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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Sta
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and 
compensation. They are not necessarily members of the Institute. The standards developed within IEEE rep
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEE
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are 
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope o
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject 
brought about through developments in the state of the art and comments received from users of the standa
IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document
than five years old, and has not been reaffirmed, it is reasonable to conclude that its contents, although still
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership a
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, toget
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they 
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will i
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned int
important to ensure that any interpretation has also received the concurrence of a balance of interests. For th
IEEE and the members of its technical committees are not able to provide an instant response to interpretation
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
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IEEE Standards documents are adopted by the Institute of Electrical and Electronics Engineers without reg
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Foreword

(This Foreword is not a part of IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Com
Power Systems.)

This book is a revision of IEEE Std 142-1982. This recommended practice has served electrical engineers
electrical system grounding information since the first edition in 1956. It reflects the experience and sound ju
of a working group made up of engineers active in the design and operation of electrical systems for indust
commercial power systems.

The working group owes a debt of gratitude to the authors of previous editions. The members of the working g
the original 1956 edition were: D. L. Beeman (Chairman), D. M. Allison, H. H. Angel, J. E. Arberry, K. M. Bau
A. J. Bisson, L. J. Carpenter, M. A. Leland, F. R. Longley, C. C. Saunders, J. M. Schmidt, H. E. Springer,
Stewart, T. O. Sweatt, H. B. Thacker, and B. F. Thomas, Jr. Others who worked on the interim editions that w
on the present working group are: Thad Brown, W. H. Cook, L. S. Corey, J. W. Couter, D. C. Grant, C. A. Hat
L. Haymes, C. F. Hedlund, R. H. Kaufmann, R. Loewe, B. K. Mathur, E. S. Raila, and F. J. Shields.

We consider this a major revision of the text. Much new material has become available since the 1982 edition. C
System Grounding, has been expanded and revised throughout. Chapter 2, Equipment Grounding, has been
reviewed and revised in the light of experience. Chapter 3, Static and Lightning Protection Grounding, has im
new material on grounding of high-rise structures. Chapter 4, Connection to Earth, required the fewest change
important updating, such as the caution in using stainless steel ground rods. Chapter 5, Sensitive Electronic E
Grounding, is completely new. It includes methods of grounding that include noise control and are consistent 
National Electrical Code.

This has been a project of the Power Systems Grounding Subcommittee of the Power Systems Eng
Committee. Members of the subcommittee and working group during this period were:

Gordon S. Johnson, Chair    

Kenneth E. Almon
Baldwin Bridger
Newton S. Burley
Edward Cantwell
Ralph H. Lee (deceased)
Richard E. Loyd
Robert G. Medley

Daleep C. Mohla
Richard L. Nailen
William J. Neiswender
Neil Nichols
Dev Paul
Elliot Rappaport
Milt Robinson

Lynn F. Saunders
Robert L. Simpson
Mark G. Theriault
S. I. Venugopalan
Donald W. Zipse

The working group received invaluable comments and text material from coordinating groups in the Power S
Protection Committee, the Computer Society, the Power Engineering Society, the National Electrical Manufa
Association, Underwriters Laboratories, the International Electrotechnical Commission, and others. A partia
other contributors and reviewers includes:

Carrol Burtner
Walter V. Chumakov
Norman H. Davis, III
Robert Dempsey
Paul Duks
Thomas Gruz

Ches Heath
John Holladay
David Jackson
Richard P. Keil
Charles A. Lennon
Daniel Love

S. R. Mendis
Lloyd A. Morley
James Prothero
James Skiles
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Chapter 1 

System Grounding

1.1 Introduction

Grounding of an electrical system is a decision that must be faced sometime by most engineers charged with
or modifying electrical distribution. Grounding in some form is generally recommended, although there are 
exceptions. Several methods and criteria exist for system grounding; each has its own purpose.

It is the intention of this section to assist the engineer in making decisions on the subject by presenting basic
for grounding or not grounding and by reviewing general practices and methods of system grounding.

The practices set forth herein are primarily applicable to industrial power systems that distribute and utilize p
medium or low voltage, usually within a smaller geographical area than is covered by a utility.

Where distances or power levels may dictate circuitry and equipment similar to a utility, consideration of 
practices is warranted. However, restrictions of the National Electrical Code (NEC) (ANSI/NFPA 70–19901

particular needs of service, and the experience and training of the workforce should also be considered.

Where an industrial power system includes power-generating equipment, the reasons for grounding these com
may be the same as those for grounding similar components of public utility systems. The methods of gro
would generally be similar under like conditions of service. However, in the industrial setting, conditions of s
may be altered by:

1) Location within the power system
2) Individual generator characteristics
3) Manufacturing process requirements

1The numbers in brackets correspond to those of the references in 1.12.
Copyright © 1992 IEEE All Rights Reserved 1
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All of these may affect grounding decisions.

The NEC [1], sponsored by the National Fire Protection Association, contains regulations pertaining to syst
equipment grounding applicable to industrial, commercial, and special occupancy facilities. These ru
considered minimum requirements for the protection of life and property and should be carefully reviewed dur
course of system design.

1.2 Definitions

The varieties of system grounding and definitions of related terminology follow. The definitions of additional 
may be found in IEEE Std 100-1988  [2] and the NEC [1].

effectively grounded: Grounded through a sufficiently low impedance such that for all system conditions the ra
zero-sequence reactance to positive-sequence reactance (X0/X1) is positive and less than 3, and the ratio of zer
sequence resistance to positive-sequence reactance (R0/X1) is positive and less than 1.

grounded system: A system in which at least one conductor or point (usually the middle wire or neutral poi
transformer or generator windings) is intentionally grounded, either solidly or through an impedance.

grounded: Connected to earth or to some extended conducting body that serves instead of the earth, whe
connection is intentional or accidental.

high resistance grounded: A grounded system with a purposely inserted resistance that limits ground-fault cu
such that the current can flow for an extended period without exacerbating damage. This level of current is co
thought to be 10 A or less. High-resistance grounded systems are designed to meet the criterion of RO≤XCO to limit the
transient overvoltages due to arcing ground faults. XCO is the distributed per-phase capacitive reactance to groun
the system, and RO is the per-phase zero-sequence resistance of the system.

low resistance grounded: A resistance-grounded system in which the purposely inserted resistance has lower
value than would meet the high-resistance grounding criteria. The resistance is selected to provide the desired
current.

per-phase charging current: (ICO). The current (VLN/XCO) that passes through one phase of the system to charg
distributed capacitance per phase to ground of the system, VL-N is the line-to-neutral voltage and XCO is the per-phase
distributed capacitive reactance of the system.

R0: The per-phase zero-sequence resistance of the system.

reactance grounded: Grounded through impedance, the principal element of which is inductive reactance.

resistance grounded: Grounded through an impedance, the principal element of which is resistance.

resonance: The enhancement of the response of a physical system (electrical system or circuit) to a periodic ex
when the excitation frequency (f) is equal to a natural frequency of the system. In a series circuit consistin
resistance (R), inductance (L), and capacitance (C), when L and C parameters are such that the resultant reacta
becomes zero and the current reaches maximum, then the circuit is in series resonance. This happens when

Similarly, in a parallel circuit consisting of R, L, and C, the admittance is the lowest when 1/X1 = 1/Xc, and the circuit
is in parallel resonance. This happens when

 

Rn: The value of the resistance connected from the neutral to the ground of a resistance-grounded system. 
resistance grounded systems where RN is a major component of Ro, the relationship R0=3RN applies.

ωL
1

ωC
--------  or f

1

2π LC
------------------= =

ωL
1

ωC
-------- or f

1

2π LC
------------------= =
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solidly grounded: Connected directly through an adequate ground connection in which no impedance ha
intentionally inserted.

static charge: The electricity generated when two dissimilar substances come into contact. Conveyor belts are
producers of static electricity.

switching surge: A transient wave of overvoltage in an electric circuit caused by the operation of a switching d
interrupting load current or fault current.

system: A grounding system consists of all interconnected grounding connections in a specific power system
defined by its isolation from adjacent; grounding systems. The isolation is provided by transformer prima
secondary windings that are coupled only by magnetic means. Thus, the system boundary is defined by the 
physical connection that is either metallic or through a significantly high impedance. Fig 1 illustrates the lim
boundaries of grounding systems.

system charging current: The total distributed capacitive charging current (3VLN/XCO) of a three-phase system.

three-phase four-wire system: A system of alternating current supply comprising four conductors, three of which
connected as in a three-phase three-wire system, the fourth being connected to the neutral point of the s
midpoint of one-phase in case of delta-connected transformer secondary, which may be grounded.

three-phase three-wire system: A system of alternating current supply comprising three conductors, betw
successive pairs of which are maintained alternating differences of potential successively displaced in phas
third of a period.

transient overvoltage: The temporary overvoltage of short duration associated with the operation of the swit
device, a fault, a lightning stroke, or during arcing ground faults on the ungrounded system.

ungrounded system: A system, without an intentional connection to ground, except through potential indicatin
measuring devices or other very high impedance devices.

