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Abstract

A ground check monitoring device coupled to a trailing cable includes a voltage
source and a switch. The trailing cable includes a first conductor, a second conductor, and
a ground conductor. A resistive termination device is coupled between the first conductor
and the ground conductor. A controller of the ground check monitoring device can toggle
the switch between a first node of the first conductor and a second node of the second
conductor. By measuring voltages at the first and second nodes, the ground check
monitoring device can determine if the resistive termination device is shorted. Further, the
controller can calculate resisfance values of the first and second conductors and calculate
a resistance value of the ground conductor. The calculated resistance values can be
compared to expected values and the controller can signal a ground fault condition as

appropriate based on the comparisons.
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TWO-WIRE RESISTANCE TERMINATED GROUND CHECK

Field of the Disclosure

[0002] This disclosure relates generally to the field of ground check monitors and

more particularly to a two-wire resistance-based ground check.

Background of the Disclosure

{0003] Mining equipment often requires power from an external power source. The
mining equipment may be tethered to the external power source by portable power cables,
which may be referred to as trailing cables. The trailing cables are used to supply power
to various types of mining equipment such as, for example, pumps, drills, shovels, and
other mining machines.

[0004] Trailing cables and mining equipment attached thereto often pose elevated
safety risks. Mine machine operators may be exposed to electrical hazards caused by
trailing cable damage, a line-to-ground fault existing in the mining machine, or a broken
or damaged ground conductor. To ensure proper grounding of the mining machine, a
ground check monitor can be used with the trailing cables. In the event of trailing cable
damage as detected by the ground check monitor, mining equipment can be de-energized
to protect the mining machine operator.

[0005] Conventional ground check monitors suffer from one or more problems. For
example, conventional ground check monitors often use a Zener diode terminated ground

check circuit. Alternating current (AC) effects can be induced on a Zener diode terminated
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ground check circuit. The induced AC effects on the Zener diode can create a significant
error on a measured ground resistance, thus making it virtually impossible to measure

ground resistance to a required accuracy.

Summary

[0006] This Summary is provided to introduce a selection of concepts in a
simplified form that are fu;‘ther described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed subject
matter, nor is it intended as an aid in determining the scope of the claimed subject matter.
[0007] Accordingly, a need exists for an improved ground check monitor for
trailing cables that provides immunity to induced AC effects without requiring advanced
filtering techniques while also providing measurement of ground resistance to a required
accuracy.

[0008] Various embodiments described herein provide a two-wire resistance-based
ground check termination circuit and methods for using the same. According to various
embodiments, a ground check monitoring device is coupled to a trailing cable. The ground
check monitoring device can include a voltage source and a switch. The trailing cable can
include a first conductor, a second conductor, and a ground conductor. A resistive
termination device can be coupled between the first conductor and the ground conductor.
A controller of the ground check monitoring device can toggle the connectivity of the
switch between a first node of the first conductor and a second node of the second
conductor. By measuring voltages at the first and second nodes, the ground check
monitoring device can determine if the resistive termination device is shorted. Further, the

controller can calculate resistance values of the first and second conductors and calculate
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a resistance value of the ground conductor. The calculated resistance values can be
compared to expected values or predetermined thresholds and the controller can signal a

ground fault condition as appropriate based on the comparisons.

Brief Description of the Drawings

[0009] By way of example, specific embodiments will now be described, with
reference to the accompanying drawings, in which:

[0010] FIG. 1 illustrates a cross-sectional view of an exemplary trailing cable in
accordance with the present disclosure.

[0011] FIG. 2 illustrates a schematic of a two-wire resistance terminated ground
check monitoring circuit in accordance with the present disclosure.

[0012] FIG. 3 is a flow chart illustrating a method of operating the two-wire
resistance terminated ground check monitoring circuit of FIG. 2.

[0013] FIG. 4 illustrates a ground check monitoring system in accordance with the

present disclosure.

