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ABSTRACT

The present 1invention relates to a method and an
apparatus for detection of spark activity 1n an
electrical machine. In this case, the shaft voltage
(Us (L)) and/or the shaft current (Is(t)) are/is measured
and analyzed for components which are characteristic of
spark activity. This method, which wuses the shaft
voltages and/or shaft currents which are normally
generally regarded only as being damaging has been
found on the one hand to be accurate and to be suitable
for long-term moﬁitoring of spark activities such as
brush sparking, spark erosion, spark flashovers between
parts of the shaft bearings, while on the other hand it
can be implemented physically very easily and 1n a
reliable manner, since the existing grounding devices

are used.
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Method and apparatus for detection of brush sparking

and spark erosion on electrical machines
TECHNICAL FIELD

The present 1nvention relates to a method and an
apparatus for detection of spark activity 1in an
electrical machine, 1in particular of brush sparking

and, for example, spark erosion that occurs 1in this

case on sliprings, and/or spark flashovers between

parts of the shaft bearings, such as shaft erosion

sparks.

PRIOR ART

Spark activity 1n electrical machines which, for
example, occurs in the form of brush sparking in
generators with sliprings via which the field current
is passed, or occurs 1in the form of spark flashovers
between parts of the shaft bearings, 1s normally
extremely critical since there 1s a risk of spark
erosion. Such spark activity leads to the sliprings
being worn away gquickly and thus to possible prematufe
failing of the contacts, and hence of the excitation
field and thus of the entire electrical machine. Spark
erosion on the shaft -bearings leads to damage to the
bearings and to the problems' assocliated with this
relating to guiet running and wear. There 1s therefore
a major need to monitor and to 1identify 1n good time
spark activity 1in electrical machines, 1n order to
allow rapid action to be taken 1n the event of such
damaging activity, or 1n order to make 1t possible to
carry out appropriate steps, possibly with the aid of
long~term monitoring, even before damaging spark

activity occurs.

By way of example  US 3,653,019, US 4,058,804,
US 4,163,227 and US 4,451,786 descrilibe methods and test
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equlpment for monitoring of brush sparking. In these
appliances, the signals for monitoring are tapped off
directly at the Dbrushes. The main aim of these
documents 1s to distinguish between (useful) signals
caused by brush sparking and (interference) signals. In
order to observe the signals, specific tapping points
must be provided on the brushes, 1n accordance with
these documents. In this context, reference should be
made 1n particular, for example, to US 4,058,804,
Figure 2A of which shows typical signals, which are
relevant 1n this context, and the combination of a
useful signal and interference signal, in detail. The

interference signals are 1in this case interference

- signals which originate from the static excitation

device and which occur 1in a similar frequency range to

\

the useful signals. In this case, a so-called “gating”
method 1s used substantially to suppress the
interference signals, that 1s to say a method in which
the interference signal spikes, which can be identified
specifically and occur periodically, are used 1in order
to prevent the 1interference signal from reaching the
detection stage (blanking) or 1in order to open the
actual observation window only after a specific time
after the occurrence of the 1interference signal (in
order to prevent detection of the ringing that 1is

assoclated with the interference signals).

Furthermore, US 4,577,151 should be cited, 1in which
brush sparking 1is detected via the arrangement of an
antenna which must be provided specifically for this
purpose. In this case, the antenna is arranged 1n the
vicinity of the sliprings. The radio-frequency signals
received by the antenna are passed to a radio-frequency
amplifier, are demodulated and are then passed to a
detector, where they are analyzed for components which
are characteristic of Dbrush sparking. This document
also refers to an older system, in which a camera 1is

used in order to record light flashes of sparks.
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The apparatuses for detection of spark activity
according to the prior art have the disadvantage that
the outputting technique means that coupling devices
which are specific for the brushes (for example high-
reliability capacitances) must be installed, together

with the corresponding output 1lines. The use of an

antenna also requilires the provision of a specific
component, which also has to be installed in a suitable
manner. One problem in conjunction with the Ygating”
which 1s used for the suppression of the interference
signals 1s the fact that no measurements can be carried
out 1n the period in which the interference is blanked

out. This period may make up a considerable proportion
of the available total time.