1.3 Purposes of System Grounding

System grounding, or the intentional connection of a phase or neutral conductor to earth, is for the pur
controlling the voltage to earth, or ground, within predictable limits. It also provides for a flow of current tha
allow detection of an unwanted connection between system conductors and ground and which may instigate o
of automatic devices to remove the source of voltage from conductors with such undesired connections to gro
NEC [1], prescribes certain system grounding connections that must be made to be in compliance with the c
control of voltage to ground limits the voltage stress on the insulation of conductors so that insulation performa
more readily be predicted. The control of voltage also allows reduction of shock hazard to persons who might 
contact with live conductors.
Copyright © 1992 IEEE All Rights Reserved 3
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Figure 1—Grounding Systems

1.4 Methods of System Neutral Grounding

1.4.1 Introduction

Most grounded systems employ some method of grounding the system neutral at one or more points. These
can be divided into two general categories: Solid grounding and impedance grounding. Impedance grounding
further divided into several subcategories: Reactance grounding, resistance grounding and ground-fault-ne
grounding. Fig 2 shows examples of these methods of grounding. Each method, as named, refers to the nat
external circuit from system neutral to ground rather than to the degree of grounding. In each case the impedan
generator or transformer whose neutral is grounded is in series with the external circuit. Thus a solidly gr
generator or transformer may or may not furnish effective grounding to the system, depending on the system
impedance.

Many of the concepts involved in defining system-grounding types and levels are best explained in te
symmetrical components or equivalent circuits. The reader who is not familiar with these analytical meth
referred to Chapter 2 of Beeman [10] and to Chapter 3 of the IEEE Brown Book [5] for guidance.

Molded-case circuit-breaker interrupting capabilities can be affected by the method of grounding. If othe
effective grounding is used, circuit breakers should be reevaluated for the application.

1.4.2 Ungrounded Systems (No Intentional Grounding)

Electrical power systems which are operated with no intentional ground connection to the system conduc
generally described as ungrounded. In reality, these systems are grounded through the system capacitance 
4 Copyright © 1992 IEEE All Rights Reserved
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In most systems, this is an extremely high impedance, and the resulting system relationships to ground are w
easily distorted.

Two principal advantages are attributed to ungrounded systems. The first is operational: The first ground fa
system causes only a small ground current to flow, so the system may be operated with a ground fault 
improving system continuity. The second is economic: No expenditures are required for grounding equipm
grounded system conductors.

Numerous advantages are attributed to grounded systems, including greater safety, freedom from excessiv
overvoltages that can occur on ungrounded systems during arcing, resonant or near-resonant ground faults, a
detection and location of ground faults when they do occur.

Resonant effects can occur when the ground fault path includes an inductive reactance approximately equ
system capacitive reactance to ground. Beeman [10], pp. 281–285, discusses this phenomenon in depth
extensive discussion of the advantages of grounded systems, see pp 345–348 of Beeman [10]. Also, Article 
[1] requires certain systems to be grounded. Grounded systems are now the predominant choice.

When an ungrounded system is chosen, a ground detection scheme may be applied to the system. Thi
frequently takes the form of three voltage transformers with their primary windings connected in wye and w
primary neutral grounded. The secondary windings of the voltage transformers are usually connected in brok
with a voltage relay connected in the open corner and used to operate an indication or alarm circuit. Loading 
may be required either in the primary neutral circuit or in the secondary circuit to avoid ferroresonance.

1.4.3 Resistance Grounding

In resistance grounding, the neutral is connected to ground through one or more resistors. In this method, 
resistor values normally used, and except for transient overvoltages, the line-to-ground voltages that exist 
line-to-ground fault are nearly the same as those for an ungrounded system.

A system properly grounded by resistance is not subject to destructive transient overvoltages. For resistance-
systems at 15 kV and below, such overvoltages will not ordinarily be of a serious nature if the resistance va
within the following boundary limits: R0 ≤ XC0, R0 ≥ 2X0. The corresponding ground-fault current is far less than
normally used for low-resistance grounding, but is the design criterion for high-resistance grounding.

The reasons for limiting the current by resistance grounding may be one or more of the following.

1) To reduce burning and melting effects in faulted electric equipment, such as switchgear, transformers
and rotating machines.

2) To reduce mechanical stresses in circuits and apparatus carrying fault currents.
3) To reduce electric-shock hazards to personnel caused by stray ground-fault currents in the ground ret
4) To reduce the arc blast or flash hazard to personnel who may have accidentally caused or who happ

in close proximity to the ground fault.
5) To reduce the momentary line-voltage dip occasioned by the occurrence and clearing of a ground fau
6) To secure control of transient overvoltages while at the same time avoiding the shutdown of a faulty cir

the occurrence of the first ground fault (high-resistance grounding).

Resistance grounding may be either of two classes, high resistance or low resistance, distinguished by the mag
ground-fault current permitted to flow. Although there are no recognized standards for the levels of ground-fault
that define these two classes, in practice there is a clear difference. High-resistance grounding typically uses
fault current levels of 10 A or less, although some specialized systems at voltages in the 15 kV class may hav
ground-fault current levels. Low-resistance grounding typically uses ground-fault current levels of at least 100 
currents in the 200–1000 A range being more usual.
Copyright © 1992 IEEE All Rights Reserved 5
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Figure 2—System Neutral Circuit and Equivalent Diagrams for Ungrounded and Various Types of 
Grounded-Neutral Systems

Both types are designed to limit transient overvoltages to a safe level (within 250% of normal). However, th
resistance method usually does not require immediate clearing of a ground fault since the fault current is lim
very low level. This low level must be at least equal to the system total capacitance-to-ground charging curre
protective scheme associated with high-resistance grounding is usually detection and alarm rather than im
tripout. In general the use of high-resistance grounding on systems where the line-to-ground fault current exce
should be avoided because of the damage potential of an arcing current larger than 10 A in a confined space
6 Copyright © 1992 IEEE All Rights Reserved
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The low-resistance method has the advantage of immediate and selective clearing of the grounded circuit, bu
that the minimum ground-fault current be large enough to positively actuate the applied ground-fault relay
resistance grounding is a method that can be applied to existing medium-voltage ungrounded systems to o
transient overvoltage protection without the modification expense of adding ground relays to each circuit.

Systems grounded through resistors require surge arresters suitable for use on ungrounded-neutral circui
oxide surge arrester ratings must be chosen so that neither the maximum continuous operating voltage capa
the one-second temporary overvoltage capability is exceeded under system ground fault conditions.

1.4.4 Reactance Grounding

The term reactance grounding describes the case in which a reactor is connected between the system neut
ground. Since the ground-fault that may flow in a reactance-grounded system is a function of the neutral reacta
magnitude of the ground-fault current is often used as a criterion for describing the degree of groundin
reactance-grounded system, the available ground-fault current should be at least 25% and preferably 60% of 
phase fault current to prevent serious transient overvoltages (X0 ≤ 10X1). This is considerably higher than the level o
fault current desirable in a resistance-grounded system, and therefore reactance grounding is usually not cons
alternative to resistance grounding.

In most generators, solid grounding, that is, grounding without external impedance, may permit the maximum 
fault current from the generator to exceed the maximum three-phase fault current that the generator can delive
which its windings are braced. Consequently, neutral-grounded generators should be grounded through a lo
reactor that will limit the ground-fault current to a value no greater than the generator three-phase fault curren
case of three-phase four-wire systems, the limitation of ground-fault current to 100% of the three-phase fault
is usually practical without interfering with normal four-wire operation. In practice, reactance grounding is gen
used only in this case and to ground substation transformers with similar characteristics.

1.4.5 Ground-Fault Neutralizer (Resonant Grounding)

A ground-fault neutralizer is a reactor connected between the neutral of a system and ground and having a 
selected, relatively high value of reactance. The reactance is tuned to the system charging current so that the
ground fault current is resistive and of a low magnitude. This current is in phase with the line-to-neutral voltage
current zero and voltage zero occur simultaneously. If the ground fault is in air, such as an insulator flashove
be self-extinguishing. This method of grounding is used primarily on systems above 15 kV, consisting larg
overhead transmission or distribution lines. Since systems of such construction are rarely used in indu
commercial power systems, the ground-fault neutralizer finds little application in these systems. For 
information on the use of ground-fault neutralizers, see Reference [9].

1.4.6 Solid Grounding

Solid grounding refers to the connection of the neutral of a generator, power transformer, or grounding tran
directly to the station ground or to the earth.

Because of the reactance of the grounded generator or transformer in series with the neutral circuit, a solid
connection does not provide a zero-impedance neutral circuit. If the reactance of the system zero-sequence
too great with respect to the system positive-sequence reactance, the objectives sought in grounding, pr
freedom from transient overvoltages, may not be achieved. This is rarely a problem in typical industri
commercial power systems. The zero-sequence impedance of most generators used in these systems is m
than the positive-sequence impedance of these generators. The zero-sequence impedance of a delta-wye tr
will not exceed the transformer's positive-sequence impedance. There are, however, conditions under which r
high zero-sequence impedance may occur.
Copyright © 1992 IEEE All Rights Reserved 7
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One of these conditions is a power system fed by several generators and/or transformers in parallel. If the n
only one source is grounded, it is possible for the zero-sequence impedance of the grounded source to e
effective positive-sequence impedance of the several sources in parallel.

