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Executive Summary

The purpose of this report is to demonstrate the knowledge of key concepts presented in EE5223
Electrical Power System Protection. This project includes the development of a ground fault protection
scheme for an ungrounded system, starting from the basic concepts presented in the course textbook and

extending into a detailed implementation and simulation results.

The ground fault protection scheme developed involves an overvoltage relay, connected across
broken delta-connected VTs, that monitors zero sequence voltage. Sequence networks and calculations
are used to explain the setting of the overvoltage threshold for a single line-to-ground fault. Other fault
types are also discussed in terms of what the overvoltage relay will be observing in each case.
Implementation details will include ballast resistance selection and relay settings. Also, the common
practice of connecting indicating lamps phase-to-phase to determine the faulted phase(s) is modified to
provide remote indication. The results of an ASPEN simulation for a given ungrounded system are
discussed and compared to hand calculations generated for various fault types. Finally, a conclusion of

the system performance is included with directions for future work.
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Introduction

The purpose of this term project is to develop a ground fault protection scheme for an ungrounded
power system that will ensure adequate protection for a line-to-ground fault and to study how this
protection scheme reacts to other fault types (double line-to-ground, line-to-line and three phase). The
parameters of this system are based on a client’s relaying design report. The protection scheme includes a
voltage transformer (VT) connected in wye-grounded to broken-delta configuration and a Basler 59N
overvoltage relay. Relay settings and configuration for the overvoltage relay will be determined, as well
as the sizing requirements of a ballast resistance. Further, a remote indication scheme will be developed
that replaces traditional indicating lamps. Hand calculations will be completed for all fault types in the

given system and used to verify the ASPEN OneLiner model of the system.
Background

System Grounding Principles

Proper system grounding is essential in protecting against transient overvoltages that result in
significant damage to equipment and/or people working at the substation. Currently, there are various
system grounding principles that can be applied and are differentiated by the impedance or lack thereof
between the neutral point of the three-phase system and ground. In a high-impedance grounded system a
high resistance or inductance is inserted into the ground connection. This limits fault current levels or
even negates system capacitance to largely eliminate fault current, respectively. Low-impedance and
solidly grounded systems have relatively higher fault currents, but facilitate easier detection of ground
faults due to voltage drop along the line. This project focuses on a system that has no intentional ground
connection, known as an ungrounded system. Although there is no intentional ground connection the

neutral is still coupled to ground via system capacitance [3].

For a ground fault on an ungrounded system, the fault currents remain close to zero as the faulted
phase voltage approaches the same potential as ground. The unfaulted phase voltages increase with
respect to ground and resulting in an overvoltage condition. These properties lead to a unique method for

detecting and protecting against ground faults for an ungrounded system.

Ungrounded System Ground Fault Detection

An example of an ungrounded system is shown in Figure 1 below. The secondary windings of the

transformer are connected in delta configuration and the system feeds an ungrounded load. For a single



line-to-ground fault, the sequence diagrams would be connected in series as shown. Since the delta-
connected transformer represents an open circuit in the zero-sequence diagram, the only path for the fault
current to flow through is the system capacitance. This impedance is very high relative to the series
system impedances, so the fault current and negative sequence voltage approaches zero while the positive

sequence (source voltage) and zero sequence voltages are equivalent [1].
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Figure 1: Ungrounded System and Sequence Diagram

Since the fault current is low, a typical ground overcurrent relay is inefficient for detecting ground
faults in an ungrounded system. Instead, detection of overvoltage conditions must be relied on to indicate
a ground fault. The sequence and phase voltages for a single line-to-ground fault in the same ungrounded
system are shown in Figure 2 below. It can be observed that the faulted phase voltage collapses to zero at
the fault while the unfaulted phase voltages increase to \/3 times their original magnitude, equal in
magnitude to the line-to-line voltages. Further, the angle between the two unfaulted phase voltages
decreases to 60°. It is interesting to note that the phase-to-phase voltages remain unchanged, which
facilitates the continued operation of ungrounded loads. However, the increased phase-to-ground voltages

on the unfaulted phases predicate increased insulation levels versus a grounded system. Lastly, the phasor
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diagrams show that the neutral-to-ground voltage magnitude during a fault approaches that of the phase
voltage under typical, unfaulted conditions. This development is the foundation for the following fault

detection philosophy and is discussed in [1] and [3].
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Figure 2: Sequence and Phase Voltages

The obvious approach to detect ground faults in such a system would then be to look for these voltage
characteristics. Specifically, by connecting the phase voltages in series in a broken delta connection, the
voltage at the break in the delta can be monitored. During a fault, this voltage will increase to three times
the regular phase-to-neutral voltage, as shown in Equation 1 below. Accordingly, an overvoltage relay
can be connected across the broken delta-connected auxiliary VTs to detect a ground fault.

Vag =Van+Vne =0
Vge = Vpn + Vg = V3VinZ — 150°
Ve = Ven + Vg = V3V 2 150°

Vrelay = VAG + VBG + VCG = 3V0 = 3VLNZ 180°

Equation 1: Broken Delta Voltage

Existing Voids and Resulting Opportunities

The issues associated with overvoltage ground fault detection for ungrounded system are well
studied, with foundational papers dating back to at least 1951 [8]. In the specific case of using a single
input overvoltage relay connected across broken delta-connected VTs, most existing voids in capability

are inherent to the configuration and system grounding type. For example, detecting where the fault
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occurs on the faulted line (line end or close in) is difficult due to the low fault current which leads to a
constant fault voltage along the line [3]. Similarly, faults other than single line-to-ground are not easily
detected by this overvoltage relay. Some authors look past the single line-to-ground fault case and instead
develop overcurrent detection and protection methods for a second simultaneous fault, which is typically
the more severe fault case in an ungrounded system [6]. Further work is ongoing to study the effects of
ferroresonance in VT circuits, which involves sizing the ballast resistance connected in parallel with the
overvoltage relay to limit resonance between VT inductance and system capacitance [11], [13], [14].
However, practical rules-of-thumb have long been developed on this subject based on engineering

experience [12].

Another existing void is detecting which phase is faulted to ground. A common method used is to
connect indicating lamps line-to-line across the broken delta-connected VTs. In this scheme, a darkened
lamp would indicate a fault on that phase. This method is limited to local observation, which is only
useful if the system is designed to continue to operate for some time in the case of a single line-to-ground
fault. Most modern systems would also have a numerical relay monitoring each phase, which could
provide the remote communication needed. However, some utilities and engineers still prefer to use the
single relay method [15]. Another fault location method involves connecting a signal generator to the zero
sequence winding of the transformer [2]. When a fault occurs the relay initiates the signal generator to
send a current through the circuit that will then return through the ground network of the fault. This signal
allows the relay to determine the electrical distance that the fault occurs away from the relay, thus
locating where the fault occurred in the system. A review of the journal article explaining this technique

can be found in Appendix I.

The opportunity to develop a method of identifying the faulted phase in an ungrounded system and
communicating information to a remote system, without resorting to three-phase voltage sensing by a
numerical relay or signal injection, was embraced by the authors. In addition, the voltage sensed by the
relay during other types of faults (double line-to-ground, line-to-line, three-phase) will be investigated in

order to better understand the system and overvoltage relay reactions.
Proposed Approach and Application

Overview

This report involves the development and implementation of remote indicators in a broken delta

ground fault protection scheme for an ungrounded power system. Also, the voltage sensed by an



overvoltage relay connected to the broken delta will be explored for each fault scenario and normal

operation.

An example ungrounded system will be defined along with its parameters for ASPEN simulation.
Next, VT and relay connections will be illustrated, using the Basler 59N as an example. Relay settings
and ballast resistance will be recommended based on the system parameters. The implementation details
of the remote indicators will be explained, and the testing methodology to explore relay performance
during all fault cases and normal operation will be explored. Finally, the results of these tests will be

presented.

Example System Development

The first step of implementation for this project is to define a system configuration for study. This
system is based on a typical utility’s distribution substation, with a two-winding, 120-4.8 kV delta-delta
connected transformer. The system one-line diagram is shown in Figure 3 and the system parameters for

use in ASPEN are given in Table 1.
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Figure 3: Ungrounded System One-Line Diagram

Table 1: System Parameters

Source (Generator) Transformer
Subtransient | 0.27351+j2.51826 Q R|0Q
Transient | 0.27351+j2.51826 Q X .08 Q
Synchronous | 0.27351+j2.51826 Q RO|0Q
Neg. Sequence | 0.27357+j2.51776 Q X0 |.08 Q
Zero Sequence | 2.8823+j5.62207 Q MVA (per 9) | 24 MVA
Neutral Imped. | 0 Q
Short Ckt. MVA | 3858.4 MVA Line
R|{0Q
Load (Ungrounded) X 10.1Q
Constant Power | 10 MW RO |0Q
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Next, the VT and relay configuration are developed based on the system three-line diagram, shown
below in Figure 4. The VT ratio is specified to be 4800/120 V, which provides 69.3 V phase-to-neutral
voltage to the VT secondaries in normal operating conditions. The total broken delta voltage input to the
relay during a ground fault is then 3 x 69.3 V =208 V, based on Equation 1. Therefore, the relay should

be set to a threshold below this value so that the relay will trip when the system voltage increases above

S

4.8 kV Load

the threshold point.

Source 120 kV

4800/120 V

-

Figure 4: System Three-Line Diagram

Implementation

In order to size the ballast resistance, a method presented in [12] was followed. This method involves
sizing the resistor so that the current draw is equal to the continuous current rating of the transformer
bank. The VTs chosen in this example project were General Electric type JVW-4, which have a thermal
rating of 1500 VA and a voltage ratio of 40:1. With a per-phase secondary voltage of 4800 V/40 =120 V

during a fault, the VT secondary current is then given by Equation 2.

VAyrt 1ph 1500
IVT,sec,rated = Vv == = 120 =12.5A4
sec

Equation 2: VT Continuous Current Rating

During the fault, the voltage across the ballast resistance will be the same as that across the relay, 208

V according to Equation 1. Therefore the ballast resistance should be 208 V/12.5 A = 16.6 Q. Since the
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ground fault might remain for some time, the continuous power rating of the resistor should be at least
208 Vx 12.5 A=2.6 kW.

