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(57) Abstract: In some aspects, a ground detection system may
measure a difference from a tie point of the ungrounded electrical
system and a ground point to determine if a grounded condition ex-
ists. The ground detection system may measure a plurality of sig-
nals at a plurality of distributed overload protection devices. The
ground detection sy stem may compare the plurality of signals from
each of the plurality of distributed overload protection devices to
stored threshold values. The ground detection system may deter-
mine a location of the grounded condition based at least in part on
the comparing the plurality of signals from each of the plurality
of distributed overload protection devices to the stored threshold
values. In various embodiments, the location can be based on a
length and an impedance of electrical circuit wiring. The ground
detection system may display the location of the grounded condi-
tion on a display. Numerous other aspects are described.
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METHOD AND SYSTEM FOR DISTRIBUTED GROUND DETECTION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application Ser. No.
63/331,553, filed April 15, 2022, entitled “Method and System for Distributed Ground

Detection,” which is herein incorporated by reference in its entirety and for all purposes.

BACKGROUND OF THE INVENTION
[0002] Ungrounded electrical systems can be used in shipboard systems and in locations
subject to ground instability (e.g., cities like Los Angeles where there can be earthquakes and
rifts in the ground). Worn or damaged wiring or equipment can generate a grounded
condition. Grounded conditions can present safety issues to personnel and potential loss or
damage to equipment. Ground detectors can be used to manually determine when a grounded
condition exists so that the grounded condition can be isolated, removed from the circuit, and
safely return the system to an ungrounded state. Presently, ground detection is performed
primarily in a central location such as a load center. Detection and removal of a single

ground before a second ground develops will prevent ground fault currents.

[0003] Pinpointing the location of a grounded condition can be a manual process in which
technicians open and close circuit breakers to isolate sections of the electrical bus until the
location of the grounded condition can be identified. Technicians can use fixed ground
detectors to identify a grounded location by systematically examining individual buses by
turning on and off electrical loads on the bus to isolate the grounded location to a load or
isolate it to the main structure. Once the technicians have identified a probable location,
visual inspections and insulation resistance checks can be required to identify the specific
location, line, or equipment all while the systems are turned off. This can be a complex and
time-consuming process that can result in a loss of critical systems during the isolation and

repair process.

[0004] Therefore, there is a need in the art for improved methods and systems for

performing distributed ground detection.
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SUMMARY OF THE INVENTION
[0005] Some implementations herein relate to a method and a system for distributed ground
detection. For example, an ungrounded power distribution system may include an electrical
circuit that may include at least a first ground detector device and a second ground detector
device. Each of the first ground detector device and the second ground detector device may
include a voltage ground detection circuit configured to measure ground signal strengths.
Ungrounded power distribution system may include a controller. The controller may include
at least one processor configured to read a first signal strength at the first ground detector
device and a second signal strength at the second ground detector device. The controller can
be configured to determine a ground location based at least in part on the first signal strength
at the first ground detector device and the second signal strength at the second ground
detector device. The system may also include a communication network connecting the first
ground detector device and the second ground detector device with the controller. The
system may include a display configured to present the ground location in the ungrounded
power distribution system. Other embodiments of this aspect can include corresponding
computer systems, apparatus, and computer programs recorded on one or more computer

storage devices, each configured to perform the actions of the methods.

[0006] The described implementations may also include one or more of the following
features. The power distribution system may include a switch to transition the voltage
ground detection circuit from a voltage detection mode to a ground detection mode. The
switch can be configured to activate a plurality of relays that change a delta configuration of
the electrical circuit to a wye configuration of the electrical circuit. In various aspects of the
power distribution system, the ground location can be determined based at least in part on a
length and an impedance of the electrical circuit wiring. The power distribution system can
include a filter coupled to the voltage ground detection circuit. The power distribution
system can include one or more transformers. The one or more transformers can connect
each phase of a plurality of phase wires of the ungrounded power distribution system to a
common wye tie point. The signal strengths can be measured in volts. Implementations of
the described techniques may include hardware, a method or process, or a computer tangible

medium.

[0007] Some implementations herein relate to a method and a system for distributed ground
detection. The system can use components contained within other existing devices, such as

motor overload protectors, generator controls, or power monitors, that measure voltage with
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some modification to the voltage sensing circuits to measure voltage from line to ground. For
example, an overload protection device may include a first transformer. The first transformer
may include a first primary-winding connected to a first phase of an electrical power source.
The first transformer may include a first secondary-winding connected to a first voltage
detecting circuit and a communication circuit. The first voltage detecting circuit can be
configured to measure a first signal strength of the first secondary-winding. The overload

protection device may include a second transformer.

[0008] The second transformer may include a second primary-winding connected to a
second phase of the electrical power source and a second secondary-winding connected to a
second voltage detecting circuit and the communication circuit. The second voltage detecting
circuit can be configured to measure a second signal strength of the second secondary-
winding. The overload protection device may include a third transformer that can include a
third primary-winding connected to a third phase of the electrical power source and a third
secondary-winding connected to a third voltage detecting circuit and the communication
circuit. The third voltage detecting circuit can be configured to measure a third signal
strength of the third secondary-winding. The overload protection device may further include
a first switching element configured to selectively connect the first primary-winding to the
second primary-winding in a voltage detection mode. The overload protection device may
include a second switching element configured to selectively connect the first primary-
winding to a ground in a ground detection mode. The overload protection device may
include a third switching element configured to selectively connect the second primary-
winding to the third primary-winding in the voltage detection mode. The overload protection
device may further include a fourth switching element configured to selectively connect the
second primary-winding to the ground in the ground detection mode. The overload
protection device may include a fifth switching element configured to selectively connect the
third primary-winding to the first primary-winding in the voltage detection mode. The
overload protection device may include a sixth switching element configured to selectively
connect the second primary-winding to the ground in the ground detection mode. The
overload protection device may include a controller configured to switch the overload
protection device between the voltage detection mode and the ground detection mode. Other
embodiments of this aspect include corresponding computer systems, apparatus, and
computer programs recorded on one or more computer storage devices, each configured to

perform the actions of the methods.
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[0009] The described implementations may include one or more of the following features.
In various embodiments, the first switching element and the second switching element are
configured to transition the first voltage detecting circuit from a voltage detection mode to a
ground detection mode. In various embodiments, the first switching element and the second
switching element can change a configuration of the overload protection device from a delta
configuration to a wye configuration. In various embodiments, at least one of the first
switching element and the second switching element is a mechanical switch. In various
embodiments, at least one of the first switching element and the second switching element is
electrical switch. In various embodiments, the controller is configured to compare the first
signal strength, the second signal strength, and the third signal strength to determine a
grounded condition. In various embodiments, the controller can be one of a programmable
logic controller, a computer, or a dedicated microcontroller device. Implementations of the
described techniques may include hardware, a method or process, or a computer tangible

medium.

[0010] Some implementations herein relate to a method and a system for distributed ground
detection. For example, the method may include measuring a difference from a tie point of
the ungrounded electrical system and a ground point to determine if a grounded condition
exists. If the grounded condition exists, for each phase of electric current in the ungrounded
electrical system, the method may include measuring a first signal at a first overload
protection device. The method can include measuring a second signal at a second overload
protection device. The method can include measuring a third signal at a third overload
protection device. The method can include comparing at least one of the first signal, the
second signal, and the third signal to a stored threshold value determining a location of the
grounded condition based at least in part on the comparing at least one of the first signal, the
second signal, and the third signal to the stored threshold value. The method can also include
displaying the location of the grounded condition on a display. Other embodiments of this
aspect include corresponding computer systems, apparatus, and computer programs recorded
on one or more computer storage devices, each configured to perform the actions of the

methods.

[0011] The described implementations may also include one or more of the following
features. The method may include activating relays in each of the first overload protection
device, the second overload protection device, and the third overload protection device to

change a configuration of the ungrounded electrical system from a delta configuration to a
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wye configuration. The method may include activating the relays in each of the first overload
protection device, the second overload protection device, and the third overload protection
device to change the configuration of the ungrounded electrical system from the wye
configuration to the delta configuration. In various embodiments, the location of the
grounded condition is determined based at least in part on a length and an impedance of
electrical circuit wiring of the ungrounded electrical system. Implementations of the
described techniques may include hardware, a method or process, or a computer tangible

medium.

[0012] Numerous benefits are achieved by way of the present invention over conventional
techniques. For example, embodiments of the present disclosure provide a distributed ground
detection system that enables more operational uptime for various systems in an electrical
distribution system as compared with a centrally located detection system. Voltage detection
devices can be distributed throughout an electrical system to measure a voltage at various
points. The voltage detection devices can be configured to operate in a ground detection
mode. In some embodiments, a communication network can be used to provide remote
reading of ground signal strengths of two or more overload detection devices. A calculation
engine can be configured to determine a ground location based at least in part on relative
signal strengths based at least in part on the measured ground signal strengths. The
determined ground location can be displayed to enable techniques to quickly determine the
location of the grounded condition and isolate the grounded condition without the
unnecessary loss of other critical systems. These and other embodiments of the disclosure,
along with many of its advantages and features, are described in more detail in conjunction

with the text below and corresponding figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A illustrates an exemplary ungrounded delta configuration electrical system.
[0014] FIG. 1B illustrates an exemplary ungrounded wye configuration electrical system.

[0015] FIG. 2 illustrates an exemplary delta configuration electrical system that is

grounded on one line.

[0016] FIG. 3 illustrates an exemplary delta configuration electrical system that is

grounded on two lines.
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[0017] FIG. 4 illustrates an exemplary delta configuration electrical system that is

grounded on one phase.

[0018] FIG. 5 illustrates an exemplary electrical distribution system.

[0019] FIG. 6 illustrates a schematic of a lamp-based ground detection circuit.
[0020] FIG. 7 illustrates a simplified remote ground detector.

[0021] FIG. 8 illustrates a per unit short line model.

[0022] FIG. 9 illustrates a multiple detector line model.

[0023] FIG. 10 illustrates a distribution system with an unwanted ground.

[0024] FIG. 11A illustrates a first simplified example of a distributed ground detection

system.

[0025] FIG. 11B illustrates a second simplified example of a distributed ground detection

system.
[0026] FIG. 12 illustrates an exemplary generator control system diagram.

[0027] FIG. 13 illustrates an exemplary distributed ground detection circuit using three

transformers.

[0028] FIG. 14 illustrates an exemplary distributed ground detection circuit using two

transformers.
[0029] FIG. 15 illustrates a filtering circuit.

[0030] FIG. 16 illustrates a first exemplary process for detecting a ground condition in an

electrical system.

[0031] FIG. 17 illustrates a second exemplary process for detecting a ground condition in

an electrical system.

[0032] FIG. 18 illustrates a computer system, in which various embodiments described

herein can be implemented

[0033] Like reference, symbols in the various drawings indicate like elements, in

accordance with certain example implementations. In addition, multiple instances of an
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element may be indicated by following a first number for the element with a letter or a

hyphen and a second number.

DETAILED DESCRIPTION OF THE INVENTION
[0034] The following detailed description of example implementations refers to the

accompanying drawings.

[0035] FIG. 1 illustrates an exemplary ungrounded delta configuration electrical system
100. For example, to improve battle-readiness, ship distribution systems can be made
ungrounded, meaning the three phases of power (i.e., A 102, B 104, and ¢C 106) of line-1
108, line-2 110, and line-3 112 are not connected to the hull or frame of the ship or ground.
If a connection develops between one of the lines and the structure of the ship or grounded, it

is considered grounded.

[0036] FIG. 1B illustrates an exemplary ungrounded wye configuration electrical system
150. The ground detection methods can be performed from the line regardless and agnostic
of wye or delta configuration in the generation or load systems. In a wye configuration Line-

A 122, Line-B 124 and Line-C 126 can be coupled together at a neutral point 128.

[0037] FIG. 2 illustrates an exemplary delta configuration electrical system 200 that is
grounded on one line. The delta configuration electrical system 200 can include three phases
of power (i.e., A 202, B 204, and ¢C 206) of line-1 208, line-2 210, and line-3 212
respectively. When a ground 214 develops on one line of an ungrounded system, such as on
line-2 210 as shown in FIG. 2, the system may still operate without significant functional
impact or power loss. Any other ground developing on line-2 210 can hinder finding and
removing the grounds. For an ungrounded wye system 150, as shown in FIG. 1B, the same
initial conditions of no major impact are true. If only one ground develops on an ungrounded

wye system, no degradation of the system would be noticed.