DESCRIPTION OF THE INVENTION

Some aspects of the present disclosure are based on the object of

providing a method and an apparatus for detection of

the spark activity 1n an electrical machine, which 1is
highly sensitive, 1s at the same time physically

simple, and can be produced at low cost.

In some aspects of the present disclosure, this may be achieved by

measuring and analyzing the shaft voltage and/or the shaft current 1in
order to detect the spark activity.

AsS is described, for example, in the document
EP-A1~-0 271 o678 and the subsequent document
DE-A1-197 42 622, it 1s possible for shaft voltages and

shaft currents to occur on the generator shaft of a

generator, which 1s normally part of a turbine set, for

various reasons, whose frequency spectrum extends from
direct current up to frequencies which are related to
the rotation frequency of the generator or else to the

frequencies of a static excitation system for the

generator.
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Owing to magnetic imbalances 1n the area surrounding
the generator shaft, electrostatic charges on the
generator shatt, external electrical fields which
capacitively input the shaft voltages 1nto the
generator shaft, or magnetic remanencles in the
rotating shaft as well as residual magnetization
(resulting from production) 1in the shaft can result 1n

shaft voltages and shaft currents.

Fundamentally, the shaft voltages and shaft currents
represent a risk to various components in the generator
and can lead to damage to the generator 1f they are not
reduced to a tolerable level. To this end, specilal
precautions have been taken 1in the past on the
generator shaft by, for example, installing insulating
gaps at the non-drive end of the generator and by
connecting the generator shaft to the ground potential
via brushes at the drive end. In order to reduce the
load on these brushes, proposals have also been made
for the generator shaft to be AC-coupled to the ground
potential at the non-drive end Dby means of a sliding

contact and via a capacitance.

The shaft voltages and shaft currents may, however,
also be used to monitor the functional reliability and
suitability for use of the shaft grounding. The
document EP-A1-0 271 678, which was cited initially, in
this context specifies a monitoring and evaluaﬁion
circuit which creates a direct-current path at ﬁhe Nnon-
drive end of the generator by connecting a resistance
in parallel with the dissipation <capacitance and
evaluates machine-typical frequency components 1n the
currents flowing through this path. The RC combination
results in a reliable link between the shaft and ground
potential which reduces not only static charges but
also low-frequency and higher-frequency voltéges to

levels which are safe for the shaft bearings, and
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limits any currents in the bearings to safe values. The

insertion of the parallel resistance even results in

redundancy for resistive ground at the drive end.

> Another proposal (DE-A1-197 42 622) relates to the
measurement of the shaft current flowing through a

grounding section of the generator shaft at the drive

end, and the determination of a frequency of the shaft

current, from which the cause of the shaft current is
10 then derived.

However, the essence of some aspects of the invention is now the

discovery that the shaft current and/or the shaft

voltage contain/contains not only the information
15 mentioned above according to EP-A1-0 271 678 relating
to the suitability for use and the functional
reliability of the shaft grounding, but also the
information according to EP-A2-0 391 181, which must
also be cited, relating to rotor turns shorts, but that
20 these signals contain information about the spark

activity in the electrical machine. It is therefore

possible to dispense with the conventional apparatuses
which must be provided specifically for the measurement
of such spark activity and to measure the shaft voltage
25 and/or shaft current using the appliances, which may

already be present, for grounding, for monitoring the
sultabillity for use and rotor turns shorts, and to use
the data obtained in this way to draw conclusions about

spark activities in the machine. The measurement of the

30 shaft current and/or shaft voltage is in this case a

sensitive method, which is very suitable for long-term

observations, in order to determine such spark

activities.

35 Fundamentally, this results in the advantage that it is

possible to measure all the spark activities on the

shatt (shaft sparks) for example discharges via the

pearing shell, so that it 1is not just possible to
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measure just one specific type of spark activity.

According to a first preferred embodiment of the method
according to the invention, the spark activity is brush
sparking, that is to say sparks on the sliprings and/or
spark flashovers between parts of the shaft bearings,
in particular shaft erosion sparks. In this case, it 1is
not Jjust possible to determine the presence of a
specific type of spark activity but also the time
sequence and intensity of such activity. In this case,
it is particularly preferable for analysis of the shaft
voltage and/or shaft current for the signal to be
measured and recorded as a function of time, and to be

analyzed as a function of time.

