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COMPUTER-ASSISTED GROUND CONTROL MANAGEMENT SYSTEM

By David P. Conover,‘ John P. McDonnell,1 and Kanaan Hanna?

ABSTRACT

The U.S. Burcau of Mines (USBM) has developed a computer-assisted Ground Control Management
System (GCMS) for ncar rcal-time cvaluation of undcrground coal minc ground conditions. The GCMS
combines existing mine-monitoring system and scnsor technology with automated computer analysis
techniques to enhance the acquisition, analysis, and display of gcostructural data. The GCMS, which
combines mine structurc data with other information, such as geologic conditions and minc layout, has
provided information on mining-induced stress transfer and pressure buildup associated with scveral
ground control cvents.

The GCMS collects and analyzes shicld-lcg pressure, ground pressure, and strata movement data to
evaluate the structural behavior of an active Western U.S. longwall coal mine. Ficld data are trans-
mitted over a dedicated phonc line to the USBM Denver Rescarch Center (DRC) mine monitoring lab-
oratory, 240 km (150 miles) from the mine sitc.

Real-time collection, processing, and analysis of mine structurc and shicld pressurc information has
proved to be an effective method for assessing ncar-face ground conditions while mining progresses.
The GCMS provides the minc opcrator with information to rapidly identify and manage potcntially
hazardous ground conditions while mining is in progress.

'Mining engincer.
isory mining engineer.
Deaver Research Center, U.S. Burcau of Mincs, Denver, CO.



INTRODUCTION

Ground control is a critical factor in maintaining the
safety and efficiency of modern highly mechanized and
productive underground coal mines. Advancements in the
mechanization of underground production and support
equipment have resulted in increased longwall production
and pancl retreat rates. Rapidly changing stress conditions
that accompany high mining rates challenge minc oper-
ators to maintain safe working conditions. Because the
longwall face is rctreating so quickly, evaluation of ground
control problem areas (due to different geologic condi-
tions, as an example) rcquircs more rapid planning.

The design, implcmentation, and management of
ground control systems are difficult duc to thrce condi-
tions: (1) the large number of paramcters affccting the
stability of coal minc opcnings, (2) the variation of pa-
ramecters throughout the mine, and (3) the lengthy time
required to thoroughly analyze ground conditions and
support requircments (7).> Mine management scldom has
sufficient time or rcsources to review all the mine-
gencrated geostructural data and possible control tech-
niques. Controls are often implemented too late to pre-
vent major problems. The U.S. Burcau of Mincs (USBM)
is conducting rescarch to improve the management of
ground control systems by combining mincwide monitoring
technology with automated analysis tecchniques. The over-
all system, termcd the Ground Control Management Sys-
tem (GCMS), consists of both hardware (mincwide moni-
toring nctwork and control computers) and softwarc
(automatcd data analysis and display packages) (2).

Advancements in sensor lechnology and monitoring
systems have improved remotc acquisition of underground
mining information. Mincwidc monitoring systcms arc
becoming commonplace in US. mines and are uscd by
minc personncl to manage many diversc mining activitics.
Monitoring systcms arc improving safcty and productivity,

and ongoing development is providing additional capabil-
itics and greater flexibility (J, 3-4). Although previous
ground control studics (1) have uscd acquisition systcms
for data collection, the application of thesc systems for
rcal-time geotechnical monitoring analysis for ground con-
trol planning is not widcsprcad. Rcal-time acquisition of
data, coupled with automated proccessing, provides impor-
tant dccision-making tools for mine managecment (3, 5).
The general approach taken in cvaluating monitoring sys-
tems for ground control is to utilizc existing monitoring
and scensor technology for data collection, storage, and
processing. A current trend in monitoring system develop-
ment is the intcgration of scparatc minc-monitoring sys-
tems undcer a central control (4, 3-4). Thus, ground con-
trol applications must be compatible with cxisting systcms
for maximum bencfit. :

A goal of this rescarch is the automation of both the
acquisition and analysis of ground control information.
Data acquisition is accomplishcd using commercially avail-
able monitoring systcm componcnts and instrumentation.
Analysis of data from thec GCMS instrumcntation nctwork
is accomplished using commecrcially available softwarc
packages and custom softwarc routines.

The GCMS instrumentation network was installed in a
Colorado coal mine to aid in cvaluating ground conditions
along a high-production longwall face and surrounding
gate road cntrics. The geostructural data, consisting of
pillar, pancl, and shicld pressure changes and strata move-
ments, arc monitored remotely, via phonc ling, at the minc
surface and the DRC minc-monitoring laboratory. Com-
puters linked to the system process the mine structure data
and generatce graphic displays to permit ncar real-time de-
tailed cvaluation of strata control information.

This rcport discusscs the in-mine application of the
GCMS and prescnts scveral examples of GCMS results.

GROUND CONTROL MANAGEMENT SYSTEM COMPONENTS

The GCMS instrumentation nctwork was designed to
provide rcal-time ground control information and data
from an opcrating longwall minc for subscquent auto-
matcd analysis and cvaluation tasks. The GCMS also
scrves as a test facility to cvaluate the cffectiveness of
various instruments and scnsors for mcasuring ground
control paramcters. The cntire system is comprised of
commcrcially available equipment, and all underground
components located in rcturn airways or production face

3talic numbers in parentheses refer to items in the list of references
preceding the appendix.

arcas arc approved by the U.S. Minc Safety and Health
Administration (MSHA).

Figurc 1 is a schematic of the GCMS nctwork. The
systcm layout was designed to continuously monitor shicld
loading on the longwall face and ground condition changes
(pressurc and displacement) at scveral gate road sites hav-
ing diffcrent pillar configurations. The primary paramcters
mcasurcd were shicld-leg pressures along the longwall face
and ground pressurcs in the gate road pillars. Other pa-
ramcters measurcd in the gate roads were horizontal
ground pressure in the roof, roof-bed displacement, and
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Figure 1.—-Schematic dlagram of monitoring network.

roof-to-floor convergence. The numbers of sensors, loca-
tions of various monitoring system componcnts, and cable
routes and lengths were adjusted throughout the moni-
toring program, as necessary, depending upon the specific
instrumentation layout ().

COMPUTER CONTROLS
The main computer control station, shown in figure 2,

is located at DRC and currently consists of a Conspec
Model 400 Minc Monitoring System* computer linked to

4Reference to specific products does not imply endorsement by the
U.S. Bureau of Mines.

various graphics and data-proccssing computers. Initial
research work was conducted using a Conspcc Modcl 200/
300 Mine Monitoring System (I). Thc main computcr
controls communication with the scnsors at the minc and
displays scnsor status. Couplcd with the primary computer
is a graphics system installcd both on a scparatc computcr
at DRC and on a computer at the mine surfacc. The
graphics computers provide recal-time color displays of
sensor data and alarm conditions, pcrmancat storage of
data on magnctic disk, and printing of dctailcd reports.
The Model 200/300 Monitoring System, uscd during
mining of pancls 1, 2, and 3, provided updated rcadings
from all scnsors at 6-s intervals. The data were displayed
in rcal time, processced to remove minor changes, and



stored on computer disk to provide a permancnt record.
The data were stored using a Conspec proprictary, com-
pressed file format to reduce the storage space require-
ments. One day’s unprocessed data, from the approxi-
matecly 100 scnsors connected to the system, occupicd
approximately 150,000 bytes of disk space.

