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Abstract

The failure of rotary machine would cause
production loss immediately or indirectly. Moreover,
the manufacturing period of rotary machine is relative
long, and it implies that the system reliability would
be decreased. Therefore, in order to keep system
reliability, the early warning system would be
necessary and the preventive strategy is the adoption
of condition-based maintenance to substitute
time-based maintenance.

The common diagnostics for rotary machine includes
vibration analysis, temperature monitoring, and
insulation diagnostics. Excepting the last one, all of
and the
mechanical condition could be monitored continuously.

them could be done without outage,
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However, the electrical insulation breakdown occupies
and the
traditional insulation diagnostics do not satisfy the

high proportion of the failure events,

request of condition-based maintenance. Hence, the
most effective insulation diagnostics, partial discharge
measurement, is introduced to the condition-based
maintenance.

This paper takes real cases to introduce on-site
partial discharge measurement on rotary machine,
including offline and on-line partial discharge
measurement, and a risk assessment is also illustrated
in the end.

1. Introduction

Rotary machine could be generator or motor, once
they fail, the generator will cause outage, which might
lead to be fined for no power producing, and the motor
will cause production suspension, which might induce
production loss. Besides possible production loss, the
system reliability would be decreased. Therefore, it is
an 1important to prevent rotary machine from
breakdown,
necessary.

and the early warning system 1is

According to experience, the common failures of
rotary machine are involved with bearing system,
overheat, and electric insulation. For mechanical issue,
the vibration analysis is adopted to diagnose bearing
system; for overheat, there are resistance temperature
detectors (RTD) installed inside the machine; for
electrical insulation, insulation resistance test [1],
dielectric power factor test [2], and off-line partial
discharge measurement (PDM) [3,4] are utilized to
assess the insulation condition. Among them, the first
two methods could be achieved without power outage,
and the execution of last one still need to be power
outage, which means that the insulation condition



can’t be monitored on-line.

Therefore, the mentioned insulation diagnostics for
rotary machine is obviously insufficient to fulfill the
requirement of preventive maintenance. Because
PDM

diagnostics and could be achieved without power

shows good performance in insulation
interruption by different approach, it could be utilized
for the insulation condition monitor to achieve the goal
of preventive maintenance. This paper addresses
different applications of PDM on rotary machine
including off-line/on-line PDM on generator, and risk
assessment of high voltage motor.
2. Off-1ine Partial Discharge Measurement

Because rotary machine is a kind of capacitive
equipment, the required capacity of test power source
is proportion to the capacitance of the machine and the
square of test voltage. If the capacity of power source is
insufficient, the frequency of test voltage would be
decreased to lower down the required capacity, and the
alternative power source is very low frequency (VLF)
power source and damping alternating current voltage
source (DAC).

This section takes two examples to show the on-site
PDM via portable power source and DAC.
2.1. Power AC

Accords to [4], the connection diagram is shown in
Fig. 1. As shown in Fig. 1, the stator winding is taken
as filter, so test voltage is applied on one side and
measured on the other side. Figure 2 show the
measured phase-resolved partial discharge pattern
(PRPD) at rated phaseto-ground voltage. The
measured data shows that there is slot discharge
phenomena in S-phase winding.

Line Side
Ul

Neutral Side
U2

L

Fig. 1 The connection diagram of off-line PDM on
rotary machine [4]

Figure 2 shows the trend of PD level in past 7 years.
It reveals that the PD level of S-phase is stable as

measured on line side, and the PD level increases
gradually as measured on neutral side. The
recommendation is to keep tracing PD level and to

install monitoring system if possible.
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Fig. 2 PRPD of S-phase measured on line side and
test voltage on neutral side
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Fig. 2 The trend of PD level in 7 years
2.2. Damping alternating current voltage
The oscillating wave test system (OWTS) is taken as
DAC source, and the configuration is shown in fig. 3.
The DC source will charge the object under test (OUT)
to the test voltage, and then IGBT closes quickly to
form a resonance circuit (capacitance of OUT and

inductance of OWTS). The measurement circuit is
already integrated inside the system. Therefore, the
OWTS has

requirement and the similar result to power frequency.