The Basler BE1-59N Ground Fault Overvoltage Relay is made to address ground fault protection in
an ungrounded or high resistance grounded system. Although its main function is to sense overvoltage
across the ballast resistance as shown in Figure 4, it also has an optional undervoltage function. The front
and rear panels of the relay are shown below in Figure 5, with the terminals connected for this application

circled. These figures were provided in [9].
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Figure 5: BE1-59N Front and Rear Views

The 59N relay is connected in parallel to the ballast resistance and broken delta VT. The selection of
a remote indicator device and its connections to the circuit are then considered. The device chosen for this
role is an ABB CVD relay [5]. This relay monitors a voltage across its inputs and closes or opens a
contact when the voltage crosses a preset value. In order to replicate the function of local indicating

lamps, one of these relays will be connected across each of the three phase VTs secondaries, as shown in

11



Figure 6. Their output contacts will then be connected to a remote terminal unit or SCADA device to

report back to a remote operator.
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Figure 6: CVD Relay Connections

The operation of the protection scheme designed above will be tested for each fault type using
ASPEN. Since OneLiner deals with power system voltages and does not directly simulate control
voltages such as that of a VT secondary, the turns ratio is factored in to compare hand calculation results
to those of the simulation. While the development of Equation 1 for a single line-to-ground fault was
previously provided in the background, hand calculations for other fault types in the ungrounded system
are attached in Appendix II. These calculations provide the expected relay voltages for other faults types
to be compared with ASPEN results. The following section presents the resulting VT phase voltages and

relay voltage for each fault scenario.
Results

This project demonstrated the development of a protection scheme for an ungrounded system through
the use of broken delta-connected VTs, a Basler 59N overvoltage relay, and ABB CVD relays as fault
indicators. Voltages during all four types of faults were taken from the ASPEN model and are located in
Appendix III. To ensure the proposed protection system would operate correctly, hand calculations were
performed. These calculations can be found in Appendix II and a summary of the voltages is shown in
Table 2 below. Although the ASPEN software does not provide a method for measuring the voltage seen

by the relay, the fault voltages of the bus were confirmed to match the hand calculations.
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Table 2: Fault Voltage Hand Calculations

Normal Operation Voltages
Phase 4 Phase B Phase C Relay
Vi B W Vi 2800 120° 22771 £-120°V Vg B a0 L2771 21200V
W Vi W3
Vo=V, +V, 4V, =0V
V, = 55 Ve =693 /0°V | V= 120 “Vpg =693 2 -120°V V, = L] Vi, =693 £120° V R AT R
4800 4800 4800
Line-to-Ground Fault
V=0V Vpe = 4800 £-150°V Vo = 4800 £150° ¥
V,=0V Vg =120 £-150°V V, =120 £150° V Vg =208 £180° V
Line-to-Line Fault
Voo =2771 £0°V Vo =1386 £180° V Yy, =1386 /180° V
V, =69320°V Vg =34.6 Z180°V V, =34.6 £2180° V V=0V
Double Line-to-Ground Fault
V., =4157 20°V Vg =0V Veg =0V
V, =104 20°V V=0V V=0V Ve =104 20°V
Three Phase Fault
Vg =0V Vag =0V Mg 2 0¥
V, =0V V=0V YV, =0V V=0V

Based on these findings it was then determined that a Basler S9N overvoltage relay would be able to
detect a single line-to-ground fault with a threshold voltage of less than 208 V, or three times the normal
phase-to-neutral seen by the VTs. If the threshold were set to less than -104 V (with reversed polarity
relative to the previous case) the relay should be able to detect a double line-to-ground fault as well.

Further work should test to confirm the relay’s use for this specific purpose however.

In order to determine which phase is faulted, auxiliary CVD relays were connected across each phase
VT secondary. Based on the results in Table 2, the threshold for these relays to correctly trip and indicate
a single faulted phase would be close to zero volts. With a negative crossing threshold set to a few volts
for each relay, a remote operator would be able to determine which phases are faulted and distinguish
between single line-to-ground, double line-to-ground, and three phase faults. Note, however, that the
CVD voltage thresholds would have to be set higher to account for faults further out on the line, where

some voltage drop might need to be considered between the bus and the fault.

Conclusion

In summary, the ground fault protection scheme explored in this project was found to be an accurate
monitor of single line-to-ground faults in an ungrounded system and might be extended to detect double

line-to-ground faults as well. Further, the auxiliary CVD relays are predicted to successfully to locate
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which phase(s) in the system were affected by the fault and decrease the response time for correcting the

fault.

Ungrounded systems are valued as providing continuous operation of medium voltage systems where
a power shutdown results in large economic losses. Although the system might continue operation with a
faulted phase, ground protection is extremely important for preventing damage to critical equipment and
personnel. While conducting research for this project it was found that most of the industry literature
available concentrated only on the detection of single line-to-ground faults. However, this is not the only
type of fault that can occur within the system and as a result this project evaluated the voltages for all
fault types. Lastly, methods for determining the location of the fault in the system through lamps, a signal
generator, or fault indication relays were explored to gain insight into a fault situation and increase the

reliability of the system.

Recommendations for Continued Work

A proposed area for future work is the development of a lab related to the concepts discussed in this
report. The lab would include application-based testing of the proposed overvoltage relay using lab
equipment. This would include determining reliability of the relay to trip for the various faults and the
coordination of the overvoltage relay with fault indicators. In addition, the lab could also include

evaluating how the system would react for varying ballast resistances values during each type of fault.
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Appendix I: Journal Review

Currently, the common ground fault detection methods being used for ungrounded systems are able to
detect the presence of a ground fault but do not provide information about the location of where the fault
occurred. The article “Fault Locating in Ungrounded and High-Resistance Grounded System” focuses on

detecting and locating ground faults in ungrounded and high resistance grounded systems.

For an ungrounded system the fault current is too low for a current monitoring relay to effectively
detect the fault. As the authors state there are many ways to detect a ground fault in the system, such as
indicator lights connected to each phase, voltmeters, and voltage relays. However, these methods only
detect the phase on which the fault occurred and not where the fault was physically located within the
system. The first proposed location method includes the installation of a zero-sequence signal generator.
When a ground fault is detected the associated relay initiates the signal generator to supply a current
through the system that loops back through the grounding network once it reaches the fault. The signal
generator is then able to determine the electrical distance from the relay to the fault. To avoid
communication problems with other equipment the frequency selected for the signal generator is differs
from the power line carrier frequency. Another location method utilizes remote ground-fault indicators
(RGFI). The RGFIs are connected to the zero sequence current of a transformer. When a line-to-ground
fault occurs the RGFI detects a current through the zero sequence and then provides a physical indication
of where the fault occurred. Both location methods were tested for an ungrounded delta connected
network and high-resistance network. Although there was error in the measurements the article estimates

that roughly 240 hours of work were saved by implementing these location schemes.

Being able to locate a ground fault in a complex system would greatly reduce the service time needed
for ground faults in an ungrounded system. One aspect of the first method of location that could be
expanded on more is how the relay and the signal generator would be coordinated. For example, future
work could address how the signal generator is integrated in relay’s tripping scheme. Also, for method
two the authors could look into the benefits of connecting the RGFI to a SCADA system so that the
location of the fault is recorded. This would help determine if there is another underlying problem in the

system causing the ground faults thus increasing system reliability.

Overall, this article effectively discussed the basic concepts behind ground fault protection in
ungrounded systems including the authors’ ideas for locating faults. Some areas of future expansion are
adding more industry testing and methods for decreasing the location error. Currently, a utility may not
utilize these location methods due to the cost of adding the signal generators or RGFIs. However, this is a

methodology that could be beneficial when applied to large systems requiring continuous operation.
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Fault Locating in Ungrounded and High-Resistance
Grounded Systems
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Abstract—One of the most common and difficult problems to took 16 or more hours. Small-magnitude fault currents flow in
solve in industrial power systems is the Ioca_tion and elimination the faulted network due to the leakage (or grounding) capaci-
of the ground fault. Ground faults that occur in ungrounded and tance and through the grounding resistor if one is present. The

high-resistance grounded systems do not draw enough current to . L .
trigger circuit brgaker or fuge operation, making the% difficult  System leakage capacitance is distributed throughout the entire

to localize. Techniques currently used to track down faults are N€twork. It acts as if it were a single lumped capacitance; how-
time consuming and cumbersome. A new approach developed ever, the charging currents can be observed flowing in all branch
for ground-fault localization on ungrounded and high-resistance cijrcuits. Typical fault currents are less than 10 A.

grounded low-voltage systems is described. The system consists

of a novel ground-fault relay that operates in conjunction with i

low-cost fault indicators permanently mounted in the circuit. The A. Ground-Fault Protection

ground-fault relay employs digital signal processing techniques The original intent of ungrounded systems was to keep the

to detect the fault, identify the faulted phase, and measure the ¢ fi fter the first indicati f d
electrical distance away from the substation. The remote fault power system operaling after the Tirst indication or a groun

indicators are used to visually indicate where the fault is located. fault. System maintenance personnel were responsible for
The resulting system provides a fast, easy, economical, and safdocating and correcting the problem before a second ground

detection system for ground-fault localization. fault could occur on another phase. When done efficiently
Index  Terms—Ground-fault  location,  high-resistance and quickly, this approach allows the power system to have
grounding, ungrounded system. nearly continuous operation under most situations. Fault repairs

could be conducted during normally scheduled shutdowns. The
immediate removal of power to a faulted section upon detection
of the first fault defeats the main advantage of high-resistance
U NGROUNDED and high-resistance grounded industri@lrounded and ungrounded systems.
power systems have a great advantage; they can operatgetecting the presence of a ground fault is simple. Tech-

indefinitely with a ground fault on one phase, eliminating thgijques using indicator lights, voltmeters, and voltage-sensitive
need for an immediate shutdown. Once the fault is located, tl*lf?ays have been applied for many years. When one phase is
particular circuit can be isolated and the fault cleared at a CQifounded, the phase-to-ground voltage decreases toward zero
venient time, resulting in a controlled, minimized outage. Thigng the phase-to-ground voltages of the other phases rise. In
advantage has tremendous value in many industries, whereffifh-resistance grounded systems, a current-sensitive relay in
instantaneous tripping of faulted circuits to critical processgge grounding resistor circuit may also be used to measure the
would result in losses of production, materials, and equipme\ygry small fault current [4].
[1]-(3]. All these methods for ground-fault detection are nonselective.

A major problem in operating these systems is locating e faulted phase is identified, but the fault could be anywhere
ground fault when it occurs. The search may be difficult ang| the network [5]. Because the fault current in high-resistance
time consuming. For one particular manufacturing site studiqﬂounded systems can be similar in magnitude to the charging

approximately half of the faults were quickly located; the othe¥yrrents, it is difficult to distinguish between the two. Thus, lo-
faults required on average four man-hours, and a few fauligting the ground fault is difficult.

|I. INTRODUCTION

Paper PID 01-24, presented at the 2000 IEEE Petroleum and ChemBal Ground-Fault Localization
Industry Technical Conference, San Antonio, TX, September 10-14, and ap- o ) )
proved for publication in the IEEERANSACTIONS ONINDUSTRY APPLICATIONS Common methods of localization are: 1) fault isolation by

by the Petroleum and Chemical Industry Committee of the IEEE Industpyetwork switching and 2) circuit tracing using a signal injector
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disappearance of the fault when all the manufacturing equip-

ment is shut down. The search is manpower intensive and re- Ve
quires well-trained personnel that are familiar with the entire X~ 7

power system network [5]. VaWV“ \%4 ground
Circuit tracing with a superimposed signal is a preferred
method for locating a fault. The signal can be supplied in (@ (b) (© (d)

a number _Of ways. For_ h|gh-reS|stanc_e grounded SyStemslfiga.l. Ground-fault types. (a) No fault. (b) High-resistance fault. (c) Solidly
common signal source is the modulation of the ground-faufounded fault. (d) Inverted ground fault.

current through the grounding resistor. This may be accom-
plished with a second resistor switched in parallel with the
grounding resistor or by shorting out a portion of the grounding
resistor. With either method, a pulsing circuit operates a con-
tactor, which switches in a lower resistance for the grounding
circuit. This increases the ground-fault current momentarily, v
enough for detection by ammeters or by a clamp-on detector cA
[1]1-3].

