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Introduction

We at American Mine Research would like to congratulate and thank you for choosing the BC 4000
Mine Monitoring and Control System.  The system vou parchased has been designed with simplicity in
mind. Installation and operation is casier than cver. yet vou will have one of the most technologically
advanced and powerful systems on the market today,

Training is & very imporiant part of system pedformance. The better tradned vour personnel the more
streamlined the operation.  American Mine Regsearch provades valuable traiming at the tme of installa-
tion and is available for further instruction and assistance down the road.

Communications Overview

The MC-40 10 Masier Statkon coimnunicabes with the remotes and sensors by means of o single twisted
pair of wires, The communications standard used is EIA B5-485, This standard was sclected because it
allows relatively fast data transfer rates over long communication lines located in electrically noisy
environments. The standard dictates that both wires of the commumication line be drven differeatially
and both ends of the communication line be terminated with a resistance of approximately 130 ghmes.

The MC-4000 Mine Monitoring and Control System can commumnicate with the remotes and sensors at
two different speeds, 4,800 or 38 400 baud,  Switches on the unils allow the user to select the desined
baud rate. When preparing for ingallation, special attention has to be given to the following arcas:

¢  Communication Cable Type

A two twisted pair 16 AWG low capacitance tvpe cable with overall shield should be used with
38400 baud systems. The sccond pair 15 usod 1o power the sensors and the shield iz needed to
reduce induced noise kevels that may create ernors in the system. A low cost two twisted pair 18
AW larger wire size unshiclded cable may be used with 4,800 baud systems.

¢  Communication Line Branching

When the communication line must branch into two or three different directions, a commuanication
ling splitter/repeater must be used. The repeater accepts the incoming signal and then drives up o
three output lines with the regencrated signal.

# Conmecting to the Commuanications Ling

When connecting a sensor, repeater, o remole 1o the commumication system ling, the ling should be
brought into the unil and conmecied 1o e lerminal Mock, The continuing ling should also be
connected at the werminal block, Do not branch off of the comemunication ling 1o reach a sensor or
reanoke.

#  Trunk Lime Power
Toensure that proper current and voltage limits arc mainiained, the gauge of the power conduciors

used and the amount of current st be considersd. See the chapier on “System Power Require-
ments” for more informition.
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« Communicatlon Line Termination

Both ends of the communicatson system line must be erminated with a 120 ohon 005 wall resisior,
The Data Line Imerface (located at the hMaster Station) amd the communication line repeater already
have the terminating resistor in place. Place the ierminming resistor across the communication ling
terminal block ONLY in the sensor that is located an e end of each commumnication system line,

Figure 1, A typical MC-4000 system schematic,
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Master Station Setup

The MC-4010 Master Station is the beart of the mine monitoring and control system. This unit polls all
devices in the system, generates alarms, stores calibrations, and records changing conditions on the
primter,

Choosing the locaton of the Master Station and/or Graphics Station requires the following minimuom
conssderations:

#  Apcessibility (o personnel using the sysiem,
»  Physical room Tor the placement of the components.

# Preferably & room with minimal traffic to reduce dust and dirt.
« Power requirements

Several devices connect 1o the Master Station computer including the monitor, prinier, and daa line
interface.

Graphics Station

The MC-4015 Graphic Station adds furiher enhancement to the mine monitoring and control system. It
can provide an animated graphic representation of the complete operation. Graphic Stations can be
Tocated next o the Master Siation or anywhere on the data line, Graphac Stations can be usad in ssveral
dafferemt ways: production monitoring only, safcty monitoring, or complete monitoring and control,

Running The Cable

Typically recommended is a 16 AWG, two twisted pair. overall shicld, TC type cable  Although 18
AWG is sufficient for some applications (s the section on Communications Overview, page 3). 16
AWG provides some additional mechamical strength,

Im systems where Carbon Monoxide sensing is the primary function, the coble should be ran down the
belt entry. The MC-4110 sensors can then be casily inseried into the trunk line at the 1,000 foot (or
2 0HMH fivon) ambervals.

