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ACCEPTANCE OF | NNOVATI VE GROUND WRE MONI TOR | NSTALLATI ON SCHEMES
FOR LONGAALL OPERATI ONS

By Wayne Coney, WIliam Keefer and Harry Verakis
ABSTRACT

The expanded use of longwall mning systenms has led to different
installation arrangenments and conbinati ons of ground wre
nonitors and ground wire devices for the purpose of nonitoring
the grounding circuit. These installation arrangenents and

conbi nations of ground wire nonitors and ground wire devices were
not conceived at the tine MSHA tested and accepted the ground
wire monitors. Although these installation schenes differ from
the originally accepted schenes, they can provide equival ent
safety when their operation is coordinated with other electrica
power system conponents. For this reason, MSHA'S Approval and
Certification Center devel oped an application procedure to

eval uat e such schenes. To differentiate the procedure fromthe
standard nonitor or device application procedure, MSHA has
identified this application procedure as the Mnitor and Power
System ( MAPS) Program This program includes tests and anal yses
to evaluate and assess various arrangenents and conbi nati ons of
proposed ground wire nonitor and ground w re device
installations.

| NTRODUCTI ON

To assess conpliance with the nandatory safety standards- on
ground check circuits which becane applicable to underground coa
m nes on Septenber 30, 1970, and to surface coal mnes on
Septenber 30, 1971, early ground wire nonitor (GAWW) designs were
eval uated and tested by MSHA, at in-mne |ocations. The
El ectrical Testing Laboratory at Beckley, W., later began to
evaluate and test ground wire nonitors in the |aboratory.

The acceptance tests and criteria devel oped for these
nmonitors were based upon field evaluation and operation in a
fail —safe node, and were patterned after conventional m ning
Syst ens. The conventional mning systens were conprised of
i ndi vidual mning nachines such as roof bolters, shuttle cars and
continuous mners, which received power via trailing cables. The
trailing cable was a continuous cable which did not include in-
l'ine cable couplers or connection boxes. Thus, the acceptance
tests did not consider the grounded netallic in-line cable
coupl er(s) or connection box(es) such as those used in |ongwall
m ni ng systens.

The steady growth of longwall mning has fostered
arrangenents and conbi nations of ground wire nonitors and ground
wire devices that differ from the conventional arrangenents used
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to test’ and evaluate nonitoring systems. Consequently, a

framework for evaluating unique or unconventional arrangenents
and conbi nations has been devel oped by MSHA

SAFETY STANDARDS

H gh voltage circuits extending underground are required to
be resistance grounded in accordance with Title 30, Code of
Federal Regul ations, Section 75.802. Three phase circuits used
in underground coal mnes are required to be resistance grounded
in accordance with Section 75.901. The netallic franes of
el ectric equi pnment receiving power from these resistance grounded
systens are required by the sane standards to be grounded. The
m ni ng machi nes, supplied alternating current from resistance
grounded transfornmers are grounded to the transforners through
cabl es which include a ground wre. One purpose of grounding is
to provide a |low resistance path for fault current and thereby
prevent dangerous electrical potentials on the netallic frames of
equi prent in the event of a phase-to—ground fault. The
requi rements for grounding are specified in Subpart H, Part 75.
A neans of detecting a severed or disconnected ground wire, or
other no less effective neans of assuring ground circuit
continuity is required. Wen the ground wire in the cable is
severed and a parallel path of high resistance is present, the
occurrence of a ground fault could elevate the voltage on the
equi prnent frame. Therefore, it is essential that the ground
nmonitoring circuit detect this condition and reenergize the
equi prrent

Safety standards requiring ground wre nonitors are
specified in Title 30, Code of Federal Regulations, Part 75,
Sections 803, and 902, and Part 77, Sections 803 and 902, for
underground and surface coal mnes, respectively. The standards
require resistance grounded systens to include a fail-safe ground
check circuit, or other no less effective device to nonitor
continuously the grounding circuit and to assure such continuity.
The ground check shall cause the circuit breaker to open when
either the ground or pilot check wire is broken. These
regul ations apply to both high voltage and | ow nedi um vol tage Ac
systens.

