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High-Resistance Grounding of Low-Voltage Systems:
A Standard for the Petroleum and Chemical Industry

John P. NelsonFellow, IEEE and Pankaj K. Serenior Member, IEEE

~ Abstract—A debate has existed in the petroleum and chemical grounded systems have become the standard for large indus-
industry for years concerning low-voltage (480-600 V) power trial complexes. Solidly grounded systems may have their

systems grounding. Since reliability and continuity of service are place where redundant equipment is installed and are the norm
very important, some engineers in the past preferred using an .

ungrounded system. The practicality of such ungrounded system for threg-phase four-wire systems:. . .

becomes questionable as the extent of coverage increases. Few A solidly grounded system provides some interesting prob-

ungrounded low-voltage systems are presently being designedlems. As the source transformer becomes larger, the available
due to the possible destructive nature of transient overvoltages fault current increases substantially. Since the vast majority

resulting from an arcing ground fault. Most systems now utilize of faults are ground faults, the resulting damage can be great.

either a solidly grounded or high-resistance grounded source. Arcing fault | t . bl in that th
This paper begins with a brief discussion on ungrounded, solidly ICiNg 1aulits can aiso Present a Serous probiem, In-hat e

grounded, and high-resistance grounded systems. Benefits and@C voltage may become sufficiently high to limit ground fault
limitations of each system are also discussed. It is shown that the currents to such low values that the fault current magnitude
use of high-resistance grounded low-voltage systems makes goodnay fall within the load current range. Prior to the introduction
sense in the petrochemical industry. Design, construction, opera- of ground-fault protection, there were many cases where an

tion, and maintenance factors for such systems are discussed and__ fault d ircuit and t undetected until
analyzed together with systems when three-phase four-wire loads arcing latlit occurrec on-a circlit and went undetected Und

are present. Finally, operational problems and some appropriate the fault propagated into a multiple-phase fault, cleared itself,
solutions are discussed where significant variable-speed drive or was manually disconnected by an operator. Such faults may
loads are utiIize;d. It is suggested. that this should become a|ast for many minutes and do extensive damage.
standard of the industry and the solidly grounded system should ity the NEC 230-95 requirement for ground-fault protec-
be used only in applications where the high-resistance grounded .. - -
system becomes impractical. tion on service entranc_es 1000 A and Iarge_r, ar_1d the utilization
of ground fault protection on many other circuits, the number
of sustained ground faults has been reduced. However, the
number of cases of miscoordination of protective devices
has increased. There have been numerous cases of ground
|. INTRODUCTION faults occurring on downstream protective devices and tripping

ELIABILITY has always been an important aspect ifhe main breaker. The result is that an entire plant may be

the design and operation of a low-voltage (LV) powe?h“t down due to miscoordination caused by the ground-fault
system, particularly in the petrochemical industry. In thiBrotective device. .
paper, LV refers to voltages in the 440-600 V range. Loss The solidly grounded system can present problems with
of LV power can cause a complete upset to a plant credgdiability and coordination. As a result, the high-resistance
personnel and equipment safety problems, have an advef&ginded system, if properly installed, can be superior to any
environmental impact, and can result in substantial econon®&er type of grounding system. The use of the high-resistance

losses. As such, the need for a safe, reliable LV power sou@unded system can provide a safe, reliable, and economic
is essential. system with many benefits to the user.

Index Terms— Grounding, high-resistance grounding, low-
voltage system grounding.

In the past, an ungrounded power system was extensively
used with the assumption that it is more reliable. However,
experiences with multiple failures due to arcing ground faults
have resulted in a change in philosophy about the use ofThere are several methods of grounding which have been
the ungrounded system. Solidly grounded and high-resistattsed on LV systems. In the past, the ungrounded, the corner-

grounded and the midpoint-grounded systems (Fig. 1) were

Paper PID 97-01, presented at the 1996 IEEE Petroleum and Chemigakd with varying degrees of success. Today the solidly
Industry Technical Conference, Philadelpia, PA, September 23-26 ’

and approved for publication in the IEEERANsacTions on Inoustry  dtounded and high-resistance grounded systems (Fig. 2) are
ApPLICATIONS by the Petroleum and Chemical Industry Committee of ththe two most commonly used methods of grounding.