[0038] FIG. 3 illustrates an exemplary delta configuration electrical system 300 that is
grounded on two lines. The delta configuration electrical system 300 can include three
phases of power (i.e., A 302, B 304, and ¢C 306) of line-1 308, line-2 310, and line-3 312
respectively. A first ground 314 can develop on a first line (e.g., line-2 310). A second
ground 316 can develop on a second line (e.g., line-1 308). The second ground 316 can act as
a line-to-line short, reducing the ability for the three-phase system to maintain voltage and
power from supply to load. Depending on the severity of the grounds (e.g., a first ground 314

and a second ground 316), ground-fault currents can be produced, which can cause the
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generator to trip offline or damage distribution components. The effects would be similar for

wye system 150, as shown in FIG. 1B, that is grounded on two lines.

[0039] FIG. 4 illustrates an exemplary delta configuration electrical system 400 that is
grounded on one phase. The delta configuration electrical system 400 can include three
phases of power (i.e., A 402, B 404, and ¢C 406) of line-1 408, line-2 410, and line-3 412
respectively. Developing a ground on one phase (e.g., ¢C 406) of a delta-connected system
400, as shown in FIG. 4, presents other challenges when trying to locate the ground. The
ground on one phase (e.g., pC 406) can show up partially on both lines attached to that phase
(e.g., line-2 410 and line-3 412. The upside to having the ground occur in one phase is that it
may only affect a single component, whether it be a load (e.g. motor, transformer primary) or
a source (e.g. generator, transformer secondary) on the distribution line. Similar observations

can be made in an exemplary wye configuration electrical system 150 as shown in FIG. 1B.

[0040] When common mode current detectors are installed within motor starters, indication
of a ground current on a single detector can locate the grounded circuit. For these
installations, grounds developing on the lines or phases of the motor circuit downstream of
the detector can show up as common-mode current leakage from the lines to ground. This
can be more commonly found on grounded systems, as the ground current needs a return path
to flow. Finding ground fault currents on ungrounded systems implies that the return path for
the common-mode currents can either be through another strongly grounded point or
distributed throughout many weaker points. On a system in which grounds are undesirable,
reliance on common mode current to detect the ground may allow for more system

degradation before identifying the decay.

[0041] Ground Location Impact on Severity. Depending on where a ground may develop
can determine how severe the ground affects the system. A ground on the main distribution
bus or at the output of a generator can require more of the system to be without power than a
load that can be isolated without disrupting power to any other part of the system. Each case

will have a different impact on system readiness.

[0042] Ground fault current detection can be found in many points of distribution systems,
including feeder circuits and load branches. The general use of ground fault detection can be
to protect against wiring damage that may cause personnel hazard. A common example can
be a ground fault current interrupter (GFCI) outlet found in any location where water is likely

in use around electricity, such as the lavatory. Safety concerns from inadvertent
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submergence of electrical equipment, such as a corded electric razor or hair drier caused the
inclusion of GFCI outlets. Unintentional personnel loss of life can be considered an
undesirable and severe result for the purposes of this discussion, prevention of which can be a

major goal of the proposed system of distributed ground detectors.

[0043] FIG. 5 illustrates an exemplary electrical distribution system 500 with an arbitrary
unwanted ground. An example section of a distribution system is shown in FIG. 5 with a
generator 518 or alternate bus sections as the potential sources for power and subordinate
load centers 507 distributing power to motor loads. The generator 518 can be powered with a
steam turbine, a diesel engine, and/or a gas turbine engine. This simple example has the
elements needed to discuss the severity and location of grounds developing on the exemplary
electrical distribution system 500. The bus ties 514 allow for connections of the generator
518 to other sections, possibly including an emergency generator or uninterrupted power
supply (UPS) through a bus 512. The generator control circuits can be attached to the
generator 516 and can monitor various electrical parameters such as voltage, current,
frequency, power, temperature, and oil pressure, etc. The control of the generator system 516
can be generally isolated from the power being generated for the distribution, via control

power transformers.

[0044] One or more motors 502 can be connected via a motor controller, a breaker 506,
isolation transformer 508, and a load center feeder breaker (LC1 or LC2) 510 to the bus 512.
FIG. 5 illustrates a ground 520 on a line in load center-B 507B. The load center feeder
breakers (e.g., LC1 and LC2) 510 can be breakers feeding the load center 507 from the main
distribution bus 512. Isolation transformers 508, as shown in FIG. 5, can provide a means to
limit the severity of the ground found in a branch circuit from affecting the main bus 512.
The isolation transformer 508 can also limit the ability of a central ground detector from
finding a ground on a branch or motor circuit. There are potentially filter circuits in the
distribution network, but they are not germane to this discussion, except that grounds can
develop in them the same as any component attached. LC1 and LC2 510 are used to isolate
entire load centers 507 from the main bus 512 when hunting for ground location with present
manual ground location methods. In FIG. 5, a ground detector on the main bus will not see
grounds on the load centers 507, and a ground detector on the load center 507 will not detect

grounds on the main bus, because of the isolation transformer 508.
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[0045] Consider a ground on the windings of generator 518. Losing the generator 518 can
reduce the power supply capability and flexibility of the system, maybe even requiring the
use of emergency power supply options. The lock-out tag-out (LOTO) process to secure the
generator 518 can be complex, requiring the source of its power to be secured, which can

include mechanical systems.

[0046] If the ground is in the line from the generator breaker to the bus 512, the LOTO
process can require the entire bus 512 to be secured to affect repairs. Rigging temporary
power to the subordinate load centers 507 may or may not be an option, which can mean that

all loads attached to the bus 512 would be unavailable until the repair is completed.

[0047] Consider the loss of an auxiliary vent fan that can be one of the many motor-loads
powered by the load center 507. The auxiliary vent fan can reduce air flow to a single
location, potentially requiring the use of a portable air mover if the ventilation of the area is
critical; on the contrary, it may not require action if the area could survive without the
ventilation for the duration of the repair. The LOTO for the vent fan will be simple, probably
not requiring any mechanical systems to be secured while affecting repairs to the electrical

components. Only one load would be lost for the duration of the repair.

[0048] Grounds occurring within the switchboard on the backbone of the distribution
system are the most severe when they require securing power sources because they cause the

most equipment to become unavailable during the repair activity.

[0049] Aside from battle damage, grounds can occur from degrading insulation (decay
from time or chemicals) or careless treatment of equipment during routine operations. To
prevent minor physical insulation damage accumulating over time, armoring can be added to
the cables. The cables can also be positioned away from areas of physical interaction with
creatures, chemicals, or constructs. One common ground cause is nicked insulation on a
cable (physical wear and tear), which could be located anywhere on the system where wires
are used. Common locations for wire connections are from the switchboards to the
transformers, from the transformers to the load centers 507, from the load centers 507 to the
motor starters, inside the motor starters, or from the starters to the motors. The time to
replace a wire can vary with run length and connection location. Some wires are easy to
access and easy to run (e.g. five foot of a triple conductor cable with 14 American Wire
Gauge (AWG) conductors between a motor starter and a motor terminal box). Other wire

runs can take more than a single work shift to correct (e.g., fifty feet of triple conductor cable

10
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with 4/0 AWG conductors run through several watertight bulkheads and decks from inside a

switchboard to inside a load center 507).

[0050] When methods of ground prevention are unsuccessful, finding the first ground prior
to subsequent grounds developing on the system can reduce the time to locate and remedy
system grounds. There can be two main types of ground detection devices. A first type of
ground detection devices are those that measure voltage from line to ground. A second type
of ground detection devices are those that measure common mode current to ground. Each

type detects a slightly different section of the system with relation to the detector.

[0051] For the first type of devices using the voltage method, the device detects the
presence of a ground on anything galvanically connected to the sensor. The second type of
device detects only the presence of a ground electrically downstream of the common mode
current sensor, and only if there is current flowing through the ground connection. If a
ground occurs upstream of the common mode current sensor, the common mode current
going to ground would not be detected. If the current flow from the ground is negligible
because there is no return path, the ground would not be detected. Both types of devices can

be employed to provide means for finding and isolating a grounded circuit.

[0052] Previously, ground detection circuitry using the voltage method was used for most
ungrounded electrical systems that are physically connected in switchboards (e.g., bus 512)
or load centers (e.g., load center-A S07A or load center-B 507B). Two reasons can be
identified for this choice. With this placement, the detected ground can be identified for a
large section of the distribution system with the fewest number of detectors, thus saving on
overall system cost. As the most severe system impact identified was when grounds
developed in the switchboard, detecting the location of grounds in the switchboard was a
critical task. Adding more ground detectors to other parts of the system was possible, but

usually prohibited by cost or physical constraints (e.g., size, weight, connection availability).

[0053] Through opening and closing breakers 506, the location of the ground 520 could be
further narrowed to a subsection of the distribution system, such as a branch circuit or motor
load with the common ground detector of the switchboard, up to the points of isolation in the
system. This process requires power disruption in suspect sections of the distribution system
until the ground location is discovered. Even before the ground 520 is isolated and repairs
are determined, there can be a large impact to the operational readiness of the system with the

use of a single ground detector in the switchboard or the load center.

11
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[0054] FIG. 6 illustrates a schematic of a lamp-based ground detection circuit 600. FIG. 6
illustrates a primary winding of a first transformer 608 connected to a first line (L1) 602 and
to a ground 622 via a switch 620. The primary windings of a second transformer 610
connects a second line (L2) 604 to a ground 622 via a switch 620. The primary windings of a
third transformer 612 connects to a third line (L3) 606 to a ground 622 via a switch 620.
Indicating lamps 614 can be connected to the secondary windings of each of the first
transformer 608, the second transformer 610, and the third transformer 612. One principle of
ground detection on an electrically live system can include measuring voltage from line-to-
ground and comparing the measurement to a threshold value. If the line-to-ground voltage

measures zero or near zero volts, the line is grounded.

[0055] As shown in FIG. 6, the first transformer 608, the second transformer 610, and the
third transformer 612 are connected from line to a common wye tie point, with their
secondary windings powering indicating lamps 614. An operator can observe the indicating
lamps 614 to determine an indication of a ground in each of the lines (e.g., the first line (L1)
602, the second line (L2) 604, and the third line (L3) 606). There can be an analog quality to
this type of detector, as the brightness of the bulbs would indicate the strength of the ground

on the respective line.

[0056] The wye tie point is left ungrounded under normal operation. When the switch (S1)
620 is shut, the wye tie point is connected to ground 622. The primary windings are then
connected from line to ground 622 through the switch 620. Under normal operation, the
indicating lamps 614 are lit to show that there is line-to-line voltage. This serves as a check
to ensure the lamps 614 are working. Connecting the wye tie point to ground 622 will leave
the lamps 614 illuminated if there are no grounds on the system. If a ground occurs, the
transformer that is attached to the line that is grounded will develop no voltage across its
primary, and the lamp will not light, indicating to the operator that line is grounded. When
the switch is released, the lamps will again illuminate to show line-to-line voltage is fine.
This is an example of a manual ground detection circuit with a set threshold, requiring the
operator to change the switch position and read the lights. The threshold is set by the voltage
requirements of the transformer and lights. A trained operator can also predict grounds
developing on the system based on how the intensity of each lamp changes from one switch
position to the other. Each lamp may shift intensity the same amount or differently
depending on the voltage of the line, age of the lamp or transformer, or existing loads on the

system.
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[0057] Similar systems have been created to remotely monitor the output of the
transformer. FIG. 7 illustrates a simplified remote ground detector circuit 700. In the
simplified ground detector circuit, a primary winding of a first transformer 708 connected to
a first line (L1) 702 and to a ground 730 via a switching element 728. The switching element
728 can be remotely operated. The primary windings of a second transformer 710 connects a
second line (L2) 704 to a ground 730 via the switching-element 728. The primary windings
of a third transformer 712 connects to a third line (L3) 706 to a ground 730 via the switching
element 728.

[0058] FIG. 7 illustrates the wye connected voltage sense connection with the switching
element 728 that would change the connection between line-to-line voltage sense and ground
voltage sense. Transformers 708, 710, and 712 are connected in a wye configuration with a

floating tie point when switching element 728 is open.