Detailed Description
[0014] The present disclosure will now Be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments are shown. This
disclosure, however, may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the disclosure to those skilled in the art. In the drawings, like numbers refer to

like elements throughout.
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[0015] FIG. 1 illustrates a cross-sectional view of an exemplary trailing cable 100.
As shown in FIG. 1, the trailing cable 100 may include ground conductors (e.g., ground
wires) 40 and three phase conductors 30. The trailing cable 100 may further include two
insulated ground check wires (e.g., pilot wires), such as a first insulated ground check
wire 118 and a second insulated ground check wire 120. The first insulated ground check
wire 118 and the second insulated ground check wire 120 can be used to monitor continuity
and/or integrity of the ground conductors 40. That is, the first insulated ground check
~wire 118 and the second insulated ground check wire 120 may be used to monitor
continuity and/or the integrity of the ground conductors 40 to ensure that, upon occurrence
of a ground fault, ground-fault protection is achieved.
[0016] FIG. 4 illustrates a ground check monitoring system 400 of the present
invention. As shown in FIG. 4, the ground check monitoring system 400 can include a
ground check monitor 402 (or ground check monitoring device 402), the trailing cable 100,
and a termination device 404. The trailing cable 100 can be coupled to the ground check
monitor 402 and can be coupled to the termination device 404. The termination device 404
can be a resistive termination device. As such, the termination device 404 can be a linear
device. The following provides further detail on the components of the ground check
monitoring system 400 and its operation.
[0017] FIG. 2 illustrates a schematic of a ground check termination circuit 200.
The ground check termination circuit 200 includes a power source 202 (e.gf., a voltage
source 202), a switch 214, the first insulated ground check wire 118, the second insulated
ground check wire 120, resistor 204, resistor 206, resistor 208, resistor 210, resistor 212,
carth ground 222, chassis ground 224, ground conductor 40, and nodes 230 and 240. The
ground check termination circuit 200 can further include a controller 250 (shown in

4
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phantom). The controller 250 can control operation of the switch 214. Further operative
features of the controller 250 are described herein.

[0018] The ground check termination circuit 200 can represent the ground check
monitoring system 400 depicted in FIG. 4. For example, the voltage source 202, the
resistor 204, the switch 214, and the controller 250 can represent a portion of the ground
check monitor 402. The first insulated ground check wire 118, the resistor 206, the second
insulated ground check wire 120, the resistor 208, the ground conductor 40, and the resistor
210 can represent a portion of the trailing cable 100 (e.g., as depicted in FIG. 4). The
resistor 212 can represent the termination device 404 depicted in FIG. 4.

[0019] The voltage source 202 can represent an internal circuit voltage generated
by a ground check monitoring device (e.g., the ground check monitor 402). The voltage
source 202 can provide, as an example, approximately 24 volts-direct current (Vdc). The
resistor 204 can represent an internal sense resistance (or internal resistance) in the ground
check monitoring device. The resistor 204 may have a resistance value of, e.g,
approximately 132 ohms. The switch 214 can also be internal to the ground check
monitoring device. The switch 214 can be coupled in series with the voltage source 202.
The switch 214 can also be coupled to the first ground check line 118 and the second
ground check line 120. As such, the switch 214 may toggle and select between the two
insulated ground check wires 118, 120 in the trailing cable 100. Accordingly, by use of
the switch 214, a voltage provided by the voltage source 202 may be applied to the first
ground check line 118 or the second ground check line 120 to provide an excitation of these
pilot wires. The switch 214 can be controlled by the controller 250 to measure and store

voltages measured at the nodes 230, 240. The measurement of voltages at or of the nodes
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203, 240 can be made relative to a ground (e.g., an earth ground). The wires 118 and 120
can be considered to be first and second conductors 118, 120, respectively.

[0020] The resistor 206 can represent the resistance of the first ground check line
or pilot wire 118 in the trailing cable 100. The resistor 208 can represent the resistance of
the second ground check line or pilot wire 120 in the trailing cable 100. The resistor 210
may represent the resistance of the grounding conductor 40 in the trailing cable 100. The
resistor 210 may have a value of, e.g., less than 4 ohms.