For an ungrounded system, a pulsating electronic signal in-
jector (commonly referred to as a thumper circuit) is attached
to the faulted network, and hand-held detectors sense the signal Xreeper  — XMOTOR
along the faulted circuit. The thumper circuit is an electronic
oscillator within the audio frequency range and is coupled bEg. 2. Motor with a broken conductor fault, causing an inverted ground-fault
tween the faulted phase and ground. The signal travels along tA&"°"
fault path, and is detected by a receiver circuit. Such test equip- ) ] . )
ment is portable and only needs to be attached when looking 02N unbalanced impedance fault. Fig. 2 illustrates one possible

Xreeoer I Xmoror

Vag —

XrFeeDer
Vsc

:_I: XmoToR

the fault. circuit, typical of a motor fault with a broken conductor. In this
circumstance, there is an unbalanced loading of capacitance and
C. Location Problems inductance. The imbalance causes the ground to shift outside of

, . Itage triangle.
The current practices for locating ground faults have cetlhe vo -
P g9 Inverted ground faults are difficult to trace. The fault path

tain weaknesses, which have troubled many industrial opera- T A .
tions. These weaknesses stem from three conditions that are ff&2 contain either an arc or h|gh impedance. Pulse 5|gnal
quently not considered by the localization methods. They a e:ethods cannot k.)e gsed with this fal.“t' becau_se they require a
1) intermittent fault conditions; 2) multiple faults on the sam ow |mpedance circuit. Proper detection of an inverted ground
phase; and 3) inverted ground faults. Intermittent faults are ﬁFg_uIt IS necessary. . . .
guently found in industry when ground faults occur at or near An additional physma} prgplem with .most pulsmg-sgnal
cycled loads, and the fault is on the load side of the controlli%arch _methods Is the |nab|I|_ty tp monitor various Io_capons
contactor. In such circumstances, the fault detection may d winng me_thods. Power circuits are often routed in inac-
even be noted by operations if the duty cycle is low or the fau‘i?ss'ble Iogatlons .S‘UCh as 6_12. m above a.factory floor V.V'th
is on for a very short time. Another type of intermittent fault i anufacturing equipment, blocking access via ladders or lfts,

encountered during maintenance cycles. A ground fault will QUS making it difficult to apply a clamp-on detector. Wiring

detected, but localization is delayed until the beginning of thrgethods that have grounded protective armor such as rigid

. . : : . conduit and busway may shield the signals from the detectors
maintenance period. With the halting of production, the grounSréen the return current path is through the metal casing. This

fault disappears. Some time after production recommences . : . .
ground fault will reappear as the faulted circuit is reenergizeoc.o'.qStrUCtlon forcgs the signal measuremen;s to be at junction
The occurrence of multiple faults on the same phase is oﬁgﬂ'nts where the line conductors are accessible.
found in very large facilities. When this condition does happen,
maintenance personnel frequently become confused, unable to
isolate the fault by switching methods or encountering myriad A location technique requires a discernible signal that
detected signals throughout the system. The problem is exaniquely identifies a fault location. For ground faults, this
erbated in loop systems. With proper training, the difficulty ofignal is the zero-sequence current. Fig. 3(a) shows a simple
multiple faults is diminished, however, much time is consumexystem with high-impedance grounding, experiencing a ground
until the presence of multiple faults is detected. fault. The sequence-component networks interconnected for
Inverted ground faults are those in which the ground referenitee ground fault are illustrated in Fig. 3(b). The grounding
is outside of the voltage triangle. Fig. 1 illustrates the differencessister and the leakage capacitance limit the fault current and,
between the inverted ground fault and other ground faults. Ihence, the zero-sequence current.
verted ground faults are commonly attributed to arcing faults, The new technique seeks to provide a substitute zero-se-
where the arcing condition causes a voltage multiplication witjuence current, without losing the current-limiting benefit.
respect to ground, and a voltage offset between the system andufficient zero-sequence current is obtained by placing an
ground occurs. Inverted ground fault can also appear when thieteal current source between pointsand K of Fig. 3(b).

Il. GROUND-FAULT LOCATION
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Fig. 3. (a) Simple power system with transformer and feeder and a ground fault on one phase at the end of the feeder. (b) Symmetrical component impedance
network of the network. (c) Same impedance network viewed from the zero-sequence signal generator perspective.

The principles of superposition show that the current from the External Power Supply
positive-sequence source has not changed, but the current flow
in the network is the sum of the currents from each source.
The zero-sequence current can be made distinct by a change in
frequency from the fundamental power system frequency.

RS
Fig. 3(c) is the resulting sequence-component circuit diagram @ | Signal
. . Generator
for the distinct-frequency zero-sequence fault-signal current. ‘—3!

AN ]

The total impedance seen by the current source is of the same

order of magnitude as the total ground-fault impedance of a =

solidly grounded system. Hence, a relatively small current (1-5
A) flows in the fault circuit with a small impedance voltage
(less than 50 V). The zero-sequence current level is selected to
provide adequate detection and measurement.

The transformation from sequence components to phase
components provides the current flow in each conductor within
the network. Summing the three phase currents at any point in
the network gives the residual current. For feeders and branch
circuits between the signal source and the fault location, the

I {
residual current is nonzero. Indeed, for a radial network, the ) )
residual current will equal the source current magnitude. In all H: :H
other nonfaulted branch circuits, the residual current will be

zero. Because of the low-impedance voltage, the current flow
in the leakage capacitance is negligible.

The zero-sequence current flow during a ground fault permﬁ
avariety of techniques for locating the fault location. Impedance
computation of the zero-sequence voltage and current provides
an approximation of the distance from the measurement locatiolA ground-fault location system has been implemented in
to the fault. Zero-sequence current transformer arrangemeatsanufacturing facility with ungrounded delta systems and
and residual current transformers provide detection of the ciliigh-resistance grounded systems. The system provides detec-
rent signal along the faulted circuit. The signal detection anighn of ground faults, the zero-sequence fault-signal current,
measurement are similar to that of detection and measurememedance/distance measurements to the fault, and fault-path
for solidly grounded systems, but the response and control &wdication for the feeders and branch circuits.
tions are indication and data recording instead of fault isolationThe ground-fault location-system architecture is shown in
by tripping circuit breakers or blowing fuses. Fig. 4. It consists of the following devices:

Abbreviations
VR Voltage Relay
FDI Feeder Distance
Indicator
RGFI Remote Ground
Fault Indicator

'g;. 4. Ground-fault system architecture for a simple system.

I1l. L OCATION SYSTEM
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« digital substation relay; fault detection, are recognized and appropriate blocking actions
» zero-sequence signal generator; are taken.
» remote ground-fault indicators. On detection of a valid ground fault, the relay activates the
The function and operation of each of the devices will béero-sequence signal generator, providing a nonfundamental
discussed next. frequency current to the fault. Voltage and current trans-
ducers provide measurements to the relay for determining the
A. Digital Substation Relay impedance from the substation to the fault location. In addition,

A digital relay monitors the substation’s bus voltages and tﬁrée relay indicates the feeder on which the fault has occurred

feeder currents to detect ground faults and provide initial d X monitoring the current transducers that are located on the

. . o .~ feeders leaving the substation. The complete fault measuring
about the ground fault’s location. Specifically, the relay indi- o
) ) . sequence happens within several power-frequency cycles, after
cates the type of fault: ground fault or inverted fault; the faulted: . i
. : . . . which the relay deactivates the signal generator, records the
phase; the substation feeder on which the fault is located; afn

the electrical distance from the substation to the fault. ault event, and activates the ground-fault target on the relay’s

. : front panel. The relay continues to monitor the fault until it is
The three-phase substation voltages are monitored wi : . . : . .

. . : removed, either by corrective action or by being an intermittent
respect to ground. A relative-voltage comparison algorithm s

e . : ult. A record of the fault clearing is added to the event history,
used to detect a ground-fault condition and identify the 1Eau”%%rwd the ground-fault target is adjusted to indicate that a fault

phase. This algorithm checks for inverted-ground conditions o
. . . as occurred, but it is presently cleared.
as locating these faults must be handled in a different manner L . .
. . . . By utilizing a zero-sequence impedance/ground distance al-
The relative-voltage philosophy of this algorithm also guards . LT . .
. . orithm [6], the feeder circuit impedance is computed. With
against false ground-fault detection due to supply volta . ;
: : : ored feeder parameters, an estimate of the distance to the fault
problems on the primary side of the substation transformer, .
is’gbtained.
such as voltage sags, loss of one or more phase voltages, or

opened phase conductor (or fuse). B. Zero-Sequence Signal Generator
To detect the presence of a possible ground fault, the relay

uses an algorithm that monitors an unbalanced voltage condiJ "€ Signal generator provides a low-amperage ac current to

tion [4]. The unbalanced voltage is found by summing the thrdiae fault circuit. The signal is coupled to the power distribution
line-to-ground voltage phasors as follows: network such that the current flow to the fault consists only of

a zero-sequence component. The return path for the current is
Virabalance = Van + Van + Ven. (1) thrOL_Jgh the groun_d system. The signal frequency is selected to
be different and distinguishable from the power-line frequency.

If the unbalanced voltage exceeds a given threshold, the relayfy appropriate range is 10-50 the fundamental power
algorithm continues by identifying the fault type. The algorithrfrequency. Odd harmonic power frequency values should be
uses a relative comparison of the line-to-line voltages with ti@oided, as many nonlinear loads also produce odd harmonic
line-to-ground voltages. When the line-to-ground voltage drogdrrents. During a fault, these harmonic currents may flow
below a threshold constant multiplied with the magnitude of through the fault path, and making it difficult to take accurate

the line-to-line voltage, then a ground fault is detected on th@easurements of the signal’'s magnitude.
particular phase From the power-line frequency perspective, the signal

generator appears to both the ungrounded and high-resistance
Vin <a Vi (2) grounded system as an ideal current source operating at another
frequency (or an open circuit). From the signal generator
where frequency perspective, the ground-fault circuit consists of the
1 low-impedance paths of the positive-, negative-, and zero-se-
I<a< —. guence circuits in parallel with the high-impedance elements
V3 of the zero-sequence circuit, as in Fig. 3(c). Hence, the signal

To discriminate between a ground fault and an inverted groufi§nerator supplies a current for a low-impedance current loop
fault, a test checks to see if any two of the three line-to-grourff"ing from the substation, along the supply feeders, to the

voltages exceed the line-to-line voltages by another thresh&lt location, and back through the grounding network.
constani3. If so, then an inverted ground-fault condition is de- 1Ne Signal generator is controlled by the substation relaying
tected system. With the detection of a ground fault, the digital relay

activates the signal generator. The signal generator injects the
Vin > 8|Visl (3) current signal into the power system network for several mil-
liseconds, long enough for the digital relay to monitor the signal
where flow as it leaves the substation and goes to the fault. After the
relay has determined the supplying feeder to the fault and the
1< g <15, electrical distance, the signal generator removes the current in-
jection and waits until the relay detects a change in the fault
By using relative comparisons based on the line-to-line voltondition or the power system operator initiates a request to re-
ages, power supply problems, which can lead to false grourattivate the remote ground-fault indicators.
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branch circuit or at which load, an event has happened. Addi-
tional information is necessary to identify the faulty branch cir-

cuit or load. Remote sensors located on the branch circuits and
nearby loads provide the necessary information to bracket the

fault to within a manageable circuit section.
The specifications for the remote sensors may vary widely for