According to a further preferred embodiment, the shaft
voltage and/or the shaft current are measured by
providing a low-impedance ground at a first point on
the shaft and by providing a high-impedance RC module
at a second point on the shaft, via which RC module the
shaft VOltage and/or shaft current are/is tapped off

and are/is analyzed in an analysis unit.

In order, furthermore, to allow localization of the
activity along the shaft, 1t 1s also preferably
possible that, in addition to the measurement of the
shaft voltage and/or the shaft current via the RC
module the shaft voltage and/or the shaft current
are/is tapped off via the low-impedance ground, are/is

analyzed in the analysis unit.

Since the majority of the signals which are caused by
spark activity are signalé in the frequency range of
above at least 500 kHz, and normally even above 700 kHz
or even above 1 MHz, further signals which are not
rélated to spark activity can be eliminated by passing
the signal, or possibly the two or more signals, which

is or are supplied to the analysis wunit through a
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signal filter (high—pass filter) before analysis. This

filter 1is preferably a variable, steep-flanked bandpass

filter which, in particular and preferably, has a

passband with a width of about 500 kHz, and whose mid-
5 frequency can be tuned to about 500 kHz to 50 MHz.

In this case, the resultant signal (voltage or current)
is preferably investigated for frequency modulations
and/or amplitude modulations contained 1in 1t. The
10 signal 1is in this case preferably analyzed after
demodulation or down-mixing of the signal with a
carrier frequency in relation to the mains period or
rotationally synchronously with the shaft (phase-
resolved measurement) . This allows rotationally
15 synchronized chattering marks on the excitation brush

1ink or witness marks to be detected.

According to a further preferred embodiment, the
measurement of the shaft voltage and/or shaft current
20 is coordinated with a measurement of partial discharges
at the phase terminals. This allows standard analysis
of the situation with respect to spark activity, 1n
particular with the localization of the spark activity
being simplified. The causal relationship between the
25 activity at the phase terminals and the spark activity
can thus be produced easily, and it 1s possible to
distinguish pulses from partial discharges 1in the
stator winding from spark activities on the shaft, or
to complement the partial discharge measurement.
30
According to another preferred embodiment, after
passing through a high-pass filter as stated above, the
signal is sampled and digitized. Then, either an
analysis p.rocess is carried out on the time signal,
35 possibly after matched gating 1in order to suppress
interference signals, for splkes which are
characteristic of spark activity, or sections of the

signal are 1in each case Fourier-transformed and
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appropriate characteristic features in the frequency
spectrum are analyzed. Normally, the 1interference
signals are thyristor pulses resulting from
rectification of the field voltage for the generator,
which can likewise occur 1n the radio-frequency range,
and which, in particular, can also lead to likewise

disturbing ringing.

Further preferred embodiments of the method according

to the invention are described in the dependent claims.

The present invention also relates to an apparatus for
carrying out a method as has been described above. The
apparatus 1is distinguished 1in particular 1in that the
shaft voltage is tapped off wvia a sliding contact,
preferably via the existing grounding device oOr
devices. The radio-frequency component of the signal is
output by means of coupling impedances, and is

processed further.

In a further embodiment, a low-impedance ground 18
provided for the shaft at a first point on the shaft,
and a high-impedance RC module 1s provided at a second
point on the shaft. The shaft voltage and/or the shaft
current are/is tapped off via the RC module and are/is
analyzed in an analysis unit for components which are
characteristic of spark activity on the shaft. In order
to allow more accurate localization of the spark
activity, it 1is also advantageous for the low-impedance
ground to have a low resistance to the contact
apparatus on the shaft and to have a high resistance to
ground, with a fuse being arranged 1in parallel with the
high resistance. In addition to the measurement of the
shaft voltage and/or the shaft current wvia the RC
module, the shaft voltage and/or shaft current are
tapped off via the low-impedance ground, and are

analyzed in the analysis unit.
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Since, owlng to the spark activity, the signals are
normally radio-frequency signals, the analysis unit can
also preferably have a high-pass filter, through which
the signal, or possibly the two or more signals, which
is or are supplied to the analyslis unit 1s or are
passed before analysis. The characteristic of the high-
pass filter should in this case be variable and should
have steep flanks, in particular and preferably having
a passband with a variable lower 1limit of 20 kHz to
1 MHz or up to 5 MHz, and having an upper limit 1in the
region of 40 MHz (for example a bandpass filter with a
bandwidth of approximately 300 kHz, tunable).