IEEE Industry Applications Society. Manuscript released for publication Thea ungrounded systeris rea”y a misnomer. in that the
March 25, 1997. . .
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Fig. 3. Capacitive grounding.

' * Normal line-to-ground voltages on the two ungrounded
480V . X o
legs are at line-to-line voltage, which is 73% greater than
480V normal line-to-ground voltage on a grounded three-phase
wye-connected system.
480V » A ground fault on the grounded leg can go undetected.
l * A ground fault on one of the two grounded legs will, in
actuality, be a phase-to-phase fault with a ground path.
The midpoint-grounded systenrcommonly referred to as a
three-phase four-wire delta, was a system which allowed both
three-phase and one-phase loads. Electric utilities commonly
t used this connection in providing a three-phase four-wire 240-
V power and center tapping one 240-V leg for 120-V lighting
service. Electric utilities, while still utilizing this design, have
largely done away with the three-phase four-wire delta 240-
and 480-V systems and replaced them with 208 (Y)/120-V
208V 240V and/or 480 (Y)/277-V systems, respectively. Likewise, large
‘ } power utilization customers prefer the 480 (Y)/277-V system.

(b)

)
120v
~ 240V
120v
240V

© Ill. COORDINATION PROBLEMS

Fig. 1. Grounding of LV delta-connected system. (a) Ungrounded 480-v National Electrical Code(NEC) Article 230-95 requires
system. (b) Corner-grounded 480-V system. (c) midpoint-grounded 120/2409Yound-fault protection of equipment rated 150 V or greater
system. to ground, but not exceeding 600 V phase-to-phase for each
service disconnect rated 1000 A and above. In reviewing this
f code requirement, two observations can be made.

e Ground-fault protection on systems with line-to-ground

480V voltages of less than 150 V do not require ground-fault
protection. Part of this reason is due to the fact that the arc

L voltage on an LV system is in the range of 140-150 V [6].
For a system voltage of approximately 150 V or less, there

is normally insufficient voltage to sustain an arcing fault.
The fault either welds itself to another conductor, causing
t sufficient fault current to clear the protective device, or

the fault is self clearing by tripping a breaker and/or
extinguishing the arc.

480V e With arc voltages in the range of 150 V, ground-fault
currents on a 440-600 V system are often times limited
‘ to relatively low values. In the past, phase-sensitive
protective devices with high current ratings have failed to

() clear arcing ground faults. The 1000-A rating appears to
be the code-accepted lower limit where sustained arcing
ground faults may occur and ground-fault protection is
necessary. The actual value may be lower.
voltages several times the normal voltage [10], which may one of the fine print notes (FPN no. 2) of Article 230-95
cause motor failures. states:

The corner-grounded systerwas one attempt to provide
grounding. Although a simple system, there are several distinctThe added (ground fault) protective equipment at the
disadvantages with this design. service equipment may make it necessary to review

Fig. 2. Grounding of LV wye-connected system. (a) Solidly grounded. (b)
Resistance grounded.
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curve is number 3 (this breaker could easily be a minor,
insignificant circuit breaker in the circuit). As can be seen, the
phase protection curve of circuit breaker number 2 does not
coordinate with the ground-fault protection curve 1G of the
; main breaker device 1. Furthermore, the time—current curve
e\ for circuit breaker number 3 does not totally coordinate with

