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Abstract — Conventional methods of protection are not certain
due to the intermittent nature of an arcing fault since any single
arc may not last long enough to operate time-delayed neutral
protection. Arcing faults can occur due to dirty insulators or
broken strands in the stator windings. Such faults, if undetected,
can lead to overheating along with catastrophic electrical
failure. These events typically require extensive repairs with an
extended shutdown of the machine. It is highly desirable to
detect such faults at an early or incipient stage so that remedial
action can be taken before a complete failure occurs.

This paper presents a new protection method to detect arcing
faults along the entire winding and trip the unit before extensive
damage can occur. This paper shows the protection engineer
how to properly identify the faulted phase. Faulted phase
identification is important since it will greatly aid in locating the
source of an intermittent arcing fault.

Index Terms — arcing fault, high-impedance grounding. stator
ground fault.

l. INTRODUCTION

Arcing faults occur due to dirty insulators or broken
strands in the stator windings. Such faults, if undetected, can
lead to overheating along with catastrophic electrical failure.
These events typically require extensive repairs with an
extended shutdown of the machine. It is highly desirable to
detect such faults at an early or incipient stage so that
remedial action can be taken before a complete failure
occurs.

A common practice for large synchronous machines is to
limit the ground fault current through the generator stator
windings by grounding the neutral through a distribution
transformer with a resistor connected across the secondary
winding (see Fig. 1). The neutral resistor is reflected to the
primary and provides high-resistance grounding during single
phase-to-ground faults. It is typically sized to limit the ground
fault current from 3 to 25 amps primary. The ohmic value of
the grounding resistor is selected to avoid high transient
voltage due to ferroresonance.
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Fig. 1. High-Impedance Grounded Machine

It is not possible to reliably detect these faults using
overcurrent protection. Neutral overvoltage protection is
suitable since the voltage drop across the grounding resistor
is proportional to the fault location along the stator winding
(see Fig. 2). The neutral voltage is equal to the nominal
secondary voltage of the grounding bank for a fault located at
the generator terminals and is then a percentage of that as the
fault location moves towards the neutral.
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Fig. 2. Neutral Voltage as Function of Fault Location along Stator Windings

Conventional protection methods are not reliable since,
due to the intermittent nature of an arcing fault, any single arc
may not last long enough to operate time-delayed neutral
voltage protection. Fig. 3 shows the neutral voltage for a
large machine with a persistent arcing fault at the generator
terminals. Note that the neutral current is negligible.
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Fig. 3. Typical Arcing Fault M

This paper presents a new protection method to detect
arcing faults along the entire winding and up to the terminals
of the step-up transformer. This protection can trip the unit
before extensive damage occurs.

This paper also shows the protection engineer how to
properly identify the faulted phase. Faulted phase
identification is important since it will greatly aid in locating
the source of an intermittent arcing fault.

1. CONVENTIONAL STATOR GROUND FAULT
PROTECTION

A. Neutral Overvoltage (59N)

A time-delayed neutral voltage level detector operates on
the fundamental frequency zero-sequence voltage dropped
across the neutral resistor. Typically 59N has a minimum
pickup of 5 volts secondary. 59N is reliable and provides
protection for up to 90 — 95 percent of the stator windings.
Ground faults in the last 5 — 10 percent of the stator windings
near the neutral do not provide enough fundamental
frequency zero-sequence voltage to assert 59N.

B. Third Harmonic Undervoltage (27TN)

A time-delayed neutral voltage level detector operates on
the third-harmonic, zero-sequence voltage dropped across the
neutral resistor. Third-harmonic, zero-sequence voltage at the
neutral is present in nearly every machine to varying degrees.
Monitor this third harmonic voltage to detect ground faults in
the last 5 — 10 percent of the stator windings near the neutral.

The combined scheme is illustrated in Figure 4A. Figure
4B shows how 59N and 27TN overlap to provide
conventional 100 percent stator winding protection.
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Fig. 4A. 100% Stator Ground Fault Protection Scheme
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Fig. 4B. Overlap of 59N with 27TN



Figs. 5A and 5B illustrate how to set 27TN and 59N.
These are arbitrarily chosen example settings. You need to
calculate the settings for your own particular application.

59N
= Minimum pickup = 5 volts secondary
=  Time delay on pickup = 30 cycles
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Fig. 5A. 59N Settings

27TN
= Minimum pickup = 1 volt secondary
= Time delay on pickup = 30 cycles
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Fig. 5B. 27TN Settings

Note that both protection elements have the same time
delay on pickup and they both trip via the same contact
output.

1. CASE STUDY #1

Fig. 6 is an oscillographic recording of a numerical
generator relay trip. This was an arcing fault on A-Phase
external to the generator stator windings. The nominal line-
to-neutral voltage is 66.4 volts secondary and the neutral
voltage rose as high as 120 volts secondary during the arcing
fault. Note that the potentials were clean again after the
breaker opened since the arc was external. The voltage across
the neutral grounding transformer is 180 degrees from A-
Phase voltage (see Fig. 7) when A-Phase is grounded:

VA + VN = 0
VN = -VA

Also note that the voltage on the unfaulted phases rise to
the nominal line-to-line value.
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Fig. 8. 2" Case Study Oscillographic Record

Fig. 10 shows the timing sequence for a trip during an
V. NEW ARC FAULT PROTECTION METHOD arcing ground fault.

An arcing fault is intermittent and if the duration of each
arc is shorter than the conventional 100 percent stator ground o S A [ o] iL
fault protection time delay on pickup, then no trip occurs.
Fig. 9 illustrates the logic. The reset timer (Tg) has memory
and stalls the delay on pickup timer (t,) when the initiating
function pickup drops out intermittently as is the case for an
arcing fault. The initiating function that drives this logic is
59N. You can also use 27TN in parallel logic to cover
grounds close to the neutral. For the purpose of this example,
the time delay on pickup is equal to 18 cycles and the reset
timer is equal to 30 cycles. Set the reset timer greater than the
period when the arcing fault is off. Otherwise, the pickup
timer will reset prior to a trip.
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Fig. 9. Arc Detector Logic




VI. CONCLUSIONS

Arcing faults occur due to dirty insulators or broken
strands in the stator windings. Such faults, if undetected, can
lead to overheating along with catastrophic electrical failure.
These events typically require extensive repairs with an
extended shutdown of the machine. It is highly desirable to
detect such faults at an early or incipient stage so that
remedial action can be taken before a complete failure
occurs.

It is not possible to reliably detect these faults using
overcurrent protection. Neutral overvoltage protection is
suitable since the voltage drop across the grounding resistor
is proportional to the fault location along the stator winding.
The neutral voltage is equal to the nominal secondary voltage
of the grounding bank for a fault located at the generator
terminals. It is then a percentage of that as the fault location
moves towards the neutral.

Conventional protection methods are not reliable since,
due to the intermittent nature of an arcing fault, any single arc
may not last long enough to operate time-delayed neutral
voltage protection.

This paper presents a new protection method to detect
arcing faults along the entire winding and up to the terminals
of the step-up transformer. This protection can trip the unit
before extensive damage occurs.
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