Instead of the actual measurement on the RC module, 1t
has been found to be advantageous for the RC module to
have a fuse for the contact apparatus on the shaft and
to ground via one or more capacitances, which are
arranged in parallel, as well as via a resistance 1in
parallel with them, with a measurement resistance
(shunt resistance) being arranged, 1f required, between
ground and the capacitance or resistance, and with the
shaft voltage being tapped off via the one or more '
capacitances, and the shaft current being tapped off

via the measurement resistance.

In this case, the measured shaft voltage and/or the
measured shaft current are/is preferably detected as a
function of time and are/is supplied to an analysis
apparatus, with the analysis apparatus having means for
digitization of the signal (voltage, current), means
for Fourier transformation of this digitized signal, as
well as means for spectral representation of the
transformed data, with the presence, nature and
intensity of spark  activity being determined
automatically, and being displayed 1n a simplified
form, in particular, preferably and additionally
numerically on the basis of the specific criteria. The

criteria are in this case characteristic signals in the
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characteristic spectral features of the

individual activities.

According to an

aspect of the present invention there 1is

ﬁ

provided a method for detection of spark activity in an

electrical machine having a sha:

't and shaft bearings in order

to detect at least one of brush sparking and spark flashovers

between parts of the shaft bearings,

—

at least one of a shaft

voltage Ug(t) and a shaft current I (t) i1is measured and

analyzed 1n that a low-value earthing device is provided at a

ﬁ

first point on the shaft, in which said low-value earthing

device, at least one of a shaft voltage U, (t) and a shaft

current I (t) is in each case tapped o:

“f via a resistor and 1is

analyzed 1n an analysis unit, and, at a second point on the

shaft, a high-value earthing device 1s provided 1n the form of
an RC module and 1n which
voltage U™, (t) and a shaft current
each case tapped off via a

the analysilis unit,

p—

analysis unit of

shaft current I°®.(t), UPP (t), IP%,(t), U, (t),

h

y

RC module at least one of a shaft

TR, (t) respectively 1s 1n
further resistor and i1s analyzed 1n
wlth signals which are supplied to the

the at least one of the shaft voltage and

I®.(t) are passed

through an adjustable, steep-flank bandpass filter before

analysis, which

500 kHz, and whose m1id

bandpass filter has a passband in the region otf

500 kHz to 50 MHz.

—

frequency can be tuned 1n the range from

According to another aspect of the present invention there 1s

provided an apparatus

for detecting spark activity 1n a

electrical machine having a shaft and shaft bearings 1n order

—

to detect at least one of brush sparking and spark flashovers

ﬁ

between parts o:

- the shaft bearings, comprising a low-value



10

15

20

25

CA 02498105 2013-09-13

. 19291-01

- 10a -

earthing device provided at a first point on the shaft and 1in

F

which low—value earthing device at least one of shaft voltage

U (t) and shaft current I°".(t) is in each case tapped off via

a resistor and 1s analyzed 1n an analysis unit for components

F

which are characteristic of said at least one of brush sparking

and spark flashovers between parts of the shaft bearings, and

o
—

wherein a high-value earthing device 1s provided 1n the form of

an RC module at a second point on the shaft, in which RC module

at least one of a shaft voltage U™.(t) and a shaft current

—

1%, (t) respectively is in each case tapped off via a resistor

and is analyzed in the analysis unit, for components which are

characteristic of said at least one of brush sparking and spark

gr—

flashovers between parts of the shaft bearings, and wherein the

analysis unit has an adjustable, steep-flank bandpass filter

gr—

with a passband in the region of 500 kHz whose mid-frequency

can be tuned in the range from 500 kHz to 50 MHz, through which

bandpass filter the signals which are supplied to the analysis

—

unit of the at least one of the shaft voltage and shaft current

Uk, (t), IPE (t), UR(t), I™s(t) are passed before analysis.