-

100.
Bo.o ;6 - the main breaker ground-fault curve. The result is that the
m‘o main breaker will open for most ground faults downstream

of the feeder breaker before the feeder breaker can operate.
Furthermore, circuit breaker number 3 also does not properly
coordinate with the ground-fault protection on the main, and
the main breaker can trip for a ground fault associated with
breaker number 3. This type of miscoordination is quite
common when a service disconnect is installed without a
coordination study. False tripping can occur on downstream
breakers rated as low as 20 A and is almost always a problem
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- E 10 O R A - with downstream breakers rated 75 A and above. Better
. 600 coordination can be obtained by performing a detailed short-
. 400 ; : : circuit and coordination study in conjunction with installing
200 vy downstream ground-fault protective devices. However, in most
NT;@@ cases, compromises must be made, and maximum reliability
080 ] I - is not attained using a solidly grounded system at 440-600 V.
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o IV. ARCING FAULTS AND ARC RESISTANCE
.020

! Short-circuit and coordination studies are commonly per-
nio

T T e 2 s e 10 soy see aes ez, formed considering only bolted three-phase or phase-to-ground
CURRENT IN AMPERES faults. However, real-life equipment failures rarely are bolted
Fig. 4. Typical protection coordination problems. Device 1. main breakfiralu'ts' InStead' the faults Qre no_rma”y arcing type, Whlc_h
phase protection. Device 1G: main breaker ground protection. Device 2: fee arc resistance, and this resistance must be taken into
breaker protection. Device 3: remote breaker protection. consideration. It has been shown that, on LV equipment,
an arc voltage in the range of 150 V is developed. This
the overall wiring system for proper selective overcur- Voltage is relatively insensitive to current, which means the
rent protection coordination. Additional installations of arc resistance is variable. Two observations can be made from
ground-fault protective equipment may be needed on this information.
feeders and branch circuits where maximum continuity  « A sustained arcing fault is unlikely for systems with
of service is necessary. line-to-ground voltages of less than 150 V. In other
Ground-fault protection on solidly grounded systems pro- Words, a 208 (Y)/120-V system will not likely sustain an
vides a more sensitive means of detecting and isolating ground arcing fault. Conversely, LV systems with line-to-neutral
faults than fuses and circuit breakers without ground-fault Vvoltages in excess of 150 V are much more likely to
protection. The major benefit of ground-fault protection is sustain an arcing fault. For example, a 480 (Y)/277-V
the relatively quick and sensitive detection and isolation of ~System has sufficient voltage to maintain the arc.
circuits having a ground fault. However, along with the quick * The arc resistance will tend to vary in order to maintain
and sensitive detection of ground faults comes the problem the arc voltage of 150 V. As such, the current magnitude
of miscoordination, as mentioned in FPN no. 2 associated may be limited to a value below the phase-current-
with NEC Article 230-95. Numerous cases have been reported Sensing protective device. (With a sustained arcing fault
and observed where a main breaker trips for a fault on an and limited ground-fault currents, the explanation for
insignificant downstream feeder or branch circuit. In fact, the sustained arcing faults at 480 V is clear.)
most common coordination problems at 440-600 V is causedSustained arcing in 480-V ground faults were a major
by having a downstream phase device which miscoordina®blem prior to the extensive use of ground-fault protection.
with an upstream ground-fault protection, as depicted in Fig. he use of ground-fault protection has minimized the damage
In Fig. 4, the main breaker, device 1, has a combinati@maused by arcing faults which could not be cleared by in-
of both phase and ground-fault protection as shown by phasnsitive phase protective devices, which were sized for large
time—current curve number 1 and ground-fault time—curreobntinuous currents of 1000 A and more.
curve number 1G. The feeder breaker, device 2, has ndn addition to equipment damage, the flash and heat from an
separate ground fault protection and its time-current cureecing fault can cause severe injuries or death. Temperatures
is number 2. A downstream branch breaker, device 3, algoeatly in excess of 10 000C can be created almost instan-
has no separate ground-fault protection and its time—curréabeously from the plasma of the fault [11]. The ionization
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Fig. 5. High-resistance grounded main system with three-phase four-wire
lighting loads.

o

B
gases expand at an extremely high rate, which will engulf any
person or thing in its path. c