the advantage of small capacity
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Fig. 3 Configuration of OWTS
Figure 4 shows the test procedure, and the step
voltage is 2 kVrms. The amount of shots is 10 times for
every step and is 50 times for the highest voltage.
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Fig. 4 Voltage Steps

Figure 5 shows the measured result at rated
phase-to-ground voltage, and the reading is 252 pC.
According to PRPD, the PD phenomenon is kind of slot
discharge. Because the generator is hydrogen-cooled
and the hydrogen was released, the insulation media
of the generator was air during test. Hence, the 252 pC
reading is normal and no recommendation was made.

PD level: 252 pC ; frequency: 174.67 Hz
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Fig. 5 PRPDs measured by OWTS
3. On-line Partial Discharge Measurement

Because off-line PDM should be carried out during a
scheduled outage, the operation condition is different
with normal condition and the period between two
measurements is long. Therefore, the result of off-line
PDM can only roughly assess insulation condition.

Therefore, on-line PDM is an alternative method to
assess the insulation condition, and could be carried
out continuously. In order to suppress the interference
of high background noise, the measuring frequency is
usually raised. This section introduces two common
approaches for on-line PDM.

3.1. Coupling Gapacitor

As the measuring frequency is raised, the coupling
capacitor could be miniaturized and could be installed
inside the panel, as shown in fig. 10. Therefore, the
on-line PDM could be achieved without power outage.

Because the installation cost of coupling capacitor is
relative high, it is usually adopted in generator and is
not common being adopted for high voltage motor.

/ . o .

Fig. 5 The installation of coupling capacitor
3.2. Magnetic Sensor

Once PD occurs, the pulse current will also be
accompanied, and travel along the conductors.
Therefore, the inductive PD sensor, such as high
frequency current transformer and Rogowski coil,
could be adopted to couple the transient magnetic field
caused by PDs. Figure 6 shows one kind of inductive
PD sensor, called as bushing type PD sensor. Figure 7
shows the measured PRPD via bushing type PD
sensor of the generator mentioned in section 2.1, and
the measured results show different PRPD due to
different measuring frequency.

Because the inductive PD sensor does not attach to
high voltage parts, it is more safety than coupling

capacitors.

Fig. 6 The installation of bushing type PD sensor
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Fig. 7 Measured PRPD via bushing type PD sensor



4. Risk Assessment

Because the trend of PD level shows the tendency
toward the insulation deterioration, the trend of PD
level would be effective approach to assess risk of
insulation breakdown. Based on field experience, the
PD level would fluctuate time by time, and the + 25 %
variation of average PD level would be acceptable, and
the risk of insulation breakdown increases as the PD
level increases dramatically.

Figure 8 shows the installation of UHF PD sensors
for high voltage motor, and fig. 9 shows the trend of
PD levels over 2 years (on-line PDM twice per year).
From fig. 9, the PD levels of Motor #4 and Motor #5
increased dramatically in the 224 and 3 on-line PDM,
and the recommendations of immediate repair were
proposed. After repair of Motor #4 and #5, the 4th
on-line PDM shows good insulation condition of them.

Fig. 8 Installation of UHF PD sensors
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Fig. 9 The trend of PD levels for 5 motors
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Fig. 10 Defects causing PDs of Motor #4

Fig. 11 Defects causing PDs of Motor #5

Figure 10 shows that there is serious partial
discharge at the leading wire of Motor #4, and fig. 11
shows that there is serious partial discharge at the
end-winding of Motor #5.

5. Conclusion
For rotary machine, PDM is an effective insulation

diagnostic, which can be applied on-line/off-line.
However, there is no standard dealing with acceptance
level of PDs. According to field experience and
benefited by the adoption of wider measuring
frequency band, frequency analysis could be utilized to
assess the risk of insulation breakdown. The low
frequency band indicates the existence of PD
phenomenon, and the high frequency band indicates
the risk of PDs.

Besides the frequency analysis, the trend of PD
levels would be another reliable index of insulation
deterioration. The risk of insulation breakdown
increases as the PD level increases dramatically.
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