._l/ different industrial environments. However, the most important
[

@ D requirements include low cost, ease of installation and main-
tenance, and accurate and reliable performance of the desired
— function. The primary function of the sensor is to detect the pres-
ence of the zero-sequence current-injection signal on the power
(b) circuit. The signal flowswithanonzero summation ofallthe phase
conductor currents only between the signal generator and the
ground fault. With the detection of aresidual current flow through
the sensor,anannunciationismade eitherthroughcommunication
toacentraldatacollectionand/orlocalindication. Because ground
faults do not require immediate tripping of the protective circuit
breaker, indicationisthe onlyfunction ofthe device.
In this ground-fault location system, the individual load

‘) CD feeders and branch circuits are each monitored by a device
similar in nature to a 50G device, an instantaneous overcurrent

(o H d

@

relay. The device, the Remote Ground-Fault Indicator (RGFI)
is an electronic indicator connected to the secondary of a
© @ zero-sequence current transformer to sense 1-15 A on the
Fig. 5. Signal generator interfaces to the power system. (a) Open delta/vy@mary circuit.
auxiliary transformer connection. (b) Wye/delta auxiliary transformer the RGF|s that are positioned in the ground-fault circuit be-
connection. (c) Zlg-zqg auxiliary transformer connection. (d) Clrcwt-swnchmRN . _ .
method using the main power transformer. een the substation’s zero-sequence signal generator and the
ground fault will all give indication of the fault, as illustrated
) in Fig. 4. Each branch circuit or load feeder should employ a
The signal generator may be coupled to the three-phaggr as one would apply overcurrent protection. Coordination
power system using several techniques. Thg _dlrect appro%venween the devices is not necessary or performed.
is to use a zero-sequence three-phase auxiliary transformefy,, pGjis most sensitive to the frequency of the signal gen-
interface. Fig. 5(a)—(c) shows an open-delta/wye, wye/deligyor At that particular frequency, the device will give indica-
and zig-zag transformer connection. An indirect technique Qg \ith as little as 1 A of current flow on the primary circuit.
coupling the signal generator to the power system is t0 Ufie device is constructed using a core balance (residual current)
the main supply transformer and a phase-conductor seled ant transformer. Al the line conductors are fed through the
switch. This circuit is shown in Fig. 5(d). The selector switch 'Spening of the current transformer. Hence, the device monitors
positioned to the phase with the ground fault. The current signgk, ,;m of all the current flowing in the line conductors.
back flows into the transformer and across the windings 10 At the power-line frequency, the indicator has a minimum
the other two phases. The low impedance of the power syste[fent threshold making it immune to the leakage capacitance
source causes Il'FtIe mteracuon to the current S|gn_al. Technlca ¥|arging currents that flow from all parts of the network during
the selector switch is unnecessary; however, in practice g, 1t Selectivity is accomplished using the induced secondary
selection of the faulted phase insures that the impedances, g, e of the current transformer. The core steel of the current
seen by the generator and relay are approximately the same,fQfstormer has a very flat saturation characteristic on the B-H
whichever phase has the fault. _ curve. Hence, the transformer can only support a given burden,
In practice, a servo-amplifier, configured as a curentyy any additional burden quickly diminishes the secondary
source, may serve as the output stage of the signal gengfirant” The frequency of the injected current signal is at least
ator. W.hen looking into the output termmgl, the circuit seef, higher than the power-system frequency. The burden that
a high-impedance source. With the addition of & 60 , yansformer can support depends on the maximum induced
blocking filter, the signal generator appears as a high-impedangg, ye which is a function of the core’s saturation of the mag-
circuit branch to ground. netic flux density and the frequency of the flux. That is,

C. Remote Ground-Fault Indicator E =444 fn A By 4)

In the industrial distribution-system environment, the number
of feeders, branch circuits, and loads can be enormous. ere -
major issue associated with applying a technology at the substa? ~ Induced secondary winding voltage;
tion for monitoring a network condition is identifying on which f  frequency of the flux and the voltage;
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n number of turns in the secondary winding; Unit Sub. R Unit Sub. S
A cross-sectional area of the core; 4 4 |
By...x peak value of the flux density.
The induced voltage of the injected current signal i<10 d <
larger than that of the power-frequency charging currents. The
current transformer’s burden is designed to cause core satura- )Né JNC NC ) NC )
tion at the power frequency, but not at the injected-current fre-
quency. The overall effect is that the current transformer has a

I3

|Loop B Piuggabie Busway |

) T
smaller turns ratiq, /1) at the power frequency than at the ) ) eeesane ) )
injected-signal frequency. + + + +
The flat core-saturation characteristic serves another useful Loop A Pluggable Busway

purpose. Because of the potential of two simultaneous ground

T 1 T 1
faults on separate phases and feeders, the indicator must be ca- ) ) eeeenes ) )
pable of withstanding very large fault currents. Depending on + + + +
the operating voltage and substation configuration, the fault-cur- @
rent magnitudes range from 10 to 60 kA. During these fault con-
ditions, the core saturation limits the energy that passes into the Unit Sub. T Unit Sub. U

secondary circuit.

I3

IV. TESTCASES

4 oo
) |

An industrial manufacturing site with several 480-V distri- Nc) Nc') (Nc (No
bution systems. was selected to test the ground-fault location No) No) lLoop F Pluggable Busway ' NC (Nc
system. The first test was conducted on an ungrounded — —
delta-connected system with two loop feeders and two unit ) ) secenes ) )
substations. A second test was conducted on a high-resistance
grounded system with five loop feeders, two tie lines, and Loop E Piuggable Busway
four unit substations. One-line diagrams for both of these N N
distribution systems are shown in Fig. 6. The loads supplied DA RTITITTIN )
by the systems are resistance spot-welding units. Faults are + *

. . . . . . Loop D Pluggable Busway
intermittent in nature, happening on the load side of the welding — —

control units. The feeders provide service to the welders via TieFeed ) ) sesesss ) )TieFeed
busway and bus plugs. Standard operating practice is to keep J K
all of the circuit breakers closed. Loop G Pluggable Busway

In the first test, remote ground-fault indicators were placed at R L
16 welding control units between the bus plug and the power- ) ) ssscece ) )

M

Loop H Pluggable Busway
i

| | |
C’> $i Y >L§ he

input side of the controls. A registered target on the indicator
would signal that a ground fault occurred within the control sta-
tion, the cables running to the welder, or the welder itself. A
review of fault histories indicated that almost all faults happen NC)
between the control station and the welder.

At the unit substations, current transformers were placed on
the four ends of the feeders near the circuit breakers. On one sub- ﬁ ’ﬁ
station bus, potential transformers were placed to measure the <"] ;]
line-to-ground voltages. The measurements were sent to a com-
puter with a data acquisition system. The computer executed a Unit Sub. V Unit Sub. W
fault location algorithm and controlled the zero-sequence gen- (b)
erator. The OqtpUt of the signal generator was connected to ie. 6. Two test systems. (a) Ungrounded delta-connected network. (b)
same substation bus. Faults were staged at the loads on vari@iigresistance grounded network.
phases. The fault location estimates and the physical site of the

fault are given in Table |. The physical site distances are also _ . _
estimates based on the floor location of the fault. The total cop@th €nds of the loop; 2) using the same equipment to measure

ductor lengths of feeders A and B are 1400 and 1158 ft respg&@ feeders’ electrical distance prior to staging the ground faults;
tively. ' and 3) modeling the feeders as three line segments of cable and

The absolute error distance and percentage is extremely gGd§Way- _ _ o
in the first test. A maximum error of 21 ft was recorded, which " the _second test, a permanent installation of remote indi-
translates into finding a fault among three to five loads. This w&&tCrS: signal generator, and relay was located on a five-feeder
accomplished by: 1) having a loop system with measurementdigh-resistance grounded system. All 185 welding loads were

Z
(@]
Z

)

3
i
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TABLE |
TEST CASES ON ANUNGROUNDED LOOP DISTRIBUTION SYSTEM
Case Feeder and Distance Faulted Abs. Error Percent
No. Actual Predicted Phase Distance Error
1 A 470 A 460 A 10 ft 0.71
2 A 553 A 561 B 8 ft 0.57
3 A 587 A 598 B 11 ft 0.79
4 A 595 A 616 C 21 ft 1.50
5 A 638 A 643 C 51t 0.30
6 A 697 A 700 B 31t 0.21
7 A 733 A 733 A 0ft 0.00
8 A 794 A 802 C 8 ft 0.57
9 A 946 A 943 C 3ft 0.21
10 A 1008 A 1000 A 8 ft 0.57
11 B 53 B 515 C 19 ft 1.64
12 B 559 B 538 C 21 ft 1.81
13 B 665 B 675 A 10 ft 0.86
14 B 722 B 724 C 2 ft 0.17
15 B 3887 B 874 A 13 ft 1.12
TABLE I
TEST CASES ON AHIGH-RESISTANCEGROUNDED LOOP DISTRIBUTION SYSTEM
Case Feeder and Distance Abs. Error Percent
No. Actual Predicted Distance Error
1 D 305 D 208 97 8.28
2 D 655 D 517 138 11.78
3 E 325 E 374 49 475
4 E 475 E 404 71 6.89
5 F 356 F 376 20 1.61
6 F 406 F 370 36 2.89
7 G 245 G 314 69 4.62
8 G 374 G 401 27 1.81
9 G 395 G 437 42 2.81
10 G 465 G 426 39 2.61
11 G 465 G 454 11 0.74
12 G 514 G 533 19 1.27
13 G 675 G 780 105 7.03
14 G 675 G 814 139 9.30
15 G 700 G 628 72 4.82
16 H 544 H 518 26 2.26
17 H 544 H 584 40 3.48
18 H 566 H 498 68 5.91

fitted with remote ground-fault indicators. The conductor

lengths of the five loop feeders ale= 1171 ft, £ = 1031 ft,
F = 1246 ft, G = 1494 ft, and H = 1151 ft. Faults were
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the reduction in fault search time by the electricians. Plant man-
agement conservatively estimates that 240 h of labor have been
saved, and faults are being repaired within an 8-h work shift.

V. CONCLUSIONS

This paper has presented a new approach to locating ground
faults for ungrounded and high-resistance grounded systems.
The system approach couples information from a relay located
at a unit substation and remote ground-fault detectors to indicate
the fault phase, the supply feeder to the fault, an estimate of the
fault distance, and the branch circuit or connected load with the
fault. A zero-sequence signal generator that operates at a dis-
tinct frequency other than the power-line frequency provides a
circuit path and signal to aid in locating the ground fault. From
the signal-generator viewpoint, the fault network behaves like a
solidly grounded system. However, from the power-line view-
point, the system has not changed from being an ungrounded or
resistive grounded network.