[0059] The switching element 728 can include a solid-state relay. The switching element
728 can change the connection of the wye tie point from floating to grounded. The output
signals from the transformers (e.g., the first transformer 708, the second transformer 710, and
the third transformer 712) can be proportional to the line-to-line or line-to-ground voltages as
described above. Figure 7 shows a simplified schematic with the elements needed to isolate
the detector, condition the proportional signal, and report it to a remote monitoring system

726.

[0060] A portion of the remote ground detector circuit 700 translates the output of the
transformers to an analog or digital electronic signal. The secondary windings of the remote
ground detector circuit 700 can be connected to a bridge rectifier 714, a capacitor 718, a
resistor 720 and an amplifier 722. The signal from the amplifier 722 and be sent to the

remote monitoring system 726.

[0061] When disconnected from ground 730, the line-to-line proportional signal will be
monitored and compared with nominal values to validate the circuit is working. When
connected to ground 730, the line-to-ground proportional signal will be monitored and
compared with threshold levels set to determine if a ground is present on a line. The remote
circuit allows the ground detection physically connected in the switchboard or load centers to
be directly monitored by the electric plant operator rather than relying on additional

personnel.
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[0062] Unlike the indicating light method of ground detection described in FIG. 6, the
severity of the ground could be determined by objectively quantifying the magnitude of line-
to-ground voltage rather than just a threshold limit. A small drop in voltage between line-to-
line and line-to-ground would indicate a weaker ground than the voltage dropping to zero
line-to-ground. All systems can be slightly different, so baseline data would have to be used

after commissioning of the system to determine nominal voltage deviance at each detector.

[0063] With indicating lights or simple threshold detection, there is no indication of the
distance the detector is from the ground that was developed. With an analog output from the
detector, the gradient will be proportional to the distance. Detectors have been developed
that use analog sensing signals and a known piece of cable to determine the distance of the
ground from the detector. Using this method as a single detector is still limited by isolation
boundaries in the system, and multiple detectors can provide significant benefits.
Unfortunately, the distance cannot be determined from a single point of reference for such
short cable lengths due to the variance in ground condition, which also can lend to the
recommendation for multiple detectors in the system. The ground can have a much more

significant effect on the proportional voltage or current.

[0064] In various embodiments, a switch of an ungrounded power distribution system can
be configured to activate a plurality of relays that change a delta configuration of the
electrical circuit to a wye configuration of the electrical circuit. The change in state from
delta to wye is on the voltage detection circuit, but only if the voltage detection mode of
operation is delta connected. It does not have to be. Voltage detection can be wired in a wye
configuration with a floating neutral. The disclosure concerns how to measure accurately
ground conditions even in unbalanced line conditions. If it is desired to measure voltage in
that way, the switching method from voltage to ground detection mode would be simpler.
The switching discussion on the relays for an alternative method would be one switching

relay on the neutral tie point to ground.

[0065] FIG. 8 illustrates a per unit short line model 800. Each line of the distribution
system can be viewed the same way that a transmission line is viewed. Cables less than 80
km (50 miles) in length and with an applied voltage of less than 69 kV can use the short line
model for transmission lines, and the capacitance of the line can often be ignored. This can

account for voltage differences along the line from source voltage (Vs) to load voltage (VL).
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[0066] The short line model obtains the total impedance by multiplying the per unit
impedance (ZPU) of the line with the length (/) of the line. The per unit impedance (ZPU)
can be calculated as resistance (7) 802 of the line plus inductive elements (jx) 804. The ZPU

equation can be as follows:
Z=(rtjol) * |,

where 7 is resistance measured in ohms, j is square root of negative one, ® is angular

frequency (2n times the frequency in Hertz (Hz)), and L is inductance value.

[0067] Assuming the per unit impedance (ZPU) 806 of an installation does not change
within the time of interest (during the troubleshooting process), the measurement of the line

impedance (Z) can be proportional to the length of the line (/). Therefore:
Z 1.

[0068] The long-term effects of change in impedance can have no effect on the short-term
process of localizing the ground, and thus can be ignored for the purpose of applying this
distributed ground detection method. It is only the relationship of the impedance with respect
to line length that is going to be used and seen as different between multiple sensors in the

system.

[0069] On electrical systems, voltage droops due to load and drops due to the impedance of
the line. The significance of the voltage droop and voltage drop can only be handled case-by-
case and do not follow well to generalization. The principles of voltage drop due to line
impedance can be used to determine how close a detector is from the point of a developed
ground. The method being described assumes the voltage source does not change in intensity
during the troubleshooting activity, but that is another thing the operator must be cognizant to

monitor and/or control.

[0070] FIG. 9 illustrates a multiple detector line model 900 using lumped impedances. A
first detector 902 can be coupled to a first point 906 in a line 908. A second detector 904 can
be coupled to a second point 910 in line 908. The line 908 can be represented by a series of

resistive (R) and inductive (jX) elements 912.

[0071] If a ground is developed at a ground point 914 that close to a detector, the resistive
(R) and inductive (jX) elements 912 in series from grounded point 914 to the detector will

have a smaller impedance because there are fewer units of impedance. Each detector voltage
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(Vper) will be relatively higher the further the detector is from the grounded point 914,
assuming the voltage to ground at the grounded point 914 is close to zero volts. Each
detector (e.g., the first detector 902 and the second detector 904) can measure the voltage
drop across the impedances of the line 908 plus the impedance of the grounded point 914.
More line 908 between the detector and the grounded point 914 will create more impedance,
which will register as a higher voltage from the detector to the ground point 914. The ground
point impedance 916 will be the same for both detectors, so the only difference will be the

total impedance from the length of line 908.

[0072] This model assumes the same per unit cable impedance along the line 908. This
will not always be the case, but the trained operator on a static installation can know which
loads are run with larger cables, longer or shorter runs, and high inductance cable ways. This
can be evaluated in each case but becomes fixed after installation and does not change during

the grounding event.

[0073] With the inclusion of voltage sensing in motor overload protection devices, similar
hardware can be included in motor starters equipped with this feature. If the device is
capable of measuring line-to-line voltage, it can be possible to connect the voltage detection
in a wye fashion and selectively connect the wye tie point to ground 918 to activate ground
detection, with a switching element and ground connection. The voltage measured from line-
to-line under normal operating conditions can be used for line monitoring and voltage
protections. The voltage measured from line-to-ground can be used for distributed ground

detection.

[0074] If the distributed ground detection shows gradients of ground voltage magnitude,
the detectors showing lower line-to-ground voltages can be closer to the grounded point 914,
helping narrow the physical connection location (e.g., using triangulation techniques). This

can work for any sections of the electrical system that are galvanically connected.

[0075] An additional benefit of distributing the ground detectors into the motor controllers
can be that they will likely be capable of detecting grounds on parts of the system that are
isolated from each other with transformers and bus ties. Without dropping any power to the
plant, isolation operations could be conducted to separate multiple ground detectors from
each other to localize the ground without affecting the operational output of the electric plant

during the identification process.
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[0076] Smart motor protection often comes with remote monitoring capabilities using an
industrial network connection. A remote operator could activate the ground detection from
another networked location, such as a central control room. If a ground was detected, the
process of identifying the exact location could be conducted with fewer steps. The electric
plant operator or load dispatcher would be able to directly watch the grounds while
modifying the connections around the distribution system. This direct feedback will save
time in determining the next connection modification, thus reducing the overall time to find

and resolve the ground issue.

[0077] For system installation and calibration when the system shows no grounds present,
activating two ground detectors would provide a means of determining relative distance
between each detector. Even if the per unit impedance for one branch is different than that of
another branch, cycling through all pairings of the detectors would provide baseline data to
identify which legs are electrically longer or shorter. Having the two points of ground
inserted at known locations and through known impedances would allow the detector
voltages to be compared for the same electrical distance. Alternatively, a known ground
point could be inserted on the system at a known physical length from each detector and
calibrated for that fixed ground impedance. If all detectors were adjusted using the same
ground impedance, then distances could be gleaned regardless of the unwanted future-

occurring ground point impedance.

[0078] FIG. 10 illustrates a distribution system 1000 with an unwanted ground. In the
electrical distribution one or more loads 1002 (e.g., motors) can be connected to load
controllers 1006 (e.g., a motor controller). The load controllers 1006 can be connected to a
load center 1010. The load center 1010 can be connected to one or more power sources (not

shown).

[0079] FIG. 10 can use a portion of the example system from FIG. 5. Ground detectors can
be installed in the switchboard, and distributed analog voltage-based ground detectors within
the load controllers 1006. First ground detectors 1012 can be installed between the breakers
1009 and the load center 1010. Second ground detectors 1014 can be installed between the
breakers 1009 and the load controllers 1006. Third ground detectors 1016 can be installed
between the load controllers 1006 and the load 1002. Forth ground detectors 1018 can be
installed between the load center 1010 and the power source. A ground 1020 developing on a

line between one of the load centers 1010 and a load controller 1006 would be detected as a
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ground 1020 by all load controllers 1006 connected to the load center 1010 because there are
no transformers between them. The second ground detector 1014 in the switchboard and the
third ground detectors 1016 in the motor controllers on the other load center would not see a
ground 1020 because they are galvanically separated by the feeder transformer between the
switchboard and the load center 1010. The first step toward locating the ground 1020 would
happen on the same step as identifying that a ground exists on this galvanically connected

section of the system.

[0080] For the simplification of this example, it is assumed that all elements of impedance
are identical, given the understanding that a real-world example would have different line
lengths and wire gauges, which cause varying impedances throughout the system. These
variations will be recognized by the operator or by the system software if automating the

process of locating the ground.

[0081] The second step would be to read the ground strength and determine which load
branch circuit was most likely containing the ground and stopping the load with the highest
ground strength (lowest line-to-ground voltage). The voltage of the ground detectors would
be proportional to the impedances between the detector and the ground being detected. In
this example, the voltage on the detector in the fourth load controller (Vpers) should be the

lowest relative value when compared to baseline data from the system.
V DET! xZ_(MC-CB1)+Z (LC-CB1)}+Z (LC-CB4)

V DET2 x Z_(MC-CB2)+Z_(LC-CB2)+Z (LC-CB4)

V DET3 x Z_(MC-CB3)+Z_(LC-CB3)+Z (LC-CB4)

V DET4 «Z (MC-CB4)=Z (MC-M4)

[0082] Given the assumption that all units of impedance are identical in this simplified
example, seeing Vpers4 proportional to one unit of length would lead the operator to assume
the ground was in the line from the circuit breaker 1009 to the load controller 1006 or from

the load controller 1006 to the load 1002 (e.g., a motor).

[0083] Stopping the fourth load 1002 (e.g., a motor) would isolate the cable from the load
controller 1006 to the load 1002 and still allow the detector to maintain power and network
capabilities. If the ground 1020 is removed, the repair activity could be identified and

planned for the cable from that load controller 1006 to that load 1002.
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[0084] In this example, the ground 1020 is not removed; therefore, the breaker 1009 of that
branch would be the next step. Before opening the breaker 1009, the load 1002 would have
needed to be stopped in a controlled manner, so no extra steps have been introduced.

Opening the breaker 1009 would secure power to the questionable load controller 1006, so
the ground detector and network signal would be lost from that line. In this example, opening
the breaker 1009 will remove the grounds seen on the other detectors; so, the repair activity

for the cable between the circuit breaker 1009 and the load controller 1006 could be planned.

[0085] If the ground 1020 had not been removed, the fourth load 1002 could be placed
back in service before securing the next best candidate, thus maintaining operations while
hunting for the ground 1020. If the ground 1020 is found in another branch, the operator
would gain the experience of interpreting the signal strengths, allowing better calibration of
his/her eyes and decision making in the future. This could also be completed with machine
learning using inserted grounds to train the system of proportional signals and the known

location.

[0086] However, if the ground 1020 is truly closest to that load 1002, it is more likely that
the ground 1020 will be found within the load center 1010. In order to determine if the
ground 1020 1s within the load center 1010, first each load 1002 would have to be ruled out.
This still does not introduce additional steps from previous ground detection methods. If the
ground detector was centrally located in the load center 1010, each load 1002 would have to
be secured to determine if the ground was in a branch rather than in the load center 1010.
Having the relative ground strengths will reduce the guesswork on which circuit is most
likely and help with identifying electrically and potentially physically where the ground 1020

is likely to be found within the load center 1010 if it is not found in the branch circuits.

