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PRESIDENT’'S MESSAGE

By: Phil Raney

Well like myself | imagine everyone is
well into the heat season. It truly
seems like just yesterday | was worry-
ing about keeping our schools cool
enough let alone warm enough! | will
not bother you with any words of wis-
dom regarding heating, air conditioning
or the daily challenges of trying to
keep our customers happy.

What | would truly like to reflect on is
how very important it is that you have
a group of professionals on your team
and they buy into your goals or visions.
Remember the old adage “you are
only as good or as successful as the
people you surround yourself with”.

Whether it is cleaning a rest room or
remodeling a class room, refinishing a
gym floor or preparing for homecom-
ing. You simply can’t do it on your
own. Look into your employees eyes
and see your success. Personally
thank each and every one of them and
tell them they are invaluable. Do this
and see what happens. Smiles and
that look of satisfaction as they know
they are a part of your team.

So enough! Just have a wonderful
holiday season and reflect once again
on a job well done. | appreciate each
and every one of you as professionals
and friends.

Your President
Phil
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Addressing Ground Faults on MV Generators
Answer the questions on page 5 and receive 1 CE toward certification renewal

Jul 1, 2009 12:00 PM, By Sergio Panetta, P.E., i-Gard, and David D. Shipp, P.E., Eaton Electrical Systems & Services
A hybrid grounding system design allows flexibility

Medium-voltage (MV) generators are not designed to withstand full fault current during a single phase-to-ground fault,
which is why they are connected to a system with either low- or highimpedance devices.

There are many methods to ground these generators. Let's discuss the advantages and disadvantages of each (relative to
performance) under ground fault conditions.

LOW-IMPEDANCE GROUNDED

Grouﬂdmg resstor A lowdmpedance grounded system consists of a connection of the generator's neutral
i terminal to ground through an impedance, as shown to the left. The resistor typically
/ Q o LAJ Grounding limits ground fault current magnitudes from 100A to 800A for a short duration. The
)
( <>

In addition to minimizing the damage at the point of fault, low-impedance grounded
systems minimize shock hazards caused by stray currents, minimize thermal and

mechanical stresses on equipment, and control transient overvoltages.

selection of the magnitude of fault current is made to minimize damage at the point
of fault and provide selective coordination of the protection system.

=

As the generation capacity increases within a facility, as shown on the right, the e
value of ground fault current also increases. For example, if four generators are /
connected to a common bus, the maximum ground fault current with an 800A low- | (
resistance grounded system may be between 800A (if only one generator is online) = i~
to 3,200A (if all four generators are online). As more generators are connected, the [&'

SN

advantages previously listed quickly diminish.

The greatest drawback of this type of system is when a ground fault occurs within the stator winding of a generator. Experi-
ence shows that the ground fault will not be removed from the generator when the generator breaker has opened. In fact,
the generator will continue to supply the current through the ground fault until the generator's field excitation decays. The
resulting physical damage to the generator is a function of the duration of the fault, not its magnitude. Thus, consider a
different approach to maintain the advantages of the low-impedance grounded system.

SINGLE-POINT GROUNDED SYSTEM

Grouning Grouning Grouning Grounding Single-point grounding ensures only one source is grounded at any given
fjﬂ HIH e time. There are three ways this can occur. This illustration shows a multiple
% % ’ L generator-connected system in which neutral isolators ensure that only one
l ‘ ;Abu == | resistor is connected to the electrical system at one time.
= ‘ | || A disadvantage to this arrangement is complexity because of the necessity
of the isolator switches. The system also requires an operation procedure

for any kind of transfer.

Another disadvantage is that the system will become ungrounded if the connected grounded power source become iso-
lated. This would put the entire system at risk because, as generators are ramped up and placed into service, they will also
be ungrounded until connected to the power system.

This system shown below addresses these disadvantages. In this scenario, the neutrals are connected together, and there
is only one return path for any ground fault. This scenario also addresses the concern of generators going off-line.

Two major disadvantages are inherent in this kind of system: circulating
third harmonic currents through the connected neutrals and the com-
plex serviceability of a generator. With the neutrals connected together,
a ground fault anywhere in the system will elevate the potential of the
neutral —whether the generator is connected to the system or not. This
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results in a safety hazard for any personnel working on the generators.

This arrangement addresses the single-point ground by way of —
an artificial neutral. This method is much simpler than that
shown in Fig. 3. However, the disadvantage is the ungrounded LxLu
state of the generators when not connected to the electrical

system.

i Grounding resistor

MULTIPLE-POINT GROUNDED SYSTEM

Figure 2 is an example of a multiple point grounded system. Each generating source is grounded through its own ground-
ing resistor. There is no risk of leaving a source generator ungrounded, and there is no safety hazard when servicing a
generator.

With many generators connected, the amount of ground fault current can exceed levels that will limit the damage at the
point of fault. This is extremely evident if the point of fault occurs in the stator winding of the generator. Here, fault cur-
rent would not be interrupted, even with the opening of the circuit breaker connecting the generator to the electrical dis-
tribution system. The result will be severe damage in the stator windings.

HIGH-IMPEDANCE GROUNDED SYSTEM

A highimpedance grounded system consists of a connection of the generator's

T G 1 1 neutral terminal to ground through an impedance, as shown in this illustration. In
this system, the impedance is high, with the resistor typically limiting ground fault
. gHWd e Il currents to a low value for an extended duration. The magnitude of fault current
(s %on | is selected so that it is equal to or greater than the system capacitive charging
current.