The ground-fault location system is capable of location inter-
mittent faults and multiple faults. It can detect and distinguish
inverted ground faults.

The remote ground-fault indicator or detector is a robust de-
vice that gives indication of a ground fault on a particular circuit.
Itis sensitive in detecting small zero-sequence currents, but able
to withstand large fault currents.

REFERENCES

[1] D. H. Lubich, Sr, “High resistance grounding and fault finding on three
phase three wire (Delta) power systemEEE Paper-7803—4090-6/97
1997.

[2] J.P.Nelson, “High-resistance grounding of low-voltage systems: A stan-
dard for the petroleum and chemical industfEEE Trans. Ind. Ap-
plicat., vol. 35, pp. 941-948, July/Aug. 1999.

[3] J.C.Das and R. H. Osman, “Grounding of AC and DC low-voltage and
medium-voltage drive systemdEEE Trans. Ind. Applicatvol. 34, pp.
205-216, Jan./Feb. 1998.

[4] A. A. Regotti and H. W. Wargo, “Ground-fault protection and detection

forindustrial and commercial distribution system@a/éstinghouse Eng.

pp. 80-83, July 1974.

D. J. Love and N. Hashemi, “Considerations for ground fault protection

in medium-voltage industrial and cogeneration systeEEE Trans.

Ind. Applicat, vol. 24, pp. 548-553, July/Aug. 1988.

[6] W. EImore,Protective Relaying Theory and ApplicationsNew York:
Marcel Dekker, 1994.

(3]

staged at various locations. Results of some fault tests are listed

in Table 1.

The results from the second test show greater error than the
first. The largest distance error is 139 ft, which translates into

a fault within three 45-ft sections of welding loads. There ai
two main sources of errors in this test: 1) the impedance me
surements rely on good voltage measurements of the curr
signal (the voltage is only measured at the bus with the zero-:
guence signal generator; the voltage at the other three bu
in this case are estimated) and 2) the physical distances of
busway are suspected as undocumented extra turns and det
are made to circumnavigate building supports and tall equi,.

Thomas Baldwin (S'86-M'92) received the
B.S.E.E. and M.S.E.E. degrees from Clemson
University, Clemson, SC, and the Ph.D. degree in
electrical engineering from Virginia Polytechnic
Institute and State University, Blacksburg, in 1986,
1989, and 1993, respectively.

In 1992, he joined Haynes Corporation as a De-
sign Engineer. He then joined ABB Electric Systems
Technology Institute in 1994 as a Senior Engineer.
He s currently an Assistant Professor at FAMU-FSU,
Tallahassee, FL, and a Research Engineer at the Na-

i

ment (the high-resistance grounding is not suspect in the errQisal High Magnetic Fields Laboratory. His research is in power distribution
The permanent installation of the second system has cosystem design and analysis and power quality.

pleted three months of operation in which 120 naturally occuy;

_Dr. Baldwin is a member of the IEEE Power Engineering and IEEE Industry
pplications Societies. He is a Registered Professional Engineer in the State of

ring faults have been recorded. The primary benefit has beghin carolina.



BALDWIN et al: FAULT LOCATING IN UNGROUNDED AND HIGH-RESISTANCE GROUNDED SYSTEMS

Frank Renovich, Jr. (S'85-M'89) received the
B.E.E. degree from General Motors Institute, Flint,
MI, and the M.S.E.E. and Dr. Eng. degrees from
Cleveland State University, Cleveland, OH, in 1977
1982, and 1989, respectively.

He joined General Motors Corporation in 1972.
He is currently the Supervisor of Facilities Engi-
neering at the General Motors Metal Fabricating
Plant, Parma, OH. He is also a part-time Researc
Associate and Lecturer at Cleveland State University
His research interests include power system control,
scheduling, and optimization.

Dr. Renovich is a member of the IEEE Power Engineering and IEEE Industry
Applications Societies.

Lynn F. Saunders (M'88—SM’'96—F'00) received
the B.S.E.E. degree from General Motors Institute,
Flint, MI, and the M.S. degree in business man-
agement and supervision from Central Michigan
University, Mount Pleasant, in 1967 and 1985,
respectively.

In 1961, he joined the Fisher Body Division of

General Motors Corporation and worked in the

Facilities Plant Engineering organization for Fisher

Body and CPC (Chevrolet-Pontiac-Canada Group)
before transferring to his present position, where
he is a member of the NAO Facilities Engineering organization, now part of
the Worldwide Facilities Engineering organization in Detroit, Ml. He provides
advice, direction, and assistance to all GM facilities in the area of electric
power distribution and control systems. He participates in corporate standards
committees and represents GM on several national standard organizations
including NFPA 79, 70B, 70E, and NEC-NFPA 70, where he also represents
the IEEE on Code Panel 7.

Mr. Saunders is a member of the IEEE Industry Applications Society and
serves on several committees, including the Red Book and Green Book revi-
sion working groups. He is the Present Chairman of the Power Systems En-
gineering-Grounding Subcommittee and the “Green Book Committee” respon-
sible for IEEE Std. 14Recommended Practice for Grounding Industrial Power
SystemsHe was the recipient of the 1997 IEEE Standards Medallion. He is a
Registered Professional Engineer in the State of Michigan.

1159

David Lubkeman (S'78-M'80-SM’'92) received
the B.S., M.S., and Ph.D. degrees in electrical
engineering from Purdue University, West Lafayette,
IN, in 1979, 1980, and 1983, respectively.

He is currently an Advisory Engineer with ABB
Power T&D Company, Raleigh, NC. He has also
been an Associate Professor at Clemson University
and an Assistant Professor at North Carolina State
University. His expertise is in power distribution
system analysis and automation.

Dr. Lubkeman is a member of the IEEE Power En-

gineering and IEEE Industry Applications Societies.



Owner Computed By

Appendix II: Hand Calculations

E Plant G Date 20
° j File No. Verified By

Project No.
BLACK &VEATCH
Title Date 20

Page of

Notm) Opecethon
Vig = 82 f0°= il v Y = 5 LRI = T LT = 21711307

Vo = !'3&‘30\/% 3l v W= T Vs 6”]3L20°‘/Vc, q'%go ce = 613027

V= Vot U+ V= £3:3007+69:3/2120° 693 u20°f =0 \/]
Vented wy/ AS?EN
0",

SLG (A"'Pl/\asa) .. _...-'-"""fﬂ__ﬁ

Vg slov &1 Vygatisoo 150V \}, = Y800 /1567 v
Vo =10 v Vi, =120/-1%0° V/ V.= (201150

V v Vh V, = O+ [0)152° +10)150° r 20%/1%0° \/] 3 Vin 1,;';,

Revised, Superseded, and Void Calculations Must Be Clearly Identified, Initialed, and Dated
by the Responsible Individual. PGN-173B


Hill
Text Box
Appendix II: Hand Calculations


Owner Computed By

E Plant Unit Date 20
° Project No. File No. Verified By
BLACK &VEATCH )
Title Date 20
Page of

DLG (@ fl/\asgs @~§ g __{, 'E IIAO?J;WJJ

—ASSUME boHPJ "l:“H'
fos sEe NEG SEa EROSER

! + +
Vs
.}
%3\ v
)
2_”. l/fl
Zu I | L J T Z,>20
Z: (0.1735! 9 15! 816) +)0.08 + )do.\ = (2739 * 264826 A (027357 +015177g)+ oao%o VAE 0.1;32 .667;776

V=V,=V, T,20 b Z, whgh  Ti="T,
02735745 2.64776 ]
U= Ve Vp V= BVm\/ V,= v, (z%,) 'O(OWJ 0.509° pu

%2V 0 pu /—mfmﬂe,ﬂ
\ w/ ASPEN

Voo = S x15 0= HI51L0°V

V = loyLo' v
Vﬂ .—.""_\/“{,Vbﬂlc = ’O‘!Zi)a Vv

Revised, Superseded, and Void Calculations Must Be Clearly Identified, Initialed, and Dated

by the Responsible Individual. PGN-173B



Owner

Computed By

Plant Unit

E Date 20
° Project No. File No. Verified By
BLACK & VEATCH
Title Date 20
Page of

l:"L (B( '?t\oﬁeB

-1,

_ 1 22 L 0
\/‘/VRI \/5 ;?:25 = 0519 f_u.
V= Vil = Lole? p-Y
\/80_: 05[:JRO° + O.Sﬂ?o" = OEE%OD f'u':

A= \L'IRO"

= o= 277100 V

1386180 V

Vc(,=0-5L2°° + 0.5/0° = 0.5/1%07 pu= 1396 (%" \/s 4

V= 613/0°
J, = 31.6 {180
\[=3Y6/1%0°

\}g —\/a"’\/b \/(J: 9 \/

Revised, Superseded, and Void Calculations Must Be Clearly |dentified, Initialed, and Dated
by the Responsible Individual.

ﬁ veiRed o/ fspen

PGN-173B



Owner

E Plant

BLACK&VEATCH

Computed By

2PH

Unit Date 20
Project No. File No. Verified By
Title Date 20
Page of
: =
VA(, = Vg(, :VLG =0 ‘_\
-m ﬁ \/‘75:‘{\78 ,}/
Revised, Superseded, and Void Calculations Must Be Clearly Identified, Initialed, and Dated
PGN-173B

by the Responsible Individual.



Appendix I1I: ASPEN Simulation Results

P S L
120.kV 4.8kV 4.8kV
“ |

U


Hill
Text Box
Appendix III: ASPEN Simulation Results



Ve

Fault Description:
1. Bus Fault on: 0S 4.8 kV 1LG Type=A
Solution at: 0 S 4.8kV.
Voltages (kV) at this bus:
Va= 0.00@-0

Vc= 4.80@150
Reference: System




\Ye

Va

Fault Description:

1. Bus Fault on: 0S
Solution at: 0 S 4.8kV.
Voltages (kV) at this bus:
Va= 2.77@0

Vc= 1.39@-180
Reference: System

4.8 kV LL Type=B-C




Va

Fault Description:

1. Bus Fault on: 0S
Solution at: 0 S 4.8kV.
Voltages (kV) at this bus:
Va= 4.16@0

Vc = 0.00@0
Reference: System

4.8 kV 2LG Type=B-C




Fault Description:
1. Bus Fault on: 0S 4.8 kv 3LG
Solution at: 0 S 4.8kV.
Voltages (kV) at this bus:
Va= 0.00@28

Vc= 0.00@148
Reference: System




Appendix IV: Equipment Sheets

The BE1-59N Ground Fault Overvoltage Relay provides sensitive protection for
ungrounded and high resistance grounded systems.

ADVANTAGES

Provides 100% stator ground fault protection.

100/120 Vac or 200/240 Vac nominal sensing input.

Four sensitivity ranges for overvoltage are available: 1-20 and 10-50 Vac for a
100/120 Vac input and 2-40 and 20-100 Vac for a 200/240 Vac input.

Four sensitivity ranges for undervoltage are available: 0.1-2.5 Vac and 0.5-12 Vac
for a 100/120 Vac input and 0.2-5 Vac and 1-24 Vac for a 200/240 Vac input.
Instantaneous, definite, and inverse time characteristics.