The Model 400 Monitoring System, installed during
pancl 4 mining at the study mine, collects updated read-
ings from the underground sensors at a rate of 0.13 s per
sensor and transmits the data, via a dedicated phone line,
at 4,800 bps from the mine to DRC. The data are dis-
~ played in real time, processed to remove minor changes,
and stored on computer disk for permanent record. One
day’s unprocessed data, from the approximately 100 in-
struments connected to the Mode!l 400 System at any one
time, occupy approximately 2.5 Mb of disk space. The
Model 400 System has the capability to monitor up to
15,000 instruments from 7 different mine sites and can
support up to 16 remote graphics terminals for displaying
and analyzing the geotechnical data. Detailed specifica-
tions for the Conspec Model 400 Mine Monitoring System
are contained in the appendix.

The mine surface installation consists of two modems,
a communication-monitoring switch, and a secondary com-
puter system. The modems control communication be-
tween DRC, the mine surface, and the underground con-
trol station (UCS). The sccondary computcr is a complete
monitoring control system, which is connected to the
monitoring network through a communication-monitoring
switch. Under normal circumstances, the monitoring
nctwork is controlicd from the primary computer at DRC,
and the mine surface computer merely monitors the data
signals to permit data vicwing and backup data storage. If
long-distance telephone communication to DRC is inter-
rupted, the monitoring switch cnables the mine surface

Figure 2.—Main control station at DRC.

computer to assume active control of the system to ensurc
uninterrupted data collection.

UNDERGROUND COMPONENTS

The UCS consists of trunk barricrs for the various gate
road sites, trunk extenders that supply power to the indi-
vidual trunk cables, a modem for communication to the
mine surfacc, and an intelligent arca controller (IAC).
The 1IAC allows personnel to access sensor information,
while underground, during installation and troubleshooting
operations. The UCS is gencrally located at the outby end
of the pancl being mined, ncar or in the main cntries, and
in close proximity to an available power supply. Figurc 3
shows the pancl 1 UCS, where the various componcnts
were mounted on a timber frame. Subsequently, the UCS
components were mounted on a small rubber-tired trailer
to cxpedite relocation of the UCS as successive pancls
were completed.

Sensors are connccted to the GCMS nctwork through
an clectronic interface (accessor), which converts the
analog signals to digital form for communication and data
transmission over trunk cablcs to the UCS. Each accessor
is mounted adjacent to the sensor, as shown in figure 4, to
reduce sensor cable signal loss and to minimize damage to
scnsor cabling. The accessors communicate with the UCS
over four-conductor shiclded trunk cables, which supply
power to the accessors and sensors and transmit bidircc-
tional digital information.

Figure 3.—Underground control station.



Figure 4.—Gats road instrumentation site showing accessors,
transducers, and chart recorders.

Since all instrumentation sites were eventually located
in return airways, the trunk cables along the longwall face
and to the instrumentation sitcs were connected through
power barriers that limit both voltage and current to sat-
isfy MSHA permissibility requircments. Limiting the pow-
er to cach trunk line reduced the number of instruments
that could be monitored on a single trunk cable. Con-
scquently, separate trunk cables were required to monitor
cach test site and the longwall face.

The shicld-monitoring installation consistcd of a sep-
arate metal enclosure, shown in figure 5, which housed the
two accessors and two transducers for cach monitored
shicld. The transducers and accessors were located within
the enclosure for protection from the harsh environment
at the face. The enclosures were mounted cither to one
shicld leg or to the lemniscate assembly. The transducers
were connected to the pressure relicf valves on both
shiclds using high-pressure stainless stecl valves and
tubing. Additionally, all trunk cable, from the tailgate cnd
of the facc to the outby end of the monorail, was cncased
in sections of rcinforced hose or plastic conduit to mini-
mize cable damage during mining operations. To accom-
modate shicld movement during pancl retreat operations,
the encascd cable was looped between the shiclds and tied
to the shicld hydraulic hoses and power cables. In the
hcadgate, the trunk cables were routed along the monorail
system to a trunk barricr installcd at the outby end of the
monorail. Trunk cable, in 76-m (250-ft) long scctions, was
installcd from the outby end of the monorail to the UCS
using quick-conncct couplers to facilitate cable removal
when the monorail was extended during longwall power
movcs.

lnches
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Figure 5.—-Custom shield enclosure. A, Open enclosure show-
ing accessor card; B, sealed enclosure.

SENSORS

A wide varicty of scnsor types are compatible with the
GCMS, using both currently available and custom-designed
accessors. In general, the sensors are powcred by the
trunk line (24 V in fresh air, 14 V in permissible arcas)
and providc cither a voltage or a current signal that is con-
verted to 8-bit digital form by the accessor. The analog
sensor output is digitized at thc accessor into an 8-bit
word, providing a system rcsolution of 1 part in 255, or
0.4%. For 0- to 70-MPa (0- to 10,000-psi) pressure trans-
duccrs, the resolution is 0.28 MPa (40 psi). Dcformation
scnsors, which have typical mcasurcment ranges of 5.1 to



15.2 cm (2 to 6 in), achieved resolutions of 0.02 to 0.06 cm
(0.008 to 0.024 in). Each accessor is individually addressed
to permit communication with specific instruments or
sensors.

Sensors used underground with the GCMS should be
durable, have low power consumption, and be classificd
permissible. Various geotechnical sensors and instruments
were tested for compatibility with the system and arc de-
scribed below. Detailed specifications for the sensors are
listed in the appendix.

Pressure Transducers

For pressure measurcments, T-Hydronics pressure
transducers, shown in figure 6, having a 0- to 70-MPa (0-
to 10,000-psi) range were used. The scnsors arc
permissible, have low power consumption (2 mA), and arc
packaged in a rugged stainless stecl case. The scnsors
requirc a power source in the 10- to 30-V range and
produce a lincar output voltage in the 0.5- to 5.5-V rangc.
The sensors required a custom accessor to accommodate
the unusual output range.

Convergence Meters

For convergence mcasurcments around the longwall
face and gate roads, Scrata permissible clectronic con-
vergence meters were used (figure 7). The meters were
connected to accessors, which were modificd to supply a
5-V output. The convergence meters have a working
range of 12.7 cm (5 in) and can be adjusted in 7.6-cm
(3-in) increments for different entry heights. The meters
have a resolution of 0.003 cm (0.001 in); however, with
the type of accessor cards used, the resolution was re-
duced to 0.05 cm (0.02 in). Since mecasurcd total conver-

. gence ranged from 2.5 to 203 cm (1 to 8 in), the resolu-
tion provided by thc monitoring systcm was considcred
adequate.