BRIEF EXPLANATION OF THE FIGURES

The invention will be explained in more detail 1in the followlng

text using exemplary embodiments and in conjunction with the

drawing. Figure 1 shows a schematic 1llustration of an

apparatus for measurement of the shaft voltage Us(t) and/or

shaft current I.(t) as a function of the time (t).

APPROACHES TO IMPLEMENTATION OF EMBODIMENTS OF THE INVENTION

Figure 1 shows a schematic illustration of a gas turbine

installation in which two turbines 1 are arranged in the two
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ends of a generator 4, with the two turbines 1, like the

generator 4 as well, being arranged on a single common shaft 2.

In this case, the two turbines should be regarded as belng only

gr—

by way of example, and it is also possible for only one turbine

to be arranged. In order to make it possible to disconnect the

generator 4 from the turbines 1, for example during
acceleration, couplings are normally provided which allow the

turbines 1 to be mechanically decoupled from the generator 4.

The shaft 2 is mounted on at least two shaft bearings 3. The

oil films in the bearings 3 1nsulate the shaft 2 from the

bearings 3, which are connected to ground. However, this

insulation frequently collapses when voltage spikes occur on

the shaft 2, and this can lead to electrical erosion problems.

Sliprings 20, via which the feed for the field colls 1s 1input,

are likewise
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located on the shaft 2.

As has already been mentioned 1in the 1ntroduction,
shaft voltages and shaft currents occur on a shaft of a
generator 4 such as this for wvarious reésons, whose
frequency spectrum extends from direct current up to
frequencies which are related to the rotation frequency
of the generator, or else to the frequencies of a

static excitation system for the generator.

The shaft voltages and/or shaft currents are caused,
inter alia, by magnetic 1imbalances 1n the area
surrounding the shaft 2, electrostatic charges on the
shaft 2, external electrical fields, which capacitively
couple the shaft voltages to the shaft 2, or magnetic
remanencies 1in the rotating shaft 2, as well as

residual magnetization (from production) of the shaft
2 .

The shaft voltages, which are referred to normally and
in the following text as Us, and shaft currents, which
are referred to normally and in the following text as
Is, fundamentally represent a risk to various

components of the generator and can lead to damage to

the generator if they are not reduced to a tolerable

level. Now, however, according to the 1invention the
shaft voltage and/or the shaft current are/is used for
deliberate analysis. and detection of spark activities

in the electrical machine.

For this purpose, a'low—impedance ground 5, for example
so-called DE module (drive end module) 1s connected to
the shaft 2 at one end o©of the generator 4 and
essentially ensures reliable grounding of the shaft 2
to ground 8. At the other end of the generator 4, a so-
called RC module 6 (R for resistor, C for capacitance),
which 1s connected to an analys'is unit 7, is connected

on one side to the shaft 2 and on the other side to
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ground 9.

"The DE module 5 1is connected to the shaft 2 via a

contact apparatus 10. The contact apparatus 10 1s
preferably a copper mesh which makes a sliding
electrical contact with the shaft 2. The DE module 5
has a low impedance to ground 8 by first of all

connecting a low resistance 12 Dbetween the contact
apparatus 10 and ground 8. The resistance 12 typically
has a value R 1in the range from 1 to 50 ohms. The DE
module 5 thus first of all ensures “low-impedance
grounding of the shaft 2. In order now to prevent
possibly undesirable high currents in the shaft 2 being
able to flow away directly via a low impedance to
ground 8, a fuse 14 in series wilith the resistance 12 1is
arranged in parallel with a second, high resistance 13.
This ensures that an undesirable current surge on the
shaft 2 does not result in a low-impedance connection
to ground 8, since this current 1is limited by the
resistance 13. The fuse 14 1s typically, for example, a
fuse of the 2A/250V, 1inert type, which can easily be
replaced from the outside, and the resistance 13 has a
value R in the range from 100 to 1000 ohms. When such
surges occur, the fuse 14 will blow appropriately, so
that the high impedance 13 1s now the major factor to
examining the total resistance between the shaft 2 and
ground 8. Furthermore, a capacitance 19 which is in the
form of a capacitor 1s arranged 1in parallel with the

resistance 13.