GROUND WRE MONI TORING | N UNCONVENTI ONAL | NSTALLATI ONS

Al'l equi pnent used in coal mnes receiving power from a
resi stance grounded AC systemis required to have a ground
monitor circuit (ground wire nonitor) to assure the integrity of
the grounding circuit. Al MHA accepted ground wire nonitors
function in a manner consistent with the original acceptance
tests and criteria when installed as accepted. The conventi onal
nmonitor installations are limted to the nonitored ground wres
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containing only two attachnents to equipnent frames. In
addition, the only ground wire devices to be used are those that
have been tested and accepted with the specific nonitor. In such
situations, a severed ground wire or discontinuous grounding
circuit is readily detected and power is renoved fromthe
affected equi pnent . Since longwall mning systens consist of
multiple notors and grounded in-line cable couplers or connection
boxes attached to separate or interconnected equi pnent franes,
ground wire nonitoring problens are created. The presence of one
or nore grounded netallic couplers or connection boxes |ying on
the mne floor or longwall structure (not insulated from earth or
frames of equipnment) introduces additional parallel conductive
paths into the grounding circuit. A parallel path of |ow

resi stance between the equipnent frame and a grounded netallic
coupler may shunt the nonitoring signal around a severed ground
wire preventing all types of ground wire nonitors from detecting
the open ground wire, (See Figure 1). If a ground fault occurs
at this instance, the current flowing through the parallel path
shunting the severed ground wire would el evate the equi pnent
frane potential to a magnitude based upon the parallel path

resi stance.

Longwal | installations use either inpedance or continuity ground
wire nonitors to nonitor grounding circuits. The use of multiple
ground wire nonitors to nonitor the grounding circuit to numerous
notors and other electric equipnent presents varied problens.
Continuity-type nonitors are designed to exclusively nonitor the
ground wire, but may nonitor the resistance of the parallel path
through the earth or longwall structure when a grounded cable
coupl er or connection box is part of the circuit. | npedance-type
nmonitors are designed to nonitor the ground circuit resistance
but if they interfere with one another, they may not. nonitor the
resi stance of the grounding circuit.

ACCEPTABI LITY OF GROUND WRE MONI TORS AND GROUND W RE DEVI CE
COVBI NATI ONS

A nunber of ground wire nonitors (GM) and ground wre
devi ces (GAD) have been accepted by MSHA Somre GWWs have been
accepted to be used wth specific GADs. Not all conbinations of
t hese accepted nonitors and devices will perform ground circuit
nmonitoring consistent with the original acceptance test and
criteria, when used in various installations different from the
accepted conbination

The inherent characteristics of some GAM GAD installations
and the electrical power system may produce undesirable
conditions during phase-to-ground faults. These conditions are
descri bed as foll ows:
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1. A ground fault may remain undetected by the systenis
grounded phase protection device because the ground fault current
is limted by the circuit resistance to |evels below the current
sensitivity setting of the ground fault relay. (See Figure 2 and
Tabl e 1)

2. The resistance of the grounding circuit and ground wre
devices in series produce equipnent frane potentials during
ground fault conditions. (See Figure 3 and Table 2)

3. The grounding circuit my not be effectively nonitored
when certain GAWM GAD installation configurations are used.  ( See
Figure 4)

These conditions are dependent on the operating
characteristics of the GMWM GAD installation and the electrical
power system conponents. Coordi nati on of these operating
characteristics will be the focus of MSHA's new acceptance
progr am

MAPS ACCEPTANCE PROGRAM

The Monitor and Power System (MAPS) Program has been
devel oped by MSHA' s Approval and Certification Center to
determine the possibility of undetected ground faults and
excessive equi pnent frame voltage conditions. The program wil |
al so evaluate the effectiveness of nmultiple GAM GAD installation
configurations in nonitoring the grounding circuit, The
acceptance criteria established in the MAPS Program will increase
safety as well as provide latitude and flexibility in equipnent
sel ection which can create cost effective alternatives for the
m ni ng industry. MBHA has prepared a MAPS application procedure
for use by operators, ground wire nonitor nmanufacturers, and
power center manufacturers, to determine the nonitoring
capabilities of an equipnment installation. The applicant wl
provide the required information and MSHA will eval uate that
information and, when applicable authorize the use of a l|abel on
t hose systens neeting the requirenents of the MAPS Program

Specifically, the MAPS Program will address the foll ow ng:

1.  The use of directly grounded cable couplers or
connection boxes in a specific installation by reeval uating
the use of continuity nonitors in an inpedance operating
mode.