Position Transducers

Roof-bed displacement was monitored using Rayclco
lincar motion transducers (figurc 8), which were connccted
to stainless stecl wires and spring anchors installed in a
borchole. The transduccrs provide a 5.1-cm (2-in) meas-
uring range and a 4- to 20-mA scnsor output. The trans-
ducers were mounted in a protective enclosure anchored
in the borchole collar. A standard accessor was uscd to
conncct the sensors to the GCMS, which resulted in a
resolution of 0.02 cm (0.008 in).

H
f
I

o
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l
8

Figure 7.—Serata closure maeter.




Figure 8.—Rayeico linear motion transducer.

Ultrasonic Distance Meters

Lundahl ultrasonic distance meters, shown in figure 9,
were installed in the headgate to monitor gate road roof-
to-floor convergence. The meters were not approved for
usc in permissible minc areas; therefore, measurcments

TSt T o & o e mar o L e
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Figure 9.—Lundahl ultrasonic distance meter.

werc collected only in fresh-air arcas. The meters provide
a 0- to 5-V signal over a mcasuring range of 03 t0 9.1 m
(110 30 ft). A protective mounting bracket was fabricatcd
to attach the scnsors to a roof bolt hcad for casy instal-
lation and rclocation.

FIELD STUDY DESCRIPTION

The capabilitics of the GCMS have been demonstrated
by continuously collecting and evaluating data, in near rcal
time, during the extraction of five consccutive longwall
pancls. The data have provided insight into shicld loading
behavior, roof strata caving characteristics, ground pres-
sure redistribution around longwall pancls, and ground
failure modes.

The GCMS instrumentation nctwork was installed at an
underground longwall coal opcration in western Colorado
(1). Figure 10 shows a layout of the minc and the gencral
locations of the GCMS componcnts and gatc road instru-
mcntation sites.

The coal seam in the minc arca is about 335 m
(1,100 ft) dccp and 2.9 m (9.5 ft) thick. The longwall
pancls are approximatcly 195 m (640 ft) wide by 3,050 m

(10,000 ft) long. Gatc road dcvclopment consists of a
thrce-entry yield-abutment pillar system . composcd of
5.5-m (18-ft) roadways, a yicld pillar about 10.7 m (35 ft)
wide adjaccnt to the hcadgate, and an abutment pillar
about 24.4 m (80 ft) widc adjacent to the tailgate. All of
the longwall pancls have utilizcd the same sct of Westfalia
two-lcgged shicld supports ratcd at 564-mt (622-st) capac-
ity. The mine's production ratc typically excceds 9,070 mt
(10,000 st) in a 10-h shift, which amounts to.approximatcly
12 m (40 ft) of longwall retrcat per production shift (2).

INSTRUMENTATION PLAN

The instrumentation plan was dcesigned to continu-
ously monitor ground bchavior during the extraction of
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Figure 10.—General mine layout.

successive longwall pancls under different geologic con-
ditions. Shicld-leg pressure data have been monitored
continuously throughout the mining of panels 1 through 5.
In addition, nine gate road instrumentation sites have been
monitored during the extraction of the five longwall pancls.
Shield-leg pressure data from the longwall faces were col-
lected to analyze shicld loading behavior along the long-
wall face, relative pressure behavior between adjacent
shiclds, and ncar-tailgate loading related to observed cav-
ing conditions. Data from the undcrground instrumenta-
tion network were continuously transmitted to the com-
puters located at the mine surface and the main control
station at the DRC minc-monitoring laboratory.

Shield Instrumentation

Figure 11 shows the location of instrumented shiclds for
cach of the five pancls. Each pancl had approximatcly 130
shiclds along the face. From pancl to pancl, the config-
uration of instrumented shiclds on the face was varicd to
provide morc specific information on shicld loading and

strata bchavior. For example, during pancl 1 mining,
transducers were installed on cight shiclds cvenly spaced
along the longwall face (shiclds 19, 33, 47, 61, 75, 89, 103,
and 117) (I). This arrangement provided shicld-leg pres-
sure data across the entire face.

For pancl 2, two adjacent shiclds at four uniformly
spaced locations were monitored (shiclds 7, 8, 44, 45, 81,
82, 120, and 121). This monitoring arrangcment was uscd
to cvaluate the influence on shicld pressure from the
cycling opcrations of ncighboring shiclds. An additional
shicld (shicld 125) was added to the instrumcentation plan
midway through pancl 2 rctrcat. The additional shicld in
the tailgatc was added to the monitoring nctwork to better
dcfinc the shicld pressure responsc to tailgatc ground
control problems and ncar-tailgate roof caving behavior.

Subscquent configurations provided morc insight to the
shicld loading behavior ncarer the tailgate. Pancl 3 instru-
mented shiclds (7, 8, 44, 45, 81, 82, 120, 121, 124, and 125)
provided more complcte coverage of the tailgate region,
bascd on the recorded ground control cvents that occurred
during pancl 2 mining.
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Figure 11.—Shield monitor locations for panels 1.5,

Pancl 4 monitoring consistcd of nine shiclds cvenly
spaced along the face (shiclds 45, 55, 65, 75, 85, 95, 105,
115, and 125). This arrangement provided more informa-
tion toward the tailgate portion of the pancl because previ-
ously monitorcd pancls showed little shicld-leg pressure
changes on shiclds ncar the headgate.

The shiclds at the study minc arc advanced in banks;
the even-numbercd shiclds in- cach bank are moved first,
followed by the odd-numbered shiclds. To cvaluate the
influcnce of the move sequence on shicld loading behavior,
two groups of five adjacent shiclds (shiclds 81 to 85 and
121 to 125) were monitored during pancl 5 mining.

Gate Road Instrumentation

Pressure transducers were attached to hydraulic bore-
hole pressure cells (BPC) installed in the roof, pancls, and
pillars of thc gatc roads around pancl 1 at sites 1, 2, and
4. Sitc 3 was not connccled to the monitoring nctwork,
and data were collected using chart recorders. Panel 2
monitoring includcd sites 1, 2, 3, 4, and two additional
siles (5 and 6) in the pancl 2 hcadgate. Entry convergence
and roof-bed scparation were monitored during portions
of pancl 2 mining. During pancl 3 mining, monitoring was
continucd at sitcs § and 6. Instrumcntations at sites 7, 8,

and 9 were installcd to monitor a modificd pillar arrange-
ment (sitc 7) and possiblc bump zoncs (sitcs 8 and 9).
These three sites were monitored during mining of pancls
4 and 5. Figurc 12 shows a dctailcd layout and cross scc-
tion through sitc 4, which is a typical scction for all pillar
sites.