Another such condition may occur where power is distributed to remote facilities by an overhead line wit
metallic ground return path. In this case, the return path for ground-fault current is through the earth, and, eve
both the neutral of the source and the nonconducting parts at the load may be grounded with well-made electr
ground return path includes the impedance of both of these ground electrodes. This impedance may be sig
Another significant source of zero sequence impedance is the large line-to-ground spacing of the overhead li

To ensure the benefits of solid grounding, it is necessary to determine the degree of grounding provided in the
A good guide in answering this question is the magnitude of ground-fault current as compared to the syste
phase fault current. The higher the ground-fault current in relation to the three-phase fault current the gre
degree of grounding in the system. Effectively grounded systems will have a line-to-ground short circuit curre
least 60% of the three-phase short-circuit value. In terms of resistance and reactance, effective grounding of 
is accomplished only when R0≤X1 and X0 ≤ 3X1 and such relationships exist at any point in the system. The1
component used in the above relation is the Thevenin equivalent positive-sequence reactance of the comple
including the subtransient reactance of all rotating machines.

Application of surge arresters for grounded-neutral service requires that the system be effectively grounded.

1.4.7 Obtaining the System Neutral

The best way to obtain the system neutral for grounding purposes in three-phase systems is to use source tra
or generators with wye-connected windings. The neutral is then readily available. Such transformers are avai
practically all voltages except 240 V. On new systems, 208Y/120 V or 480Y/277 V wye-connected transforme
be used to good advantage instead of 240 V. Wye-connected source transformers for 2400, 4160, and 13 800 V
are available as a standard option, whereas 4800 and 6900 V wye-connected source transformers may be p
premium rate. The alternative is to apply grounding transformers.

System neutrals may not be available, particularly in many old systems of 600 V or less and many existing 240
and 6900 V systems. When existing delta-connected systems are to be grounded, grounding transformers ma
to obtain the neutral. Grounding transformers may be of either the zigzag, the wye-delta, or the T-connected ty
type of grounding transformer commonly used is a three-phase zigzag transformer with no secondary windi
internal connection of the transformer is illustrated in Fig 3. The impedance of the transformer to balanced thre
voltages is high so that when there is no fault on the system, only a small magnetizing current flows in the tran
winding. The transformer impedance to zero-sequence voltages, however, is low so that it allows high grou
currents to flow. The transformer divides the ground-fault current into three equal components; these curren
phase with each other and flow in the three windings of the grounding transformer. The method of winding 
from Fig 3 to be such that when these three equal currents flow, the current in one section of the winding of 
of the core is in a direction opposite to that in the other section of the winding on that leg. This tends to fo
ground-fault current to have equal division in the three lines and accounts for the low impedance of the transfo
ground currents.
8 Copyright © 1992 IEEE All Rights Reserved
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Figure 3—(a) Core Windings 
(b) Connections of Three-Phase Zigzag Grounding Transformer

A wye-delta-connected three-phase transformer or transformer bank can also be utilized for system groundin
the case of the zigzag grounding transformer, the usual application is to accomplish resistance-type ground
existing ungrounded system. The delta connection must be closed to provide a path for the zero-sequence cu
the delta voltage rating is selected for any standard value. A resistor inserted between the primary neutral and
as shown in Fig 4, provides a means for limiting ground-fault current to a level satisfying the criteria for resis
grounded systems. For this arrangement, the voltage rating of the wye winding need not be greater than th
line-to-neutral system voltage. For high-resistance grounding it is sometimes more practical or economical t
the limiting resistor in the secondary delta connection. Three single-phase distribution class transformers a
with the primary wye neutral connected directly to ground. The secondary delta is closed through a resis
effectively limits the primary ground-fault current to the desired low level. For this alternative application, the v
rating of each of the transformer windings forming the wye primary should not be less than the system line
voltage.

The rating of a three-phase grounding transformer or bank, in kVA, is equal to the rated line-to-neutral vol
kilovolts times the rated neutral current [18]. Most grounding transformers are designed to carry their rated cur
a limited time only, such as 10 s or 1 min. Consequently, they are much smaller in size than an ordinary thre
continuously rated transformer with the same rating.
Copyright © 1992 IEEE All Rights Reserved 9
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Figure 4—Vectors Representing Current Flow in Wye-Delta Transformer Used as Grounding 
Transformer with Line-to Ground Fault

It is generally desirable to connect a grounding transformer directly to the main bus of a power system, 
intervening circuit breakers or fuses, to prevent the transformer from being inadvertently taken out of service
operation of the intervening devices. (In this case the transformer is considered part of the bus and is protect
relaying applied for bus protection.) Alternatively, the grounding transformer should be served by a dedicated
circuit breaker, as shown in Fig 5(a), or connected between the main transformer and the main switch
illustrated in Fig 5(b). If the grounding transformer is connected as shown in Fig 5(b), there should be one gro
transformer for each delta-connected bank supplying power to the system, or enough grounding transformers 
at least one grounding transformer on the system at all times. When the grounding transformer is so connec
included in the protective system of the main transformer.

1.5 Grounding at Points Other than System Neutral

In some cases, low-voltage systems (600 V and below) are grounded at some point other than the system 
obtain a grounded electrical system. This is done where exiting delta transformer connections do not provide a
the system neutral. Two systems are in general use.
10 Copyright © 1992 IEEE All Rights Reserved
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1.5.1 Corner-of-the-Delta Systems

Low-voltage systems, which in the past have been nearly all supplied from transformers with delta-con
secondaries, have been ungrounded. Grounding of one-phase corner-of-the-delta grounding has sometimes 
as a means of obtaining a grounded system. The advantages are the following:

1) It is the least costly method of converting an ungrounded delta system to a grounded system. This met
adapted by one very large industrial company in 1935 for their older plants. No problems have been r
and it is still in use. The first costs of a new transformer are approximately the same for either a delta o
secondary connection.

2) Although motor overload protection, theoretically, is needed only in the two phases that are not ground
NEC Table 430–37 states that for three-phase systems, three overloads are required, one in each p
advantage in the past of having only two overloads is no longer viable.

3) With properly connected control circuits, ground faults in the control circuit will neither start the moto
prevent stopping the motor by means of the stop push button.

4) There is a high probability of sustaining arcing for 480 V or higher, phase-to-phase, single-phase
extension, without escalation to a three-phase fault.

5) The corner-grounded system will effectively control transient and overvoltages; however, a maximum 
times the normal phase-to-neutral voltage can exist between two conductors and the ground.

6) A fault from phase to ground is easily detected and found.

The disadvantages are the following:

1) An inability to supply dual-voltage service for lighting and power loads.
2) The necessity of positive identification of the grounded phase throughout the system to avoid con

meters, fuses, instruments, and relays in the grounded phase.
3) A higher line-to-ground voltage on two phases than in a neutral-grounded system.
4) The possibility of exceeding interrupting capabilities of marginally applied circuit breakers, because

ground fault, the interrupting duty on the affected circuit-breaker pole exceeds the three-phase fault d

Because of its limitations, this type of grounding has not been widely used in industrial systems.

1.5.2 One Phase of a Delta System Grounded at Midpoint

In some areas where the utility had a large single-phase 120/240 V load and a small three-phase 240 V load, 
supplied a large single-phase 120/240 transformer and one or two smaller 240 V transformers. In other cas
three single-phase transformers are connected in delta, the midpoint, if available, is grounded. With this met
possible to gain some of the advantages of neutral grounding by grounding the midpoint of one phase. This
does not provide all the advantages of a system neutral grounding and is not recommended for voltages ov
The advantages are the following:

1) The first costs are approximately the same as a solidly grounded system.
2) Fast tripping for phase-to-ground faults.
3) Mid-phase grounding effectively controls, to safe levels, the over-voltages.
Copyright © 1992 IEEE All Rights Reserved 11
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Figure 5—Methods of Connecting Grounding Transformer to a Delta-Connected or Ungrounded 
Power System to Form Neutral for System Grounding

The disadvantages are the following:

1) The shock hazard of the high phase leg to ground is 1.73 times the voltage from the other two phase
2) There must be positive identification of the conductor with the highest voltage to ground to avoid conn

120 V loads to that conductor.
3) Serious flash hazard from a phase-to-ground fault can exist because of the high fault levels.
4) The cost of maintenance is somewhat above the neutral grounded system due to the sustained highe

and insulation stress on one phase.
5) Grounding of one phase of a delta system at the midpoint of that phase for three-phase systems wit

to-phase voltages over 240 V has little application.
12 Copyright © 1992 IEEE All Rights Reserved
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1.6 Location of System Grounding Points

1.6.1 Selection

Each system as described in 1.2 of this chapter is defined by “its isolation from adjacent grounding system
isolation is provided by transformer primary and secondary windings.” The new system created by each transfo
generator requires the establishment of a new system ground.

The selection of a system grounding point is influenced by whether the transformer or generator windin
connected “wye” or “delta” “Delta-wye” or “wye-delta” transformers effectively block the flow of zero-seque
current between systems. Although the wye connection is generally more conducive to system grounding be
the availability of a neutral connection, that fact alone should not be the sole criteria for the location of the 
ground point.