Onee the entry is chosen, hang the cable from roof bolts or some other permanent fixture al 20 to 30 foot
increments with nylon ties or J hooks. Ensure that the cable is mounted high enough to avoid vehicles
or machinery passing by, Avoid running parallel (o high voltage cable, always cross these cables ai right
angles. To avoid damaging the cable. don't allow it to touch vibrating equipment such as belt siruciure
or belt drives.

Cable can be obtained in various reel sizes and lengihs A pond choice would be lengths on the same
imterval as your O0 sensors. This allows vou to drop in a sensor al the end of each length of cable
avoiding unnecessary sphices.  When splices can’l be avodded, use waier tight junciion bosxes to make the
connections. Troubleshooting is much easier when maintznance personnel can go (o a janction box and
make quick measurements withoul having 10 apen splices.
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Shielding

When the MC-4000 Bystem 15 runming al 38,400 baad, we recommend using an overall shiclded cable.
The shicld in a cable is only effective when used as follows,

»  When making a splice the shield must be also be spliced. Maost shiclded cable is supplied with
a drain wire which is used to carry the shield throagh the splice. Simply conmect these drain
wires together at the splice and the foil or braid will not have to be connected.

«  When repeating power, separate the shicld and leave the input open and ground he ouipot
shield 1o the negative side of the power supply.

Lightning Protection

The MC=4011 Dxata Line Interface has built in surge protestion for the data ling which is enabled by
configuring jumpers inside the enclosure (see the MC=4011 manual). The circuit ground should then be
connecied 10 a dedicased ground rod with an 8 - 12 AWG wire for the best resulis. Surge protection
emplovs fuses which arc imended to blow when e clamping devices tum on. For continued protection
these fuses should be replaced with the same type and siee s recommended in the manual. A swrge
protector should be installed at the portal and alse conmecicd 10 a dedicated ground rod.

Generally, adhere wo these guidelines
# Ensure that fuses used on the communicatin line do not excecd Y amp.

s«  Ensure that drain wires in the communication line are tied to the negative side of the power
supply and not o frame ground.

#  Ensure thai the surpe protector is well proanded. The optimal grounding method is to attach
the unit to a copper rod driven in the grovnd near the unit.

If vour installation has a panticularly problem with lightning strikes, we recommend installing a Fiber
Optic Barrier (MC=4012) near the portal.  This will electncally separate the surface poriion of the sysicm
from underground 1T problems still persist, you may segment your svetem further by installing one or
mare Fiber Optic undls underground, Using these steps, the MC system can be made nearly impervious
to all but the most dirsct lightning strikes.
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System Power Requirements

The operating ranges and currenis of ihe line-powered system components ang as follows:

Operating Operating Current Current
Component Max (VD) Min (VDC) Max (mA)  Min (mA)
BAC=d1 10-C0 18 14 (1] | &
MC-41 10-CHA4 k. 14 50 30
hC-4025 1B 14 i5 is
Add 15 for each
| control chanmel,
Acd 20 For each
| curreat loop.
MC-4031-CO |18 14 o 3
:?{Il_u_.rih alarms.
MC 4040 it 3 14 30 15

The MC-4020 unil is usad to repeat power in the system and has a minimum of 4 hour battery backup.
To maintain the required 4 hours of battery backup, the load on the MC-4020 must not exceed 300
meA. To ensure that your system meets MSHA requirements, use the above chart to caleolate the load on
your MC-4020, If it exceeds 300 mA you must install ancther MC-4020 at an appropriale point o
repeal power and provide battery backup.

The second consideration to ensure proper operation is line vollage. The voltage on the commumnications
line steadily drops as the distance from the power source incréases due 1o line resistance and Ioad.
Calculations can be made 1o deferming what the theoretical voltage shoubd be at the end of the communi-
cation line using the resistance of the power conductors and the loads as listed in the above table. How-
ever, Lhe simplest approach is 1o measure the voltage at each sensor or remoic location 10 cnsure that it
exceeds the minimam requirements.

The final consideration involves the wse of an MC-4020 that is loaded near the 300mA limit. When AC
power is lost and the unit operates on batiery, the voliage supplied by the baiteries begins to fall until the
relay in the unit drops and disconnects both AC and DC power {required by MSHA). When a unit is
loaded near the 300 mA limit, the DC voltage will drop nearly two volts below the normal level near the
end of the 4 hour backup requirement  Consequently, two 1o three volis of overhead should be considerad
o ensure proper operation of sensors and remotes during batiery backup.