The use of a high-resistance grounded system minimizes tfe

amount of damage created from the fault by the following. l/
e It reduces the fault current to some smaller values, %‘\
)

typically 1-5 A. TheI?t for a 1-A fault is 1/1 000 000

of a 1000-A fault, assuming an equal amount of time

(t). Therefore, using high-resistance grounding drastically

reduces the energy norma”y dlSSlpated in a ground falﬁtg 6. High-resistance grounding. (a) Delta-resistanCe-gl’Ounded wye. (b)
. . Grounded wye—resistance-grounded wye. (c) Delta—delta with retrofit resis-

* By creating a voltage drop across the neutral grounding, e grounded.
resistor, the remaining voltage at the point of the ground
fault is much less than 150 V. Therefore, a sustained

arcing fault is not likely.

(c

size of the transformer secondary breaker will be sufficiently

small that ground-fault protection is inherent with the phase-
V. HIGH-RESISTANCE GROUNDING AND THREE-PHASE current-sensitive breakers.

FOUR-WIRE LOAD APPLICATIONS

One of the most common reasons for not using a high-
resistance grounded system is that, in any typical power
system, one-phase or three-phase four-wire loads are to b&he design of a high-resistance grounded system is rela-
fed. If the majority of the loads are three-phase four-wirvely simple for a delta primary—wye secondary transformer.
loads, high-resistance grounding is most likely not practic&imilar concepts can be used with a wye—wye transformer
However, if most of the loads are three-phase three-wire-typeovided the primary neutral bushing, and the secondary
loads (motor loads), high-resistance grounding may still be arutral bushingX, are separate. Th#&, bushing should be
option. solidly grounded and th&(, bushing can be high-resistance

With proper planning, many one-phase line-to-neutral loagsounded. The delta-connected secondary transformer, how-
can be replaced with line-to-line equipment. All step-dowaver, requires additional design calculations and equipment,
transformers, such as the 480 V-208 (Y)/120-V transformesince an auxiliary high-resistance grounded wye—delta trans-
should utilize a delta primary, which equates to a three-phasemer is required. Fig. 6 showing the grounding is self-
three-wire load. explanatory.

If three-phase four-wire loads are essential, a delta—wyeThe first step in the design is to calculate the system capac-
isolation transformer may be installed to isolate the thregance X.. Reference [17] provides many typical capacitance
phase four-wire loads, as shown in Fig. 5. The delta windinglues for low- and medium-voltage equipment. Although the
provides the three-phase three-wire load required for thecuracy is not critical in this calculation, the conservative
high-resistance grounded system, while the secondary 4gfproach would be to err on the high side for the system
(Y)/277-V winding provides the ground source for three-phasapacitance. During the testing phase, the actual charging
four-wire loads. The wye on the secondary of the isolatigcapacitive) current will be measured to verify the adequacy
transformer would be solidly grounded. Also, normally, thef the grounding resistor.

VI. DESIGN CONSIDERATIONS
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Fig. 7. Zero-sequence network of high-resistance grounded system. 81
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After determining the system capacitance, a tapped grou H ms
resistor may be adjusted for proper size. In order to minimi

the probability of transient overvoltages [9], the resistive AL
current/ g, during a ground fault should be equal to or greater
than Ico

Iro > Ico- (1) Fig. 8. High-resistance grounded system detail schen#dticalarm/tripping

In the zero-sequence circuit shown in Fig. 7, the resisttafay. RL tapped grounding resistoRP: pulsing resistorPR pulsing relay.
and equivalent capacitance are in parallel. Since the resisriajy.reifbsltf’rF‘ﬂjz‘fog'Sgciuss‘ggfﬁs2 ground test switchVMR voltage meter
is placed in the neutral of the transformer, the zero-sequence
current3i, will flow through it. As a result, that current makes
the apparent resistance of the grounding resistor appear tdhe basic design will include the tapped grounding resistor
be three times as large. Therefofiz is used in the zero- and a voltmeter relay (VMR). The relay provides for a voltage
sequence circuit [2]. Based on the circuit in Fig. 7 and the fat@ading across the resistor and an adjustable voltage relay with
that the positive- and negative-sequence impedance values@e or more contacts. The VMR contact can be used for either

negligible, good approximations for the resistance and currdfipping or alarming.