The RC module 6 1s arranged at the other end of the
generator 4. This 1likewlise has a contact apparatus 11
to the shaft 2, which .is once again preferably in the
form of a copper mesh which makes electrical contact
with the shaft 2. First of all, the RC module 6 has a
fuse 15 to the shaft, normally a fuse of the 2ZA inert
type (the fuse 1s also used for protection against high

currents 1in this case), and, 1n series with this, a
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resistance 16, with the capacitance 17, which is
likewise 1n the form of a capacitor, arranged 1in
parallel with 1it. In an entirely general form, the
resistance 16 which 1s arranged 1n parallel with the
capacitance 17 has a value R 1in the range from 100 to
10 000 ohms. The capacitance 17 has a typical value C
in the range from 1 to 30 uF.

The shaft voltage U®.(t) 1is now tapped off as a
function of time across the 'capacitance 17 or across
the resistance 16, and 1s passed via a coaxial cable to
the analysis unit 7. A measurement resistance 18 (shunt
resistance) 1s also connected between the ground 9 and
the parallel arrangement formed Dby the resistance 16
and the capacitance 17, in which case the shaft current
I®.(t) can be calculated and can also be described from
the voltage drop which occurs across it. This
information 1s also passed via a coaxlal cable to the

analysis unit 7.

The shaft voltage U S (t) and I’ (t) can also be tapped
off via the DE module 5. The shaft voltage 1s in this
case tapped off across the resistance .12, and a
measurement resistance 18 1is also onCe agaln provided
upstream of the ground 8 for tapping of the shaft
current, in the case of which the shaft current I (t)
can be calculated and can also be described by the
voltage drop which occurs across 1t. This information

is also passed via a coaxial cable to the analysis unit
7. '

The measurement of shaift voltages'and the shaft current
at the two modules 5 and 6 allows rough localization of

spark activity by comparison of the values.

The measured shaft voltage as a function of time Ug(t)
and the measured shaft current as a function of time

Is(t) now contain information about the various,
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normally undesirable, spark activity in the electrical
machine. These measurement variables are therefore used
to measure similar signals to those which are known by
direct coupling to the brushes or by the use of an

antenna, as 1s known from the prior art.

The evaluation of the shaft current and/or the shaft
voltage allows early diagnosis both of brush sparking
(and of spark erosion associated with 1it) on the
sliprings 20, which 1s evident 1in the form of signals
such as those described and 1llustrated 1in
US 4,163,227. In addition, however, further spark
activity can be diagnosed on the shaft 2, such as spark
erosion on the bearings 3. Both cases relate to
characteristic spikes 1n the shaft voltage and surges
1n the shaft current. Since these signals which are
typical of spark activity are radio-frequency signals,
that 1s to say signals typically in the frequency range
above 500 kHz, 1t has been found to be advantageous to
pass the shaft voltages and/or shaft current through a
signal filter 21, which is in the form of a bandpass
filter, before the actual analysis 1in the evaluation
unit 22. The commutation signals (thyristor pulses),
which could cover the useful signal as interference
signals, are normally at a rather 1low freguency. In
addition, further interference signals can be
suppressed 1n this way. In particular, the filtering
also makes 1t possible to observe spark activities in

the time period off the thyristor pulses.

This bandpass filter 21 1s a band-selective receiver,
demodulator and amplifier, which has steep flanks and
1s adjustable. Adjustable means that 1t can cover a
frequency range from 20 kHz to 40 MHz, with the mid-
frequency being variable, with a bandwidth of, for
example, 300 kHz. In the context mentioned here, a
lower 1limit of at least 20 kHz has been found to be

possible, 1n which case 1nterference signals on the
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useful signals that are relevant here can typically be

essentially precluded only above 500 kHz.

The signal which 1s passed through the bandpass filter
21 is then sampled and digitized in the unit 22, with a
normal sampling frequency of at least 200 kHz. The
signal can then be investigated directly for
characteristic spikes 1in the time domain, as 1S
indicated by the reference symbol 24 in the figure. In
addition, it is possible to represent the signal with
respect to the mains frequency Vpains 1N ~order to
identify periodicity 1in conjunction with rotation of

the shaft (phase resoclution).