2*  The evaluation of the interference of nonitors wth one
anot her when used with sectionalized cables. A
sectionalized cable is defined as cable interconnected by
in-line cable couplers or connection boxes which are not
electrically insulated from earth or equi pnent franes.
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3. The evaluation of possible equipnment frame voltage
during fault conditions.

4*  The evaluation of the use of a specific ground wire
device with a specific ground w re nonitor whose use
t oget her has not previously been accepted.

5. The evaluation of the use of high voltage ground wire
nmonitors and devices in | ow and nedi um vol t age
install ations.

6. The evaluation of the use of |ow and nedi um voltage
ground wire nonitors and devices in high voltage
installations ,

7. The evaluation of the use of ground wire devices wth
cables that are larger in size than covered under the device
acceptance .

8. The evaluation of a specific systenis ground fault
current and the ability to detect and trip at that |evel.

A significant advantage to the mne operator is that prior
to the installation of the ground wire nonitor and devices in the
power center or system the installation can be eval uated and
accepted. This will reduce the necessity of changing equipnent
already in operation. An additional advantage provided by the
MAPS program to the mine operator is the ability to evaluate the
grounding circuit when the in-line cable coupler or connection
box is not insulated fromearth or equipnent franmes. This wll
elimnate the need to maintain isolation or insulation techniques
for these encl osures. Anot her advantage is that manufacturers
can offer systens accepted under the MAPS Program to m ne
operators, elimnating the need for MSHA to make an i ndivi dual
eval uation at the m ne,

A Mnitor and Power System (MAPS) acceptance will apply to
the m ne power system and the GAM GAD installation configurations
which may be installed in the power center’s electrical circuits.
The acceptance of a GMW GAD installation under the MAPS Program
will be based on whether sectionalized or non-sectionalized
cables are used in the installation, an analysis of the avail able
system ground fault current determned by the neutral grounding
resistor (NGR), the GAD voltage drop at the systenis avail able
ground fault current, and the GAM maxi num dropout resistance.

The MAPS Program will evaluate the GAD voltage drop at the
power systenmis available ground fault current based on the
neutral grounding resistor (NGR) rating. The GAD s voltage drop
is a function of the current, generally increasing with current
i ncr eases, For instance, when a NGR limts the ground fault
current to 10 anperes, the acceptable nunber of GADs in series
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with the ground wire is dependent an the GAD' s voltage drop at 10

anper es. If a certain GAD drops 11 volts at 10 anperes, then
three GADs of this type installed in series with the ground wire
woul d drop approxinmately 33 volts. If the sane GAD is installed

in a grounding circuit with a NGR that limts the ground fault
current to 1 anpere, and the GAD drops 6 volts at 1 anpere, then
six of these devices installed in series with the ground wire
woul d drop approxi mately 36 volts. MSHA wi || nake the

determ nation of total OGAD voltage drop by an analysis included
in the MAPS Program for grounding circuits which include both

sectionalized and non-sectionalized cabl es. MBHA will al so
perform a voltage drop analysis for sectionalized cables which
will account for any increases in grounding circuit resistance.

This voltage drop analysis is necessary because sonme GMWS
intended to exclusively nonitor the ground wire, nmay nonitor the
alternate parallel conductive paths when sectionalized cables are
used.

The voltage drop anal yses for both sectionalized and non-
sectionalized cables are omtted under the MAPS Program if the
NGR used in the power system limts the ground fault current to
1/ 2 anpere. Limting the available fault current to this
magnitude will provide equipnent selection flexibility. In
addition, the use of a 1/2 anpere NGR grounding circuit wll not
result in current |levels below the sensitivity settings of the
ground fault relay. Al t hough, not all power systens can utilize
a 1/2 anpere NGR grounding circuit, equally safe systens can be
realized with available ground fault currents greater than 1/2
anpere . El ectrical systenms wusing a neutral grounding resistor
that Iimts the available current to quantities greater than 1/2
anpere will be analyzed by MSHA for grounding circuit voltage
drops and by the applicant for undetectable ground fault
currents. A ground fault current analysis will assure that the
ground fault current is at |east equal to or greater than the
current sensitivity setting of the grounded phase protection
devi ce.