At sites 1 and 2, conventional mechanical chart record-
crs were installed along with the GCMS componcnts to
verify the data obtaincd from the monitoring system. Ulti-
lizing chart rccorders was discontinucd after a few months
when it became cvident that the GCMS provided supe-
rior data collcction accuracy, rcliability, and analysis
capabilitics,

SYSTEM RELIABILITY

An uninterruplted flow of data is crucial for conducting
trcnd analyscs and corrclating monitored data with ficld
obscrvations. Thercfore, significant cffort was dirccted
toward improving systcm componcnts to provide rcliable
opcration of the GCMS. .

During pancl 1 mining, shicld-monitoring rcliability
was low, around 50% to 60%, primarily owing (o cable
damage on the longwall facc and monorail arca. Rcliabil-
ity was improvcd significantly for subscquent longwall face
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Figure 12.—Cross section through gate road instrumentation site 4.

installations (pancls 2-5) by cncasing the trunk cablc on
the longwall face in reinforced hose, fabricaling custom
enclosures for the components on the longwall face, re-
locating accessor enclosures to less hazardous arcas,
. upgrading and climinating wiring conncctors, and applying
waterproofing coatings to accessor cards.

GCMS interruptions that occurred subscquent to pancl
1 mining included both planned and unplanncd power
outages and disruption of long-distance phonc scrvice
between the mine site and DRC. The system can opcrate
on battery power for about 4 h after the minc power is
disconnected; however, data collection was occasionally
interrupted during extended longwall power moves and

over idle weckend and holiday periods. Installation of the
sccondary computer at the minc surfacc climinated data
collection intcrruptions causcd by disruption of long-
distancc phonc scrvice. The sccondary computer also pro-
vided minc managemcent with access to the rcal-time
gcotechnical data collected by the GCMS instrumcntation
nctwork.

Overall reliability of the GCMS for pancls 2-5 was ap-
proximatcly 85%, including downtimc from both cxtcrnal
sources (tclcphonc and power) and intcrnal sources (ca-
bles, components, and scnsors). Data collection rcliability
of the BPC instrumcntation sitcs, which are located away
from the active face arcas, has gencrally exceeded 90%.

DATA PROCESSING AND EVALUATION

The continuous cvaluation and management of ground
control hazards associated with high-production mcch-
anized longwall mining depends on the ability to monitor,
process, and analyze geotcchnical data in rcal time. The
previous sections have shown the capabilitics of the GCMS
for continuous monitoring of ground control data. This
section discusses techniques developed for managing and
analyzing the large quantitics of information supplicd by
the monitoring nctwork.

Processing and analysis operations are performed using
a varicty of commecrcial and custom software. Figurc 13
illustrates the gencral scquence of data management and
analysis within the GCMS. Basically, the data collected
from the underground instrumentation network are com-
bined with other pertinent information such as face po-
sition and geologic conditions, processcd to reduce data
file size, and analyzed using various techniques.

An advantage provided by the GCMS over convention-
al data collection methods is the rcal-time display and

conversion of sensor data to cngincering units, which per-
mits timely viewing by the minc cngincering and opcra-
tions staff. Significant or anomalous ground bchavior
changcs can be rapidly identificd to alert the minc oper-
ator in sufficicnt timc to implement any nccessary remedi-
al action. With manual data collection techniques (me-
chanical rccorders, data loggers, ctc.), the data rccords
must physically be collected from the mcasurcment sitc
(retricving charts and/or storagec modulcs, manually rcad- -
ing instruments, taking mcasurcments, ctc.), digitized, and
input to the computer (or manually plotted) before anal-
ysis can begin. With the automatcd data collection system,
large quantitics of information arc collected and processed
automatically and continuously, and arc available to minc
personncl in near rcal time.

The GCMS was uscd to continuously monitor and ana-
lyze shicld loading bchavior and ground pressure distri-
butions at the study minc. Management of thc moni-
tored data included proccssing and cditing the raw data to
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reduce the amount of data that must be analyzed, validat-
ing the quality of the data through inspections of trend
plots, converting the binary data to formats more suitable
for analysis, and archiving the data for futurc use. In
addition, external data werc digitized to cnable inclusion
of geologic data, bump occurrence information (location,
magnitude, time of occurrence, ctc.), face positions, and
microscismic data into the analyses. For example, shield
pressure trends were analyzed and compared with plots of
pillar pressure and gate road deformation behavior as a
function of face position and time. Various analytical
techniques were employed to evaluate current ground con-
ditions and to anticipate conditions in advance of mining.

DATA MANAGEMENT SOFTWARE

The main control station at the DRC minc-monitoring
laboratory and the sccondary computer system at the mine
surface provide a permancnt rccord of the monitored data
as storcd binary files. The data files contain a scrics of
records consisting of instrument number, time, data value,
and communication status.. Communication status indi-
cates whether communication between the sensor and the
systcm has bcen interrupted. The Model 400 System
creates a scparate data file every hour. Because of the
many pressurc changes that occur during shicld cycling
activitics, the data files require significant amounts of disk
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space; data files for 1 day occupy approximatcly 2.5 Mb of
disk space.

Data management primarily involves reducing data file
sizc to minimize data storage space rcquircments and to
facilitate more rapid data processing during subscquent
analysis procedures. Under normal operating conditions,
the shicld-leg pressure data will have many small pressure
changes owing to the shicld operation characteristics and
the electronics of the system. Minor fluctuations in the
electrical signal alone produce numerous 1-bit pressure
changes in the data files; with the 8-bit accessor cards uscd
with the monitoring system, a 1-bit fluctuation cquatcs to
about 0.28 MPa (40 psi). These small fluctuations arc
cditcd out; only pressurc changes greater than 1 bit arc
rctaincd. Periods of communication intcrruption less than
1 min long arc also climinatcd from the data file storage.
The resulting processed files occupy only about 10% of the
original space while rctaining the significant content of the
raw data files. The file size is further reduced for storage
using commercial compression utility software that permits
maximized storage while lcaving the data unaltered.

Most of the analysis programs rcquire input data in the
form of text files that list the data in engincering units for
sclected instruments at specific time intervals. Custom
software was written to convert the binary data files into
an appropriate format, and a sprcadshect was also used to
rcformat the data and to combine the monitored data with
external data, such as facc positions. Data management
also involved digitizing mine layout and gcologic maps to
gencrate base maps for plotting analysis results.

DATA DISPLAY CAPABILITIES

The GCMS software package provides graphical dis-
plays of data in two formats, rcal time and trend, for rapid
visual analysis. Rcal-timc displays access the monitored
data dircctly and arc updated during cach scan interval.
The color graphics displays depict data cither in numeric
form or as bar graphs and can be customized by the op-
erator. The trend displays access historical data files
storcd on computer disk and pcrmit cxamining trends
from any prior monitoring period.