flows are as follows: The optional feature should include a second fused switch
Xco and resistor for providing a ground-fault test. The second
R=—= 1 @ opti Id include an isolati

3 ption could include an isolating transformer and an alarm or

Vi tripping seal-in control circuit. Finally, a pulsing relay circuit

Ir= R A () could be installed to aid in locating the ground fault. The

Var pulsing circuit places another resistor in the circuit to allow

lo=5—"7 A (4) f h | Id b
Xco/3 more current to flow so that a clamp-on ammeter could be

Note that/r = 3 * Iro and I = 3  Ico from symmetrical USed to locate the fault.

component calculations.
The resistor size (wattage) may be determined by thevi|. AppLICATIONS FORHIGHER HARMONIC CURRENTS

following equation: Many LV systems have loads which produce harmonic

watts= Iz« R W. (5) current and voltage distortions. These distortions are created

Typical resistance and wattage range for 480-V groundify rectifiers, dc drives, variable-speed ac drives, and other
resistors are as follows: electronic switching devices which are connected to the power
resistance range 60—3G0; system. Without the drives, the capacitive current at 60 Hz is
wattage range  260-1300 W. normally a positive-sequence value under steady-state condi-

The grounding resistor is normally provided with tapdions, and the currents cancel. However, many drives create a
which allow for fine tuning of the resistance during the timgero-sequence voltage and, when coupled with the earth, will
of installation and testing. The authors’ experience has be@igate a high-frequency zero-sequence current to flow in the
that the capacitive test current is usually somewhat lower tha@utral grounding resistor. The result is that the high-frequency
the calculated value. This is based on the conservative natgfso-sequence current will flow through the resistor, creating a
of the calculations and allowances can be made for futupégh-frequency voltage of significant value. This voltage can
expansion and addition of equipment. result in the following:

Once the capacitance of the system and the size of the nuisance alarms and/or trips due to the rms voltage across
grounding resistor have been determined, the specific detailed the resistor;
design and options for the system can be made. Fig. 8 shows & resistor sizing problems due to the harmonic current flow
typical design with some installation, testing, and operational (the resistor sizing must include the heating effects caused
features. by the harmonic current flow).
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N DRIVE Ry
A SYSTEM
R ICO wXc¢
XL
Ry =  NEUTRAL GROUNDING RESISTOR
Cg =  SYSTEM CAPACITANCE Fig. 10. NeutralR-L—C impedance.
Fig. 9. High-resistance neutral grounding with high-frequency filtering ca-
pacitor. T

The cause of the problems can best be shown in Fig. 9.
The system capacitive reactance is inversely proportional to iz
the frequency. With higher order harmonic voltages present 1

>
Z|=R 1 -
7RI ;Pn = Xe

due to the electronic switching of the loads, currents can
and do circulate through the neutral grounding resistor. When
applying such loads to the system, the harmonic voltage across
the resistor should be measured, and an oscilloscope should
be used to view the voltage waveform, where both magnitude
and frequency can be recorded.

When applying a high-resistance grounded system where
there is a significant amount of variable-speed drives, th@. 11. NeutralR-C impedance characteristics.
resultant zero-sequence currents caused by the switching of
the drives and the capacitance of the system must be ta%
into consideration. Due to the relatively high amount of neutré
resistance, typically, in the 60-3@0+ange, a small amount
of high-frequency current can result in a significant volta

mevmensnseliies |

rﬁacitor acts as a high-pass filter to eliminate the nuisance
rrent, but will allow the fault current to flow through the
resistor for alarming and/or tripping.