40 dB harmonic filtering.

Low sensing input burden.

Power supply status contact.

Qualified to the requirements of

— |IEEE C37.90.1-1989 and IEC 255 for surge withstand capability;

— IEC 255-5 for impulse.

UL recognized per Standard 508, UL File #E97033.

» Gost R certified; complies with the relevant standards of Gosstandart

of Russia.
Five year warranty.

ADDITIONAL INFORMATION

INSTRUCTION MANUAL

Request publication 9171400990

STANDARDS, DIMENSIONS & ACCESSORIES

Request bulletin SDA

E® Basler Electric

P. 0. BOX 269 HIGHLAND, ILLINOIS 62249, U.S.A. PHONE 618-654-2341 FAX 618-654-2351

BE1-59N
GROUND FAULT
OVERVOLTAGE RELAY

APPLICATION
Page 2

SPECIFICATIONS
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EXTERNAL
CONNECTIONS
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APPLICATION

PURPOSE

The available fault current for single-phase-to-ground
Faults is very limited for ungrounded systems and
systems that are grounded through a high resistance.
This current limiting reduces the possibility of extensive
equipment damage, and eliminates the need for a
neutral breaker by reducing the fault current below the
level required to sustain an arc.

But it remains important to detect and isolate single-
phase- to-ground faults in order to prevent their evolu-
tion into more dangerous faults such as phase-to-
phase-to-ground and three-phase-to-ground faults.
Sensitive voltage relays can be used to detect ground
faults where the fault current is very small. The
BE1-59N is especially suited to the task.

HIGH RESISTANCE GROUNDING

A common method of grounding an ac generator is to
connect a distribution transformer between the neutral
of the generator and the station ground. The distribu-
tion transformer’s primary voltage rating is equal to, or
greater than, the generator’s rated line-to-neutral
voltage. The distribution transformer secondary is rated
at 200/240 Vac or 100/120 Vac, and a resistor is con-
nected across the secondary winding. When reflected
through the transformer, the resistor is effectively a
high resistance.

R, = R{X N?

where R, is the effective primary resistance
R, is the actual value of the secondary resistor
N is the turns ratio of the distribution transformer

Available single-phase-to-ground fault current at the
generator terminals is greatly reduced by the high
effective resistance of the distribution transformer and
secondary resistor. The distribution transformer pro-
vides isolation for the protection scheme and reduces
the voltage to a convenient level.

The BEI-59N ground fault overvoltage relay is con-
nected across the secondary resistor to detect the
increase in voltage across the distribution transformer
caused by a ground fault in the generator stator
windings. A ground fault at the generator terminals will
result in rated line-to-neutral voltage across the trans-
former primary, while ground faults near the neutral will
result in lower voltages. The overvoltage relay set point

must be higher than any neutral voltage caused by
normal unbalances in order to avoid nuisance trips.
This will allow a certain percentage of the stator
windings to go unprotected by the overvoltage relay.
The overvoltage relay function typically protects 90 to
95% of the generator stator windings.

The BEI-59N ground fault overvoltage relay monitors
the fundamental frequency (50 or 60 Hz) voltage that
accompanies a ground fault, and is insensitive to the
third harmonic voltage present during normal opera-
tion.

One hundred percent protection of the generator stator
windings is obtainable with the optional overlapping
undervoltage element. The undervoltage element is
tuned to measure the third harmonic voltage, which is
present in the generator neutral under normal operat-
ing conditions. The undervoltage element detects the
reduction of the normal third harmonic voltage that
accompanies a ground fault near the neutral point of
the generator.

An undervoltage inhibit feature is included with the
third harmonic undervoltage element. This feature
supervises the operation of the ground fault relay to
prevent operation during startup and shutdown by
monitoring the generator terminal voltage.

UNGROUNDED SYSTEMS

The BEI-59N ground fault overvoltage relay is used to
detect ground faults on ungrounded three-phase-three-
wire systems. The relay is connected as shown in
Figure 1. A set of voltage transformers is wired with a
grounded wye primary and a broken delta secondary.
The BEI-59N is connected across the broken delta. It is
often necessary to connect a resistor across the
broken delta to avoid ferroresonance.

SOURCE 52 B LOAD

PT

g

59N

Figure 1 - Ungrounded 3-Phase, 3-Wire System
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APPLICATION, continued

Grounded wye/broken delta voltage transformers act as

zero sequence filters by summing the three phase
voltages. Under normal conditions this sum is zero.
When a ground fault occurs, the BEI-59N ground fault
overvoltage relay will detect the presence of the sec-
ondary zero sequence voltage (3V,).

The BEI-59N ground fault overvoltage relay greatly

reduces the risk of equipment damage by detecting
and isolating the first ground to occur on an un-
grounded system.

SPECIFICATIONS

voltage. If this voltage exceeds the OVERVOLTAGE

PICKUP (controlled at the front panel), an LED illumi-

nates, and an internal signal is developed that may be

employed three different ways, depending upon the
timing option selected.

1. The overvoltage output relay is energized instanta
neously.

2. A definite time delay (optional) is initiated whose
period is determined by the front panel TIME DIAL
over a range or 0.1 to 99.9 seconds. At the expira-
tion of the time delay, the overvoltage output con-
tacts close.

3. An inverse time delay (optional) is initiated whose
period is determined by two factors:

a. Magnitude of the overvoltage condition (2%

FUNCTIONAL DESCRIPTION

The specifications on these pages define the features
and options that can be combined to exactly satisfy an
application requirement. The block diagram (Figure 2)
illustrates the overall operation of the relay.

INPUTS

Nominal sensing input ratings, defined by the style
number, are 100/120 or 200/240 Vat with a maximum
burden of 2 VA single-phase at nominal 50/60 Hz. The
maximum continuous voltage rating is 360 Vat for 100/
120 Vat nominal, and 480 Vat for 200/240 Vat nominal.

Overvoltage Sensing

In a typical application, the BEI-59N Ground Fault
Overvoltage Relay monitors the voltage across a
resistor in the generator’s grounding circuit. The
voltage across the resistor is supplied to the sensing
transformer in the relay.

The derived secondary voltage is applied to an active
filter to obtain the fundamental component of the input

or 100 mV or whichever is greater for the 120
Vac pickup range or £2% or 200 mV for the 240
Vac pickup range), and

. Selection of a particular response curve by the

front panel TIME DELAY over the range of 01 to
99 (£5% or 25 mSec, whichever is greater)
(Reference Figure 4.)

UNDERVOLTAGE
INHIBIT

LOW VOLTAGE
COMPARATOR

INHIBIT

REFERENCE
VOLTAGE

M

FRONT PANEL
PICKUP SETTINGS

(Low)

UNDERVOLTAGE

PICKUP

UNDERVOLTAGE
COMPARATOR

BANDPASS
(( FILTER 150/180
(3RD HARM.) Hz T
BANDPASS
% FILTER 5°f:° P
FUNDAMENTAL) "2 T

OVERVOLTAGE
COMPARATOR

EXTERNAL
POWER
SOURCE

POWER
SUPPLY

STATUS
MONITOR

INSTANTANEOUS UNDER
OPTION VOLTAGE
g e
o FRONT
COUNTER PANEL
ENABLE ANEL ARGET
cLocK .—‘ O
: OVER
INSTANTANEOUS
s OPTION OLTAGE
FRONT
COUNTER |— PANEL
ENABLE SeTING TARGET
OVERVOLTAGE O
PICKUP
ot ., rower
g SUPPLY
vco |—e’ STATUS

Figure 2 - Functional Block Diagram

P0010-5
12/12/01
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SPECIFICATIONS, continued

Undervoltage Sensing Option Undervoltage Inhibit
The undervoltage option is sensitive to the third har- When the undervoltage measuring element is selected,
monic (150 Hz or 180 Hz) voltage at the generator an undervoltage inhibit circuit is included to monitor the
neutral, and insensitive to the fundamental frequency generator terminal voltage. When the terminal voltage
(50 or 60 Hz). The undervoltage measuring element is less than the UNDERVOLTAGE INHIBIT setting on
determines within 5 cycles if the third harmonic voltage the front panel, the undervoltage sensing option is
is less than or greater than the UNDERVOLTAGE inhibited to prevent relay operation during start-up or
PICKUP setting on the front panel. If less than, the shutdown of the generating unit.
UNDERVOLTAGE LED will illuminate, and an internal
signal is developed which may be employed three The UNDERVOLTAGE INHIBIT range is continuously
different ways, depending upon the timing option adjustable from 40 to 120 Vac for the 100/120 Vac
selected. sensing input, and 80 to 240 Vac for the 200/240 Vac
1. The undervoltage output relay is energized instanta- input.

neously.

2. A definite time delay is initiated whose period is
determined by the front panel TIME DIAL over a
range or 0.1 to 99.9 seconds. At the expiration of the
time delay, the undervoltage output contacts close.

3. An inverse time delay is initiated whose period is
determined by two factors:

PICKUP ACCURACY

Relay pickup will not vary from its setting more than as
follows for variations in input power or operating
temperature within the specified limits.

For 120 Vac sensing range: =2.0% or 100

a.Magnitude of the undervoltage condition (+2% millivolts, whichever is greater.
or 100 mV or whichever is greater for the 120 Vac
pickup range or 2% or 200 mV for the 240 Vac For 240 Vac sensing range: +2.0% or 200
pickup range), and millivolts, whichever is greater.

b.Selection of a particular response curve by the
front panel TIME DIAL over the range of 01 to 99
(£5% or 25 mSec, whichever is greater) DROPOUT RATIO
(Reference Figure 3.) Overvoltage and undervoltage elements reset within
2.0% of their actual pickup level within seven cycles.
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H 300 300
/l \ g
g 1 20.0 20.0 g
E / E
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o 10.0 190 AWM Ee
z AAHH 28 89 A\ o]
a oy, 80 53 VAN w
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9% — H 30 g g % N ™ ~~ ~—1_ T T 9%
/ —
30 | — /// // 5 § " \ \ \\\\ ~__| o
20 O . —~
60 — 1 1 | & @ N T ] ©
50 T 4+ L1 z z N ~_ [T~ — 50
40 | — // / = o \ N \\ e 0
— 10 = = 1 \
30 avs 09 F g \ = 30
VT o 0.7 o
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07 03 NS I~ ~— T 07
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24 22 20 18 16 14 12 10 8 6 4 2 200/240Vac INPUT 200/240VacINPUT 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Figure 3 - Undervoltage Inverse Time Curve Figure 4 - Overvoltage Inverse Time Curve
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SPECIFICATIONS (continued)

TIMING ACCURACY

Definite time is adjustable from 00.1 to 99.9 seconds, in
steps of 0.1 seconds. Accuracy is within 2.0% or 100
milliseconds, whichever is greater.

Inverse time is adjustable from 01 to 99 in increments
of 01. The setting defines a curve as illustrated in
Figures 3 and 4. Inverse timing is accurate within £5%
or 25.0 milliseconds, whichever is greater, for any
combination of time dial and pickup setting.

POWER SUPPLY

One of five power supply types may be selected to
provide internal operating power. They are described in
Table 1.