The capabilitics of thc GCMS for processing and dis-
playing gcotechnical data arc best demonstrated by ex-
amples. Rcal-time displays of shicld pressure data illus-
tratc some of the paramecters being considered for ground
control applications. Figurc 14, an actual display of shicld
data from pancl 2, shows shicld-leg pressurcs on all cight
monitorcd shiclds in bar graph format (figurc 144) and as
trends of the preceding 30-min interval (figure 14B). Ex-
amination of this shicld data display provides information
rclative to shicld-leg pressure magnitude and uniformity,
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ratc of pressure increase, and pressure distribution along
the face. Once the opcerator is familiar with the “normal”
appearance of the display and shicld pressure profiics, any
unusual conditions, such as ¢xcessive or unequal pressures,
can be casily identified. The continuously updated trends
in figure 14B provide plots of shicld pressure behavior; the
ratc and uniformity of shicld cycling and the rclative
scquence of cycling for all monitored shiclds can be readily
observed (1). For example, referring to the figure 14B
shicld 44 trend plot, the unchanging low pressure on the
tailgate leg that does not appear to cycle along with the
headgate leg could indicate a malfunctioning monitoring-
system component (sensor or accessor). Also referring
to figure 14B, the trend plot for shicld 8 indicatcs uncven
leg pressures, which may indicate cither malfunction-
ing shicld opcration or malfunctioning monitoring-system
components.

Data from the monitored instruments are automatically
saved on computer disk to provide a pcrmancnt record.
The historical data trend display program accesscs the data

files and permits examining data trends in more detail

than the continuously updated trend displays. For ex-
ample, typical shicld loading variations during a production
shift are shown in figure 15. The time scale of the trend
displays can be casily varied to examine specific scnsor
information during any specificd time interval. The trend
plots arc also used to evaluatc the quality of the data by
identifying abnormal values caused by malfunctioning in-
strumcnts, sensors, accessors, or other equipment (shiclds).
In addition, unusual loading conditions are also identified
and cxamined in greater dctail.

DATA ANALYSIS SOFTWARE

Data analysis has primarily been concerned with cvalu-
ating shicld-leg pressure behavior using various parameters
calculated from individual shield cycles. A shield cycle
comprises the time interval from when the shicld is resct
after advancing until it is lowered prior to the next ad-
vance. Normal cycles, during production shifts, are ap-
proximately 30 min long; longer cycles occur during shift
changes and over idie shifts. Generally, pressure continues
to increase over the longer cycles, often approaching the
yield sctting of the shiclds.

Text files of the shicld data, obtaincd from the GCMS
software, arc proccssed using custom software to deter-
minc the time-weighted-average pressure (TWAP), sciting
pressure (SP), cycle length (CL), and maximum pressure
(MP) for cach shicld cycle. TWAP is the computed time-
weighted-average pressure for cach shicld cycle. The
software cxamincs the pressures from the instrumented
shicld lcgs and climinates erroncous data from malfunc-
tioning scnsors, accessors, or shicld components. For an
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cxample of crroncous data, the tailgate leg of shicld 44 in
figure 148 is nol following the headgate leg in cither pres-
surc magnitude or cycling timing. The scnsor or accessor
on the shicld 44 tailgate leg is apparcntly malfunctioning,
even though a good communication signal is being trans-
mitted to thc main control station. The program also
calculates a reliability percentage for cach sensor.

Shicld data analysis tasks have been handled primarily
by a commercial spreadsheet program. Text files contain-
ing the proccssed TWAP information derived from the
shicld data are combincd with face position information
from the mine production reports and other shield cycle
information to evaluate periodic shield loading conditions
and load distributions. Thec TWAP information is com-
parcd with thc SP and CL valucs to cvaluate the average
load changes expericnced by the shiclds during each load-
ing cycle. To provide a consistent basis for comparison,
the data are processed to remove the cffects of long cycle
times, low sctting pressurcs, and other conditions associ-
ated with known shicld operating procedures rather than
changes in ground conditions.

Gate road pressure data are also imported into the
spreadshccts and combined with face position information
to evaluate pillar yiclding and load transfer behavior,
Scveral utility programs were developed to improve the ef-
ficicncy of data importing, cditing, and calculation steps.
The spreadshect data are cxported as text files, for further
processing, and as graphical displays, to assist in analysis
and prescntation.

Additional commcrcial software includes programs to
plot two-dimensional data scts and gencrate surfaces
and contours of threc-dimensional data sets. The three-
dimensional plots have been effective in displaying the
rclationship between high shicld pressurcs, local geological
fcaturcs, and zones of ground control problems. Figure 16
illustrates a three-dimensional plot of processed shicld re-
sults for pancls 2 and 3 along with the location of geologic
slip zoncs.

EVALUATION OF GROUND CONDITIONS

The detection and management of ground control haz-
ards associated with longwall mining rcquires real-time
monitoring and analysis of gcotcchnical data combincd
with a dctailed knowledge of the geostructural conditions
around the longwall pancls. The geotcchnical data alone
arc not sufficicnt to anticipate ground control problems.
Geostructural characteristics of the mine sitc play a sig-
nificant rolc in determining ground stability and need to be
cvaluated along with the geotechnical information (6).

Data from the GCMS arc analyzed to evaluate rock
mass bchavior during longwall pancl mining, with par-
ticular emphasis placcd on comparing data pattcras with
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observed ground conditions and local geologic scttings.
Ground conditions at various locations around the longwall
pancls were investigated through review of GCMS and site
data, discussions with mine personncl, and in-mine ob-
scrvations. Concentrated cfforts were directed toward
analyzing ccrtain tailgate areas of panels 2 and 3 where
scveral floor heave and bump events occurred. A ground
control hazard evaluation map was developed for these
arcas, as shown in figure 17 (7). The hazard map super-
imposes contour plots of the shicld TWAP results for
pancls 2 and 3 with locations of geologic slip zones and an
isopach of the immediate mine roof. This type of plot,
automatically produced by the GCMS in ncar rcal time,
provides the mine operator with information to cvaluate
anomalous pressure behavior associated with specific geo-
structural conditions and to initiatc appropriatc ground
control proccdures.

The following discussion provides additional examples
of ncar rcal-time data collcction, analysis, and rcsults
from the study mine to demonstrate the capabilitics of the
GCMS. '

Gate Road Pillar Behavior

BPC data were rcadily cxamined using historical data
trend plots. Figurc 18 is a plot of sitc 4 yicld pillar pres-
surc ccll rcadings over a period of 4 days as the pancl 1
face was mined to a position approximately 122 m (400 ft)
past the pillar site. The data plotted in the figure illustrate
progressive pressure decrcase (possible pillar yiclding) of
the pillar cdges (cells 1 and 3) coincident with a pressurc
incrcasc at the center of the pillar (ccll 2). Also, the fig-
ure shows an apparent load transfer to the adjacent stiff
pillar (cell 4) while pressurcs were dropping on the yicld
pillar. All of the load transfer and pressure data arc trans-
mitted continuously to the mine surface for rapid assess-
ment by mine engincering and opcerations personncl.

