, in courge of every supply-voltage ha]i‘-cycle,r, celibration
charge pulse Uy The éaliﬁration pulse generator is connected (introdu-
ced) between the high-voltage electrode and earthing (dashed in Fig,1).
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The magmtule oI maximm epparent charge g and s chal"ge Q of partisl
discharges in a mipply-voltage halfcycle is theni
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calibration charge, [c]

indication of instrument MUT 8 (on ¢ _ secale),

(1)

(2}

indication of ingtrument MUT 8 (on g scale), in calibra-

tion [divisions],

indication of instrument MUT 8 (on Q scale) in measuring

[divisions},

indieation of instrument MUT 8 (on § sesle) in calibration

{divieions],

damping 0f instrunent EUT 8 input in measuring, [dB]
‘dsmping Q of imstrument MYT 8 in memauring, [dB]
damping of instrumwent BUT 8 input in emlibration, ]:dB_]
damping Q of instrument MUT 8 in calibration, {aE]

The partial discharge measuring with alternstors is compariscn meassu-

remaent, which means that it ie neceaaax:f $0 compare the values measured
with identical or gimilar machines and thal the same procedure gf measu-

rement must always be observed, The so-called "seaacning®, i.e, leaving
the object measured alive for a certain time before the measurement pro-
per has alsc a great part, On the bssis of practical axperience the be-
low-mentioned procedure for global measuring of partial discharges in the
phase of the stator has been selected: Applied to the phase measured, une-
arthed and disconnected from the mains, is rated phase voltage Ufn for
the time of 30 minutes, Thersafter the voltagee ls being diminished by
0,1 Ufn while reglatering | . and Q within the interval of Upp up %0 O
{when only the externml interference is megsured), The values g and Q
shall be found in both polarities and in both supply=-voltage half-cycles;
for eveluation the highest of them is considered, Calibtration by a known
charge q, shall be cerried out with the object in no=voltmge conditicn,
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elther before or after the measurement proper, The measured values will
be processed to (1) and (2) and the resulting values of maximum apparent
charge Uy x? thoge of gum charge ¢ will be ploited in graphe 1n'dependen-
ce on the applied voltage, Vhen great increments or jumps ‘oceur in the
curves ¢ = £{U) or Q = £{U}, or in case that there are greet values of
Spnx OF Q, it may stated thet there is occurence of partial discharges in
the insulation system. The depenfencies measured of Qax = (V) and ¢ =
£(U) are compared with those messured in the preceding messurent, When
there is a change in the course of q . '= £(¥) or Q= f(u), it can be
atated that the state of the insulaticn system is changed, The maximum
admigeible valuea of qm and ¢ can be determmined after a long-time re-
gular measuring,

In Figa, 2 amd 3 there are shown the typical courses of Yax = £(U)
and Q = £{U) with the thermopleatic insulation "asphalt « mica™ . The me-~
asurement was performed with an hydroelectric alternator of 10 kv, Un =
10,5 kV (al‘bsmator G4, power pla.nt EanyK), I3 ie obvious from the cour-
ses of the graphs of g _ = £{U) and ¢ = £(U) that the stator insulation
Bisplays e great mnber ¢f smnll discharges (eapecially in phase U), that
ia to say at the rated voltage already. This correspends to the practical
experience with the thermoplastic insulation, whlch, especlally after a
longer time of operation, usually contains a grest number of mmell cavi-
ties, and in which the classic plot discharges occur rarely. On measuring
phase U, a: high level of external ntarferénce was found (at U= 0 the
- - ¥ Oand Q¥ 0'} due 1:0 the. power Q;I.aqt‘ operati_.on' {digcharge lamp il-
lunination}. - . .

In F,:I.g 4 there ia, moTedYer, shum depend.ence Qar ™ f(U) measured
with a.n hydroalternator of 20 NW, U "= 10,5 kV (altarnator G4, power
plant'ﬁtﬂchoviea') aquipped with atator thermoset insulation"Relanex. Mea-
suremsnt of partiml discharges 'as_cai'ried out before the routine repair
of tha altemator., The curve oy = r(0) -of'phna_e ¥ shows hign values of
apparent charge of partial discharges at the rated voltage Urn' There was
8iot discherges in this phase. *

Though i rotating machines the seasured values of the maximum apps-
rent charge ere relstively high — q & 10° up to 10% pC (in PVC cables the
order of q is 10° pC, in 0il trensformers q & 10 up to 10 pC) - yet the
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greatest problem in measuring partial discherges in slternators in opers-
tion is a relaetively high level and & broad specirum of interference,This
interference can be csused by various sources, Beside a corons across the
bus-bars end partisl discharges in the meaguring cireuit éelementa {supply
trapsformer, coupling condenser, incorrect earthing, and the like), other
interference sources ran be represented by radio tranemitters, radio-re-

lay tranemitters and radar transmitters as well as opersting eguipment of
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power plents (electrostatic filters, fluorescent lampa, discharge lamps,
thyrigtor deviges, and the like), That i{:terference ean be of g long-ti-
me, steady character. Very ictensive, but snortetime is anterferecce cau=
sed by operetional chenge-over of the power plent. For a aigh-quelity ame-

apuring of rartisl discherges 1t is therefore necessary tc 2liminate
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sources of interfersnce and to reduce the interference level to such a

1ow value to be negligible in regard to the level of the partial dischar-

we have gZo-
cing the interference

ges measured. From the measurements performed by us until now
iped the experience that for the purpose of redu
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level t0 an acceptable degree it is usually surricieﬂp e ensure a coro-
naleas wiring diegram of the meapuring circuit, and/or utiliszstion of
filtres of lowpass type in order tb suppress interferences in the mains.

The method of global measuring of partial discharges sppears as a very
perspective gne, being especially convenient for orientation measuring of
pariial diacharges in high-voltege alternators,

The advantages of the present method cdnsist, gbgove all, in ite com-
pleteness, i.e., ell kindas of partial discharges are measured in all the
phase of the alternator stator all at ohce, its great sensivity, the poa-
gibility of measuring with no complex adaptation on the machine to bs me-
asured, and a relatively ahort measuring time and evaluation of results,
That is why the present method is intended, above all, for prophylactic
measurement of glternators during the time of their shut.down {revision).
If the messuremant of partial dischargee with the same machine is repea-
ted from tize to time, 1t is poasible to deteet in time any worsening ir
the insgulating propertieg of the insulation gystem and thus to prevent a
posgible breskdown of the machinos.
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