Table 1 - Power Supply Options

Type K J L* Y z
Nominal | 48Vdc|125Vdc | 24Vdc| 48Vdc [250 Vdc
Voltage 120 Vac 125 Vdc| 240 Vac
Burden | 3.4W| 3.6W | 3.5W| 3.4W | 3.7W

22.1VA 3.6W [37.6VA

*The type L power supply initially requires 14 Vdc to begin
operation. Once operating, the input voltage may be reduced to
12 Vdc and operation will continue.

POWER SUPPLY STATUS OUTPUT

A normally closed output relay is provided, whose
contact remains open when energized by the presence
of nominal voltage at the output of the power supply. If
the power supply voltage falls below requirements, the
power supply status output relay will de-energize,
closing its contact. A shorting bar is included in the
relay case so that the status output terminals can
provide a remote indication that the BE1-59N relay has
been withdrawn from its case or taken out of service by
removing the connection plug.

OUTPUTS
Output contacts are rated as follows:

Resistive

120 Vac - Make, break, and carry 7 Aac continuously.

250 Vdc - Make and carry 30 Afor 0.2 s, carry 7 A
continuously, break 0.3 A.

500 Vdc - Make and carry 15 Afor 0.2 s, carry 7 A
continuously, break 0.3 A.

Inductive
120 Vac, 125 Vdc, 250 Vdc - Break 0.3 A (L/R = 0.04).

Push-to Energize Output Switches

Momentary pushbuttons accessible by inserting a 1/8-
inch diameter non-conducting rod through the front
panel. Pushbuttons are used to energize the output
relays in order to test system wiring.

TARGETINDICATORS

Electronically latched, manually reset target indicators
are optionally available to indicate closure of the trip
output contacts. Either internally operated or current
operated targets may be specified. Internally operated
targets should be selected when normally closed (NC)
output contacts are specified. When current operated,
the minimum rating is 200 mA through the trip circuit.
The output circuit is limited to 30A for 1 s, 7A for 2 min,
and 3A continuously.

SURGE WITHSTAND CAPABILITY

Qualified to IEEE C37.90.1-1989, Standard Surge
Withstand Capability Test and IEC 255, Impulse Test
and Dielectric Test.

MECHANICAL

Operating Temperature

-40°C (-40°F) to +70°C (+158°F)
Storage Temperature

-65°C (-85°F) to +100°C (+212°F)

Case Size: S1.

Weight
13.6 pounds (6.17Kg) maximum.

Shock

Withstands 15 G in each of three mutually perpendicular
planes without structural damage or performance
degradation.

Vibration

Withstands 2 G in each of three mutually perpendicular
planes, swept over the range of 10 to 500 Hz for a total
of six sweeps, 15 minutes for each sweep, without
structural damage or performance degradation.
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ORDERING

MODEL NUMBER
BE1-59N Ground Fault Overvoltage Relay

STYLE NUMBER

The style number appears on the front panel, drawout
cradle, andinside the case assembly. This style numberis
an alphanumeric combination of characters identifying the
features included in a particular unit. The sample style
number below illustrates the manner in which the various
features are designated. The Style Number Identification
Chart (page 8) defines each of the options and character-
istics available for this device.

SAMPLE STYLE NUMBER: A5FF6JD1S3F

The style number above describes a BE1-59N Ground
Fault Overvoltage relay having the following features.
Sensing Input Type (A) Single-phase
120 Vac, 60 Hz

(nominal) with 1-20 Vac
pickup range

Sensing Input Range  (5)

Output (F)  Two NO output relays: one for
the overvoltage function and one
for the undervoltage function
Timing (F6) Inverse for the overvoltage
function: definite time for the
undervoltage function

Power Supply (J) 125 Vdc and 100/120 Vac

Target (D) Two (one for each function),
current operated

Option 1 (1)  Undervoltage element

Option 2 (S) Push-to-energize outputs

Option 3 (3) Two NO auxiliary output relays
(one per function)

Option 4 (F)  Semi-flush mounting

NOTE: The description of a complete relay must include
both the model number and the style number.

BE1-59N Al |5

S P A

SENSING  SENSING OUTPUT TIMING POWER TARGET OPTION1 OPTION2 OPTION 3 OPTION 4
INPUT INPUT SUPPLY
TYPE RANGE
SAMPLE STYLE NUMBER ILLUSTRATED
HOWTO ORDER: STANDARD ACCESSORY:

Designate the model number followed by the complete
Style Number.

[BE1-59N | Style Number OO0 OOOOOOOO

Complete the Style Number by selecting one feature from
each column of the Style Number Identification Chart and
enteringits designation letter or numberinto the appropriate
square. (Two squares are usedtoindicatetime delay charac-
teristics.) All squares must be completed.

The following accessory is available for the BE1-59N
Ground Fault Overvoltage Relay.

Test Plug

The test plug (Basler part number 10095) provides a
quick, easy method of testing relays without removing
them from their case. The test plug is simply substituted
for the connection plug. This provides access to the
external stud connections and to the internal circuitry.
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STYLE NUMBER IDENTIFICATION CHART

Ceesen A [ L LOTOL L) L)L

PR

SENSING INPUT OUTPUT POWER OPTION 1
TYPE TIMING SUPPLY OPTION 3
A) Single-phase E) One NO relay- A1) Over-instantaneous J) 125 Vdc and 0) None 0) None
voltage over ﬁ 100/120 Vac
1) Undervoltage 1) One NO auxiliary
F) Two NO relays- D1) Over-inverse K) 48 Vde element- output-over
one over, L) 24 Vdc high range-
one under / j \ 0.5 to 12Vac 2) One NC auxiliary
i Y) 48/125 Vdc output-over
E1) Over-definit P!
©) One NC relay- ) (0.1-99.9 560, A1 010 24Vac
SENSING INPUT over A SRR 2) gig xdc and : 3) Two NO auxiliary
RANGE : ac 2) Undervoltage outputs-one over,
H) Two NC relays- F1) Over-instantaneous ) element- 9 one under
one ove(;r, un?er—deflmte low range-

1) 100 Vac, 50 Hz, A’ ne under (0-1-99.9 sec.) 0.1to 2.5Vac 4) Two NC auxiliary
nominal 1-20 F2) Over-instantaneous outputs-one over,
Vac pickup ii under-inverse AO.Z {0 5.0Vac ﬁ”e under

2) 100 Vac, 50 Hz, F3) Over-definite
nominal 10-50 (0.1-99.9 sec.)

Vac pickup under-instantaneous
F4) Over-definits TARGET

3) 200 Vac, 50 Hz, ) Over-definite A
nominal 2-40 (0.1-99.9 sec,)

Vac picku under-inverse OPTION 4
pickup F5) Over-inverse N) None OPTION 2

4) 200 Vac, 50 Hz, if under-instantaneous y
nominal 20-100 ) C) Internally N) None F) Semltf'IUSh
Vac pickup F6) Over-inverse operated mounting

under-definite S) Push-to- o

5) 120 Vac, 60 Hz, A (01-99.9 sec,) D) Current energize P) E«?ﬁ?f;n
nominal 1-20 F7) Over-definite operated outputs
Vac pickup A under-definite

6) 120 Vac, 60 Hz,
nominal 10-50 .

Vac pickup NOTES:
7) 240 Vac, 60 Hz, A When target is D, 8)  Allrelays are supplied in A Sensing input range must
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nominal 20-100 or option 1-2.

Vac pickup

PA.E. Les Pins, 67319 Wasselonne Cedex FRANCE
Tel +333.88.87.1010 Fax 433 3.88.87.0808
e-mail: beifrance@basler.com

| |
B aSIer Elect rl c No. 59 Heshun Road Loufeng District (N),
® Suzhou Industrial Park, 215122, Suzhou, PR.China

; o Tel +86(0)512 8227 2888 Fax +86(0)512 8227 2887
150 9001-2008/2000 Route 143, Box 269, Highland, lllinois U.S.A. 62249 e-mail:beichina@baslercom
Highland, ILUSA  Wassel F Tel +1618.654.2341 Fax +1 618.654.2351
gnian f5s€ onne, rance 55 Ubi Avenue 1 #03-05 Singapore 408935
Tuylor,TXUSA Suzhou, China e-mail: info@basler.com
b | Tel +6568.44.6445 Fax +65 65.68.44.8902
www.pbasler.com e-mail: beisingapore@basler.com

Printed in U.S.A.


mailto:beifrance@basler.com
mailto:info@basler.com
http://www.basler.com
mailto:beichina@basler.com
mailto:beisingapore@basler.com

AL DD
Mpm

Effective: January 1996

NEW INFORMATION

Instruction Leaflet

41-201.3

CVD Relay

A CAUTION

Before putting relays into service, remove all
blocking which may have been inserted for the
purpose of securing the parts during shipment,
make sure that all moving parts operate freely,
inspect the contacts to see that they are clean
and close properly, and operate the relay to
check the settings and electrical connections.

1.0 APPLICATION

These relays are used to initiate switching or control
operations when the line voltage rises above a pre-
set value or falls below a preset value. Thus the relay
is a contact making voltmeter with high and low volt-
age contacts.

2.0 CONSTRUCTION AND OPERATION

2.1 Voltage Unit

The voltage unit operates on the induction disc prin-
ciple. A main coil located on the center leg of an “E”
type laminated structure produces a flux which di-
vides and returns through the outer legs. A shading
coil causes the flux through the left leg (front view) to
lag the main pole flux. The out-of-phase fluxes thus
produced in the air gap causes torque on the disc
which moves to a position in its travel that corre-
sponds to the voltage applied to the electromagnet.
The disc will remain in this position until the applied
voltage is changed at which time, the disc will move
to a new position that corresponds to the new volt-
age.

2.2 Indicating Contactor Switch (ICS)

The indicating contactor switch is a small dc operat-
ed clapper type device. A magnetic armature, to
which leaf-spring mounted contacts are attached, is
attracted to the magnetic core upon energization of
the switch. When the switch closes, the moving con-
tacts bridge two stationary contacts, completing the
trip circuit. Also during this operation, two fingers on
the armature deflect a spring located on the front of
the switch, which allows the operation indicator tar-
getto drop. The target is reset from the outside of the
case by a push rod located at the bottom of the case.

The front spring, in addition to holding the target, pro-
vides restraint for the armature and thus controls the
pickup value of the switch.

3.0 CHARACTERISTICS
3.1 Voltage Unit

The type CVD relay has adjustable lower and raise
voltage contacts that can be set around a calibrated
scale. The moving contacts will assume a position
corresponding to the voltage applied to the relay and
will stay in that position until the voltage changes. If
the voltage changes either gradually or suddenly,
the contact will assume a new position correspond-
ing to the change unless the travel is limited by the
setting of the adjustable contacts.

The voltage unit has inverse timing; that is, the great-
er the change in voltage, the faster the relay contact
will travel. If the voltage on the voltage unit is barely
sufficient to close the contacts, the contact
resistance at this light pressure may reduce the volt-
age on the time-delay unit sufficiently to cause a sub-
stantial increase in the time. If the voltage change is
1/2 to 1 volt greater than that required to barely close

All possible contingencies which may arise during installation, operation or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. If further
information is desired by purchaser regarding this particular installation, operation or maintenance of
this equipment, the local ABB representative should be contacted.