[0021] The resistor 212 can represent the resistance of a termination device
attached between the pilot wire 118 and the chassis ground 224/ground conductor 40. The
resistor 212 can have a value of, e.g., approximately 6 ohms. By using the resistor 212 in
the termination device associated with the monitoring equipment (as opposed to using a
Zener diode), the monitoring equipment described herein has increased immunity to
induced alternating current (AC) effects, thereby enabling the detection of a 4 ohm or less
ground resistance which is more accurate than conventional monitoring systems.

[0022] The resistor 212 of the termination device may be located at a junction box
of the equipment receiving the trailing cable 100. At the other end of the trailing cable 100
(i.e., at the location of a voltage source 202), the first insulated ground check wire 118 and
the second insulated ground check wire 120 and the ground conductors 40 can be connected
to terminals of a ground check monitor, which measures and monitors the electrical
characteristics between terminals of the ground check monitor. As shown in FIG. 2, the
resistor 212 can be coupled to the first conductor 118 and to the chassis ground 224. The
ground conductor 40 can be represented as coupling the earth ground 222 to the chassis
ground 224. As further shown in FIG. 2, a negative terminal of the voltage source 202 can
be coupled to the ground conductor 40 such that the resistor 212 (or termination device)

6
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can be considered to be coupled between the first conductor 118 and the ground conductor
40.

[0023] In operation, the ground check monitor detects a fault condition using the
ground check termination circuit 200. Upon detecting the fault condition, the trailing cable
100 may be de-energized. Alternatively, if no fault condition exists, the ground check
monitor permits the trailing cable 100 to be energized (or remain energized). The ground
check termination circuit 200 allows for the voltages of nodes 230, 240 to be monitored
and measured and for the resistance values of the resistors 206, 208 and 210 to be calculated
as part of the ground check operation or monitoring.

[0024] Operation of the ground check termination circuit 200 to determine and/or
detect a ground fault can proceed as follows. The switch 214 may be connected to the first
insulated ground check wire 118 and an excitation may be applied to the first insulated
ground check wire 118. The voltage at node 230 of the first insulated ground check
wire 118 can be measured. The voltage of node 240 of the second insulated ground check
wire 120 can also be measured. Next, the switch 214 is toggled to the second insulated
ground check wire 120. The voltage of the node 230 of the first insulated ground check
wire 118 can again be measured. The voltage of the node 240 of the second insulated
ground check wire 120 can also again be measured. The measured voliages for nodes 230
and node 240 are stored and used as standardized operational parameters. The measured
voltages for nodes 230 and 240 can also be used to verify that the termination resistor 212
is not shorted (or alternatively, determine that the termination resistor 212 is in a short
condition).

[0025]) After verifying that the termination resistor 212 is not shorted, the
switch 214 can be reconnected to the first insulated ground check wire 118. The voltage

7
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at nodes 230 and 240 can again be measured. The re-measured voltages of nodes 230
and 240 can be compared to the standardized operational parameters and can also be used
to calculate the resistance of the ground conductor 40 (i.e., the value of resistor 210) and/or
the resistance of the pilot wires 118 and/or 120. If the re-measured voltages and/or if the
calculated resistances deviate significantly from expected values, then a ground check
failure condition can be determined and a ground check failure signal or other alarm can
be issued, as described below.

[0026] When the power source 202 provides an excitation to the pilot wire 118
(when the switch 214 is coupled to the pilot wire 118), no current flows through the second
pilot wire 120. The voltages at nodes 230, 240 can then be described by the following

respective equations:

(Rz06+ Ra12+ Rz10)
R206+ R212+ R210+R204

Vase = * Vao2 (1),

(Rz10)
Vaso = 22 * Vo2 (2),

R206t Rz212+ R210+R204

where V,,, represents the voltage provided by the voltage source 202, V5,3, is the voltage
at node 230, V,,4, is the voltage ét node 240, R,q, is the resistance of resistor 204, Ry is
the resistance of resistor 206, R, is the resistance of resistor 210, and R, , is resistance
of resistor 212.