The system ground point should always be at the power source. An archaic concept of grounding at the load o
points in the system because of the availability of a convenient grounding point is not recommended becaus
problems caused by multiple ground paths and because of the danger that the system could be left ungrou
therefore unsafe. The National Electrical Code recognizes this danger and prohibits system grounding at a
except the source and/or service equipment.

As previously described in 1.4.6 of this chapter, grounding of other than neutrals may be accomplished with th
zigzag grounding transformers or grounded wye primary-delta secondary grounding transformer banks co
directly to the phase bus.

1.6.2 Single Power Source

When a system has only one source of power (generator or transformer), grounding may be accompli
connecting the source neutral to earth either directly or through a neutral impedance (Fig 6). Provision of a s
circuit breaker to open the neutral circuit is not recommended. It is not desirable to operate the system ungrou
having the ground connection open while the generator or transformer is in service.

In the event that some means of disconnecting the ground connection is required for measurement, testing, o
disconnecting link should be used and only opened when the system is de-energized.

1.6.3 Multiple Power Sources

For installation with multiple power sources (i.e., generators or power transformers) interconnected that are o
operated in parallel, the system ground can be accomplished in one of two ways:

1) Each source grounded, with or without impedance (Fig 7).
2) Each source neutral connected to a common neutral bus, which is the grounded, with or without imp

(Fig 8).

For Solidly Grounded Systems with multiple sources where all sources must be solidly grounded, it is 
acceptable to separately ground each power source as shown in Fig 7(a). Levels of fault current are determin
number and available fault current of each interconnected source. Where sources are in close proximity, C
Ground Point connection [Fig 8(a) will allow for selective relaying to identify and isolate only the faulted sourc
Copyright © 1992 IEEE All Rights Reserved 13
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Figure 6—Grounding for Systems with One Source of Power
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Figure 7—Grounding for Systems with Multiple Power Sources 
(Method 1)
Copyright © 1992 IEEE All Rights Reserved 15

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 15:35:38 UTC from IEEE Xplore.  Restrictions apply. 

t details: IEEE 142-1991

http://www.avadocuments.com/doc/ieee-142-1991
http://www.avadocuments.com/doc/ieee-142-1991


IEEE Std 142-1991 IEEE RECOMMENDED PRACTICE FOR GROUNDING OF

e in the
e at the
unded.

 through
for the

Full documen
Figure 8—Grounding for Systems with Multiple Power Sources 
(Method 2)

If the power sources are not in close proximity, Common Ground Point is not recommended. The impedanc
neutral bus connection may become large enough to prevent effectively grounding the neutral of the sourc
remote location. The interconnect may inadvertently become open, allowing the transformer to operate ungro

For Impedance Grounded Systems it is always acceptable to separately connect each neutral to ground
individual impedances [Fig 7(b)]. Each impedance rating should allow sufficient current to satisfy the criteria 
grounding system being used.
16 Copyright © 1992 IEEE All Rights Reserved
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Individual neutral switching devices (automatic or manual) are not recommended, since incorrect operation ma
a power source to operate ungrounded.

System relaying is more complex when such impedance grounding is used, because of multiple grounding
Capability of detecting a ground fault at any point in the system requires sensing at each ground point in ad
any normal feeder protection. The fault current sensed by the feeder is variable, depending on the number o
that are grounded at the time of the fault.

When individual impedances are used, circulation of third-harmonic currents between paralleled generators
problem since the impedance limits the circulating current to negligible values. When total ground-fault curren
several individual impedances would exceed about 1000–4000 A, a Common Ground Point and single impe
limit the fault current should be considered [Fig 8(b)]. The advantage of this connection is that the maximu
current is known and selective relaying can be used to open tie breakers and selectively isolate the faulted bu

The primary purpose of neutral disconnecting devices in impedance grounded systems is to isolate the gen
transformer neutral from the neutral bus when the source is taken out of service, because the neutral bus is 
during ground faults. A generator or transformer disconnected from the power bus, but with an unbroken con
of its neutral to a neutral bus, would have all of its terminals elevated with respect to ground during a groun
Disconnecting devices should be metal-enclosed and interlocked in such a manner as to prevent their operati
when the transformer primary and secondary switches or generator main and field circuit breakers are open.

In the case of multiple transformers, all neutral isolating devices may be normally closed because the pre
delta-connected windings (which are nearly always present on at least one side of each transformer) minim
circulation of harmonic current between transformers. Generators that are designed to suppress zero s
harmonics, usually by the use of a two-thirds pitch winding, will have negligible circulating currents when oper
parallel; therefore, it is often found practical to operate these types of generators with the neutral disconnec
closed. This simplifies the operating procedure and increases assurance that the system will be grounded at
because interlocking methods can be used.

It is sometimes desirable to operate with only one generator neutral disconnecting device closed at a time to e
any circulating harmonic or zero-sequence currents. In addition, this method provides control over the ma
ground fault current and simplifies ground relaying. When the generator whose neutral is grounded is to be sh
another generator is grounded by means of its neutral disconnecting device before the main and neutral disco
device of the first one are opened. This method has some inherent safety considerations that must be recog
addressed in order to ensure continual safe operation. The procedures required to permit only one disconnecti
to be closed with multiple sources generally do not permit the use of conventional interlocking methods to ens
at least one neutral disconnecting device will be closed. Therefore, this method should only be used whe
supervision of operating procedures is assured.

When only one source is involved, but others are to be added to the station in the future, space should be allow
neutral switchgear when this becomes necessary.

1.6.4 Creation of Stray Currents and Potentials

If a current-carrying conductor, even though nominally at ground potential, is connected to earth at more th
location, part of the load current will flow through the earth because it is then in parallel with the grounded con
Since there is impedance in both the conductor and the earth, a voltage drop will occur both along the earth
conductor. Most of the voltage drop in the earth will occur in the vicinity of the point of connection to ear
explained in Chapter 4. Because of this nonlinear voltage drop in the earth, most of the earth will be at a d
potential than the grounded conductor due to the load current flowing from this conductor to earth.

An equipment grounding conductor connected to the same electrode as the grounded load conductor will als
potential difference from most of the earth due to the potential drop caused by the load current. In most insta
potential difference will be too low to present a shock hazard to persons or affect operation of conventional e
Copyright © 1992 IEEE All Rights Reserved 17
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load equipment. However, in many instances it has been of sufficient level to be detected by livestock, either by
in contact with noncurrent carrying enclosures to which an equipment grounding conductor is connected, o
sufficient difference in potential exists between the earth contacts of the different hoofs. Although potential leve
not be life threatening to the livestock, it has been reported that as little as 0.5 V rms can affect milk productio

Section 250-24 of the NEC [1] has required that the grounded circuit conductor (neutral) of a single system 
connected to a different grounding electrode each time it enters a separate building. Where there is a mult
facility, as is common on farms, there will be load currents flowing in the earth due to these multiple groundin

Section 250-24 has been modified by exceptions so that these multiple groundings are no longer universally r
Exception No. 2 will waive a neutral grounding at other than the service entrance from the utility if a se
equipment grounding conductor is run to each building and grounded and bonded at each building as specifi
code. Since no load current would be flowing into these grounding electrodes, the equipment grounding co
should be at earth potential.

Another possible source of multigrounding of a neutral would be the use of the neutral for grounding of the fra
cooking ranges or clothes dryers as allowed in Article 250–61, Exception 1. If the appliance frame also has a 
connection to earth, the multigrounding of the neutral will be achieved. This practice should be avoided in the 
of the barns, and even at other locations on farms.

There is another condition of multigrounding, since the utility will ground the neutral at the supply transformer
must be grounded again at the service entrance. Since the equipment grounding conductor has its origin at th
entrance ground, it will have a potential to earth as a function of the voltage drop created by load current in t
in parallel with the service drop neutral current. The magnitude of this potential will be affected by the size and
of the service drop neutral, the magnitude of the neutral current, and the resistance to earth of the service
grounding electrode as well as other connections to earth of the equipment grounding conductor. These facto
subject to some control.

It is recommended that sources of stray currents on the premises that can be created by grounding of the 
other than the service entrance should be eliminated. Do not ground the neutral except at the service entran
regular checks of electrical circuits and equipment to assure that unintentional grounding of either line or neu
not occurred due to insulation failures. It is also recommended that voltages caused by current in the serv
neutral be minimized by balancing loads to minimize neutral current. All loads creating irregular currents, s
motors, should not be connected line-to-neutral.

There is a remaining source of circulating current when the utility distribution circuit includes a multi-grou
neutral. The grounding of the supply-transformer secondary neutral has often been made common with the gr
of the primary neutral. It has been established that there may be a potential difference between this primary ne
earth and that there may be primary load current flowing through the ground (see [26], [27], [24], and [17]). Th
be affected by the neutral current, the location on the distribution feeder, and the effectiveness of the various
electrodes.

Neutral-to-ground voltages injected into the user system from the utility primary neutral cannot be elimina
system grounding techniques on the premises, although some reduction may be achieved if the service 
ground is made extremely effective and is located at some distance from livestock facilities. There are active 
to counteract equipment-to-ground voltages produced by utility injections [17]. Also, used are so-called equip
ground planes, which bring earth surface voltages to the same value as that of equipment [17]. Both of these a
the scope of system grounding, but are mentioned for reader reference.