41-201.3

the voltage unit contacts, this effect is negligible.

3.2 Trip Circuit

The main contacts will close 30 amperes at 250 volts
dc and the seal-in contacts of the indicating contac-
tor switch (ICS) will carry this current long enough to
trip a circuit breaker.

The indicating contactor switch (ICS) has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the desired setting by means of a screw con-
nection.

4.0 ENERGY REQUIREMENTS
See Table I.

5.0 SETTINGS

5.1 Voltage Unit

These are independent relay adjustments. These
are the high voltage and low voltage contact settings
as described under Section 3, Characteristics.

5.2 Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the se-
lection of the 0.2 or 2.0 ampere tap setting. This se-
lection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw.

6.0 INSTALLATION

The relays should be mounted on switchboard pan-
els or their equivalent in a location free from dirt,

moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals
by means of screws for steel panel mounting or to
the terminal studs furnished with the relay for thick
panel counting. The terminal studs may be easily
removed or inserted by locking two nuts on the stud
and then turning the proper nut with a wrench.

For detailed FT Case Information referto I.L. 41-076.

7.0 ADJUSTMENTS AND MAINTENANCE

7.1 Acceptance Check

a. Contacts

Set the left-hand adjustable contact in the center
of the scale and adjust the voltage until the mov-
ing contact just makes. Set the left-hand contact
back out of the way and bring the right-hand
contact up until the contacts just make. The
pointer should be within 1/32 inch of where the
left-hand pointer was.

b. Calibration Check
Check the scale markings by setting either of the
two contacts at a value marked on the scale,
then alternately apply this voltage +5%. Contacts
should make and break respectively.

TABLE |
60 CYCLE BURDEN OF THE CVD RELAY AT CONTINUOUS RATING
Continuous Power Factor

Range Rating Burden Angle T Watts
15- 60 65 volts 7.85 VA 70° 2.68
30- 120 132 volts 7.85 VA 70° 2.68
40 - 160 176 volts 7.85 VA 70° 2.68
80 - 320 352 volts 7.85 VA 70° 2.68
105 - 135 148 volts 16.5 VA 78° 3.43
180 - 320 254 volts 16.5 VA 78° 3.43
210- 270 296 volts 16.5 VA 78° 343

U Degrees current lags voltage.
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8.0 CALIBRATION

8.1 Voltage Unit

a. Contacts

Apply sufficient voltage to the relay to make the
disc float in the center of its travel. Move both of
the adjustable contacts until they just make with
the moving contacts. If the contact pointers do
not meet at the same point on the scale, adjust
the follow on both stationary contacts. Approxi-
mately the same follow should be in each of the
adjustable stationary contacts.

b. Calibration Check
The adjustment of the spring tension in calibrat-
ing the relay is most conveniently made with the
damping magnet removed.

Set either of the adjustable stationary contacts in
the center of its travel and apply this voltage to
the relay. Wind up the spiral spring by means of
the spring adjuster until the stationary contact
and moving contact just makes.

Check the other scale markings by setting the
adjustable contact on these markings and apply-
ing the corresponding voltage to the relay. The

c. Time-Curve
Adjust the permanent magnet keeper to cali-
brate for the operate times (+5%) given in Table
Il

8.2 Indicating Contactor Switch (ICS)

Close the main relay contacts and pass sufficient dc
current through the trip circuit to close the contacts
of the ICS. This value of current should not be great-
er than the particular ICS setting being used. The in-
dicator target should drop freely.

For proper contact adjustment, insert a.030” feeler
gauge between the core pin and the armature. Hold
the armature closed against the core pin and gauge
and adjust the stationary contacts such that they just
make with the moving contact. Both stationary con-
tacts should make at approximately the same time.
The contact follow will be approximately 1/64” to 3/
64"

9.0 RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing

contacts should make within 5% of scale repair work. When ordering parts, always give the
markings. complete nameplate data.
TABLE Il
Relay Rating Under Voltage Over Voltage Test Voltage Operate Time
(Volts) Contact Setting Contact Setting From To (Seconds)
15 - 60 15 34 0 68 1.9
30-120 40 120 65 0 1.5
(1.5 sec.)
30-120 66 80 66 120 2.0
(2.0 sec.)
40 - 160 40 91 0 182 1.9
80 - 320 80 182 0 364 1.19
105 - 135 T 117 123 120 130 7.5
180 - 230 234 246 240 260 7.5
240 220
210 - 270 T 200 210 205 222 7.5
205 188

T Allow relay to heat for 30 minutes.
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INTERNAL SCHEMATIC
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Figure 1. Type CVD Voltage Relay in Type FT-11 Case
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Figure 2. Type CVD Voltage Relay with ICS Unitin Type FT-11 Case
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INTERMAL SCHEMATIC
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Figure 3. Type CVD Voltage Relay with Two (2) ICS Units in Type FT-11 Case
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2,400V to 14,400V  BIL 75 kV to 110 kV
Outdoor Voltage

JVW-4/JVW-5

60 Hz

M% When choosing your GE InstrumentTrans-
former, don't forget to explore the benefits of
SUTE using GE's 0.15 accuracy class AccuBute line.

AVAILABLE see page 2.10.

Application
Designed for outdoor service; suitable for operating
meters, instruments, relays, and control devices.

Thermal Rating (Volt-Amperes)
55°C Rise above 30°C Ambient ............ccoeevvvvvnnnnee. 1500

ANSI Meter Accuracy Classification, 60 Hz
Operated at rated voltage

W, X, M,Y, Z; all models ...........ooovvvveeeeeeeirnenrnrnnnnnn. 0.3

77; all models
Operated at 58% of rated voltage [

W, X, M, Y; all models ...ooovveeeiiiiiieeiiiieeeeeie, 0.3

Z; all models
Burden impedance as at rated voltage, but operated at
58% of rated voltage [

W, X'M, Y, Z';all models ........cooovvvveveeeeeennnnnnnnn. 0.3

Weight - Shipping/Net

(approximate, in pounds)

TranSfOTINET woeneieiiieeeeeeeeee e 120/105
Reference Drawings
JVwW4
Accuracy Curve at
120 Secondary Volts, 60 Hz ....................... 9689241659
Excitation Curves:
60:1 & 70:1 oo 9689241591
100:1 & 120:1 .., 9689241629
Outline Drawing; Two-Bushing
Transformer ..........cccccoeeveeeeeeecccereeeeeeeeeeee 9932529
Wiring Diagram .................... refer to page 42, figure 5
JVW-4 -5, two-bushing model
JVW-4/JVW-5 DATA TABLE
Line-To-Line Catalog Number
Circuit Voltage Transformer JVW-4 JVW-5
For Permissible Rating O BIL 75 kV BIL 110 kV
Primary Connection Primary Two-Bushing Single-Bushing Two-Bushing
A Y Y Only |GY Only O] Voltage Ratio Model Model Model
2,400 2,400 4,160 - 2,400 20:1 764X030011 --- -
4,200 4,200 7,280 - 4,200 35:1 764X030012 - -—-
4,800 4,800 8,320 - 4,800 40:1 764X030013 - -
7,200 7,200 - --- 7,200 60:1 764X030014 --- -
— - - 7200 O 7,200 60:1 - 765X030051 765X030042
- - --- 8400 O 8,400 70:1 -—- 765X030052 765X030044
12,000 12,000 12,000 - 12,000 100:1 - - 765X030045
14,400 14,400 14,400 - 14,400 120:1 - - 765X030046

Notes:

O For continuous operation, the transformer-rated primary voltage should not be
exceeded by more than 10%. Under emergency conditions, over-voltage must be
limited to 1.25 times the transformer primary-voltage rating for two-bushing models,
and 1.40 times the rating for single-bushing models.

[ Applies to transformers connected Y-Y on a circuit in which the line-to-line voltage
is the same as the transformer-rated primary voltage. In each case, the transformer
is operated with reduced voltage and reduced excitation (58% of normal). In

determining the accuracy classification under such conditions, the Volt-Ampere
rating of the burden is maintained constant, regardless of the transformer
secondary voltage.

O The prime symbol (*) is used to signify that these burdens do not correspond to
standard ANSI definitions.

[ Single-bushing design with removable grounding strap.

0 12,470in Y configuration.

[J 14,560 in Y configuration.

Data subject to change without notice.

GE Meter 130 Main St., Somersworth, NH 03878 USA & Canada: (800) 626-2004 Fax: (518) 869-2828; GE Worldwide: (518) 869-5555



QOutdoor —Voltage - JVW-4/JVW-5

JVW-5

Accuracy Curve at

120 Secondary Volts, 60 Hz ....................... 9689241659
Excitation Curves:
60:1 & 70:1 oo 9689241591
100:1 & 120:1 oo, 9689241629
OutlineDrawings:
Two-Bushing Model ... 9932529
Single-Bushing Model............cccoceoiiiininnnnn 9932530
Wiring Diagram .................... refer to page 42, figure 5
Accessories ...........cooeiiiiinnnnnn, Catalog Number

Mounting Hardware

“L” Mounting Brackets ...............ccccce.. 8944634002
Channel Bracket ........cccoeevveeveeeeereeenenn, 5466227001
Suspension HooKs ..........ccccceviiiiiiiininn. 8944630001
Secondary Conduit BoxX ..........cccceeiiiinn. 9689897001

Construction and Insulation
Please refer to General Product Information, item 1.4.

Core and Coils
Please refer to General Product Information, item 3.8.

Primary
Terminals
Please refer to General Product Information, item 4.6.

Secondary
Terminals
Please refer to General Product Information, item 4.18.

Ground Terminal
Please refer to General Product Information, item 4.23.

Conduit Box
Please refer to General Product Information, item 12.1.

Polarity

Please refer to General Product Information, item 7.2.

Baseplate and Mounting

Please refer to General Product Information, items 5.3,
5.15, and the Applications Information Section of this
volume.

Nameplate
Please refer to General Product Information, item 6.4.

Rating Identification
Please refer to General Product Information, item 13.1.

Maintenance
Please refer to General Product Information, item 10.1
and pages 24-27.

Note:

1. Voltage transformers of this type are available for use in 50 Hz appli-
cations in many ratings. However, Industry Standard IEEE 57.13to which
we test transformers does not apply at 50 Hz. Customers who order
voltage transformers for 50 Hz application should provide an accuracy
specification including Burden VA and Power Factor. If an accuracy
specification is not made available, the transformer(s) will be tested at
60 Hz with test burdens as defined in IEEE 57.13 for 60 Hz application.

Inches “(36. 20)4’
13.13
(CM) '7(33 35~
(31 12)
L1
9.94
(25-25){ (281'.6932
9.50
(24.13)
0.44 (1 12) Dia.
(8 holes)
10.0
- 1319 > (25.40)
T (3350) 1.00
(27.94)

(42.

&?
© I

==

16.8

12000

X
A
SGRD

JVW-4/JVW-5 mechanical dimensions

GE Meter 130 Main St., Somersworth, NH 03878 USA & Canada: (800) 626-2004 Fax: (518) 869-2828; GE Worldwide: (518) 869-5555

Data subject to change without notice.
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