Shield Loading Behavior
Shicld loading analysis has primarily involved identifying

anomalous patterns of individual shicld cycles. Trends of
the shicld pressurc data have been used to evaluate shicld
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Figure 17.—Ground hazard evaluation map.

and face loading conditions (6). A significant phcnome-
non, detected through the shicld-monitoring program, in-
volves large, rapid shicld pressure increases associated with
tailgate bump occurrences and major roof caves in the
gob. Anomalous pressure increases were first detected
while monitoring the start of pancl 2 mining (the initial
cave of pancl 2), where pressures on the four midpancl
shiclds increased rapidly to yicld pressurc during two con-
secutive cycles. Figurc 19 shows the dctail of these cycles,
which occurred when pancl 2 had been mined approxi-
mately 61 m (200 ft) from the start room. As shown in

figurc 19, the first rapid pressure increases occurred in
midcycle; 1.4 h later another large pressure increase oc-
curred. According to the mine personnel working at the
face, a major roof cave occurred as noted on figure 19,
approximatcly 2 h after the sccond increase. The shicld
pressurcs did not decrease after the recorded cave, but
rcmainced at yicld pressure until the shields were advanced
at the start of the next production shift (6).

Rapid pressure increases were also observed on several
occasions when tailgate bumps occurred immediatcly
ahcad of the face during mining of panels 2, 3, and 4.
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Figure 20, a plot of both shicld and pillar pressures during
a bump occurrence, displays pressure trend information
from the panel 2 shiclds and from BPC's installed in the
tailgate of pancl 2 at site 2. Shiclds 120 and 121, within
12.1 m (40 ft) of the tailgate edge of pancl 2, expericnced

sharp pressure increases in midcycle. The shicld pressure
increase coincides precisely with similar pressure increases
in the BPC's installed in the tailgate stiff pillar at site 2.
Approximately 1 m (3 ft) of floor heave occurred adja-
cent to the tailgatc end of the panel 2 longwall face at
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approximately thc same time as the rapid pressure in-
crcases in the shiclds and the stiff pillar. Shiclds 81 and
82 on the pancl 2 face showed no corresponding pressure
increase, suggesting that the influence of this tailgate cvent
extended no more than about 61 m (200 ft) into the pancl.

Additional tailgate bump events during mining of pancls
2, 3, and 4 (locations shown in figure 10) coincided with
rapid shicld-leg pressure increases on the ncar-tailgatce
shiclds. Rapid pressurc increases of 1.4 to 13.8 MPa
(200 to 2,000 psi) occurred in the shicld legs in only one

scan intcrval, less than 6 s. Normally, the shicld cycle
pressure increascs by approximately 3.4 to 13.8 MPa (500
to 2,000 psi) over the cntire shicld cycle, almost 30 min.
No corresponding incrcascs were obscrved on the shiclds
at the center or headgate end of the pancl during any of
the near-tailgate cvents. The tailgate events typically
involved pillar sloughage, extensive floor heave, and roof
problems for a distancc up to 45.7 m (150 ft) outby the
face.
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SUMMARY AND CONCLUSIONS

The development of the computer-assisted GCMS has
greatly improved data quality, access time, and speed and
accuracy of analysis over those of conventional monitoring
methods. Continuous real-time acquisition of underground
mine structure information, coupled with automated proc-
essing and cvaluation of ground conditions, has proved
valuable in accurately assessing mine structure behavior
during longwall mining. The GCMS, which combines
mine structural behavior data with other information, such
as local geological conditions, has provided information on
stress transfer and pressure buildup associated with sev-
cral ground control events. Shicld-leg pressure along with

ground pressure monitoring results has been used to iden-
tify and assess abnormal changes in ground conditions.
Rcal-time stress transfer information coupled with minc
opening convergence and structure deformation informa-
tion provides the potential for rapidly and effcctively
cvaluating underground conditions as mining progresses.
The GCMS information, coupled with direct observations
by mine personncl, permits a more complete real-time
cvaluation of face arca hazardous conditions. Critical
decisions related to coal mine ground control can be made
with more information in a more timely manner.
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APPENDIX.—MONITORING SYSTEM SPECIFICATIONS

Owing to the proprictary protocols used by the minc-
wide monitoring system, the majority of the cquipment was
obtained dircctly from the manufacturer, Conspec Con-
trols, Inc. The phone cable, protective conduit, cable con-
ncctors, and remote computer were obtaincd from differ-
cnt sources, and most of the other computer equipment
could also be obtained from other sources. Custom ac-
cessor enclosurcs were fabricated by the USBM, and the
scnsors were obtained from other sources. The following
scctions describe the gencral specifications, main featurcs,
and primary functions of cach of the monitoring systcm
components.

COMPUTERS

Four types of computers arc uscd with the Model 400
Systcm: primary, server, remote, and sccondary. The
common specifications for all computers are given below,;
differences arc listed with the descriptions for cach
computer typc.

80386 DX - 25 MHz 4 Mb RAM

1 hard disk drive 1 scrial port

2 floppy disk drives 1 parallel port

VGA vidco display card coprocessor not required
color VGA monitor ISA bus

mousc 101-key keyboard
security key in parallel port MS-DOS 33

In addition to the sccurity key, the Conspec software is
also password protected. MS-DOS versions 5.0 and 6.0
arc thought to be compatiblc, but have not been complete-
ly tested. Conspec docs not recommend using version 4.0.

Primary Computer

The primary compultcr contains an cight-channcl serial
board for communication with scven different trunks; onc
channel is rescrved. An alarm card is installed to provide
an audible alarm capability, and the systcm uscs a bus
mouse to free the standard scrial port for communication
to the server. The current primary computer uscs an
80-Mb hard disk, although a smaller unit would be ade-
quate. A dot-matrix printer is connccted to the parallcl
port to provide a printed rccord of alarms and lists of
programmcd points. The printing function can be turned
off for individual points and for the entire system.

The system uscs thc Conspec CSS software and re-
quires a device driver for the serial card. Currently, cach

trunk supports 127 points (addrcsscs), although additional
instruments can be supported using multiple-address ac-
cessors. Upgrades to the systcm should permit a larger
numbcr of points per trunk, up to a total of 15,000 points
for the cntire system. The systcm scan ratc can be adjust-
cd from 10 to 100 ms. The current systcm opcrates at
65 ms for compatibility with thc modcm configuration. An
on-sitc system connccted dircctly to trunk cables should be
able to communicate at the 10-ms scan rate. The system
is currently sct for three retrics beforc reporting a com-
munication failure; however, this valuc can be modificd for
other conditions.

The display operates in color text mode and offcrs a
varicty of options for vicwing and cntcring data. The data
cntry scction consists of a databasc of all points to be
monitorcd. Each databasc cntry contains information for
the point number, trunk number, address, engincering
units conversion, alarm levels and labels, and a text de-
scription. This scction also controls whether the point is
addcd to the scan list or merely stored in the database
for futurc usc or reference. The monitored data can be
viewed as a scrics of uscr-defined screens displaying the
data in cnginccring units, as a bar graph rcporting the
communication status, as a digital display of cach point’s
address and data in binary form, and as a quick-reference
vicw of communication status for the cntirc trunk.