[0027] In contrast, when the switch 214 is connected to the second insulated ground

check wire 120 at node 240, the voltages V,3, and V,,, are given by:
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(R210)

Vazo = Rz10+ Rz08+Raos * V202 3
_ {Ra10+ Raos)
Vaao = Rz10+ Rzo8+R204 * Va0 ),
where R, is the resistance of resistor 208.
[0028] For the same trailing cable 100, the resistance of the pilot wire 118 can be

considered to be substantially equal to the resistance of the pilot wire 120 (e.g., Ryg6 =

Ry08 = Rgc), such that equations (1)-(4) may be reduced to:

{Rgc+ Ra12+ Ra10)
Vazo = * Vao2 (5),
RGc+ Rai2+ Ra10tR204

Vaso = Rgc+ sz’:?;)zw'*Rzm * Vaoz ©),
Vazo = ;;;‘% * V202 (7,
Vaao = % * Va2 (8.
[0029] By measuring V30 and V,,,, the only unknown values in the circuit are

Rgc and R,q10. It should be noted that all voltages can be measured relative to earth

ground 222. Given there are four (4) equations (equations 5-8) and two (2) unknown
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values (e.g., Rgc and Ry0), this can be considered to be an over-determined system of
linear equations. In other words, at normal/standard operation only two (2) sets of
equations are needed and the other two equations are unnecessary to determine Rg¢ and
R,10. Accordingly, during normal operation, there is no switching needed between the
first insulated ground check wire 118 and the second insulated ground check wire 120.
That is, switch 214 can remain connected to node 230 of the first insulated ground check
wire 118. Switching between the two ground conductor terminals (e.g., switching between
the first insulated ground check wire 118 and the second insulated ground check wire 120)
can be performed during a start-up operation, as mentioned above, to ensure that the
termination resistor (e.g., Ry13) is not shorted.

[0030] To determine if resistor 212 is shorted or not, resistor 212 (which can be
represented as the terminal resistance R,q,) is disconnected from the voltage source 202
by connecting switch 214 to the second insulated ground check wire 120 (e.g., the second
terminal "terminal GC2") and measuring voltages V,3, at node 230 and voltage V5,4, at
node 240. Next, resistor 212 (e.g., R,q2) is connected to the ground check termination
circuit 200 (when switch 214 is connected to the first insulated ground check wire 118
(e.g., "terminal GC1") by connecting switch 214 to the first insulated ground check
wire 118 and measuring again voltages V,3, at node 230 and voltage V,, at node 240.
[0031] By comparing voltages V,3, at node 230 and voltage V,4¢ at node 240 taken
at each state of the switch 214, it can be determined if resistor 212 is shorted or not.
Specifically, if voltage V,3, at node 230 (when switch 214 is connected to the first
insulated ground check wire 118) and voltage V,4 at node 240 (when switch 214 is

connected to the second insulated ground check wire 120) are approximately equal, the

10
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termination resistor (¢.g., Ry12) is shorted. Similarly, if voltage V3, at node 230 (when
switch 214 is connected to the second insulated ground check wire 120) and voltage V40
at node 240 (when switch 214 is connected to the first insulated ground check wire 118)
are approximately equal, the termination resistor (e.g., R;;,) is shorted.

[0032] This is validated by comparing equation 5 to equation 8 or by comparing
equation 6 to equation 7 when R, is equal to zero (0) to represent a short. If R,,, is equal
to zero (0), equations 5 and 8 reduce to the same equation and equations 6 and 7 reduce to

the same equation.

[0033] After startup, and after it is confirmed that the termination resistor 212 is
not shorted, the switch 214 can be toggled back to the pilot wire 118. Values for
resistor 206 and the resistor 210 can then be calculated based on measurement of the
voltages at nodes 230, 240. In other words, values for R and Rg; can be calculated and
compared to expected values once the switch 214 is connected to node 230 by measuring
voltage V,3, at node 230 and voltage V40 at node 240 and then solving for R;c and R
using 2 of the above equations (two of the above equations (5)-(8)). If there is a deviation
from expected values, a fault condition can be flagged.

