~& =B PDH-Pro.com
PDH-PRO

Grounding System Theory and Practice

Course Number: EE-03-906
PDH: 3

Approved for: AK, AL, AR, DC, DE, FL, GA, IA, ID, IL, IN,
KS, KY, LA, MD, ME, MI, MN, MO, MS, MT, NC, ND, NH, NJ,
NM, NV, NY, OH, OK, OR, PA, SC, SD, TN, TX, UT, VA, VT,
WI, WV, and WY

State Board Approvals

Florida Provider # 0009553 License #868

Indiana Continuing Education Provider #CE21800088

Maryland Approved Provider of Continuing Professional Competency
New Jersey Professional Competency Approval #24GP00025600
North Carolina Approved Sponsor #S-0695

NYSED Sponsor #274

Course Author: Velmir Lackovic

How Our Written Courses Work

This document is the course text. You may review this material at your leisure
before or after you purchase the course.

After the course has been purchased, review the technical material and then
complete the quiz at your convenience.

A Certificate of Completion is available once you pass the exam (70% or greater).
If a passing grade is not obtained, you may take the quiz as many times as
necessary until a passing grade is obtained).

If you have any questions or technical difficulties, please call (508) 298-4787 or
email us at admin@PDH Pro.com.

PDH-PRO

Continuing Education for Enginaers

396 Washington Street, Suite 159, Wellesley, MA 02481
Telephone — (508) 298-4787 www.PDH-Pro.com




Grounding System Theory and Practice

Grounding System Theory and Practice

System grounding has been used since electrical power systems began. However, many
companies and industrial plants have used system grounding methods differently. The problem
of whether a system neutral should be grounded, and how it should be grounded, has many times
been misunderstood completely. Therefore, grounding of many systems has been based upon

past experience rather than engineering analysis.

This course provides applicable information for grounding, such as definitions, reasons for having
a system ground, the most desirable grounding method, and so on, and how to measure ground

resistance in order to maintain the grounding system.

The definition of grounding is commonly used for both, system grounding and equipment
grounding. The National Electrical Code (NEC) defines system ground as a connection to ground
from one of the current-carrying conductors of an electrical power system or of an interior wiring
system, whereas an equipment ground is defined as a connection to ground from one or more of

the noncurrent-carrying metal parts of a wiring system or equipment connected to the system.

Following definitions describe power system grounding.

System neutral ground: A connection to ground from the neutral point or points of a circuit,

transformer, motor, generator, or system.

- Grounded system: A system of conductors in which at least one conductor or point is

intentionally grounded.

- Ungrounded system: A system of conductors in which there is no intentional connection

to ground.

- Solidly grounded: A system in which there is no intentional impedance in ground
connection; in such a system the line to ground fault currents may equal three-phase fault

current.
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- Resistance grounded: A system grounded through a resistance the value of which can be
such as to provide either a low- or high-resistance ground system. The low-resistance
ground system can have from 25 to several thousand amperes depending upon the value
of the resistance. The high- resistance ground system usually has a value less than 25 A
but greater than the value given by XCO/3, where XCO is the charging capacitance of the

system.

- Reactance grounded: A system grounded through a reactance.

- Resonant grounded: The system grounding reactance value is such that the rated
frequency fault current flowing through it is substantially equal to the current flowing

between the conductors and the earth (charging current of the system).

- Ground-fault neutralizer: A grounding device that provides an inductive component of
current in a ground fault that is substantially equal to, and therefore neutralizes, the rated

frequency capacitive component of the ground fault current.

Selection of Grounding Method

The selection of a method for power system grounding is very difficult because a large number of
factors must be considered before a power system grounding method can be chosen. The
following discussion outlines some problems with various grounding methods and explains how

and why grounding systems are applied.

Ungrounded Systems

Early electrical systems were almost universally operated ungrounded. On small systems an
insulation failure on one phase did not cause an outage. The failure could probably be found and
repaired at a convenient time without a forced outage. This worked well as long as the systems
were small. However, as systems increased in size and voltage rating, an increasing number of
insulation failures produced multiple failures and major faults. At first, the reasons for these
failures were not understood, and considerable work was done to find why they occurred. Figure

1 below shows a typical ungrounded neutral system.
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Figure 1. Ungrounded neutral system
Actually, it is a capacitive grounded neutral system, the capacitance being the conductor
capacitance to ground. In normal operation, the capacitive current of all three lines is leading the

respective line to neutral voltages by 90°, and the vector sum of all three currents is zero. Figure