. 9€ In the above example, a 3= 600-V capacitor was inserted
across the resistor. in parallel with the resistor. The voltage across the resistor

As an example of this problem, a 575-V 870-kVA drive, 5q reqyced from approximately 100-110 V to 12.5-15 V.

supplyl_n_g a 945-hp motor was mspected_ and fo_und to haﬁe voltage reduction results were quite significant. With the
a significant voltage across the grounding resistor on t

ﬂ?gh—frequency nuisance voltage being reduced to a relatively

transformer. The transformer was rated 1000 kVA 4.16—k\6 -
. ) ' [ow value, a reasonable voltage setting can be made for alarm
delta primary—575 (Y)/332-V secondary with a 670-V 4'5'Aand/or trip when a ground fa%lt occurgs

15042 grounding resist_or. A high-frequency_ (80612) current A secondary benefit, which was observed on the above test,
was found to be flowing through the resistor. The result s a reduction in the high-frequency noise on the phase

voltage across the resistor was measured bgtween 100- tages. The original phase-to-ground voltage waveform was
V rms from a 0.66-A current. As can be easily seen, such

high volt th it ‘ bl h tg@lite distorted, resulting in a fluctuating rms phase voltage of
Igh voftage across Ihe resistor creates a problem when 35355 V. Upon insertion of the capacitor into the circuit,
voltage is used for alarm or trip.

. . _ the voltage waveform was much less distorted and the voltage
There are most likely a number of solutions to this probler‘o\]as a stable 335-V rms

One is to place a reactor in series with the resistor and a
capacitor in parallel with the series combination of the resistor
and reactor (Fig. 10). This solution would provide blocking of
high-frequency currents through the resistor and bypassing thénother use of the high-resistance grounding is for emer-
high-frequency currents at the same time. However, furthgency power systems, as described in NEC Article 700.
inspection of the circuit will reveal that the parallel capacitoAccording to NEC 700-26, ground-fault protection is not
will provide a low-impedance path for the high-frequencyequired. However, the article further states that ground-
currents and act as a high impedance for the low-frequency,fa@lt indication should be provided. The use of the high-
or 60 Hz, ground-fault currents (Fig. 11). In other words, theesistance grounded system can provide the reliability required

VIIl. A PPLICATION FOR EMERGENCY SYSTEMS
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for the emergency power system, as well as the ground-fault P
indication. | w) g rose
|
IX. INSTALLATION AND TESTING ,L
The installation and testing of the high-resistance groundifg | ®
system is important. The installation should be performed jn |
accordance with the engineer’s and/or manufacturer’s specffic i
instructions that should include these basic steps. A
1) With the system deenergized, install the high-resistance 1-, 2-, or 3-POLE
grounding system. On a “wye”-connected transformer or CIRCUIT BREAKER
generator, the resistor is connected between the ground @)

bus and the neutral. On a “delta” system, the auxiliary
grounding transformer is needed to be properly con-
nected to the 480-V system bus. Proper installation and
safety procedures need to be strictly followed.

2) The charging current should be measured using prop
testing procedures. The entire system should be e %
ergized during this test to ensure that the maximu
charging (capacitive) current is measured. The followin
steps are required.

a) With the tapped grounding resistor, a conservative (b)
resistance value should be ConneCt_eq_to the_SyStel%'. 12. (a) Test circuit for measuring capacitive current. (b) Test circuit for

b) The system should be energized initially with theneasuring voltage and current at grounding resistor.
resistor in place to test for ground faults. Little or
no voltage should be present across the resistor. For
a solid ground fault on a 480-V system, a voltage of
approximately 277 V would be present. For a motor
winding or high-resistance ground fault, voltages
lower than 277 V are measured. If a ground fault
is found, it must be removed prior to the next step.

c) The system should be deenergized and the grounding
resistor disconnected from the system.

d) Using an isolated circuit with the circuit breaker
open, install the test circuit as shown in Fig. 12(a).

e) Energize the entire circuit, slowly reduce the resis-
tance to zero, and measure the charging (capacitive)’
current.

f) Verify that the calculated resistive currediz is
greater than/- measured in the above step. To

1;1 TUSE

m

Fo——3-—-3

be kept low to avoid escalating the fault current resulting
in equipment damage.