Furthermore, analysis based on a Fourilier transformation
of the time signal Usg(t) or Is(t) has also been found to
be a suitable approach for analysis. In order to
improve the measurement accuracy and/or to simplify the
filtering of the 1input data, the corresponding time

signal can in this case as well be mixed with a carrier

signal and can be Fourier-transformed (FFT). In this
case, by way of example, the mains frequency 1s also
suitable for use as a carrier signal which, if required
for this purpose, must be tapped directly off the mains
or else some other suitable point. The data as

represented in the frequency domain is indicated by the

reference symbol 23 in the figure.

- The input signal Ug(t) (typically 1n the region below

3V) or Is(t) is initially digitized in an
analog/digital converter (ADC) with a sampling
frequency (sampling rate) of typically 200 kHz, and
this digitized time signal Ug(t) or Is(t), respectively,

is then subjected to a Fourier transformation 1in

sections.

In this context, 1t should also be noted that the

present method 1s very particularly suiltable for long-
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term observation of the behavior of electrical
installations. For example, it 1s possible to use the
gradual slow <change 1in the behavior of the spark
activities to deduce the possible requirement for
5 maintenance work, and appropriate maintenance work can

be planned and carried out specifically.
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LIST OF REFERENCE SYMBOLS

Turbine
Shaft
Shaft bearing

Generator

Low-impedance ground (driving end module,

module)

RC module (high i1mpedance)

Analysis unit
Ground for 5
Ground for 6

Contact apparatus for 5

Contact apparatus for 6
Low resistance

High resistance

Fuse

Fuse

Reslistance

Capacitance

Measurement resistance

Capacilitance

Sliprings

Signal fillter, bandpass

Evaluation unit
Fregquency spectrum
Signal as a function of
Shaft voltage on the RC
Shaft current on the RC
Shaft voltage on the DE
Shaft current on the DE

Mains frequency

(shunt ri

filter

t1me
unit
unit
unlt

unit

DE

csl1lstance)
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CLAIMS:
1. A method for detection of spark activity in an

electrical machine having a shaft and shaft bearings 1n order

to detect at least one of brush sparking and spark flashovers

o= e

between parts of the shaft bearings, at least one of a shaft

voltage Us(t) and a shaft current I5(t) 1s measured and

analyzed in that a low-value earthing device 1s provided at a

first point on the shaft, i1n which said low-value earthing

F

device, at least one of a shaft voltage Umg(t) and a shaft

pre— p—
Prge

current I (t) is in each case tapped off via a resistor and 1is

analyzed 1n an analysis unit, and, at a second point on the

shaft, a high-value earthing device 1s provided in the form of

F

an RC module and 1in which RC module at least one of a shaft

voltage U;(t) and a shaft current I (t) respectively is in

each case tapped off via a further resistor and 1s analyzed 1n

the analysis unit, with signals which are supplied to the

*

analysis unit of the at least one of the shaft voltage and

shaft current TIP% (t), U (t), IP%(t), UR“.(t), I%“5(t) are passed

through an adjustable, steep-flank bandpass filter before

analysis, which bandpass filter has a passband in the region of

500 kHz, and whose mid frequency can be tuned 1n the range from

500 kHz to 50 MHz.

2. A method according to claim 1, wherein said brush

sparking comprises sparks which occur on slip rings.

3. A method according to claim 1, wherein sald spark

gr—

flashovers between parts of the shaft bearings are shaft

erosion sparks.
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4 . A method according to any one of claims 1 to 3,

wherein the shaft voltage Ug(t) and the shaft current Ig(t) are

F

measured as a function of the time (t) for analysis.

o. A method according to any one of claims 1 to 4,

5 wherein the shaft voltage Ug(t) and the shaft current Is(t) are

— pg—
— e

tapped off from the shaft via at least one contact apparatus 1in

F

the form of a sliding contact.

r—
o

0. A method according to any one of claims 1 to 5,

wherein the bandpass filter is followed by an amplitude

10 demodulator.

7. A method according to any one of claims 1 to o,

wherein the corresponding signal Ug(t), Is(t) 1s 1nvestigated

with respect to at least one of frequency modulations and

amplitude modulations contained therein, for analysis of the

15 signals of at least one of shaft voltage Ug(t) and shaft

current I (t).