[0034] To illustrate and validate this approach, assume that the termination
resistance R,q, is 6 ohms, the internal sense resistor R,o4 is equal to 132 ohms, and the
internal circuit voltage Vg, is 24 Volts (V). These values are assumed and used below for
illustration purposes and by way of example only. During post-startup monitoring, these

values, when plugged into equation (5), provide the following:

Vyso = {Rgc+ 6+ Raa0) | 24 (5"

Rgc + R210+138

11
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Rearranging equation (5') with the inserted values, equation (9) can be derived as follows:

(144—138+Vy30)
Ry10 + Rge = “‘_““sto_NZBO 9.

Plugging in the exemplary values into equation (6) provides the following:

Vigo = —20)__, 24 6",

Rgc+ Rp101138
which can be arranged to provide equation (10) as follows:
(24 — Va40)Ra10 — Vago * Rge = 138 + Vyyq (10).

[0035] From equations (95 and (10), it can be seen that R;- and R,y can be
calculated based on measured values for V3, and V,4o. Deviations from expected values
for the resistance of resistor 206 (R ) or the resistance of the resistor 210 (R,,,) can cause
a fault to be flagged. For example, a flag or alarm can be signaled or the ground check
termination circuit 200 can be tripped if Rgc + Rj1g is greater than a predetermined
threshold such as, for example, 30 ohms.

[0036] If the termination resistor (e.g., Rjy2) is shorted (R;,,=0), then equation
(5) and equation (8), using the exemplary circuit values, can now become equation (11)

and equation (12) respectively:

12
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V230 — (Rgc+ R210) «24 (1 l),

Rgc+ Ry1ot 132

_ (Rgc+ Ray9)
V240 - RGgc+ Ra10+132 * 24 (12)’

with equations (11) and (12) becoming the same equation. Further, equation (6) and
equation (7), using the exemplary circuit values, can now become equation (13) and

equation (14), respectively:

- (RZIO) *24 (13)’

V. =
240 7 g4 Rygp+132

Vazo = —Rmo) * 24 (14),

Rgct Ra101132

with equations (13) and (14) becoming the same equation. It should be noted that in
equations (11) and (14), the state of switch 214 is connected to node 230. In equations (12)
and (13), the state of switch 214 is connected to node 240. In equations (11)-(14), R, is
expected to be equal to or less than 4 ohms.

[0037] Alternatively, the resistance of resistor 206 (e.g., Rgc) or the resistance of
the resistor 210 (e.g., R210 or Rg) can separately be compared to expected values or
predetermined thresholds. For example, if the value of the resistor 206 (Rgc) exceeds a
certain predetermined threshold, a ground check failure can be signaled or flagged.
Further, in response thereto, the controller 250 can de-energize the trailing cable 100.

Similarly, if the value of the resistor 210 (R2i0 or Rg) exceeds a certain predetermined

13
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threshold, a ground check failure can also be signaled or flagged and, in response thereto,
the controller 250 can also de-energize the trailing cable 100. The controller 250 can
provide the functionality for making such comparisons and signaling any determined
ground check failure. The same comparisons can be made in a similar manner for the
resistance of resistor 208.

[0038] In general, the controller 250 can operate to coﬁﬁol the toggling and state
of the switch 214. Further, the controller 250 can provide the functionality described herein
for taking, for example, voltage measurements and calculating, for example, resistance
values. When the switch 214 is coupled to the node 230, the switch 214 can be considered
to be in a first state. When the switch 214 is coupled to the node 240, the switch can be
considered to be in a second state. The controller 250 can measure the voltages of the
nodes 230, 240 when the switch 214 is in the first state or the second state. The controller
250 can further include a memory or other storage device for storing any measured value
(e.g., voltages of the nodes 230, 240 when the switch 214 is in the first state or the second
state) or any calculated value (e.g., the resistances of the conductors 118, 120 or ground
conductor 40). The controller 250 can also store one or more predetermined values or
thresholds that can be used for comparison to one or more measured or calculated values.
For example, the controller 250 can store any number of predetermined values related to
expected voltages of the nodes 230, 240 or expected resistances of the conductors 118, 120
and ground conductor 40. The controller 250 can be programmed to adjust the stored
threshold values and can be programmed to respond as desired to a detected ground check
failure (e.g., by signaling an alarm and/or de-energizing one or more conductors within the