[0087] In a second case, a ground 1020 can be in the secondary winding of the isolation
transformer 1022. The relative impedances from each of the detectors in the load controllers
1006 can be equal and the detectors would report the same relative distance. The only place
in the system that would report this equal distance from all detectors is the secondary

windings of the transformer.
V DETI! xZ (MC-CB1)+Z (LC-CB1)+Z_(T-LC)
V DET2 x Z_(MC-CB2)+Z (LC-CB2)+Z (T-LC)

V DET3 « Z (MC-CB3)+Z_(LC-CB3)+Z (T-LC)
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V DET4 « Z (MC-CB4)+Z_(LC-CB4)+Z (T-LC)

[0088] The same method can show that a ground in the load center 1010 can be exactly two
impedance units away from each detector, and the only location that is exactly two units
away from each detector is the load center 1010. Notice this scenario does not use a ground
detector in the load center 1010 because there is no galvanic isolation between the load center
1010 and the load controllers 1006. The fractional cost increase to the load controller 1006
would be offset by the removal of the standalone detector within the load center 1010.
Provided there were at least two load controllers 1006 galvanically connected, a ground
within the load center 1010 would be detectable while securing other branch circuits.
Depending on the incremental increase in load controller 1006 cost, the number of

controllers, and the cost of the standalone detector, this offset would vary.

[0089] Distributing analog ground detectors throughout a system makes it possible to
reduce the time it takes to locate grounded circuits in a distribution system. Within each
galvanically connected section, relative strengths of the analog detector signals can be
compared to find the grounded piece of equipment with fewer steps using triangulation.
Networking the ground detectors allows a central operator to orchestrate the isolation process

with minimum impact to the operational readiness of the system.

[0090] With hardware present in some modern electronic overload protection devices, it
could be possible to detect grounds from the perspective of the load branch for a fractional
increase in cost to the motor controller. The fractional increase in cost of each motor
controller would be offset by the cost of a central standalone ground detector that would no
longer be required. If the labor rate of the operator is taken into consideration for the time

spent finding and fixing the ground, the cost benefit increases.

[0091] FIG. 11A illustrates a first simplified example of a distributed ground detection
system. In various aspects, the distributed ground detection system 1100 can include a first
device 1102 that includes a ground detector and a second device 1104 that also includes a
ground detector. The first device 1102 and the second device 1104 can send and receive
electronic signals to and from a computing device 1106 over communication lines 1108. The
sent and/or received signals can go between the ground detectors and a computing device
1106 or just between each other if one of the devices is the master. The first device 1102 and
the second device 1104 can be connected at various points along power distribution lines

1110. The first device 1102 or the second device 1104 can include any one of a generator
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controller, a distribution monitor, a motor overload protection device, etc. The ground
detector can measure a voltage reading on the power distribution line 1110. A voltage
reading can be made at any distributed device that galvanically is connected to the same
branch of the system. The voltage reading can be used to determine if a grounded condition
exists and if so, a potential location of the grounded condition. The computing device 1106
can receive the voltage readings from the ground detectors (e.g., from the first device 1102
and the second device 1104). Based on the voltage readings the computing device 1106 can
alert an operator as to the existence of a grounded condition and if a potential grounded
condition exists, a potential location of the grounded condition based at least on the voltage

readings.

[0092] FIG. 11B illustrates a second simplified example of a distributed ground detection
system. In various aspects, the distributed ground detection system 1120 can include a first
device 1102, a second device 1104, a third device 1126, and a fourth device 1128. While
four ground detectors are illustrated, some systems can include hundreds of ground detectors.
Each of the first device 1102, the second device 1104, the third device 1126 and the fourth
device 1128 can include a ground detector. Each of the first device 1102, the second device
1104, the third device 1126, and fourth device 1128 can send and receive electronic signals to
and from a computing device 1106 over communication lines 1108. The first device 1102,
the second device 1104, the third device 1126, and fourth device 1128 can be connected at
various points along power distribution lines 1110. The first device 1102 or the second
device 1104 or the third device 1126, or the fourth device 1128 can include any one of a

generator controller, a distribution monitor, a motor overload protection device, etc.

[0093] The ground detector can measure a voltage reading on the power distribution line
1110. A voltage reading can be made at any distributed device that galvanically is connected
to the same branch of the system. The voltage reading can be used to determine if a
grounded condition exists and if so, a potential location of the grounded condition. The
computing device 1106 can receive the voltage readings from the ground detectors (e.g., from
the first device 1102, the second device 1104, the third device 1126, the fourth device 1128).
Based on the voltage readings the computing device 1106 can alert an operator as to the
existence of a grounded condition and if a potential grounded condition exists, a potential

location of the grounded condition based at least on the voltage readings.
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[0094] FIG. 12 illustrates an exemplary generator control system diagram 1200. Generally,
those control circuits are isolated from the direct distribution with control power transformers
and are handled in the transformer case mentioned. This may be another place that the
distributed ground detection could reside, as these sub-circuits can be disconnected from the
motor controller protection devices. A power source 1204 (e.g., one or more generators) can
provide electrical power to a plurality of loads 1206 (e.g., motors). While three loads 1206
(otherwise known as nodes) are illustrated in FIG. 12, the system and techniques disclosed
herein are not so limited. Any number of loads 1206 can be connected to the exemplary
ungrounded power distribution system 1200. Various warship applications can have more
than fifty nodes. A modern aircraft carrier can have more than a thousand nodes. Higher
node counts make locating the ground more precise, using more relative signal strengths
measured proportional to the per unit impedance of the wiring, therefore more frames of

reference to measure relative distance for triangulation

[0095] In various embodiments, the power source 1204 can generate multiple phase power
(e.g., three phase power) that can be distributed via one or more lines 1216A, 1216B, 1216C.

A different phase of power can be distributed via each line.

[0096] The power source 1204 can be connected to a controller 1202. The controller 1202
can be one of a programmable logic controller, a computer, or a dedicated microcontroller
device. The controller 1202 communicate signals to the power source 1204 via a control line
1212. The controller 1202 can receive information from the power source 1204 that can be
used to manage power distribution. The controller 1202 can also be connected to various
overload protection devices 1208A, 1208B, 1208C via control lines 1212. The controller
1202 can receive information from the one or more overload protection devices (e.g., a first
overload protection device 1208A, a second overload protection device 1208B, and a third
overload protection device 1208C). The controller 1202 can send information to be presented

on a display 1210 for review by an electrical system operator.

[0097] The overload protection devices 1208A, 1208B, 1208C can include one or more
detection circuits 1214. The detection circuits 1214 can perform voltage detection to measure
voltage at the load 1206; and, the detection circuits 1214 can be used for ground detection. A
filter 1218 can be installed between the overload protection devices 1208A, 1208B, 1208C
and the controller 1202.
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[0098] FIG. 13 illustrates an exemplary distributed ground detection circuit 1300 using
three transformers. The distributed ground detection circuit 1300 can be connected to a

three-phase power source (e.g., line-1 (L1) 1302, line-2 (L2) 1304, and line-3 (L3) 1306).
The exemplary ground detection circuit can include a plurality of relays to change from a

voltage detection mode of operation to a ground detection mode of operation.

[0099] Line-1 (L1) 1302 can be connected to the primary windings 1308 of a first
transformer 1310. The secondary windings 1312 of the first transformer 1310 can be
connected to a first detection circuit 1314. The primary windings 1308 of the first
transformer can also be connected to a first relay (K5) 1316 and a second relay (K8) 1318.

The relays illustrated in FIG. 13 can be cycled as a complete group.

[0100] If energized, the first relay (KS) 1316 can connect the primary windings 1308 of the
first transformer 1310 to the primary windings 1324 of a second transformer 1326. The first
relay (K5) 1316 can be energized in the voltage detection mode. In the voltage detection
mode, the line-1 (L1) 1302 would be connected to the line-2 (L2) 1304 through the primary
windings of the first transformer 1310. This would be part of a delta configuration of the
ground detection circuit 1300. In the voltage detection mode, the first detection circuit would
measure a voltage of the line-1 (L1) 1302. The measured voltage can be sent to a controller
1202. When relays 1318, 1338, and 1350 are off or open, and relays 1316, 1336, and 1348
are closed or on, the transformers are measuring line-to-line. When reversing the relays, we

are measuring line-to-ground.

[0101] If energized, the second relay (K8) 1318 can be connected to a common point 1320.
The common point can be connected to ground 1322. The second relay (K8) 1318 would be
energized in ground-detection mode. This would be part of a wye configuration of the
ground detection circuit 1300. In the ground detection mode, the first detection circuit 1314
would measure a voltage for determining if a ground exists, and if so a value to determine a

location of the ground.

[0102] One or more resistors 1330 can be connected prior to and/or after the primary

windings 1308 of the first transformer 1310.

[0103] Line-2 (L2) 1304 can be connected to the primary windings 1324 of a second
transformer 1326. The secondary windings 1332 of the second transformer 1326 can be
connected to a second detection circuit 1334. The primary windings 1324 of the second

transformer can also be connected to a first relay (K6) 1336 and a second relay (K9) 1338.
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[0104] If energized, the first relay (K6) 1336 can connect the primary windings 1324 of the
second transformer 1326 to the primary windings 1340 of a third transformer 1342. The first
relay (K6) 1336 can be energized in the voltage detection mode. In the voltage detection
mode, the Line-2 (L2) 1304 would be connected to the Line-3 (L3) 1306 through the primary
windings of the second transformer 1326. This would be part of a delta configuration of the
ground detection circuit 1300. In the voltage detection mode, the second detection circuit
1334 would measure a voltage of the Line-2 (L2) 1304. The measured voltage can be sent to

a controller 1202.

[0105] If energized, the second relay (K9) 1338 can be connected to a common point 1320.
The common point can be connected to ground 1322. The second relay (K9) 1338 would be
energized in ground-detection mode. This would be part of a wye configuration of the
ground detection circuit 1300. In the ground detection mode, the second detection circuit
1334 would measure a voltage for determining if a ground exists, and if so a value to

determine a location of the ground.

[0106] One or more resistors 1330 can be connected prior to and/or after the primary

windings 1324 of the second transformer 1326.

[0107] Line-3 (L3) 1306 can be connected to the primary windings 1340 of a third
transformer 1342. The secondary windings 1344 of the third transformer 1342 can be
connected to a third detection circuit 1346. The primary windings 1340 of the third
transformer 1342 can also be connected to a first relay (K7) 1348 and a second relay (K10)
1350.

[0108] If energized, the first relay (K7) 1348 can connect the primary windings 1340 of the
third transformer 1342 to the primary windings 1308 of the first transformer 1310. The first
relay (K7) 1348 can be energized in the voltage detection mode. In the voltage detection
mode, Line-3 (L3) 1306 would be connected to Line-1 (L1) 1302 through the primary
windings of the third transformer 1342. This would be part of a delta configuration of the
ground detection circuit 1300. In the voltage detection mode, the first detection circuit would
measure a voltage of Line-3 (L3) 1306. The measured voltage can be sent to a controller

1202.

[0109] If energized, the second relay (K10) 1350 can be connected to a common point
1320. The common point can be connected to ground 1322. The second relay (K10) 1350

would be energized in ground-detection mode. This would be part of a wye configuration of

24



10

15

20

25

30

WO 2023/200803 PCT/US2023/018199

the ground detection circuit 1300. In the ground detection mode, the third detection circuit
1346 would measure a voltage for determining if a ground exists, and if so a value to

determine a location of the ground.

[0110] One or more resistors 1330 can be connected prior to and/or after the primary

windings 1340 of the third transformer 1342.

[0111] Therefore, in a normal, voltage detection mode the first relay (K5) 1314, the first
relay (K6) 1336, and the first relay (K7) 1348 would be energized, closing the electrical

connections to link transformers from A-to-B, B-to-C, and C-to-A. The second relay (K8)
1312, the second relay (K9) 1338, and the second relay (K10) 1350 would be de-energized

(open) in the voltage detection mode.

[0112] To activate a ground detection mode, the first relay (K5) 1314, the first relay (K6)
1336, and the first relay (K7) 1348 would be de-energized (open). The second relay (K8)
1312, the second relay (K9) 1338, and the second relay (K10) 1350 would be energized
(closed) in the ground detection mode. Ground detection mode can be activated manually by
a controller. In various embodiments, ground detection mode can be activated automatically

at periodic intervals (e.g., every 10 minutes).