3 . A method according to claim 7, wherein the signal

Us(t), Is(t) 1s demodulated in synchronism with the phase of a

power supply system voltage.

pr——

20 9. A method according to any one of claims 1 to 8,

wherein the measurement of the shaft voltage Ug(t) and the

ﬁ
—

shaft current I<(t) 1s coordinated with a measurement of

partial discharges at phase termlnals.

10. A method according to any one of claims 1 to 9,

25 wherein the signal Ug(t), Is(t) is sampled and digitized after

pr—— |

passing through the bandpass filter, and then either a time

signal, after matched gating in order to suppress interference
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signals, 1s analyzed for characteristic spikes which are

P

characteristic of at least one of brush sparking and spark

flashovers between parts of the shaft bearings, or sections of

the signal are 1n each case Fourier-transformed and

corresponding characteristic features 1n the frequency spectrum

are analyzed.

pr—

11. A method according to any one of claims 1 to 9,

wherein the signal Ug(t), Is(t) is sampled and digitized after

passing through the bandpass filter, and then either a time

signal is analyzed for characteristic spikes which are

F

characteristic of at least one of brush sparking and spark

n

L

flashovers between parts of the shaft bearings, or sections of

the signal are in each case Fourier-transformed and

corresponding characteristic features in the frequency spectrum

are analyzed.

12. A method according to claim 10, wherein the

interference signals are thyristor pulses resulting from the

r— pr—

rectification of the excitation of the generator.

13. An apparatus for detecting spark activity 1n a

electrical machine having a shaft and shaft bearings in order

to detect at least one of brush sparking and spark flashovers

between parts of the shaft bearings, comprising a low-value

earthing device provided at a first point on the shaft and in

pr—
o

which low—value earthing device at least one of shaft voltage

r—
e

Umg(t) and shaft current I°.(t) 1s in each case tapped off via

a resistor and is analyzed in an analysis unlit for components

ﬁ

which are characteristic of said at least one of brush sparking

and spark flashovers between parts of the shaft bearings, and

whereiln
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a high-value earthing device 1s provided 1n the form of an RC

module at a second point on the shaft,

F

1n which RC module at

least one of a shaft voltage U®%(t) and a shaft current I%5(t)

g

r—

respectively 1s 1n each case tapped of

f via a resistor and 1s

analyzed in the analysis unit, for components which are

F P

characteristic of salid at least one of

-

brush sparking and spark

flashovers between parts of the shaft bearings, and whereiln

the analysis unit has an adjustable, steep-flank bandpass

filter with a passband 1n the region o

f 500 kHz whose mid-

frequency can be tuned in the range from 500 kHz to 50 MHz,

through which bandpass filter the signals which are supplied to

H

#

the analysis unit of the at least one of the shaft voltage and

shaft current U " (t) , IDES(t) , URCS(t) ,

analysis.

IR, (t) are passed before

14 . An apparatus according to claim 13, whereln the low

value earthing device has a low-resistance value to a contact

apparatus of the shaft and has a high-value resistance to

earth, and a fuse being arranged in parallel with the high-

value resistance, and forming a parallel circuilt with 1t.

15. An apparatus according to claim 13 or 14, wherein the

RC module also has a fuse connected to

a contact apparatus on

the shaft and on an opposite side to one or more capacilitances

connected in parallel with a resistor

in parallel therewith and

to earth via a measurement resistor arranged between earth and

the parallel circuit formed by the one or more capaciltances and

the parallel resistor, and wherein shaft voltage Us(t) 1s

.
e

tapped off via one of the one or more

g

D!

shaft current I (t) being tapped O:

reslstor.

capacitances, and the

f via the measurement
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16. An apparatus according to any one of claims 13 to 15,

whereln the shaft voltage Ug(t) and the shaft current Is(t) are

ﬁ

detected as a function of time, and are supplied to the

analysis unit, the analysis unit having means for digitizing

the signal Ug(t), Is(t), means for Fourier-transformation of

pp—
p—

this digitized signal, and means for spectral display of

transformed data, saild display 1ncluding the presence, nature

r—

and intensity of the spark activity 1n a simplified form, and

additionally 1n a numeric form on the basis of specific

criteria.
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