The advantages of the high-impedance grounded system are:

e Minimal fault current at the point of fault,

e Continuity of operation, and

e Reduction of transient overvoltages as far as the ungrounded system is concerned.

One disadvantage of this system is the sensitivity required for the detection of a ground fault. With the ground fault
current in the order of magnitude of 10A, more sensitive ground fault protection is necessary. Another disadvantage
is that as the charging current increases in large distribution networks —or as more generators are placed online —it

may not be feasible to have a highimpedance grounded system.
HYBRID GROUNDING

The optimal solution is a combination of the low- and highimpedance grounded systems. This hybrid system would effec-
tively be low resistance for all external ground faults. If, however, the fault is a ground fault within the generator, the sys-
tem would revert to a high-impedance grounded system and minimize the damage.

This scenario allows all the benefits of the low-impedance grounded systems, in that all through ground faults will have
selective coordination —and there is minimal damage at the point of the fault. The ground fault current would be limited
to the sum of the low-impedance system and the high-impedance system. In the schematic shown in Fig. 5, the ground
fault current would be 410A. If the ground fault was downstream, then the isolating device closest to the fault would iso-
late the ground fault.

The true benefit of this scheme is seen when a ground fault occurs in the stator winding of the generator, because the
ground fault current would be limited to 410A until the differential protection isolates the generator from the supply and
opens the contactor for the LRG device, thus limiting the ground fault to 10A until the generator slows to a standstill.

This system is safer for the generator because it is never left in an ungrounded state. Also, the stator windings are pro-
tected, unlike the results with a straight low-impedance grounded system.

When multiple units are placed online —and each unit is protected by the hybrid system —the tendency is to have all hy-
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brids identical. However, this would cause extremely high ground fault current within the system, as with the low-
impedance system. Thus, the benefits of the hybrid system would be lost. To compensate for this, you can reconfigure the
hybrid grounded system to that shown here.

This schematic would result in a maximum ground fault current in the
order of 400A, regardless of how many sources are connected to the sys-
tem. Ground faults downstream will be isolated by the breaker closest to
the fault, through selective coordination, and ground faults within the
stator will be isolated by the differential scheme shown in Fig. 6, occur-
ring only in the supply breaker for that particular generator. This will leave

the generator in a high-impedance grounded state, thus minimizing the Longtres g
damage to the stator. L{Ih 2

If the existing grounding system does not lend itself to the zig-zag bus

grounding source (no spare breaker, no room to expand, economics, etc.) —or it is designed to operate with any generator
being the sole source —you can still use the hybrid system. Here, you would operate some of the hybrid ground sources in
high-resistance grounding mode only and allow only a limited number of the sources to operate in the low-resistance
grounding mode. Use control logic to accommodate this flexibility.

Panetta is vice president of engineering, I-Gard, Mississauga, Ontario, Canada. He can be reached at spanetta@i-gard.com.
Shipp is principal engineer, Eaton Electrical Systems & Services Division, Pittsburgh. He can be reached at
daviddshipp@eaton.com.
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QUESTIONSFOR CE ARTICLE STARTING ON PAGE 2

Answer the following questions and return to IBOA (a self-address is on the back of this page). If you get
70% or more correct, you will receive 1 CE credit toward renewing your Level | or Level 11 certification.
Please fill out the information below, so we can credit the correct person and update our filesif necessary.

Name:
Employer:
Address:
City, State, Zip:
Telephone: Fax: E-Mail:
1. A hybrid system design does not allow for flexibility. True False
2. Medium voltage generators are designed to withstand full fault current during a single phase to grand fault.
True False
3. Two magjor disadvantages to a single point grounding system are:
A. They can circulate third harmonic currents True False
B. The service of the generator is more complex. True False
4, On multiple point grounded systems each generating source is grounded through its own resistor.
True False
5. The advantages of the high impedance grounded system are:
A. Minimal fault current at the point of fault True False
B. Continuity of operations. True False
C. Reduction of transient overvoltages as far as the ungrounded system is concerned.
True Fase
6. The hybrid system is a combination of low and high impedance grounded systems. True False

The hybrid system is safer for the generator because it is never left in an ungrounded state.
True False
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From The Executive Directors Desk

By: Connie Searles
IDAHO POWER OFFERS SCHOLARSHIPS FOR BOC TRAINING

We are excited to tell you that Idaho Power is offering 20 1/2 scholarships for our
Level | course and 20 1/2 scholarships for our Level 11 course for their commercial cus-
S tomers. Both trainings will be at the Red Lion Riversidein Boise. Classes arefilling
quickly, so make sure you take advantage of this outstanding opportunity.

B MARK YOUR CALENDARS NOW for our Annual Convention scheduled for
| Missoula, MT June 17 & 18, 2010.

y Because of the significant increase in bulk mail rates, we will be sending al future
newsletters by e-mail and also posting them on our website. Please make surewe
have your e-mail, so you won’t miss our news updates and our CE articles starting in
2010.

Dave Beck hasjust finished updating our Level Il training with new manuals and up-to-
the-minute information. Y ou'll want to take advantage of 1daho Power’s offer and at-
tend our Level |1 offering in Boise this December if you' ve not had a chance to take the Level 11 yet.

Watch out for the Great Pumpkin!

IBOA
270 N 27th Street, Ste B
Boise, ID 83702