Server Computer

The scrver does not usc a mousc or alarm card. The
multichanncl scrial card is similar to the scrial card in the
primary computcr and permits communication with cight
remote computers. An additional scrial card can be in-
stallcd to add cight additional remote uscrs. The scrver
reccives all changes of cither data or communication status
from the primary computer and saves the changes in bi-
nary form on thc hard disk. Currcntly, a 200-Mb hard
disk is installed, which becomes filled after approximate-
ly 3 months of monitoring. Also stored is a log of all
rcmote-uscr activity. :

The scrver uscs the Conspec CLINK software and re-
quircs drivers for the scrial card(s) and, using DOS 33, a
driver to access the large hard disk. Uscr-sclectable video
screens permit monitoring communication with the pri-
mary compulcer and all activity with the remote uscrs. For
the current system, the vidco monitor and kcyboard are
shared between the primary and scrver computers by
mecans of a manual switch box.



Remote Computer

The remote computers require a three-button mouse
and a serial connection to the server; therefore, either a
bus mouse or a second serial port is required. A large
hard disk is recommended to adequatcly manage trans-
ferred trend data files and the real-time monitoring image
files. Currently a 300-Mb disk is installed; however, a 100-
or 200-Mb disk should be sufficient. The current system
is using DOS 6.0 with no apparent problems.

The remote systems use the Conspec TERMINAL
software, which provides functions of rcal-time monitoring,
gencration and editing of graphics displays, communica-
tion with the server, and trending. The monitoring display
uses the VGA 16-color 640- by 480-pixcl resolution mode.

Communication with the scrver is conducted at 38,400 bps ‘

over a direct conncction. Modem connection at slower
spceds is possible but may be impractical for real-time
monitoring. Following arc descriptions of the major {ca-
turcs of the main software functions:

Real-time monitoring. Data can be displaycd as text, bars,
strip charts, and arbitrary colored arcas. Colors of the
display can change to reflect different alarm modcs. Sev-
cral displays can be loaded into memory to automatically
cycle between the displays at a sclected interval. The
mouse can be used to casily switch between displays.

Communication. Remote users can send simple text mes-
sages and transfcr data files to and from the scrver. DOS
functions can also be exccuted, via a shell, without lcaving
the monitoring environment.

Graphics Editing. A rcasonably complcte cditor is sup-
plicd, which permits crcating various graphics primitives
(lincs, boxcs, text, circles) and assigning dynamic links to
specificd arcas. A pixcel cditor is also included for precise
cditing. Sclected arcas of the image, including links, can
be saved on disk to permit multiple pasting of similar
objccts in a single display or between multiple displays.

Trending. The trending package provides for transferring
data files from the scrver to the remote, cditing templates,
which describe the specific points to trend and how the
data should be interpreted, plotting the trends using the
tcmplates, and saving trend plots for future reference.

Secondary Computer
The sccondary computcer is located at the mine surface

and provides for continuous opcration of the system in the
event of a communication failure between the mine and

the primary computer at DRC. Also, the sccondary com-
puter provides a backup copy of the data files and permits
monitoring the system at the minc surface. The sccond-
ary system requires a multichanncl scrial board, an alarm
card, and a three-button mouse. A 200-Mb hard disk is
installed to handle the large amount of data, and a printer
is connccted to the parallel port. The computer is con-
nccted to the monitoring systcm through a dual-access
area controller (DAC), which is connected in scrics be-
tween the long distance modem from DRC and the local
modcem connected to the underground componcents.

The Conspec CMS softwarc is installed on the sccond-
ary computer to intcgrate the functions of the primary and
scrver computers, and a remote computer. The software
is managed using DOS 5.0, QEMM386 memory manager,
and Desqview multitasking software to permit two or morc
programs to run simultancously. Thc primary and server
portions of the softwarc run continuously to provide full-
time monitoring of the data strcam and communication
status. The remote (graphics) portion of the software and
othcr utility programs arc only exccuted when required.

MONITORING NETWORK COMPONENTS

This scction describes the components of the monitor-
ing nctwork between the surface computcrs and the under-
ground scasors, including components for communication, *
power, and local control.

Modems

A pair of long-distancc modcms connects the primary
computer to the mine surface and the sccondary computer.
A pair of local modems connccts the minc surface station
to the UCS located in thc minc’s main cntrics ncar the
mouth of the active longwall pancl.

Long-Distance Modems. Gandall 419 stand-alonc and
RM3419 rack-mount modems provide a dual-channcl ca-
pability with cither onc channel opcrating at low speed or
two channcls opcrating at high spced, resulting in an cf-
fective transmission ratc of 4,800 bps per channcl. Nor-
mally, thc modems arc opcerated in single-channel mode.
Howevcr, during pancl S mining, thc modems were oper-
ated in dual-channcl mode to cnable independent com-
munication between DRC and a microscismic systcm in-
stallcd at the UCS. The long-distance conncection required
a linc conditioncr, installed by the telephone company, to
improve the signal quality. This componcnt was critical,

especially when transmitting at 9,600 bps in dual-channcl
modc.



Local Modems. The normal installation uses Gandalf
RM3120 rack-mount modems opcrating at 4,800 bps. The
installation for pancl § uscd a pair of Gandalf RM3419
modecms to cnable transfer of a sccond data channel
underground.

Modem Interface Outstation. The modem interface is lo-
catcd at the mine surface station and combincs a long-
distance and local modem and adds a 25-pin output for
the second channel of the long-distance modem. The
25-pin output gencrally follows the RS-232 standard; how-
ever, the signals are 12 V higher than the signals from
a standard PC serial port. A pair of level-matching mo-
dems is used to conncct the 25-pin output to a PC for
data transfcr. The DAC is connected between the two
modems and draws power from the modem supply circuit.
Isolator switches are installed on the phone cable lcading
undcrground,

Trunk Drivers

The trunk drivers convert RS-232 scrial signals from the
control computer to a proprictary signal used on the trunk
lincs and supply power for the trunk lincs.

Local Trunk Driver. The local trunk driver provides a
functional trunk linc at the location of the primary com-
puter and is used-in the laboratory for testing purposcs.
The trunk driver incorporates a manual disconncct switch
for installations where the trunk cable leads dircctly
undcrground.

Long-Distance Accessor Quitstation (LDA). The LDA com-
bincs a trunk driver with the underground side of the local
modcm pair. The trunk driver card provides an accessor
checker interface for remote monitoring of individual
accessor status. The LDA outstation also functions as the
main power disconncct for the underground trunks.

Area Controllers

The arca controllers function as independent controllers
of all nctwork components inby the controller. In addi-
tion, they provide the capability of translating addresses,
cnabling the physical card addresses to be different from
the logical addrcsses programmed in the primary and scc-
ondary computers.