trialing cable 100). Further, any measurement and any comparison made by the controller
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250 can be based on approximate measurement values and comparison of any measured or
calculated values can be made on an approximate value basis.

[0039] Further, as described herein, the voltage source 202 can provide a known
voltage value, the resistor 204 can provide a known internal sense resistance value, and the
resistor 212 can provide a known termination resistance value. Further, calculated values
of the resistance of resistor 206 and the resistance of resistor 208 can be determined in
various embodiments based on assuming the values are approximately equal, such that
determination of one of the values provides the other value.

[0040] As described herein, a ground check monitor of the present disclosure can
first determine if a termination resistance of a termination device is shorted or not (i.e., if
a termination device is in a short condition). In doing so, the ground check monitor can
determine the electrical connectivity condition of the termination device (e.g., determine if
it is shorted or not). Also during this initial phase of operation, nominal or expected values
of a ground resistance and a pilot cable resistance can be determined. Subsequent to the
startup phase of operation, the ground check monitor of the present disclosure can
periodically monitor voltages on the pilot wires and can determine if the expected voltages
and/or the expected ground and cable resistances deviate from expectation, thereby
resulting in a ground check fault condition. In response to a determined ground check fault
condition an alarm or signal can be provided and/or a cable likely to include the ground
fault condition (e.g., the trailing cable 100) can be de-energized.

[0041] FIG. 3 is a flow chart 300 that illustrates a method for ground fault
monitoring. The method can be used with ground check termination circuit 200 of FIG. 2.
In various embodiments, equations (1) through (14) as describe above may be used in the
method of operation 300. The method of operation 300 begins at block 302. The method

15

CA 2921170 2020-03-18



of operation 300 moves to block 304. The method of operation 300 powers up a ground
check monitoring device coupled to the trailing cable at block 304. The ground check
monitoring device applies an excitation to an insulated ground check wire, such as
insulated ground check wire 120, and measures the voltage at each node, such as voltage
V530 at node 230 of the first insulated ground check wire 118 and the voltage V,,, at
node 240 of the second insulated ground check wire 120 at block 306. The excitation can
be an application of a known voltage to the wire 118 by way of a switch controlled by a
controller.

[0042] The ground check monitoring device applies an excitation to another insulated
ground check wire, such as the first insulated ground check wire 118 and measures the
voltages V3, at node 230 of the first insulated ground check wire 118 and the voltage V,,,
at node 240 of the second insulated ground check wire 120 at block 308. The excitation
can be an application of the same known voltage to the wire 120 by way of toggling the
state of the same switch as managed by the controller. Using the measured values
(e.g.,Vo30 Oor Vo4p), the ground check monitoring device determines normal/standard
operations parameters for the first insulated ground check wire 118 (e.g., GC1 path) at
block' 310. The determination of normal/standard operations parameters can include
determining nominal values for the voltages at nodes 230, 240 and/or determining an
expected resistance of the pilot wire 118 and resistance of a grounding conductor 40.
[0043) Steps 304 to 310 may be considered a startup phase. The startup phase can
end once normal operation parameters are determined and if it is further determined that a

termination resistance of the monitoring system is not shorted.
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[0044] ~ The method of operation 300 moves to block 312. The method of
operation 300 determines/checks the first insulated ground check wire 118 (e.g., GCI path
as depicted in FIG. 1) and compares to the normal operational parameters at block 312.
Voltages at nodes 230 and 240 can be re-measured and can be used to calculate resistance
values for the pilot wire and the ground conductor. If the measured or calculated values
deviated from expected values, a fault condition can be signaled at block 314.