< Proper application of the high-resistance grounded system
will limit the transient overvoltages of arcing faults to an
acceptable value.

The application of high-resistance grounding has histor-
ically been limited to three-phase three-wire systems.
However, this paper has shown that three-phase four-wire
loads and/or one-phase loads can be accommodated with
the use of an isolation transformer.

The proper use of grounding and bonding is still impor-
tant, even though the normal ground-fault current may
be limited to a few amperes. In the event of a phase-to-
phase fault involving ground, the ground currents could

calculatel, divide the voltageVx by R be quite high. _ S
¢ Although the high-resistance grounding is quite simple,
In= VN A (6) a detailed design is still required in order to adequately
R select and size the equipment. Once the system is in-

g) Deenergize the system, properly set the tap, reinstall staIIed,_it require_s testing in order to adequately select
the grounding resistor, and again place a fault on the the optimum resistance value. Taps on the resistor are

system, as shown in Fig. 12(b). beneficial for the final setting of the ground resistance.
h) Measure and record the ground-fault current in the * High-resistance grounded systems may be used to trip
) Test and place settings on any protective devices. the ground-fault location needs to be determined and
i) Remove the fault and place the system in service. isolated in a reasonable amount of time. While the ground

fault persists, the voltage on the two ungrounded phases

can elevate to 73% greater than normal line-to-ground
X. CONCLUSIONS

voltage.
High-resistance grounding has a good track record in thee A high-resistance grounded system will minimize the
petrochemical industry for a number of reasons. chances of serious “burndown” damage and severe arc

» Capacitive current on LV systems (440-600 V) is low flash damage. The result is safer for both the equipment
enough (less than 5 A) that resistive controlled currentcan and personnel.



948

L]

IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 35, NO. 4, JULY/AUGUST 1999

A high-resistance grounded system can be successfuliy] , “Industrial plant protection with high resistance grounding,”

used on systems with rectifiers. dc drives. ac drives. and in Proc. IEEE Industry and General Applications Group, Industrial
. ' L ' and Commercial Power Systems Coilifgtroit, MI, May 6, 1971, pp.

other harmonic current producing circuits. The proper 145_110.

placement of a capacitor across the resistor will help filtgr5] L. J. Powell, Jr., “Influence of third harmonic circulating currents in

i selecting neutral grounding devicedEEE Trans. Ind. Applicat.yol.
the high-frequency current. IA-9, pp. 672—679, Nov./Dec. 1973.

This paper has shown the benefits of high-resistan{#] G.N.Wangetal.,“High resistance grounding and selective ground fauit
grounding for continuous process industries. When reliability protection for a major industrial facility,” presented at the 1983 IEEE

Petroleum and Chemical Industry Technical Conf., Denver, CO, Sept.

anq limitation of ground—fau[t current is essenti.al, a high- 1983 paper PCIC-83-12.
resistance grounded system is recommended. With the prop@} System Neutral Grounding and Ground Fault Protectivgstinghouse
design and testing, a high-resistance grounded system provides !ndustrial and Commercial Power System Application Series, Westing-

the

L - house Electric Corp., Newark, NJ, Jan. 1978.
safety and reliability necessary for a petrochemical @8] L. yu and R. T. Beck, “Safe grounding practices and recommendations

other heavy industry. As such, the high-resistance grounded for industrial facilities,” presented at the 1992 IEEE Petroleum and

system should become a standard of the industry, and the

Chemical Industry Technical Conf., San Antonio, TX, Sept. 1992, Paper
PCIC-92-52.

solidly grounded system should only be used where the high-
resistance grounded system cannot be used for a three-phase
four-wire system.
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