1.6.5 Grounding Locations Specified by the NEC [1]

The following are system locations of grounding connections that appear to be required or permitted for th
common power system groundings by the NEC [1]). This is not intended to be a complete listing of code requir
and the current edition of the NEC should be consulted for details or recent changes as well as to determine
18 Copyright © 1992 IEEE All Rights Reserved
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grounding is required or prohibited. The purpose is to call attention to location requirements but not to interp
requirements, since that is the province of the cognizant enforcing authorities.

On service-supplied systems of 50 to 1000 V, system grounding when required or elected should be made at th
entrance, between the load end of the service drop or lateral and the neutral landing point, and, if supplied
transformer external to the building, also at one point external to the building. If a grounded conductor extends
service entrance switch, it should have no further grounds on this extension except as noted by the various e
in the code to this requirement ([1], Sec. 250-23[a]), such as mentioned below.

Where dual services feed to a double-ended bus, a single ground at the center point of the neutral bus is a
replace those listed above ([1], Sec. 250-23[a], Exception 4).

If more than one building is fed from a single service there should be a system grounding connection mad
entrance to each building. However, if an equipment grounding conductor is run with the load conductors, this
connection can be eliminated so as to avoid elevating noncurrent- carrying enclosures above ground potenti
load drop in the neutral conductor ([1], Sec. 250-23[a], Exception 2; Sec. 250-24[a], Exception 2; Sec. 
Exception 1).

For circuits of 240 V or less, the code allows the grounded conductor to be used for grounding the frames of
ovens, or clothes dryers ([1], Sec. 250-23[a], Exception 3). It does not prohibit simultaneous grounding 
equipment grounding conductor or to an effectively grounded water pipe, so that such connections could gro
neutral downstream of the service switch. This standard does not recommend that the grounded circuit cond
connected to these appliance frames even if allowed by the code. It is recommended that the appliance f
grounded by connection of an equipment grounding conductor.

Grounding connections should not be located or connected so as to cause objectionable currents in g
conductors or grounding paths ([1], Sec. 250-21[a]).

Separately derived circuits, if required or elected to have a system ground, should be grounded between the s
the first disconnecting device. System grounding connections downstream of the disconnecting device have 
rules as for service-supplied circuits.

The point of grounding for systems shall be the neutral or common conductor where one exists, otherwise t
shall be a phase conductor ([1], Sec. 250-25).

On systems over 1000 V, a transformer-derived neutral may also be used as the attachment point for a system
This method is not mentioned for effective grounding of low-voltage systems.

High-voltage systems may also have multiple neutral grounds where the conductors are overhead outdoors, 
they are directly buried with a bare neutral conductor.

1.6.6 Avoiding Common-Mode Noise

When all of the conductors of a signal or power system have an identical potential difference with respect to 
reference, this potential is known as a common-mode voltage or signal. If such voltage or signal is undesira
usually called noise. The other references are usually the equipment enclosure or the ground, both of which m
the same potential. Electronic equipment may often exhibit a susceptibility to common-mode noise betwe
incoming power conductors and ground, which may affect either digital or analog signals.

Common-mode noise on a power source occurs when a potential difference exists between the ground to w
power source is referenced and the ground to which the power-consuming equipment is referenced. There i
capacitive or resistive coupling between the equipment's circuitry and its enclosure. The potential difference
created when there is a current flow in the equipment grounding conductor, or the earth, between the eq
enclosure and the power source grounding.
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The earth has many stray currents, resulting in small potential differences between points. These currents may
than power frequencies, and even if power frequencies, may contain transients or bursts due to switching 
aberrations. Therefore, if the equipment cabinet is connected to earth at its location, any potential occurring 
there and the power system grounding point can be coupled into the circuitry.

The equipment enclosure can be maintained at the same potential as the power system ground if the e
grounding conductor is of low impedance and has no connection to earth except at the grounding point of th
transformer, the so-called “single point ground.” This is allowed by the NEC 1], Sec. 250-74, Exception 4, 
referred to as an IG, or isolated ground outlet. Sec. 1.6.4 in this chapter illustrates why the neutral must be g
only at the source transformer. The earth potential difference between the source grounding point and the eq
must not be sufficient to develop a shock hazard to persons standing within reach, and must not present the p
of resistively or capacitively coupling this potential into the equipment enclosure at a magnitude sufficient to c
noise problem. Normally, meeting all these criteria is possible only if the equipment is physically and electricall
to the source transformer.

Connection of the equipment ground to earth with an electrode that is physically separate from all other powe
and structural grounding electrodes and is not bonded to any of these other grounding electrodes, will in
produce common mode noise, since it is not referenced to the power source ground. The magnitude of this 
mode potential can be destructive to the equipment and hazardous to personnel, since a power system fault
the power system or structure several hundred or thousand volts above other earth references. This groundin
is in violation of the NEC, Article 250 [1].

For greater detail on the grounding of sensitive equipment, refer to Chapter 5 of this standard and to P1100 [

1.6.7 Limiting Transferred Earth Potentials

The term transferred earth potentials refers to the voltage-to-earth of grounding systems that will appear
conductors as a result of the source system grounding electrode being above normal earth potential. Th
voltages are usually developed by ground fault currents returning to their source through earth. A common ex
a ground fault of a conductor, which is supplying a substation transformer primary, to the station ground grid
used for grounding of the transformer secondary neutral. If this grounding grid is not connected to the high-
source system ground, there can be a significant voltage rise above earth as the fault current flows into the ea
voltage conductors leaving the area where the ground or grounding electrode voltage has been affected will 
voltage added to their normal line-to-ground voltage. The total voltage may exceed the insulating rating
conductors or the equipment to which they are connected.

Control and telephone circuits running into areas where the grounding electrode or mat is subject to significant
rise are particularly vulnerable. High voltage appearing on such circuits is more likely to be a hazard to person
to exceed insulating ratings. Such conductors should not interconnect between two areas whose ground-mat
is not held equal unless special protection or isolation is applied to the low voltage circuits. Another hazard
created when portable or mobile equipment can be subjected to a transferred voltage rise. This is specificall
in 1.11 as well as in Article 250–154 of the NEC [1].

Transferred potentials will be reduced if the resistance to earth or impedance between grounding grids is
minimum. Isolation between low-voltage equipments at locations having unequal ground potentials c
accomplished by use of devices rejecting common-mode voltages. Such devices include isolation trans
neutralizing reactors, or optical links [25].

Within most industrial distribution systems, compliance with the NEC requirements for equipment grou
conductors and the running of the grounding conductor to the service entrance panel serve to limit such pote
safe limits. If there are areas that are interconnected by three-wire overhead lines only, bonding provisions s
made before interconnecting low-voltage circuits between the two areas.
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Low-voltage potential differences can be created by the flow of load or other small currents through gro
grounding conductors. These can be quite troublesome to livestock, which is discussed in 1.6.4. It can 
troublesome to sensitive electronic equipment, particularly if the equipment is sensitive to common mode volt
the power supply conductors or common-mode voltages on communication lines that may run between locatio
different earth potentials. Existing NEC grounding requirements designed to prevent the flow of load currents 
grounding paths are often not adequate because of the sensitivity to very low levels and because the voltag
caused by other phenomena. These problems are further discussed in Chapter 5 and in P1100 [7].

Further information is available in Reference [25].

1.7 [Reserved for Future Use]

1.8 Grounding of Industrial Generators

1.8.1 Discussion of Generator Characteristics

Generators have several characteristics that are significantly different from transformers, the other common s
power. As compared to the transformer, the generator has little ability to withstand the heating effects or mec
forces of short circuits. The generator may be required by standards to withstand a less than 10-per-unit sho
and the imposition of higher currents is defined as unusual service by the National Electrical Manufa
Association (NEMA) M-G 1 [8], whereas a transformer may be required to withstand a 25-per-unit curren
generator may be capable of withstanding less than 25% of the heating effect of this current as compare
transformer. If the current is unbalanced, this capability may be reduced to less than 10% of the transformer c
(see [8] and [23]).

Unlike the transformer, the three sequence reactances of a generator are not equal. The zero-sequence reacta
lowest value, and the positive sequence reactance varies as a function of time. Thus, a generator will usu
higher initial ground-fault current than a three-phase fault current if the generator has a solidly grounded 
According to NEMA, the generator is required to withstand only the three-phase current level unless it is oth
specified (see Reference 8). Also, NEMA states that the negative sequence current thermal withstand limit is a
of time in seconds and the square of per-unit negative sequence current (I2

2t) equaling 40 [18]. With a solidly grounded
neutral, the steady-state ground-fault current will be about eight times that of the full-load current when the 
state three-phase fault current is three times the full-load current, but because of the negative sequence con
ground-fault current, the generator has less thermal withstand capability than it would for a three-phase fault.

A generator can develop a significant third-harmonic voltage when loaded. A solidly grounded neutral and 
external impedance to third harmonic current will allow flow of this third-harmonic current, whose value
approach rated current. If the winding is designed with a two-thirds pitch, this third-harmonic voltage w
suppressed [12] but the zero-sequence impedance will be lowered, increasing the ground-fault current.