Gounding circuit installations with sectionalized cable
will also require a GAWM GAD installation test to verify effective
grounding circuit nonitoring. This GAWM GAD installation test
will determ ne how many sectionalized cable grounding circuits
can be connected to a comon ground and be effectively nonitored.
The results of this test will not affect the original MHA
acceptance of the GMs or GADs used in the installation

An additional analysis will be conducted by MSHA under the
MAPS Program This analysis is to verify the acceptability of a
GAD used in a specific electrical installation which may not
mat ch the voltage and/or cable size rating of the GAD. The
analysis will determine if the GAD can withstand the power center
transforner’s short circuit current for a time equivalent to the
maxi mum clearing time of the short circuit protective device.
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The transfornmer’s maxi num short circuit current calculations can
i ncl ude the inpedances of the entire electrical systemup to the
power center’s receptacle or use an infinite buss approach

Al t hough variations of the system conponents such as the
NGR, G GAD, and ground fault relay are rarely nade after
initial installation, ground circuit configurations such as cable
coupl er or connection box additions, may be commonpl ace. Each
system change may require an analysis or |aboratory installation
test by the user, manufacturer or installer, to confirmthe
installation’s acceptability. Therefore, the MAPS acceptance
process has been designed to facilitate a quick, approximtely 15
m nutes for each test, and sinple nethod of application.

The MAPS Program acceptance application is a single page
appl i cation. The applicant will supply MSHA with the required
information via the MAPS application and MSHA will nake the
analyses . The MAPS application is included in an application
procedure docunent in addition to the nmethod of MAPS ground fault
current analysis and the GAM GAD installation test procedure.
Upon receipt of a MAPS application, MSHA will review the
information and, if necessary, perform the grounding circuit

vol t age anal yses. If the nonitor and power system neet the
criteria for the MAPS Program an acceptance will be issued. An
applicant who is issued a MAPS acceptance will receive a copy of

the application form stanped with an MSHA accept ance. The
applicant would subsequently affix a MAPS acceptance |abel to the
power center or appropriate equipnent. The acceptance |abel wll
contain the MSHA | ogo, the MAPS acceptance nunber, and the

el ectrical equipment circuit identification nanmes or nunber(s)

whi ch can be used to supply power to sectionalized cables.

SUMVARY

Modern longwall mning systens present new challenges to the
use of different installation arrangenents and conbinations of
monitors that will effectively nonitor the grounding circuit.
These nonitor arrangenents nust be evaluated to ensure that
effective nonitoring of the grounding circuit is being
acconplished as required by MSHA regul ations for coal m nes.
MSHA has devel oped a MAPS program to address the potentia
probl ens inherent with these installations. Al so, the MAPS
program will provide a neans to evaluate effective nonitoring by
various GME when grounded in-line cable couplers or connection
boxes are used to connect sectionalized cables. Gound wWre
nmonitor and ground wire device installation arrangenents and
conbi nati ons accepted under the MAPS program will provide
equi pnrent flexibility and inproved safety.
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e I RN RX I
- f
o-0 (3vailable) (gctual)

480 25 11.1 50 4,5
15 18.5 4.0
h 5.6 2.6

600 25 13.8 50 5.4
15 23.1 4.7
5 69.2 2.9

1000 25 23.1 50 7.9
15 38.5 6.5
b 115.4 3.5

TABLE 1

Actual ground fault currents for various electrical systens
when the grounding circuit resistance equals 50 ohns, the
maxi num al | owabl e ground wire nonitor dropout resistance.
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FI GURE 3
Equi prent frame voltage during ground fault conditions on
a typical 1000V, 25 anp ground fault current electrical

system



Rga Igf Vi Vfg
.0898 24.9A 12v 14.2V
1.6898 23.3A 12v 51.3V
50.0000 7.94 11v 406.0V
TABLE 2

Actual equipnent franme voltage during ground fault conditions

on a typical 1000V, 25 anp neutral grounding resistor electrical
system at various ground wire resistances. (R = .0898 ohns, DC
resistance of two - 850 feet - 4# AWG ground wires), R,= 1.6898
ohms, R = 50 ohms, maximum ground wire resistance allowable by a
continuity type GW
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The ground wire monitor's control relays may remain energized
when ground continuity is lost because some multiple
sectionalized cable GWM/GWD configurations create complete
monitoring loops which do not include the ground wires or
parallel paths which make up the grounding circuits.