[0045] If the currently measured operational parameters at block 312 compare well
to the normal/standard operational parameters determined at block 310, then the method of
operation 300 continues to monitor, check, and compare the currently monitored
operational parameters to the operational parameters taken at start up (shown by the return
path to block 312 from block 312 in FIG. 3). If the currently measured operational
parameters do not compare well to the normal/standard operational parameters, then the
method of operation 300 signals a ground check failure at block 314. The method of
operation 300 may end at 316. It should be noted that block 312 and 314 may be defined
as operations being conducted during normal/standard operations following a startup
operation of the ground check monitoring apparatus.

[0046] As described herein, the present disclosure provides improved ground check
monitoring using a two-wire resistance-based, ground check termination circuit. The
circuit provides improved immunity to induced AC effects by eliminating use of a Zener
diode which can create a significant error on a measured ground resistance, thus making it
difficult to measure to a required or desired accuracy.

[0047] The present disclosure provides significant improvement and benefit by
also providing the capability for a ground conductor-monitoring device to accurately and
precisely measure ground, ground check wires, and a termination device resistance to a

17
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less than 1 ohm resolution. By use of a resistive termination, as compared to using a Zener
diode termination, the resistive termination provides immunity to the induced AC without
the use of advanced filtering techniques. Moreover, using two insulated ground check
wires provides the ability to monitor for open and short circuit conditions of a termination
device. Using the two insulated ground check wires eliminates any error induced by the
ground check cable resistance thus allowing for accurate measurement of the ground
resistance and the resistive termination device.

[0048] While the present disclosures references certain embodiments, numerous
modifications, alterations and changes to the described embodiments are possible without
departing from the sphere and scope of the present disclosure, as defined in the appended
claim(s). Accordingly, it is intended that the present disclosure not be limited to the
described embodiments, but that it has the full scope defined by the language of the

following claims, and equivalents thereof.
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Claims
1. An apparatus, comprising:

a ground check monitoring device including a voltage source, a switch, and a controller for
operating the switch, the ground check monitoring device having an internal sense resistance;

a trailing cable including a first conductor, a second conductor, and a ground conductor,
the first conductor having a first resistance, the second conductor having a second resistance, and
the ground conductor having a third resistance, the trailing cable coupled to the ground check
monitoring device; and

a resistive termination device coupled between the first conductor and the ground
conductor,

wherein the controller couples the switch to the first conductor at a first node in a first state
and couples the switch to the second conductor at a second node in a second state,

wherein the controller measures voltages of the first and second nodes in the first and

second states to determine when the resistive termination device is shorted.

2. The apparatus of claim 1, wherein the internal sense resistance represents an internal

resistance of the ground check monitoring device.

3. The apparatus of claim 1, wherein the switch is coupled in series with the voltage source.

»

The apparatus of claim 1, wherein the ground conductor is coupled to the voltage source.

5. The apparatus of claim 1, wherein the first and second conductors are pilot wires.
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6. The apparatus of claim 1, wherein a value of the first resistance is equal to a value of the

second resistance.

7. The apparatus of claim 1, wherein the controller determines the resistive termination device
is shorted when the measured voltage of the second node when the switch is in the first state is

equal to the measured voltage of the first node when the switch is in the second state.

8. The apparatus of claim 1, wherein the controller determines the resistive termination device
is shorted when the measured voltage of the second node when the switch is in the second state is

cqual to the measured voltage of the first node when the switch is in the first state.

9. The apparatus of claim 1, wherein a value of the first resistance is equal to a value of the
second resistance and the controller calculates values of the first and second resistances and the
third resistance based on the measured voltages of the first and second nodes, a known voltage
value provided by the voltage source, a known value of the internal sense resistance, and a known

resistance value of the resistive termination device.