The physical limitations imposed by generator construction result in less available insulation thicknesses,
resulting reduction in voltage-impulse withstand as compared to nonrotating electrical equipment. Thus, 
attention should be given to limiting voltage to ground by the grounding of generator neutrals.

Internal ground faults in solidly grounded generators can produce large fault currents. These currents can da
laminated core, adding significantly to the time and cost of repair. Such currents persist until the generator
decays, since they are not capable of being interrupted by the generator circuit breaker [21]. Both magnit
duration of these currents should be limited whenever possible.

NOTE  —  One per unit is equal to generator-rated current.
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1.8.2 Single Unparalleled Generator

This configuration may offer the most options for grounding. The distribution system may be particularly design
flexibility in applying grounding by having only three-wire loads connected directly to the generator or even h
only a single transformer connected to the generator (unit bank). Thus the design may employ high-re
grounding to minimize damage from internal ground faults, or low-resistance grounding if needed to operate s
ground relays. In either case the ground-current level should be substantially less than the phase-current fau

The generator may also be applied to a four-wire load without transformation. If the generator is rated for 
grounded service, the neutral may be connected directly to the grounded circuit conductor. If a standard gen
used, a reactor should be connected between neutral and the grounded circuit conductor so as to limit the m
ground fault current to no more than the momentary three-phase fault current (see [10] and [8]). When 3i0 = i”d the
value of this neutral reactor, XN, should be

(1)

where

3i0 = The ground fault current = 3/(X” d+X2+X0 +3Xn)
i” d = The three phase subtransient fault current = 1/X”d
X” d = The generator subtransient reactance
X2 = The generator negative sequence reactance
X0 = The generator zero sequence reactance

Note that a resistor should not be used for this purpose, since its impedance is in quadrature with the machine 
and thus would require a much larger value of resistance than reactance. This resistance would incur large los
the flow of either fault or load current. The zero-sequence load current would also produce an objectionable
drop, since the load is primarily resistive.

On the other hand, the neutral reactor will cause little voltage drop to be produced by in-phase zero-seque
current. The total zero-sequence current will be a small value because the generator has limited unbalance
capacity. The continuous negative-sequence current capability of generators covered in ANSI C50 standards
10%. Salient-pole industrial generators may have slightly higher capacity. The use of the reactor between the g
neutral and the neutral circuit conductor does not affect the NEC [1] requirement that the neutral circuit condu
solidly grounded.

If generators are solidly grounded, the system's circuit breaker duty must be calculated at the higher ground fa

If the wye side of a delta-wye transformer is connected to a generator that is configured for four-wire serv
generator should be designed with a two-thirds pitch winding. This transformer will act as a short circuit to
harmonic currents, and without cancellation of third-harmonic voltage, the resultant current may adversely
ground-fault relaying and generator capacity.

1.8.3 Paralleled Generators in Isolated System

This section covers only those generators that are paralleled to other generators on the same bus. Generators
through transformers would be considered as paralleled to a separate source.

The considerations are similar to 1.8.1 except for the possible circulation of third-harmonic current between
grounded generators if any of the generators do not have two-thirds pitch windings. If generators are of i
design, there will be no significant circulation of third-harmonic current while the generators are being oper
identical power and reactive current outputs. If the generators are not of identical design, there will be a third-h
circulating current. If identical generators are operated with unequal loading, there will be a third harmonic circ

XN 1 3 2X″d X2– X2–( )⁄=
22 Copyright © 1992 IEEE All Rights Reserved

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 15:35:38 UTC from IEEE Xplore.  Restrictions apply. 

t details: IEEE 142-1991

http://www.avadocuments.com/doc/ieee-142-1991
http://www.avadocuments.com/doc/ieee-142-1991


INDUSTRIAL AND COMMERCIAL POWER SYSTEMS IEEE Std 142-1991

 ground
e to the

e to use
r bus, and
ng of the
dequate
rs may

e practice
third-
 would
n
ity of
ctive

es, which
eparately
rounding

ionable
r as well
ing at a
(d) and
 which
re is the
 of a four-
ractices

r sources.
iding the

neutral
dvantage
both the
t circuit
han the
ed to the
nerator
 in [23]

 rated for
leled.

Full documen
current. If these currents are not limited by neutral impedance, they may have levels that adversely affect
relaying or generator thermal capacity. Generators with two-thirds pitch windings have the minimum impedanc
flow of third harmonic currents generated elsewhere due to their low zero-sequence impedance.

High-resistance grounding of the generators will adequately limit these harmonic currents. Thus, it is attractiv
high-resistance grounding on the generators even if there are load feeders directly connected to the generato
to use low-resistance bus grounding to provide selective relaying on the load feeders. Low-resistance groundi
generators at values not exceeding 25% of generator rating will normally suppress third-harmonic current to a
values even with dissimilar generators, but the variable ground fault current available with multiple generato
pose a relay-coordination problem.

Where multiple generators are solidly grounded but have switches in the neutral, there has sometimes been th
of grounding only one of the several generators in parallel to limit ground-fault current duty or circulating 
harmonic current. This will increase the fault-current duty in the grounded generator above that for which it
customarily be rated. A chart showing this difference appears in the Westinghouse Transmission and Distributio
Reference Book [18]. The ability to switch neutrals appears to invite operational errors that could affect integr
grounding, allowing overvoltage on four-wire loads, which would result in failure to meet criteria for effe
grounding or acceptable reactive grounding and thus would possibly violate the NEC.

1.8.4 Generators as Unparalleled Alternate Sources

This category covers emergency and standby generators that are connected to the loads by transfer switch
precludes paralleling with the normal source. With three-wire systems the generators would be considered a s
derived source, since there would be no continuous connection through a system neutral. Generator g
practices would be guided by 1.8.2 and 1.8.3.

Where four-wire systems are involved, it has been shown in IEEE Std 446-1987 [6], Chapter 7, that object
currents can flow if a three-pole transfer switch is used. Whether or not the neutral is grounded at the generato
as at the normal service, ground-fault relaying errors can occur. The NEC does not require neutral ground
generator when it has a common neutral with the grounded utility service neutral conductor per Article 250-5
its fine-print note. However, this connection scheme will not allow any repair or testing of the normal system,
involves disconnection from ground of the neutral conductor to the generator if the generator is operating. The
hazard that workers performing such repair or tests may not be aware that the generator is operating. The use
pole transfer switch can eliminate these problems and is recommended. This will allow generator grounding p
to be in accordance with 1.8.2 and 1.8.3.

1.8.5 Generators Paralleled with Other Sources

This category describes generators connected to transformers that are, or can be, connected to other powe
While the primary consideration is the generator grounding, decisions can be affected by the necessity of prov
desired grounding on the other side of the transformer while other generating sources may be disconnected.

The use of a delta-wye transformer with the wye facing the generator offers the advantage of providing 
grounding, solid or impedance, to the generator-fed bus when the generator is not connected. It has the disa
of not offering grounding to the system connected to the delta side of the transformer. It presents a hazard if 
transformer and generator neutrals are solidly grounded [23]. The wye winding with a delta primary is a shor
to any third-harmonic current produced by the generator. The ground-fault duty on the bus will be greater t
arithmetical sum of the ground-fault currents supplied by the transformer and generator when each is connect
bus independently. The ground-fault current in the generator will exceed that which would occur when the ge
is not paralleled. The fault currents must be calculated using symmetrical component techniques as shown
rather than simply using the sum of the admittances of the transformer and generator sources. A generator
grounded service not otherwise specified is normally rated for the ground fault current flowing when not paral
Copyright © 1992 IEEE All Rights Reserved 23
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A generator neutral reactor can be used to limit the generator-fault duty to an acceptable value as calculated
but may not limit any generated third-harmonic current to an acceptable value. Thus, suppression of third h
may be necessary to facilitate adequate ground-fault relaying.

If the delta of the delta wye transformer is connected to the generator bus, neutral grounding is available for th
on the other side of the transformer. However, the generator bus will be ungrounded until such time as the gen
connected. Independent bus grounding will require some form of grounding bank and will produce either effe
impedance grounding. If the grounding bank is connected to the transformer terminals, generator grounding
dictated by the nature of any load connected to the bus. If the grounding bank is connected to the bus, the g
may be high-resistance grounded.

A wye-wye transformer as shown in Fig 24 can provide grounding to the side opposite the source, whichever s
have the source connected. The disadvantage is that the zero-sequence current must be provided by the sou
the system grounding required on the other side of the transformer will dictate the type of generator ground
delta tertiary is added to the transformer, this tertiary will supply the zero-sequence current so that the generat
grounded without regard to system grounding requirements on the other side of the transformer.

The methods of grounding are also described in [3], which covers generator ground-fault protection as well. I
be noted that this standard was developed primarily for utility generators and does not contain some
considerations for industrial applications.

1.9 System Grounding for Uninterruptible Power Systems 2

1.9.1 General

As with any electrical system, correct grounding procedures are essential to the overall safety and operati
Uninterruptible Power System (UPS). In particular, personnel safety, equipment protection, and sensitive el
system performance can all be jeopardized by incorrect or ineffective grounding systems. The grounding of t
is very important when such systems supply power to critical computer loads.