[0113] If the ground detection circuit 1300 was activated in the ground detection mode
with a ground in one of the lines, one or more of the first detection circuit 1314, the second
detection circuit 1334 and the third detection circuit 1346 would register a representative
voltage signal. The representative voltage signal would be proportional to the distance from
that transformer through all the cabling and wiring, and whatever kind of insulation is left on

the wiring in the vicinity of the ground.

[0114] The voltage output of the transformer would be proportional to the voltage from
primary to ground. The voltage signal can be passed through a filter 1218, as illustrated in
FIG. 12, to filter or otherwise process the signal. Once the signal is filtered, the signal can be
passed through an analog to digital converter to obtain a count value that is proportional to
that voltage level for the signal. In various embodiments, the count value can be sent to the

controller 1202.

[0115] In the ground detection mode, the voltage of the transformer of a grounded circuit
will drop down to a lower voltage while the other two transformer voltages may remain high.

For example, if the first transformer 1310 is closest to the ground location, the first detection
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circuit 1314 can have a first proportional signal that is down at ~25% or 30% of what the
maximum line voltage should be. In various embodiments, the voltage difference can be zero
volts. Any drop in voltage could be a result of grounding. The proportions of the drop are
the crux of the argument for pinpointing the ground with multiple detectors. The threshold

for that drop would be system dependent.

[0116] If looking at the drop in only one detector location, the line characteristics must be
known, as stated above. There can be two methods for ground detection (e.g., one detector

with known system and multiple detectors with unknown system).

[0117] The first proportional signal corresponds to a length of cabling that is between
where that transformer is detecting and where the actual ground is located in the line. The
actual location cannot be determined by that distance alone. In order to determine a location,
at least three measurements are generally taken, which could provide multiple proportional
signals, each representative of a distance from the corresponding transformer. For example,
one signal can represent 10 feet away, another can represent 25 feet away, and a third can
represent S5O feet away. This information can be triangulated to determine a precise location

of the ground.

[0118] According to this method, the length and impedance of the wiring on the system
would be a known quantity. A processor can be used to convert the count value to a precise

distance from each of the transformers.

[0119] FIG. 14 illustrates a second, exemplary distributed ground detection circuit 1400
using only two transformers. The distributed ground detection circuit 1400 illustrated in FIG.
14 shares common elements with the distributed ground detection circuit 1300 illustrated in
FIG. 13 and the description provided in relation to the distributed ground detection circuit
1300 is applicable to the distributed ground detection circuit 1400 as appropriate. The
distributed ground detection circuit 1400 can be connected to a three-phase power source
(e.g., line-1 (L1) 1402, line-2 (L2) 1404, and line-3 (L3) 1406). The exemplary ground
detection circuit can include a plurality of relays to change from a voltage detection mode of

operation to a ground detection mode of operation.

[0120] Unlike the bank change from line-to-line to line-to-ground by switching all 6 relays
at once as done for the previous embodiment in FIG. 13, this configuration can have a
sequence of connections/disconnections to switch from measuring line-to-line to measuring

line-to-ground. In one sequence, relay 1416 and relay 1434 can be off with relay 1418, relay
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1424, and relay 1436 can be on to connect for normal line-to-line voltage measurements. In a
second sequence relay 1436, relay 1418, and relay 1416 can be on with relay 1424 and relay
1434 can be off to connect for measuring line-1 (L1) 1402 to ground and line-3 (L3) 1406 to
ground voltages. In a third configuration, relay 1424 and relay 1434 can be on with relay

1436 and relay 1418 can be off to connect for measuring line-2 (L2) 1404 to ground.

[0121] Theline-1 (L 1) 1402 can be connected to a primary windings 1308 of a first
transformer 1410. The secondary windings 1412 of the first transformer 1410 can be
connected to a first detection circuit 1414. The primary windings 1408 of the first
transformer 1410 can also be connected to a first relay (K5) 1416 and a second relay (K8)
1418.

[0122] If energized, the first relay (KS) 1416 can connect the primary windings 1408 to a
common point 1420. The common point can be connected to ground 1422. The first relay
(K5) 1416 would be energized in ground-detection mode. This would be part of a wye
configuration of the ground detection circuit 1400. In the ground detection mode, the first
detection circuit 1414 would measure a voltage for determining if a ground exists, and if so a

value to determine a location of the ground.

[0123] If energized, the second relay (K6) 1418 can connect the primary windings 1408 of
the first transformer 1410 to the primary windings 1426 of a second transformer 1428. The
second relay (K6) 1418 can be energized in the voltage detection mode. In the voltage
detection mode, the Line-1 (L1) 1402 would be connected to the Line-2 (L2) 1404 through
the primary windings of the first transformer 1410. This would be part of a delta
configuration of the ground detection circuit 1400. In the voltage detection mode, the first
detection circuit would measure a voltage of the Line-1 (L1) 1402. The measured voltage

can be sent to a controller 1202,

[0124] One or more resistors 1430 can be connected prior to and/or after the primary

windings 1408 of the first transformer 1410.

[0125] If a third relay (K7) 1424 is energized (closed), the line-2 (L2) 1404 can be
connected to the primary windings 1427 of a second transformer 1428. The secondary
windings 1429 of the second transformer 1428 can be connected to a second detection circuit
1432. The primary windings 1426 of the second transformer 1428 can also be connected to a

first relay (K8) 1434 and a second relay (K9) 1436.
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[0126] If energized, the first relay (K8) 1434 can connect the primary windings 1408 to a
common point 1420. The common point can be connected to ground 1422. The first relay
(K8) 1434 would be energized in ground-detection mode. This would be part of a wye
configuration of the ground detection circuit 1400. In the ground detection mode, the first
detection circuit 1432 would measure a voltage for determining if a ground exists, and if so a
value to determine a location of the ground. If the second replay (K9) 1436 is also energized

(closed), the Line-3 (L3) 1406 is also connected to the common point 1420.

[0127] If the second relay (K9) 1436 is energized (closed) and the first relay (K8) 1434 is
de-energized (open), the primary windings 1426 of the second transformer 1428 to Line-3
(L3) 1406. The second relay (K9) 1436 can be energized in the voltage detection mode. In
the voltage detection mode, the Line-2 (L2) 1402 would be connected to the Line-3 (L3)
1406. This would be part of a delta configuration of the ground detection circuit 1400. In the
voltage detection mode, the first detection circuit would measure a voltage of the Line-2 (L2)

1404. The measured voltage can be sent to a controller 1202,

[0128] One or more resistors 1430 can be connected prior to and/or after the primary

windings 1426 of the second transformer 1428.

[0129] The Line-1 (L1) 1402 can be connected to the Line-3 (L3) 1406 if the second relay
(K6) 1418 is energized (closed) and the second relay (K9) 1436 is energized (closed) with the

remaining relays de-energized (open).

[0130] For voltage measurements, take the potential difference such as the following

equation:
Vab+ Veb = Vac.

Vector math can be used as the voltage can be a rotating value from a three-phase generator.
In various embodiments, the voltage difference can be represented by Vii.L2instead. When

the transformers are tied to an artificial wye tie point, the voltage can be read as VLi-N or Van.

[0131] If the second, exemplary distributed ground detection circuit 1400 is in voltage
detection mode, second relay (K6) 1418, third relay (K7) 1424, and second relay (K9) 1436
are energized (closed), and first relay (K5) 1416 and first relay (K8) 1434 are de-energized
(open). In this way, all three phases are connected in Delta configuration. The first detection
circuit 1414 can provide a measurement of the line-1 (L1) 1402 voltage. The first detection

circuit 1414 can send the voltage measurement to a controller 1202.
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[0132] The second detection circuit 1432 can provide a measurement of line-2 (L2) 1404
voltage if third relay (K7) 1424 is energized (closed) and the second relay (K9) 1436 is de-
energized (open). The second detection circuit 1432 can provide a measurement of line-3
(L3) 1406 voltage if third relay (K7) 1424 is de-energized (open) and the second relay (K9)
1436 is energized (closed). The second detection circuit 1432 can send the voltage

measurement to the controller 1202.

[0133] If the second, exemplary distributed ground detection circuit 1400 is in ground
detection mode, first relay (K5) 1416, third relay (K7) 1424, first relay (K8) 1434, are
energized (closed). In this way, all three phases are connected in a wye configuration to a

ground point.

[0134] Therefore, second, exemplary distributed ground detection circuit 1400 can provide
the same functionality with fewer components than the distributed ground detection circuit

1400 described in FIG. 14.

[0135] FIG. 15 illustrates a filtering circuit 1500. The filtering circuit 1500 can be part of
the filter 1218 as shown in FIG. 12. Noise filtering can often occur when measuring and
converting to digital signals. The filtering circuit 1500 can receive the electrical signals from
the overload protection devices 1208A, 1208B, 1208C as shown in FIG. 12. A first overload
protection device 1208 A can provide a first signal from phase A. A second overload
protection device 1208B can provide a second signal from phase B. A third overload
protection device 1208C can provide a third signal from phase C. The filtering circuit
removes or “filters out” a specified range of frequency components of the signals (e.g.,

noise).

[0136] The filtering circuit 1500 can include a differential amplifier 1508. The differential
amplifier 1508 can include an operational amplifier and a resistor network. The differential
amplifier 1508 can have a very high input, common-mode voltage range (e.g., an AD629
device). The differential amplifier 1508 can allow for accurately measuring differential
signals in the presence of high common-mode voltages (e.g., up to +270 volts). To achieve
high common-mode voltage range, an internal resistor divider attenuates the non-inverting
signal by some factor (e.g., 20). Other internal resistors restore the gain to provide a

differential unity of gain.

[0137] The filtering circuit 1500 can include a first low pass filter 1510 that passes low

frequency signals and blocks high frequency signals. In various embodiments, the first low
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pass filter 1510 can utilize Sallen-Key topology. Sallen-Key can be only one of many types

of filters that can and are employed for these systems.

[0138] The filtering circuit 1500 can include a second low pass filter 1512 that passes low
frequency signals and blocks high frequency signals. In various embodiments, the second
low pass filter 1512 can be connected in series with the first low pass filter 1510. In various
embodiments, the first low pass filter 1512 can utilize Sallen-Key topology. The output of
the second low pass filter 1512 can be the controller 1202 as illustrated in FIG. 12.

[0139] FIG. 16 illustrates a flow chart of a first example process for detecting a ground
condition in an electrical system. In some implementations, one or more process blocks of
FIG. 16 can be performed by a computing device. In some implementations, one or more
process blocks of FIG. 16 can be performed by another device or a group of devices separate

from or including the computing device.

[0140] The method can include measuring a difference from a tie point of the ungrounded
electrical system and a ground point to determine if a grounded condition exists (1610). A
switch or electronic relay can connect the primary windings of transformers connected to
each phase of an electrical power source to a ground. In various aspects, a voltage reading
can be made at any distributed device that galvanically is connected to the same branch of the
system, like three generator controllers on the main bus. In various embodiments, the method
can include activating a plurality of relays of the first overload protection device or the
second overload protection device to change a configuration of the ungrounded electrical

system from a delta configuration to a wye configuration.

[0141] When one phase is grounded, the phase-to-ground voltage of the grounded phase
decreases toward zero and the phase-to-ground voltages of the other phases increase. In
high-resistance grounded systems, a current-sensitive relay in the grounding resistor circuit

may also be used to measure the very small fault current.

[0142] For example, for the three-transformer configuration as described for FIG. 13, if
second relay (K8) 1312, second relay (K9) 1338, and second relay (K10) 1350 are energized
(closed) Line-1 (L1) 1302, Line-2 (L2) 1304, and Line-3 (L3) 1306 will be tied in a wye

configuration.

[0143] The method can include measuring a first signal at a first overload protection device

(1620). In various embodiments, the first signal can be measured in volts. The first signal
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can be measured from any one of the first detection circuit 1314, the second detection circuit
1334, and the third detection circuit 1346. The first signal can be passed through a filter
1218. In various embodiments, the first signal can be converted from an analog signal to a
digital signal through an analog digital converter. The first signal can be sent to the

controller 1202.

[0144] The method can include measuring a second signal at a second overload protection
device (1630). In various embodiments, the second signal can be measured in volts. The
second signal can be measured from one of the first detection circuit 1314, the second
detection circuit 1334, and the third detection circuit 1346 that does not provide the first
signal. The second signal can be passed through a filter 1218. In various embodiments, the
second signal can be converted from an analog signal to a digital signal through an analog

digital converter. The second signal can be sent to the controller 1202.