10.  The apparatus of claim 9, wherein the controller calculates values of the first and second

resistances and the third resistance according to:
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(Rfirst/second+ Reermination™t Rthird) %

Vfirst node = Vsource

Rrirst/secondt Reermination+ RinirdtRinternal

- (Renird) X

Rfirst/second Reermination™ Renirda +Rinternal

Vsecond node Vsource

where Viirst node 1S €qual to the measured voltage of the first node when the switch is in the first
state, Visecond node 1S €qual to the measured voltage of the second node when the switch is in the first
state, Vsource is €qual to the known voltage value provided by the voltage source, Riirstisecond is equal
to the value of one of the first or second resistances, Riermination 1 €qual to the known resistance
value of the resistive termination device, Ruira is equal to the value of the third resistance, and

Rinemat i equal to the known value of the internal sense resistance.

11.  The apparatus of claim 9, wherein the controller calculates values of the first and second

resistances and the third resistance according to:

(Renira)
Rthird + Rfirst/second + Rinternal

Vrirst node = * Voource

(Rthlrd + Rfirst/secand)
Renirgt Rfirst/second +Rinternal

Vsecond node = * Vource

where Viirst node 1S €qual to the measured voltage of the first node when the switch is in the second

state, Vsccond node 1S €qual to the measured voltage of the second node when the switch is in the
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second state, Vsource is €qual to the known voltage value provided by the voltage source, Ryirsusecond
is equal to the value of one of the first or second resistances, Riermination 1S €qual to the known
resistance value of the resistive termination device, Ruira is equal to the value of the third

resistance, and Rinema is equal to the known value of the internal sense resistance.

12.  The apparatus of claim 9, wherein the controller compares the calculated valuc of onc of

the first and second resistances to a predetermined threshold.

13.  The apparatus of claim 12, wherein the controller signals a ground check failure if the

calculated value of one of the first and sccond resistances exceeds the predetermined threshold.

14.  The apparatus of claim 12, wherein the controller de-energizes the trailing cable if the

calculated valuc of one of the first and second resistances exceeds the predetermined threshold.

1S. The apparatus of claim 9, wherein the controller compares the calculated value of the third

resistance to a predetermined threshold.

16.  The apparatus of claim 15, wherein the controller signals a ground check failure if the

calculated value of the third resistance exceeds the predetermined threshold.

17.  The apparatus of claim 15, wherein the controller de-energizes the trailing cable if the

calculated value of the third resistance exceeds the predetermined threshold.
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18. A method, comprising:

applying a known voltage from a ground check monitoring device to a first conductor of a
trailing cable and measuring a first voltage of a first node of the first conductor and measuring a
first voltage of a second node of a second conductor of the trailing cable, wherein a resistive
termination device is coupled between the second conductor and a ground conductor of the trailing
cable;

applying the known voltage from the ground check monitoring device to the second
conductor and measuring a second voltage of the first node and a second voltage of the second
node;

comparing the first measured voltage of the first node to the second measured voltage of
the second node and comparing the second measured voltage of the first node to the first measured
voltage of the second node; and

signaling a short condition when the first measured voltage of the first node is equal to the
second measured voltage of the second node or when the second measured voltage of the first node

is equal to the first measured voltage of the second node.

19. The method of claim 18, wherein a voltage source of the ground check monitoring device

is coupled to the first conductor and the second conductor by a switch.
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20.  The method of claim 18, further comprising calculating a first resistance value of each of
the first and second conductors and calculating a second resistance value of the ground conductor
based on the known voltage from the ground check monitoring device, a known value of an internal
sense resistance of the ground check monitoring device, a known resistance value of the resistive

termination device, and the measured first and second voltages of each of the first and second

nodes.

21.  The method of claim 20, further comprising comparing the calculated first resistance value

to a predetermined threshold.

22.  The method of claim 21, further comprising signaling a ground check failure if the

calculated first resistance value exceeds the predetermined threshold.

23.  The method of claim 20, further comprising comparing the calculated second resistance

value to a predetermined threshold.

24.  The method of claim 23, further comprising signaling a ground check failure if the

calculated second resistance value exceeds the predetermined threshold.
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