2 shows what happens when the system of Figure 1 is accidentally grounded.
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Figure 2. Fault on ungrounded neutral system
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The charging current of the faulted phase goes to zero because its voltage to ground is zero. The
voltages of the unfaulted phases increase to full line-to-line value with respect to ground, and their
charging currents increase proportionally. In addition, because of the 30° shift of the line voltages
with respect to ground, the charging currents shift accordingly, and the sum of the charging
currents in the unfaulted phases is three times the normal value and appears in the ground,
returning to the system through the fault. If the fault can be interrupted, it will most likely be done
at a current zero. However, since the current leads by 90° in the capacitive circuit, current zero
occurs at the instant of a voltage maximum; thus, if the fault momentarily clears, a high voltage

immediately appears across the fault, and restrike of the fault will probably occur.
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In the momentary interval of time that the fault has been cleared the excessive voltage charge of
the capacitors on the unfaulted lines has been trapped as a direct current (DC) charge. When the
arc restrikes again: the capacitors are again recharged by a line-to-ground voltage added to the
trapped charge. Thus, a restrike after another current zero clearing is more inevitable, adding

another charge.

The phenomenon thus probably becomes an oscillating and self-perpetuating build-up in voltage,
which eventually will lead to an insulation failure on another phase and a major two-phase fault.
While the first failure may have been a tree branch in the line, the second failure may occur at
some other location entirely, perhaps involving expensive equipment insulation, such as a
transformer. Thus, the principal advantage claimed for the ungrounded system actually caused

troubles that resulted in its abandonment.

These troubles coupled with other factors led to the adoption of grounded neutral systems in some

form. Some of the other factors were as follows:

- Because of greater danger to personnel, code authorities frowned on ungrounded

systems.

- Equipment costs were generally lower for equipment rated for grounded neutral systems
because of the reduction in insulation permissible; because graded insulation could be

used, single-bushing, single-phase transformers could be used.

- Atthe higher voltages being used today (69 kV and above), material savings in transformer
costs can be realized by employing reduced basic insulation level (BIL). These savings
are in addition to the modest savings above, and may amount to substantial savings in
the cost of transformers in the various voltage classes with reduced insulation. The
requirements for safely reducing insulation level demand that system neutrals be

grounded. Thus, these savings are not available on the ungrounded system.

Solidly Grounded Systems

The simplest and most effective method of grounding is to solidly connect the neutrals of any wye-
connected transformers or generators to ground. This method has two major advantages: It is

simple and inexpensive in that it requires no extra equipment.
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It minimizes the magnitude of the overvoltage that will appear on the unfaulted phases during a

ground fault, resulting in a reduction in the stress on insulation as compared with other methods.

This is the reason that solidly grounded neutrals are a necessity where reduced BIL insulation is
to be used. In spite of the advantages of the solidly grounded system, there are associated
disadvantages such that other grounding methods are often used. These disadvantages all stem
from the fact that a solidly grounded system produces the greatest magnitude of ground fault

current when a fault to ground occurs.

It is realized that with a grounded neutral system perhaps 95% or more of all faults start as a
single phase to ground fault. If the amount of ground current that flows can be controlled and the
fault cleared promptly, the amount of damage at the fault will be reduced and the fault probably
restricted so as not to involve more than one phase. This may result in preventing bum downs,
reduction in the cost of making repairs, and reduction in the frequency or extent of maintenance
on the breakers that interrupt the fault. In the case of machines or transformers, the difference in
repair cost may be that of replacing a few damaged coils as compared with completely replacing
the machine or transformer, which may be necessary where oil fires and explosion follow the
transformer fault, or where heavy fault currents melt down coils and burn and weld together
expensive areas of laminated electrical steel in the transformer core or machine stator iron. Since
the damage done is approximately proportional to 12, it is obvious that much more can be done
in the reduction of current than by reduction in time. Under certain conditions, single phase to
ground faults can give rise to short-circuit currents 50% in excess of three-phase short-circuit
current. Thus, breakers whose ratings make them entirely capable of interrupting.

Three phase faults may be in severe difficulty handling a single phase to ground fault. In view of
this, the potential savings in damage and repair costs or avoiding the cost of having to install
larger breakers may justify avoiding the simple and inexpensive solidly grounded system in favour

of a more complex and expensive system that will provide control of the amount of fault current.
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