[0145] In various embodiments, the method can include measuring a third signal at a third
overload protection device. In various embodiments, the third signal can be measured in
volts. The third signal can be passed through a filter 1218. In various embodiments, the third
signal can be converted from an analog signal to a digital signal through an analog digital

converter. The third signal can be sent to the controller 1202.

[0146] The method can include comparing at least one of the first signal or the second
signal to a stored threshold value (1640). The threshold values can be used to determine if a

ground fault likely exists on the line.

[0147] The method can include determining a location of the grounded condition based at
least in part on comparing at least one of the first signal or the second signal to the stored
threshold value (1650). In various embodiments, the determined location of the grounded
condition is based at least in part on a length and an impedance of electrical circuit wiring of

the ungrounded electrical system.

[0148] In various embodiments, the method can include filtering the signal from the
overload protection devices prior to being sent to the controller. The filtering can be

accomplished using a low-pass filter to filter out high frequency noise.

[0149] The method can include displaying the location of the grounded condition on a
display (1660). The location can be displayed using a digital representation (e.g., a map) of

the power distribution system. In various embodiments, the ground location can be displayed
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as a pinpoint location. In various embodiments, the ground location can be depicted as a
general area. The location can be displayed as a distance from various components. In
additional to a location of a ground, the display can present voltage levels, current levels,

what the runtime status of the motor, and various temperature measurements.

[0150] In various embodiments, the method can include activating the plurality of relays of
the first overload protection device or the second overload protection device to change the
configuration of the ungrounded electrical system from the wye configuration to the delta
configuration. In this way, the overload protection devices change from ground fault

detection to voltage monitoring.

[0151] Process 1600 can include additional implementations, such as any single
implementation or any combination of implementations described below and/or in connection
with one or more other processes described elsewhere herein. It should be appreciated that
the specific steps illustrated in FIG. 16 provide particular techniques for detection of ground
faults in ungrounded electrical systems according to various embodiments of the present
disclosure. Other sequences of steps can also be performed according to alternative
embodiments. For example, alternative embodiments of the present disclosure can perform
the steps outlined above in a different order. Moreover, the individual steps illustrated in
FIG. 16 can include multiple sub-steps that can be performed in various sequences as
appropriate to the individual step. Furthermore, additional steps can be added or removed
depending on the particular applications. One of ordinary skill in the art would recognize

many variations, modifications, and alternatives.

[0152] FIG. 17 illustrates a flow chart of a second example process for detecting a ground
condition in an electrical system. In some implementations, one or more process blocks of
FIG. 17 can be performed by a computing device. In some implementations, one or more
process blocks of FIG. 17 can be performed by another device or a group of devices separate

from or including the computing device.

[0153] The method can include measuring a difference from a tie point of the ungrounded
electrical system and a ground point to determine if a grounded condition exists (1710). A
switch or electronic relay can connect the primary windings of transformers connected to
each phase of an electrical power source to a ground. In various embodiments, the method

can include activating a plurality of relays of the first overload protection device or the
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second overload protection device to change a configuration of the ungrounded electrical

system from a delta configuration to a wye configuration.

[0154] When one phase is grounded, the phase-to-ground voltage of the grounded phase
decreases toward zero and the phase-to-ground voltages of the other phases increase. In
high-resistance grounded systems, a current-sensitive relay in the grounding resistor circuit

may also be used to measure the very small fault current.

[0155] For example, for the three-transformer configuration as described for FIG. 13, if
second relay (K8) 1312, second relay (K9) 1338, and second relay (K10) 1350 are energized
(closed) Line-1 (L1) 1302, Line-2 (L2) 1304, and Line-3 (L3) 1306 will be tied in a wye

configuration.

[0156] The method can include measuring a first signal at a first overload protection device
(1720). In various embodiments, the first signal can be measured in volts. The first signal
can be measured from any one of the first detection circuit 1314, the second detection circuit
1334, and the third detection circuit 1346. The first signal can be passed through a filter
1218. In various embodiments, the first signal can be converted from an analog signal to a
digital signal through an analog digital converter. The first signal can be sent to the

controller 1202.

[0157] The method can include measuring a second signal at a second overload protection
device (1730). In various embodiments, the second signal can be measured in volts. The
second signal can be measured from one of the first detection circuit 1314, the second
detection circuit 1334, and the third detection circuit 1346 that does not provide the first
signal. The second signal can be passed through a filter 1218. In various embodiments, the
second signal can be converted from an analog signal to a digital signal through an analog

digital converter. The second signal can be sent to the controller 1202.

[0158] In various embodiments, the method can include measuring a third signal at a third
overload protection device (1740). In various embodiments, the third signal can be measured
in volts. The third signal can be passed through a filter 1218. In various embodiments, the
third signal can be converted from an analog signal to a digital signal through an analog

digital converter. The third signal can be sent to the controller 1202.
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[0159] The method can include comparing the first signal, the second signal, and a third
signal (1750). The threshold values can be used to determine if a ground fault likely exists on

the line.

[0160] The method can include determining a location of the grounded condition based at
least in part on comparing the first signal, the second signal, and the third signal (1760). In
various embodiments, the method can provide relativistic localization of the ground by
comparing the values of three or more signal values to determine which one of the signals
showed the strongest ground (e.g., a lowest voltage measured on the collapsed line). This
approach does not require the measuring and setup of the entire system of cables attached to
the system and has the most flexibility and tolerance to repairs. In various embodiments, the
method can include filtering the signal from the overload protection devices prior to being
sent to the controller. The filtering can be accomplished using a low-pass filter to filter out

high frequency noise.

[0161] The method can include displaying the location of the grounded condition on a
display (1770). The location can be displayed using a digital representation (e.g., a map) of
the power distribution system. In various embodiments, the ground location can be displayed
as a pinpoint location. In various embodiments, the ground location can be depicted as a
general area. The location can be displayed as a distance from various components. In
additional to a location of a ground, the display can present voltage levels, current levels,

what the runtime status of the motor, and various temperature measurements.

[0162] In various embodiments, the method can include activating the plurality of relays of
the first overload protection device or the second overload protection device to change the
configuration of the ungrounded electrical system from the wye configuration to the delta
configuration. In this way, the overload protection devices change from ground fault

detection to voltage monitoring.

[0163] Process 1700 can include additional implementations, such as any single
implementation or any combination of implementations described below and/or in connection
with one or more other processes described elsewhere herein. It should be appreciated that
the specific steps illustrated in FIG. 17 provide particular techniques for detection of ground
faults in ungrounded electrical systems according to various embodiments of the present
disclosure. Other sequences of steps can also be performed according to alternative

embodiments. For example, alternative embodiments of the present disclosure can perform
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the steps outlined above in a different order. Moreover, the individual steps illustrated in
FIG. 17 can include multiple sub-steps that can be performed in various sequences as
appropriate to the individual step. Furthermore, additional steps can be added or removed
depending on the particular applications. One of ordinary skill in the art would recognize

many variations, modifications, and alternatives.

[0164] Each of the embodiments disclosed herein can be implemented in a special-purpose
computer system. FIG. 18 illustrates a computer system 1800, in which various embodiments
described herein can be implemented. The system 1800 can be used to implement any of the
computer systems described above. As shown in the figure, computer system 1800 includes a
processing unit 1804 that communicates with a number of peripheral subsystems via a bus
subsystem 1802. These peripheral subsystems can include an input/output (I/O) subsystem
1808, a storage subsystem 1818 and a communications subsystem 1824. The storage
subsystem 1818 can include a tangible computer-readable storage media 1822 and a system

memory 1810.

[0165] Bus subsystem 1802 provides a mechanism for letting the various components and
subsystems of computer system 1800 communicate with each other as intended. Aside from
just the bus subsystem 1802 having varying implementations, the system 1800 can have
varying implementations of isolation with or without the transformers as shown; however, the
method only holds through a section of the bus system 1802 that is galvanically connected.
Fewer transformers would just mean more of the system 1800 would be connected together
and more detecting devices would be available to provide data to locate the ground.
Although bus subsystem 1802 is shown schematically as a single bus, alternative
embodiments of the bus subsystem can utilize multiple buses. Bus subsystem 1802 can be
any of several types of bus structures including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety of bus architectures. For example, such
architectures can include an Industry Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards
Association (VESA) local bus, and Peripheral Component Interconnect (PCI) bus, which can

be implemented as a Mezzanine bus manufactured to the IEEE P1386.1 standard.

[0166] Processing unit 1804, which can be implemented as one or more integrated circuits
(e.g., a conventional microprocessor or microcontroller), controls the operation of computer

system 1800. One or more processors can be included in processing unit 1804. These
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processors can include single core or multicore processors. In certain embodiments,
processing unit 1804 can be implemented as one or more independent processing units and/or
sub-processing unit 1834, 1838 with single or multicore processors included in each
processing unit. In other embodiments, processing unit 1804 can also be implemented as a

quad-core processing unit formed by integrating two dual-core processors into a single chip.

[0167] In various embodiments, processing unit 1804 can execute a variety of programs in
response to program code and can maintain multiple concurrently executing programs or
processes. At any given time, some or all of the program code to be executed can be resident
in processing unit 1804 and/or in storage subsystem 1818. Through suitable programming,
processing unit 1804 can provide various functionalities described above. Computer system
1800 can include a digital signal processor (DSP), a special-purpose processor, and

application specific integrated-circuit (ASIC), and/or the like.

[0168] I/O subsystem 1808 can include user interface input devices and user interface
output devices. User interface input devices can include a keyboard, pointing devices such as
a mouse or trackball, a touchpad or touch screen incorporated into a display, a scroll wheel, a
click wheel, a dial, a button, a switch, a keypad, audio input devices with voice command

recognition systems, microphones, and other types of input devices.

[0169] The system 1800 can include one or more sensors 1840. The system 1800 can

include one or more displays 1832.

[0170] Computer system 1800 can comprise a storage subsystem 1818 that comprises
software elements, shown as being currently located within a system memory 1810. System
memory 1810 can store program instructions that are loadable and executable on processing

unit 1804, as well as data generated during the execution of these programs.

[0171] Depending on the configuration and type of computer system 1800, system memory
1810 can be volatile (such as random access memory (RAM)) and/or non-volatile (such as
read-only memory (ROM), flash memory, etc.) The RAM typically contains data and/or
program modules that are immediately accessible to and/or presently being operated and
executed by processing unit 1804. In some implementations, system memory 1810 can
include multiple different types of memory, such as static random access memory (SRAM) or
dynamic random access memory (DRAM). In some implementations, a basic input/output
system (BIOS), containing the basic routines that help to transfer information between

elements within computer system 1800, such as during start-up, can typically be stored in the
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ROM. By way of example, and not limitation, system memory 1810 also illustrates
application programs 1812, which can include client applications, web browsers, mid-tier
applications, relational database management systems (RDBMS), etc., program data 1814,
and an operating system 1816. By way of example, operating system 1816 can include
various versions of Microsoft Windows®, Apple Macintosh®, and/or Linux operating
systems, a variety of commercially-available UNIX® or UNIX-like operating systems
(including without limitation the variety of GNU/Linux operating systems, the Google
Chrome® operating system (OS), and the like) and/or mobile operating systems such as 10S,
Windows® Phone, Android® OS, BlackBerry® 10 OS, and Palm® OS operating systems.
By way of example, operating system 1816 can include a custom real-time operating systems

(RTOS).

[0172] Storage subsystem 1818 can also provide a tangible computer-readable storage
medium for storing the basic programming and data constructs that provide the functionality
of some embodiments. Software (programs, code modules, instructions) that when executed
by a processor provide the functionality described above can be stored in storage subsystem
1818. These software modules or instructions can be executed by processing unit 1804.
Storage subsystem 1818 can also provide a repository for storing data used in accordance

with the present disclosure.

[0173] Storage subsystem 1818 can also include a computer-readable storage media reader
1820 that can further be connected to computer-readable storage media 1822. Together and,
optionally, in combination with system memory 1810, computer-readable storage media 1822
can comprehensively represent remote, local, fixed, and/or removable storage devices plus
storage media for temporarily and/or more permanently containing, storing, transmitting, and

retrieving computer-readable information.