Locating And Mounting The Components

Selecting the mounting technigues of the sensors and remotes is basically common sense. You wouldn't
mount a remole under a water fall or bad top. neither would you locate a multi-channel unit one hundred
fect away from (he monitored devices,

Thought should also go into selecting the addressing scheme of sensors and remotes. You might want
all sensors on belt number 3 1o be addressed 30, 31, 32, etc., and the remote at belt number 5 drive set to
address 5, and s0 on. Developing a scheme like this will aid in system configuration, installation, and
maimenance.
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Carbon Monoxide Sensors (MC-4110-CO)

The location of carbon monoxide sensors depends on your ventilation and fire protection plans but you
can use the following typical pudelines:

#  Sensors should be placed in the middle of the entry above the belt.

o  Keepin mind that these sensors are to be calibrated om a regular basis, so avosd jeopardizing person-
nel safety by locating in precarious positions.

® A sensor should be located at cvery belt drive and évery tail piece. Sensors can be within 50 feet of
this equipment cither inby or outby (depending on direction of air flow)

e A sensor should be located at every split of air,
» Mounting technigues for sensors are tvpically simple: nylon ties or ropes hanging from roof bolis.
Remote Stations (MC-4020, MC-4025)

Multi-channel remotes should be mounted near the monitoned devices 1o reduce the amount of cable
running back and forth. Mount the remote station with bolis at 8 comforiable working height on a rigid
pimber or roof jack. In some applications remotes can be mounted inside the cquipment, such as power
ceniers or belt drives. For AC powersd units, keep in mind the availability of 120 WAC. For remote
arcas where power is not available, use line powered units

Alarm Devices (MC-4030 & MC-4031)

Underground alarm devices should be located at every working section. Mount them in an area where
someone will always be able 1o see or hear (hem. A good place on a miner section would be beside the
beli fecderbreaker where the shuttle car operators continuously dump matenial, On a longwall section
the alarm device has 10 be 150 feet owtby the last open cross cut unless the device s permissible. For
surface alarm devices the same common sense applics: locate them where they can be scen and heard.

Mounting technigques for alarms depend on the application: nylon ties or | hooks are convenient for
constantly moving working scctions where bolts are more applicable for surface installations.
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Figure 2, MC-4000 System Block Diagram
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Monitoring In Hazardous Areas

Document # 1H0-D015 08-31-92 Rew B

American Mine Research Inc.

NOT T BE CHANGED WITHOUT APPROVAL OF MSHA

The following Checklist is provided to insure that the system 15 installed and maintained in accordance
with MSHA puidelines for Mine-Wide Monitoring Sysicms. Refer to Figure 2. MC-4004) System Instal-
lation Block Diagram for a graphic view of the basic requirements,

a

a

(]

All Remotes are cither RED or BLUE in color and are located im intake ar.

All interfaces 1o any data transmission ling contain circuitry limiting the Data Transmission Line
vipltage to a maximum of 60 volis per conducior (o ground.

All blue outstations have MSHA power circuit (P.C.) classified input barriers in stalled in the data
transmission line and that the barrier vollage classification 18 greater than or cqual 1o the highest
power circuil voltage being monitored.

RED Remodcs monitor s2nsors in non-permissible arcas,

Sensars monitoring in permissible arcas arc connected 1o BLUE Remotes using the proper barrier.

Scnsors that have cables passing through permissible arcas have MSHA classification labels and arc
connected 10 BLUE Remotes using an MSHA classified barrier of the same classification.

All sensors in permissible arcas have MSHA classification labels,

Cables from MSHA classificd sensors lerminate in an MSHA classified barrier of the same classifi-
cation.

Barriers or barrier enclosures are atiached (o the BLUE Remoies and are 2o labeled that barmer
outpuls identify the type of sensor to which the barrier cable is connected.