To illustrate the recommended practices, several schemes are presented, based on various source 
configurations, for properly grounding the on-line UPS. These schemes do not cover every possible configura
only present some basic guidelines; UPS systems, particularly new designs, may have configurations tha
different grounding schemes. The NEC and applicable local codes must be followed as interpreted by th
enforcement authorities.

In the grounding schemes presented, the grounded conductor is part of the current-carrying circuit. The term grounded
conductor refers to that leg of the circuit (usually the neutral) that is intentionally connected to ground. The grou
conductor is not part of the current-carrying circuit. The term grounding conductor refers to the conductor(s) tha
connect(s) all exposed metal parts of a device to ground; primarily for safety, secondarily for performance.

1.9.2 Significant NEC requirements

1) Separately Derived Source—Article 250–5(d) of the NEC defines a separately-derived source:
A premises wiring system whose power is derived from generator, transformer, or converter windings and has n
electrical connection, including a solidly-connected grounded circuit conductor, to supply conductors origina
another (grounded) system …

2) NEC Ground Requirement — It is a requirement of the NEC [1] that the grounded circuit cond
(normally the neutral) of a separately derived source be bonded at its source to the equipmen
grounding conductor and to a local grounding electrode conductor that is connected to the nearest eff
grounded: (1) building steel, (2) metal water pipe, and (3) other man-made grounding electrode (con
to earth).

2The material in this section is adapted from Technical/Application News [23]. It is used with the permission of the Liebert Corporation.
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3) Specific NEC Provision—The NEC prohibits connecting the grounded circuit conductor (neutral) t
grounding conductor at more than one point. If the neutral were connected to the grounding condu
more than one point, some of the normal neutral current would be allowed to flow in the grounding con
circuit between the points of connection. Besides being a safety hazard, this practice defeats grou
protection schemes [29].

4) UPS Classification—The most common UPS module has a wye-connected inverter output and often r
the bypass input to be fed from a wye-connected source. The inverter portion of the UPS modu
separately derived source, in that the input to the rectifier/charger is electrically isolated from the in
output. However, because the bypass input neutral is directly connected to the inverter output neutral, 
as a system may or may not be considered a separately derived system, depending on the p
arrangement for the bypass input neutral. Since this configuration of UPS encounters the most
grounding problems, it will be used in the sample grounding schemes.

1.9.3 Grounding Schemes

1.9.3.1 Configuration 1

Single UPS Module, Nonisolated Bypass, Grounded Wye-Service. In this arrangement (Fig 9), a ground
service is connected to both the main input and bypass (reserve) input of a single UPS module, and th
Distribution Center does not contain an isolation transformer. The neutral, which is bonded to the grounding co
at the service entrance equipment, is brought into the UPS module.

1.9.3.1.1 Grounded/Grounding Conductor Arrangement.

Since the UPS module output neutral is solidly connected to the bypass input (service entrance) neutral, 
module is not considered a separately derived system according to the NEC. In this system, (1) the UPS neutr
not be bonded to the equipment grounding conductor, and (2) no local grounding electrode conductor sh
installed to the UPS module.

1.9.3.1.2 Features/Performance.

While this arrangement may be typical for 208 V input/208 V output UPS systems, it does not provide any is
or common mode noise attenuation for sensitive loads. It appears that ground-fault current from the inver
adversely affect the service entrance ground fault relay as shown in IEEE Std 446-1987 [6], Chapter 7, for em
generators. Actually, the inverter will not supply ground-fault current since the static switch will transfer beca
the fault-depressed voltage.

1.9.3.2 Configuration 2

Single UPS Module, Isolated Bypass. In this configuration (Fig 10), a bypass transformer is used to feed the
input of the UPS module. The bypass transformer and UPS module together constitute a separately derived
since there is no direct electrical connection between the input (service entrance) circuit conductors and th
circuit conductors.

1.9.3.2.1 Grounded/Grounding Conductor Arrangement.

Since this configuration is considered a separately derived source, the neutral of the UPS module should be b
the equipment grounding conductor, and a local grounding electrode module should be installed, per NEC [1],
(In this particular system, the bonding of the neutral to the grounding conductor could be done at either the
transformer or at the UPS module. The UPS module is chosen for the point of bonding because it is in the
power flow and is electrically closer to the load.) The bypass transformer is used in the bypass input to 
isolation and to step down the voltage if required (for example, in a 480 V input/208 V output configuration).
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Figure 9—Configuration 1

Figure 10—Configuration 2

1.9.3.2.2 Features/Performance.

With this arrangement, isolation from the input is achieved, and common-mode noise attenuation can be obta
the sensitive loads if the UPS and bypass transformer are located electrically close (recommendation is 50 ft 
or less) to the Power Distribution Center and the sensitive loads.

1.9.3.3 Configuration 3

Single UPS Module, Nonisolated Bypass, Isolated Distribution Center. In Configuration 3 (Fig 11, the UPS m
main input and bypass input are connected to a grounded wye service in the same manner as Configuration 
26 Copyright © 1992 IEEE All Rights Reserved
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1.9.3.3.1 Ground/Grounding Conductor Arrangement.

As explained in Configuration 1, the UPS module is not considered to be a separately derived source, since th
is bonded to the grounding conductor at the service entrance equipment and is solidly connected to the UPS
output neutral. Therefore, the UPS neutral would not be bonded to the equipment grounding conductor in t
module. However, the Power Distribution Center is provided with an isolation transformer and is consid
separately derived source. Therefore, the Power Distribution Center neutral should be bonded to the eq
grounding conductor and should be connected to a local grounding electrode in compliance with the NEC [1], 2

1.9.3.3.2 Features/Performance.

This arrangement can be applied to 208 V input/208 V output UPS modules, as well as to 480 V input/480 V outp
modules. (The voltage stepdown to 208 V occurs in the Power Distribution Center.) The common-mode
attenuation of this arrangement is better than Configuration I or Configuration 2, since the isolation (common
rejection) occurs as close to the load as is practical. Using this configuration, the UPS module can be located 
from the Power Distribution Center without compromising the common-mode noise performance. Also, by using
input/480 V output UPS modules, smaller and less costly power feeders can be used and less voltage drop (as
of nominal) can be obtained. This is the preferred arrangement when using UPS modules and Power Dis
Centers.

1.9.3.4 Configuration 4

Single UPS Module, 3-Wire Bypass, Isolated Distribution Center, Grounded-Wye Service. Configuration 4 is 
to Configuration 3 except that the service entrance neutral is not included in the bypass input power feed.

1.9.3.4.1 Grounded/Grounding Conductor Arrangement.

In this configuration, the neutral of the service entrance equipment is not brought into the UPS module. Th
module is, therefore, considered a separately derived source. As such, the neutral should be bonded to the e
grounding conductor, and a local grounding electrode conductor should be installed in accordance with the N
250-26. Since the Power Distribution Center contains an isolation transformer, it also is a separately derived
This neutral should also be bonded to the equipment grounding conductor and to a local grounding electrode

Figure 11—Configuration 3
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1.9.3.4.2 Features/Performance.

The scheme shown in Fig 12 serves as an alternative to the scheme shown in Fig 11 when no neutral is availab
bypass input, provided that (1) the main input and bypass input are fed from the same source, (2) the source is
grounded wye source, and (3) no neutral is required for the UPS load.

With some UPS systems, the neutral should be included with the bypass input, even if not required for the
because the neutral is used for sensing and monitoring of the bypass input.

As in Configuration 3, since the Power Distribution Center contains an isolation transformer, isolation and co
mode noise reduction occurs when the center is located as close to the load as is practical.

1.9.3.5 Configuration 5

Single UPS Module, Isolated Bypass, Delta-Connected Source (Fig 13). Configuration 5 is similar to Configura
with the exception that the input power source (service entrance) is delta connected. Most UPS modules req
the bypass input be fed from a wye-connected source. Therefore, when the UPS module is used with other tha
connected source, the bypass input must be fed from a bypass transformer with a wye-connected secondary

Figure 12—Configuration 4
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Figure 13—Configuration 5

1.9.3.5.1 Grounded/Grounding Conductor Arrangement.

In this configuration, as in Configuration 2, the UPS module neutral should be bonded to the equipment gro
conductor, and a local grounding electrode conductor should be installed in accordance with the NEC [1], 250

1.9.3.5.2 Features/Performance.

With this arrangement, as in Configuration 2, isolation from the input is achieved, and common-mode
attenuation can be obtained for the sensitive loads if the UPS and bypass transformer are located electrica
(recommended 50 ft (15.2 m) or less) to the Power Distribution Center and to the sensitive loads.

1.9.3.6 Configuration 6

Multiple-Module UPS System Example. In general, a multiple-module UPS system may be thought of as b
extension of a particular single-module system, except that the UPS "block" is now composed of more than o
module, and everything (including the bypass) feeds through a stand-alone static transfer switch. As an 
consider Fig 14 as the multiple-module extension of the same grounding scheme shown in Fig 12.