[0174] Computer-readable storage media 1822 containing code, or portions of code, can
also include any appropriate media known or used in the art, including storage media and
communication media, such as but not limited to, volatile and non-volatile, removable and
non-removable media implemented in any method or technology for storage and/or
transmission of information. This can include tangible computer-readable storage media such
as RAM, ROM, electronically erasable programmable ROM (EEPROM), flash memory or
other memory technology, compact disc read only memory (CD-ROM), digital versatile disk

(DVD), or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or
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other magnetic storage devices, or other tangible computer readable media. This can also
include nontangible computer-readable media, such as data signals, data transmissions, or any
other medium which can be used to transmit the desired information and which can be

accessed by computing system 1800.

[0175] By way of example, computer-readable storage media 1822 can include a hard disk
drive that reads from or writes to non-removable, nonvolatile magnetic media, a magnetic
disk drive that reads from or writes to a removable, nonvolatile magnetic disk, and an optical
disk drive that reads from or writes to a removable, nonvolatile optical disk such as a CD
ROM, DVD, and Blu-Ray® disk, or other optical media. Computer-readable storage media
1822 can include, but is not limited to, Zip® drives, flash memory cards, universal serial bus
(USB) flash drives, secure digital (SD) cards, DVD disks, digital video tape, and the like.
Computer-readable storage media 1822 can also include, solid-state drives (SSD) based on
non-volatile memory such as flash-memory based SSD, enterprise flash drives, solid state
ROM, and the like, SSDs based on volatile memory such as solid state RAM, dynamic RAM,
static RAM, dynamic random-access memory (DRAM)-based SSD, magnetoresistive RAM
(MRAM) SSD, ferroelectric random-access memory (FRAM), and hybrid SSD that use a
combination of DRAM and flash memory based SSD. The disk drives and their associated
computer-readable media can provide non-volatile storage of computer-readable instructions,

data structures, program modules, and other data for computer system 1800.

[0176] Communications subsystem 1824 provides an interface to other computer systems
and networks. Communications subsystem 1824 serves as an interface for receiving data
from and transmitting data to other systems from computer system 1800. For example,
communications subsystem 1824 can enable computer system 1800 to connect to one or more
devices via the Internet. In some embodiments communications subsystem 1824 can include
radio frequency (RF) transceiver components for accessing wireless voice and/or data
networks (e.g., using cellular telephone technology, advanced data network technology, such
as 3G, 4G or EDGE (enhanced data rates for global evolution), Wi-Fi (Institute of Electrical
and Electronics Engineers (IEEE) 802.11 family standards, or other mobile communication
technologies, or any combination thereof), global positioning system (GPS) receiver
components, and/or other components. In some embodiments communications subsystem
1824 can provide wired network connectivity (e.g., Ethernet) in addition to or instead of a

wireless interface.
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[0177] In some embodiments, communications subsystem 1824 can also receive input
communication in the form of structured and/or unstructured data feeds 1826, event streams
1828, event updates 1830, and the like on behalf of one or more users who can use computer

system 1800.

[0178] Due to the ever-changing nature of computers and networks, the description of
computer system 1800 depicted in the figure is intended only as a specific example. Many
other configurations having more or fewer components than the system depicted in the figure
are possible. For example, customized hardware might also be used and/or particular
elements might be implemented in hardware, firmware, software (including applets), or a
combination. Further, connection to other computing devices, such as network input/output
devices, can be employed. Based on the disclosure and teachings provided herein, a person
of ordinary skill in the art will appreciate other ways and/or methods to implement the

various embodiments.

[0179] In the foregoing description, for the purposes of explanation, numerous specific
details were set forth in order to provide a thorough understanding of various embodiments of
the present disclosure. It will be apparent, however, to one skilled in the art that
embodiments of the present disclosure can be practiced without some of these specific

details. In other instances, well-known structures and devices are shown in block diagram

form.

[0180] The foregoing description provides exemplary embodiments only, and is not
intended to limit the scope, applicability, or configuration of the disclosure. Rather, the
foregoing description of the exemplary embodiments will provide those skilled in the art with
an enabling description for implementing an exemplary embodiment. It should be
understood that various changes can be made in the function and arrangement of elements
without departing from the spirit and scope of the disclosure as set forth in the appended

claims.

[0181] Specific details are given in the foregoing description to provide a thorough
understanding of the embodiments. However, it will be understood by one of ordinary skill
in the art that the embodiments can be practiced without these specific details. For example,
circuits, systems, networks, processes, and other components may have been shown as
components in block diagram form in order not to obscure the embodiments in unnecessary

detail. In other instances, well-known circuits, processes, algorithms, structures, and
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techniques may have been shown without unnecessary detail in order to avoid obscuring the

embodiments.

[0182] Also, it is noted that individual embodiments may have been described as a process
which is depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or
a block diagram. Although a flowchart may have described the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In addition, the
order of the operations can be re-arranged. A process is terminated when its operations are
completed, but could have additional steps not included in a figure. A process can
correspond to a method, a function, a procedure, a subroutine, a subprogram, etc. When a
process corresponds to a function, its termination can correspond to a return of the function to

the calling function or the main function.

[0183] The term “computer-readable medium” includes, but is not limited to portable or
fixed storage devices, optical storage devices, wireless channels and various other mediums
capable of storing, containing, or carrying instruction(s) and/or data. A code segment or
machine-executable instructions can represent a procedure, a function, a subprogram, a
program, a routine, a subroutine, a module, a software package, a class, or any combination
of instructions, data structures, or program statements. A code segment can be coupled to
another code segment or a hardware circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents. Information, arguments, parameters, data, etc.,
can be passed, forwarded, or transmitted via any suitable means including memory sharing,

message passing, token passing, network transmission, etc.

[0184] Furthermore, embodiments can be implemented by hardware, software, firmware,
middleware, microcode, hardware description languages, or any combination thereof. When
implemented in software, firmware, middleware or microcode, the program code or code
segments to perform the necessary tasks can be stored in a machine-readable medium. A

processor(s) can perform the necessary tasks.

[0185] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as appropriate.
For instance, in alternative configurations, the methods may be performed in an order
different from that described, and/or various stages may be added, omitted, and/or combined.
Also, features described with respect to certain configurations may be combined in various

other configurations. Different aspects and elements of the configurations may be combined
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in a similar manner. Also, technology evolves and, thus, many of the elements are examples

and do not limit the scope of the disclosure or claims.

[0186] Specific details are given in the description to provide a thorough understanding of
example configurations (including implementations). However, configurations may be
practiced without these specific details. For example, well-known circuits, processes,
algorithms, structures, and techniques have been shown without unnecessary detail in order to
avoid obscuring the configurations. This description provides example configurations only,
and does not limit the scope, applicability, or configurations of the claims. Rather, the
preceding description of the configurations will provide those skilled in the art with an
enabling description for implementing described techniques. Various changes may be made
in the function and arrangement of elements without departing from the spirit or scope of the

disclosure.

[0187] Also, configurations may be described as a process which is depicted as a flow
diagram or block diagram. Although each may describe the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In addition, the
order of the operations may be rearranged. A process may have additional steps not included
in the figure. Furthermore, examples of the methods may be implemented by hardware,
software, firmware, middleware, microcode, hardware description languages, or any
combination thereof. When implemented in software, firmware, middleware, or microcode,
the program code or code segments to perform the necessary tasks may be stored in a non-
transitory computer-readable medium such as a storage medium. Processors may perform the

described tasks.

[0188] Asused below, any reference to a series of examples is to be understood as a
reference to each of those examples disjunctively (e.g., "Examples 1-4" is to be understood as

"Examples 1, 2, 3, or 4").

[0189] Example 1 is an ungrounded power distribution system with distributed ground
detection, comprising: an electrical circuit comprising at least a first ground detector device
and a second ground detector device, each the first ground detector device and the second
ground detector device comprising a voltage ground detection circuit configured to measure
ground signal strengths; a controller comprising at least one processor configured to read a
first signal strength at the first ground detector device and a second signal strength at the

second ground detector device, wherein the controller is configured to determine a ground
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location based at least in part on the first signal strength at the first ground detector device
and the second signal strength at the second ground detector device; a communication
network connecting the first ground detector device and the second ground detector device
with the controller; and a display configured to present the ground location in the ungrounded

power distribution system.

[0190] Example 2 is the ungrounded power distribution system of example(s) 1, further
comprising a switch to transition the voltage ground detection circuit from a voltage detection

mode to a ground detection mode.

[0191] Example 3 is the ungrounded power distribution system of example(s) 2, wherein
the switch is configured to activate a plurality of relays that change a delta configuration of

the electrical circuit to a wye configuration of the electrical circuit.

[0192] Example 4 is the ungrounded power distribution system of example(s) 1, wherein
the ground location is determined based at least in part on a length and an impedance of the

electrical circuit wiring.

[0193] Example 5 is the ungrounded power distribution system of example(s) 1, further

comprising a filter coupled to the voltage ground detection circuit.

[0194] Example 6 is the ungrounded power distribution system of example(s) 1, further
comprising one or more transformers, wherein the one or more transformers connect each
phase of a plurality of phase wires of the ungrounded power distribution system to a common

wye tie point.

[0195] Example 7 is the ungrounded power distribution system of example(s) 1, wherein

the ground signal strengths are measured in volts.

[0196] Example 8 is an overload protection device comprising: a first transformer
comprising a first primary-winding connected to a first phase of an electrical power source
and a first secondary-winding connected to a first voltage detecting circuit and a
communication circuit, the first voltage detecting circuit configured to measure a first signal
strength of the first secondary-winding; a second transformer comprising a second primary-
winding connected to a second phase of the electrical power source and a second secondary-
winding connected to a second voltage detecting circuit and the communication circuit, the
second voltage detecting circuit configured to measure a second signal strength of the second

secondary-winding; a third transformer comprising a third primary-winding connected to a
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third phase of the electrical power source and a third secondary-winding connected to a third
voltage detecting circuit and the communication circuit, the third voltage detecting circuit
configured to measure a third signal strength of the third secondary-winding; a first switching
element configured to selectively connect the first primary-winding to the second primary-
winding in a voltage detection mode; a second switching element configured to selectively
connect the first primary-winding to a ground in a ground detection mode; a third switching
element configured to selectively connect the second primary-winding to the third primary-
winding in the voltage detection mode; a fourth switching element configured to selectively
connect the second primary-winding to the ground in the ground detection mode; a fifth
switching element configured to selectively connect the third primary-winding to the first
primary-winding in the voltage detection mode; and a sixth switching element configured to
selectively connect the second primary-winding to the ground in the ground detection mode;
and a controller configured to switch the overload protection device between the voltage

detection mode and the ground detection mode.

[0197] Example 9 is the overload protection device of example(s) 8, wherein the first
switching element and the second switching element are configured to transition the first

voltage detecting circuit from a voltage detection mode to a ground detection mode.

[0198] Example 10 is the overload protection device of example(s) 8, wherein the first
switching element and the second switching element change a configuration of the overload

protection device from a delta configuration to a wye configuration.

[0199] Example 11 is the overload protection device of example(s) 8, wherein at least one

of the first switching element and the second switching element is a mechanical switch.

[0200] Example 12 is the overload protection device of example(s) 8, wherein at least one

of the first switching element and the second switching element is electrical switch.

[0201] Example 13 is the overload protection device of example(s) 8, wherein the
controller is configured to compare the first signal strength, the second signal strength, and

the third signal strength to determine a grounded condition.

[0202] Example 14 is the overload protection device of example(s) 13, wherein the
controller is one of a programmable logic controller, a computer, or a dedicated

microcontroller device.
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[0203] Example 15 is a method for detecting a location of a grounded condition in an
ungrounded electrical system, the method comprising: measuring a difference from a tie point
of the ungrounded electrical system and a ground point to determine if a grounded condition
exists; if the grounded condition exists, for each phase of electric current in the ungrounded
electrical system: measuring a first signal at a first overload protection device; measuring a
second signal at a second overload protection device; measuring a third signal at a third
overload protection device; comparing at least one of the first signal, the second signal, and
the third signal to a stored threshold value; and determining a location of the grounded
condition based at least in part on the comparing the at least one of the first signal, the second
signal, and the third signal to the stored threshold value; and displaying the location of the

grounded condition on a display.

[0204] Example 16 is the method of example(s) 15, further comprising activating relays in
each of the first overload protection device, the second overload protection device, and the
third overload protection device to change a configuration of the ungrounded electrical

system from a delta configuration to a wye configuration.

[0205] Example 17 is the method of example(s) 16, further comprising activating the relays
in each of the first overload protection device, the second overload protection device, and the
third overload protection device to change the configuration of the ungrounded electrical

system from the wye configuration to the delta configuration.