Intelligent Area Coniroller Qutstation (IAC). The IAC is
located at the underground control station and provides
for independent control of the underground trunks if the
phone conncction to the primary or sccondary computer
is interrupted.
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Dual-Access Area Controller Outstation (DAC). The DAC
is located at thc mine surfacc station and providcs an
interface between the system and the sccondary computcr.
The DAC monitors the communication signal and assumes
control of the systcm if communication to thc primary
computer is interrupted.

Accessor Trunk Extender Outstations (ATE’s)

ATE’s arc optional and arc installcd on long or hcavily
loaded trunk lines to refresh the power and recondition
the signal. A dual version (DATE) is available that
supplics power for two trunks. Installation of an ATE is
rccommended when the length of a trunk line cxceeds
2,400 m (8,000 ft). Thc ATE also providcs an acccssor
checker interface.

Barriers

Barricrs arc installed on all trunks cntering arcas that
rcquire permissible equipment. The barricr limits the
trunk power to 15 V and 150 mA. The cable shicld and
ground are ticd together at the barricr. If power is inter-
rupted to the barricr, the barrier trips. The barricr must
be resct manually when tripped.

Enclosures

Scveral type of enclosurcs were uscd during the moni-
toring project. For most applications the cnclosurcs per-
formed satisfactorily; however, the extremely wet condi-
tions along the face resulted in rapid dcterioration of the
accessors, which rcquired frequent replacement. On the
face, the cnclosurcs were mounted on a shicld leg or to
the Icmniscate assembly. At the gate road sites, the en-
closurcs were mounted on timber frames or on cribs, or
were hung {rom wirc mesh installed on the roof.

Face Enclosures. Custom aluminum cnclosurcs werc fabri-
catcd to hold two accessor cards and two T-Hydronics
pressure transduccrs. The cenclosures were fittcd with
quick-connect bulkhcad clectrical conncctors and tapered
compression hydraulic fittings. Flanges were provided for
mounting the cnclosurc on a lemniscate leg. All internal
clectrical conncctions were soldered, and the cnclosure
was scalcd with a silicone gasket scal.

Gate Road Enclosures. For the gate road sites, the stand-
ard Conspcc metal cnclosures with door gaskets and cable
grips were uscd. Spring conncctors were uscd to conncct
the trunk and accessor wircs, The accessor cards were
mounted in the enclosurc using plastic spring clips.



Junction Boxes

The junction boxes were also obtained from Conspec
and were similar to the gate road enclosures, but with-
out accessor clips, and constructed of a fiber-composition
material.

Cables

Trunk cable was obtained in 300-m (1,000-{t) and 600-m
(2,000-ft) spools and spliccd using crimp connectors or
with junction boxcs. The initial phone cable installation
used 300-m (1,000-ft) lengths of cable; the second installa-
tion used a single 1,500-m (5,000-ft) length. Cables were
bung using plastic-coated hooks from the roof along onc
side of the entry or from the chains supporting the con-
veyors. Installation of cables in the main travelways was
avoided to minimize interference from vehicular traffic.

Trunk Cable. The MSHA-approved trunk cable consists of
four conductors and a shicld. The power and ground
wires are 12 ga, and the signal and shicld wires are 18 ga.
. A standard-duty cable was used in conduit along the facc;
the remaining installations used a heavy-duty cable having
an extra plastic jacket and a braided metal sheathing.

Phone Cable. The phone cable from the surface installa-
tion to the underground LDA consisted of four 18-ga
conductors (two twisted pair). The cable uscd during the
initial installation included a shicld wire. A second
installation used cable having an intcgrated support cable.

Conduit. Initially, heavy-duty trunk cable was encascd in
reinforced hose for protection from pinching between
adjacent shiclds during shicld moves. Conncctions were
made to standard enclosurcs mounted on the instrumented
shiclds. Once the custom cnclosures were fabricated,
standard-duty cable was installed in scctional lengths of
19-mm (3/4-in) diam plastic conduit and fitted with quick-
connect conncctors. The hose and conduit were routed
alongside and fastened to the shicld hydraulic hoses and
shicld framework with plastic cable tics.

Cable Connectors. Spring conncctors were installed in the
enclosures and junction boxes and soldered to the accessor
cards for the transducer connections. Five-pin solderless
connectors were installed on the 75-m (250-ft) trunk cable
sections strung along the beltline. Five-pin prewired con-
nectors with compression fittings were used in conjunction
with the plastic conduit installed along the face. The
connector wires were soldered to standard trunk cable
threaded through the conduit.

Accessors

The pressure transducers were connected to Conspec
A9 accessors, which accommodate the 0.5- to 5.5-V trans-
ducer output. ASS5 accessors, modificd with a 5-V regu-
lator, were used with the convergence meters. AS6 4- to
20-mA accessors were used with the lincar motion trans-
ducers, and AS51 and ASS5 accessors were used with the
sonic meters. To improve the rcliability of the wiring
conncctions, spring connectors were soldered to the acces-
sor boards, replacing the standard slip-on connectors. The
trunk connccting wircs were also soldered directly to the
boards to climinate the slip-on conncctors. The modificd
boards were coated with a waterproofing matcrial to re-
duce corrosion.

SENSORS

A wide sclection of sensors arc potentially compatible
with the monitoring systcm owing to the varicty of acces-
sors available. Howecver, the sclection is narrowed by the
special requirements for underground use, particularly in
arcas rcquiring permissible cquipment. The pressure and
convergence transducers were used extensively, since they
were classificd permissible and could be installed in the
main arcas of interest (face and tailgatc). The lincar
motion and ultrasonic scnsors performed satisfactorily, but
wcre only evaluated for a short time in the fresh-air arcas
of the headgate.

Pressure Transducers

Transducer: T-Hydronics model THV-LCV

Range: 0 to 70 MPa (0 to 10,000 psi)
Accuracy: = 0.5%

Excitation: 10to 35V

Output: 05toS5V

Current: 2 mA

Accessor: A%

Linear Motion Transducers

Transducer: Rayclco model PT 420-2

Range: Oto5cm (0to2in)
Resolution: infinite

Accuracy:  + 0.25%

Excitation: 141040V

Output: 4 to 20 mA
Accessor:  AS6



Transducer:
Range:
Resolution:
Excitation:
Output:
Current:
Accessor:

Convergence Transducers

Scrata closure probe

0to 15 cm (0 to 6 in)

0.025 mm (0.001 in)

5V

QtoSV

200 mA

AS5S with 5-V voltage regulator installed

Ultrasonic Distance Transducers

Transduccer:
Range:
Resolution:
Accuracy:
Excitation:
Output:
Current:
Accessor:

Lundah! model DCU-7
06t03.0m (2to 10 ft)
0.76 mm (0.0025 ft)

+ 0.2%

5V

OtoSV

35mA

AS1 or A55
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