1.9.3.6.1 Grounded/Grounding Conductor Arrangement.

Fig 14 illustrates one of the grounding schemes for multiple UPS modules with a stand-alone static switch
configuration, the bypass transformer and UPS modules I and 2 are considered to be a separately derived sys
there is no direct electrical connection between the input and output circuit conductors In order to provide a
point for bonding the UPS output neutral to the ground for the entire UPS scheme, the stand-alone static s
utilized. (When the neutral is bonded to the grounding conductor in the stand-alone static switch, full-size n
must be run from the UPS modules and bypass transformer to the static switch, regardless of whether the 
required for the static switch loads.) The neutral-to-grounding-conductor bond and the local grounding el
conductor should be installed in accordance with the NEC [1], 250–26.
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1.9.3.6.2 Features/Performance.

Using the static switch to provide the central point for bonding the neutral to the grounding conductor as in this
multiple-UPS module configuration, a UPS module could be removed from, or added to, the overall scheme 
jeopardizing the integrity of the grounding system.

Depending upon the multiple-module configuration, the grounding concepts of single-model configurations 1 t
5 can be applied.

1.9.3.7 Configuration 7

Multiple-Module 415 Hz UPS System. In Configuration 7 (Fig 15), the 415 Hz UPS module main input is conn
to the grounded wye service in the same manner as the previous 60 Hz UPS configurations. No bypass fee
with 415 Hz UPS modules.

Figure 14—Configuration 6
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Figure 15—Configuration 7

1.9.3.7.1 Grounded/Grounding Conductor Arrangement.

In this configuration, there is no bypass feeder, so the neutral of the service entrance equipment is not connec
UPS output neutral. The UPS module is, therefore, considered a separately derived source. As such, the UP
neutral should be bonded to the equipment grounding conductor, and a local grounding electrode conductor s
installed in accordance with the NEC [1], 250-26. In this case, both UPS modules would meet the NEC requirem
a separately derived source. To provide a central point for bonding the UPS output neutral to the ground for th
UPS system, the neutral-to-grounding-conductor bond should be made in the output switchgear. (If a single
UPS module is used, the neutral-to-grounding-conductor bond should be made inside the UPS module.)

1.9.3.7.2 Features/Performance.

Using the output switchgear to provide the central point for bonding the neutral to the grounding conductor a
UPS module to be removed or added to the parallel system without jeopardizing the integrity of the grounding s

1.9.3.8 Configuration 8

Single UPS Module wit Maintenance Bypass Switchgear. In Configuration 8 (Fig 16), maintenance bypass sw
is used to completely isolate the UPS module from the critical ac load during maintenance and off-line tes
grounded-wye service is connected to the main input and bypass input of a single UPS module and to the mai
bypass switchgear. If the neutral is required for the critical load, the neutral (which is bonded to the gro
conductor at the service entrance equipment) is brought into the UPS module and the maintenance bypass sw
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Figure 16—Configuration 8 (Four Wire)

1.9.3.8.1 Grounded/Grounding Conductor Arrangement.

Since the UPS output neutral and the maintenance bypass switchgear neutral are connected to the service
neutral, the UPS module is not considered a separately derived system according to the NEC. In this system
neutrals of the UPS output and the maintenance bypass switchgear should not be bonded to the equipment g
conductor, and (2) no local grounding electrode conductor should be installed.

1.9.3.8.2 Features/Performance .

This arrangement does not provide any isolation or common-mode noise attenuation for sensitive loads. If 
Distribution Center with an isolation transformer is provided downstream from the UPS system (near the s
load), the common-mode noise attenuation of this arrangement would be greatly improved. Also, since the
Distribution Center with transformer requires only a three-phase, three-wire plus ground input, the neutral co
would not need to be connected from the service entrance to the UPS bypass and from the service entrance o
output to the maintenance bypass switchgear (see Fig 17).

1.10 Multi-Voltage Systems

In any system the voltage may not be uniform throughout the system due to voltage drops caused by curren
through system impedances. These voltage differences will normally be insignificant compared to the voltage i
across the insulation between conductor and ground. However, the voltage can be changed significantly
creating a separate system, usually by use of an autotransformer or by connecting in series two significant re
of opposite sign.
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Figure 17—Configuration 8 (Three Wire)

1.10.1 Autotransformers

Occasionally autotransformers will be used to transform voltage, usually to reduce transformer cost, or pe
avoid creating a new grounding system. Unless the system grounding is suitable for the use of an autotransfo
the autotransformer is properly applied, its use may seriously reduce grounding and ground relaying effectiven
expose equipment to a voltage-to-ground level higher than that for which it is designed.

The three-phase wye autotransformer with no delta tertiary has extremely high zero sequence impedan
connection is made to its neutral. Fig 18 shows that a ground fault at A′ will cause the source line-to-ground voltage t
be imposed across the A–A′ section of the autotransformer. Should that section of the winding be able to suppo
voltage, then the voltage to ground at N, the neutral of the autotransformer, would rise in proportion to the turns r
of A′–N to A–A′, and B′ and C′ would have voltages to ground higher than B and C, the high voltage level.
secondary line-to-line voltage can also be increased.

In normal practice, winding A–A′ would not support the full voltage, but would instead saturate, thus passing a c
amount of zero sequence current. In the process, it will create high-frequency components of voltage, a
frequency the winding can support a voltage proportional to that frequency. Thus, a very high voltage to groun
still exist at N.

Even if the secondary of the autotransformer is the higher voltage, it will still be overvoltaged by a secondary 
ground fault as shown in Chapter 6 of Beeman [10]. This reference also points out that overvoltages can also b
by transient surges, such as from switching or lightning, being impressed across the section of winding b
primary and secondary connections.

Figure 19 shows that when a source to a step-down autotransformer is impedance grounded, a ground on t
side of the autotransformer can cause the voltage from B′ and C′ to ground to approach the line-to-line voltage of th
source. If the autotransformer steps up the voltage, the voltage to ground on the lower voltage system will lie 
that shown in Fig 20 and what might be achieved in Fig 18 depending upon the relation of the grounding imp
to the exciting impedance of the autotransformer.
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Figures 21 and 22 show that delta autotransformers do not offer a reduction in voltage to ground on the lower
system commensurate with the reduction in phase voltage, thus reducing the cost benefit of choos
autotransformer rather than a full transformer. The open-delta version offers no reduction in maximum vol
ground, but does result in an unbalanced voltage to ground that might be undesirable. In neither case do grou
cause increased voltages to appear across the transformer windings, and line-to-ground voltage at either vo
not exceed the higher line-to-line voltage. Should a full transformer be used in either case, it might be pos
reduce the class of insulation in the lower voltage system. In all the above examples there is a safety haza
normal perceptions of the relation of maximum voltage to the normal voltage on a circuit. For this reason, the N
has imposed restrictions as to how autotransformers can be used.

Figure 23 shows the correct configuration for using an autotransformer. There must be an effective connection 
the neutral of the autotransformer and the neutral of the source transformer for flow of zero-sequence curre
industrial installation where the NEC would apply, the connection must be made by extending the neutral of the
transformer. No ground connection must be made at the autotransformer to comply with Section 250-23 of t
[1]. A circuit supplied by an autotransformer would not appear to meet the criteria of a separately derived sys
34 Copyright © 1992 IEEE All Rights Reserved
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Figure 18—Ungrounded Wye Step-Down Autotransformer 
Normal Phasor Relations
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Figure 19—Ungrounded Wye Step-Down Autotransformer 
Phasors with Primary Ground Fault
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Figure 20—Ungrounded Wye Step-Up Autotransformer 
Normal and Fault Phasors
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Figure 21—Delta Autotransformer
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Figure 22—Open Delta Autotransformer
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1.10.2 Wye-Wye Transformers

The wye-wye transformer is shown in Fig 24 with the primary and secondary neutrals interconnected and gr
This transformer configuration is used on solidly grounded utility distribution systems, particularly underg
systems, to prevent ferroresonance when the supply switches can be operated one pole at a time. The utilitie
the primary neutral point to minimize the neutral-to-earth voltage throughout the length of the distribution line 
default on underground systems using bare concentric neutral cables. They ground the secondary neutral to p
effectively grounded low-voltage service. Note. that this multiple grounding of the primary at each transforme
essential to prevent ferroresonance or provide secondary grounding as long as the fourth conductor is broug
primary neutral of the transformer. The-neutral-to-transformer case and ground connection minimizes se
neutral-to-ground voltage during a fault between primary and transformer case.

In an industrial distribution system, the physical length of the circuit will usually be short enough so that exc
neutral-to-ground voltages will not be present even if the transformer common neutral is not grounded. Secti
23 of the NEC [1] normally prohibits grounding of the neutral on the load side of the service disconnect, but S
250-152(2) allows multigrounding of the neutral of an outdoor overhead line or direct burial cable with bare ne
the circuit voltage is over 1000 V.

With a continuous connection from the source neutral to the primary and secondary neutrals of the w
transformer, the output of the transformer would not constitute a separately derived system as defined in Sec
5(d) of the NEC [1]. If the neutral is grounded at the source, the output of the wye-wye transformer wil
continuation of the grounded system, though at the secondary voltage of the transformer. It is quite sim
performance to the autotransformer shown in Fig 25 except that it provides the added safety of having the only
connection between primary and secondary at the neutral point.
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Figure 23—Wye Autotransformer 
Grounded Neutral Four-Wire Connection
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Figure 24—Grounded Wye-Grounded Wye Transformer 
Multigrounded Common Neutral
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