[0206] Example 18 is the method of example(s) 15, wherein the location of the grounded
condition is determined based at least in part on a length and an impedance of electrical

circuit wiring of the ungrounded electrical system.

[0207] Example 19 is the method of example(s) 15, further comprising filtering the first
signal at least one of the first overload protection device, the second signal at the second

overload protection device, and the third overload protection device.

[0208] Example 20 is the method of example(s) 15, wherein at least one of the first signal,

the second signal, and the third signal are measured in volts.

[0209] Example 21 is a method for detecting a location of a grounded condition in an
ungrounded electrical system, the method comprising: measuring a difference from a tie point
of the ungrounded electrical system and a ground point to determine if a grounded condition

exists; if the grounded condition exists, for each phase of electric current in the ungrounded
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electrical system: measuring a first signal at a first overload protection device; measuring a
second signal at a second overload protection device; measuring a third signal at a third
overload protection device; comparing the first signal, the second signal, and the third signal;
and determining a location of the grounded condition based at least in part on the comparing
the first signal, the second signal, and the third signal; and displaying the location of the

grounded condition on a display.

[0210] Example 22 is the method of example(s) 21, further comprising activating relays in
each of the first overload protection device, the second overload protection device, and the
third overload protection device to change a configuration of the ungrounded electrical

system from a delta configuration to a wye configuration.

[0211] Example 23 is the method of example(s) 22, further comprising activating the relays
in each of the first overload protection device, the second overload protection device, and the
third overload protection device to change the configuration of the ungrounded electrical

system from the wye configuration to the delta configuration.

[0212] Example 24 is the method of example(s) 21, wherein the location of the grounded
condition is determined based at least in part a lowest voltage value of the first signal, the

second signal, and the third signal.

[0213] Example 25 is the method of example(s) 21, further comprising filtering the first
signal at least one of the first overload protection device, the second signal at the second

overload protection device, and the third overload protection device.

[0214] Example 26 is the method of example(s) 21, wherein at least one of the first signal,

the second signal, and the third signal are measured in volts.

[0215] Having described several example configurations, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the
disclosure. For example, the above elements may be components of a larger system, wherein
other rules may take precedence over or otherwise modify the application of the disclosure.
Also, a number of steps may be undertaken before, during, or after the above elements are

considered.
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WHAT IS CLAIMED IS:

1. An ungrounded power distribution system with distributed ground
detection, comprising:

an electrical circuit comprising at least a first ground detector device and a
second ground detector device, each the first ground detector device and the second ground
detector device comprising a voltage ground detection circuit configured to measure ground
signal strengths;

a controller comprising at least one processor configured to read a first signal
strength at the first ground detector device and a second signal strength at the second ground
detector device, wherein the controller is configured to determine a ground location based at
least in part on the first signal strength at the first ground detector device and the second
signal strength at the second ground detector device;

a communication network connecting the first ground detector device and the
second ground detector device with the controller; and

a display configured to present the ground location in the ungrounded power

distribution system.

2. The ungrounded power distribution system of claim 1, further
comprising a switch to transition the voltage ground detection circuit from a voltage detection

mode to a ground detection mode.

3. The ungrounded power distribution system of claim 2, wherein the
switch is configured to activate a plurality of relays that change a delta configuration of the

electrical circuit to a wye configuration of the electrical circuit.

4. The ungrounded power distribution system of claim 1, wherein the
ground location is determined based at least in part on a length and an impedance of the

electrical circuit wiring.

5. The ungrounded power distribution system of claim 1, further

comprising a filter coupled to the voltage ground detection circuit.

6. The ungrounded power distribution system of claim 1, further

comprising one or more transformers, wherein the one or more transformers connect each
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phase of a plurality of phase wires of the ungrounded power distribution system to a common

wye tie point.

7. The ungrounded power distribution system of claim 1, wherein the

ground signal strengths are measured in volts.

8. An overload protection device comprising:

a first transformer comprising a first primary-winding connected to a first
phase of an electrical power source and a first secondary-winding connected to a first voltage
detecting circuit and a communication circuit, the first voltage detecting circuit configured to
measure a first signal strength of the first secondary-winding;

a second transformer comprising a second primary-winding connected to a
second phase of the electrical power source and a second secondary-winding connected to a
second voltage detecting circuit and the communication circuit, the second voltage detecting
circuit configured to measure a second signal strength of the second secondary-winding;

a third transformer comprising a third primary-winding connected to a third
phase of the electrical power source and a third secondary-winding connected to a third
voltage detecting circuit and the communication circuit, the third voltage detecting circuit
configured to measure a third signal strength of the third secondary-winding;

a first switching element configured to selectively connect the first primary-
winding to the second primary-winding in a voltage detection mode;

a second switching element configured to selectively connect the first primary-
winding to a ground in a ground detection mode;

a third switching element configured to selectively connect the second
primary-winding to the third primary-winding in the voltage detection mode;

a fourth switching element configured to selectively connect the second
primary-winding to the ground in the ground detection mode;

a fifth switching element configured to selectively connect the third primary-
winding to the first primary-winding in the voltage detection mode; and

a sixth switching element configured to selectively connect the second
primary-winding to the ground in the ground detection mode; and

a controller configured to switch the overload protection device between the

voltage detection mode and the ground detection mode.
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0. The overload protection device of claim 8, wherein the first switching
element and the second switching element are configured to transition the first voltage

detecting circuit from a voltage detection mode to a ground detection mode.

10.  The overload protection device of claim 8, wherein the first switching
element and the second switching element change a configuration of the overload protection

device from a delta configuration to a wye configuration.

11.  The overload protection device of claim 8, wherein at least one of the

first switching element and the second switching element is a mechanical switch.

12.  The overload protection device of claim 8, wherein at least one of the

first switching element and the second switching element is electrical switch.

13. The overload protection device of claim 8, wherein the controller is
configured to compare the first signal strength, the second signal strength, and the third signal

strength to determine a grounded condition.

14.  The overload protection device of claim 13, wherein the controller is

one of a programmable logic controller, a computer, or a dedicated microcontroller device.

15. A method for detecting a location of a grounded condition in an
ungrounded electrical system, the method comprising:
measuring a difference from a tie point of the ungrounded electrical system
and a ground point to determine if a grounded condition exists;
if the grounded condition exists, for each phase of electric current in the
ungrounded electrical system:
measuring a first signal at a first overload protection device;
measuring a second signal at a second overload protection device;
measuring a third signal at a third overload protection device;
comparing at least one of the first signal, the second signal, and the
third signal to a stored threshold value; and
determining a location of the grounded condition based at least in part
on the comparing the at least one of the first signal, the second signal, and the third
signal to the stored threshold value; and

displaying the location of the grounded condition on a display.
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16. The method of claim 15, further comprising activating relays in each of
the first overload protection device, the second overload protection device, and the third
overload protection device to change a configuration of the ungrounded electrical system

from a delta configuration to a wye configuration.

17.  The method of claim 16, further comprising activating the relays in
each of the first overload protection device, the second overload protection device, and the
third overload protection device to change the configuration of the ungrounded electrical

system from the wye configuration to the delta configuration.

18. The method of claim 15, wherein the location of the grounded
condition is determined based at least in part on a length and an impedance of electrical

circuit wiring of the ungrounded electrical system.

19. The method of claim 15, further comprising filtering the first signal at
least one of the first overload protection device, the second signal at the second overload

protection device, and the third overload protection device.

20. The method of claim 15, wherein at least one of the first signal, the

second signal, and the third signal are measured in volts.

21. A method for detecting a location of a grounded condition in an
ungrounded electrical system, the method comprising:
measuring a difference from a tie point of the ungrounded electrical system
and a ground point to determine if a grounded condition exists;
if the grounded condition exists, for each phase of electric current in the
ungrounded electrical system:
measuring a first signal at a first overload protection device;
measuring a second signal at a second overload protection device;
measuring a third signal at a third overload protection device;
comparing the first signal, the second signal, and the third signal; and
determining a location of the grounded condition based at least in part
on the comparing the first signal, the second signal, and the third signal; and

displaying the location of the grounded condition on a display.

49



B W

B W

WO 2023/200803 PCT/US2023/018199

22. The method of claim 21, further comprising activating relays in each of
the first overload protection device, the second overload protection device, and the third
overload protection device to change a configuration of the ungrounded electrical system

from a delta configuration to a wye configuration.

23.  The method of claim 22, further comprising activating the relays in
each of the first overload protection device, the second overload protection device, and the
third overload protection device to change the configuration of the ungrounded electrical

system from the wye configuration to the delta configuration.

24, The method of claim 21, wherein the location of the grounded
condition is determined based at least in part a lowest voltage value of the first signal, the

second signal, and the third signal.

25. The method of claim 21, further comprising filtering the first signal at
least one of the first overload protection device, the second signal at the second overload

protection device, and the third overload protection device.

26. The method of claim 21, wherein at least one of the first signal, the

second signal, and the third signal are measured in volts.
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This application contains the following inventions or groups of inventions which are not so linked as io form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Clain:\s 1-7 are directed towards ground detector devices.
Group II: Claims 8-14 are directed towards an overload protection device.
Group lII: Claims 15-26 are directed towards measuring signals at points in an electrical system.

The inventions listed as Groups I-I1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at least an electrical circuit comprising at least a first ground detector device and a
second ground detector device, each the first ground detector device and the second ground detector device comprising a voltage
ground detection circuit configured to measure ground signal strengths; a controiler comprising at least one processor configured to read
a first signal strength at the first ground detector device and a second signal strength at the second ground detector device, wherein the
controller is configured to determine a ground location based at least in part on the first signal strength at the first ground detector device
and the second signal strength at the second ground detector device; a communication network connecting the first ground detector
device and the second ground detector device with the controlier which are not present in Groups Il and Ili.

The special technical features of Group |l include at least an overload protection device comprising: a first transformer comprising a first
primary-winding connected to a first phase of an electrical power source and a first secondary-winding connected to a first voltage
detecting circuit and a communication circuit, the first voltage detecting circuit configured to measure a first signal strength of the first
secondary-winding; a second transformer comprising a second primary-winding connected to a second phase of the electrical power
source and a second secondary-winding connected to a second voltage detecting circuit and the communication circuit, the second
voltage detecting circuit configured to measure a second signal strength of the second secondary-winding; a third transformer comprising
a third primary-winding connected to a third phase of the electrical power source and a third secondary-winding connected to a third
voitage detecting circuit and the communication circuit, the third voltage detecting circuit configured to measure a third signal strength of
the third secondary-winding; a first switching element configured to selectively connect the first primary- winding to the second
primary-winding in a voltage detection mode; a second switching element configured to selectively connect the first primary- winding to a
ground in a ground detection mode; a third switching element configured to selectively connect the second primary-winding to the third
primary-winding in the voltage detection mode; a fourth switching element configured to selectively connect the second primary-winding
to the ground in the ground detection mode; a fifth switching element configured to selectively connect the third primary- winding to the
first primary-winding in the voltage detection mode; and a sixth switching element configured to selectively connect the second
primary-winding to the ground in the ground detection mode; and a controller configured to switch the overload protection device between
the voltage detection mode and the ground detection mode, which are not present in Groups | and I1.

The special technical features of Group Il include at least measuring a difference from a tie point of the ungrounded electrical system
and a ground point to determine if a grounded condition exists; if the grounded condition exists, for each phase of electric current’in the
ungrounded electrical system: measuring a first signal at a first overload protection device; measuring a second signal at a second
overload protection device; measuring a third signal at a third overload protection device; comparing the first signal, the second signal,
and the third signal; and determining a location of the grounded condition based at least in part on the comparing the first signal, the
second signal, and the third signal, which are not present in Groups | and Il

Common technical features shared by Groups [ and II! are an ungrounded power distribution system with distributed ground detection,
and a display configured to present the ground location in the ungrounded power distribution system:,

However, these common features are previously disclosed by US 2009/0256576 A1 to Weems, W. et al. (hereinafter “WEEMS").
WEEMS discloses an ungrounded power distribution system with distributed ground detection, and a display configured to present the
ground location in the ungrounded power distribution system (an ungrounded power system that distributes power which locates a
ground fault that is distributed in the electrical system includes a screen which displays which displays information to locate the ground;
abstract; para [0049]-[0052]).

Since the common technical features are previously disclosed by the WEEMS reference, these common features are not special and so '
Groups |, Il, and I lack unity. ) '
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