A 4000 Sysmbam ook buliation Manead (1800311} Page 10



Monitoring In Hazardous Areas

Dacurment # 1800015 08-31-92 Rcv B

-

American Mine Research Inc,

NOT T BE CHANGED WITHOUT APPROVAL OF MSFA

All BLUE Remodes that monitor power circuits use an MSHA power circuil (P.C.) classified barnicrs
that is rated greater than of equal 10 the highest voltage being monitored.

All outputs of power circuit (P.C ) barriers {inputs to BLUE Remotes) are 120VAC or less.

All BLUE Remotes that supply power 1o sensors use MSHA classificd barriers rated greater tham or
equal to the highest voltage being used.

All cables entering BLUE Remades, and all cables connecting a classfied barrier with a classified
gensor, and all cables connected 1o non-classified sensors ane shiclded with the shigld connecied to

ground at the Remote,

Grounding technigques for Remotes and barriers are emploved using no less capacity than a No.
12AWG ware.

All BLUE Remotcs contain an MSHA evaluation label with the conditions of use as specified by
MEHA.

WMWNMS components and circuits (exeept under the conditions outlined in the next paragraph)
underground automatically de-cnergize upon loss of mine ventilation. Manual de-energization from
a centralized surface control arca is acceptable. Manual re-energization of each underground
oulstation is required,

Fire detection circuits that monitor comveyor belis or convever belt entrics meet the conditions
specified by 30 CFR. Part 75,1103, including the capability to monitor for 4 hours upon loss of mine
power. Exception: circuits shall de-energize either manually or astomatically upon loss of mine
ventilation, unless the power supply and circuits have been accepted by MSHA as intrinsically safe.
Such circuits must be manally re-energized at cach indrvidual wnderground outstation.
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Monitoring In Hazardous Areas

Diacument @ 1 B0-(0ik1 %5 NE-31-92 Bev B
American Mineg Kesearch Inc.

NOT TO BE CHANGED WITHOUT APPROVAL OF M&HA

Cables from MSHA classified barriers that terminate in Explosion-Proof (30P) enclosures located in
permissible arcas, must comply with the following conditions:

00 Any modification to an 3P enclosure or cincoitry within, shall be documented by the operaior under
accepiable Field Modification Applications.

[ Cable ienmination's within an X5 enclosure are (o barricrs with a classification that matches the
classification of the barrier at the BLUE Femote, A P.C, barrigr with a voliage rating greater than or
equal to the voltage input 10 the enclosure is required when power circuits are monitored or power is
obiained from within the XP enclosure.

[ Connections to the data transmission ling shall be betwesn the data transmission ling classified
barrier and the P.C. barrier when a PLC. barrier is required.

O Physical isolation is provided within an MEHA certified enclosure by means of an insulated or
grounded or grounded metallic shield around all barriers and cibles,

All cables lesving an MEHA certified enclosure and terminating in a sensor must mest the following

conditions:

[0  The sensor has a classification label.

0 The cable is shiclded and the shicld is grounded at ithe MEHA cortified enclosure,

[0 The sensor classification has the same letter classification as a bamier located within the MSHA
certified enclosure and connected 10 cach individual sensor cable. A barrier classification label shall
be located on the exterior of the MSHA certified enclosure and in close proximity (o each and every
barrier cable entrance.

O Inorder to comply with the conditions stipulated by MSHA for Mine Wide Monitoring Svstems, the
aperator must insure that the sysiem is installed as outlined in this mameal.
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Installation Checklist

The following checklisi is provided to assist vou in installing your MC-3000 sysiem. This will enahle
you o make sure that the hasic aspects of the installation kave been completad,

[ Install cable (Page 5).
Setup Master Saation (Page 5).
Select addressing scheme (Page 7).
[nstall sensors and remoies (Page 8).

Ensure the configuration will meet the 4 hour battery backup requarement {Page 7).

O O O O O

For any BLUE remode/sensor installations, folkow the checklist starting on page 10,
[0 Install section and swriace alarmg (Page 8).

L Install lighining protecion (Page 6).

O Configure Masier Station (See the MC-4000 MAC Software Manual).

0  Sewp Graphics Swutions (Page 5).

[0 Dwraw graphics screens (See the Datavue users gaide).

0  Trainusers and maintenance personned,
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